Chapter 3

Creators and Creations in Chemistry
and Materials Science

Alle Arnzneien sind auf der Erde, aber es fehlen
die Menschen, die sie pfliicken wiirden. Sie sind
zur Ernte gereift, aber die Schnitter sind nicht
gekommen. Wenn einmal die Schnitter der rechten
Arznei da sein werden, dann werden wir ohne
Hinderung durch leere Sophistik die Aussétzigen
reinigen und die Blinden sehend machen. Denn
diese Kraft liegt in der Erde und sie wéachst
iiberall. [..]

Die Natur ist so sorgfiltic und genau in ihren
Dingen, dal man sie ohne grofle Kunst nicht
verwenden kann; denn sie bringt nichts an den
Tag, was an sich vollendet wire. Alles hat der
Mensch zu vollenden. Diese Vollendung heifit:
Alchemie... Und der ist ein Alchemist, der alles,
was in der Natur den Menschen zum Nutzen
wachst, zu seinem von ihr bestimmten Ende fiihrt.
[...] Deswegen soll mehr Fleifl darauf verwendet
werden, um mehr daraus zu gestalten! |[...]
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All the remedies are on earth, but we lack
the people to gather them. They are ready
to be harvested, but the reapers have not
come. But one day the reapers of the right
remedies shall come, and undeterred by
empty sophistry we will cleanse the lepers
and make the blind see. For this power
is concealed in the earth, and it grows
everywhere. |...]

Nature is so careful and exact in her
creations that they cannot be used with-
out great skill; for she does not produce
anything that is perfect in itself. Man must
bring everything to perfection. This work
of bringing things to their perfection is
called alchemy... And he is an alchemist
who carries what nature grows for the use of
man to its destined end. [...] For this reason
more diligence should be spent on alchemy,
in order to obtain still greater results! [...]
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Gott hat Eisen geschaffen, aber nicht das, was daraus God created iron but not that which is
gemacht werden soll... Das Weitere hat Er dem Feuer to be made of it... He enjoined fire, and
anbefohlen und dem Vulcanus, der des Feuers Herr Vulcan, who is the lord of fire, to do the
ist... Daraus folgt, daB das Eisen zuerst von seinen rest... From this it follows that iron must
Schlacken gereinigt und dann zu dem geschmiedet be cleansed of its dross before it can be
werden muf3, was aus ihm entsehen soll. Das nennt forged. This process is alchemy; its founder

sich Alchemie, das ist der Schmelzer—der Schmied—, is the smith Vulcan. What is accomplished
der Vulcanus heifit. Was das Feuer tut, ist Alchemie— by fire is alchemy—whether in the furnace
auch im Ofen, oder auch im Kiichenherd. or in the kitchen stove.

Paracelsus. ca. 1536. In Jolande Jacobi, ed. 2002. Paracelsus: Lebendiges Erbe.
St. Goar: Reichl. pp. 96-97. English translation adapted from Norbert Guterman.

As with biology, during the nineteenth century, intellectual leadership in chemistry and materi-
als science passed from scientists in other countries (primarily France, the United Kingdom, and
Sweden) to German-speaking scientists.!

n addition to specific references that are cited in different areas throughout this chapter, this chapter makes
use of general biographical and project information from: ACLS 2000; Albrecht et al. 1992; Ash and Sollner 1996;
Bar-Zohar 1967; Bower 1987; Bunch and Hellemans 2004; Challoner 2009; Cornwell 2003; Crim 2018; EB 1911, 2010;
Gillispie 1970-1990; Gimbel 1990a; Glatt 1994; Hall 2019a; Istvan Hargittai 2006, 2011; Linda Hunt 1991; Impey
et al. 2008; Jacobsen 2014; Koertge 2007; Kurowski 1982; Lasby 1971; Lusar 1956, 1971; Medawar and Pyke 2000;
Mick 2000; Murray 2003; Nachmansohn 1979; NDB 1953-2020; Neufeld 2012; Nouzille and Huwart 1999; O’Reagan
2014, 2019; Porter 1994; Charles Walker 1946; Peter Watson 2010; Weitensfelder 2009.

For coverage of major portions of the history of chemistry and materials science in the German-speaking
world, see: Abelshauser et al. 2004; Brock 1993; Bugge 1955; Coffey 2008; Deichmann 2001; Drummer and Zwilling
2007; Engels et al. 1989; Farber 1961; Haber 1958, 1971; IThde 1984; Johnson 1990; Kahlert 2002; Karlsch2016; Lesch
2000; Maier 2015; Marsch 1994a; Neufeldt 2003; Partington 1935, 1957, 1964; Peppas 2013; Rosner 2004; Sasuly
1947; Scerri 2006; Schwenk 2000; Soukup 2007; Teltschik 1992; Ungewitter 1938; Weeks and Leicester 1968; Welsch
1981; Werner 2017.

I have deliberately left a blank space where images of some creators or creations should go.
Those are people or projects that I felt were important enough that they should definitely be shown in this book,
yet I have not yet been able to locate a suitable image that I have permission to use, despite my searches in Europe
and in the United States. If readers have any relevant images and could send them to me, I would be very grateful
and will include them in future editions of this book. Even where a suitable photo cannot be located, I believe that
leaving a blank space pays tribute both to the scientific importance of that creator or creation and to how that
historical fact has been very nearly forgotten.
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As covered in this chapter, creators from the predominantly German-speaking central European
research world then made enormous contributions to:

3.1. Inorganic chemistry

3.2. Organic chemistry

3.3. The chemistry of foods and drinks

3.4. Chemical explosives

3.5. Chemical warfare agents and pesticides
3.6. Physical chemistry

3.7. Film photography

3.8. Materials science

3.9. Other aspects of chemistry

German-speaking creators also made numerous contributions to other chemistry-related areas such
as biochemistry (Chapter 2), earth science (Chapter 4), quantum and statistical physics (Chapter
5), and nuclear chemistry (Chapter 8).

In 1946, the American journalist Charles Lester Walker provided a useful contemporary perspective
on chemistry- and materials-related creations that were transferred out of the German-speaking
world [Charles Walker 1946]:

Mica was another thing. None is mined in Germany, so during the war our Signal Corps
was mystified. Where was Germany getting it?

One day certain piece of mica was handed to one of our experts in the U.S. Bureau of
Mines for analysis and opinion. “Natural mica,” he reported, “and no impurities.”

But the mica was synthetic. The Kaiser Wilhelm Institute for Silicate Research had
discovered how to make it and—something which had always eluded scientists—in large
sheets.

We know now, thanks to FIAT teams, that ingredients of natural mica were melted in
crucibles of carbon capable of taking 2,350 degrees of heat, and then—this was the real
secret—cooled in a special way. Complete absence of vibration was the first essential.
Then two forces directly perpendicular to each other were applied. One, vertically, was
a controlled gradient of temperature in the cooling. At right angles to this, horizontally,
was introduced a magnetic field. This forced the formation of the crystals in large
laminated sheets on that plane.
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“You see this . . .” the head of Communications Unit, TIIB, said to me. It was metal,
and looked like a complicated doll’s house with the roof off. “It is the chassis or frame,
for a radio. To make the same thing, Americans would machine cut, hollow, shape,
fit—a dozen different processes. This is done on a press in one operation. It is called the
‘cold extrusion’ process. We do it with some soft, splattery metals. But by this process
the Germans do it with cold steel!

Thousands of parts now made as castings or drop forgings or from malleable iron can
now be made this way. The production speed increase is a little matter of one thousand
per cent.”

This one war secret alone, many American steel men believe, will revolutionize dozens
of our metal fabrication industries.

In textiles the war secrets collection has produced so many revelations, that American
textile men are a little dizzy. There is a German rayon-weaving machine, discovered
a year ago by the American ‘Knitting Machine’ Team, which increases production in
relation to floor space by one hundred and fifty percent. Their “Links-Links” loom
produces a ladderless, runproof hosiery. New German needle-making machinery, it is
thought, will revolutionize that business in both the United Kingdom and the United
States. There is a German method for pulling the wool from sheepskins without injury
to hide or fiber, by use of an enzyme. Formerly the “puller”—a trade secret—was made
from animal pancreas from American packing horses. During the war the Nazis made it
from a mold called aspergil paraciticus, which they seeded in bran. It results not only
in better wool, but in ten per cent greater yield.

Another discovery was a way to put a crimp in viscose rayon fibers which gives them
the appearance, warmth, wear resistance, and reaction-to-dyes of wool. The secret here,
our investigators found, was the addition to the cellulose of twenty-five per cent fish
protein.

But of all the industrial secrets, perhaps, the biggest windfall came from the laboratories
and plants of the great German cartel, I. G. Farbenindustrie. Never before, it is claimed,
was there such a store-house of secret information. It covers liquid and solid fuels,
metallurgy, synthetic rubber, textiles, chemicals, plastics. drugs, dyes. One American
dye authority declares:

It includes the production know-how and the secret formulas for over fifty thousand dyes.
Many of them are faster and better than ours. Many are colors we were never able to
make. The American dye industry will be advanced at least ten years.

A 29 July 1945 press release from the U.S. Foreign Economic Administration confirmed Walker’s
assessment of how advanced German science and engineering were, and also cited many additional
examples, mainly in chemistry and materials science [NARA RG 40, Entry UD-75, Box 12, Folder
Publicity, Advance Release FEA-575]:
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Among the new developments uncovered so far are the following;:
A plane with a ceiling several thousand feet higher than any American plane.

Process for welding side seams on tin cans by machine instead of by hand, as in this
country.

New applications of radiation devices in fields not heretofore explored in the U.S.
New and improved X-ray tubes for cancer therapy and industrial purposes.

Flexible high tension cables that withstand double the voltage of American made cables
of the same size.

Tungsten substitutes for use in the manufacture of armor-piercing shells and cutting
tools for machining metals.

Power circuit breakers with construction details unfamiliar in the U.S.
New uses of waste cellulose materials for the manufacture of fats for animal feed.

Improved techniques in the fermentation of yeast from wood sugar in the production of
both human and cattle food.

Improved techniques for the production of synthetic petroleum products.
Hydrogenation plants operating at extremely high pressures.

New catalysts permitting the Germans to convert oil to high octane gasoline more
quickly than was known here.

Details on German refinements in the gas synthesis method of producing liquid fuels
and lubricants from coal.

New processing methods in the field of synthetic rubber.

New data on continuous polymerization processes in plastics manufacture.
New data on acetylene and electro-chemical processes.

Information on high temperature alloys unknown in the U.S.

Production of high grade nitro-cellulose from lower grade wood pulp with stability
superior to the same product made from high grade pulp in the U.S.
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Gottfried Plumpe, a historian of science who wrote one of the most comprehensive studies of
I.G. Farben’s chemical research programs [Plumpe 1990], summarized his findings about why the
German chemical industry was so innovative [Caron 1995, pp. 163-173]:

When the companies merged to form the IG Farben in 1926 they had a total of 25 large
laboratories employing over 3,700 people. [...]

Cooperation with external researchers and research institutes traditionally played an im-
portant role in developing the innovative potential of the company. It is no exaggeration
to say that there was a close network of cooperation between chemical companies and
universities, and that this formed the basis for the development of the German chemical
industry. Outstanding examples from the years prior to the merger include the synthesis
of indigo and ammonia, the development of the first medicines and chemotherapy. Fa-
mous names from this period include Adolf von Baeyer, Fritz Haber, Wilhelm Filehne,
Paul Ehrlich and Hermann Staudinger.

The basic research carried out by external institutes was essential for industrial R&D.
The universities also ensured a supply of qualified personnel both for the research lab-
oratories and for the production plants. A close and trusting relationship between the
company and universities was thus an integral part of IG Farben’s research strategy. The
importance accorded to this is reflected by the fact that the Board of Management itself
rook charge of maintaining these contacts. The founding fathers of IG, men like Carl
Duisberg, Carl Bosch and Arthur von Weinberg, regarded themselves at least partially
as scientists and undertook this task personally. In 1931, when the Central Committee
was set up, it was agreed unanimously that one of its nine members should have special
responsibility for these research contacts.

IG Farben has often been accused of having no uniform R&D strategy, unlike the Anglo-
American corporations. I do not believe that this is true. IG management most definitely
did have a basic objective—we need only think of its declared aim of becoming a di-
versified company capable of synthesizing all organic products. Given the size of the
company and above all the diversity of its activities this objective could never manifest
itself in the form of a single “grand design”. The most important factor behind the
company’s R&D policy was the fact that all members of the management team shared
the basic conviction that R&D was essential for the company’s future and that there
was general agreement on the basic aims.

In the relatively prosperous years following the merger, when the company was earning
high profits, this meant that almost every project received authorization and financial
support. Costs expanded accordingly, with research expenses reaching ten per cent of
sales in the 1920s, the highest level in the company’s short history.

[...] About a third of all university graduates working for IG were employed in research.
In 1929/30 there were about 1,100 scientists on the payroll. By 1932 the number had
fallen by about 100, partly through redundancies and partly through natural wastage.
During the 1930s the number of researchers gradually rose again, reaching a high point of
1,300 in 1940. During the war it fell back to 1,000. This decline becomes more significant
if we compare it with the development of the total workforce. In 1929 research scientists
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represented just one per cent of the workforce. This rose to 1.5 per cent during the
Depression because considerably more labourers and clerical staff lost their jobs than
researchers. By 1939 researchers only represented 0.8 per cent of the workforce and by
1944 this had dropped to 0.5 per cent. [...]

It is never as easy to quantify the results of R&D and their economic impact as it is to
describe organizational structures. It is a well-known fact that the number of patents
is only a very rough indicator because it says nothing about the importance of the
processes and products they refer to. Nevertheless, the figures give some indication of
activity. IG Farben obtained an extremely large number of patents, roughly correspond-
ing to its spending on R&D.

The number of patent applications rose in the 1920s, dropped during the Depression and
then increased again through the 1930s. Between 1928 and 1930 IG Farben submitted
more than 2,000 patent applications a year in Germany and almost 10,000 worldwide.
In the thirties IG Farben had more patents than any other company in the world. At
the start of 1939 it held over 5,000 patents in Germany and about 34,000 in other
major countries throughout the world, including 5,300 in the USA, about 4,000 in the
UK, 3,700 in France, 2,300 in Italy and nearly 900 in Japan. The majority—a good
third of the German patents—concerned dyestuffs, while 13 per cent were for organic
intermediates and solvents, about 10 per cent each were for inorganic products and
medicines, eight per cent for photographic products and fibres and about six per cent
for the hydrogenation of mineral oil.

Plumpe also gave an overview of the wide range of innovations that came from the German chemical
industry [Caron 1995, pp. 163-173]:

A few details of the innovations made by IG Farben should give a clearer idea of what
all this meant. In the 1920s by far the largest project was the synthesis of mineral oil,
which was brought to a successful conclusion in 1932. The basic principle comprised
catalytic hydrogenation of solid carbon from lignite or hard coal, yielding aviation and
motor fuel, lubricants and hydrogenation gas. The high energy requirement meant that
these processes were less economical than those based on petrochemical feedstocks, and
they were only used in Germany during the Nazi period. However, the R&D work in this
field provided a wealth of material that was of wider use to the petrochemical industry
and is still important today.

The second most important project was the synthesis of rubber, a project which the
companies had worked on prior to the merger and which was taken up again in 1926.
The project was largely abandoned during the Depression, but in 1935 came the break-
through with the development of styrene butadiene rubber. A modified form of this
synthetic rubber is the most important commodity rubber produced today. IG Farben
was also a pioneer in the development of plastics. Its achievements include polystyrene
(1929), the development of polyvinylchloride (PVC) into a usable engineering plastic
(1931) and the discovery of polyurethane in 1937. IG also developed a polyamide-based
synthetic fibre (Perlon) at around the same time as Du Pont (1935) and in 1941 it
produced the first polyacrylonitrile fibre.
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Until the discovery of penicillin, IG was also a world leader in the field of chemotherapy.
Milestones in this field include the development of antimalarial drugs based on quinolone
derivatives, for example, Plasmochin (1924), Atebrin (1930) and, above all, the first anti-
bacterial sulphonamide (1935). A pioneering innovation in the field of crop protection,
phosphoric acid ester (mid-1930s), also belongs to the IG era.

The development of organic intermediates was extremely important for many areas
of the chemical industry from dyestuffs through pharmaceuticals and crop protection
agents to films and plastics. The products developed are too numerous to be listed here,
but it is no exaggeration to say that the success of IG was largely due to its dominant
position in this field and that the organic intermediates were the foundation stone for
the development of modern chemical technology. In order to give a complete picture of
the breadth of research in the IG Farben, its work on inorganic and metal chemistry and
its pioneering role in the development of colour photography should also be mentioned.

Since there are no precise data on the contribution made by new products to the com-
pany’s sales and earnings, it is not easy to quantify their importance, and above all their
economic impact. However, I feel that the company’s steady diversification is evidence
of the importance of research in its development. Even when the merger was agreed in
1926 the name “Farbenindustrie” (dyestuffs industry) was hardly appropriate for the
company as a whole. Nitrogen fertilizers were already generating a larger proportion of
sales than dyestuffs, and the establishment of new commercial activities based on suc-
cessful innovations accelerated this trend, making IG Farben one of the most diversified
chemical companies by the 1940s.
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3.1 Inorganic Chemistry

German-speaking scientists made a huge number of important discoveries in inorganic chemistry,
including:?

3.1.1. Identifying large numbers of the elements.
3.1.2. Creating the periodic table of the elements.

3.1.3. Making a wide variety of other chemical innovations.

3.1.1 Discoveries of Elements

Once chemists realized in the eighteenth century that chemicals were composed of distinctive ele-
ments, there was an international race to purify, characterize, and name as many chemical elements
as possible. Several important scientists in that race were in Sweden, France, and the United King-
dom, but arguably the largest share of element discoveries came from scientists in the German-
speaking world. The major German-speaking discoveries are summarized below. Note that some
elements are listed more than once, if they were independently discovered by different scientists, or
first discovered earlier but then characterized in much more detail later.

Carl Wilhelm Scheele (Pomerania, 1742-1786), shown in Fig. 3.1, was the earliest and most success-
ful German-speaking discover of elements. He discovered at least ten elements: hydrogen (1771),
nitrogen (1771), oxygen (1771), fluorine (1771), phosphorus (1774), chlorine (1774), manganese
(1774), molybdenum (1778), barium (1774), and tungsten (1781).

As illustrated in Fig. 3.2, Martin Klaproth (German states, 1743-1817) discovered six elements:
titanium (1795), strontium (1791), zirconium (1789), tellurium (1798), cerium (1803), and uranium
(1789).

Friedrich Wéhler (German, 1800-1882) discovered five elements: beryllium (1828), aluminum (1827),
silicon (1850), titanium (1850), and yttrium (1828); see Fig. 3.3. He was the first to synthesize
several important inorganic molecules such as silane, silicon nitride, and calcium carbide. By syn-
thesizing urea and other organic molecules, he was also one of the founders of organic chemistry
and biochemistry.

Robert Bunsen (German, 1811-1899) and Gustav Kirchhoff (German, 1824-1887), shown together
in Fig. 3.4, discovered cesium in 1860 and rubidium in 1861 using novel methods of spectroscopic
analysis. Bunsen also created the carbon-zinc battery; with Peter Desaga (German, 1812-1879), he
created the Bunsen burner.

2Brock 1993; Bugge 1955; Coffey 2008; Engels et al. 1989; Farber 1961; Thde 1984; Johnson 1990; Kahlert 2002;
Maier 2015; Neufeldt 2003; Partington 1935, 1957, 1964; Scerri 2006; Weeks and Leicester 1968; Werner 2017.
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As shown in Fig. 3.5, Jean de Marignac (Swiss, 1817-1894) measured atomic weights with greater
precision than others had previously and also discovered three elements: samarium (1880), gadolin-
ium (1880), and ytterbium (1878).

Berta Karlik (Austrian, 1904-1990) and Traude Bernert (Austrian, 1915-1998) discovered short-
lived astatine in natural ore samples in 1942; see Fig. 3.5.

Carl Auer von Welsbach (Austrian, 1858-1929, Figs. 3.6 and 6.16), was phenomenally successful
on fronts in science, engineering, and business. He discovered four elements: praseodymium (1885),
neodymium (1885), ytterbium (1905), and lutetium (1905). He also invented the gaslight mantle
(1885), osmium wire (1890), metal filament incandescent lamps (1898), and the flint metal lighter
(1903). Based on those inventions and discoveries, he founded the Auergesellschaft, Treibacher
Industrie, and Osram companies.

As illustrated in Fig. 3.7, Otto Berg (German, 1873-1939), Walter Noddack (German, 1893-1960),
and Ida Tacke Noddack (German, 1896-1978) discovered rhenium and technetium in 1925. In 1934,
Ida Tacke Noddack also correctly predicted both neutron-induced uranium fission and methods of
producing and purifying neptunium and plutonium, which do not exist naturally (p. 1548).

Other German-speaking discoverers of elements are shown in Figs. 3.8-3.11:
e Hennig Brand (German states, 1630-1692, Fig. 3.8) discovered phosphorus in 1669.
e Clemens Winkler (German, 1838-1904, Fig. 3.8) discovered germanium in 1886.
e Albertus Magnus (German states, 11931280, Fig. 3.8) discovered arsenic in 1250.
e Carl Jacob Lowig (German, 1803-1890, Fig. 3.8) discovered bromine in 1825.
e Karl Ernst Claus (Baltic German, 1796-1864, Fig. 3.8) discovered ruthenium in 1844.

e Friedrich Stromeyer (German states, 1776-1835) and Karl Hermann (German states, 1765
1846) discovered cadmium in 1817; see Fig. 3.9.

e Ferdinand Reich (German, 1799-1882) and Hieronymous Theodor Richter (German, 1824—
1898) discovered indium in 1863; see Fig. 3.9.

e Franz-Joseph Miiller von Reichenstein (Austrian, 1740-1825) discovered tellurium in 1782;
see Fig. 3.10.

e Jacques-Louis Soret (Swiss, 1827-1890) and Marc Delafontaine (Swiss, 1838-1911) discovered
holmium in 1878; see Fig. 3.10.

e Dirk Coster (Dutch, 1889-1950) and George de Hevesy (Hungarian, 1885-1966) discovered
hafnium in 1922; see Fig. 3.10.
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e Georgius Agricola, also known as Georg Bauer (German states, 1494-1555, Fig. 3.10), dis-
covered bismuth around 1540. He conducted extensive work on metallurgy.

e Friedrich Ernst Dorn (German, 1848-1916, Fig. 3.11) discovered radon in 1900.

e Gerhard Carl Schmidt (German, 1865-1949, Fig. 3.11) discovered the radioactivity of thorium
in 1898; Marie Curie later confirmed that result.

e Kasimir Fajans (Polish, 1887-1975) and Oswald Helmuth Gohring (German, 1889-1915) dis-
covered the first isotope of protactinium in 1913; see Fig. 3.11.

e Otto Hahn (German, 1879-1968) and Lise Meitner (Austrian, 1878-1968) discovered a longer-
lived protactinium isotope in 1917; see Fig. 3.11.

German-speaking scientists also discovered all three of the building blocks of atoms: electrons,
protons, and neutrons (Section 5.2.3).

Even in English-speaking countries and after so much time, the symbol for the atomic number (the
number of protons in the nucleus, or the number of electrons in a neutral atom) is still Z, for the
German word “Zahl” or number.
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Carl Wilhelm Scheele
(1742-1786)
discovered
hydrogen (1771),
nitrogen (1771),
oxygen (1771),
fluorine (1771),
phosphorus (1774),
chlorine (1774),
manganese (1774),
molybdenum (1778),
barium (1774),
tungsten (1781)

1 H 7 N 8§ O 9 F 15 P
Hydrogen Nitrogen Oxygen Fluorine Phosphorus
17 Cl 2S5 Mn 42 Mo 56 Ba 74 W
Chlorine Manganese Molybdenum Barium Tungsten

Figure 3.1: Carl Wilhelm Scheele discovered ten elements during the period 1771-1781.
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Martin Heinrich Klaproth
(1743—-1817) discovered
titanium (1795), strontium (1791),
zirconium (1789), tellurium (1798),
cerium (1803), uranium (1789)

22 Ti 38 Sr 40 Zr

Titanium Strontium Zirconium

52 Te 58 Ce 92 U

Tellurium Cerium Uranium

N e o e w—— o -

L it Rl o Lk

)

Figure 3.2: Martin Klaproth discovered six elements (including uranium) during the period 1789—
1803.
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Friedrich Wohler
(1800-1882)

Discovered:

* Beryllium (1828)
* Aluminum (1827)
* Silicon (182?)

* Titanium (1827?)

* Yttrium (1828)

Synthesized:

* Urea

* Calcium carbide
* Etc.

4 Be

Beryllium

13 Al 14 Si

Aluminum Silicon

22 Ti 39 Y H N
Titanium Yttrium 2

Urea

Figure 3.3: Friedrich Wohler discovered five elements, and was also the first to synthesize important

molecules such as urea and calcium carbide.
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Gustav Kirchhoff Robert Bunsen
(1824-1887) (1811-1899) discovered
discovered cesium (1860), rubidium (1861);
cesium (1860), Bunsen burner;

rubidium (1861) carbon-zinc battery; etc.

|
-
4

Peter Desaga
(1812-1879)
Bunsen burner

37 Rb 35 s

Rubidium Cesium

Figure 3.4: Robert Bunsen and Gustav Kirchhoff discovered cesium in 1860 and rubidium in 1861
using novel methods of spectroscopic analysis. Bunsen also created the carbon-zinc battery; with
Peter Desaga he created the Bunsen burner.
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A .

Jean de Marignac (1817-1894) e Py -*‘,-.;'

Measured atomic weights
with greater precision

Discovered:

* Samarium (1880)

* Gadolinium (1880)
* Ytterbium (1878)

62 Sm 64 Gd 70 Yb

Ytterbium

Samarium Gadolinium

Berta Karlik (1904-1990)
and Traude Bernert
(not shown, 1915-1998)

Discovered astatine (1942)

85 At

Astatine

Figure 3.5: Jean de Marignac measured atomic weights with greater precision and discovered samar-
ium, gadolinium, and ytterbium 1878-1880. Berta Karlik and Traude Bernert discovered short-lived
astatine in natural ore samples in 1942.
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Carl Auer von Welsbach
(1858-1929)

Discovered:

* Praseodymium (1885)
* Neodymium (1885)

* Ytterbium (1905)

* Lutetium (1905)

Invented:

* Gaslight mantle (1885)

* Osmium wire (1890)

* Metal filament lamp (1898)
* Flint metal lighter (1903)

Founded:

* Auergesellschaft

* Treibacher Industrie
* Osram
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59 Pr

Praseo-
dymium

60 Nd

Neodymium

70 Yb

Ytterbium

71 Lu

Lutetium

Figure 3.6: Carl Auer von Welsbach discovered four elements; invented the gaslight mantle, os-
mium wire, the metal filament incandescent lamp, and the flint metal lighter; and founded Auerge-
sellschaft, Treibacher Industrie, and Osram.
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Ida Tacke Noddack (1896-1978) Walter Noddack
Discovered rhenium and technetium (1925), (1893-1960)
predicted neptunium and plutonium (1934) Discovered rhenium

and technetium (1925)

Otto Berg (1873-1939)
Discovered rhenium
and technetium (1925)

43 Tc 75 Re

Technetium Rhenium

93 Np| |94 Pu

Neptunium Plutonium

Figure 3.7: Otto Berg, Walter Noddack, and Ida Tacke Noddack discovered rhenium and technetium
in 1925. In 1934, Ida Tacke Noddack also correctly predicted how to produce neptunium and
plutonium, which do not exist naturally.
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Hennig Brand Clemens Winkler Albertus Magnus
(1630-1692) (1838-1904) (1193-1280)
discovered discovered discovered
phosphorus (1669) germanium (1886) arsenic (1250)
1S P 32 Ge |©
Phosphorus — Germanium | :

33 As

Arsenic

Carl Jacob Lowig Karl Ernst Claus
(1803-1890) discovered (1796-1864) discovered
bromine (1825) ruthenium (1844)

35 Br

Bromine

44 Ru

Ruthenium

Figure 3.8: Hennig Brand discovered phosphorus in 1669. Clemens Winkler discovered germanium
in 1886. Albertus Magnus discovered arsenic in 1250. Carl Jacob Lowig discovered bromine in 1825.
Karl Ernst Claus discovered ruthenium in 1844.
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Johann Friedrich Karl Hermann
Stromeyer (1776-1835) (1765-1846)
discovered discovered
cadmium (1817) cadmium (1817)
48 Cd
Cadmium
Ferdinand Reich Hieronymous Theodor
(1799-1882) Richter (1824-1898)
discovered discovered
indium (1863) indium (1863)
49 In
Indium

Figure 3.9: Friedrich Stromeyer and Karl Hermann discovered cadmium in 1817. Ferdinand Reich
and Hieronymous Theodor Richter discovered indium in 1863.
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Franz-Joseph Miiller Jacques-Louis Soret Marc Delafontaine
von Reichenstein (1827-1890) (1838-1911)
(1740-1825) discovered discovered discovered
tellurium (1782) holmium (1878)( 67 Ho | holmium (1878)
Holmium
52 Te
Tellurium

Dirk Coster George de Hevesy  Georgius Agricola

(1889-1950) 72 Hf (1885-1966) (1494-1555) discovered
discovered ——— discovered bismuth (ca. 1540)
hafni hafnium (1922) B2 .

83 Bi |

Bismuth

Figure 3.10: Franz-Joseph Miiller von Reichenstein discovered tellurium in 1782. Jacques-Louis
Soret and Marc Delafontaine discovered holmium in 1878. Dirk Coster and George de Hevesy
discovered hafnium in 1922. Georgius Agricola discovered bismuth around 1540.
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Friedrich Ernst Dorn Kasimir Fajans Oswald Helmuth

(1848-1916) discovered (1887-1975) Gohring (1889-1915)

radon (1900)

Discovered protactinium (1913)

86 Rn
Radon
91 Pr
Gerhard Carl Schmidt Otto Hahn [Protactinium| [ ise Meitner
(1865-1949) discovered (1879-1968) (1878-1968)
radioactivity of Discovered longer-lived
thorium (1898) protactinium isotope (1917)
{ | |
90 Th
Thorium

Figure 3.11: Friedrich Dorn discovered radon in 1900. Gerhard Schmidt discovered the radioactivity
of thorium in 1898. Kasimir Fajans and Oswald Gohring discovered the first isotope of protactinium
in 1913. Otto Hahn and Lise Meitner discovered a longer-lived protactinium isotope in 1917.
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3.1.2 Creation of the Periodic Table of the Elements

Johann Wolfgang Dobereiner (German states, 1780-1849), shown in Fig. 3.12, was the first to
realize that elements could be grouped by similar chemical properties. Among elements that were
known then in 1829, he found three examples of each type, later dubbed triads. He also discovered
platinum catalysts and used those to invent an improved lamp, which became widely used as the
world’s first fluid-filled instant lighter.

As illustrated in Fig. 3.13, Leopold Gmellin (German states, 1788-1853) expanded Ddébereiner’s
triads into a connected table of known elements in 1843. Some other pioneers of periodic properties
of the elements included Max Joseph von Pettenkofer (German, 1818-1901, who also made im-
portant contributions to urban hygiene), Peter Kremers (German?, 1877-1977), and Ernst Lenssen
(German?, 1837-18707).

Julius Lothar Meyer (German, 1830-1895) produced the first truly scientific periodic table of the
elements in 1862 and published it in his 1864 chemistry textbook, as shown in Fig. 3.14. Meyer’s
1864 textbook discussed in detail how the known elements fit into a periodic table that explained
all of the measured masses, densities, and valences of the elements (Fig. 3.15). It also predicted
new elements that would fill in gaps in the periodic table. Meyer presented data demonstrating the
periodic properties of atomic volumes, with peaks corresponding to the beginning of each row of
the periodic table. In 1868 he updated his periodic table with additional elements that had been
newly discovered (Fig. 3.16).

Dmitri Mendeleev (Russian, 1834-1907) left Russia to study chemistry with Robert Bunsen and
Gustav Kirchhoff in Heidelberg in 1860-1861, studied in Switzerland, and then returned to Russia.
During his chemistry studies in Germany and Switzerland, Mendeleev almost certainly would have
been exposed to the early periodic tables of Dobereiner, Gmellin, and others (though of course
the available documents do not record students’ discussions from that time). Moreover, it is highly
likely that Mendeleev would have heard about the early work of Julius Lothar Meyer, especially
since Meyer also studied with Bunsen and Kirchhoff in Heidelberg around the same time that
Mendeleev was there. In addition to any personal transfers of information, Meyer’s 1864 chemistry
textbook that publicly presented and explained the periodic table was widely circulated in Europe,
and copies would presumably have been available in Russia after Mendeleev returned home.

After returning to Russia, Mendeleev did not even begin to work on his version of the periodic table
until 1869, nine years after his personal immersion in the academic world of German chemistry,
and five years after the publication of Meyer’s detailed textbook that explained the organization,
contents, and scientific evidence for the periodic table. Then Mendeleev did not finalize his version
of a periodic table for another decade, until 1879 [Scerri 2006, pp. 105, 112]. Mendeleev never even
attempted to offer a credible explanation for how his version of the periodic table resulted from
his earlier studies and the earlier researchers. Rather, he quite incredibly claimed that the entire
periodic table simply came to him suddenly in a dream, that he had never heard of any earlier
versions of the periodic table, and that the entire concept of a periodic table was his alone.

While Mendeleev is widely called the originator of the period table nowadays, the evidence clearly
demonstrates that Dobereiner’s and Gmellin’s work preceded Mendeleev’s by decades, and that
Julius Lothar Meyer produced and published highly detailed versions of the periodic table backed
by large amounts of experimental evidence and accurate predictions years before Mendeleev, even
including details that Mendeleev’s later table did not. Furthermore, the available evidence suggests
that Mendeleev simply plagiarized his “discovery” from the earlier German-speaking scientists.
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Johann Wolfgang Dobereiner (1780-1849) Dobereiner’s lamp
(18?2
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Dobereiner’s periodic arrangement of elements into triads (1829)

Li Ca P S Cl
Na Sr AS Se Br
K Ba Sb Te ||

Figure 3.12: Johann Wolfgang Débereiner was the first to realize that elements could be grouped
by similar chemical properties. Among elements that were then known in 1829, he found three
examples of each type, later dubbed triads. He also discovered platinum catalysts and invented an
improved lamp.
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Leopold Gmelin
(1788—-1853)
expanded
Dobereiner’s triads
into a connected table of
known elements (1843)

O N H
F CI Br 1 Li Na K
S Se Te Mg Ca Sr Ba
P As Sb Be Ce La
C B Bi Zr Th Al
Ti Ta W Sn Cd Zn

Mo V Cr U Mn Ni Fe
Bi Pb Ag Hg Cu
Os Ir Rh Pt Pd Au
Some other pioneers of periodic properties of the elements:

Max Joseph von Peter Kremers Ernst Lenssen
Pettenkofer (1818-1901) (182?7-19??) (1837-19??)
(also urban hygiene)

i, AR

Figure 3.13: Leopold Gmelin expanded Débereiner’s triads into a connected table of known elements
in 1843. Some other pioneers of periodic properties of the elements included Max Joseph von
Pettenkofer, Peter Kremers, and Ernst Lenssen.
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Differens

Differenz

Differenz

Differenz

Differenz

4 werthig

0 =190

16,5
Si = 285
%l= 44,65

89,1__

2
Sn

44,55

= 117,6
89,4 = 2.44,7
Pb =207,0

3 werthig
N —1404 |
16,96
P =310
44,0
As =750
4516}
Sb =120,6
87,4, = 2.43,7
Bi =2080

! 2 werthig
|
[0 = 16,00
16,07
8 = 32,07
46,7
8e — 78,8
49,5
Ter = 12813

Julius Lothar Meyer (1830-1895)
Periodic table of the elements
(created 1862, published 1864)

1 werthig 1 werthig
— Li =703
- 16,02
Fl =190 | Na =293,05
16,46 16,08
44,51 | 46,3
Br = 179,97 | Rb =854
46,8 47,6
J =128 | Cs =133,0
- | (T1 =204?)
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2 werthig
(Be = 9,37
(14,7)
Mg = 24,0
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Ca = 40,0
—
} 47,6 ®
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|
| B = 1m0t
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Figure 3.14: Julius Lothar Meyer produced the first scientific periodic table of the elements in 1862

and published it in his 1864 chemistry textbook.
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Vierwerthige Atome scheinen einer grossen Zahl von
Elementen zuzukommen, namlich:

Kohlenstoff , . C = 120

Kicsel = Y85

Zirkon 90

Titan , 48,1

Tantal , = 1476 (H. Roso)
Zinn = 176

Blei . *Pb = 9207,0 | Kobalt ; “Oo = g4
Palladis v e P = 3000 ‘I . + o+ *Co k
Ruthenium ., |, %Ry = 10,9 Nickel « o« . “Ni=o5874
(Cland) | Mangan . . . . *Mao= p%,14
Rbodiom . . . *Rh = 13,3 | Bisem . . , . ., Feo 56,03
Il.‘l_nll:m e s s o *Ph=1971 | Aluminiom . , . Al 7
ridiom . . . . Jr = 1011 | @ A=
Osmium , . . ; *0s= lU':'.’l | Chrom . . . . . "Cr = 526

Von dicsen Elementen werden aber einige, namentlich
PL, Pd, Co, Ni, Mn, Fe und auch Cr, in viclen ilrer Ver-
bindungen zweekmiissizer als zweiwerthig betrachtet, wobei
man ¢s unentschieden lassen kann, ob in diesen Verbin-
dungen zwei der Verwandtschafiscinheiten des Atomes un-
gesittigt bleiben oder durch die Verbindung mit cinem an-
deren Atome dersclben Art gesittigt werden.t)

Vielleicht findet in manchen Iillen das eine, in ande-
ren das andre statt. Der Isomorphismus des mangansauren
und chromsauren Kali mit dem schwefelsauren und selen-
sauren z. B scheint far die erst erwihnte Moglichkeit zu
sprechen,

Linige der als vierwerthig aufefuhrten Metalle besitzen
vielleicht noch eine schwache funfto und sechste Affinitat,
wenn anders dic Angaben richtig sind, nach welchen Jr,
Os, Mn, und Cr mit mehr als vier Atomen Chlor Verbin-
dungen von freilich sehr geringer Stabilitit bilden.

Sie warden in diescm Falle den Uebergang  bilden
zu den Elementen mit sechsfacher Sittigungscapacitat

a periodic table that explained all of the measured masses, densities, and valences of the
elements. It also predicted new elements that would fill in gaps in the periodic table.

Lothar Meyer’s 1864 chemistry textbook showed in detail how the known elements fit into

1) Vergleicho § 65 (Fdas vom Eisenchloriir gesagte, das sich leicht
aul entsprechende Verbindungen iibertragen ldsst,
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dicjenigen , for welche wenigstens das Atomgewicht n}s
mit Sicherheit festgestellt angeschen werden darff), ein
Doppelsternchen ** dagegen diejenigen, deren Atomgewicht
sowohl, als dessen Sattigungscapacitit nur aus den stoechio-
metrischen Zahlen nach Analogien erschlossen werden kann,
da weder die Dichte gasformiger Verbindungen, noch die
Wiirmecapacitit der Atome bekannt ist.

Als einworthig (oder wenigstens in der Regel ein-
werthig*®) erscheinen die Atome der Elemente:

Wasserstof . . . H = 1 |Lithiam .

Fluor . . F1 19,0 [Natrium
Chlor . . . 0O = 8g546/Kalium . . . .
Brom ., . . . . Br = 7997Rubidium . . . **Bb = 854
{(Bunsen, Piceard)
Jod ... .. J =198 [Osesiuvm. . . . **Cs =1380
(Johnson und Allen)
Silber . . , . . *Ag = 107,94/Thallium. . . . **Tl = 204
| (Lamy)

Dreiwerthig®™) sind:

Bor . , .
Stickstoff .

-

Phosphor

Arsen . As =
Antimon . Bb
Wismath . . . . Bi =

God. , ..., .%n

Ziweiwerthig treten auf:

Sanerstoff oo O =160 | Zink. . . . . . Zn = 85,0
Schwefel . . 8 =307 Berylliom . . . *Be= 93
Selen . Se 78,8 (Awdejew)
Tellur. , . Te 1283 | Magnesium. ., . *Mg = 24,0
Quecksilber . . . He = 200,2 [ Caleiom . . . *Ca = 40,0
Eupfor . . . . *Cu= 36| Strontiam . . -, *Br = 8.6
Cadmium , . . *Cd = 111,9 | Baryum . s+ "Ba'='IETL

1) deren Atomgewicht also in ciner der in den §§ 20, 21, 28 und
3 mitgetheilten Tabellen enthalten ist.

*) Vergl. § 73.
**)  Vergl. iibrigens § 72.
125

des Atomes.t)  Als solche sechswerthige Elemente

massen hochst wahrscheinlich angeschen werden :
Molybddn . . * Mo = 92
Vanadin . . ** Vd = 137 (Borzelius)
Wolfram . . * Wo= 184

Ausser den hier besprochencn Elementen sind noch sechs
stocchiometrisch untersucht, nimlich Cer, Lanthan, Didym,
Niobium, Thorium und Uran. Es scheint mir aber noch
zu gewagt, aus deren cmpirisch gefundenen Mischungsge-
wichten auf die wahren Atomgewichte derselben nund deren
Sattigungseapacitat Schlasse zu ziehen,

Ausserdem ist noch die Existenz von fanf oder scchs
E_lcmentcn nachgewicsen oder behauptet, for welehe aber
bis jetzt auch das empirische Mischungsgewicht noch nicht
festgestellt wurde.

§ 85.

Von der so bestimmten Sattigungseapacitit der Atome
ausgehend, kann man nun weiter sehlicssen auf das Mole-
kulargewicht und die Constitution auch nicht gasformiger
Verbindungen, indem man fir beide dic von den gasformi-
gen Verbindungen abstrahirten Regeln als giltig betrachict,
Diese Schliisse hahen chenfulls cine oft ziemlich grosse
Unsicherheit. Bleibt man sich aber desson bewusst, und
legt man daher auf diese Folgerungen nicht mehr Gewicht,
als sie verdienen, so ist diese Ausdebnung und Verallge-
meinerung jener fir die Gase geltenden Gesetze durchaus
ungefahrlich; for die Betrachtung und Darstellung der che-
mischen Vorginge aber ist dicselbe von grossem praktischen
Werthe.

1) Es scheint bemerkenswerth, dass, wo ein Element in verschie-
denen Fillen verschiedone Sittigungseapacitiit zu zcigen scheint, die-
selbe in der Regel variirt entweder von 1:3: 5 oder von 2 : 4 : 6. Erstores
# B. bei Jod und Stickstoff (vergl. § 72 und 73), letzteres bei Blei,
Chrom ete. (vergl, ». § 74) Es crinnert dies an die Bigenschaften zu-
sammengesetater Radicale, § 57,

Figure 3.15: Lothar Meyer’s 1864 chemistry textbook showed in detail how the known elements
fit into a periodic table that explained all of the measured masses, densities, and valences of the
elements. It also predicted new elements that would fill in gaps in the periodic table.
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Al=37.3 Al.=27.3 C=r12.00
3§-1=14.8 16.5
Si=28.5
B3-i=44.5
Cr=52.6 Mn=s55.1 | Fe=s6.0 Co=s58.7 Ni=s8.7 |Cu=63.5 Zn=65.0
49 2 48.9 47.8 44.4 46.9 0§ l=44.5
u—m463 Rh=r103.4 | Pd=r106.0 Ag-=107.9 | Cd==111.9 |Sn=I117.6
%. 8=2.46.4 |92.8=2.46.4 | 93=2.465 88.8=2.44.4 | 88.3=2.44.5 | 89.4=2.41.7
Pt=197.1 Ir=197.1 Os=199. Au=196.7 | Hg=200.2 | Pb=207.0
9 10 11 12 13 14 15
Li==7 Be=9.3
16.02 14.7
N=t4.4 O=16.00 F=1I19.0 Na=23.05 | Mg=24.0
16.96 16.07 16.46 16.08 16.0
P=3I1.0 S$==12.07 Cl=35.46 K=139.13 Ca=40.0 | Ti=48 Mo.=g2.0
44.0 46.7 44.5 46.3 47.6 42.0 45.0
As=7s.0 Se=78.8 Br=79.9 Rb=85.4 Sr=87.6 | Zr=x90.0 Vd=137.0
45.6 49.5 46.8 47.6 49.5 47.6 47.0
Sb=120.6 |Te=128.3 |I=126.8 Cs=133.0 |Ba=I137.1 | Ta=137.6 | W=184.0
87.4=2.43.7 71=2.35.5
Bi=208.0 Te=204.0

Figure 3.16: Lothar Meyer presented data demonstrating the periodic properties of atomic volumes,
with peaks corresponding to the beginning of each row of the periodic table. In 1868 he updated
his periodic table with newly discovered elements.
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3.1.3 Other Important Contributions to Inorganic Chemistry

Fritz Haber (German, 1868-1934) invented and Carl Bosch (German, 1874-1940) scaled up the
Haber-Bosch process for chemically synthesizing ammonia on an industrial scale for fertilizers and
explosives (rather than having to rely on limited natural sources, such as harvesting bat guano
from caves) [Hager 2008; Stoltzenberg 1994, 2005; Szollosi-Janze 2015]. See Fig. 3.17. Haber won
the 1918 Nobel Prize in Chemistry for this work. A. G. Ekstrand, President of the Royal Swedish
Academy of Sciences, praised Haber’s accomplishment
[https://www.nobelprize.org/prizes/chemistry /1918 /ceremony-speech/]:

Geheimrat Professor Haber. This country’s Academy of Sciences has awarded you the
1918 Nobel Prize for Chemistry in recognition of your great services in the solution of
the problem of directly combining atmospheric nitrogen with hydrogen. A solution to
this problem has been repeatedly attempted before, but you were the first to provide
the industrial solution and thus to create an exceedingly important means of improving
the standards of agriculture and the well-being of mankind. We congratulate you on
this triumph in the service of your country and the whole of humanity.

In 1962, Rudolf Hoppe (German, 1922-2014) created the first chemical compounds containing noble
gases, which had previously been believed to be chemically inert. See Fig. 3.18.

As shown in Figs. 3.19-3.22, many other German-speaking scientists made important contributions
to inorganic chemistry:

Richard Abegg (German, 1869-1910, Fig. 3.19) pioneered valence theory (including what is now
know as Abegg’s rule) and also measured the effects of solutes on freezing point depression, osmotic
pressure, and other properties.

Wilhelm Biltz (German, 18771943, Fig. 3.19) made careful measurements of many inorganic molec-
ular weights and vapor pressures.

Otto Linné Erdmann (German states, 1804-1869, Fig. 3.19) conducted experiments with nickel and
indigo and also measured a number of atomic weights.

Otto Robert Fricke (German, 1895-1950, Fig. 3.19) was especially known for his work with oxide
hydrates.

Wilhelm Hampe (German, 1877-1977, Fig. 3.19) studied the properties of metal-halogen com-
pounds.

Siegfried Herzog (German, 1918-2011, Fig. 3.19) conducted research on a variety of compounds
containing metals or transition metals.

Kurt Issleib (German, 1919-1994, Fig. 3.20) created and studied a wide range of phosphorus com-
pounds, including phosphorus-containing drug molecules.

Wilhelm Klemm (German, 1896-1985, Fig. 3.20) made important discoveries in many areas of
inorganic chemistry, including intermetallic compounds, rare earths, transition elements, oxides,
fluorides, and magnetochemistry. As a student, teacher, or collaborator, he worked with many
other major inorganic chemists, such as Wilhelm Biltz, Rudolf Hoppe, Eduard Zintl, and others.
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Wilhelm Manchot (German, 1869-1945, Fig. 3.20) was especially known for his work on a variety of
carbon monoxide reactions, but he also conducted research on silicides and other areas of inorganic
chemistry.

Eilhard Mitscherlich (German states, 1794-1863, Fig. 3.20) discovered isomorphism in crystals,
experimented with several acids and salts, studied catalysis, and measured the vapor pressures of
many volatile compounds.

Paul Pfeiffer (German, 1875-1951, Fig. 3.20) conducted research on ionic compounds and crystals.
He discovered salen ligands (complex molecular structures) as well as the Pfeiffer effect of molecules
on optical rotation of polarized light.

Carl Friedrich Rammelsberg (German, 1813-1899, Fig. 3.20) studied phosphoric acid and made a
large number of important discoveries in chemical mineralogy that were relevant to both geology
and industrial mining.

Glnther Rienédcker (German, 1904-1989, Fig. 3.21) focused especially on heterogeneous catalysts,
their mechanisms, and their applications.

Otto Ruff (German, 1871-1939, Fig. 3.21) was noted for his work in fluorine chemistry, high-
temperature chemistry, and several other areas of inorganic chemistry.

Robert Schwarz (German, 1887-1963, Fig. 3.21) conducted important research on the chemistry of
silicon, germanium, halogens, and peroxides.

Arthur Simon (German, 1893-1962, Fig. 3.21) harnessed Raman spectroscopy to determine molec-
ular structures. He also developed an electric furnace and a cryostat for chemical experiments.

Georg Ernst Stahl (German states, 16591734, Fig. 3.21) conducted some of the first detailed
chemical studies of reduction-oxidation reactions and fermentation reactions.

Alfred Stock (German, 1876-1946, Fig. 3.21) studied a number of areas of inorganic chemistry,
including boron hydrides, silicon hydrides, beryllium, and mercury toxicity. He created the Stock
system (e.g., “iron(II) chloride” for FeCly) for naming binary chemical compounds that is still in
use today.

Erich Thilo (German, 1898-1977, Fig. 3.22) created and studied novel inorganic polymers composed
of silicates, as opposed to more conventional carbon-based polymers.

Hans von Wartenberg (German, 1880-1960, Fig. 3.22) developed techniques and compiled a large
amount of important data regarding high-temperature chemistry. He also did important work in
silicon chemistry.

Alfred Werner (Swiss, 1866-1919, Fig. 3.22) won the Nobel Prize in Chemistry in 1913 for his discov-
eries regarding the coordination chemistry of bonding and stereochemistry in inorganic molecules.
T. Nordstrom, President of the Royal Swedish Academy of Sciences, explained the importance of
Werner’s work [https://www.nobelprize.org/prizes/chemistry/1913/ceremony-speech/]:

The number of atoms or groups of atoms which can be linked in a first sphere with
the elementary atom functioning as centre, or which in other words can be coordinated
into complex radicals under direct linkage with an atom, Werner calls the coordination
number. This is a dearly defined numerical concept which is superior to other numerical
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concepts designed to characterize affinity saturation in that it is to some extent inde-
pendent of the nature and valence of the interconnected elementary atoms, in so far as
it has the same value for the great majority of elements. Only two such numerical values
have been demonstrated as yet, i.e. four for some elements, and six for the others.

By this approach of which only some principal characteristics can be mentioned here,
Werner explains the structure and origin of complex inorganic compounds. By widening
and deepening the concept of valence which incorporates his view he has succeeded in
bringing atomistic and molecular compounds together under a common point of view.
He has drawn a large number of diverse compounds into the range of his comprehensive
expert mental work and has thereby been able to establish a uniform system for large
groups of inorganic compounds. Werner’s approach has also exerted significant influence
on research in organic chemistry.

Werner’s theory has been supported in an extremely important and valuable manner by
the stereochemical researches which he carried out as a sideline, mostly in connection
with his work on the constitution of chemical compounds.

By virtue of his theory of the asymmetrical carbon atom, van’t Hoff became the real
founder of the stereochemistry of organic compounds, and it is Werner’s indisputable
merit to have introduced this approach to inorganic chemistry as well. Even in his earlier
investigations into certain metal ammonias he was able to show that numerous cases
of isomerism in complex cobalt and platinum compounds could only be satisfactorily
explained by steric approach. For complex radicals of a certain type he put forward a
steric theory—the octahedron theory—which predicted that certain of these compounds
must occur in two stereoisomeric forms, a prediction which has been confirmed by
experiment. By far the greatest interest in this field attaches also to the discovery he
made in the last few years, that certain cobalt, chromium, iron, and radium compounds
with an asymmetrical metal atom in the complex radical can be divided into two forms
which behave like mirror images and show differences of the same kind as those in organic
mirror-image isomers, i.e. they are optical antipodes of each other. This discovery is a
splendid support for Werner’s theory. It has been called the most important discovery
in chemistry in recent times, and his stereochemical work makes him the founder of
inorganic stereochemistry.

As to Werner’s research work as a whole we can with good reason agree with the
remark of an eminent research worker, that Werner’s theoretical and experimental work
in inorganic chemistry has opened up new paths of chemical research and is of positively
revolutionary significance. It is substantially his researches which have during the last
few decades set the trend of development in inorganic chemistry and have newly inspired
this branch of science which had been somewhat neglected during the last quarter of the
19th century, by giving it new impulses which have borne fruit in numerous different
special studies by various research workers.

Lothar Wohler (German, 1870-1952, Fig. 3.22) spent his career studying oxidative reactions for
explosives, catalysts, and other applications.

Eduard Zintl (German, 1898-1941, Fig. 3.22) made important discoveries regarding intermetallic
compounds; his name remains associated with Zintl phases and Zintl ions.
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Figure 3.17: Fritz Haber invented and Carl Bosch scaled up the Haber-Bosch process for producing
ammonia for fertilizers and explosives.
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Figure 3.18: In 1962, Rudolf Hoppe created the first chemical compounds containing noble gases,
which had previously been believed to be chemically inert.
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Richard Abegg Wilhelm Blitz Otto Linné Erdmann
(1869-1910) (1877-1943) (1804-1869)

Valence theory, Inorganic molecular Nickel, indigo,
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depression pressures

Otto Robert Fricke Wilhelm Hampe Siegfried Herzog
(1895-1950) (1827-192??) (1918-2011)
Oxide hydrates Properties of Metal compounds
metal-halogen
compounds

Figure 3.19: Other creators who made important contributions to inorganic chemistry included
Richard Abegg, Wilhelm Blitz, Otto Linné Erdmann, Robert Fricke, Wilhelm Hampe, and Siegfried
Herzog.
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Kurt Issleib Wilhelm Klemm Wilhelm Manchot
(1919-1994) (1896-1985) (1869-1945)
Phosphorus Intermetallic Carbon monoxide
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transition elements

Eilhard Mitscherlich Paul Pfeiffer Carl Friedrich
(1794-1863) (1875-1951) Rammelsberg
Isomorphism Ionic compounds (1813-1899)
in crystals and crystals Phosphoric acid,

crystals

Figure 3.20: Other creators who made important contributions to inorganic chemistry included Kurt
Issleib, Wilhelm Klemm, Wilhelm Manchot, Eilhard Mitscherlich, Paul Pfeiffer, and Carl Friedrich
Rammelsberg.
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Giinther Rienicker Otto Ruff Robert Schwarz
(1904-1989) (1871-1939) (1887-1963)
Heterogeneous Fluorine Chemistry of
catalysts chemistry silicon, germanium,

halogens, and
peroxides

Arthur Simon Georg Ernst Stahl Alfred Stock (1876-1946)
(1893-1962) (1659-1734) Boron hydrides, silicon
Raman spectroscopy  Reduction-oxidation hydrides, beryllium,
to determine reactions, mercury toxicity,
molecular structures fermentation Stock system for

naming compounds

Figure 3.21: Other creators who made important contributions to inorganic chemistry included
Gilinther Riendcker, Otto Ruff, Robert Schwarz, Arthur Simon, Georg Ernst Stahl, and Alfred
Stock.
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Erich Thilo Hans von Wartenberg Alfred Werner
(1898-1977) (1880-1960) (1866-1919)
Silicate polymers Silicon chemistry, Coordination chemistry
high-temperature Nobel Prize in
chemistry Chemistry 1913

Lothar Wohler Eduard Zintl
(1870-1952) (1898—-1941)
Explosives and Intermetallic
other oxidative compounds

reactions

Figure 3.22: Other creators who made important contributions to inorganic chemistry included
Erich Thilo, Hans von Wartenberg, Alfred Werner, Lothar Woéhler, and Eduard Zintl.
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3.2 Organic Chemistry

German-speaking scientists dominated the development of organic chemistry, or the chemistry of
molecules that contain significant numbers of carbon atoms.? Organic chemistry is especially impor-
tant since carbon-rich molecules include everything from biological molecules and pharmaceuticals
to synthetic polymers and dyes.

This section covers some of the German-speaking creators and their creations that were involved
in:

3.2.1. Synthetic dyes and the origins of organic chemistry
3.2.2. General organic chemistry

3.2.3. Organometallic chemistry

3.2.4. Synthetic fuels

3.2.5. Liquid crystals

3.2.6. Technology transfer out of the German-speaking world

3.2.1 Synthetic Dyes and the Origins of Organic Chemistry

One of the strongest motivations for the development of organic chemistry in the German-speaking
world was the creation of synthetic fabric dyes that could be cheaper than natural dyes and could
come in a greater variety of colors. That industry was quite lucrative, yet it also led to the generation
of many would-be dyes that had pharmaceutical, explosive, or other desirable properties. All of those
applications drove the need to understand the science of organic molecules and reactions, and to
develop methods of synthesizing and mass-producing any desired organic molecule.

Ulrich Wengenroth, a scientific historian at the Deutsches Museum in Munich, summarized the
importance of the German-speaking world for organic chemistry, and vice versa [Landes et al. 2010,
pp. 290-291]:

The showcase of German science-based industry was undoubtedly organic chemistry.
From the 1880s until well after World War II German companies held a commanding
position in most products based on carbon hydrates, especially when it came to high-
value products like pharmaceuticals. The success story began with synthetic dyestuffs
in the 1880s. Although the first synthetic dyestuffs were created in France and England,
the latter in a laboratory set up by a student of the German chemist Liebig, it was
German firms, supported by academic chemists from universities and engineers from

3 Abelshauser et al. 2004; Brock 1993; Bugge 1955; Coffey 2008; Deichmann 2001; Drummer and Zwilling 2007;
Engels et al. 1989; Farber 1961; Haber 1958, 1971; Ihde 1984; Johnson 1990; Kahlert 2002; Karlsch2016; Lesch 2000;
Maier 2015; Marsch 1994a; Neufeldt 2003; Partington 1935, 1957, 1964; Peppas 2013; Rosner 2004; Sasuly 1947;
Schwenk 2000; Soukup 2007; Teltschik 1992; Ungewitter 1938; Welsch 1981; Werner 2017.
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polytechnics, that turned synthetic dyestuffs into an industry with a highly methodi-
cal and scientific approach. The main strategy was always the same: analyze a natural
product and then find ways to synthesize it cheaply from the tar derivatives the heavy
industries and gasworks would abundantly supply. The overabundant supply of first-
rate human capital for industrial research, plus the additional incentive of not having
access to natural resources for colonies, created a situation that proved to be immensely
fortunate. Only the Swiss chemical industry, also with a good supply of academically
trained scientists and no colonies, could match the progress of German organic chem-
istry. It was one of the first examples after the Industrial Revolution when the absence
of natural resources proved to be beneficial. Apart from the availability of highly quali-
fied human capital, the German dyestuffs industry benefited from having hit a treasure
trove of potential products, and the most innovative entrepreneurs were smart enough
to see and fully utilize that potential.

Serendipity had it that hydrocarbons are at the root of three major product families:
dyestuffs, synthetic materials, and pharmaceuticals. In looking for one, chemists would
inevitably find the others. They just had to find out what the properties of the respective
stuff were they had hit upon. This was done by massive testing on a hitherto unprece-
dented scale by hundreds of professionals in the laboratories of the big three (Hoechst,
Bayer, BASF) of the German chemical industry. In the words of Carl Duisberg, head
of Bayer, there was “nowhere any trace of a flash of genius” in the labs, just academic
toil and screening. Eventually his company found more than 10,000 synthetic dyestuffs
before the eve of World War I, 2,000 of which were marketed. At the same time they had
hit on dyestuffs that wouldn’t dye but could cure ills. Many twentieth-century drugs
are “failed dyes,” Valium being just the most profitable among them. Next to drugs a
host of synthetic materials was found “on the way” and gave rise to ever more scrutiny
when laboratories were testing newly synthesized chemicals.

Charts of tar-based products show a wide spectrum from explosives to anesthesia, Bake-
lite, and a number of synthetic dyestuffs and their intermediates. [...] It took the German
chemical industry’s competitors decades and the scrapping of all property rights in the
wake of the wars slowly to erode the position it had built by the turn of the century.

Two of the most important founders of organic chemistry were Friedrich Wéhler and Justus von
Liebig, who were friends and research collaborators throughout most of their careers. They also
educated and inspired a huge number of younger chemists who went on to make major discoveries
themselves.

Friedrich Wohler (German, 1800-1882), shown in Fig. 3.23, synthesized urea, discovered compound
radicals, and made other discoveries that helped to establish the field of organic chemistry. As the
years went by, he spent more and more of his time educating and mentoring chemistry students, to
whom he was quite devoted and helpful. Oxford University’s Biographical Dictionary of Scientists
summarized some of his research history [Porter 1994, pp. 731-732]:

In Wohler’s first research in 1827 he isolated metallic aluminium by heating its chloride
with potassium; he then prepared many different aluminium salts. In 1828 he used the
same procedure to isolate beryllium. Also in 1828 he carried out the reaction for which he
is best known. He heated ammonium thiocyanate—a crystalline, inorganic substance—
and converted it to urea (carbamide), an organic substance previously obtained only
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from natural sources. Until that time there had been a basic misconception in scientific
thinking that the chemical changes undergone by substances in living organisms were
not governed by the same laws as were inanimate substances...]

Wohler worked with Justus von Liebig on a number of important investigations. In 1830,
they proved the polymerism of cyanates and fulminates, and two years later announced
a series of studies of benzaldehyde (benzenecarbaldehyde) and the benzoyl (benzenecar-
boxyl) radical. In 1837, they investigated uric acid and its derivatives. Waohler also dis-
covered quinone (cyclohexadiene-1,4-dione), hydroquinone or quinol (benzene-1,4-diol)
and quinhydrone (a molecular complex composed of equimolar amounts of quinone and
hydroquinone).

In the inorganic field Wohler isolated boron and silicon and prepared silicon nitride
and hydride. He prepared phosphorus by the modern method, and discovered calcium
carbide and showed that it can be reacted with water to produce acetylene (ethene) |...]

Justus von Liebig (German, 1803-1873) collaborated with W&hler for much of his career, for exam-
ple in discovering compound radicals. As illustrated in Fig. 3.24, he taught large number of students
in his laboratory, creating generations of later chemists. The Encyclopedia Britannica described his
research [EB 2010]:

[T]he radical theory that Liebig did much to develop was the first major attempt at
systematization in organic chemistry.

Liebig’s studies in organic chemistry were greatly aided by the simple method he de-
veloped for the analytical determination of carbon and hydrogen. He also developed
a method for the analytical determination of halogens, published important work on
polybasic organic acids, and did much to support the hydrogen theory of acids. [...]

After 1838 Liebig’s interest shifted from pure organic chemistry to the chemistry of
plants and animals. He made a large number of analyses of tissues and body fluids and
carried out a study of the nitrogenous products of the animal organism. [...] He [..]
showed that plants took carbon dioxide, water, and ammonia from the air and soil.

As shown in Fig. 3.25, Otto Unverdorben (German, 1806-1873), Friedlieb Ferdinand Runge (Ger-
man, 1795-1867), Carl Fritzsche (German, 1808-1871), and August Wilhelm von Hofmann (Ger-
man, 1818-1892) synthesized aniline, which can be chemically modified to produce a wide variety of
colored dyes, explosives, and drugs. In 1820, Runge was also the first scientist to extract and iden-

tify caffeine. Even the American Council of Learned Societies praised von Hofmann’s contributions
and impact [ACLS 2000, pp. 432-433]:

He obtained his doctorate in 1841 and taught at the University of Bonn. In 1845, under
the sponsorship of Prince Albert, he went to England, where he became director of the
Royal College of Chemistry, London. He stayed there until 1865, when he was given the
chemistry chair at the University of Berlin. [...]

Hofmann’s influence on British and German chemistry was profound. He was responsible
for continuing the method of science teaching by laboratory instruction that had been
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established and popularized by Liebig at Giessen and for transporting it to England and
Berlin. He created his own school of chemists who were interested primarily in experi-
mental organic chemistry and its industrial applications. Much of his experimentation
had to do with coal tar and its derivatives. In 1843 he established that many substances
obtainable from coal tar naphtha and its derivatives were all of a single nitrogenous
base, aniline. His discoveries—and those of his school—laid the foundation for the coal
tar products industries. He also did important work on the chemistry of dyes.

Heinrich Caro (German, 1834-1910), Carl Gréabe (German, 1841-1927), and Carl Theodore Lieber-
mann (German, 1842-1914), shown in Fig. 3.26, synthesized alizarin red dye in 1868.

Adolf von Baeyer (German, 1835-1917), Karl Heumann (German, 1850-1894), Johannes Pfleger
(German, 1867-1957), and Rudolf Knietsch (German, 1854-1906) synthesized indigo dye. Adolf
von Baeyer won the Nobel Prize in Chemistry in 1905. See Fig. 3.27. Professor A. Lindstedt,
President of the Royal Swedish Academy of Sciences, explained the importance of von Baeyer’s
work [https://www.nobelprize.org/prizes/chemistry/1905/ceremony-speech/|:

Among the living research workers who have contributed directly or indirectly to the
unique development of the tar-dyestuff industry the place of honour goes to the Professor
at Munich University, Adolf von Baeyer, for his researches into the composition of indigo
as well as into the triphenyl methane dyestuffs.

Indigo, the gorgeous pigment of the indigo plant, has been considered the most impor-
tant of all organic pigments on account of its beauty and colour fastness, and the annual
tribute which the West used to pay India for it amounted to a very considerable sum.
To reproduce the pigment by synthetic methods and make it more easily obtainable was
therefore an exceptionally inviting task for chemical research.

The complex and unique composition of indigo, however, made this also one of the
hardest of tasks. Here there could be no question of one of those casual discoveries,
which by happy accident seem to achieve half the work. Years of work were required
for even von Baeyer’s acumen and experimental skill to achieve the necessary insight
into the pigment’s chemical composition and to be able to manufacture it from simpler
constituents. Even after the purely scientific part of the work had been completed it
still took a number of years to make the results obtained from research applicable to
technology. [...]

Simultaneously with his analyses within the indigo group, analyses moreover which
exerted a far-reaching influence upon the development of organic chemistry and directed
research into new channels, von Baeyer was active with no less success in another sphere
of the chemistry of organic dyestuffs. The stimulus was given by his discovery of a
new group of beautifully coloured compounds, the so-called phthaleins, of which only
the eosin pigments, highly important to industry, and the rhodamin dyes derived from
them, may have particular mention here. In a series of masterly experiments von Baeyer
demonstrated several years ago the chemical nature of the phthaleins and showed that,
just like the already known rosaniline dyes, they may be classified as derivatives of
the hydrocarbon triphenylmethane. In recent years—more exactly, from 1900 on—von
Baeyer has resumed his work on triphenylmethane, and from this a new conception
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of the chemical composition of pigments and in general of the connection between the
optical properties of organic substances and their interior atomic structure has been to
a high degree prepared.

The dyestuffs studied by von Baeyer belong to the main category of organic substances
usually classified under the name of aromatic compounds, which differ decisively from
the other organic substances—the so-called aliphatic or fatty acid series—both in their
properties and in their behaviour in reaction. In fact this difference has been considered
so great that it has caused the division of the whole of organic chemistry into two
separate halves: the chemistry of aliphatic, and of aromatic substances. Nevertheless,
one of the main tasks of scientific research is to try to bridge the gulfs dividing different
sciences, or different branches of the same science. In this respect, too, von Baeyer has
carried out notable work in his research, remarkable alike from the experimental as well
as from the theoretical point of view, on the so-called hydroaromatic compounds. With
these compounds, he has found the transitional form between the two main series just
mentioned and by application of the new conception and the new method to the terpenes
and the species of camphor occurring in nature and also important for technology, he
has opened up fields for synthetic work which were previously inaccessible.

There were many other German-speaking chemists who developed thousands of other artificial
dyes. Peter Griess (German, 1829-1888), Otto Nikolaus Witt (German/Swiss, 1853-1915), and
Paul Friedldnder (German, 1857-1923), depicted in Fig. 3.28, are just a few additional examples of
important dye creators.
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Figure 3.23: Friedrich Wohler synthesized urea, discovered compound radicals, and made other
discoveries that helped to found the field of organic chemistry.
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Figure 3.24: Justus von Liebig collaborated with Wohler for part of his career, for example in
discovering compound radicals. He taught large number of students in his laboratory, creating
generations of later chemists.
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Figure 3.25: Otto Unverdorben, Friedlieb Ferdinand Runge, Carl Fritzsche, and August Wilhelm
von Hofmann synthesized aniline, which can be chemically modified to produce a wide variety of
colored dyes, explosives, and drugs.
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Figure 3.26: Heinrich Caro, Carl Gribe, and Carl Theodore Liebermann synthesized alizarin red
dye in 1868.
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Figure 3.27: Adolf von Baeyer, Karl Heumann, Johannes Pfleger, and Rudolf Knietsch synthesized
indigo dye. Adolf von Baeyer won the Nobel Prize in Chemistry in 1905.
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Figure 3.28: Peter Griess, Otto Nikolaus Witt, and Paul Friedlander developed other artificial dyes.
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3.2.2 General Organic Chemistry

An enormous number of German-speaking scientists made important contributions to organic chem-
istry. This section can only briefly mention some examples (Figs. 3.29-3.47). For simplicity, they
are mainly in alphabetical order.

Karl von Auwers (German, 1863-1939, Fig. 3.29) received his Ph.D. under August Wilhelm von
Hofmann and in turn was the doctoral adviser of Georg Wittig and Karl Ziegler. He is best remem-
bered for developing Auwers synthesis in 1908.

Eugen Bamberger (German, 1857-1932, Fig. 3.29) also received his Ph.D. under August Wilhelm
von Hofmann. He discovered the Bamberger rearrangement in 1894.

Ernst Beckmann (German, 1853-1923) developed the Beckmann rearrangement (1886), shown in
Fig. 3.30, which later proved extremely useful for making Nylon and several important drugs. He
also invented the Beckmann freezing-point apparatus and thermometer.

Friedrich Beilstein (German, 1838-1906, Fig. 3.30) created the encyclopedic Beilstein’s Handbook
of Organic Chemistry in 1881 and continued to update its collection of organic molecules and
information during his lifetime. Other chemists have continued to update and maintain Beilstein’s
Handbook to this day.

Ernst Bergmann (1903-1975, Fig. 3.31) received his Ph.D. under Wilhelm Schlenk at the University
of Berlin in 1927 and conducted important research in organic and fluorine chemistry. Soon after
the founding of the modern nation of Israel, he became the head scientist of the Israeli program to
develop nuclear weapons. (This is another example of German-speaking scientists being responsible
for developing nuclear weapons in several different countries.)

Julius von Braun (Polish/German, 1875-1939, Fig. 3.31) was a doctoral student of Otto Wallach and
made several discoveries such as the von Braun reaction and the Rosenmund-von Braun reaction.

Julius Bredt (German, 1855-1937, Fig. 3.31) determined the structure of camphor and is also known
for Bredt’s rule and the Bredt distributor.

Hans Theodor Bucherer (German, 1869-1949, Fig. 3.31) received his Ph.D. under Johannes Wis-
licenus and went on to discover the Bucherer reaction, Bucherer carbazole synthesis, and the
Bucherer-Bergs reaction.

George Biichi (German, 1921-1998, Fig. 3.31) is especially remembered for his studies of photo-
chemical organic reactions.

Ernst Biichner (1850-1924, Fig. 3.31) spent his career working in organic chemistry and developed
the Biichner flask and the Biichner funnel, both of which are now widely used for filtration in
chemistry and biology experiments.

Robert Bunsen (German, 1811-1899, Fig. 3.32) conducted research in organic chemistry in addition
to his well-known work in inorganic chemistry. He worked with organic arsenides, discovered an
antidote for arsenic poisoning (iron oxide hydrate) and studied organic photochemistry.
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Rainer Ludwig Claisen (German, 1851-1930, Fig. 3.33) developed many incredibly useful experi-
mental methods that have been widely employed in organic chemistry ever since, including Claisen
condensation, the Claisen reaction, the Claisen rearrangement, the Claisen flask, etc.

Rudolf Criegee (German, 1902-1975, Fig. 3.32) studied the oxidation of organic molecules and the
properties of cyclic reactions. He discovered the Criegee rearrangement and the Criegee intermedi-
ate.

Theodor Curtius (German, 1857-1928, Fig. 3.32) discovered the Curtius rearrangement and several
novel molecules, including hydrazine, an extremely important rocket fuel.

Walter Dieckmann (German, 1869-1925, Fig. 3.33) is most famous for developing Dieckmann con-
densation, a step that ever since then has been widely utilized in the synthesis of organic molecules.

Otto Diels (German, 1876-1954) and Kurt Alder (German, 1902-1958) developed Diels-Alder re-
actions (1928), which are very useful for producing polymers and other complex organic molecules.
They both won the Nobel Prize in Chemistry in 1950. See Fig. 3.34. Professor A. Fredga of the
Nobel Committee for Chemistry explained the importance of their work
[https://www.nobelprize.org/prizes/chemistry/1950/ceremony-speech/]:

Professor Diels, Professor Alder. More than two decades have passed since the day when
you sent in the first paper on “Syntheses in the Hydroaromatic Series” to the Editor of
the Annals. Much has happened since then—in Science, as well as in the world.

The reciprocal addition of the unsaturated compounds was at that time still somewhat
mysterious. The chemistry of the high polymer compounds belonged for the most part
to the future. You found it necessary to stress that the new substances which you ob-
tained so easily were not molecular compounds but were really new molecules, stable
and firmly bonded. New simple bonds had come into being of the old, well-known kind.
This identification has paved the way to a right understanding of the polymerization
phenomena of the unsaturated compounds, and through it you have very greatly ad-
vanced the development of high polymer chemistry and technics.

In this treatise you have even indicated how highly promising the consequences of the
low molecular compounds were for the future of chemistry. In the past years the synthesis
of dienes has, to be sure, achieved more than you could either foresee or predict when
you wrote your paper. But the general trend, the prophetic leading ideas are already to
be found in it.

You mention there the possibilities for discussion of several theoretically interesting
questions concerning the forces of attraction in polycyclic systems. You also mention
the practical consequences. The possibility of the synthetic production of complicated
natural substances or of compounds similar to them is, in your view, immediately in
prospect. Finally you indicate the possibility that this astonishingly rapid and smoothly
running reaction could also play a significant part in the processes of Nature.

Since 1928 the synthesis of dienes has been developed in various directions by numerous
workers, and its significance has become more and more obvious. You have yourselves,
partly together, partly independently, worked with great success in the field you have
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opened up. The external circumstances were not always of the best for reasons which
we all know. We have been told that you, Professor Diels, were in the past years unable
to do any experimental work. And yet your thoughts played keenly upon scientific
problems and we hope that you will soon have the opportunity of approaching the
problems experimentally as well. You, Professor Alder, in spite of limited facilities for
work, are again fully active. During the past year you have, by your splendid work on
the steric and energetic conditions in the polycyclic systems, successfully maintained
your position as the leading research worker in this field.

André Dreiding (Swiss, 1919-2013, Fig. 3.32) developed Dreiding stereomodel kits for physically
building and showing organic molecular structures.

Richard August Carl Emil Erlenmeyer (German, 1825-1909, Fig. 3.32) had a long career working
in many different areas of organic chemistry and biochemistry, but he is best remembered for the
Erlenmeyer flask and the Erlenmeyer rule.

Hermann von Fehling (1812-1885, Fig. 3.32) is famous for developing Fehling’s solution for detecting
sugars, which has since been widely used everywhere from public school classrooms to hospital
laboratories.

Hermann Emil Fischer (German, 1852-1919, Fig. 3.35) is remembered for many innovations such

as Fischer esterification and Fischer projection. He won the Nobel Prize in Chemistry in 1902 for

his work on the synthesis of sugars and purines. Professor Hj. Théel, President of the Swedish Royal
Academy of Sciences, praised his research [https://www.nobelprize.org/prizes/chemistry/1902/ceremony-
speech/]:

With surprisingly acute judgement and with brilliant discernment in choosing his ways
and means Fischer not only reproduced synthetically natural grape- and fruit-sugars,
but also some thirty other sugars and an abundance of closely related compounds.
Whereas of the naturally occurring, simple sugars only those with 5-6 carbon atoms
have been found, Fischer synthesized a continuous series containing from 2 to 9 carbon
atoms. Furthermore, by his elegant method of making glucosides artificially, he has also
added to the achievements of organic synthesis this group which is so extraordinarily
important for vegetable physiology. |...]

Even since 1776 when Scheele found uric acid in urinary calculus, several substances
closely related to it such as xanthine, adenine and guanine, etc. have been detected in
animal secretions. The same group additionally includes theobromine, theophylline and
caffeine which occur in the vegetable kingdom and constitute the stimulants in our staple
beverages cocoa, coffee and tea. With the keen perception of the excellent scientist and
a masterly technique Professor Fischer brought order and clarity to this field as well.
He demonstrated that all those substances are derivatives of the same parent substance,
purine, which he had discovered. He successfully prepared them from one another and
from simpler constituents in such a way that here, too, the synthesized chain goes back
to inorganic carbon, hydrogen and oxygen, and besides these he prepared a large number
of new, closely related substances so that the purine derivatives studied by Fischer must
now number about 150. The intrinsic composition of each has been fully determined.

Wilhelm Rudolph Fittig (German, 1835-1910, Fig. 3.35) worked in several areas of organic chem-
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istry during his career and discovered several new molecules and new types of organic reactions. His
name is most closely associated with the Fittig reaction for the synthesis of alkylbenzene molecules.

Hermann Frasch (1851-1914, Fig. 3.35) spent most of his career using organic chemistry to improve
processes in oil refining.

Karl Fries (German, 1875-1962, Fig. 3.35) received his Ph.D. under Theodor Zincke and is best
known for discovering the Fries rearrangement of phenolic ester molecules.

Ludwig Gattermann (1860-1920, Fig. 3.35) wrote a widely used textbook of experimental methods
in organic synthesis. He also discovered new methods such as the Gattermann reaction.

Carl Glaser (German, 1841-1935, Fig. 3.35) developed Glaser coupling, which was later used to
synthesize indigo dye and other important organic molecules.

Irma Goldberg (Russian but educated in Switzerland and worked in Switzerland and Germany,
1871-<1939, Fig. 3.36) worked with and married Fritz Ullmann. She developed several synthetic
dye molecules and is remembered for the Goldberg amidation reaction.

Fritz Haber (German, 1868-1934, Fig. 3.36) studied carbon-carbon and carbon-hydrogen bond
strengths and other topics in organic chemistry, in addition to his better known work on ammonia
synthesis in inorganic chemistry (for which he won the 1918 Nobel Prize in Chemistry—see p. 453).

Arthur Hantzsch (German, 1857-1935, Fig. 3.36) developed Hantzsch pyridine synthesis and Hantzsch
pyrrole synthesis.

Kurt Hoesch (German, 1882-1932, Fig. 3.36) focused on the synthesis of phenylketone molecules
and developed the Hoesch reaction for that purpose.

Erich Hiickel (German, 1896-1980, Fig. 3.36) is famous for the Hiickel molecular orbital theory, as
well as his contributions to physical chemistry such as the Debye-Hiickel theory for electrolysis.

Rolf Huisgen (German, 1920—, Fig. 3.36) studied the reaction mechanisms involved in each step of
synthesizing organic molecules, and personally developed the Huisgen reaction.

Claire Hunsdiecker (German, 1903-1995, Fig. 3.37) and Heinz Hunsdiecker (German, 1904-1981,
Fig. 3.37) received their Ph.D.s in chemistry, married, and spent their lives conducting research in
organic chemistry. They are best known for the Hunsdiecker reaction.

Oskar Georg Friedrich Jacobsen (German, 1840-1889, Fig. 3.37) studied the distillation and com-
ponents of coal tar, discovered the Jacobsen rearrangement, and pioneered the field of marine
chemistry.

Karl Kastner (1783-1857, Fig. 3.37) helped to establish chemistry as a proper academic field of
study. He taught Justus von Liebig, who in turn educated a huge number of important chemists.

August Kekulé (German, 1829-1896) figured out the chemical bonds and structure of benzene
(1865) and other organic molecules; see Fig. 3.38.

Heinrich Kiliani (German, 1855-1945, Fig. 3.37) studied digitalis and carbohydrate chemistry, and



3.2. ORGANIC CHEMISTRY 477

developed (along with Emil Fischer) the Kiliani-Fischer synthesis of sugar molecules.

Emil Knoevenagel (German, 1865-1921, Fig. 3.37) focused on experimental methods of synthesizing
organic molecules and is remembered for the Knoevenagel condensation reaction.

Ludwig Knorr (German, 1859-1921, Fig. 3.39) developed processes such as Knorr quinoline syn-
thesis and Knorr pyrrole synthesis, and synthesized phenazone, an aspirin-like drug molecule (p.
270).

Hermann Kolbe (German, 1818-1884, Fig. 3.39) helped to formalize the field of organic chemistry
and coined the term “synthesis.” His name is associated with Kolbe electrolysis, Kolbe nitrile
synthesis, and the Kolbe-Schmitt reaction.

Wilhelm Kérner (1839-1925, Fig. 3.39) studied many aromatic compounds as well as biochemical
molecules from plants.

Albert Ladenburg (1842-1911, Fig. 3.39) purified scopolamine (which is now used to treat nausea)
and synthesized other alkaloid drug molecules.

Carl Mannich (German, 1877-1947, Fig. 3.39) worked in several different areas of organic chemistry,
including keto bases and alcohol bases, and remains best known for the Mannich reaction.

Hans Meerwein (German, 1879-1965, Fig. 3.39) developed or determined the mechanisms of several
key organic synthesis reactions, leading to his name being associated with methods such as Meer-
wein arylation, Meerwein’s salt, Meerwein-Ponndorf-Verley reduction, and the Wagner-Meerwein
rearrangement.

Jakob Meisenheimer (German, 1876-1934, Fig. 3.40) synthesized and determined the structures of
a number of organic molecules, most notably the class of molecules that are now known as the
Meisenheimer complex.

Julius Lothar Meyer (German, 1830-1895, Fig. 3.40) made his greatest contribution to chemistry
by developing the periodic table of the elements (p. 450), but he also did important work in organic
chemistry, such as studying the structure of benzene.

Karl Meyer (German, 1899-1990, Fig. 3.40) did fundamental research on polysaccharide molecules
such as hyaluronan, a component of many human cells and some bacteria.

Kurt Hans Meyer (German, 1883-1952, Fig. 3.40) received his Ph.D. under Arthur Hantzsch and
studied a wide variety of organic reactions over the course of his career.

Viktor Meyer (German, 1848-1897, Fig. 3.40) worked in both organic and inorganic chemistry.
Among other accomplishments, he discovered thiophene and developed the Viktor Meyer apparatus
for measuring vapor densities.

Eilhard Mitscherlich (German, 1794-1863, Fig. 3.40) did important research in the fields of crys-
tallography, inorganic chemistry, and organic chemistry. In organic chemistry, he is best known for
his experiments on benzene derivatives.
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Costin D. Nenitzescu (Romanian, educated in Switzerland and Germany, 1902-1970, Fig. 3.41)
studied under Hans Fischer and went on to a long career synthesizing and identifying organic
molecules. Nenitzescu synthesis is named for him.

George Olah (Olah Gyorgy, Hungarian, 1927-2017, Fig. 3.41) won the Nobel Prize in Chemistry
in 1994 for his work on carbocations. Professor Salo Gronowitz of the Royal Swedish Academy of
Sciences explained his discoveries [https://www.nobelprize.org/prizes/chemistry/1994/ceremony-
speech/]:

Because it was not possible to detect carbocations with spectroscopic methods, different
scientists interpreted their experiments differently, and a scientific feud took place in
organic chemistry during the 1960s and 1970s.

Through a series of brilliant experiments Professor George Olah solved the problem. He
created methods to prepare long-lived carbocations in high concentrations, which made
it possible to study their structure, stability and reactions with spectroscopic methods.
He achieved this by using special solvents, which did not react with the cations. He
observed that in these solvents at low temperatures, carbocations could be prepared
with the aid of superacids, acids eighteen powers of ten stronger than concentrated
sulfuric acid. Through Olah’s pioneering work he and the scientists who followed in
his footsteps could obtain detailed knowledge about the structure and reactivity of
carbocations. Olah’s discovery resulted in a complete revolution for scientific studies of
carbocations, and his contributions occupy a prominent place in all modern textbooks
of organic chemistry.

Olah found that there are two groups of carbocations, the trivalent ones called carbe-
nium ions, in which the positive carbon atom is surrounded by three atoms, and those
in which the positive carbon is surrounded by five atoms, called carbonium ions. The
disputed existence of these penta-coordinated carbocations was the reason for the sci-
entific feud. By providing convincing proof that penta-coordinated carbocations exist,
Olah demolished the dogma that carbon in organic compounds could at most be tetra-
coordinated, or bind a maximum of four atoms. This had been one of the cornerstones
of structural organic chemistry since the days of Kekulé in the 1860s.

Olah found that the superacids were so strong that they could donate a proton to sim-
ple saturated hydrocarbons, and that these penta-coordinated carbonium ions could
undergo further reactions. This fact has contributed to a better understanding of the
most important reactions in petrochemistry. His discoveries have led to the development
of methods for the isomerization of straight chain alkanes, which have low octane num-
bers when used in combustion engines, to produce branched alkanes with high octane
numbers. Furthermore, these branched alkanes are important as starting materials in
industrial syntheses. Olah has also shown that with the aid of superacids it is possible
to prepare larger hydrocarbons with methane as the building block. With superacid
catalysis it is also possible to crack heavy oils and liquefy coal under surprisingly mild
conditions.

Wilhelm Ostwald (1853-1932, Fig. 3.41) made a number of important contributions in organic
chemistry, catalytic chemistry, and physical chemistry. He won the Nobel Prize in Chemistry in
1909 (p. 921).
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Hans von Pechmann (German, 1850-1902, Fig. 3.41) synthesized or discovered several new organic
molecules and is remembered for Pechmann condensation and Pechmann pyrazole synthesis.

Fritz Pregl (Austrian, 1869-1930, Fig. 2.53) developed important methods for quantitative organic
microanalysis that have been widely used ever since. For that work, he won the Nobel Prize in
Chemistry in 1923. Professor O. Hammarsten, Chairman of the Nobel Committee for Chemistry,
announced the award [https://www.nobelprize.org/prizes/chemistry/1923/ceremony-speech/|:

The improvement consists of the fact that Pregl converted previously used methods
for quantitative analysis of relatively large quantities of substances to micro-analytical
methods. This has made it possible to carry out these analyses of such small quantities
of substances, the analysis of which would previously have been impossible, with exactly
the same accuracy, but with great savings in time, labour, and expense. |[...]

Pregl’s micro-analysis can be equally well applied in all fields of organic chemistry. It has
already proved itself in a great number of cases, and has stood the test in this country as
well. It opens promising prospects for research in the future, particularly in the vast field
of biochemistry. There is every reason to hope that micro-analysis will make possible
fruitful study of a great number of substances which so far, in some respects at least,
have been practically inaccessible to exact chemical investigation. Such substances, for
instance, include enzymes, vitamins and hormones, the extremely great significance of
which for the vital processes is well known.

Vladimir Prelog (Austro-Hungarian/Croatian, 1906-1998, Fig. 3.41) made many important discov-
eries regarding the stereochemistry of organic molecules and the shapes of enzymes, for which he
won the Nobel Prize in Chemistry in 1975. Professor Arne Fredga of the Royal Academy of Sciences
explained his research [https://www.nobelprize.org/prizes/chemistry/1975/ceremony-speech/]:

Professor Prelog has worked in many fields of stereochemistry, and often the problems
have been connected with the geometrical shapes of the molecules and their influence
on the course of the reactions. |...]

Professor Prelog has also made important contributions to enzyme chemistry. He has
studied enzymatic reactions on small molecules and in particular oxidation or reduction
processes. The experiments may be more or less successful depending on how the en-
zyme and the other molecule fit together geometrically. By systematic experiments with
various small molecules of well-defined shapes, it was possible to construct a “map” of
the active part of the enzyme molecule. The results have recently been confirmed in a
special case by Swedish scientists using x-ray methods.

Professor Prelog has also with ingenuity and penetration discussed and analysed the
fundamental concepts of stereochemistry, not least the conditions for chirality in large
and complicated molecules.

Prelog also built up long-lasting research programs in the Kastel/Pliva pharmaceutical company,
leading to work on antibiotics from sulfa drugs to azithromycin.

Robert Pschorr (German, 1868-1930, Fig. 3.42) worked on the synthesis of complex organic molecules
and is best known for Pschorr cyclization.
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Rudolf Pummerer (Austrian, 1882-1973, Fig. 3.42) focused on the chemistry of sulfoxides and free
radicals, and remains known for the Pummerer rearrangement.

Sergey Reformatsky (Russian but educated in Germany, 1860-1934, Fig. 3.42) studied organic
synthesis and metal catalysts, and is remembered for the Reformatsky reaction.

Karl Reichenbach (German states, 1788-1869, Fig. 3.42) discovered many useful organic molecules,
including phenol and paraffin.

Walter Reppe (German, 1892-1969, Fig. 3.42) was an enormously influential figure in applied
organic chemistry, both in Germany and in other countries (through postwar reports on his chemical
methods). His work focused on turning Germany’s large natural supply of coal into acetylene, and
then converting the acetylene into a vast variety of useful chemical molecules, a process that became
known as Reppe chemistry.

Karl Wilhelm Rosenmund (German, 1884-1965, Fig. 3.42) received his Ph.D. under Otto Diels. His
name is associated with Rosenmund reduction and the Rosenmund-von Braun reaction.

Otto Ruff (German, 1871-1939, Fig. 3.43) conducted important work in high-temperature chem-
istry, the chemistry of sugars, polymers, and other areas of organic chemistry. He is best known for
Ruff degradation.

Traugott Sandmeyer (Swiss, 1854-1922, Fig. 3.43) was an expert at synthesizing complex organic
molecules. He is still remembered for the Sandmeyer reaction and Sandmeyer synthesis.

Rudolf Schmitt (German, 1830-1898, Fig. 3.43), along with his Ph.D. advisor Adolph Kolbe, dis-
covered the Kolbe-Schmitt reaction. He also conducted research on salicylic acid and other areas
of organic chemistry.

As illustrated in Fig. 3.44, Carl Schotten (German, 1853-1910) and Eugen Baumann (German,
1846-1896) developed Schotten-Baumann reactions (1883), which are used to synthesize a wide
variety of useful organic molecules.

Hermann Staudinger (German, 1881-1965, Fig. 3.43) made an enormous number of contributions
in the fields of organic chemistry, polymers, and colloids. He discovered ketene molecules and the
Staudinger reaction, and won the Nobel Prize in Chemistry in 1953. Professor A. Fredga, a member
of the Nobel Committee for Chemistry, praised his work
[https://www.nobelprize.org/prizes/chemistry /1953 /ceremony-speech/]:

Professor Staudinger. More than thirty years ago you expressed the view that a chemical
molecule can attain an almost arbitrary size and that such macromolecules are of great
importance in our world. Your view was based on logical reasoning. You drew attention
to the fact that what are termed high polymers are formed when for some reason or
another an anticipated ring closure fails to occur. You thus submitted an argument
which an organic chemist cannot ignore. Moreover, in extensive and painstaking series
of studies you have provided experimental proof.

Johann Stobbe (German, 1860-1938, Fig. 3.33) is best known for developing Stobbe condensation,
a step that ever since then has been widely utilized in the synthesis of organic molecules.
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Adolph Strecker (German, 1822-1871), Friedrich Gustav Carl Emil Erlenmeyer, Jr. (German, 1864
1921), Fritz Arndt (German, 1885-1969), and Bernd Eistert (German, 1902-1978) developed meth-
ods to artificially synthesize amino acids, the building blocks of proteins. See Fig. 3.45.

Johannes Thiele (German, 1865-1918, Fig. 3.43) synthesized a number of novel types of organic
molecules and is still known for the Thiele tube.

Bernhard Tollens (German, 1841-1918, Fig. 3.43) determined the structures of several sugar molecules
and developed the Tollens reagent.

Alfred Treibs (German, 1899-1983, Fig. 3.46) founded organic geochemistry. He discovered por-
phyrin molecules in petroleum, proving that petroleum originated from ancient plants and animals.

Fritz Ullmann (German, 1865-1939, Fig. 3.46) worked with and married Irma Goldberg. He de-
veloped several synthetic dye molecules and is remembered for the Ullmann reaction and Ullmann
condensation. He also edited the Enzyklopdadie der Technischen Chemie, which has been updated
by others since then and is still in use today.

Jacobus Henricus van 't Hoff (Dutch, 1852-1911, Fig. 3.46) made many important discoveries in
the stereochemistry of organic molecules as well as in physical chemistry. He won the Nobel Prize
in Chemistry in 1901. C.T. Odhner, President of the Royal Swedish Academy of Sciences, described
his research [https://www.nobelprize.org/prizes/chemistry /1901 /ceremony-speech/]:

As a result of his investigations in the fields of atomic and molecular theory van 't Hoff
has made the most important discoveries in theoretical chemistry since Dalton’s time.

With regard to atomic theory van 't Hoff, following an idea put forward by Pasteur, ad-
vanced the hypothesis that the elementary atoms have attachment points geometrically
oriented in space—a hypothesis which in so far as carbon compounds are concerned led
to the theory of the asymmetry of carbon atoms and to the founding of stereochemistry.

Still more revolutionary were van 't Hoff’s discoveries in the field of molecular theory.
van 't Hoff’s investigations showed that the law, which has been named after the Italian
Avogadro, according to which the number of gas molecules in a given volume is the same
for all gases at the same pressure and temperature, embraces not only substances in the
gaseous phase but also those in solution, provided that their pressure, known as osmotic
pressure, is taken into account in the same way as the gas pressure in the case of gases.
He proved that gas pressure and osmotic pressure are identical, and thereby that the
molecules themselves in the gaseous phase and in solutions are also identical. As a result
of this the concept of the molecule in chemistry was found to be definite and universally
valid to a degree hitherto undreamed-of. He also discovered how to express the state
of chemical equilibrium in reactions and the electromotive force which a reaction can
produce; he explained how the transition occurs between the various modifications of
the elements, between hydrates of differing water contents, how double salts are formed,
etc.

By applying these simple principles, which were originally borrowed from mechanics
and thermodynamics, van 't Hoff became one of the founders of chemical dynamics.
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Jacob Volhard (1834-1910, Fig. 3.46) and his student Hugo Erdmann discovered the Volhard-
Erdmann cyclization reaction. Volhard also trained several other students who went on to make
great discoveries, most notably Hermann Staudinger.

Otto Wallach (German, 1847-1931, Fig. 3.46) focused on organic molecules that are alicyclic,
or both aliphatic and cyclic. His name is associated with the Wallach rearrangement, Wallach
degradation, and Wallach’s rule. He won the Nobel Prize in Chemistry 1910, and Professor O.
Montelius, President of the Royal Swedish Academy of Sciences, praised his research
[https://www.nobelprize.org/prizes/chemistry/1910/ceremony-speech/]:

Through this pioneering work Wallach opened up a new field for research, which could
be investigated further with good hope of success. And it is true that this field was
immediately tackled by a great number of research scientists in various countries. Or-
ganic chemistry, during the decade that followed, was characterized by the study of the
so-called alicyclic compounds, among which the terpenes and the closely related types
of camphor with their derivatives played the most important part. Wallach himself, by
overcoming considerable difficulties with admirable success and though perseverance,
made continuous progress in the field opened up by himself. An extraordinarily large
number of compounds were prepared by him and he also determined their structure.
Apart from the terpenes proper, he also investigated and scientifically characterized
various previously known or newly discovered natural products, such as alcohols, ke-
tones, sesquiterpenes and polyterpenes belonging to the terpene series, which in part
are also of great significance in biological and technical respects. For this reason the
alicyclic series has, since the middle of the eighties, assumed such size and importance
as to make it the equal of the other three main series within organic chemistry. Wallach
contributed more towards this than any other research scientist.

Wallach’s research activity did not only decisively influence theoretic chemistry, but also
chemical industry, namely that branch of the industry which processes essential oils.

Conrad Willgerodt (German, 1841-1930, Fig. 3.46) studied the chemistry of ketones, discovered
iodosobenzene, and is still remembered for the Willgerodt reaction.

Johannes Wislicenus (German, 1835-1902, Fig. 3.47) made a number of important discoveries
regarding the stereochemistry of organic molecules.

Georg Wittig (German, 1897-1987, Fig. 3.47) is famous for the Wittig reaction and the Wittig re-
arrangement. He developed a new method to produce alkenes, or hydrocarbon molecules containing
double bonds, for which he won the Nobel Prize in Chemistry in 1979. Professor Bengt Lindberg
of the Royal Academy of Sciences explained the importance of Wittig’s work
[https://www.nobelprize.org/prizes/chemistry /1979 /ceremony-speech/]:

Georg Wittig has provided many significant contributions in organic chemistry. The
most important of these is the discovery of the synthetic method which bears his name,
the Wittig reaction. In this, phosphorus ylides, a type of compound which he discovered,
are allowed to react with carbonyl compounds. An exchange of groups takes place and
the result is a compound in which two carbon atoms have been joined by a double bond.
Since many natural products with biological activity contain such bonds, this elegant
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method has found wide-spread use, for example in the industrial synthesis of vitamin
A.

Alfred Wohl (German, 1863-1933, Fig. 3.47) worked in sugar chemistry, developed novel catalysts,
and is remembered for Wohl degradation, the Wohl-Aue reaction, and the Wohl-Ziegler reaction.

Ludwig Wolff (German, 1857-1919, Fig. 3.47) received his Ph.D. under Rudolph Fittig and con-
ducted important research in organic chemistry; his name is now associated with the Wolff rear-
rangement and the Wolff reduction.

Charles Adolphe Wurtz (Franco-German, studied in Germany, 1817-1884, Fig. 3.47) discovered the
aldol reaction, what is now called the Wurtz reaction, ethylamine, and ethylene glycol.

Ernst Carl Theodor Zincke (German, 1843-1928, Fig. 3.47) received his Ph.D. under Friedrich
Wohler, and in turn was the doctoral advisor of Otto Hahn. He made many organic chemistry
discoveries for which he is remembered, such as Zincke reaction, Zincke nitration, Zincke-Suhl
reaction, etc.



484 CHAPTER 3. CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE

Karl von Auwers
(1863-1939)

Auwers synthesis (1908)
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Figure 3.29: Karl von Auwers developed Auwers synthesis in 1908, and Eugen Bamberger discovered
the Bamberger rearrangement in 1894.
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Figure 3.30: Ernst Beckmann developed the Beckmann rearrangement (1886), which later proved
extremely useful for making Nylon and several drugs. He also invented the Beckmann freezing-point
apparatus and thermometer. Friedrich Beilstein created the encyclopedic Beilstein’s Handbook of
Organic Chemistry.
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Ernst Bergmann Julius von Braun Julius Bredt
(1903-1975) (1875-1939) (1855-1937)
Organic & fluorine  von Braun reaction, Bredt’s rule,
chemistry, Israeli Rosenmund- Bredt distributor,
nuclear program von Braun reaction structure of camphor

Hans Theodor George Biuchi Ernst Biichner
Bucherer (1869-1949) (1921-1998) (1850-1924)
Bucherer reaction, Photochemical Buchner flask,

Bucherer carbazole organic reactions Biichner funnel
synthesis, Bucherer- B
Bergs reaction

Figure 3.31: Other creators who made important contributions to organic chemistry included Ernst
Bergmann, Julius von Braun, Julius Bredt, Hans Theodor Bucherer, George Biichi, and Ernst
Biichner.
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Robert Bunsen Rudolf Criegee Theodor Curtius
(1811-1899) (1902-1975) (1857-1928)
Organic arsenides, Criegee rearrangement, Hydrazine, Curtius

organic photochemistry Criegee intermediate rearrangement

André Dreiding Richard August Carl Hermann von Fehling

(1919-2013) Emil Erlenmeyer (1812—-1885)
Organic (1825-1909) Fehling’s solution
molecular Erlenmeyer rule, for detecting

structures Erlenmeyer flask sugars

Figure 3.32: Other creators who made important contributions to organic chemistry included Robert
Bunsen, Rudolf Criegee, Theodor Curtius, André Dreiding, Richard August Carl Emil Erlenmeyer,
and Hermann von Fehling.
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Rainer Ludwig Claisen Walter Dieckmann Johann Stobbe
(1851-1930) (1869-1925) (1860-1938)
Claisen condensation, Dieckmann Stobbe
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Figure 3.33: Rainer Ludwig Claisen, Walter Dieckmann, and Johann Stobbe developed condensation
reactions that have been widely used to synthesize organic molecules ever since.
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Otto Diels (1876-1954) Kurt Alder (1902-1958)
Nobel Prize in Chemistry 1950  Nobel Prize in Chemistry 1950

Diels-Alder reactions (1928)
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Figure 3.34: Otto Diels and Kurt Alder developed Diels-Alder reactions (1928), which are very
useful for producing polymers and other complex organic molecules. They both won the Nobel
Prize in Chemistry in 1950.
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Hermann Emil Fischer  Wilhelm Rudolph Hermann Frasch
(1852-1919) Fittig (1835-1910) (1851-1914)
Fischer esterification, Many types of Oil refining

Fischer projection, etc.  organic reactions

Karl Fries Ludwig Gattermann Carl Glaser
(1875-1962) (1860-1920) (1841-1935)
Fries rearrangement Gattermann Glaser coupling

reaction, etc.

Figure 3.35: Other creators who made important contributions to organic chemistry included Her-
mann Emil Fischer, Wilhelm Rudolph Fittig, Hermann Frasch, Karl Fries, Ludwig Gattermann,
and Carl Glaser.
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Irma Goldberg Fritz Haber Arthur
(1871-<1939) (1868-1934) Hantzsch
Goldberg Carbon-carbon and (1857-1935)
amidation carbon-hydrogen Hantzsch
reaction bond strength, etc. synthesis

Kurt Hoesch Erich Hiickel Rolf Huisgen
(1882-1932) (1896-1980) (1920-)
Hoesch Hiickel Molecular Huisgen

reaction Orbital Theory, etc. reaction

S B

Figure 3.36: Other creators who made important contributions to organic chemistry included Irma
Goldberg, Fritz Haber, Arthur Hantzsch, Kurt Hoesch, Erich Hiickel, and Rolf Huisgen.
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Clare Hunsdiecker
(1903-1995)
Hunsdiecker
reaction

Karl Kastner
(1783-1857)
Helped establish
academic chemistry,
taught von Liebig

Heinz Hunsdiecker

Oskar Georg

(1904-1981) Friedrich Jacobsen

Hunsdiecker (1840-1889)
reaction Jacobsen
rearrangement

Heinrich Kiliani
(1855-1945)

Emil Knoevenagel
(1865-1921)

Kiliani-Fischer Knoevenagel
synthesis condensation
of sugars

Figure 3.37: Other creators who made important contributions to organic chemistry included Clare
Hunsdiecker, Heinz Hunsdiecker, Oskar Georg Friedrich Jacobsen, Karl Kastner, and Heinrich Kil-
iani, and Emil Knoevenagel.
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HISTORISCHE STATTE DER CHEMIE

August Kekulé DIESES GEBAUDE WURDE ZWISCHEN 1864 UND 1868 ALS
(1829-1896) WELTWEIT GROSSTES CHEMISCHES INSTITUT SEINER®
ZEIT BRRICHTET. HIER LEBTE, FORSCHTE UND LEHRTE ©

VON 1867°AN

FRIEDRICH AUGUST
KEKULE VON STRADONITZ

(1829 1896)

‘ _DURCH IHN. STIEG DIESES INSTITUT.ZU EINE :
 CHEMIESTANDORT VON WELTRANG AUE KEKULES
'FORSCHUNGEN'ZUM BENZOLMOLEKUL SCHUEEN DIE
GRUNDLAGEN FUR'DIE. MODERNE STRUKTURTHEORIE:
IN' DER ORGANISCHEN CHEMIE SOWIE FUR DIE

ENTWICKLUNG DER CHEMIE DER SO VIELFALTIG' &
NUTZBAREN AROMATISCHEN: VERBINDUNGEN: HIER

NTDECKTE KEKULE DIE AZOKUPPLUNG, DIE MASSGEB-
LICH ZUR ENTWICKLUNG DER FARBSTOFFINDUSTRIE
BEITRUG. ALS BEGNADETER HOCHSCHULEEHRER ZOG
ER VIELE JUNGE WISSENSCHAFILER AN, DARUNTER DIE
SPATEREN NOBELPREISTRAGER ADOLF VON BAEYER,
OTTO WALLACH UND:JACOBUS HENRICUS VAN'T HOFF.

ENTHULLT AM 9. MAI 2014
IM 185. GEBURTSJAHR VON FRIEDRICH AUGUST KEKULE

GDCh

7
GESELLSCHAFT DEUTSCHER €HEMIKER:

Chemical bonds and structure of
benzene (1865) and other organic molecules

gt — Cq g© = Ug

Figure 3.38: August Kekulé figured out the chemical bonds and structure of benzene (1865) and
other organic molecules.
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Ludwig Knorr Hermann Kolbe Wilhelm Korner
(1859-1921) (1818-1884) (1839-1925)
Knorr synthesis, Kolbe electrolysis, Aromatic
Phenazone Kolbe nitrile synthesis, compounds

Kolbe-Schmitt reaction

Albert Ladenburg Carl Mannich Hans Meerwein
(1842-1911) (1877-1947) (1879-1965)
Synthesized alkaloids, = Mannich reaction Meerwein arylation,
purified scopolamine Meerwein’s salt, etc.

R~

Figure 3.39: Other creators who made important contributions to organic chemistry included Lud-
wig Knorr, Hermann Kolbe, Wilhelm Ko&rner, Albert Ladenburg, Carl Mannich, and Hans Meer-
wein.
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Jakob Meisenheimer Julius Lothar Meyer Karl Meyer
(1876-1934) (1830-1895) (1899-1990)
Meisenheimer complex Benzene Polysaccharides

structure, etc.

Kurt Hans Meyer Viktor Meyer Eilhard Mitscherlich
(1883-1952) (1848-1897) (1794-1863)
Organic reactions Thiophene, etc. Benzene derivatives

oo S

Figure 3.40: Other creators who made important contributions to organic chemistry included Jakob
Meisenheimer, Julius Lothar Meyer, Karl Meyer, Kurt Hans Meyer, Viktor Meyer, and Eilhard
Mitscherlich.
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Costin D. George Olah Wilhelm Ostwald
Nenitzescu (1927-2017) (1853-1932)
(1902-1970) Carbocations, Physical chemistry,
Nenitzescu synthesis Nobel Prize in catalysis, Nobel Prize
o B Chemistry 1994 in Chemistry 1909
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Hans von Pechmann Fritz Pregl Vladimir Prelog
(1850-1902) Pechmann (1869-1930) (1906-1998)
condensation, Quantitative organic Stereochemistry,
Pechmann pyrazole microanalysis, Nobel Nobel Prize in

synthesis, etc. Prize in Chemistry 1923  Chemistry 1975

Figure 3.41: Other creators who made important contributions to organic chemistry included Costin
D. Nenitzescu, George Olah, Wilhelm Ostwald, Hans von Pechmann, Fritz Pregl, and Vladimir
Prelog.
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Robert Pschorr Rudolf Sergey Reformatsky
(1868-1930) Pummerer (Russian but educated
Pschorr cyclization (1882-1973) in Germany, 1860-1934)
Pummerer Reformatsky reaction

rearrangement,
free radicals

Karl Reichenbach Walter Reppe Karl Wilhelm
(1788-1869) (1892-1969) Rosenmund
Discovered Reppe chemistry (1884-1965)
many useful involving acetylene Rosenmund reduction,

Rosenmund-von
Braun reaction

organic molecules

Figure 3.42: Other creators who made important contributions to organic chemistry included Robert
Pschorr, Rudolf Pummerer, Sergey Reformatsky, Karl Reichenbach, Walter Reppe, and Karl Wil-
helm Rosenmund.
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Otto Ruff Traugott Sandmeyer Rudolf Schmitt
(1871-1939) Ruff (1854-1922) (1830-1898)
degradation, high- Sandmeyer reaction, Kolbe-Schmitt

temperature chemistry Sandmeyer synthesis reaction, etc.
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Hermann Staudinger Johannes Thiele Bernhard Tollens
(1881-1965) (1865-1918) (1841-1918)
Staudinger reaction, Thiele tube, Tollens
ketenes, Nobel Prize synthesized reagent,
in Chemistry 1953 several structures etc.

Figure 3.43: Other creators who made important contributions to organic chemistry included Otto
Ruff, Traugott Sandmeyer, Rudolf Schmitt, Hermann Staudinger, Johannes Thiele, and Bernhard
Tollens.
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Carl Schotten Eugen Baumann
(1853-1910) (1846-1896)

Schotten-Baumann reactions (1883)

10 A1
NH, + JK = NH
Cl CH,CH,OCH,CH,

Figure 3.44: Carl Schotten and Eugen Baumann developed Schotten-Baumann reactions (1883),
which are used to synthesize a wide variety of useful organic molecules.
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Adolph Strecker
(1822-1871)

Strecker synthesis of amino acids (1850)

NH
o NH, .
)L KCN )\ H 0
NH,ClI R
R H i %N
OH

Friedrich Gustav Carl Fritz Arndt Bernd Eistert
Emil Erlenmeyer, Jr. (1885-1969) (1902-1978)
(1864—1921) :
Erlenmeyer
amino acid
synthesis (1893)
Arndt-Eistert synthesis of amino acids (1934)
0 SOCl, o 2 CH,N, o 1. Ag20, = N 0
R)J\OH — S0,, - HCI R)J\m — CHgCl, — Ny R/L(Nz 2. H,0 R%LOH

H H H

Figure 3.45: Adolph Strecker, Friedrich Gustav Carl Emil Erlenmeyer, Jr., Fritz Arndt, and Bernd
Eistert developed methods to artificially synthesize amino acids, the building blocks of proteins.
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Alfred Treibs Fritz Ullmann Jacobus Hendricus
(1899-1983) (1865-1939) van’t Hoff (1852-1911)
Founded Ullmann reaction, Physical chemistry,

organic Ullmann condensation, stereochemistry, Nobel

geochemistry Enzyklopddie der  Prize in Chemistry 1901
Technischen Chemie o

Jacob Volhard Otto Wallach Conrad Willgerodt
(1834-1910) (1847-1931) (1841-1930)
Volhard- Wallach rearrangement, Willgerodt
Erdmann Wallach degradation, reaction
cyclization Wallach’s rule, Nobel
reaction Prize in Chemistry 1910

Figure 3.46: Other creators who made important contributions to organic chemistry included Alfred
Treibs, Fritz Ullmann, Jacobus Henricus van’t Hoff, Jacob Volhard, Otto Wallach, and Conrad
Willgerodt.
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Johannes Georg Wittig Alfred Wohl
Wislicenus (1897-1987) (1863-1933)
(1835-1902) Wittig reaction, Wohl degradation,
Stereochemistry Wittig rearrangement, Wohl-Aue reaction,
of organic Nobel Prize in Wohl-Ziegler
molecules Chemistry 1979 reaction

R ) / 0wy 4
Ludwig Wolff Adolphe Wurtz Ernst Carl Theodor

(1857-1919) (1817-1884) Zincke (1843-1928)
Wollf rearrangement, Aldol reaction, Zincke reaction,
Wolff reduction Wurtz reaction, Zincke nitration,
ethylamine, Zincke-Suhl reaction

ethylene glycol

Figure 3.47: Other creators who made important contributions to organic chemistry included Jo-
hannes Wislicenus, Georg Wittig, Alfred Wohl, Ludwig Wolff, Adolphe Wurtz, and Ernst Carl
Theodor Zincke.
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3.2.3 Organometallic Chemistry

German-speaking scientists made many important contributions to organometallic chemistry, the
study of carbon-rich organic molecules bound to metal atoms.* Organometallic compounds are
especially useful in catalyzing reactions for the large-scale production of many industrial chemical
products. Knowledge about them is also useful for understanding the natural catalytic properties
of many enzymes.

Ludwig Mond (German, 1839-1909, Fig. 3.48) founded the field of organometallic chemistry and was
one of the pioneers of industrial chemistry. He discovered metal carbonyls such as nickel tetracar-
bonyl (1890) and used his discovery to make a fortune purifying nickel in the United Kingdom. He
also ran an industrial research program that made several other important chemical discoveries.

Oxford University’s Biographical Dictionary of Scientists summarized some of his research history
[Porter 1994, pp. 492-493:

He studied chemistry at Marburg (under Adolf Wilhelm Hermann Kolbe) and Heidel-
berg (under Robert Bunsen) |...]

In 1879, Mond became interested in the production of ammonia, an intermediate in the
Solvay process which was increasingly being used as an artificial fertilizer. One outcome
was the development of the Mond producer gas process, in which carbon monoxide and
hydrogen are produced by alternately passing air and steam over heated coal or coke
(and the hydrogen used to convert nitrogen into ammonia). [...] An interesting extension
of this work was the attempt, with the assistance of K. Langer, to turn the energy of
the fuel directly into electrical energy. This early fuel cell, which used porous plates
moistened with sulphuric acid, was not developed further at that time. [...]

One unexpected result of the producer gas process came from Mond’s observation that
nickel is corroded by gases containing carbon monoxide. This led, in 1889, to the dis-
covery of nickel carbonyl, Ni(CO)4, one of the first organometallic compounds. After
two years’ work, with Langer and Quincke, he had developed a new extraction process
for nickel.

Johann (John) Ulric Nef (Swiss, 1862-1915, Fig. 3.48) received his Ph.D. under Adolf von Baeyer at
the University of Munich, then spent his career in the United States. He studied carbene molecules,
discovered Nef synthesis and the Nef reaction, and applied those methods to organic compounds
containing metal ions. The American Council of Learned Societies summarized some of his other
contributions to organic chemistry [ACLS 2000, pp. 636-637]:

A great experimentalist and pioneer in theoretical organic chemistry, whose theoretical
work clearly contains the germs of the present concepts of free radicals, transition states,
and polymerization. Topics studied included the apparently bivalent carbon compounds
and their dissociation, and the action of alkali and alkaline oxidizing agents on the
sugars.

4Abelshauser et al. 2004; Brock 1993; Bugge 1955; Coffey 2008; Deichmann 2001; Drummer and Zwilling 2007;
Engels et al. 1989; Farber 1961; Haber 1958, 1971; Thde 1984; Johnson 1990; Kahlert 2002; Lesch 2000; Maier 2015;
Marsch 1994a; Neufeldt 2003; Partington 1935, 1957, 1964; Peppas 2013; Rosner 2004; Sasuly 1947; Schwenk 2000;
Soukup 2007; Teltschik 1992; Ungewitter 1938; Welsch 1981; Werner 2017.
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Wilhelm Schlenk (German, 1879-1943, Fig. 3.48) discovered organolithium compounds and studied
organomagnesium compounds. He remains known for the Schlenk equilibrum, the Schlenk flask,
and the Schlenk line.

Franz Hein (German, 1892-1976, Fig. 3.48) focused on organometallic chemistry for his whole
career, studying organic compounds containing bismuth, chromium, magnesium, and other metal
ions. ABC Geschichte der Chemie succinctly listed some of Hein’s scientific accomplishments [Engels
et al. 1989, p. 204]:

Umfangreiche Arbeiten auf dem Ge-
biet der Organometall-Komplexchemie.

Extensive work in the field of organometal-
lic complex chemistry. Discovery of a class

Entdeckung einer Klasse chromiumorg. of chromium-organic compounds (1919);
Verbindungen (1919); Arbeiten iiber Met- work on metal alkyls (including mer-
allalkyle  (darunter  Quecksilberalkyle), cury alkyls), chromium(III) dihaloalcohols,

Chromium(III)-dihalogen-alkoholate,

Organometall-Eisentetracarbonyle,  Kom-
plexe des Chromiums mit 2,2’-Dipyridyl;
Chromiumphenylverbindungen; Maskierung
von Metallionen durch Komplexbildung;

organometallic iron tetracarbonyls, com-
plexes of chromium with 2,2’-dipyridyl;
chromium phenyl compounds; masking of
metal ions by complexation; determination
method for hydrogen using AgMnQOy.

Bestimmungsmethode fir =~ Wasserstoff

mittels AgMnQOy.

Walter Otto Hieber (German, 1895-1976, Fig. 3.48) made a variety of important discoveries in
organometallic chemistry, including organic molecules containing iron, manganese, osmium, rhe-
nium, and other metals. His name remains attached to the Hieber base reaction. He was the
doctoral adviser of Ernst Otto Fischer and Erwin Weiss (see below).

Karl Ziegler (German, 1898-1973, Fig. 3.49) won the Nobel Prize in Chemistry in 1963 for his work
on organometallic chemistry and its application to polymer production. Professor A. Fredga of the
Nobel Committee for Chemistry praised Ziegler’s innovations in that area
[https://www.nobelprize.org/prizes/chemistry /1963 /ceremony-speech/]:

Professor Ziegler has found entirely new methods of polymerization. Studying organometal-
lic compounds, he discovered that organoaluminium compounds, which are easy to pre-
pare, are particularly suitable for work on the industrial scale. Peculiar electrical forces
operate around an aluminium-carbon bond in a hydrocarbon chain: reactive molecules
are drawn in and sandwiched between the carbon atom and the aluminium atom, thus
increasing the length of the chain. All this happens much more quietly than in free-
radical reactions. When the chain is long enough, we detach the aluminium and thus
stop the further growth of the molecule. The combination of aluminium compounds
with other metallic compounds gives Ziegler catalysts. These can be used to control
polymerizations and to obtain molecular chains of the required length. However, many
systematic experiments—and indeed some accidental findings—were necessary to reach
this stage. Ziegler catalysts, now widely used, have simplified and rationalized polymer-
ization processes, and have given us new and better synthetic materials.
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Similarly, Ernst Otto Fischer (German, 1918-2007, Fig. 3.49) won the Nobel Prize in Chemistry in
1973 for his research on organometallic chemistry (along with Geoffrey Wilkinson). Fischer stud-
ied ferrocene, created cobaltocene in 1953, and synthesized bis(benzene) chromium together with
his student Walter Hafner in 1955. Professor Ingvar Lindqvist of the Royal Academy of Sciences ex-
plained Fischer’s discoveries [https://www.nobelprize.org/prizes/chemistry /1973 /ceremony-speech/|:

It seems to be appropriate to put forward these views when speaking of this year’s Nobel
laureates in chemistry, professors Fischer and Wilkinson. The facts were available for
all the chemists of the world to see, but the right interpretation was lacking. Once
the correct hypothesis was arrived at by fantasy or intuition, it readily lent itself to
simple processes of logical deduction. I am of course referring to the way in which
they together with the former Nobel laureate Woodward reached the conclusion that
certain compounds could not be understood without the introduction of a new concept,
namely that of the sandwich compound. This expression applies to the structure of these
compounds, which can be thought of as a metal atom—the filling—sandwiched between
two flat molecules. Now the science of chemistry involves, of course, more than flashes
of visionary inspiration, and both Fischer and Wilkinson did not hesitate to confirm
and develop the concept of the sandwich compound by an intensive experimental effort.
This they did by the successful synthesis of a large number of compounds which were
analogous to the initially discovered ferrocene (named by Woodward in analogy with
benzene), but with other metals than iron, and with other flat molecules than the
cyclopentadienyl group found in ferrocene. Amongst other things, Fischer managed to
surprise chemists by preparing a sandwich of chromium between two benzene molecules.
The culinary exploits were pursued further with the progress to open sandwiches, having
a flat molecule on one side of the metal atom, and with only small molecules such as
carbonyl, methyl or ethyl groups on the other side. [...]

It is a fact that every discovery within the realm of fundamental chemical research has
potential applications. The very circumstance of the stability of sandwich compounds
has led to involved theoretical discussions, which have also played their part in important
advances in theoretical and applied research on catalysis.

Walter Hafner (German, 1927-2004, Fig. 3.49) received his Ph.D. under Ernst Otto Fischer. He
and Fischer synthesized bis(benzene) chromium in 1955. Later Hafner harnessed palladium as a
catalyst in organometallic reactions for industrial chemical production.

Erwin Weiss (German, 1926-2019, Fig. 3.49) did his Ph.D. studies under Walter Hieber and an-
alyzed the structure of bis(benzene) chromium soon after it was synthesized by Ernst Otto Fis-
cher and Walter Hafner. He spent the rest of his career investigating organic molecules containing
lithium, sodium, potassium, rubidium, caesium, magnesium, copper, and other metal ions.
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Organometallic chemistry

Ludwig Mond Nickel Johann (John) Ulric
(1839-1909) tetracarbonyl Nef (1862—-1915)
(1890) o
I
T
Ni“u, p

O
Wilhelm Schlenk Franz Hein Walter Otto
(1879-1943) (1892-1976) Hieber

Schlenk flask N I

(1895-1976)

Figure 3.48: Some creators who made important contributions to organometallic chemistry included
Ludwig Mond, Johann (John) Ulric Nef, Wilhelm Schlenk, Franz Hein, and Walter Otto Hieber.
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Karl Ziegler Organometallic Ernst Otto Fischer
(1898-1973) chemistry (1918-2007)
Nobel Prize in Nobel Prize in

Chemistry 1963 Cobaltocene (1953) Chemistry 1973

Walter Hafner Bis(benzene) Erwin Weiss
(1927-2004) chromium (1955) (1926-2019)

Figure 3.49: Other creators who made important contributions to organometallic chemistry included
Karl Ziegler, Ernst Otto Fischer, Walter Hafner, and Erwin Weiss.



508 CHAPTER 3. CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE
3.2.4 Synthetic Fuels

The German-speaking world had large deposits of coal but little oil, natural gas, or most other
natural resources. Therefore, especially when imported resources were embargoed or too expensive,
there was a strong incentive to harness organic chemistry to convert coal into synthetic liquid fuels,
synthetic gaseous fuels, synthetic motor oil, and a variety of other synthetic hydrocarbon products.’

In 1913, Friedrich Bergius (German, 1884-1949) created and Carl Bosch (German, 1874-1940)
scaled up the Bergius high-pressure process for producing synthetic liquid fuels from coal, for
which they both won the Nobel Prize in Chemistry 1931. See Fig. 3.50. Professor W. Palmeer,
Member of the Nobel Committee for Chemistry, announced the award
[https://www.nobelprize.org/prizes/chemistry /1931 /ceremony-speech/]:

You, Professor Bosch, were the first to enrich the chemical industry with this powerful
tool, for the production of ammonia from the elements. Between the presentation of
the scientific bases of this synthesis and its industrial exploitation lay a mighty chasm,
which you bridged, inter alia, by the brilliant invention and construction of the high-
pressure apparatus. By doing so, you made it possible for nitrogen to be made available
to mankind in inexhaustible quantities, in a form suitable for agriculture, and even at
lower prices than hitherto. Furthermore, you developed high-pressure methods for the
production of other important substances. By virtue of this, the Academy wishes to
thank you and congratulate you, and requests you to receive the distinction from the
hands of His Majesty the King.

General Director Bergius. You undertook to tackle a problem which, in its importance
for humanity, can be compared with the solution of the nitrogen question. You have
shown how, by the injection of hydrogen under pressure, pit coal, brown coal, and
other carbon-bearing materials can be processed to liquid fuels which are considered
indispensable in modern life for the propulsion of ships and vehicles. You have thereby
obviated the danger which threatened of exhaustion of petroleum deposits, an event
which must have happened sooner or later. In your work, you arrived at the high-
pressure method quite independently. On the basis of your work, a powerful industry
has already been formed.

Similarly, in 1925, Franz Fischer (German, 1877-1947) and Hans Tropsch (Austrian, 1889-1935)
created the Fischer-Tropsch process for synthesizing fuels and other hydrocarbons, as shown in Fig.
3.51. The chemist and chemical historian Aaron Ihde explained [Ihde 1984, p. 683]:

Perhaps of even greater interest in this connection is the Fischer-Tropsch process de-
veloped in the twenties by the Germans Franz Fischer (1877-1947) and Hans Tropsch
(1889-1935). Water gas [CO + Hj] passed over suitable metal oxide catalysts at about
200° C. and moderate pressure is converted into hydrocarbons suitable for motor fu-
els. The process was ready for commercial production of hydrocarbons after 1935 and
was an important factor in the German war effort, as evidenced by the attention given
to synthetic oil plants by Allied bombers. The hydrocarbons thus produced also were
oxidized to fatty acids to help Germany overcome a shortage of food fats.

At the end of World War II, Allied countries seized all information on German synthetic fuel
production processes. Due to limited worldwide resources and concerns about global warming and
pollution, such synthetic fuels or related approaches may have a renewed importance in the future.

5See for example: Becker 1981; Gimbel 1990a; Hasche 1945; Kastens et al. 1952; Krammer 1978, 1981; Lampe
1977; Albert Miller 1945; Schroeder 1945; Sheldon 1945; Stranges 1984; Vieter 1980.
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Friedrich Bergius (1884-1949) Carl Bosch (1874-1940)
Nobel Prize in Chemistry 1931 Nobel Prize in Chemistry 1931
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Figure 3.50: Friedrich Bergius created and Carl Bosch scaled up the Bergius process for producing
synthetic fuels (1913), for which they both won the Nobel Prize in Chemistry 1931.
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Franz Fischer (1877-1947) Hans Tropsch (1889-1935)

Fischer-Tropsch process for hydrocarbon synthesis (1925)
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Figure 3.51: In 1925, Franz Fischer and Hans Tropsch created the Fischer-Tropsch process for
producing synthetic fuels and other hydrocarbons.
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3.2.5 Liquid Crystals

Scientists from the German-speaking world discovered and developed liquid crystals, which can
respond to changing temperatures, voltages, pressure, or other conditions by changing their optical
properties.® One simple application of liquid crystals is to create materials that change colors over
a custom-designed range of temperatures. More importantly, electrically controlled liquid crystals
are now widely used in electronic display panels from watches to television screens (Fig. 3.52).

Friedrich Reinitzer (Austrian, 1857-1927), a biochemist, discovered liquid crystals in 1888. He
noticed the liquid crystal properties of cholesteryl benzoate that he had purified from plants, and
he continued to study those properties for several years.

After first discovering liquid crystals, in 1888 Reinitzer enlisted the assistance of Otto Lehmann
(German, 1855-1922) in further analyzing and experimenting with them. Lehmann was a physicist
and already an expert on the optical properties of materials that could rotate the polarization
of light or bend light differently depending on its direction of polarization. Lehmann spent the
rest of his life studying the optical properties of liquid crystals in conjunction with polarizers,
the temperature-sensitive phase transitions of liquid crystals, and the microscopic and chemical
properties of liquid crystals. He was the one who named them “liquid crystals,” and he produced
a string of publications that firmly established this field, explored its applications, and promoted
it to other scientists. For all of his research on liquid crystals, Lehmann was repeatedly nominated
for a Nobel Prize, but unfortunately he never won.

Inspired by the pioneering work of Reinitzer and Lehmann, Daniel Vorldnder (German, 1867-1941)
spent his career synthesizing and analyzing hundreds of different liquid crystal compounds. He also
trained a number of students in this field.

Based on the decades of work by Reinitzer, Lehmann, Vorldnder, and other scientists that they
inspired and/or trained,” by the end of World War II, there was a large body of research on the
synthesis, properties, and applications of liquid crystals. After the war, all of that information and
many of the relevant researchers were seized and harnessed by Allied countries. For example, liquid
crystals and some of their applications were described in BIOS 1688, Radiological Activities in
Germany, p. 12:

6. Thermo-Colour Methods

Berthold attempted to apply Thermo-Colour materials, developed by Dr. Penzig of
I.G. Farben in 1939, to non-destructive methods of testing. With these materials it
is possible to detect small changes of temperature of the order of a few degrees in
temperature ranges up to 360°C. It was Berthold’s intention to apply the method to
inspect the fit or surface contact of cast inserts, duplex bearings, etc.

As a result of that technology transfer, in the decades after World War II, liquid crystals slowly
began appearing in commercial products in Allied countries—first novelty mood rings, then small
liquid crystal displays for watches and calculators, and finally larger liquid crystal displays for
everything from smart phones to computers to wall-sized television screens. Much more archival
research should be conducted to elucidate the full history of liquid crystal research in the German-
speaking world, as well as the transfer and influence of that research in other countries.

5Bruce et al. 1997; Dunmur and Sluckin 2011; Kelker 1973; Kelker 1988; Kelker and Scheurle 1969; Lehmann 1889;
Lehmann 1904; Lehmann 1911; Mitov 2014; Reinitzer 1888; Sluckin et al. 2004; Stegemeyer 1994; Weygand 1943.

"For example, Hans Kelker (German, 19??7-??), Horst Sackmann (German, 1921-1993), Horst Stegemeyer (Ger-
man, 1931-), and others.
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Friedrich Reinitzer Otto Lehmann Daniel Vorlander
(1857-1927) (1855-1922) (1867-1941)
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Figure 3.52: Friedrich Reinitzer, Otto Lehmann, and Daniel Vorlander discovered and developed
liquid crystals, which are now widely used in electronic display panels from watches and phones to
television sets and computer screens.
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3.2.6 Technology Transfer out of the German-Speaking World

Many chemical innovations were transferred from the German-speaking world to other countries
before World War 11, in the form of published papers and patents, commercial transactions, foreign
students who visited the German-speaking world, German and Austrian assets seized by other
countries during World War I, and chemists who left the German-speaking world to seek careers
elsewhere and/or to flee the rising tide of antisemitism and National Socialism.

All remaining chemical innovations, of which there were still a huge number, were seized by Allied
countries at the end of World War II. For some examples, see pp. 427-429, as well as the large
number of chemistry-related BIOS ER, BIOS, BIOS Misc., BIOS Overall, CIOS ER, CIOS, FIAT,
FIAT Review, JIOA, NavTecMisEu LR, and NavTecMisEu reports in the Bibliography.

In September 1945, R. P. Linstead and T. J. Betts, the British and American chairs of the Combined
Intelligence Objectives Subcommittee (CIOS), gave a very incomplete yet still highly impressive
list of important German innovations in synthetic chemistry that had been found by U.S. and U.K.
investigators [AFHRA A5186 electronic version pp. 904-1026, Ch. 4, pp. 54-56]:

The German war time economy was based on its abundant supplies of coal and therefore
coke; water gas; on calcium carbide from coke and lime, leading to acetylene; on nitrogen
and hydrogen, leading to ammonia; and on salt, leading to chlorine and caustic soda.
From these basic products the entire German chemical industry was erected by the
following catalytic processes:

1. Hydrogenation of coal, tar, and oils, and their subsequent conversion into motor
fuels, and diesel oils with its long line of by-products such as lubricants, lower
aliphatic hydrocarbons and olefines and compounds containing oxygen, like phenol
and its homologues.

2. The variety of processes of catalytic conversion of CO and Hjy in different propor-
tions leading to methanol, ethanol and their homologues up to long chain fatty
alcohols.

(a) The synthesis of isobutanol and its conversion to isobutylene and isooctane.

(b) The production of hydrocarbons according to the Fischer-Tropsch synthesis
leading to aliphatics and olefines from low to very high chain length. Further
conversion of the olefines so obtained by addition of CO and Hs of the type of
the oxo reactions or with CO and water according to the fatty acid synthesis
of Reppe.

3. The reactions of acetylene and ethylene and their many derivatives leading to
solvents, plastics, rubber and synthetic fibres.

4. The latest types of aliphatic reactions of acetylene and olefine with CO.

Of particular significance is the manufacture of synthetic rubber (BUNA) by the Reppe
process, which uses only 1/3 of the quantity of carbide and acetylene required in the
conventional process. The discovery of the “Koresine” tacking process is regarded as
being of primary importance. The application of this process to the synthetic rubber
industry in the U.S. resulted in increased production, and did much to eliminate the
threat of a cut in tire production during the critical phase of combat operations.
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The development of plastics covered a very large number of polymer products, among
which the polyisocyanates and polyurethanes (Demodurs), the superpolyamides of the
Igamid and Perlon types (German nylon) consisting of dibasic acids, diamides, the
polyethylenes (Lupolenes), the vinylchloride polymers (Igelites), the vinylacetate poly-
mers (Nowiliths), as well as their derivatives, represent outstanding achievements.

Similarly, Linstead and Betts listed a number of important German innovations for synthetic fuels
and oils that had been found by U.S. and U.K. investigators [AFHRA A5186 electronic version pp.
904-1026, Ch. 4, pp. 59-60:

The two principal features of the German synthetic fuels and lubricants industry con-
sisted of the hydrogenation of coal, coal tar, and coal tar products; and the Fischer-
Tropsch process for the production of fuel from water gas.

The acquisition of a vast amount of specific German data has been one of the significant
accomplishments resulting from exploitation of intelligence in this field. Should the U.S.
or Great Britain be faced with another national emergency, adequate supplies of fuels
and lubricants will be much more assured as the result of this information.

The DHD process for obtaining aviation fuels by hydrogenation and conversion to aro-
matics is a development hitherto unknown in this detail.

The Germans were discovered to have adopted new methods which permitted the suc-
cessful hydrogenation of brown coal from Rhineland reserves. They had also perfected
a novel process for producing water gas from brown coal.

Interrogation of German authorities and examination of documents and plants revealed
that the Fischer-Tropsch process could not be expected to yield more than 15 to 20%
of fuel and oil requirements of the German economy. However, the Fischer-Tropsch
process has a certain advantage of yielding crude chemicals which possess a considerable
potential for further refining.

The Germans have recently developed a new iron catalyst which could be used to
supplant catalysts of conventional cobalt type.

The following additional discoveries resulting from investigation of the German fuel and
oil industry are worthy of mention:

1. New high grade aviation lubricants obtained by polymerization of ethylene.
2. New methods of testing fuels and lubricants.

3. Fairly complete specifications for German fuels and lubricating oils.

4. Details of German shale oil distillations and the refining of these distillates.

Many laboratory improvements were encountered which had not been applied to indus-
trial use, but which will prove of value in U.S. and British development work.

The organic chemistry methods, discoveries, and expertise that were transferred out of the German-
speaking world created our modern world of consumer products from colored fabrics and plastic
materials to pharmaceuticals and liquid crystal display screens.
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3.3 Chemistry of Foods and Drinks

In food and drink production, as in many other areas, the German-speaking world possessed very
limited natural resources. When key food and drink ingredients from foreign sources became too
expensive during peacetime, and especially when key ingredients were embargoed and unavailable
during World Wars I and II, German-speaking scientists developed a number of highly innovative
food substitutes and related synthetic products and preservatives. This is a large field, and only a
few examples are briefly discussed in this section, including:

3.3.1. Synthetic flavors

3.3.2. Synthetic drinks

3.3.3. Synthetic fats

3.3.4. Synthetic protein products

3.3.5. Preservatives

Several of the above innovations, those related to biotechnology, are covered in more detail in
Appendix A.

Even after the wars, several of these innovative food and drink products continued to be used both in
German-speaking countries and in other countries around the world that adopted the innovations,
especially in cases where the innovative product was cheaper or better than the original food, drink,
or ingredient. The strong interest by other countries in these innovations is demonstrated by the
large number of BIOS, CIOS, and FIAT reports that Allied countries wrote about them.

3.3.1 Synthetic Flavors

Karl Reimer (German, 1845-1883), Wilhelm Haarmann (German, 1847-1931), and Ferdinand Tie-
mann (German, 1848-1899) found the molecular structure of natural vanillin flavor from vanilla
beans, and developed purely chemical methods of synthesizing it in 1874, as illustrated in Fig. 3.53.
In the modern world, most vanillin flavor is chemically synthesized using these same or similar
methods, since chemical synthesis is less expensive than growing and processing vanilla beans.

In 1879, Constantin Fahlberg (Russian but studied and worked in Germany, 1850-1910) discovered
the artificial sweetener saccharin. By the 1880s, saccharin was synthesized on a large scale in
Germany (Fig. 3.54), and it has been sold around the world ever since [BIOS 1576].

During World War I, Hermann Staudinger (German, 1881-1965) and Paul Immerwahr (German,
1886-1926) developed an artificial substitute for scarce black pepper: ground nutshells soaked in
chemically synthesized piperine or piperine derivatives (the key ingredient of real black pepper)
[Vaupel 2010, 2011]. See Fig. 3.55.

By World War II, the German-speaking world had developed a number of other artificial spices,
such as synthetic allspice, cinnamon, cloves, cardamom, and nutmeg [Vaupel 2011; CIOS XXXII-47;
FIAT 244].
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Figure 3.53: Karl Reimer, Wilhelm Haarmann, and Ferdinand Tiemann found the molecular struc-
ture of natural vanillin flavor and developed methods of artificially synthesizing it in 1874.
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Figure 3.54: Constantin Fahlberg discovered the artificial sweetener saccharin in 1879. By the 1880s,
saccharin was synthesized on a large scale in Germany.
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Verfahven zur Herstellung eines Ersatzmittels fiir scharf schmeckende Stoffe.

In der Literatur wird im allgemeinen an-
genommen, dab der scharfe Geschmack des
Pfeffers auf das in ihm enthaltene Piperin
zuriickzufiihren sei. Versuche, welche zar
Herstellung von Stoffen unternommen wurden,
die an Stelle von Pfeffer, Paprika und andern
scharf schmeckenden Produkten verwendet
werden kénnen, haben dies bestitigt. In der
Literatur ist ferner bekannt, daf einige dem
Piperin nahstehende Stoffe scharf schmecken
(Scholz, B. 28, Seite 1187). Diese Kirper
sind aber, wie das Piperin selbst, schwer zu-
giingliche Substanzen, und es wurde deshalb
frither nie der Versuch gemacht, durch Ver-
mischen dieser synthetischen Substanzen mit
andern Materialien scharf schmeckende Stoffe
technisch heraustellen, dic den natiirlichen
Pleffer oder andere scharf schmeckende Stoffe
ersetzen kiinnen.

Eine grifere Reihe von Untersuchungen
hat nun das auffallende Ergebnis geliefert,
dall zahlreiche einfach gebaute, leicht her-
stellbare Stoffe dieselben, ja noch bessere phy-
siologische Eigenschaiten haben, wie das Pi-
perin selbst. Es sind dies siureamidartige

Verbindungen von hydrierten Pyridinen, haupt-
siichlich Piperidin und seinen Homologen mit
aliphatisch-aromatischen Carbonsiuren, wie
Zimtsiiure, Phenylisocrotonsiure, Zinnamenyla-
crylsiure, deren Hydrierungsprodukten und
Substitutionsprodukten. Auffallenderweise ist
namlich fir das Zustandekommen der phy-
siologischen Eigenschaften des Piperins die
Dioxymethylengruppe von keiner Bedeutung
und ebenso kinnen auch die Doppelbindun-
gen in der zweifach ungesittigten Siure ganz
oder teilweise aufgehoben werden, ohne daB
die physiologischen Eigenschaften verdndert
werden. Die genannten synthetischen Piperine,
die fiir sich allein viel zu scharf schmecken,
um als GenuBmittel in Betracht zu kommen,
werden nun gemidl dem vorliegenden Ver-
fahren dadurch zur Herstellung synthetischer
GenubBmittel verwandt, dafl sie in geeigneter
Weise mit Verdiinnungsmitteln vermischt
werden. Es konnen sowohl feste wie ﬂﬁssige
Verdiinnungsmittel in Betracht kommen. Nach
Zusatz von festen Verdiinnungsmitteln in Form
von Pulvern entstehen Produkte, die an Stelle
des Pfeffers in den Handel gebracht werden
kinnen.
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Paul
Immerwahr
(1886—

CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE

1926)

Piperine

o Z

SRICHETL DIOIO EG@

Dent fehlenben Naturproduft  volllonunen
ebenbiivtig ift unfev Hinjtiicher

Pieffer

auf reim demifdem Wege crseugt aud ins
kandifchen ‘Hol,[tunm L4572

Cliemuisehe Fabrik Dr. Biba & Cie

RNeuwfs am Rhein,

__.!BQQQOIOQQGGO“B

&89
&
o
®
-
®
@

96&@ %‘2@&@&%&

Figure 3.55: During World War I, Hermann Staudinger and Paul Immerwahr developed an artificial
substitute for scarce black pepper: ground nutshells soaked in chemically synthesized piperine or
piperine derivatives (the key ingredient of real black pepper).
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3.3.2 Synthetic Drinks

During wartime, caffeine was an important stimulant, yet its natural sources—tea leaves and coffee
beans—were difficult to obtain due to embargoes. Therefore, many German-speaking chemists
developed artificial methods of producing caffeine (Fig. 3.56). Most of those methods involved
direct chemical synthesis of caffeine by a long series of reactions [BIOS 306; BIOS 449; BIOS 1404;
CIOS XXVI-9; FIAT 71; FIAT 885]. However, some especially ingenious (or desperate) scientists
also developed and demonstrated methods to farm large quantities of snake urine, which contains
an especially high concentration of uric acid, and then convert that uric acid to caffeine [BIOS 449;
see p. 2366].

Amalie Melitta Bentz (German, 1873-1950) invented paper coffee filters and the corresponding
brewing system in 1908 (Fig. 3.57). She founded the Melitta coffee company.

In the 1930s, Hermann Staudinger (German, 1881-1965), Tadeusz Reichstein (Polish, educated
and worked in Switzerland, 1897-1996), Max Kerschbaum (German?, 1877-1077), Eligius Freudl

(Austrian, 1875-1951), and other chemists developed Coffarom and other instant coffee mixes
derived from synthetic ingredients [Priesner 2014, 2016; FIAT 244; FIAT 407]. See Fig. 3.58.

In parallel during the 1930s, Max Rudolf Morgenthaler (Swiss, 1901-1980) and other chemists devel-
oped Nescafé, an instant coffee mix derived from coffee bean extracts and other natural ingredients
[Priesner 2014, 2016]. See Fig. 3.59.

During World War II, German-speaking scientists also made a number of improvements to the
processing and sterilization of fruit juices that were adopted by other countries after the war [e.g.,
Kertesz 1946; FIAT 50].

3.3.3 Synthetic Fats

In the 1930s and early 1940s, many German-speaking scientists developed artificial methods to
produce lipids or fats for foods, soaps, fuels, and other products.

Glycerin, sterols, fatty acids, and triglycerides were produced from chemical synthesis on an indus-
trial scale and sold for food products and other applications [BIOS 86; BIOS 805; FIAT 213; FIAT
407]. See Fig. 3.60.

Fats were produced and purified from various strains of cultured algae and fungi using biotechnology
methods [BIOS 236; BIOS 691; FIAT 371]. In addition to the food applications, this appears to
have been the origin of algal and other microbial biofuel technologies. See Fig. 3.61.

Artificially produced fats were used to make a variety of food products, including cooking oil,
cooking fat (shortening), margarine, creamer, salad oil, chocolate [Clarke 1946], synthetic human
milk (infant formula) [FIAT 107], etc. [See also Gemmill 1946 for examples of other innovations in
butter production.]
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From chemical synthesis [FIAT 885]
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From conversion of uric acid from snake urine [BIOS 449]
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Bredereck further found that the degree of methylatinz depands on
the pH, so that also theophylline and theobromine can be obtained from
xanthine. ¥e eould confirm these stetements with very small experiments
only, whereas with lerger charges caffeine was always the main produet.
The greatest obstacle in this process is to procure a sufficiently pure

and cheap uric acid.

The process with serpents' excrement which ¢ontains more than
80% of uriec acid, is very easy and needs no further purific=tinon.

Figure 3.56: German-speaking chemists developed artificial methods of producing caffeine, including
from direct chemical synthesis [FIAT 885] and from the conversion of uric acid harvested from snake

urine [BIOS 449].
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Figure 3.57: Amalie Melitta Bentz invented paper coffee filters and the corresponding brewing
system in 1908.
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HERMANN STAUDINGER, OF FREIBURG, GERMANY, AND THADEUS REICHSTEIN, OF
ZURICH, SWITZERLAND, ASSIGNORS TO THE FIRM INTERNATIONALE NAHRUNGS-
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METHOD OF PRODUCING ARTIFICIAL COFFEE AROMA.

No Drawing. Application filed October 15, 1828, Serial No. 141,873, and in Germany November 4, 1925,

The subject matter of the present inven-
tion is a method of artificially producing the
aroma of coffee by mixing substances known
to be contained in the ethereal oil of roasted

5 coffee or substances similar in action, either
artificially produced or extracted from natu-
ral products, and also the application of the
obtained produets to impart the aroma of
ronsted coffee to other substances.

In spite of numerous and costly experi-
ments the substances which are of importance
for the production of the aroma are not
definitely known.. Up to the present the fol-
lowing substances have heen determined in
5 the aroma, i. e. in the so-called coffee oil and

in the roasted products respectively: pyri-

dine, furfur-aleohol, furfurol, maltol, ace-

tone, acetic acid, valeric acid, which has been

taken for methyl-ethyl-acetic acid, further
0 quinol and phenols having the odour of ereo-
sote, i. e. substances which singly or in mix-
ture produe no coffee aroma.

T. Erdmann considered a colourless oil
containing nitrogen with a boiling point of
93° at 18 millimetres pressure to be the char-
acteristie odoriferous substance of the aroma,
whilst Bernheimer believed derivates of
phenol, the so-called caffeol, to be the bearer
of the odour. The presence of the following
30 substances was assumed : Eyrrol, furfurane,

trimethyl-amine and methyl-amine, formic
acid and resorcinol,
A novel method of isolating the aromatic
principle contained in roasted coffee has been
#5 invented, see patent application Ser. No.
51, filed Jan. 9, 1926, and according to
which large quantities of the aroma have
produced and analyz The result of
this was that coffee oil consists of a mixture
t substanc the
have been isolated
d knowledge of
the composition of the aroma has thus been
gained. The following compounds have been
scertained in the aroma : hydrogen sulphide,
methyl-mereaptan, furfuryl-mercaptan and
higher mercaptans, dimethyl-sulphide and
higher sulyhit{as, acetaldehyde, methylethyl-
acetaldehyde, furfurol, methyl-furfurol, ace-
0 tome, higher aliphatic aldehydes and ketones,
ketones of the furane series, diacetyl- and
acetyl-propionyl, oxy-sulphides and mercap-
tales of carbonyl compounds with the above

5

®

©
&

=

mentioned mercaptans, methylaleohol, high-
er aliphatic alcolhols, acetol, furfuryl-alco-
hol, acetic acid, isovaleric acid and higher
fatty acids, palmitic acid, esters of the for-
mer two acids with the mentioned alcohols,
phenol, catechol, guaiacel, vinylguaiacol, 2,3-
dioxyacetophenone, further phenols and
phenol ethers of a higher valence, maltol,
pyridine, pyracine, methyl-pyracine, 2,5 and

G dimethyl-pyracine, higher homologues of
yracine, N-methyl-pyrrole, N-furfuryl-pyr-
role, further higher pyrroles and derivates of
furane and finally naphthalene.

These substances are to be found in the
aroma of coffee in varying proportions and
this explains the well known fact that the

RS

aroma of coffee widely varies in accordance 7

with the kind of coffee and the method of
roasting. A synthetic aroma may be pro-
duced by mixing together all the above men-
tioned substances, which may be obtained
synthetically from other subsfances or from
natural products; analogues and homologues
may also be used.

The further research showed that some of
the substances are of special importance for
producing the aroma and in opposition to
the old hypothesis these substances are not
the phenols nor mnitrogen compounds but
fugitive sulphurous compounds of the mer-
captan series of the general formula ASH or
derivatives thereof, particularly oxy
phides of the formula -

oH
R-CHS
8

which may be obtained from carbonyl com-
pounds, aldehydes, ketones and diketones
vith the above mentioned mercaptgns.
t is to be observed that like or similar ef-
cts as those produced by the sulphur com-
pounds found in the ma of coffee may be
obtained by synthetically manufactured
products which are of a similar structure al-
though not present in the natural aroma, for
instanee the particularly important furfur)
mercaptan may be replaced by thienyl-mer-
captan or benzyl-mercaptan; disulphides
also show a similar effect.

The aroma is produced by an addition of
the abo mentioned sulphur-compounds,
either singly or in mixture, to the other oxy-
gen containing and nitrogen containing

a
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No Drawing. Application January 12, 1938, Se-
rial No, 184,697, In Czechoslovakia January 23,

1937
8 Claims.

This invention relates to the production of sur-
rogates and additions for cofTee.
For producing surrogates and additions for
coffee, it has already been proposed to employ as
& suitable raw materials, for example, roots or parts
of the root of various genera of plants, such as
buibs of topinamber and dahlia, roots of chicory
and viper's grass. These distinguish from most
other raw materials by their percentage of inulin
1o and substances similar to inulin, and, in some
cases, have a peculiar characteristic bitter taste,
even after having been worked into surrogates
or additions for coffee, in a usual manner. This
characteristic taste is undesirable, as it Is a draw-
15 back to efforts to promote the more general use
of the surrogates or additions for coffee produced
from the above-mentioned raw materials.
The operation of working the raw materials
concerned into surrogates and additions for coffee
20 by means of the conventional drying and roasting
processes results in an extensive pyrogenetic de-
composition of the constituents contained in the
bulbs and roots by influence of heat, whilst con-
siderable amounts of pigments, assamar and vari-
5 ous stimulants are formed, whereas valuable con-
stituents tending to increase the stimulative ef-
fect go to waste by being either decomposed or
rendered insoluble.
The object of the present invention is to pro-

a0 vide an improved working process by means of

which the characteristic bitter taste of the raw

materials used, which hitherto penetrated

through the product of roasting, can be reduced

to any desired extent, completely eliminated. or

53 even changed to a sweetish taste depending upen

the manner in which the method is carried out,

whereby a product of a highly stimulative effect

fs obtalned which has an appreciable coloring
capacity and an agreeable flavor.

40 In the process according to this invention the

inulin and substances similar to inulin, as con-

ed

(CL. 99—74)

addition materials for coffee, previously referred
to, takes place. At the same time a relatively
great amount of pigment material is already pro-
duced below the roasting temperatures since, ow-
ing to the presence of & plenteous quantity of &
levulose, thus of a sugar having a free carbonyl-
group, the most favorable conditions for the for-
mation of melanofdin and thus for the formation
of caramel are given.

The formation of pigment material takes place 10
at temperatures substantially lower than are us-
ually resuired for the roasting process. The for-
mation of pigment sets in at temperatures of
about 100° C., whereas, as is well known, in the
usual Toasting process vigorous reaction sets in 18
only at temperatures above 160° C., so that the
undesirable transformations, which are a direct
consequence of the elevated roasting tempera-
tures, are avoided and, apart from this, the yield
is increased. 20

The removal of the bitter taste as obtained, for
example, for chicory may be due to the fact that
the bitter substances of glicoside-like nature
which oftentimes go with the inulin are partially
destroyed by the heat treatment in moist con- ‘a5
dition or their effect is decreased, so that the
product finally obtained is refined by the taste
of the bitter substances being improved.

The intensity of the heat treatment in moist
condition, if required, can be so increased, by con- gy
joint action of pressure, that the inulin is suf-
ficlently decomposed, that is, the decomposition
is continued until the inulin is at least partly
transformed into levulose, by which means sepa-
rate roasting of the material may under certain: gs
circumstances be dispensed with.

These features distinguish the process accord-
ing to the Invention from known processes in
which inulin-containing raw materials suitable
for the production of surrogates and additions gg
for coffee are steamed for removing the bitter

tained in the raw used, are
on an industrial scale and the products of the
hydrolysis, particularly the levulose, are utilized
45 for producing melanoidin, that is, caramel, and
thus for produeing pigments from albumin de-
composition products and sugars.
In the process according to this invention, the
inulin and substances similar to inulin are hy-
5o drolysed by the raw ta heat

prior to the roasting and are then
extracted by means of boiling water, and also dis-
tinguish from known processes in which roasted
granular inulin-containing raw materials, for the 45
purpose of being powdered with chicory dust, are
made sticky by means of steam or water, in order

to provide the necessary adhesion for the powder

to remain in place, particularly, while the material
dried, and finally roasted.

treatment In moist condition and their moisture
content is maintained. During this heat treat-
ment in moist condition the changing of the char-
acteristic taste as alluded to above, that is, the
55 removal of the bitter taste from the surrogate or

is

The application of the process according to the
invention results in changing the taste of the
material, that is, in improving it to any desired
extent, and in browning the material, which col-
oring effect is different from that produced on . g5

Figure 3.58: In the 1930s, Hermann Staudinger, Tadeusz Reichstein, Max Kerschbaum, Eligius
Freudl, and other chemists developed Coffarom, an instant coffee derived from synthetic ingredients.
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Verfahren zur Herstellung von Kaffee-Extrakten und Knﬂea—Emnmexunklen

in Pulverform mit

Dr. Max Rudolf Morgenthaler, Vevey, ist als Exfinder genannt worden

Bei der Herstellung von trockenen, lslichen Kaf-
fee-Extrakten und Kaffee-Ersatzextrakten licgt be-
kanntlich die Hauptschwierigkeit darin, die ge-
schmacklich wertvollen und aromatischen Inhaltstoffe

s des Kalfees bzw. Kaffee-Ersatzes in miglichst natiir-
licher Form zu erhalten.

Dieser Schwierigkeit wird gemi8 dem schweizeri-
schen Patent Nr. 201940 dadurch begegnet, daf man
dem fllissigen Kaffee-Extrake vor der Trocknung ein

w oder mehrere Kohlehydrate wie Maltose, Dextrose,
Dextrine usw. in reinem Zustande zur Bindung der
Aromastoffe zusetzt. Diese Kohlehydrate werden vor-
ugsweise aus Stirke oder stirkehaltigen Produkten
in reinem Zustande hergestelt,

Es ist bekanntlich auch moglich, aus bereits aus-
gelaugtem  Kaffeesatz oder Kaffee-Ersatzriickstin-
den durch Siurchydrolyse oder Autolyse unter Ver-
wendung von hohem Druck und hoher Temperatur
reine neutrale Kohlehydrate nach zweckmiiBiger Rei-
nigung zu echalten, welche die geschmacklichen und
aromatischen Eigenschaften des Extraktes anliBlich
seiner Uberfithrung in Pulverform und im Fertigpro-
dukt zu schiitzen i-crmbun

Diese K wurde

¥

hied:

zen vortiuschen, wurden diese Produkte in der Folge
als nicht reine Exteakle vom Markte zurlickgezogen.

Vom Standpunkt der Lebensmittelkontrolle be-
trachtet, besteht nun aber ein normaler Kaffee-AufguB
wns loslichen Kaffeebestandteilen, die durch sieden-
des Wasser oder nach dem Expressoverfahren mit
leichtem Oberdruck dem Kaffee entzogen werden.
HaushaltungsmiiBig hergestellte Extrakte ergeben be-
kanntlich cine Ausbeute des Réstkaffees von ctwa 15
bis 20%s und die extreme Auskochung desselben mit
ciner Ubermenge von Wasser und langem Kochen
cine solche von maximal etwa 25—30, je nach
Kaffeesorte.

Dic technische Entwicklung der Kaffee- und Kat-
fee-Ersatzmittelextraktion geht nun heute aligemein
so weit, daB die natiirliche Laslichkeitsgrenze bei-
spielsweise des Kaffees bei atwa 80—100° C, vorzugs-
weise bei Siedetemperatur des Wassers durch Anwen-
dung von hohem Druck und hoher Temperatur, wel-
che bis etwa 2007 C betragen kann, unter teilweiser
Hydrolyse des Unldslichen bis tiber 50 % iiberschrit-
ten wird, was analytisch ohne weiteres nachweisbar
ist. Aus Rnstkaffca wird dadurch beispiclsweise statt
der Ausbeute von etwa 25 /o viel-

nen Proportionen, vorzugswelse aber im Verhéiltnis
50/a Kaffeotrockenmasse zu 50% Kohlehydrat, ver-
wendet.

Obschion dic Farbe, der und das

fach eine solche von 35—40 %/s und mehr erreicht
Dicse Verfahren erlauben freilich infolge der vor-

crwihnien Hydrolyse eine scheinbare Mehrausbeute

an oder Kaffe je

Aroma eines so hergestellten trinkfertigen Produkts
s ausschlieBlich von der Kaffeesubstanz bzw. Kaffee-
Ersatzsubstanz herrithren und die zugesetzten Kohle-
hydrate nur als farb- und geruchlose und tiberdies in
der trinkfertigen, normalen Verdinnung hichstens als
schwach siiie Begleitstoffe zu erkennen sind und also
» in keiner Weise Kaffee- oder Kaffee-Ersatzsubstan-

doch werden diese unreinen, stark sauren Hydrolysen-
produkte aus Kaffeesatz nicht mehr, wie dies méglich
wilre, bis zu den reinen Kohlehydraten gereinigt, son-
dern im kontinvierlichen DurchfluB direkt dazn ver-
wendet, den bereits bis zur normalen Lislichkeit in
siedendem Wasser von etwa 25% ausgebeuteten,
qualitativ normalen Kaffee-Extrake cinfach zu ver-
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(e dec Heraclung von rockenr, loslichen
f

Extraki

ngkelk darin, dic g:ad:mukhd\ wmvol.ln und aro-
matischen Inhaltstoffe des Kaffees in mglichst natiir-
licher Form zu echalten.

Zu Anfang versuchte man dieser Schwierigkeit da-
durch zu begegnen, daB man dem flssigen Kaffee-
Extrakt vor der Trocknung ein oder mehrere Kolile-
hydrate, z. B. Maltose, Dextrose, Dextrine in reinem
Zustend, zur Bindung der Aromastoffe zusetate. Diese 1
Kohlehydrate wurden vorzugsweise aus Stirke oder
stiirkehaltigen Produkten in reitem Znstande her-

stellt.

Es ist bekanntlich auch moglich, aus bereits aus-
gelaugtem  Kaffeesatz durch Surehydrolyse cdzr
Autolyse unter Verwendung von hohem Druck un
hoher Temperatur reine neutrale Kohlchydrate m«:h
aweckmiiBiger Rermgnng 7 erhalten, welche die ge-

Verfahren zur Herstellung eines trockenen,
16slichen vollaromatischen Kaffee-Extraktes

5 Anmelder:
Dr. Max Rudolf Morgenthaler,
Vevey (Schweiz)
Vertreter:
 Dipl.-Ing. Dipl.-Chem. Dr.phil, Dr.techn. J. Reitstditter,
Patentanwalt, Minchen 15, Haydnstr. 5

Beanspruchte Prioritit:
Schwelz vom 2.Juli 1956 (Nr. 34954)

Dr. Max Rudolf Morgenthaler, Vevey (Schweiz),
ist als Erfinder genannt worden

des Kaffec-E» i bei dessen U
Pnlvednml und im Fertigprodukt zu schiitzen e

Dm: Kohlehydratzusitze wurden in verschie-
denen  Verhiltnissen, vorzugsweise 50%s Kaffee-
trockenmasse zu 50%/s Kohlehydrat verweadet.

Obwohl in einer solchen Konserve die farblichen,

i des.

2
schnittlichen Ausbeute von etwa 25%s vielfach eine
solche von 35 bis 40% und mehr erreicht,
Diese Verfahren erlauben alsa infolge der Hydro-
35 lyse eine scheinbare Mehrausbeute an Kaffeesub-
stanz, jedoch werden diese unreinen, stark saurem

trinkfertigen Produktes ausschlieflich von der reinen
Kafloesubstanz herrlibren und die Koblehydrate nur
als farb- und geruchlose und {iberdies in der
trinkfertigen, normalen Verdinung hichstens als
schwach siiie Begleitstoffe zu erkennen sind und also
in keiner Weise Kaffessubstanz vortiuschen, wurden.
diese Produkte in der Folge als micht reinc Kaffee-

aus Kaffecsatz nicht mehr, wie
dies misglich wiire, bis zn den reinen Koblehydraten
gereinigt, sondern im kontinuierlichen Durchiluf
30 direkt dazu verwendet, den bereits bis zur normalen
Laslichkeit in siedendem Wasser von etwa 25% aus-
gebeuteten, qualitativ normalen Kaffee-Extrakt ein-
fach zu verdiinnen. Damit wird erreicht, daB das
Trocki icht pro Tasse erhiht

35 wird
Dicse, fir sich allcin betrachtet, nachweisbar ge-

Extrakte vom Markte zuriickgezogen.
Vom Standpunkt der Lebensmittelkontrolle be-
trachtet, besteht ein normaler K: gub aus los-

lichen Kaffeebestandteilen, die durch  siedendes
Wasser oder nach dem Expressoverfahren unter
leichtem Uberdruck dem Kaffee entzogen werden.
‘Haushaltungsgemiif hergestellte Extrakte crgeben be-
kanntlich cine Ausbeute des Rostkaffees von z. B. 15
bis 20% und die extreme Auskochung mit einer
Ubermenge von Wasser und langem Kochen von
héchstens etwa 25 bis 30%s je nach Kafleesorte.

Die technische Entwicklung der Kaffee-Extraktion
geht nun heute allgemein so weit, daB die natiirliche
Lislichkeitsgrenze des Kaffees bei etwa 90 bis 110°C
durch Einwirkung von hohem Druck und hoher
Temperatur durch Hydrolyse bis iiber 50, iber-
schritten wird, was analytisch ohne weiteres nachweis-
bar ist. Aus Rstkaffee wird dadurch statt der durch-

stark sauren Hydroly-
sate von Kafleesat, die ein py von 3 bis 4 aufweisen
kinnen, sind normalerweise in einem reinen, trink-
40 fertigen Kaffee von etwa 25%iger Loslichkeit nicht
vorhanden, und es kann somit von cinem 100%ig
natiitlichen, 1dslichen Kaflee-Extrakt nicht mehr ge-
chen werden (Gordian, Kaffee- u. Tee-Markt,
4. Januar 1955, Wurziger »Zur Untersuchung von

45 Rostkafle und Kaflee-Extrakte),

Dic ungereinigten sauren Hydrolysenprodukte min-
dern die Kafleequalitit so stark, daB auch cin Zusatz
von Kohlehydraten die Qualitit des Extraktes nicht
zu verbessern vermag. Die auf dem Markt befind-

50 lichen Produktc distanzieren sich somit ganz wesent-
lich von einem normalen Kaffee-Trockenextrakt baw.
won ¢iner normalen Kaffeeinfusion.

Figure 3.59: In the 1930s, Max Rudolf Morgenthaler and other chemists developed Nescafé, an

instant coffee derived from natural ingredients.
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Production of fats via industrial chemical synthesis

[BIOS 805]
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Figure 3.60: In the 1930s and early 1940s, German-speaking scientists developed methods to produce
fats via industrial chemical synthesis [BIOS 805].
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Production of Fat from 01dium Lactig

Plent Visited
Biologlseh Chemisch Gesellschaft m, b, H, 022/2056

Locatlon

Bad Tolz

From cultured yeast
[BIOS 236]

Date of Viait
11 and 15 Sep U45

Oblect of Visit

To cbtaln information on the laboratory and pilot
vlant scale production of fat from OIDIUM LACTIS

Summary

The process showed some novel features with regard
to the cultivation cf a mould for high fat productlon and
with regard to the combination of different types of
waste materlal,used,

-producing photosynthetic micro-
ain freshwater diatoms, and straing
n a variety of mineral solutionsg

Two good groups of fat
orgenisms were discovered; certain
P lamvdenonas, They were grown 1 i
:-;ﬂa%é}?e :Egztiox; of goil extract; the exact composition of the
mineral solution was imaaterial, but addition of soil extraot was
essential for good cropss After various techniques of cultivation
had been tried, the best proved to be the use‘of tall glass ¢ylindersg,
5 om in diameter and 80 em high, They were i‘ll%ed almost completely
with *he culture medium and a slow current of air bubbled through
during growth, In the case of diatoms, the cylinders were loosely
packed with glass wool to Pro‘vjde attachment surfaces,‘but with
Chlamydomonas such & practice wes not necessarys Wo attempt to
maintain pure culture conditions was made, and contamination by
other microor-anisms proved no problem as long as adequate aeration
was maintained, The algae grew lwawriantly and eventually underwent
a "fatty degeneration", the cells becoming packed with large fat
globules, In the oase of Chlamydomon&s this occurred after 10-14
days?' growth, Calculations based on early experiments showed that
with a system of spaced glass oylinders operating by natural daylight
during the summer months a fat yield per unit area at least twice
as great as that obtainable with the usual o0il seed plants was
possible, By improvements in the conditions of cultivation as well
as the discovery of new strains this superiority could certainly be
increased many fold, Furthermore, by artificial illumination
during the night an additional increase of several fold can be
obtained, With artificial illuminations there is also the possi=
bility. o.f‘ obtaining & crop in depths Studies on the chemical
coiqposltmn and biological value of the fats produced have so far
not been made,

Production of fats via biotechnology

From cultured algae
[BIOS 691]

Figure 3.61: In the 1930s and early 1940s, German-speaking scientists developed methods to produce
fats via biotechnology using cultured yeast or algae cells [BIOS 236; BIOS 691].
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3.3.4 Synthetic Protein Products

Likewise in the 1930s and early 1940s, German-speaking scientists developed several egg protein
substitutes that consisted of protein extracted and processed on an industrial scale from (Fig. 3.62):

e Cultured strains of yeast that produced the variety of amino acids needed by humans, as
developed by Andreas Lembke (German, 1911-2002) and other scientists [BIOS 236; BIOS
691; FIAT 491].

e Animal blood plasma (a final product called Plenora), as developed by scientists at the
Rugamer & Co. Plenora-Werke in Hamburg [BIOS 1417; FIAT 491].

e Fish (a final product called Eiweiss), as developed by Peter Paul Hiltner (German, 1977-1977)
and other scientists [BIOS 1481; FIAT 491].

e Milk (a final product called Milei), as developed by Georg Demmler (German, 1977-1977)
and other scientists [BIOS 32; BIOS 275; BIOS 1513; BIOS 1782; FIAT 491].

3.3.5 Preservatives

In order to preserve valuable food stocks for storage and transport during both peacetime and
wartime, German-speaking scientists developed many important food preservatives that work by
chelating (trapping) metal ions that are needed by degradative enzymes and bacteria. These preser-
vatives have been widely used ever since, and include for example:

e Ascorbic acid (vitamin C), which was identified in 1930 by Albert Szent-Gyorgyi (Hungarian,
1893-1986) and mass-produced via chemical synthesis in 1933 by Tadeusz Reichstein (Polish,
educated and worked in Switzerland, 1897-1996, Fig. 3.63).

e Benzoic acid, which was first analyzed in 1832 by Friedrich Wohler (German, 1800-1882) and
Justus von Liebig (German, 1803-1873, Fig. 3.63).

e Citric acid, which was first produced from fermentation in fungi in 1890 by Carl Wehmer
(German, 1858-1935, Fig. 3.63) [Benninga 1990, p. 140].

e Sorbic acid, which was discovered in 1859 by August Wilhelm von Hofmann (German, 1818-
1892, Fig. 3.63).

e Ethylenediaminetetraacetic acid (EDTA), an extremely effective chelator, which was syn-
thesized and demonstrated in 1935 by Ferdinand Miinz (Austrian, 1888-1969, Fig. 3.64)
Schahinian 2018.

In 1940, German-speaking scientists also developed and successfully implemented the use of ultra-
violet light to sterilize drinks so that they could be packaged for safe long-term storage without
requiring refrigeration [BIOS 770; FIAT 50; FIAT 107; FIAT 257]. Some of the most important
scientists in the project were Andreas Lembke (German, 1911-2002), Hellmuth Bayha (German?,
1977-197?7), Karl Krammer (German?, 197?7-1977), and Eugen Sauter (German?, 1977-1977). For
more information, see pp. 2379-2385.
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Protein derived from
cultured yeast [BIOS 236]

A short interview with Dr. Lemtke in the Sanatorium
indicated that he had carrled on consideratle research
work on the question of cultivating mould for the
production of proteln, He stated that during the first
World War, hle predecesscor, Professor Henneberg had begun
the cultivatlon of yeasts for use in protein supplement
while working in the Garungewerbe Institute in Berlin,
He had also discovered that urea could be fed to cows.
with beneficial results as a scurce of nitrogen, After
Prof, Henneberg's death in 1936 hls work wae continued
by Prof, Lembke in Kiel,

Prof, Lembke's interest in thie work centred arcund
the nature of the amlno aclds produced by yeasts and
moulds, He cultivated many different stralns of moulds
but found that nnly a few racee were rich in cystelns,
methionine and glutathione, Since most yeasts beling
grown for protein production were very low in cysteine
he wae anxlous to select other organisms which were
He clalms to have

eld,
lar amino 898 . everal moulds which

rich in this partieu Sultures o

had euccess in obtaining
met these requirements.

dids, Oidium, Fndomyces
Straing of Fusarium Can s onTered

n
and Rhizopus were cultured a in feeding experiments,

Artificial
egg protein

527

Plenora derived from animal
blood plasma [BIOS 1417]

Plenora=iiarke, Neuekam

<

uilt
world making this product from bloods

3 f which were
in casks (el
animal was vetted

with sodium phosphate

The blood ceme in from the slaughterhouses,
close by, but &2 good deal also came from Demmark
or lacquered) end preserved with ammonie.
before slaughterings The blood was first
or citrate te prevent cosgulation, straired n separated by contri-
fuging into the red and whitg fractigns, oth parts were then
ed at & tempsrature of 2 C. to 4 C. in & refrigerator. It must
reach freezing point. The blood was stored at this temperature
until required, Bl ived from eny distance was separsted into
cooled before transporte.

The

two fractions were heated separately in an open steam-

Jjacketed pan to remove shout 507 of water, Each part was then
dehydrated in a spray-drier of the type generally used for \g eggs
or milk, The dried red fraction was sold for sausage-meking, when

reparstions were made for use bt
gogs of these products were smoked 11k:1g?wn ozeinw
saucages end he sald the{]wzzeaq:ﬁ:og;alésist,Jﬁe Ea
m *ine ag we - =

gg;:ﬁ:tgg nggxt-fuonal gtudies and claimed ‘chag feeding
up to 60 grams per dsy for over b months had been
veneflcial, He stated that the genersl health of the
group of people fed on these proteins wae better than

the controle,

In feedinz experiments he sald that it was very
important that the moulde shouvld be hested or sutolysed
before eatine them, otherwlse they caused diarrhoea,

Eiweiss derived from fish [BIOS 1481]

Milei derived from milk [BIOS 1513]

3. The condensed milk is
to 10-15°C., then run into a
type agitater.

cooled on en open-type cooler
mixing pan with a propeller-
There are added the following ingredients:-

amouz(‘:) gﬂhnn:mhld(l;u:tammal) a8 a slurry in a small
o er and in roportion 3-5 kg.
litres of original 'kiln-mup], 3-5 kg.per 1000

(b) Color in the form of a water-soluble edible
yellow dyestuff in the proportion 300 er 1000 1lit
of original skim-milk. L

(c)pisodium hydrogen phosphete (NapH PO,) in an
amount sufficient to bring the pH va:s.uezto 7?%. This
adjustment is made with the aid of "Lyphan" test papers

Contirmously circulating Solvent Extractor.

and the accuracy of the control is probably not better
than E +2 pH units, L 4

According to Dr.Demmler, the optimum pH to
which the milk should be sdjusted at this stage may be
different for different milks. Apparently during Milei
manufacture i~ Normandy it was necessary to adjust the
pH of the mlilk to & level different to that adopted in
Germeny. However, the pH must not be lower than 7.0
otherwise dii‘ficuities are encountered in drying.

It is not necessary to hold the mix at this
stage any longer than 1s necessary for pH adjustment

and mixing and it was stated that it is desirable to
carry through the whole process without delays.

4. The mix is roller-dried to 3-4% moisture. Three
types of roller dryers were in use at the Stuttgart
plant, single roller and double roller conventional types
and also a new type of double roller dryer built by
Bachem Wyss, Ravensburg, 1946, The novel feature of the
latter machine is the means by which the milk is applied
to the rollers (see figurs). The condensed milk is fed

into narrow half-cylindrical troughs running parallel with
the rollers and is picked up from these troughs on a large
number of smell discs rotating on a horizontal shaft.

Then the milk is blown off the discs on to the dryer drum

- unted on each side of each
by means of small air-jets mo! e W

dise. The air pressure in the Jjets 1s only

=
) -—

\

Condensed  Milk
=AY

View n drechon of arrow A

Centre of drom

Figure 3.62: In the 1930s and early 1940s, German-speaking scientists developed several egg protein
substitutes that consisted of protein extracted and processed on an industrial scale from cultured
yeast, animal blood plasma (Plenora), fish (Eiweiss), and milk (Milei) [BIOS 236; BIOS 1417; BIOS

1481; BIOS 1513].
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Preservatives
Ascorbic acid Friedrich Wohler
(vitaminC) M9 Benzoic (1800-1882)
E = @) 0O " 35
- acid
HO OH
O OH
Albert __ _
Szent-Gyorgyi e
(1893-1986) Justus von Liebig
(1803-1873)
,'ﬁ
Tadeusz
Reichstein
(1897-1996)
Citric acid Sorbic acid

HsC N ~ OH

HO OH

OH
Carl Wehmer August
(1858-1935) Wilhelm
Citric acid von Hofmann
from (1818-1892)
fermentation
in fungi

Figure 3.63: German-speaking scientists developed many important food preservatives, including
ascorbic acid (vitamin C, identified by Albert Szent-Gyorgyi and mass-produced by Tadeusz Re-
ichstein), benzoic acid (first analyzed by Friedrich Wohler and Justus von Liebig), citric acid (first

produced from fermentation in fungi by Carl Wehmer), and sorbic acid (discovered by August
Wilhelm von Hofmann).
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Preservative: EDTA Ferdinand Miinz (1888-1969)

Ethylenediaminetetraacetic acid
(EDTA) preservative (1935)

0% HL

N

HO
\ﬂ) 0~ TOH

O

>
o
i B

EDTA works by
chelating (trapping)

O needed by degradative
\\ enzymes and bacteria

Figure 3.64: In 1935, Ferdinand Miinz created the synthetic preservative ethylenediaminetetraacetic
acid (EDTA), which works by chelating (trapping) metal ions that are needed by degradative
enzymes and bacteria.
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3.4 Explosives

Scientists from the German-speaking world were responsible for most of the major innovations in
modern explosives, including:®

3.4.1. Explosive chemical compounds
3.4.2. Fuel-air explosives
3.4.3. Shaped explosive charges

3.4.4. Radio control and electric timers for explosives

3.4.1 Explosive Chemical Compounds

German-speaking chemists developed most of the major modern explosive chemical compounds.

The first known high explosive was fulminating gold, a complex mixture of compounds contain-
ing gold, ammonia, and chlorine. Fulminating gold was produced and demonstrated by Sebalt
Schwertzer (German states, 1552-1598) and Johann Tholde/Tholden (German states, 1565-1614).
Historical portraits of Schwertzer and Tholde(n) do not appear to exist, but Fig. 3.65 shows illus-
trations of typical alchemists from that time and place.

As illustrated in Fig. 3.66, Christian Schonbein (German states, 1799-1868), Rudolf Christian
Bottger (German, 1806-1881), Friedrich Julius Otto (German, 1809-1870), and Wilhelm Lenk von
Wolfsberg (Austrian, 1809-1894) developed nitrocellulose or guncotton explosive.

Johann F. E. Schultze (German?, 1877-1977), Max Duttenhofer (German, 1843-1903), and Fred-
erick Volkmann (German?, 1877-1977) developed smokeless powder, shown in Fig. 3.67. Smokeless
powder is essentially an improved nitrocellulose material in flake or powder form, and has been
widely used as propellant for small solid rockets.

Johann Rudolf Glauber (German states, 1604-1670) discovered picric acid around 1648, and Her-
mann Sprengel (German states, 1834-1906) produced large quantities of picric acid as an explosive
in 1871 (Fig. 3.68). Sprengel also produced safety explosives (binary explosives that can be safely
stored as separate components, then mixed shortly before use) and other explosive-related products.

As shown in Fig. 3.69, Julius Wilbrand (German, 1839-1906) first synthesized trinitrotoluene (TNT)
in 1863, Paul Hepp (German, 1877-1977) improved the synthesis in 1880, and Karl Haussermann
(German, 1853-1918) used TNT as an explosive in 1889. Science historian Peter Krehl described
their contributions [Krehl 2009, p. 404]:

8George Brown 1998; Field 2017; Kennedy 1990; Krehl 2009; Walters and Zukas 1989.
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1891: Karl Haussermann, a German chemist, discovers the explosive properties of trini-
trotoluene [...], later known as TNT. The substance was first crudely synthesized by
the German chemist Julius Wilbrand [...]; pure TNT was first prepared by the German
chemist Paul Hepp in 1880. Haussermann, who undertook the manufacture of TNT on
an industrial scale, was also the first to suggest its military use: pressed into shells, it
can withstand the shock developed by the propellant when a shell is fired from a gun
barrel. In 1902, TNT was adopted for use by the German army.

The chemist and chemical historian Aaron Ihde added [Thde 1984, p. 706]:

During World War I TNT and picric acid explosives were brought into large-scale use.
The Germans, with their flourishing coal tar chemicals industry, were prepared for the
production of high explosives. The French and British were not nearly as well prepared.

Wilhelm Michler (German, 1846-1889), Carl Meyer (German, 1877-1977), Karel Hendrik Mertens
(Dutch, 18?7-1977), and Pieter van Romburgh (Dutch, 1855-1945) developed tetryl explosive be-
ginning in 1877 (Fig. 3.70). The chemist Simon Field summarized the story [Field 2017, pp. 81-82]:

In 1877, German chemists Wilhelm Michler and Carl Meyer invented the compound
tetryl, or 2,4,6-trinitrophenylmethylnitramine. It took until 1886 before its structure
was established by Dutch chemist Karel Hendrik Mertens. Another Dutch chemist,
Pieter van Romburgh later (in 1889) proved the structure by synthesizing it from picryl
chloride and potassium methylnitramine.

Tetryl was the first of the nitramine class of high explosives, which includes many of

the most explosive compounds currently in use. [...] Nitramines are characterized by the
two nitrogen atoms connected together, with one of them then connected to two oxygen
atoms.

Tetryl was used in both World Wars as a booster, and by itself in some of the smaller
caliber shells.

As illustrated in Fig. 3.71, Georg Friedrich Henning (German, 1863-1945) first synthesized hexogen
in 1898, and Edmund von Herz (German, 1877-1977) patented hexogen as an explosive in 1919.
Hexogen was named for its six-sided central ring, surrounded by three symmetrical nitro groups.
Later it became much more widely known as “Research Department Explosive” or RDX in the
United Kingdom and United States. During the Third Reich, German chemists extended the ap-
proach of hexogen to create octogen, an eight-sided central ring with four symmetrical nitro groups.
Octogen later became better known as HMX.

Figure 3.72 shows that nitroglycerin and dynamite were also closely connected to the German-
speaking research world. Ascanio Sobrero (Italian but studied under Justus Liebig, 1812-1888)
developed nitroglycerin explosive in 1847. Nitroglycerin is extremely powerful but quite sensitive
to physical shock. In 1867, Alfred Nobel (Swedish but worked in Germany, 1833-1996) developed
dynamite, which is clay soaked with nitroglycerin, in order to make the nitroglycerin less sensitive
to shock and therefore much easier to transport and use.
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Bernhard Tollens (German, 1841-1918) and Peter Wigand (German, 1877-1977), shown in Fig. 3.73,
developed pentaerythritol tetranitrate (PETN) explosive in 1891. The general public nowadays is
more familiar with Semtex plastic explosive, which is a mixture of PETN and RDX with a small
amount of plasticizer and binder. PETN is also used as a blood pressure medication.

Figure 3.74 presents examples of German-speaking scientists who made important contributions to
the mathematical theory of explosions. Walther Nernst (German, 1864-1941) and Max Bodenstein
(German, 1871-1942) worked out the theory of explosive chain reactions; Nernst won the Nobel
Prize in Chemistry in 1920 (p. 921). Heinrich Mache (Austrian, 1876-1954) and Ludwig Flamm
(Austrian, 1885-1964) developed the theory of explosive gas mixtures.

Over two years after World War II ended in FEurope, the U.S. War Department General Staff
(WDGS) Intelligence Division wrote a report summarizing what they had learned about “New
Explosives Developed by the Germans” during the war. Even after so many decades, that report
remains classified and unavailable to the public. Why? What new explosive compounds or methods
were described in that report, or in others like it that may still be buried in classified archives? See
Fig. 3.75.
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Fulminating
gold explosive
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Figure 3.65: Sebalt Schwertzer and Johann Thélde(n) developed and demonstrated fulminating
gold explosive.
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Christian Schonbein Rudolf Christian Friedrich Julius
(1799-1868) Bottger (1806—1881) Otto (1809-1870)

Nitrocellulose or NO,
guncotton explosive (1846) | O,N

Wilhelm Lenk von
Wolfsberg (1809-1894)

Figure 3.66: Christian Schonbein, Rudolf Christian Bottger, Friedrich Julius Otto, and Wilhelm
Lenk von Wolfsberg developed nitrocellulose or guncotton explosive.
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Johann F. E. Schultze Max Duttenhofer Frederick Volkmann
(18271827 (1843-1903) (1822-19??

Figure 3.67: Johann F. E. Schultze, Max Duttenhofer, and Frederick Volkmann developed smokeless
powder.
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Johann Rudolf Glauber
(1604-1670) discovered
picric acid (ca. 1648)

Hermann Sprengel (1834-1906)
produced picric acid
as explosive (1871)

Picric acid explosive
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The Discovery

OF

Picric Acid (Melinite, Lyddite)

“As a Powerful Explosive”

AND OF

Cumulative Detonation

WITH ITS BEARING ON WET GUNCOTTON

BY

HERMANN SPRENGEL,

Royal Prussian Professor, Dr. phil. (Heidelb.), F.R.S.

SECOND EDITION.

To * the most truthful of Nations."
A, Nobel : p. 55

LONDON:
EYRE & SPOTTISWOODE, EAST HARDING STREET, E.C,

1903

Figure 3.68: Johann Rudolf Glauber discovered picric acid around 1648, and Hermann Sprengel
produced large quantities of picric acid as an explosive in 1871.
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Julius Wilbrand Paul Hepp Karl Haussermann
(1839-1906) (18?77-192?) (1853-1918)
synthesized improved TNT used TNT as

TNT (1863) synthesis (1880) explosive (1889)

Trinitrotoluene (TNT) explosive

Figure 3.69: Julius Wilbrand synthesized trinitrotoluene (TNT) in 1863, Paul Hepp improved the
synthesis in 1880, and Karl Haussermann used TNT as an explosive in 1889.
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Wilhelm Michler Carl Meyer Tetryl explosive (1877)
(1846-1889) (1822-19??)
02N ~ /CHS
N
O,N NO,
NO,
Karel Hendrik Pieter van
Mertens Romburgh
(18?2-192?7?) (1855-1945)

Figure 3.70: Wilhelm Michler, Carl Meyer, Karel Hendrik Mertens, and Pieter van Romburgh
developed tetryl explosive beginning in 1877.
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Georg Friedrich
Henning (1863-1945)

Hexogen (RDX)
explosive

synthesized RDX (1898)

Edmund von Herz
(1822-19?7?)
patented RDX as
explosive (1919)
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UNITED STATES PATENT OFFICE.

EDMUND voN HERZ, OF CHARLOTTENBURG, GERMANY,

EXPLOSIVE.

1,402,693,
No Drawing.

To all whom it may concern: )

Be it known that Epmuxp vox HErz, a
citizen of Germany, residing at 29 Sybel-
strasse, Charlottenburg, Germany, formerly
of 48 Schoubergerstrasse, Vienna, Austria,
has invented certain new and useful Im-
provements Relating to Explosives, (for
which I have filed an application in Austria,
Jan. 25, 1919,) of which the following is a
specification.

The well known nitro explosives used in
practice belong both as regards their chemi-
cal constitution and also their properties
and effects in general to two different
groups, viz. the ethereal salts of nitric acid
and the nitro compounds proper. Typical
representatives of the first class are nitro
glycerine and guncotton, of the second the
aromatic nitro compounds such as trinitro-
toluene, picric acid and tetranitromethyl-
aniline. The most prominerit features of the
ethereal salts of nitric acid are on the fa-
vourable side the high amount of energy
they contain and on the unfavourable side
their easy liability to decomposition and
their extraordinarily great sensitiveness to-
wards mechanical influences. In contradis-
tinction hereto is the behaviour of the aro-
matic nitro compounds. Their advantages
are in particular their extraordinary chemi-
cal Etal?ility and their marked non-sensitive-
ness towards shock, but their disadvantage
is their comparatively low energy.

These oppositely contracted properties ex-
plain the various attempts which have been
made to provide an explosive, which shall
combine in itself only the advantages of
both classes of explosive, that is to say a
compound, which, in addition to the sta-
bility and non-sensitiveness of the aromatic
nitro compounds exhibits the degree of
energy of the ethereal salts of nitric acid.
As a result of these attempts hitherto ob-
tained, certain tetranitrated benzene deriva-
tives with the only recently prepared tetra-
nitraniline are the chief. These compounds
are most certainly an advance in-this direc-
tion, but they have not fulfilled the expec-
tations demanded of them, because, as it
was subsequently found, the increase in
energy conferred by the fourth nitro group
was obtained at the expense of a serious de-
crease in their stability. Owing to a decided
liability of the fourth nitro group, which is
situateg in the meta position, these highly

Specification of Letters Patent.

Patented Jan. 3, 1922.

Application flled October 25, 1920. Serial No. 419,417,

nitrated substances are so liable to decom-
position, that any practical use thereof is
not to be thought of.

In this way therefore the end aimed at
cannot be attained and there are conse-
quently at present no prospects of the reali-
zation of this idea.

Now according to the present invention it
has been found that hexamethylenetetram-
ine, the well known condensation product

-obtained from formaldehyde and ammonia,

yields, when suitably treated with concen.
trated mitric acid, an extraordinarily pow-
erful explosive compound, which combines
in itself in an absolutely ideal manner the
favourable properties of the ethereal salts
of ‘nitric acid and the aromatic nitro com-
pounds, '

This new explosive substance is neither
an ethereal salt of nitric acid nor a pure
nitro compound, but is a nitramine with a
peculiar ring formation. As chemical in-
vestigation has shown, it is derived like hex-
amethylenetetramine from the hypothetical
cyclotrimethylenetriamine

HI

]
zm/ NH
H:Ok Hy

H

and possesses the following structural for-
mula:

H,
[

NOz—N N—NO,

/CH!

NOs

H,Cl

This eyclotrimethylenetrinitramine is formed
from all the accessible derivatives of cy-
clotrimethylenetriamine by the action of
concentrated nitric acid. “For its produc-
tion on a large scale, however, only cyclo-
trimethylenetrimethyltriamine, that is the
condensation product obtained from form-
aldehyde with methylamine could be en-
tertained as a raw material in addition to
the already known hexamethylenetetramine,
as the other derivatives are difficultly acces-
sible and. therefore not economical.

The following method of preparation has

Figure 3.71: Georg Friedrich Henning synthesized hexogen or RDX in 1898, and Edmund von Herz
patented RDX as an explosive in 1919.
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Ascanio Sobrero
(Italian but studied
under Justus Liebig,

1812-1888)

Nitroglycerin explosive (1847)
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Alfred Nobel
(Swedish but
worked in Germany, Dynamite (clay soaked
1833-1996) with nitroglycerin, 1867)

Figure 3.72: Ascanio Sobrero, who studied under Justus Liebig, developed nitroglycerin explosive
in 1847. Alfred Nobel developed dynamite (clay soaked with nitroglycerin) in 1867.
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Bernhard Tollens Pentaerythritol tetranitrate
(1841-1918) (PETN) explosive (1891)
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Figure 3.73: Bernhard Tollens and Peter Wigand developed pentaerythritol tetranitrate (PETN)
explosive in 1891. Semtex plastic explosive is a mixture of PETN, RDX, and polymers. PETN is

also used as a blood pressure medication.
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Theory of explosive chain reactions

Walther Nernst (1864-1941) Max Bodenstein (1871-1942)

Theory of explosive gas mixtures
Heinrich Mache (1876-1954) Ludwig Flamm (1885-1964)

Figure 3.74: Walther Nernst and Max Bodenstein worked out the theory of explosive chain reactions.

Heinrich Mache and Ludwig Flamm developed the theory of explosive gas mixtures.
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3.4.2 Fuel-Air Explosives

German-speaking scientists also invented and developed fuel-air explosives [von Haken 1933; Karlsch
2007b; Stevens 2007, pp. 103-111; CIOS ER 201]. While fuel-air explosives use conventional chem-
ical explosive compounds, they disperse those explosive compounds widely before the detonation,
and allow the compounds to combust with oxygen in the air. Therefore, fuel-air explosives can
cause damage to a much larger area than would be possible with normally packaged bombs of the
same explosive compounds.

The earliest known description of a fuel-air explosive bomb is a patent application filed on 6 April
1933 by Kurd von Haken (German?, 1877-1977), DE680483, Fliegerbombe fiir Kohlenstaubexplo-
sionen [Airborne Bombs for Coal Dust Explosions] (Fig. 3.76):

In der Zeichnung ist der Fliegerbombenkorper
in Abb. 1 schematisch im Schnitt dargestellt.
Abb. 2 betrifft ein offenes Fallschirmchen
mit dem Zeitziinder. In Abb. 3 ist die
Zeitwirkung der Explosion einer Gruppe
solcher Bomben auf ein Druckwellenemp-
fangsgerdat auf der Seite in einiger Entfer-
nung dargestellt. Es bedeutet 4 die Bombe
mit Kohlenstaub, gegebenenfalls mit flockig
in diesem verteilten Feuerwerkpulversatzen,
5 ein etwa barometrisch einstellbares Gerét
zum Auslosen des Fallschirmes, 6 die durch
irgendein an sich bekanntes Mittel von
mehreren Flugzeugen aus fiir alle Bomben gle-
ichzeitig einzustellende Ziindvorrichtung, die
zu den einzelnen Ziindern 7 fiihrt, die mit
etwa mittels einer Taschenlampenbatterie 8
auszulosende Zeitziinderchen 9 versehen sind.
Die Zeitziinderchen 9 sind von den von ih-
nen zu ziindenden Ziindséatzen fiir den Kohlen-
staub 10 umgeben, an die ein sie zerstaubender
Sprengstoffkérper 11 sich anschliefit. 12 ist
das Fallschirmchen fiir diese Zeitziinder, die
in zusammengelegtern Zustande in beson-
deren Kammern 13 der leicht zu zerteilen-
den Bombe angeordnet sind. 14 ist der Ini-
tialsprengkorper zum Zerstduben der ganzen
Bombe. 15 ist ein Fallschirm, gegebenenfalls
mit propellerférmig angeordneten Offnungen
16 versehen, damit die Bombe in Drehung
geriat und so in begrenztem Mafle durch die
Schwingungen der Fallschirme gehemmt wird.
12’ ist das Fallschirmchen mit dem Zeitziinder
in gedffnetem Zustande.

In the drawing, the aerial bomb is shown
schematically in section in Fig. 1. Fig.
2 concerns an open parachute with the
time fuse. Figure 3 shows the time effect
of the explosion of a group of such bombs
on a pressure wave receiving device on
the side at some distance. 4 means the
bomb with pulverized coal dust, possi-
bly with a flare in the distributed fire-
works powder etching, 5 an approxi-
mately barometrically adjustable device
for triggering the parachute, 6 which, by
means of a means known per se from a
plurality of airplanes, which are provided
with timers 7 to be triggered by means
of a torch battery 8, for example. The
timers 9 are of the ignitions to be lit by
them. For the carbon dust 10, to which
an explosive body, which atomizes them,
follows. 12 is the parachute for these time
igniters, which are arranged in a com-
bined state in particular chambers 13 of
the easy-to-split bomb. 14 is the atomic
bubble for atomizing the whole bomb. 15
is a parachute, provided if necessary with
propeller-shaped openings 16, so that the
bomb is turned and thus limited to a
certain degree by the vibrations of the
parachutes. 12’ is the parachute with the
time fuse in the opened state.
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Beim etwa gleichzeitigen Abwurf einer
Reihe von Bomben o6ffnen sich nicht alle
Bombenfallschirme gleichzeitig, so dafl die
Bomben in verschiedener Hohe und in
verschiedener Zeit iiber einer mehr oder
weniger groflen Zielflache, z.B. 1 gkm,
verteilt sind, im Gesamtgewicht von etwa 10
t. Bei der Priméarzerstaubungdurch Ziinden
der Sprengkorper 14 bilden sich um die
Bomben eine Reihe Staubwolken, die in
langsamem Falle weiter sinken. Die kleinen
Fallschirmchen mit den kleinen Zeitziindern
offnen sich gleichzeitig oder frither durch
Auslosung einex Hilfsvorrichtung 17 vom
Manometer aus und verteilen sich in gle-
ichméafigem Falle in diesen Staubwolken, so
dafl sie auch anndhernd gleichzeitig zur Ex-
plosion kommen. Auf dem Zeitmefigerat ze-
ichnen sich dann, je nach der Entfernung
der Bomben 1, 2, 3 und der Ziindkorperchen
1 bis 10, drei Wellen a, b,
Zerstdubung und etwa flinf kleine Wellen,
von der Explosion der Ziindkoérperchen
herrithrend, ab. Um die detonierenden
Zindkorperchen herum wirkt sich progres-
siv steigernd eine grofle Druckwelle 18 aus,
die im Zusammenhang mit der Groflluftbe-
wegung mit Uberschallgeschwindigkeit auf
grofle Entfernung zur Wirkung gelangt.

¢ fur die

When a series of bombs are dropped at the
same time, not all of the bombshells open at
the same time, so that the bombs are at dif-
ferent heights and at different times over a
more or less large target area, for example,
1 square kilometer, with a total weight of
approximately 10 t. In primary sputtering
by igniting the explosive bodies 14, a se-
ries of dust clouds form around the bombs,
which sink further in a slow case. The little
parachutes with the small time fuses open
at the same time or earlier by triggering an
auxiliary device from the manometer and
distributing themselves in this case evenly
in the dust clouds, so that they also al-
most explode at the same time. According
to the distance of the bombs 1, 2, 3 and
the ignition body 1 to 10, three waves a, b,
¢ for the atomization and about five small
waves, which originate from the explosion of
the ignition cores, are then distinguished on
the time-measuring device. Around the det-
onating detonators, a large pressure wave 18
acts progressively increasing, which in con-
junction with the shock wave arrives at a
great distance with a supersonic velocity.

545

Currently it is not clear what role (if any) Kurd von Haken played in the subsequent development
and testing of his ideas for fuel-air explosives.
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Kurd von Haken
(18?2-19??)
invented fuel-air
explosives

DEUTSCHES REICH

AUSGEGEBEN AM
30. AUGUST 1939

REICHSPATENTAMT

PATENTSCHRIFT

M 680483

KLASSE 78e GRUPPE 5
H 135843 IVb[78e

Kurd von Haken in Berlin
Fliegerbombe fiir Kohlenstaubexplosionen

Patentiert im Deutschen Reiche vom 6. April 1933 ab

Patenterteilung bekanntgemacht am 10. August 1939

Die Wirkungen von Kohlenstaubexplosionen
sind bekannt und von einer Reihe von Voraus-
setzungen abhingig, die einerseits mit den
Eigenschaften des Kohlenstaubes, anderseits

staub, gegebenenfalls unter Zumischung der
die Ziindfihigkeit erhéhenden Substanzen,
z.B. Feuerwerkpulver in geringeren Mengen,
geeignet sind, wobei diese Packungen bzw.
i

g
ngen

aber mit den Ziindmitteln

bomben mit einer zur Zertriimmerung

So wurde g'efunden, daB zur Erzielung einer
Explosionswirkung: durch Verbrennen gréBerer
Kohlenstaubmengen, die als Wolken in der
Luft verteilt sind, neben einer mehr . oden
weniger vollkommenen Zerstiubung eine gute
Verteilung geeigneter Zeitziinder in diesen
Staubwolken erforderlich ist, die nach einer
ganz bestimmten Zeit, die sich auf tausendstel
Sekunden genau einstellen 1iBt, unter gleich-
zeitiger Auslésung der Zeitziindung zur Wir-
kung kommen und bei hoher Ziindtemperatur
eine stichflammenartige Wirkung ergeben
miissen.

Solche Ziinder sind an sich bekannt und be-
stehen aus aluminothermischen Sitzen, die mit
Zeitziindern, gegebenenfalls Sprengkapseln,
gekuppelt sind. Ahnliche Zeitziinder kennt
man auch in der Feuerwerkerei. Als geeig-
nete Transportméglichkeit fiir den Kohlen-
staub kommen ausschlieBlich Flugzeuge in Be-
tracht, Die Mittel fiir diec Kohlenstaub-
explosion miissen aus groBerer Hohe mit ent-
sprechender Geschwindigkeit gleichmiBig zum
Boden gefilhrt werden, iiber dem sie zur
Wirkung kommen sollen. Es wurde gefunden,
daB dazu die Form einer Fliegerbombe bzw.
festen Packung einer Fiillung aus Kohlen-

Figure 3.76: Kurd

der Bombe, jedoch ohne Ziindwirkung geeig-
neten Sprengladung mit Zeit- oder Ort-
ziindungen versehen sein miissen sowie mit
kleinen, mit den Fall verzigernden Mitteln,
z.B. Propeller oder Fallschirmchen, ver-
sehenen Zeitziindern, die nach einer bestimm-
ten Zeit, gegebenenfalls fiir meh Bomb:
gleichzeitig eingestellt, ziinden. Diese Bomben
werden zweckmiBig mit einem an ihnen ange-
brachten Fallschirm versehen, insbesondere
einem solchen, der durch Leitflichen propeller-
artig wirkt, so daB ein mehr oder weniger
gleichmiBiger Fall bei sich drehenden, etwa
gleichzeitig abgeschleuderten Bomben erfolgt.
In der Zeichnung ist der Fliegerbomben-
korper in Abb, 1 schematisch im Schnitt dar-
gestellt. Abb. 2 betrifft ein offenes Fallschirm-
chen mit dem Zeitziinder. In Abb. 3 ist die
Zeitwirkung der Explosion einer Gruppe
solcher Bomben auf ein Druckwellenempfangs-
gerit auf der Seite in einiger Entfernung dar-
gestellt. Es bedeutet 4 die Bombe mit Koh-
lenstaub, gegebenenfalls mit flockig in diesem
verteilten Feuerwerkpulversitzen, § ein etwa
barometrisch ecinstellbares Geriit zum  Aus-
losen des Fallschirmes, 6 die durch irgendein
an sich bekanntes Mittel von mehreren Flug-

von Haken filed a patent application on fuel-air explosives in 1933.
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Using von Haken’s patent, Mario Zippermayr (Austrian, 1899-1979) and other scientists devel-
oped and tested fuel-air explosives during World War II, as shown in Figs. 3.77-3.90 [CIOS ER
201, NavTecMisEu 548-45]. Historian Rainer Karlsch explained the development program [Karlsch
2007b]:

During the war a group of scientists under the direction of the Austrian physicist Mario
Zippermayr made use of the patent belonging to Kurd von Haken. They improved the
concept of the coal dust bomb. [...]

Zippermayr’s activities for the Air Force and the establishment of his research institute
probably did not begin until 1942. The swift progress of the group is therefore even
more astounding. Zippermayr was not, however, the scientific “brain” of the group, but
rather its loyal Nazi manager.

According to reports by the US Forces Austria Counter-Intelligence Corps, his group
had 35 individuals employed in locations in Vienna and in Lofer, Tyrol. The most
important research project was the development of a highly explosive warhead with
which the anti-aircraft missiles ‘Enzian’ (Gentian) and ‘Schmetterling’ (Butterfly) were
to be fitted.

The project work was accelerated in the second half of 1944, after the landing of the
Allies at Normandy and the assassination attempt on Hitler. At that point the SS took
over the most modern weapons development projects, and tried to bring these weapons
to a usable stage of development. Among the many exotic ideas there were also some
technically very demanding projects such as the development of nerve gases, missiles
and nuclear explosives.

Himmler’s organization also had an influence on the project of SS officer Mario Zipper-
mayr, and in this case the cooperation between researchers and the SS was probably
especially close. The researchers were on a promising path, as Zippermayr reported
in October 1944 in a report for the Reichsforschungsrat (Research Advisory Council)
labeled “Geheime Kommandosache” (Secret Commando Matter). He referred to exper-
iments that took place in the spring of 1943 with 60 kilograms of a mixture of coal dust
and liquid oxygen in the vicinity of the air base Zwolfaxing near Vienna. The explosions
broke windows up to 1.5 kilometers away. As far as 3.5 kilometers away, windows and
doors that had been pulled to were pushed open by the explosions.

The project was given the code name “Witches Cauldron” [Hexenkessel]. Contributors
to the project were scientists from Dynamit Nobel Corporation, Rheinmetall-Borsig,
the Ballistic Institute in Gatow, as well as specialists from the brown coal industry and
from the Zippermayr group. Probably there was at least one more SS research group
that conducted similar experiments in Silesia and in other locations.

According to information that reached British intelligence early in 1945, a test north of
Berlin achieved a destructive radius of approximately 600 meters. The heat and pressure
wave ignited trees in the target area and knocked them over. The air force could have
made good use of such a weapon. The plan was to target these at aircraft formations
via anti-aircraft missiles. As far as we know, these missiles were never used, however.
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But the new bomb could have been used against large surface target areas. This was
a very real danger. According to American secret service reports, the German military
possessed at war’s end 5-ton “liquid air bombs,” as the thermobaric bombs were called
then. In the National Archive in Washington, there is a document naming a plant in
Nordhausen, in the Harz region, where the V-2 missiles were produced, as the location
for the production of even larger “oxygen bombs” (yet another name for these same
bombs). [See pp. 562-563.] An actual use of the bombs never occurred.

Even as late as the capitulation, the victors possessed only vague secret service informa-
tion about the super bomb. Nevertheless, there was an interest in the immediate study
and development of this technology, of course under conditions of utmost secrecy. For
this reason, Zippermayr was repeatedly questioned by the Chemical Warfare Service,
beginning on 3 August 1945. During a later interrogation in 1949, he told the Americans
that with his bomb—whether with pulverized coal dust or with gas or other liquids—he
could achieve the area destruction of a small atomic bomb. Furthermore, the production
of such a bomb would be much cheaper.

In contrast to other prominent German weapons industry researchers, there was re-
luctance to transport the SS man Zippermayr to the United States. However, several
of his colleagues were offered the opportunity to continue their research in America in
the context of “Operation Paperclip.” Apparently the Soviets also benefited from the
knowledge produced by the Zippermayr group. According to an American report, Hein-
rich Mache, a professor at the Technical University in Vienna, was forced to conduct
experiments with coal dust explosives in October 1945 under Soviet supervision.

The terrible fruits of the Zippermayr group did not just remain in the arsenals. They
were used as “enhanced blast weapons” in the Vietnam War and in 1969 in Soviet-
Chinese border conflicts at the Ussuri River. This name comes from the fact that the
temperatures achieved by these bombs were not extreme. This changed in the late
1980s when the reaction temperature was raised substantially through added metallic
particles, primarily aluminum, but also through other metals, as well as through oxygen.
The principle of the thermobaric bomb, however, remained the same and is one example
for the fact that it was not just in the case of missiles and jet planes that the victors
in the Second World War made use of the knowledge of the defeated powers. That the
technology behind the “father of all bombs” is old hat should not obscure the fact that
this is a weapon of mass destruction that should be forbidden.

Note that the use of powdered aluminum in explosives to enhance the temperature and blast (as
described above) was also developed in wartime Germany; see pp. 5790-5793 [BIOS 27; BIOS 100;
BIOS 1261]. Thus the “thermobaric” and “enhanced blast weapons” built by the United States
and other countries after the war were entirely derived from technologies that had previously
been designed and demonstrated in Germany and Austria, based on information and materials
obtained from German-speaking scientists, as well as the direct assistance of many of those scientists
themselves (as shown below).

An August 1949 JIOA document, Immigration of Austrian Scientists to Soviet Zone, listed several
key members of Zippermayr’s team [NARA RG 319, Entry A1-134A, Box 31, Folder 02/006 430]:



3.4. EXPLOSIVES 549

FRITSCHE, Doz. Dr. Ing. Volker, Technische Hochschule, Vienna. Formerly with the
Zippermayr Laboratory engaged in research in use of coal dust as antiaircraft explosive.
Member of the Electro-technical Institute, Technische Hochschule. Reportedly making
survey for Russians on high frequency prospecting for oil.

HOENIG, Dr Alfred, Scheffsnoth 8, Zell am See, Austria. Formerly worked at Zip-
permayr Institute engaged in research on coal dust explosives. Chemical Corps and Air
Corps interestd. Chemical expert interviewed subject and ZIPPERMAYER, and agreed
that their theories were basically sound and could not be permitted to reach potential
U.S. enemies. It will be recommended that these two with KILLIAN be employed in U.
S. HOENIG fears that he might be kidnapp|blacked out]

KILLIAN, Karl, Hattlegasse 40, Hitzing, Vienna XIII, Austria. Mathematician and aero-
dynamics expert who formerly worked with ZIPPERMAYER and HOENIG on Pfeil
aircraft, torpedoes designed to be released from great heights and torpedoes with lu-
minous underwater trails. Being considered along with HOENIG and ZIPPERMAYER
for employment in U. S. by Chemical Corps.

MACHE, Prof. Dr. Heinrich, Pokenvgasse 25, Vienna XIX/117. Professor at Technische
Hochschule, Vienna and regular member of Austrian Academy of Science. In October
1945, conducted experiments with coal dust explosives under Soviet orders. Specialist
on discharge of electric energy in gases.

ZIPPERMAYR, Prof. Dr. Mario, Lofer Au 3, Zell am See, Austria. Stateless. Chemist.
NSDAP member and SD from 1937 to 1945. Headed Zippermayr [blacked out] in coal
dust explosives. [blacked out]. See HOENIG and KILLIAN.

BE[ETZ?], Dr.—Halle, Germany. Formerly with Zippermayr Institute engaged in re-
search on methods of transmitting course of enemy bombers to night fighters and on
dust explosions.

MELDAU, Dr. Ing—Last reported at Spremberg, Germany. Formerly with Zippermayr
Institute engaged in research on coal dust explosives.

Zippermayr and some of the other scientists were extensively interrogated after the war, and some
were taken to work for the United States, Russia, or other countries.

Zippermayr’s Austrian group was part of a much larger wartime program to develop, test, and
mass-produce fuel-air explosives (pp. 550-551).

There were several reports of successful tests of fuel-air explosives during the war. Some archival
documents even mentioned fuel-air explosives actually being used on the Eastern front during the
war. See pp. 552-561, 2627-2635, 4434-4435.

By the end of the war, at least 7000 workers had mass-produced 5-ton fuel-air explosive bombs and
stockpiled them (pp. 562-563). There were also stockpiles of fuel-air explosives in an assortment of
smaller sizes. Those stockpiled bombs were probably taken by Allied countries after the war.

Much more historical research on this topic could be quite enlightening.
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Figure 3.77: A large program, including a group led by Mario Zippermayr, developed and tested
fuel-air explosives during the war [Bundesarchiv, Berlin-Lichterfelde, R 26/III, Aktenbestand Nr.

52).
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Figure 3.78: A large program, including a group led by Mario Zippermayr, developed and tested

fuel-air explosives during the war [AFHRA A5183 frame 0351].
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Authority AND 4101 -

NARA RG 77, Entry UD-22A,
Box 163, Folder Australia

INHMAEDGAR HOOVER

B
& DIRECTOR

Federal Burean of Inuestination
United States Department of Justice
Mashington, A. d.

August 16, 1943

PERSONAL AND CONFIDENTIAL
BY SPECIAL VESSERGER

Major Ceneral George V. Strong
Assistant Chief of Staff

G-2, War Dspartment
Washington, D. C.

Dear CGeneral Strong:

Information has been received through a confidential
source that a German newspaper representative in Spain who
had recently come te that country from Germany has stated that
Cermany has a new weapon, It is a hmge liquid air bomb which
is to be carried in special aireraft directed by radio rays.
The bomb is supposed to be able to destroy everything within
a radius of five hundred meters.

It is reported that it is the intention of the German
High Command to use this new weapon against the south of England
to prepare for an invasion. The German newspaper representative
reportedly stated that this weapon cannot be counterbalanced by
the Allles, who could not use it against Germany even though
they knew all of its secrets of operation because they had no
nearby base necessary for its operation. It is reported that
the German bases in the north of France are close enough to
England to permit its use against England. 3

I thought this information wauld be of interest to you
as possibly bearing on the DSM Project.

Sincerely yours,

John Edgar Hoover
Director

Figure 3.79: J. Edgar Hoover. 16 August 1943 [NARA RG 77, Entry UD-22A, Box 163, Folder

Australia.
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Figure 3.80: A reported test of a fuel—alr explosive (or possibly a chemical agent) [NARA RG 319,
Entry NM3-85A, Box 1007, Folder 157361 THRU 157370].
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DECLASSIFIED | ' - SECERET 01573868

Authority 144 00 HEADGUARTERS XIX COEPS
By M& NARAI)MEQL%E&”l Office of the Chemical Qfficer
e e AFO 270

18 April 1945

g ‘tyg—éY CJsS —EEL1ST Ne 3
!’
INTERNOGAPION OF PW (OFFICER) WITE KNOWLEDGE OF COMPRESSED AIR SHELLS.

1. PERSOFALITY: CLAUS, DETLLEV, VIERTH, let Lt. H5th Group, V Medical Corps
Berlin. Age: 24. Lenght of service: 4 years. This P¥ mas captured when he
gave himself up to troops of the 35th Infantry Division in vic BURGSTAIL.

he had only one year of private medical practice before being ordered into the
German Medical Corpe. His medical training was extensive and had been taken
at Heldelberg, Munich and Hamburg. He has traveled extensively. Since his
capture he: has busied himself with t he medical care of other German PW's.
This man stated that at one time he was slated to become a member of a secret
service group controlled by the Gestapo but that a trace of Jewish blood exist-
ing somewhere along the line of his ancestry prevented this assignment. He
claims that he is not a2 Partei member and he appears to hold a grudge against
the P artei. This attitude may account for his eagerness to impart information.
In fact, the man implied that such was the case.

The informant, interrognted on 17 April 1945 at the 35th Infantry Division
CP, is an intelligent and well educated person. His organization, the V Medical
Corps Berlin, ranks very high in Germean military circles. He 1s a very willing
informantd perhaps a bdit too willing- in that he offered his services as a
"stoolpigeon'. Be accused the Americane of being very lax in their interrogation
procedure and stated that many civilians and P¥'s were sure to have knowledge of
the V weapons and other information of value concerning the German Army. The
informant's extreme desire to impart information and his offer of his services
as 2 'stoolpigeon' is a bit unusual and may only be an effor on this part to
curry favor for himaelf. The man has coneiderable ego, althsugh he cannot be
considered t © be conceited. This informant showcd not the slightest sign of
nervousness during the interrogetion. He seemed sincere and his calm end
assured recit=l of f£acts gave the impression that the man muet have some vast
performances uvron which to base hiestory. In view of past stories concerning
the compressed air shell, the informant's information ie of such & nature that
it warrants being fitted into the intellligence plcture.

2. Pwhlg STORY

a. Medical conference: The informant stated that in June of 19uL he was
notified to attend s medical conference to be held at the KAISERHOF (Ministry
~of Propaganda in BERLIE. This meeting was celled by the Ganeral Staff of the
German Army and was attended by practically all of the more improtant Nazi
of ficers including General Meyer and Genersl Guderian the tank experi. “he
informant stated that he was invited to attend this meeting because he was
more or less well known to the German medical clique in that he had performed
a few favorably considered medical experiments. The conference lacted for three
days and its purpose was to bring under medical digoussion the possibdility of
. putting a sudden and victorious end to the war through the use of newly de-
¢ o~ yelo~ed chemical weapons. <The medical steff was to conesider and report upon
EJT‘J the effscts upon the human body of these weapons. Bacteriological warfare eas
icr\diacusaed-and the Ydde discarded as(bfiﬁé;%gagf‘tical. Final discussion was
i -

i r ‘ ' 5 ] ) Trov u.po n b the
\'lcente ?d U‘Don ‘thﬁ?, Omrea ed- Eir she

-

NARA RG 319, Entry NM3-85A, Box 1007, Folder 157361 THRU 157370

Figure 3.81: A reported test of a fuel-air explosive (or possibly a chemical agent) [NARA RG 319,
Entry NM3-85A, Box 1007, Folder 157361 THRU 157370].
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addition of a Greenring £58, . This addition of the gas to the shell (also
rocket or borb) would, according to the informant, make the munition abeolutely
deadly. Informant also stated that the compressed air shell (minus the gas
which was not ready for use at that time) was employed mgainst the Bussians
in the Caucausian Kuban sector and that the Russians threateded CW
retalintion 1f Germany continued to uee the shell. Germany discontinued the
use of the shell because of the fear of Allied retaliation and continued to
experiment with the 'compressed air plus gas shell' which was to be completely
devastating. When the facts concerning this air-gas shell were given to the
medical staff, the medical staff objected to 1ts use as not being humanitarian
but the objection was dismissec and over-ruled. The conference was dismissed
when t he medicsl ateff zgain strongly oppesed the use of the air-gas shell
on the grounde that it would endancer the civilian population.

b. The Compressed Air —. Gas Munition: The informant stated that experiments
on this new shell had been carried on in 1942, 1943, and 1944 and that the gas
was now ready to use in combination with the compressed air munition. Thie
alr-gas mixture can be used in V-bombs, nebelwerfers, bomb or artillery shell.
The informent claimed he saw & demonstration in which 88 mm ammunition was
employed. Thig shell, according tc¢ the informant, was marked with & green band
(approx. 2 cm wide) that runs around only about three-foruths of the ogive. The
shell has double walls which are necessary to contain the compressed air.

The informant would not pin this compreseed air down as being ligquid oxygen.
The shell slso contained a deadly and new Greencrose gne. The shell also,
according to the informant, had two fuzes protruded slightly from the eides of
the shell but he had no explanation to offer when asked how a shell fuzed in
such a manner could be fired from an artillery piece. The informant is
apparently convinced that the compressed air shell plus the Greenring gas is
abeolutely deadly.

c. ZXpployment of the Compressed Air — Gag M : One German plan for the
use of this munition calls for a sudden and huge concentration upon Allied
troons regardless of the fate of German civilians. The cheos resulting gro-
the initial concentration is to be followed by smaller concentrations. " he
German plan devends for its success uvon the initial concentration being:
sufficisntly deadly to cause complete disorganisation of the Allied units and
upon its effect being horridle emough to prevent sure Allied CW retaliation.
(Fote: Such a large concentration again brings up the guestion of cepabilities.
Informant believes Gerrany has considerable suitable weapons in reserve as
well as sufficient fanms tic and well trained S5 troops to cerry out the plan.)
Another plan calls for the initial use of a 'vomit gas' in order to force
Allied troovs to remove their masks. This 'Vomit gas' supposedly penetrated
our filter. Once the vomit gas has done its woek, the gas-alr shell is em-
ployed and the effect upon the allied troops is insured. The informant
stated that even German filters would not protect against the vomit gas.

d. Test of the Alr — Gas Shell: The informant claims to have seen the
air-gas munition tested at Paderborn on 10 January 1945. Live animals were
used to conduct the experiment. The tests weme conducted using tanks to
fire into groups of live animals at a range of aporox. 1400 yards. The
inform-nt claims to have seen these shells taken &nto the tanke and to have
actually seen them fired with devastating effects upon the animals. Immediate
death resulted with no external distrubance of the animals' carcass. “e wea
among the medics that examined the dead animals and he stated t hat the lungs

wera 'crumnled and erushed{, and that much internal bleeding had taken place.

SECkui

Figure 3.82: A reported test of a fuel-air explosive (or possibly a chemical agent) [NARA RG 319,
Entry NM3-85A, Box 1007, Folder 157361 THRU 157370].
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«nternal organs had also mssumed a dirty ‘powder-burned' color. Among other
conclusions drawn at this test was the fact that the German troovs rust not
be closer to the bureting shell than 1800 yards in order to prevent injury
to the troops. When asked if this range included a safety factor, the in-

formant replied that it did or else a 1470 yard range would not have been
employed during the test.

e. Compressed mir-gse shell Conference in Sudptenland (Joachimstpl): The

informant claims that he was present for & time at & meeting of the type
formerly held in Berlin. This meeting was held about eight weeka mgo end
again the German medical clique and topnotch Nazl officers were in
attendsnce. The purpose of this meetinz was io announce the perfection of
the air-gas shell and to discuss 1ts tacticsl employment. The shell was
announced as being perfected and in mass production (informant did not know
where) =nd ready to use. Cnece agein medical objections wars voted down.
Himmler, high Nazi officials and Gestapo members wars in favor of ite use
and were in favor of an all out "sink or swiml attempt. If the ettempt
failed, Germany would go down aleng with the Nagi regims. Informant stated
that Army generals at this meeting for the most part refused to commit
themsaives. Other Army generals vrotested against its use s & sure way

to bring about Allied chemical warfare. The word 'S8charnhoret!, when
glven to troops 18 asunposedly the code signal that will bring about the

uge ¢f the air-gas shell.

7, CONCLUSION: Information gmined from the informant appears to be a Dbit
vague and confused in regard to certain points, but some of hie ctatemente
seem fairly reliable and evidently have some meassure of faundation. 1In
view of some repors of the use of ca.vressed air shells on the Eussian
front, the man's story is worthy of some considerstion. The lnforment has
been taken to the mein Finth Army PWE and bac been tagged for interrcgation
by highér hesdquarters.

DALE W. BLACK
Capt., CVWS,
CWS ERIST #3
let Ind
HEADO UAKTIHS WINTH US AEMY, Office of the Chemical Officer, AP0 339 U.S. Army,
o April 1945

T0: Chief Chemical Office, Hesdouariers Twelfth Army Group, AP0 655, U.S. Army.

Forwarded.

H.WALMSLEY
Colonel, OWS
Chemical Officer

By

éﬂb:gﬁhﬁhu;i

Figure 3.83: A reported test of a fuel-air explosive (or possibly a chemical agent) [NARA RG 319,
Entry NM3-85A, Box 1007, Folder 157361 THRU 157370].
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i Pi' claims that gas discmliﬂe in his unit was more emphasized in
1944 then in 1945, He hos had no gas drill this years In 194 unit
had one gcs r“rnl and wee,hy gos lec tuwres, rhn,]qh hove now, been discon-
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PW Intelligence Bulletin No 1/49, AFHRA folder
506.61951 Nos. 1/47-1/56 13 Mar--9 Apr 1945, IRIS 207526
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P" Haw 208 kg gas bombs in BabsNO  OTE (I’o‘land‘)., Iuly 1;.- Nose of
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with the center et GSGS 1416/¥2/015332. @nly tk, rocket projector. end
Special ammo was s‘cored the*‘e. 0 Nem e, g

Wi - He saw 28 em &res<=1uft (Stuka zu Fus") rock{et project Lgmmo marked
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Figure 3.84: Reports of stockpiled fuel-air explosives and other weapons. PW Intelligence Bulletin
No 1/49 [AFHRA folder 506.61951 Nos. 1/47-1/56 13 Mar-9 Apr 1945, IRIS 207526; AFHRA
A5185 frames 840-841].
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PW Intelligence Bulletin No 1/49, AFHRA folder
506.61951 Nos. 1/47-1/56 13 Mar--9 Apr 1945, IRIS 207526

e

1% Intelligence Bullatin No 1/49

IV states thet Iressluft shells (Stuka zu Fuss) exhaust the oxygen
of the air, 3 =~ 6 shells will destroy everything within a radius of
2 km, IV further claims thet it has been used on the alsace fronte

(Sourcet Gefr Hens XOHREW H( 63 4rry Corps eaptured 7 Merch, FW dia
not seem reliablie and arpeared to suffer frcm battle shoek.)

I was civilisn technical exzpert on high tension electricsl systems,
He reported weekly at Bese Construchion Depet, 20 Goslerschestr, HILDES-
HEIM.. He cverheard a discussion- middle Jan, on the safest place to
store radium end liouid zir rocwet propelled torpedoes. All the mine
shafts in HILS GEBIRGE were_revieved. thWe ssphzlt works et ESCHERSHAUSEN
ras most often mentioneds T% is knowa as GUSTLV 4DOLLH STOLLEN (GSGS

(Source: Martin BINDERN.GEL, arrested WRDINGEN? 5 March)

12, Pressluft Ammo (Continued)

13, Redium and Liquid air Togpcdosa
L4416/7)/361710)

14, On HITLER's Orders

Boxes with the inscription "Nur auf Befehl des Fihrers zu d¢ffnen"
were observed & varicus locations;

L4 « 5 truck lords were observe: in HIMBURG - BLWNKENSEE. 3 or 4

Feb 45, Boxes were sren in several unicdentified places in Germany, 20

Feb. A R} box-car marked vith the inseription was seen in JUNKERLTH
(Zifel), Dec L4k ‘

5«10 bombs marked with the inseription were scen at airport in
GARDERMOEN (Norway), Summer 43. Boxes were scen in AVIGNON (France)
Jan = Feb 43 :

. Rocket projector ammo be~ring the inseription was seen on E front,
1943. (I'v thinks it wo= Pilled with Iressluft.) Boxes were scen on E
front 1942 by several IVs. It was rumored in one case that contents

‘W@7e 2 a8 amno.

Boxes were grey, black or unpainted, appr 125 x 80 .x 40 em. Ins-
eripti aswere seen in black, white, yellow, end red letters, 10 = 15 ecm

high.

(Sources 0/Gefr Ytto DOMICK 9 Iara Remt captured J March vic DURSCHAFEN
and 7 others)

To be Opened in "D Falle"

In ODENDORF (nr EUSKIICHEN), Des Lk, IW saw wooden boxes 130 x 80 x

+30°= 35¢cm; clcged with tin bands. Boxes were morked in black letters

(10 cm high) "Im 'D' Falle zu &ffren". TV stetes they were delivered to
V-2 sites in area and were leter moved to other sites in the Westerwald.

(Soux)'cea H.G. WOLFF HQ Coy 1 Bn 982 VG Reagt captured 9 March vic ROITZ~
HEIM

1
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Figure 3.85: Reports of stockpiled fuel-air explosives and other weapons. PW Intelligence Bulletin
No 1/49 [AFHRA folder 506.61951 Nos. 1/47-1/56 13 Mar-9 Apr 1945, IRIS 207526; AFHRA
A5185 frames 840-841].
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antasiay German Secret Weapens

2 cm sourccs of doubtiul religbility
: Homsver. in yicy of the

The fc-nllowing gtories cro £
what they arce worshe

oducts of tho imagmaﬂ:r_.on,‘ .
them, thoey erc princed for

Preambléo
and may well be’ puve joial
striking gimilerity bciween

First Story

i DECLASSIFIED
Authority MADGHEGFH

- i REINANGE at
Around 15 Sept Lk, CP of 1127 Cren Regh 559 Inf rufr v:a:u.’;z‘ﬁilg J;ﬁuds
GSGS 4416/U1/912797. Lt wes a warm, Sunmy dcy . with al ut;wh SR i
and no wind, At ebout 1600 PW was sy~uding uetr :thu (:l’ Us’v B eough
observed a formetion of Aliicd cirersalh Losd, fiywng _:r.\,mt .30 1;{1950 e
to bo recognized as four-aobored plonos, ted up to pln

e ecun
vere flying in close formations

Thile PV watched thom pess by. he sew what he bat‘.?oved to be a zimiia
fig}xter plane (grey color, no identificati-n mrrks) eiiub and appfog o
Allied formation frem an easterly directirn, PV states‘that the Lfl{ﬂ.“. e:br
plene® was flying at an sbnormelly high speed ard that i¢ penetrated into

N the midst of tho formetion rpparently without being fircd atse Suddenly
theré appeared, where tho "fighter plene® had beon before, & red br1l of
fire, somewhat largor than the pl-ne itself, . split second later, tho
ball of fire turned into a rcpidly expending red cirele (parallel to tl}e _
ground)e This circlc was bluish-red at its odgo, and as its diameter 1n-
‘ereesed, the interior of the cirelo boccame en ompty spacc. 48 the cirele
envelopad the planes, they seemed to just discppeore "In a matter of sec-:onds
the entirve formotion of Allied plunes hed disappecred, ond the sky was just

as 1t hed been before,

PY discussed the ineidont yith several others who hed wiitnessed 1%,
including a Hptm of 1559 Arty Rogbts This officer (wheo wes subscquently
killed) told him that the *fighter plane® in guesticn was a wocden miniature
plene with a speed of over 1079 km per hcur and which ~as opercted by remote
gontroly The name of the plane is IIGWET. The Hptm told him that he hed
lived near an airfield vhere such plrnos werc tected and thet he hed recog-

nized it at onees ‘
(Source: Werner LUTMER, Uffzs HQ 1127 Gren Regt)

HITIBR's Plans dbout 10 Oet JJ, the CP of 1127 Gren Regt was visited by
the 1st general staff officer (I-a?) of XIII SS Corps (.n Obcrstlt, nome
unknown)e PV talked for about 10 to 15 minutes to this officer's driver, a
Rottenfuehrer, who told him the followings :

Hep the Rottenfuehrer, had overheord e converanti-n botween the general
staff officer end HITIER and HIMMIER, who hod visited the XIII'SS Corps HQ a
few days befores, During the e-nversation he hrd overheord HITIER say that
"the new secrot weapon" would not bo employcd until a 24 hour mostery of the
eir and sea could be guarantecd, HIM/ITR is suppcscd to have added: thet onother
prerequisite was a temperaturc of 10 dogmes below 0,

(Source; 1bid)

=

SECRR®T
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NARA RG 165, Entry NM84-79, Box 1916,
PW Intelligence Bulletin 2/32, 30 January 1945

Figure 3.86: A reported test of a fuel-air explosive. PW Intelligence Bulletin 2/32, 30 January 1945.
[NARA RG 165, Entry NM84-79, Box 1916].
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NARA RG 165, Entry NM84-79, Box 1916,
PW Intelligence Bulletin 2/32, 30 January 1945

. SECRET
B ' P INTELLIGCNGE BULIDTIN No 2/32

13, Fantamia:; German Scerct Woapons ( Continued)

Second Story

On 6 Jan 4, botwoen 1308 ond 1400 hrs, PV saw a formation of four-
motored Jmerisan Liborators flying over STETTINs Ho heard a noisc like that
of a V-2 toking off and 68W g large red bell ascending rapidly toward the for-
mations It appenred to grow ans it rcsce There was a loud explosion and ho
saw broken parts of planes falling,

PW comments that thore werc throe divisicns(e) of Flek in ection at the
time (3 x 72 pleces), but when ho roturned to PERNEMUENDE he was told by a
friend who worked in the officors' club that this hed beon the first aettompt
with' a now scerot weapon and that 47 planes were brought dcwn by the singlo
shots 4nother friend in Flek Regt 11, STETTIN, told ?W that the Flek hed
fired anti-personnel charges tnt day instoad of usuel Flek ammunitions When
PV asked why, he was told that the cmmunition wos left ovor from AFRICA end
hed to bo uscd upe PW's own commont (sco elso PW INTCILICENCE BULLETIN 1/13
Item 17) is that it makes moro noise and might bo used to hide the noise of
the secret weapone

(Source: S/Gefr Franz KRIEMER, 5 Para Morter Bn § Perd Div)

SEORRET
- 16 -

i

Figure 3.87: A reported test of a fuel-air explosive. PW Intelligence Bulletin 2/32, 30 January 1945.
[NARA RG 165, Entry NM84-79, Box 1916].
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in the Sonthofen Area.

BIOS 142. Information Obtained from Targets of Opportuni

(g) Liguid sir bowb

As the resedrch on the atomic bomb under Graf von
Ardenne anc octhers was not roceeaing as repidly as had
been hoped in 1944, it was decided to proceed with the
development of & liquid =ir oomb. ‘Hxperiments using ord-
inary_ powdered coal were not at all successful, but ex-
tremely good resuits were ooteined from a_sixiure consis-
ting of 60, finely jpowuered dry obrown coal and 4049,

/.

liquid air. The tecnaic2i man res.onsibie for this

wors was Dr. Zispelmeier, The first trial was made on
the D8beritz grounac uear Seriin using = charge of

sbout & kg of powder in a thian tia -l:te container. The
liguiu air was poured on to the cJowier, and the two

were mixeu together with a lonz wooden stirrer. Xreut-
zfela did this himsel?®, and was ,regent st the enguing
test. In an -reax ¢f radius 300 to 050 metres trees etec.
were 8li comoletely dJdestroyed. Trnerezftzr the explosion
started to rise and oaly the tops of ®ne trees were
affectea, although tiie intencive exzlosion covered an
ares 2 xm. in radius. “iz.elmeier tren nad the idesa that
g better effect mignt be obteined 1i tune powder wes
scread out im the form oi o cloud oefore ine explosion.
Trials were mzae with & psper container imvregnated

witl some wixy substance. A meial cylinder wes attacned
to the lower eng %1 this container =-nd hit the ground
firsl, dis_ecrsing tne vowaer. .sIter & swnort time inter-
val o” the order of 1/4 second a swmall charge in the
metal cylinuer exrioceo and ignitea tne awark funnel
shugeu aust - liouid air cleld. fThe bombs had to be
filled iimedlsately —rior to the e arture of the aircraft.
Bombs with chsrges of 25 sna “0 kg. of wowder were
é¢roc-red on wae “tarcergerses, znd wznotograris of the ex-
vlogion were taJen. Stanaerveafiirer rlumn keot a
rhotosrapn o1 che recuit acu showed it to Erandt (Fimm-
ler's personsl acdviser!. Me iantensive exylcsion cov-
ered an area 4 to 4.5 M. ra dius, and the exulosion was
8till Felt on & racius le.5 xm. %uen the boxrdb was arop
ped ¢a an sirfield, ruech uestruction was caused 12 2

L] 4

away, ané +1l tuhe trees on a hillside £ to 6 im. away

were flat. (u a radius of 1z.% :m. only the tops of the
trees were Gestroyed.

A Lr, YFannenksam® was 8also conceraed in this work with
Dr. Zigoelmeier, and both scientists were worliug for
the ...lL.w, in the lruoratories of & research institute
near Vienas, Abgut tne sng of Sentewmber 1944 Zippel-
meier was moved o the Zoran Gyroscoric comuass factory
in Fleuen, Vegtland (Suxony ), but was vrobuoly evae-—
cated before the Russians occu.ied the area. The wat-
eriels of the exrylosive were mtae by the sneciaiists of
the Nooel comzan

Figure 3.88: Reported tests of fuel-air explosives [BIOS 142, pp. 4-5]. The tests sound real although
the blast radii (reported secondhand and from memory) seem exaggerated for the amounts of explo-

sives and dispersal methods described. The

“waxy substance” coating the container was probably

to keep the coal dust from sticking to the container.
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NARA RG 331, Entry UD-18A, Box 157, Folder
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SECRET
Figure 3.89: By the end of the war, at least 7000 workers had mass-produced 5-ton fuel-air explosive

bombs and stockpiled them [NARA RG 331, Entry UD-18A, Box 157, Folder 319.1-2 Reports—
Evacuation of Targets & Target Addresses].
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Figure 3.90: By the end of the war, at least 7000 workers had mass-produced 5-ton fuel-air explosive
bombs and stockpiled them [NARA RG 331, Entry UD-18A, Box 157, Folder 319.1-2 Reports—
Evacuation of Targets & Target Addresses].
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3.4.3 Shaped Explosive Charges

Similarly, German-speaking scientists led the development of shaped (or hollow) explosive charges,
which concentrate the force of an explosion in a particular direction—for example in the forward
direction to penetrate tank armor upon impact (Fig. 3.91), or radially inward in an implosion bomb
to compress nuclear fuel (Sections D.8-D.9).?

Franz von Baader (German states, 1765-1841, Fig. 3.92) designed and utilized shaped charges for
mining.

Gustav Bloem (German?, 18771977, Fig. 3.92) invented metal-lined shaped charges as detonator
caps.

Carl Julius Cranz (German, 1858-1945, Fig. 3.92) worked on many aspects of ballistics and sup-
ported Franz Rudolf Thomanek and others in developing militarily useful shaped charges.

Rolf Engel (German, 1912-1993, Fig. 3.92) was an expert on rockets, explosives, shaped charges,
and implosion designs. He worked on secretive weapons projects for the German military during
World War IT and for the French military after the war.

Ernst Richard Escales (German, 1863-1924, Fig. 3.92) published handbooks and journals about a
wide variety of explosives and explosive techniques, including shaped charges.

Max von Forster (German, 1845-1905, Fig. 3.92) designed, tested, and published descriptions of
shaped explosive charges.

Hellmuth von Huttern (German?, 1977-1977, Fig. 3.93) worked with Franz Rudolf Thomanek in
developing the first prototypes for military shaped charge weapons.

Heinrich Langweiler (German?, 1977-1977, Fig. 3.93) led the team that developed the Faustpatrone
and Panzerfaust anti-tank weapons [BIOS 99; BIOS 100]. See also p. 2143.

Hans Mohaupt (Swiss, 1915-2001, Fig. 3.93) brought the concept of shaped explosive charges to
the United States, leading to the design of the bazooka.

Egon Neumann (German, 1877-1977, Fig. 3.93) developed sophisticated shaped charge explosives
in 1910 and helped to publicize the general concept [George Brown 1998, p. 166; Walters and Zukas
1989, pp. 12-13].

Hubert Schardin (German, 1902-1965, Fig. 3.93) worked for the Luftwaffe as an expert on the
design and experimental measurement of shaped explosive charges and implosion bombs [Krehl
2009, pp. 1160-1162; Nagel 2012a, p. 149ff.]. After the war, he worked for the French military.

Erich Schumann (German, 1898-1985, Fig. 3.93) ran a Heereswaffenamt (Army Ordnance Office)
program to design and conduct experimental measurements of shaped explosive charges and im-
plosion bombs [Karlsch 2005; Nagel 2012a].

9George Brown 1998; DOD 1953; DOW 1945a; Field 2017; Karlsch 2005; Kennedy 1990; Krehl 2009; Mrazek 1970;
Nagel 2012a; Simon 1947a; Walters and Zukas 1989; BIOS 99; BIOS 100.
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Alfred Stettbacher (Swiss, 1888-1961, Fig. 3.94) designed and tested shaped charges.

Franz Rudolf Thomanek (Austrian, 1913-1990, Fig. 3.94) began designing and developing hollow-
charge antitank weapons in 1932 and worked on them until 1945.

Walter Trinks (German, 1910-1995, Fig. 3.94) worked closely with Erich Schumann as part of the
Heereswaffenamt (Army Ordnance Office) program to design and conduct experimental measure-
ments of shaped explosive charges and implosion bombs [Karlsch 2005; Nagel 2012a].

The chemist Simon Field [Field 2017, pp. 131-132, 136] emphasized the contributions of many of
the above scientists to the development of shaped explosive charges:

In 1792 the twenty-six-year-old German Catholic philospher, theologist, and mining
engineer Franz Xaver von Baader came up with a way of saving gunpowder in mines. The
idea was to make a conical of mushroom-shaped hollow in the front of the gunpowder
charge. His reasoning was not recorded, and it is not clear what effect it had, if any, but
it was used in Norway and later in the mines of the Harz Mountains in Germany]...]

Things were a little different ninety-one years later, in 1883. The chief company engineer
of the nitrocellulose factor of Wolff and Co. in Walsrode, Germany, was a man named
Max von Forster. Von Forster tested a hypothesis “to give the detonating gases of gun-
cotton a certain direction aiming toward the target” through a series of experiments
with hollowed-out charges. “Estimated on the whole, it appears that the effect of the
hollow cartridge of the same size and less weight is superior to the full one of more
weight.” [...]

In 1883 Gustav Bloem patented a metal detonator cap with a hollow in it, to get a
“concentration of the effect of the explosion in an axial direction.” This was the first
lined cavity shaped charge.

[...] Dr. Franz Rudolph Thomanek, on February 4, 1938, discovered the importance of
the metal lining. |...] Between then and 1943, Thomanek experimented with different
hollow shapes and different liner thicknesses, including tapering the thickness.

In Zurich in 1937 a Swiss engineer, Dr. Henry Hans Mohaupt, also came up with a
metal-lined hollow cavity shaped charge, and tried to get the British government to pay
him for the expense of developing it. |[...]

Mohaupt brought his idea to the United States on October 18, 1940. First developed as
a rifle grenade, the idea morphed into a rocket-propelled munition with a shaped charge
armor-piercing warhead that became known as the “bazooka” [...]

A small group of German soldiers successfully used two innovations, troop gliders (p. 1701) and
shaped explosive charges, to land at and penetrate through the thick reinforced concrete walls of
Fort Eben-Emael in Belgium in May 1940 [Mrazek 1970].

For more information on the use of shaped charges and implosion for German nuclear weapons
during World War 11, see Section D.8.
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Erteilt auf Grund des Erstien Uberleitungsgesetzes vom 8.]uli 1949
(WiGBL 5. 175)

BUNDESREPUBLIK DEUTSCHLAND

AUSGEGEBEN AM
2. AUGUST 1956

DEUTSCHES PATENTAMT

PATENTSCHRIFT

N 946 689

KLASSE 72i

GRUPPE 3o

INTERNAT. KLASSE FO07] ———
S 33412 X1 [72i

Henri Hans Mohaupt, Brunswidk, Me. (V.5t. A.)

ist als Erfinder genannt worden

SAGEB, Société Anonyme de Gestion et d'Exploitation de Brevets,
Freiburg (Schweiz)

Ziindung eines Sprenggeschosses, dessen Hohlraum-Sprengladung vorn
eine vorzugsweise kegelférmige Metallauskleidung aufweist

Patentiert im Gebiet der Bundesrepublik Deutschland vom 8. November 1940 an

am 9, 1954

bek
a

Patenterteilung bekanntgemacht am 12. Juli 1956
Die Prioritht der Anmeldung in Frankreich vom 9, November 1939 ist in Anspruch genommen

Die Erfindung bezieht sich auf die Zindung |
eines Sprenggeschosses, bei dem in der Hohlraum- |
Sprengladung mindestens eine vorzugsweise kegel- |
formige Auskleidung angeordnet ist, deren Spitze
dem GeschoBboden und deren Basis einem Hohlraum
im Kopf des Geschosses zugekehrt ist.

Es ist bekannt, dad Sprengkérper, die mit einem
gegen den zu sprengenden Gegenstand, z. B. eine
Panzerplatte, gerichteten Hohlraum versehen sind,
ein groBeres Durchschlagsvermogen erzielen als ein
volles SprenggeschoB von gleichen dufleren Ab- |
messungen, Diese Steigerung der Durchschlags-
kraft ist unter dem Namen Neumannefiekt be-
kannt, Die hohlen Sprengkérper werden in Berg-

werken und Steinbriichen viel verwendet, denn
man erzielt damit eine betrichtliche Sprengstoff-
ersparnis.

Bei eciner frilher vorgeschlagenen Anwendung
des Neumanneffektes auf Geschosse hat das Ge-
schof einen diinnwandigen Spitzbogenkopf, der sich
beim Aufschlag breit driicken soll. Die Spreng-
ladung enthilt vorn einen kegelférmigen Hohl-
raum, der mit einer kegeligen Metallauskleidung

| versehen ist, um eine Verlagerung des Spreng-

stoffes in den Hohlraum beim Abschufi zu ver-
hindern. Man nahm an, daf sich beim Aufschlag
nach Zertril g des dii i GeschoB-

kopfes der Neumanneffekt in gleicher Weise aus-
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Erteilt auf Grund des inzwischen aufgehobenen § 30 Abs. 5 Pat.-Ges.

AUSGEGEBEN AM
17. JANUAR 1957

REICHSPATENTAMT

PATENTSCHRIFT

) 768 133
KLASSE 72d GRUPPE 180
Bi1orzqo Xi/72d

Nachtriglich gedruckt durch das Deutsche Patentamt in Miinchen

(§ 20 des Ersten Gesetzes zur Anderung und Uberleitung von Vorschriften
auf dem Gebiet des gewerblichen Rechisschuizes vom 8. Juli 1949)

Dipl.-3ng. Franz Rudolf Thomanek, Bindlach-Bayreuth

ist als Erfinder genannt worden

C. Brandmayer, Berlin-Steglitz,
und ipl.=Fng. R. Thomanek, Bindlach-Bayreuth

Sprengladungskérper fiir panzerbrechende Geschosse

Patentiert im Deutschen Reich vom 10. September 1940 an
Patenterteilung bekanntgemacht am 4. Oktober 1956

Es sind panzerbrechende Geschosse be-
kannt, bei denen die Sprengladung einen
kugelformigen, kegelférmigen oder anderen
Hohlraum am vorderen Ende hat. Bei einem
bekannten derartigen GeschoB ist auch der
Hohlraum mit einer Auskleidung versehen
zu dem Zweck, die Sprengmasse vor Feuch-
tigkeit und mechanischen Einwirkungen zu
schiitzen. Die Sprengladungen selbst be-
stehen aus brisanten bzw. hochbrisanten
Sprengstoffen, wie aromatischen Nitro-
korpern, z B. Trinitrotoluol, Pikrinsdure
usw., oder aus Hexogen, Tetranitropenta-
erythrit, Nitroglyzerin oder auch aus Mi-
schungen derartiger Sprengstoffe. Sie konnen

Abb.7

Wwirkung

Abstand —

aber auch aus Sprengstoffen auf Ammon-
salpeterbasis bestehen. Da die Kérper durch
Pressen der Sprengstoffe hergestellt wurden,
bestand die Gefahr, daB beim Abschuff des
Geschosses der Sprengkdrperhohlraum ein-
gedriickt wird. Um dies zu verhindern, soll
nach dem bekannten Vorschlag eine Aus-
kleidung angebracht werden, die unter Be-
riicksichtigung der Abschuigeschwindigkeit
bemessen wird.

Der besonderen Gestaltung des Hohlkérpers
und der Auskleidung ist bisher keine groBere
Bedeutung beigelegt worden. Die Erfindung
beruht demgegeniiber auf der Feststellung,
daB die panzerbrechende Wirkung von Ge-

Rbb.2

-

Figure 3.91: German-speaking scientists led the development of shaped explosive charges, as illus-
trated by these examples of patents from Hans Mohaupt and Franz Rudolf Thomanek.
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Shaped explosive charges

Franz von Baader Gustav Bloem Carl Julius Cranz
(1765-1841) (1822-19?? (1858-1945)

Rolf Engel Ernst Richard Escales = Max von Forster
(1912-1993) (1863-1924) (1845-1905)

Figure 3.92: German-speaking scientists who were responsible for the development of shaped ex-
plosive charges included Franz von Baader, Gustav Bloem, Carl Julius Cranz, Rolf Engel, Ernst
Richard Escales, and Max von Forster.
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Shaped explosive charges

Hellmuth von Huttern Heinrich Langweiler Hans Mohaupt
aos?r?-197? (19?2?-19?? (1915-2001)
Egon Neumann Hubert Schardin Erich Schumann

(1822-1927) (1902-1965) (1898-1985)

. )

&

s
-

-
Ct

Figure 3.93: Other German-speaking scientists who were responsible for the development of shaped
explosive charges included Hellmuth von Huttern, Heinrich Langweiler, Hans Mohaupt, Egon Neu-
mann, Hubert Schardin, and Erich Schumann.
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Shaped explosive charges

Alfred Stettbacher Franz Rudolf Walter Trinks
(1888-1961) Thomanek (1913-1990) (1910-1995)

Figure 3.94: Other German-speaking scientists who were responsible for the development of shaped
explosive charges included Alfred Stettbacher, Franz Rudolf Thomanek, and Walter Trinks.
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3.4.4 Radio Control and Electric Timers for Explosives

In addition to developing explosives, German-speaking creators invented precise electrical means
of detonating the explosives, including radio control and electric timers.

Ferdinand Schneider (German, 1866-1955) invented radio-controlled mines in 1904 and patented
them in many countries, directly inspiring subsequent copies and implementations. See Fig. 3.95.
Schneider also created many other electrical inventions, including radio systems, radio-synchronized
clocks, depth charges, audiovisual equipment, and wind turbines.

As shown in Fig. 3.96, Herbert Rithlemann (German, 1902-1977) invented time-delay electric bomb
fuses in the 1920s. Ernst Marquard (German, 1897-1980) helped to further develop them during
World War II.

Bombs equipped with such time-delay fuses can be set to detonate hours, days, or even longer after
they are dropped. Because people in the targeted region do not know what times the fuses are
programmed for, they do not know if it is safe to begin clearing and repairing the damage from the
attack. Thus time-delay bombs can cause much more chaos and institutional paralysis than bombs
that detonate immediately upon impact, especially when bombs with many different time settings
are dropped at once.

Both Riihlemann and Marquard aided ordnance development in the United States after the war.
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Ferdinand Schneider (1866—1955)

Radio-controlled mines (1904) + many other electrical inventions
UNITED STATES PATENT OFFICH.

FERDINAND SCHNEIDER, OF ]..A:"{G’ENFEI.D,' GERMANY.

Ho. 850,972. . PATENTED APR. 23, 1907
) F. SOHNEIDER.

WIRELESS RECEIVING APPARATUS FOR EXPLODING MINES.
APPLIOATION FILED JAK, 3, 1806.

“

» 27

111k

- and by striking against the angles 5 6 thor.

i

* ratus.

26

A+

5

Figure 3.95: Ferdinand Schneider invented radio-controlled mines in 1904;

other electrical inventions.
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WIRELESS RECEIVING APPARATUS FOR EXPLODING MINES.

Wo. 850,872, ' Bpecification of Letters Patent.

Patented April 23, 1607,

Applicavion filed Jxnuary 3, 1906, Serial No, 284,480,

Lo all whom it may voncern: !

Be it known that I, FErpinasxp ScpNei-
DER, 2 citizen of Germany, residing ut La
enfeld, Rheinland, Prussia, have mvente |
new and useful Wireless Keceiving Appara- |
tus for Bxploding Mines; and I do hereby de- |

A eircular recess is formed in the board 2,

into which fits one of the well-known alarm-
clocks.  The;elock is fastened to the board

by means of angle-pieces 24 23, and the dial 60
and the hands of the clock are visible from

the back of the board 2. When the alarm

clare the following to be a full, elear, and ex- | is running ‘down, the hammer 22 strikes

act description of the same. |

My invention relates to the rec -
wires of the receiving apparatus.

In Figures 1 and 2 of the annexed drawings
the new receiving apparatus is disgrauunat- |
ically illustrated by way of example. Fig. 3 |
shows the electric expioding apparatus in a |
larger scale.

Keferring to a submarine mine, as shown
in Fig. i of the annexed drawings, an elee-
trie exploding apparatus ¢ is inserted into the
floutingeinine casing & for the purpose of fir-
ing the charge of the mine by means of elec-
tric waves. The mine 7 is-anchored to the
bottom » of the sea by means of the anchor
I, su that it is situated helow the water-level
a. The receiving-wires d and e, consisting of
cables with india-rubber sheaths, are con-
neeted to the elecirodes o p of the eleetric ex-
ploding apparatus and are made tight at the
place where they are led into the mine-casing.
The ends & and ¢ of the receiving-cables are
supported by the floats f and g and are so
formed that they extend into the air in the
form of tufts. T'he positions of the floats f g
may be specially secured by means of an-
chors L and m.

For land-mines, Fig. 2, the receiving-
wires ¢’ & are. lso made of india-rubber-in-
sulated eableand are placed under the earth’s
surface o’ and lead to the casing b’ of -the
mine and exploding apparatus.  The ends of |
the receiving-wires extend out of the soil as |
terminal capacities " 4’ in the form of tufts.

This receiving arrangement for electric |
waves has the advantage that the terminal
capas s thereof are not conspicuous, which
is desirable for purposes of military engineer-

cploding apparatus ¢, which
in a separate patent appli
1. 281,548, filed October 5, 1003,
anel entitled ¥ Improvement in apparatus for

hloding mines by means of eleciric waves,”
is more particularly shown in Fig. 3. The |
two metal strips 3 and 4 are so fastened to
the board 2 that the coherer-gap is formed at
1. Both these strips 3 and 4 are hent Ln‘
form an angle at 5 and 6, respectively.

incandescence, so that the explosive powder |
mixed with it is ignited, thus igniting the
explosive piled up or arranged near it.

As described above, the battery-contact |
12 10 is opened on winding up the alarm, so |

time are no source of danger to the layer of
the miine, s although the latter waves render
the powder conductive nevertheless, the cir-
cuit being opened, no action can result.
After a certain time the spring of the alarm
runs down, the hammer 22 begins to work,

that any electric waves resulting at the same {

oughly shakes u{‘: the powder, so that it is
cumf()lntely decohered when the part 19 of\
the key 14, turning from right to left, presses
down the contact-pin and connects the local |
battery with the coherer. This decoherer-
ing of the powder before the closing of the
local circuit is important, because it prevents
that when the powder should be decohered
by waves wrising during the laying of the
mine it is ign at once by merely closing
the local circuit.  After closing the local cir-
cuit the coherer is ignited by electric waves
and ean therefore be exploded from sparking
stations situated at a distance
aving thus described my invention, what

I claim as such, and desire to secure by Let-
ters Patent, is— v

1. Receiving apparatus for exploding sub-
marine ‘and land ‘mines adapted to be ex-
ploded by the aid of electric waves, compris-
ing a mine-chamber, an exploding device |
arranged in said chamber and sensitive to |
electric waves, and long horizontal receivi

ing.
wires connected with said exploding appa-

2. Receiving apparatus for explosive sub-
marine and lnanminer« adapted to be ex-
ploded with the aid of electric waves, com-
prising a mine-chamber, an exploding device
arranged in said chamber and sensitive to
electric waves, and long receiving-wires con-
nected with said exploding apparatus the
said receiving-wires being insulated with the
exception of their ends.

3. eiving apparatus for explosive sub-
marine and }uumimrs adapted to be ex-
ploded with the aid of electric waves, com-
prising a mine-chamber, an exploding device |

conduetively connected with the cob
electrode 4 by wire 16 and contact-serew 26.
The spring 10 is conductively connected by Se

against hoth the angle-bends 5 and 6. .
The knob 18 serves for sotting the time at 65
which the explosion is to tuke place and the
setting the hands of the clock.
for winding up the works of the
; ves for winding up
o movement of the key 14 is 7¢
cans of

4 s

cured & vulcanite strip 11, to which the con-
tact-springs 10 12 are fitted. The upper
contact-spring 12 carries the contact-pin 13, 75
which is pressed down to form contact by the

part 19 of key 14. The contact-spring 12 is
-

the'wire 9 with the positive pole of the bat-
tery 8, while the negative pole is condvet-
ively connected by the wire 7 and contact-
rew 25 with the coherer-electrode 3. The
clectrudes 3 and 4 are connected to the re- 85

The u])parn!us‘ works as follows: The clock

is wound up and the hands set to the proper
time, and then the time at which the explo-
sion is to take place is also set by means of go

the knob 18. The key 14 is now- turned
through an angle of ninety degrees from left
to right until it comes into contact with the

stop 21, thus winding up the spring of the

m, and the contact of the spring€12 and g5
10 is opened, so_that the battery 8 is now
switched off. The person laying the mine
then shakes the igniting coherer-powder onto
the division 1,0 that it covers the surface be-
tween the angles 5 6. This coberer-powder, 100
which is disclosed in a separate patent appli-
cation, Scrial No. 281,549, dated October 5,
1005, and entitled “An explosive colerer-
sonsists of minute und vers thin
ecaves mixed or aggregated with an 1cs”
It has this property, that it is
non-conductive, so that even high ppten-
tials may be employed without passing
through.~ If, however, this coherer-powder
is submnitted to the action of electric waves, rie
this resistance is purtially overcome. The
current {lows through and heats the mass to

explos

arranged in said chamber and sensitive to
electric waves, and long insulated receiving-
wires connected with said exploding appr-
ratus and arranged in such a manner that g5
only the free ends thereof extend inte the
atmosphere, the other portions of said cables
being situated below the surface of the water
or earth.

4. Receiving apparatus for explosive sub- 6o
marine and land mines adapted to be ex-
ploded with the aid of electric waves, com-
prising a mine-chamber, an exploding device
arranged in said chamber and sensitive to
electric waves and long insulated receiving- 65
wires conneeted with said exploding appa-
ratus said wires being situafed beﬁ)w the
surface of the water or earth with the excep-
tion of the free tuft-like ends which extend
into the atmosphere. 7

5. Receiving apparatus for explosive sub-
marine mines adapted to be exploded with
the aid of electric waves, comprising a mine-
chamber, an exploding device arranged in
said chamber and sensitive to electric waves, 75
and long insulated receiving-wires connected
with said exploding apparatus and arranged
in such a manner that only the free ends
thereof extend into the atmosphere, said
ends being supported by floats, the other. 8¢
portions of said cables being situated below
the surface of the water.

6. Receiving apparatus for explosive sub-
marine mines adapted to be exploded with
the aid of electric waves, comprising a mine- 85
chamber, an exploding deyice arranged in
said chamber and sensitive to electric waves,
and long insulated receiving-wi
with said exploding apparatus and arranged
in such a manner that only the free ends go.
thereof extend into the atmosphere, said
ends being supported by anchored floats, the
other portions of said cables being situated
below the surface of the water,

In testimony whereof I have signed my o5
name to this specification in the presence of
two witnesses.

FERDINAND SCHNEIL

In presence of—
Bessie F. Duxvar,
Lovis Vaxponx.

c

R.

he also created many
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Time-delay electric bomb fuses

April 15, 1930. H. RUHLEMANN 1,755,023 March 3, 1931. H. RUHLEMANN 1,794,421
ELECTRIC PUSE FOR PROJECTILES ELECTRIC PERCUSSION FUSE FOR SHELLS, ETC.
Filed June 22, 1927 Filed Dec. 15, 1929
Fig.7.
7 7
Herbert / L
¢ Riihl - 70N
iihlemann | o
5. “'-.\;;— S |
1902-1927)  t—LF h\
. Z }5:’ s \
G | 7.
g X . ARk
— N Lr 72
F A 9: A s, A2
7 2
Fig.2.

B ’ + mV s S /\( - ‘ 7
’f: oF g ‘§ 7

=00 ez &7
%, Y.

.
Jan. 19, 1932, H. RUHLEMANN 1,841,983 Feb. 14, 1933. H. RUHLEMANN 1,897,863
ELECTRIC IGNITER WITH CONDENSER AS STORING CONTACY DEVICE FOR TRANSFERRING ELECTRICAL
DEVICE FOR THE IGNITION CURRENT ENERGY INTO PROJECTILE IGNITER
Filed Oot. 10, 1951 4 Sheets-Shoet 3 Filed June 30, 1552 9 Shests-snest 1

Ernst

Marquard
(1897-1980)

Figure 3.96: Herbert Riihlemann invented time-delay electric bomb fuses in the 1920s, Ernst Mar-
quard helped to further develop them during World War II, and both aided ordnance development
in the United States after the war.
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3.5 Chemical Warfare Agents and Pesticides

German-speaking scientists dominated the development of chemical warfare agents and pesticides,
including:'°

3.5.1. First-generation chemical weapons
3.5.2. Insecticides

3.5.3. G-series nerve agents

3.5.4. V-series nerve agents

3.5.5. Other chemical weapons

Figure 3.97 illustrates the chemical structures of some major chemical warfare agents and pesticides.

Figures 3.98-3.110 show some of the German-speaking scientists who were involved in developing
and testing chemical warfare agents and pesticides.

3.5.1 First-Generation Chemical Weapons

Several compounds became famous or infamous after their first use in World War I (Fig. 3.97). They
were developed by German-speaking scientists, but then later copied and used by other countries.

The cyanide-containing Prussian blue pigment was developed in the German-speaking world around
1700. Hydrogen cyanide gas derived from the Prussian blue pigment was called Prussic acid. It was
deployed to some extent on WWI battlefields, but was also used as an insecticide. In World War
II, it was called Zyklon B and used in the gas chambers of the Holocaust, yet even long after the
wars, it was still used for government executions in the United States.

Chlorine gas, two chlorine atoms bonded together, was used on World War I battlefields, and is
caustic to lungs, eyes, and other sensitive tissues with which it comes into contact.

In phosgene gas, the two chlorine atoms were coupled to a carbon atom and an oxygen atom,
making the molecule more readily absorbed by tissues and hence even more toxic.

In mustard agent, the two chlorine atoms were linked to a hydrocarbon chain. This hydrocarbon
chain gave mustard agent an oily feel, made it persist on surfaces for long periods of time instead
of rapidly dispersing like a gas, and allowed it to penetrate through skin so that it could attack
even people wearing gas masks.

10Fyiedrich et al. 2017; Gellermann 1986; Grohler 1989; Hager 2008; Harris and Paxman 2002; Hein Hofmann 2008;
Kaszeta 2020; Pfingsten 2003; Stoltzenberg 1994, 2005; Szollosi-Janze 2015; Tucker 2006; Zecha 2000; BIOS 110;
BIOS 542; BIOS 714; BIOS 760; BIOS 761; BIOS 782; CIOS ER 33; CIOS II-1; CIOS IX-4; CIOS XI-12; CIOS
XXI-4; CIOS XXIV-19; CIOS XXVI-49; CIOS XXVII-34; CIOS XXVIII-59; CIOS XXX-19; CIOS XXXI-86; CIOS
XXXII-13.
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The U.S. chemical weapons expert Jonathan Tucker described how Fritz Haber (German, 1868—
1934) and other German scientists developed the first generation of chemical warfare agents [Tucker
2006, pp. 10-12, 18-19):

Because Germany possessed the world’s most advanced chemical industry, it enjoyed an
inherent advantage in this type of warfare. [...]

The individual who became responsible for developing chemical weapons for the German
War Office was Professor Fritz Haber, a brilliant young chemist and ardent Prussian
nationalist who directed the Kaiser Wilhelm Institute for Physical Chemistry in Berlin.

]

In late 1914, Haber had the idea of loading artillery shells with chlorine, which the
German chemical industry produced in large quantities for the production of dyestuffs.
When a shortage of artillery shells ruled out this method of delivery, he proposed instead
that chlorine be released directly from pressurized gas cylinders, allowing the wind to
carry the poisonous cloud over the enemy’s trenches. |...]

In mid-January [1915], Haber ordered the chemist Otto Hahn and several other col-
leagues to help prepare the chlorine attack. [...] The German chemists helped to organize
a special unit for gas warfare called Pioneer Regiment 36. |[...]

In December 1915, the Germans fired shells containing phosgene, a gas used in the dye
industry that was eighteen times more toxic than chlorine. |[...]

In an effort to circumvent the Allied use of protective masks and respirators, Haber
and his colleagues developed a new chemical warfare agent that attacked the skin as
well as the lungs. Called “mustard” because of its sharp, garlicky odor, it was an oily
liquid that was readily absorbed through the skin, giving rise after several hours to
severe chemical burns and blisters. In July 1917, once again at Ypres, the Germans
began firing mustard-filled shells containing an explosive burster charge that shattered
the liquid agent into a fine mist that was colorless or light yellow. Like phosgene, the
effects of mustard were insidious: symptoms developed only after a delay of three to
twenty-four hours (with a mean of ten to twelve hours), so that troops often did not
realize that they had been exposed to the agent until it was too late.

[...] Mustard soon became the most dreaded of chemical weapons and was dubbed “the
king of the war gases.” Not only was it highly persistent, clinging to clothing and
equipment and contaminating the battlefield for days or even weeks, but its ability to
penetrate the skin forced troops to augment their respirators with cumbersome oilskin
capes, goggles, and leather or rubber garments. This protective gear could be worn only
for short periods, however, because it caused heat stress and seriously impaired fighting
efficiency.

Fritz Haber won the 1918 Nobel Prize in Chemistry for unrelated work to chemically synthesize
ammonia on an industrial scale (p. 453).

During World War I, Fritz Wilhelm Lommel (German, 1875-1968) and Georg Wilhelm Steinkopf
(German, 1879-1949) developed a chemical method for the large-scale synthesis of mustard agent.
Ever since then, mustard agent has commonly been known in the German-speaking world as LOST,
combining the first two letters of their last names.



3.5. CHEMICAL WARFARE AGENTS AND PESTICIDES 575

WWI chemical agents
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Figure 3.97: Chemical warfare agents and pesticides, including chemical agents used during World
War I, some important early insecticides, nerve agents produced during World War II, and related
nerve agents produced after World War II.
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Wolfgang Alt Otto Ambros Otto Bayer
(197?7-19??) (1901-1990) (1902-1982)

I.G. Farben Leverkusen

[,

?? von Bock Gerhard L. Bottger Kurt Brand

(197?7-19??) (1977-19??) (197?7-19??)
Dyhernfurth —1945;

USSR 1945--

Figure 3.98: Some creators who were involved in developing and testing chemical warfare agents
and pesticides included Wolfgang Alt, Otto Ambros, Otto Bayer, 77 von Bock, Gerhard L. Bottger,
and Kurt Brand.
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Rudolf Criegee Gerhard Ehlers Harry Endler
(1902-1975) (192?7-19??) (19?7-19??)
Chemisches Institut
TU Karlsruhe

?? Fischer Ferdinand Flury ?? Gebauer
(197?7-19?7) (1877-1947) (19??7-19?7)

Figure 3.99: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Rudolf Criegee, Gerhard Ehlers, Harry Endler, 77 Fischer, Ferdinand Flury,
and 77 Gebauer.
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Siegfried Glupe Eberhard Gross Max Gruber
(1909-19?? (19?7?-19??) (19??2-19??)
Army Ordnance Office IG Farben Gendorf Anorgana
Fritz Haber Otto Hahn Rudolf Hanslian
(1868-1934) (1879-1968) (1883-1954)

WW I gases WW I gases

.’:k‘;\'

Figure 3.100: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Siegfried Glupe, Eberhard Gross, Max Gruber, Fritz Haber, Otto Hahn,
and Rudolf Hanslian.
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Paul Hartmann ?? Heinman Hans Henke
(192?7-19??) (1927-19??) (192?7-192??)
Walter Hirsch August Hirt Friedrich Wilhelm
(192?7-19??) (1898-1945) Hoffmann (1910-1967)
Testing Organic synthesis

Figure 3.101: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Paul Hartmann, ?? Heinman, Hans Henke, Walter Hirsch, August Hirt,
and Friedrich Wilhelm Hoffmann.
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Heinrich Horlein ?? Hoyer Erich Hiickel
(1882-1954) (197?7-19??) (1896-1980)
New organophosphate
nerve agents

?? Jannsen ?? Jung L. Klebert
(192?7-19??) (192?7-19??) (192?7-19??)
Leverkusen

Figure 3.102: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Heinrich Horlein, 7?7 Hoyer, Erich Hiickel, ?? Jannsen, 77 Jung, and L.
Klebert.
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Wilhelm Kleinhans Jiirgen von Klenk Otto Klimmer
(197?7-19??) (1909-19?? (197?7-19??)
Carl Krauch Gerda von Kriiger Richard Kuhn

(1887-1968) (192?7-19??) (1900-1967)
SR 1932 organophosphate Soman, etc.
nerve agent DFP

Figure 3.103: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Wilhelm Kleinhans, Jiirgen von Klenk, Otto Klimmer, Carl Krauch, Gerda
von Kriiger, and Richard Kuhn.
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Hans Kiikenthal Karl Kiipper Willy Lange
(192?2-19??) (192?7-19??) (192?7-19??)
insecticide testing Schrader’s assistant 1932 organophosphate
nerve agent DFP

J. von der Linde Fritz Wilhelm Walter Lorenz
(197?7-19??) Lommel (19?7?7-19??)
(1875-1968) VX-like agents

Mass production
of mustard agent

Figure 3.104: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Hans Kiikenthal, Karl Kiipper, Willy Lange, J. von der Linde, Fritz Wilhelm
Lommel, and Walter Lorenz.
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Paul Hermann Miiller Wilhelm Neumann ?? Nold
(1899-1965) (1898-1965) (19?7?-19??)
DDT

Hermann Ochsner H. Oettel Albert Palm
(19?77-19??) (1977-1994)
Dyhernfurth

Figure 3.105: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Paul Hermann Miiller, Wilhelm Neumann, 7?7 Nold, Hermann Ochsner, H.
Oettel, and Albert Palm.
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Karl Quasebart Karl Rath ?? Rhein
(1882-19?? (1927-19??) (1927-19??)

Gerhard Ritter Leopold Ruzicka  Wilhelm Sandermann
(1902-19?? (1887-1976) (1909-1994)
Pyrethroid insecticides

Figure 3.106: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Karl Quasebart, Karl Rath, 7?7 Rhein, Gerhard Ritter, Leopold Ruzicka,
and Wilhelm Sandermann.
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Ernst Schegk Walther Schieber Hanshelmut Schlor
(1972-19??) (1896-1960) (1972-19??)
VX-like agents VX-like agents

?? Schmall Siegfried Schmidt Gerhard Schrader
(19??2-197?) (19??2-197??) (1903-1990)
Army Ordnance Office Insecticides, tabun,
sarin, VX-like agents

Figure 3.107: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Ernst Schegk, Walther Schieber, Hanshelmut Schlor, 77 Schmall, Siegfried
Schmidt, and Gerhard Schrader.
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Erich Schumann Joseph Sextel Leopold von Sicherer
(1898-1985) (19?7-19??) (19?7-19??)
Army Ordnance Office Chemical munitions

Chemical, biological,
_and nuclear weapons

Hermann Staudinger Georg Wilhelm Hugo Stoltzenberg
(1881-1965) Steinkopf (1883-1974)
Pyrethroid insecticides (1879-1949) o
Mass production
of mustard agent

,,,,,,

Figure 3.108: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Erich Schumann, Joseph Sextel, Leopold von Sicherer, Hermann Staudinger,
Georg Wilhelm Steinkopf, and Hugo Stoltzenberg.
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Gerhard Strauss Ernst August Struss Friedrich von
(1972-19??) (1972-19??) Tempelhoff
(1878-1941)

Fritz ter Meer ?? Tolkmitt ?? Vogel
(1884-1967) (19??7-19??) (192?7-19??)

TER MEER Fritz

Figure 3.109: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Gerhard Strauss, Ernst August Struss, Friedrich von Tempelhoff, Fritz ter
Meer, 7?7 Tolkmitt, and 7?7 Vogel.
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Theodor Heinrich Wieland Richard
Wagner-Jauregg (1877-1957) Willstitter
(1903-1992) adamsite riot (1872-1942)
Paperclip control agent, Chemical
alpha amanitin warfare filters

\J

\

Karl Wimmer Wolfgang Wirth Othmar Zeidler
(1910-1946) (1898-1996) (1850-1911)
Testing Testing DDT

Ay WRTHD-W &

Figure 3.110: Other creators who were involved in developing and testing chemical warfare agents
and pesticides included Theodor Wagner-Jauregg, Heinrich Wieland, Richard Willstatter, Karl
Wimmer, Wolfgang Wirth, and Othmar Zeidler.
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3.5.2 Insecticides

The German-speaking world also produced the most important early insecticides, which had a
worldwide impact and became the prototypes for improved insecticides. Dichloro-diphenyl-trichloro-
methylmethane (DDT, Fig. 3.97), with five chlorines coupled to two benzene rings, was first pro-
duced in 1874 by Othmar Zeidler (Austrian, 1850-1911). Paul Hermann Miiller (Swiss, 1899-1965)
discovered DDT’s insecticidal properties in 1939. DDT was rapidly transferred from the German-
speaking world to many other countries [Brooks 1974, pp. 7-17] and was widely used to curtail
insect-borne diseases in the 1940s—-1960s. Miiller won the Nobel Prize in Physiology or Medicine in
1948 for DDT, drawing the praise of Professor G. Fischer, a member of the Staff of Professors of the
Royal Caroline Institute [https://www.nobelprize.org/prizes/medicine/1948/ceremony-speech/|:

The story of DDT illustrates the often wondrous ways of science when a major discovery
has been made. A scientist, working with flies and Colorado beetles discovers a substance
that proves itself effective in the battle against the most serious diseases in the world.
Many there are who will say he was lucky, and so he was. Without a reasonable slice
of luck hardly any discoveries whatever would be made. But the results are not simply
based on luck. The discovery of DDT was made in the course of industrious and certainly
sometimes monotonous labour; the real scientist is he who possesses the capacity to
understand, interpret and evaluate the meaning of what at first sight may seem to be
an unimportant discovery.

Dr. Paul Miiller. I have tried to give a brief survey of the historical development of
DDT. Your discovery of the strong contact insecticidal action of dichloro-diphenyl-
trichloromethylmethane is of the greatest importance in the field of medicine. Thanks
to you, preventive medicine is now able to fight many diseases carried by insects on a
way totally different from that employed heretofore. Your discovery furthermore has,
throughout the world, stimulated successful research into newer insecticides.

DDT was phased out starting in the 1960s due to concerns about environmental side effects, as
most famously articulated in Rachel Carson’s 1962 book, Silent Spring. However, it was replaced
by other insecticides that came from the German-speaking world.

Scientists in the German-speaking world developed a number of chemical derivatives of DDT that
appeared (and in some cases still appear) to be safer. One was dichlorodiphenyldichloroethane
(DDD), also known a ME-1700. Others were difluorodiphenyltrichloroethane (DFDT, also known
as Lauseto) and monofluorodiphenyltrichloroethane (MFDT), which as of 2019 were still being
considered as attractive and relatively safe insecticides [Zhu et al. 2019].

Hermann Staudinger (German, 1881-1965) and Leopold Ruzicka (Austro-Hungarian/Croatian,
studied in Germany and worked in Switzerland, 1887-1976) identified pyrethroid insecticide molecules
in 1924, and pyrethroid insecticides have been widely used from the 1960s onward as a safer re-
placement for DDT. Staudinger won the Nobel Prize in Chemistry in 1953 for his work on polymers
(p. 480), and Ruzicka won the Nobel Prize in Chemistry in 1939 for his work on hormones (p. 355).

Other early insecticides had an even more profound impact. Organophosphate compounds, contain-
ing both a phosphorus atom and several carbons, were developed as insecticides by Paul Gerhard
Schrader (German, 1903-1990). Parathion (Fig. 3.97) was one of the earliest and best-known ex-
amples, and numerous variations such as malathion were subsequently produced and used to the
present day. Yet because some of the early organophosphate insecticides had some toxicity to hu-
mans as well as insects, they proved to be the key to developing more modern chemical warfare
agents—rapidly acting nerve agents.
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3.5.3 G-Series Nerve Agents

Scientists in the Third Reich produced and tested a wide variety of organophosphate nerve agents,
and created several especially potent ones (which were given postwar codenames beginning with
G for German): tabun (GA), sarin (GB), soman (GD), ethylsarin (GE), cyclosarin (GF), and
isopentylsarin (GH). (The code name GC was not used, to avoid confusion with the U.S. code
name for phosgene, CG [Tucker 2006, p. 105]. GG was likely skipped because of the double letters.)
See Fig. 3.97. Schrader created all of the agents just listed, except for soman which was developed
by Richard Kuhn (Austrian, 1900-1967). After their initial discovery and testing, the agents were
mass-produced by I.G. Farben at several industrial plants led by the chemist Otto Ambros (German,
1901-1990). These G-series nerve agents were exclusively possessed by the Third Reich and were
stockpiled but never used, due to fear that Allied nations would retaliate with much cruder but
still effective first-generation chemical weapons such as mustard agent (pp. 2644-2663).

Jonathan Tucker described the sophistication of nerve agent research, development, and production
during the Third Reich [Tucker 2006, pp. 42, 45, 47-48, 50-51]:

Code-named “Hochwerk,” it would eventually cover an area 1.5 kilometers long by 700
meters wide. |...]

Because of shortages of key equipment and manpower, it took two years and an ex-
penditure of 120 million reichsmarks to complete the Hochwerk plant at Dyhernfurth,
which the Anorgana company headed by Ambros began to operate in the spring of 1942.
The sprawling production complex included buildings for manufacturing basic chemical
ingredients, intermediates, and final products; numerous warehouses and storage tanks;
a bombproof bunker that could hold 1,000 tons of bulk agent; filling lines for loading
Tabun into artillery shells and aerial bombs; a well-equipped medical clinic with a staff
of trained physicians; and barracks for the plant workers. To reduce exposure to air
raids, the main production facility was built partially underground and camouflaged
with trees planted on the roof.

Because of Tabun’s extreme toxicity, the design of the Hochwerk facility included spe-
cial features to protect the plant workers against exposure. Each kettle was housed in
an enclosed operating chamber formed of two spaced glass walls. Between the glass
walls, a ventilation system produced greater than atmospheric pressure, so that the
flow of air was always toward the reaction kettle. Inside the operating chamber, the
air above the kettle was continuously changed by means of a separate ventilating duct,
creating negative pressure. This pressure differential meant that the air contaminated
with Tabun fumes was retained inside the operating chamber. All pipes used to transfer
solutions containing Tabun were double-walled, and their outer surfaces were sprayed
frequently with a weak solution of ammonia and water to neutralize minor leaks. After
each production run, the kettles were decontaminated with steam and ammonia.

No technicians were allowed to enter the operating chambers while the production of
Tabun was under way. Instead, the operators opened and closed valves with long-handled
mechanical levers that penetrated the double glass walls through rubber-sealed gaskets.

]
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Although the standard Germany Army gas mask protected against breathing contami-
nate air, Tabun could also be absorbed through the skin. For this reason, all mechanics
who entered the sealed production chambers to perform repairs and maintenance wore
not only a respirator but a protective suit, cap, boots, and gloves, encapsulating the
entire body. The suit consisted of two layers of rubber separated by a layer of cloth,
making it cumbersome and unbearably hot in summer. Despite these precautions, about
a dozen fatal accidents occurred during the two and a half years of Tabun production,
most of them affecting mechanics performing overhauls of the plant. In one incident,
seven pipe fitters were struck in the face by a pressurized stream of liquid Tabun that
forced itself between their respirators and rubberized suits. |[...]

All seven victims were given intramuscular injections of atropine and a new drug called
Sympotal, but five did not respond to the antidotes and died. |[...]

Dyhernfurth had its own munition-loading facility, which was built underground and
equipped with ventilation shafts. Steel artillery shells and bomb casings were manufac-
tured in a separate building and place on conveyor belts that transported them to the
filling plant. Liquid Tabun pumped from underground storage tanks was loaded into
empty 105 mm and 150 mm artillery shells, 250-kilogram aerial bombs, and artillery
rockets. [...] To compensate for Tabun’s lack of volatility, the bombs contained a central
“burster” tube filled with a high explosive that, detonated on impact with the ground,
would shatter the liquid agent into a mist of tiny droplets, poisoning enemy soldiers
through inhalation and skin contact.

Once an aerial bomb had been loaded with Tabun, the filling port was closed with a
plug that incorporated a tightening pin. Using a wrench, a technician applied seating
pressure to the pin, causing it to shear off and leave the plug in a sealed position, flush
with the surface of the weapon. The sealing plug and adjacent surface were then coated
with a slow-drying pink lacquer that would turn a deep carmine if Tabun lead through
the plug. Near the base of the bomb or shell, workers painted three green rings around
the munition to indicate its contents, along with stenciled numbers providing the date
of manufacture and a code letter indicating the ratio of Tabun to chlorobenzene. |...]

The forced laborers were assigned the most menial, backbreaking, and dangerous tasks
at the Tabun plant, including construction, maintenance, and loading munitions with
the liquid agent. On the filling line, they wore protective clothing similar to a deep-sea
diving suit, with a helmetlike mask covering the entire head and a hose providing a
supply of fresh air. |[...]

While Gerhard Schrader synthesized tabun, sarin, and hundreds of other possible nerve agents
and pesticides, Jonathan Tucker described the role that Richard Kuhn also played in the program
[Tucker 2006, pp. 54, 62-63]:

In early 1943, Colonel Schmidt of the Army Ordnance Office asked Professor Richard
Kuhn, the director of the Institute of Chemistry at the Kaiser Wilhelm Institute for
Medical Research in Heidelberg, to analyze the effects of nerve agents on the central
and peripheral nervous systems. [...]
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Based on these insights, Kuhn’s research team developed a standardized assay that
measured the ability of nerve agents to inhibit purified cholinesterase enzymes in the
test tube. Over the next two years, they used this assay to screen a variety of candidate
nerve agents, some of their own invention and others synthesized by the German Army
chemists at Spandau Citadel. |[...]

[D]uring the spring of 1944, Richard Kuhn, working at the Kaiser Wilhelm Institute in
Heidelberg, made a striking discovery. He was continuing his research for the German
Army by screening a wide variety of organophosphorus compounds—some of which he
had synthesized himself—for the ability to inhibit cholinesterase. Because of the Nazi
obsession with secrecy, his research was “compartmented”: he was not put into contact
with other scientists in the nerve agent field and was completely unaware of Schrader’s
work.

When Kuhn replaced the isopropyl alcohol used to make Sarin with a more complex alco-
hol known as pinacolyl, the resulting substance (which he called Compound 25075) had
a camphorlike odor and was roughly twice as potent as Sarin in inhibiting cholinesterase.
The War Office code-named this new compound “Soman,” and Kuhn synthesized small
amounts in the laboratory.

Toxicological testing of Soman in animals by Dr. Gross at IG Elberfeld revealed that the
new agent was twice as toxic as Sarin by inhalation, readily penetrated into the skin, and
passed rapidly from the bloodstream into the brain, enhancing its lethal effects. Even
more striking, Soman inactivated cholinesterase irreversibly within two minutes, severely
limiting the effectiveness of atropine as an antidote. Over the next several months, Kuhn
and his colleagues tested about fifty analogues of Sarin and Soman for their ability to
inhibit cholinesterase in his test-tube system. The most promising compounds were then
tested on dogs and apes. |[...]

Unlike the view in conventional history books, both Axis and Allied forces very nearly used chemical
weapons in World War II. Germany stockpiled and very seriously considered using its chemical
weapons (both the newer ones like nerve agents and the older ones like mustard agent) against
Allied targets, especially to halt Russian advances on the Eastern Front. The United States and
United Kingdom stockpiled and very seriously considered using their own copies of the chemical
weapons that Germany had invented in the previous war (mustard and phosgene) with the explicit
goal of killing millions of civilians in German cities. The threats by both sides to use chemical
weapons played an enormously important role in how and why the war was waged as it actually
was. For more information, see pp. 2644—2663.

The G-series nerve agents and information on how to produce them were removed from Germany
at the end of the war, and G-series agents have been mass-produced by a wide range of nations ever
since. For example, the postwar U.S./U.K. chemical warfare program was directly copied from the
wartime German program, making extensive use of German scientists, information, and materials

[Tucker 2006, p. 116]:

In addition to Schieber, EUCOM hired about thirty German chemical warfare experts,
some of whom were later transferred to Edgewood Arsenal to continue their work on
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American soil. [...] Several of the German chemical weapons specialists recruited by
Porton Down later moved to the United States, where they were granted U.S. citizenship
and prominent positions.

Similarly, the postwar Soviet chemical warfare program was also directly copied from the wartime
German program [Tucker 2006, pp. 106-107, 145]:

In September 1946, with the aid of captured German scientists, Soviet engineers and
pipe fitters had systematically dismantled the Tabun and Sarin plants at Dyhernfurth,
which the Red Army had seized as war booty, and shipped the production equipment
to Stalingrad. [...]

To assist in rebuilding the nerve agent production lines, the Soviets brought to Stalin-
grad about a dozen German chemists and process engineers from Dyhernfurth who had
been captured by the Red Army. The most senior of the German scientists were Dr. von
Bock, the former production manager. Soon after his arrival, he was ordered to write a
detailed technical report on Tabun production and was questioned at length about the
metal corrosion problems associated with the manufacture of Sarin.

The Sarin plant at Stalingrad started out as a copy of the one at Dyhernfurth, but for
reasons of national pride [Zaharovich] Soborovsky and [Boris] Libman tried to improve
on the German production process. In so doing, they ran into serious technical problems
that resulted in lengthy delays. [...] Although the development had begun in 1948, it was
not until 1959—more than a decade later—that Chemical Works No. 91 was churning
out large amounts of Sarin with a satisfactory level of purity and stability.

For additional examples of the transfer of chemical weapons technologies from the German-speaking
world to Allied countries, see:

BIOS 110. Drdgerwerk Factories at Liibeck, Hamburg and Uetersen. [Protective clothing,
respiration filters, sensors, etc. for chemical warfare]

BIOS 542. Interrogation of Certain German Personalities Connected with Chemical
Warfare.

BIOS 714. The Development of New Insecticides and Chemical Warfare Agents. [original
edition; revised edition only covers insecticides and is less than half as long]]

BIOS 760. German War-Time Development in Fluid Turbulence with Particular Refer-
ence to the Lower Atmosphere and the Meteorology of Chemical Warfare.

BIOS 761. German Bursting Coloured Smoke Shell. Interrogation of Dipl. Ing. C. von
Watzdorf and Dr. W. Sauermilch.

BIOS 782. Interrogation of Professor Ferdinand Flury and Dr. Wolfgang Wirth on the
Toxicology of Chemical Warfare Agents.
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CIOS ER 33. Interview with Dr. Klebert, Dr. Redies and Dr. Knonradi: Synthetic Rub-
ber, Chemical Warfare.

CIOS II-1. German Chemical Warfare Activities in Paris Area.
CIOS IX-4. Interviews on Chemical Warfare.

CIOS XI-12. Production and Use of Aerosols. [Chemical warfare aerosol production,
medical treatment aerosols]

CIOS XXI-4. Miscellaneous Chemical Warfare Information, I.G. Leverkusen.
CIOS XXIV-19. Anorgana G.m.b.H. Werke Gendorf. [Chemical warfare, periston]
CIOS XXVI-49. Heeresgasschutzschule I, Celle. [chemical warfare]

CIOS XXVII-34. War Gas Production and Miscellaneous Chemical Warfare Informa-
tion, Anorgana G.m.b.H., Gendorf.

CIOS XXVIII-59. Aviation Medicine, General Medicine, Veterinary Medicine, and Chem-
ical Warfare.

CIOS XXX-19. Chemical Warfare, I.G. Farbenindustrie AG, Frankfurt/Main.

CIOS XXXI-86. Chemical Warfare Installations in the Munsterlager Area. [very long
and very detailed, including personnel and molecular structures]

CIOS XXXII-13. Production of Smoke, Incendiary and Chemical Warfare Weapons.



3.5. CHEMICAL WARFARE AGENTS AND PESTICIDES 595

NARA Still Pictures, RG 111 SCA---Records of the Chief Signal Officer. Prints: U.S. Army
Signal Corps Photographs of Military Activity During WW II and the Korean Conflict,
1941-1954. Captured German Equipment, German, Box 3347, Book 8, SC 231579.

¥

4] i)
Figure 3.111: Stockpiled German chemical weapons found by U.S. forces in 1945. [NARA Still
Pictures, RG 111 SCA—Records of the Chief Signal Officer. Prints: U.S. Army Signal Corps Pho-
tographs of Military Activity During WW II and the Korean Conflict, 1941-1954. Captured German
Equipment, German, Box 3347, Book 8, SC 231579.]
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3.5.4 V-Series Nerve Agents

A significant innovation in nerve agents first became publicly known after the war. Although G-
series agents were relatively small molecules that dispersed fairly rapidly, if they were coupled to
an oily hydrocarbon chain, they could persist on surfaces for long periods of time and also readily
penetrate through human skin. These improved nerve agents became known as the V-series (for
venomous); VX was the favorite in the United States and United Kingdom, and the similarly acting
VR was the favorite in the Soviet Union (Fig. 3.97). Officially, the invention of this category of
nerve agents was credited to postwar researchers not from the German-speaking world. In 1952,
Ranajit Ghosh and J. F. Newman at the UK Imperial Chemical Industries (ICI) Plant Protection
Laboratory produced a potent V-series agent, Amiton, that had been intended as an insecticide.
Almost simultaneously, Lars-Erik Tammelin of the Swedish Institute of Chemical Defense produced
similar compounds that came to be known as Tammelin esters.

In fact, V-series agents appear to have been invented, produced, and tested in Germany during
World War II.

The chemical approach of coupling a toxic gas molecule to an oily hydrocarbon chain—in order to
make the agent persist on surfaces and penetrate through human skin—is exactly the same strategy
that German chemists used during World War I to upgrade chlorine gas to mustard agent (Fig.
3.97).

German chemists would be expected to consider the same approach to upgrade nerve agents during
World War II. Making the most toxic German chemical agents persist much longer in the environ-
ment, so that they could be used to contaminate areas and block a Soviet advance (see p. 2645 for
such plans), would be a very obvious and very high-priority goal.

Indeed, in 1945 Gerhard Schrader gave U.K. and U.S. officials detailed information on many hun-
dreds of nerve agents that he had developed and tested during the war [BIOS 714; see Fig. 3.112
and Section A.4]. Schrader’s report included a wide variety of V-series agents, composed of G-series
agents coupled to an oily hydrocarbon chain. Furthermore, many of Schrader’s agents possessed
the same molecular features as VX and VR, such as using a nitrogen atom to attach two branches
of hydrocarbons to the toxic part of the molecule. After the war, Schrader, Ernst Schegk, and
Hanshelmut Schlor of Bayer in Leverkusen (part of I.G. Farben during the war) filed patents on
linking an oily hydrocarbon chain to a toxic organophosphate structure, although postwar restric-
tions both delayed public acknowledgement of that work and compelled them to focus on insecticide
applications instead of chemical warfare applications; see Fig. 3.113 and Section A.4.

In the United States (and likely in other countries as well), German experts such as Friedrich
Wilhelm Hoffmann (1910-1967) were employed after the war to mass produce V-series agents.
Hoffmann was also deeply involved in the postwar U.S. development (or perhaps the postwar
transfer /recapitulation of wartime German work) of the Agent Orange defoliant, dioxin, various
other toxins, attempts to harness LSD, and other chemical agents.!!

It is quite possible that Richard Kuhn or others also developed V-series agents in Germany during
the war. Much more archival research is needed to clarify the history of the development and
dissemination of knowledge about V-series agents.

11 Albarelli 2009; Jacobsen 2014, pp. 384-389; Lindemann 2016; Méller et al. 2014; Sandermann 1984; Sorge 2017.
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Ereface

In August - September, 1945, an investigating team interviewed,
amongst others at Kransberg-Dustbin, Dr, Gerhard Schrader, a reaearch
chemist, late of the I,G. Works Elberfeld. 4 brief account was a
obtained of the history of his important series of researches on organic
flucrine and phosphorus compounds, embracing the discovery of the
nerve gases Tabun and Sarin, and of a mumber of potent insecticides.
This account is included in B,I.0,S5, Final Report No.44, Item No, 8.

At the conclusion of the interrogation, the team requested
Dr. . Schrader to prepare a fuller account of this work, including
preparative details, his ideas on the relationship between chemical
constitution and toxicity towards insdcts and warm-blooded animals,
and his suggestions for future work, In response to this request
several voluminous reparts, in part overlapping have been received.
Dr, Schrader has been handicapped in writing these by the destruction
or inaccessibility of his records and notes, so that there are
certain gaps, especially in the insecticidal data and the preparative
methods. Despite this it has been posaible after translation to

‘piece together a coheremt account of his work,

Fortunately several files have come to light containing what
appear to be the results of sérting tests for toxic effect against
aphids of a large mumber of the substances listed in Schraders papers,
These results have been inserted in the Appendices. Some compounds
are mentioned several times in these files and occasionally different
figures are quoted for the insecticidal activity of the same compound,
Where this is so, the higher activity has been included imn this report.

Details of the sorting test used by the entomclogist working
with Schrader have not been found.

The very fact that details are nowhere given is howsver evidence
that it was a standard routine test and for this reason the results
can be accepted as giving a good indication of comparative toxicity,
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Figure 3.112: Gerhard Schrader’s description of the wartime development and testing of V-series

nerve agents [BIOS 714].
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Dr. Gerhard Schrader, Opladen-Bruchhausen
ist als Erfinder genannt worden

Dr. Gerhard Schrader, Opladen-Bruchhausen und
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Farbenfabriken Bayer, Leverkusen

Verfahren zur Herstellung von neutralen Estern der Thiophosphorsaure
Patentiert im Gebiet der Bundesrepublik Deutschland vom 8. Mai 1949 an

cht am 6. 1851

ster folgender Konstitution:
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mit Alky iden zu den e
tralen Estern umsetzen lassen, In vielen l'allenluhn

dieses Verfahren aber nur dann zum Ziel, wenn als

st hekannt, daB sich Salze der Thiophosphor- \ und als Alkylhalogenide die Jodide gewihlt werden,

wurde nun gefunden, daB sich die neutralen ao
Ester der Thiophosphorsaure leicht herstellen las-
sen, wenn beliebige Alkylrhodanide, die im Alkyl-
rest in beliebiger Weise substituiert sein konnen,
mit den technisch leicht herstellbaren Alkalisalzen
der Dialkylphosphite zur Umsetzung gebracht wer- ag
den. Unter Abspaltung von Alkalicyanid bilden
sich die gewiinschten Ester. Es war nicht voraus-
zuschen, da8 die Reaktion diesen Verlauf nehmen

| wiirde. Das Schema der Reaktion ist folgendes:

Farbenfabriken Bayer, Leverkusen

Schadlingsbekampfungsmittel

Patentiert im Gebiet der Bundesrepublik Deutschland vom 11. Oktober 1949 an
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on wartime work.

Gerhard Schrader’s postwar patents on V-series nerve agents, based
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3.5.5 Other Chemical Weapons

German-speaking scientists discovered and developed other categories of chemical weapons too.
For example, R. P. Linstead and T. J. Betts, the British and American chairs of the Combined
Intelligence Objectives Subcommittee (CIOS), described “N-Stoff” or chlorine trifluoride, a highly
corrosive and incendiary German chemical weapon, in a September 1945 report [AFHRA A5186
electronic version pp. 904-1026, Ch. 4, p. 54]:

A new method was discovered for the manufacture of chlorine trifluoride. The value of
this compound is said to lie in its powerful oxidizing properties which causes organic
materials to burst into flame immediately on contact. It also has a quality of liberating
fluorine which attacks glass and rapidly obscures vision in planes or military vehicles.

Chemical weapons expert Dan Kaszeta provided more background information on N-Stoff/chlorine
trifluoride [Kaszeta 2020, p. 39]:

The Falkenhagen site was already in use for production of chemical warfare materiel
unrelated to the nerve agent programme. In 1938, ground had been broken there for a
complex to produce Chlorine Trifluoride (ClF3), which the Army had nicknamed “N-
stoff” —literally “substance N”. It is a particularly vile substance. A very strong oxidizer,
it is both extremely corrosive and poisonous and could be more readily considered to be
an incendiary weapon. It burns many different things, even in the absence of oxygen and
even ignites glass on contact. It reacts with water, including moisture on the skin. The
German military had considered Chlorine Trifluoride as a possible weapon to attack
fortifications such as the Maginot Line because it will burn through concrete.

Germany may have actually employed 5-kilogram shells of chlorine trifluoride!? on the Eastern
Front. An English translation of an Allied-intercepted 9 December 1944 Japanese message from
Stockholm to Tokyo reported [NARA RG 457, Entry A1-9004, Japanese Army Attaché Messages
Translations, SRA 14,200 thru 15,000. SRA 14628-14632. Photos in Pellas 2020, pp. 15-17]:

[...] It is a fact that in June of 1942 the German Army tried out an utterly new type of
weapon against the Russians at a location 150 kilometers southeast of Kursk. Although
it was the entire 19th Infantry Regiment of the Russians which was thus attacked, only
a few bombs (each round up to 5 kilograms) sufficed to utterly wipe them out to the
last man. [...]

The following is according to a statement by Lieutenant-Colonel UE(?K?)I KENJI,
advisor to the attaché in Hungary and formerly (7on duty?) in this country, who by
chance saw the actual scene immediately after the above took place:

“All the men and the horses (?within the area of?) the explosion of the shells were
charred black and even their ammunition had all been detonated.”

Moreover, it is a fact that the same type of war material was tried out in the Crimea,
too. At that time the Russians claimed that this was poison-gas, and protested that if
Germany were ever again to use it, Russia, too, would use poison-gas. |[...]

A number of other German chemical agents with incendiary, freezing, neuropharmacological, and
other properties were also reported.

120r perhaps fuel-air explosive shells or another novel weapon?
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3.6 Physical Chemistry

Due to the dominance of creators from the greater German-speaking world both in the field of
chemistry and in the field of physics, it is not surprising that they founded and led the area of
physical chemistry, the intersection between chemical and physical phenomena.'® Physical chemistry
encompasses many topics such as thermochemistry, electrochemistry, photochemistry, and physical
methods for analytical chemistry.

Some important creators in physical chemistry are shown in Figs. 3.114-3.123 and discussed in
alphabetical order in Section 3.6.1.

Electrochemical battery and fuel cell technologies are discussed in more detail in Section 3.6.2.

For closely related creators and creations in quantum physics and statistical physics, see Sections
5.4 and 5.5, respectively.

3.6.1 General Physical Chemistry

Hermann Aron (German, 1845-1913) developed an improved lead-acid rechargeable battery in 1880,
and it became widely used thereafter. He also developed improved methods of measuring electrical
voltage and current [Katzir 2009, 2013].

Svante Arrhenius (1859-1927) was Swedish but studied and worked in Germany and Austria. In
fact, throughout most of his education and career, he encountered considerable opposition to his
scientific innovations in Sweden, but was given strong support and assistance by creators such as
Ludwig Boltzmann, Rudolf Clausius, Friedrich Kohlrausch, Wilhelm Ostwald, and Jacobus van 't
Hoff. Arrhenius was one of the founders of the field of physical chemistry and won the Nobel Prize
in Chemistry in 1903 for his theoretical insights into electrolytic dissociation. H. R. Tdérnebladh,
President of the Royal Swedish Academy of Sciences, explained the importance of Arrhenius’s work
[https://www.nobelprize.org/prizes/chemistry /1903 /ceremony-speech/]:

Around 1880 Svante Arrhenius—then studying for a doctorate in science—arrived, as
a result of his researches into the movement of electric current through solutions, at
a new explanation of the causes of chemical phenomena, i.e. he attributed them to
electrical charges contained in the constituents of reacting substances. Electricity was
thus introduced as a decisive factor into the theory of chemistry]...]

In the time of Berzelius this notion rested on a qualitative basis only, whereas Arrhe-
nius’s theory determined it quantitatively, thus allowing it to be treated mathematically.
In his doctor’s thesis, twenty years ago, Arrhenius had deduced from this principle all
known laws governing chemical changes, but despite this the new theory was very little
understood. It so conflicted with current ideas as to disprove them. According to this
theory, for instance, common salt, sodium chloride, when dissolved in water splits up to

13For more information on this area, see especially: Brock 1993; Laurie Brown et al. 1995; Bugge 1955; Coffey 2008;
Engels et al. 1989; Farber 1961; Gamow 1966; Thde 1984; Johnson 1990; Jones 2008; Jungnickel and McCormmach
1986, 2017; Kragh 2002; L’Annunziata 2016; von Meyenn 1997; Ingo Miiller 2007; Neufeldt 2003; Partington 1957,
1964; Teichmann et al. 2008; Weber 1988.
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a varying extent, in other words it is dissociated into its constituent parts which are dia-
metrically opposed but charged with electricity, i.e. into ions of chlorine and of sodium,
the only chemically effective substances in a solution of common salt. The theory also
claimed that when an acid and a base react upon one another, water is the primary
product and salt the secondary, and not reversely, as was then generally believed. Ideas
so contrary to those current at that time could not be accepted immediately. A strug-
gle lasting more than ten years and an enormous number of new experiments were
required before the new theory was accepted by everyone. During this long battle over
Arrhenius’s theory of dissociation tremendous advances were made in chemistry and
ever closer links were established between chemistry and physics—to the great benefit
of both sciences.

Emil Bauer (Swiss, 1873-1944) developed novel fuel cells, such as a fuel cell using molten silver as
the electrolyte. Together with Hans Preis, he developed the first fuel cell with a solid electrolyte,
in this case one made of paste and metal oxides.

Henri Bernard Beer (Dutch, 1909-1994) invented improved electrodes made of titanium coated
with mixed metal oxides containing metals such as rhodium, platinum, iridium, or ruthenium.

Jirgen Otto Besenhard (German, 1944-2006) played a major role in developing lithium batteries.
It could be beneficial for historians to conduct much more archival research to investigate just how
far back the history of the development of lithium batteries goes, and what contributions various
scientists from the greater German-speaking world made during that development process.

Ludwig Boltzmann (Austrian, 1844-1906) developed an extensive framework of statistical physics
equations for describing the thermodynamic behavior of large numbers of particles in solids, liquids,
or gases [Boltzmann 1964]. As part of that work, he gave a precise mathematical definition of entropy
for the second law of thermodynamics. In addition to its importance to physics, Boltzmann’s work
had enormous implications for chemical equilibria and chemical reactions.

Robert Bunsen (German, 1811-1899) made many important discoveries in physical chemistry. He
invented the Bunsen cell battery using carbon electrodes (instead of more expensive platinum
electrodes as had been used previously). He studied photochemical reactions, and he employed
electrolysis to purify different metals. With Gustav Kirchhoff, he used spectroscopy to analyze and
identify chemical elements.

Alexander Classen (German, 1843-1934) made important contributions to electrochemistry, in-
cluding electrolytic gravimetry and rotating electrodes. The American Council of Learned Societies
noted [ACLS 2000, p. 194]:

First to make thorough study of electrogravimetric analysis (Quantitative Analyse auf
elektrolytischem Weg, 1881); his innovative methods, which became standard practice,
included use of warm solutions, introduction of measuring devices into the circuit, and
substitution of storage cells for galvanic cells.

In 1850, Rudolf Clausius (German, 1822-1888) was the first to clearly articulate the second law
of thermodynamics, that entropy cannot decrease, or equivalently that heat flows from regions of
higher temperature to regions of lower temperature. He also did important work on phase transitions
and other aspects of physical chemistry.
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Peter Debye (Dutch, 1884-1966) studied and worked in Germany and Switzerland for many years.
He developed statistical models of the behavior of molecules, chemical solutions, and crystalline
solids. For his work, he won the Nobel Prize in Chemistry in 1936 (p. 922).

Manfred Eigen (German, 1927-2019) developed methods of measuring very fast chemical reactions.
He won the Nobel Prize in Chemistry in 1967 for those innovations. Professor H. A. Olander of the
Nobel Committee for Chemistry announced the award
[https://www.nobelprize.org/prizes/chemistry /1967 /ceremony-speech/]:

Professor Dr. Manfred Eigen. Although chemists had long been talking of instantaneous
reactions, they had no way of determining the actual reaction rates. There were many
very important reactions of this type, such as the neutralization of acids with alkalis.
Thanks to you, chemists now have a whole range of methods that can be used to follow

these rapid processes, so that this large gap in our chemical knowledge has now been
filled.

Tibor Erdey-Griz (Hungarian, 1902-1976) studied the electrochemistry of ionic conductivity, cor-
rosion, and catalysis. Together with Max Volmer, he developed an equation describing the relation
between voltage and current in electrolytic solutions.

Richard Ernst (Swiss, 1933—) developed nuclear magnetic resonance (NMR) spectroscopy methods
that are useful for studying chemical molecules and biological systems. For that work, he won the
Nobel Prize in Chemistry in 1991. Professor Sture Forsén of the Royal Swedish Academy of Sciences
praised his research [https://www.nobelprize.org/prizes/chemistry/1991/ceremony-speech/|:

Professor Ernst,

You have played a leading role in several of the most significant methodological de-
velopments that have taken place in the field of NMR spectroscopy over the past two
decades; developments that have had a lasting impact on the way modern chemistry is
conducted. You have, in an admirable way, combined excellent experimental know-how
with extraordinary theoretical insight. In recognition of your services to chemistry, and
to natural science as a whole, the Royal Swedish Academy of Sciences has decided to
confer upon you this year’s Nobel Prize for Chemistry.

Joseph von Fraunhofer (German states, 1787-1826) invented the spectroscope and was the first to
use spectroscopy to analyze chemical elements. Robert Bunsen and Gustav Kirchhoff later built
upon his work on spectroscopic chemical analysis. Von Fraunhofer also made important innovations
in the production of high-quality glass. See pp. 686, 970, and 1269.

In 1885, Carl Gassner (German, 1855-1942) demonstrated and patented the world’s first dry bat-
teries, which used zinc, carbon, and a paste electrolyte. See Fig. 3.126.

Heinz Gerischer (German, 1919-1994) began his research on electrochemistry during World War
IT and continued in that field for the rest of his career, making a number of major discoveries
regarding electrode kinetics, electrode reactions, and electrode diagnostics. He also made important
contributions to photochemistry.

Michael Grétzel (German, 1944-) invented dye-sensitized photoelectrochemical cells for converting
sunlight to electricity more cheaply and efficiently than had previously been possible.
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Theodor Grotthuf8 (German states, 1785-1822) conducted early experiments on electrolysis and
developed the first theory of charge transport in electrolytes (now called the Grotthuff mechanism)
in 1806. He also developed important early theoretical explanations of photochemical reactions.

Fritz Haber (German, 1868-1934) made tremendously important contributions not only to most
other areas of chemistry, but also to physical chemistry, particularly with regard to electrochemistry,
combustion, and chemical bond energies [Hager 2008; Stoltzenberg 1994; Szollosi-Janze 2015]. He
won the Nobel Prize in Chemistry in 1918 for his development of industrial-scale ammonia synthesis
(p. 453).

Wilhelm Heinrich Heintz (German, 1817-1880) analyzed the physical structure of molecules, in-
cluding fatty acids, uric acid, amines, and others. He also studied chemical reaction kinetics and
the properties of a number of metals.

Frederik Wilhelm Hellesen (Danish but closely tied to the German-speaking research world, 1836—
1892) produced dry zinc-carbon batteries in 1887.

Hermann von Helmholtz (German, 1821-1894) made foundational contributions to the thermody-
namics of chemical reactions, most notably by defining what came to be known as the Helmholtz
free energy. In 1847, he published a more detailed treatment of the first law of thermodynamics,
Uber die Erhaltung der Kraft (On the Conservation of Energy), and also studied the thermody-
namics of fluids. Von Helmholtz also made major discoveries in biology (pp. 240, 283, 299, 313)
and physics (p. 867) [Cahan 2018].

Gerhard Herzberg (German, 1904-1999) made important discoveries regarding molecular struc-
tures, molecular spectroscopy, and highly reactive free radical molecules. He won the Nobel Prize
in Chemistry in 1971 for his work in those areas. Professor Stig Claesson of the Royal Swedish
Academy of Sciences explained the importance of Herzberg’s research
[https://www.nobelprize.org/prizes/chemistry /1971 /ceremony-speech/]:

Herzberg began as a physicist and his first contributions to molecular spectroscopy were
published at the end of the 1920’s. In such investigations one measures how molecules
absorb light-energy—also outside the visible region—i.e. in the ultraviolet and infrared.
Since light-energy is packaged as quanta, these measurements can provide accurate
information about energy contents in molecules. From this information their size, shape
and other properties can be derived. Such calculations must be based on the description
of matter given by quantum mechanics. The development of this subject during the
1920’s and 30’s is regarded as one of the most exciting periods in the history of physical
science. Herzberg’s elegant experimental investigations combined with his theoretical
insight into their interpretation contributed to the progress of quantum mechanics while
being decisive for the rapid development of molecular spectroscopy.

One may now ask why Herzberg—originally a physicist and even famous as an astro-
physicist—finally was awarded the Nobel Prize in chemistry.

The explanation is that around 1950 molecular spectroscopy had progressed so far
that one could begin to study even complicated systems of great chemical interest.
This is brilliantly demonstrated by Herzberg’s pioneering investigations of free radicals.
Knowledge of their properties is of fundamental importance to our understanding of
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how chemical reactions proceed.

For a chemical reaction to occur the original molecules must in some way break up into
fragments which rearrange to form the new molecules. These fragments, or intermedi-
ates, are called free radicals.

Free radicals are very difficult to study due to their short life-times—measured in mil-
lionths of a second. Herzberg therefore had ample opportunity to repeatedly demon-
strate his exceptional experimental skill when the necessary spectroscopic technique
was worked out.

Herzberg has so far performed extensive precision determinations of the properties
of over thirty free radicals among which are to be found the radicals methyl and
methylene—well known from organic chemistry. Among his exciting discoveries may
be mentioned that radicals drastically change their shape with increasing energy. For
example, methylene is linear in its ground state but bent in states of higher energy.
Many of the most important results were only achieved after several years’ work and
some of the most exciting as late as at the end of the 1960’s. One can therefore note
that this year’s prize is truly an award for contributions of great current interest.

In 1840, Germain Hess (Swiss, 1802-1850) formulated what is now known as Hess’s law, a form of
the first law of thermodynamics (conservation of energy) applied to a series of chemical reactions.
He also studied the thermodynamics of the dissolution of various salts in water.

Jaroslav Heyrovsky (Austrian/Czech, 1890-1967) developed polarographic and electroanalytic meth-
ods of analyzing chemical samples. For those innovations, he won the Nobel Prize in Chemistry in
1959. The Royal Swedish Academy of Sciences summarized his work
[https://www.nobelprize.org/prizes/chemistry /1959 /ceremony-speech/]:

Chemical and electrical phenomena are often associated, as in the case of redox reac-
tions, when electrons are emitted and absorbed. In 1922 Jaroslav Heyrovsky discovered
a method for analyzing the occurrence and content of various substances in solutions us-
ing electrical measurements. The solution is analyzed with two electrodes, one of which
is a dropping mercury electrode. At a voltage specific for different substances, redox re-
actions cause the current to rapidly increase to a level dependent on the concentration
of the substance.

Johann Wilhelm Hittorf (German, 1824-1914) conducted very careful electrolytic experiments to
measure the mobilities of different ions in solution, the values of which are now called Hittorf ion
transport numbers. He was also one of the earliest scientists to experiment with high-voltage tubes
and electron beams (p. 870).

Roald Hoffmann (born Roald Safran, Polish, 1937—) made important discoveries regarding the
behavior of electrons in chemical bonds, for which he won the Nobel Prize in Chemistry in 1981.
The Royal Swedish Academy of Sciences described his research
[https://www.nobelprize.org/prizes/chemistry /1981 /ceremony-speech/]:

In chemical reactions, molecules composed of atoms meet and form new compounds.
Electrons orbiting around the atoms’ nuclei play an important role here. After Kenichi
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Fukui proved that the properties of the electron orbits that most weakly bound to the
atom are critical in chemical reactions, Roald Hoffmann went on to further develop
these theories from the mid-1960s. Independently of one another, Roald Hoffmann and
Kenichi Fukui both demonstrated how the symmetrical properties of electron orbitals
explain the course of chemical reactions.

Erich Hiickel (German, 1896-1980) developed the Hiickel molecular orbital theory to explain double
and triple covalent bonds in molecules. He also worked with Peter Debye to create the Debye-
Hickel theory of electrolytic solutions. Oxford University’s Biographical Dictionary of Scientists
summarized some of his research accomplishments [Porter 1994, pp. 350-351]:

Debye and Hiickel suggested that strong electrolytes dissociate completely into ions,
explaining the deviations from expected behaviour in terms of attraction and repulsion
between the ions. In a series of highly mathematical investigations they found formulae
for calculating the electrical and thermodynamic properties of electrolytic solutions,
principally dilute solutions of strong electrolytes. [...]

In 1930, Hiickel began his work on aromaticity, the basis of the chemical behaviour of
benzene, pyridine and similar compounds. The benzene molecule is held together by
electrons that are delocalized and contribute to one large hexagonal bond above and
below the plane of the molecule. This accounts for its planar shape and its ability to
preserve its structure through chemical reactions. Hiickel developed a mathematical
approximation for the evaluation of certain integrals in the calculations concerned with
the exact nature of the bonding in benzene.

Later in the 1930s, he extended his research to other chemical systems that appear
to possess the same kind of aromatic nature as benzene (although usually to a lower
degree). From this study emerged the Hiickel rule for monocyclic systems...]

Hiickel also carried out research into unsaturated compounds (those with double or
triple bonds) and into the chemistry of free radical compounds (those with a free, non-
bonding electron).

In 1899, Ernst Waldemar Jungner (Swedish but closely tied to the German-speaking research
world, 1869-1924) created nickel-cadmium, nickel-iron, and silver cadmium rechargeable batteries
(Fig. 3.127). He also developed improved fuel cells and electrolytic systems. Nickel-cadmium and
other rechargeable batteries were mass-produced and harnessed for a variety of applications in the
German-speaking world.

Karl Kellner (Austrian, 1851-1905) developed an industrial electrolytic process for producing chlo-
rine gas and sodium hydroxide, both of which were useful reagents for manufacturing other com-
mercial chemical products.

Gustav Kirchhoff (German, 1824-1887) derived equations to predict the heat of reaction in ther-
mochemistry. Working with Robert Bunsen, he used spectroscopy to analyze and identify chemical

elements. Kirchhoff made major discoveries in many areas of chemistry, physics, and engineering
(see also pp. 433, 866, 923, 953, and 966).

Friedrich Kohlrausch (German, 1840-1910), the son of Rudolf Kohlrausch (p. 867), was an experi-
mentalist who worked on a wide range of topics in chemistry, physics, and physical chemistry over
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his career. He developed and used accurate methods of measuring the electrical conductivity of
electrolytes, and he also studied the properties of mercury. In addition, he developed experimen-
tal techniques and instruments for measuring thermal conductivity, elasticity, magnetic fields, and
optical properties.

Walter Kohn (Austrian, 1923-2016) developed new methods to calculate the behavior of electrons
in large molecules and in solid materials. For that work, he won the Nobel Prize in Chemistry in
1998, as explained by Professor Bjorn Roos of the Royal Swedish Academy of Sciences
[https://www.nobelprize.org/prizes/chemistry /1998 /ceremony-speech/]:

In two landmark articles from 1964 and 1965, Walter Kohn showed an alternative way
in which quantum mechanical equations can be approximated. He showed that there
is a one-to-one correspondence between the energy of a quantum mechanical system
and its electron density, which is a function of three positional coordinates only and is,
therefore, much easier to handle than the complicated wave function, which depend on
the positions of all electrons. He also developed a method which made it possible to
construct a set of equations, which could be used to determine the energy and electron
density. This approach, called density functional theory, has developed during the last
ten years into a versatile computational tool with many applications in chemistry. Due
to its simplicity, it can be applied to larger molecules than the wave function based
methods. Density functional theory has made it possible to study the mechanisms of
chemical reactions in enzymes, for example when water is transformed into oxygen in
photosynthesis.

Hermann Kolbe (German, 1818-1884) developed methods of using electrolysis with carboxylic acids
and fatty acids, now called Kolbe electrolysis. He was also one of the founders of organic chemistry
(p. 477).

Karl Kordesch (Austrian, 1922-2011) worked on advanced battery programs in wartime and early
postwar Austria, then came to the United States as part of Operation Paperclip. Drawing upon his
experience with advanced battery research in Austria, he headed the battery development program
at the U.S. Army’s Fort Monmouth laboratory, then headed two Union Carbide groups to develop
fuel cells and batteries in parallel. He and the other members of his Union Carbide battery group
filed the first patents on alkaline (manganese dioxide) dry batteries (Fig. 3.129). He also invented
hydrazine-air fuel cells and developed thin carbon electrodes that revolutionized hydrogen-oxygen
fuel cells (Fig. 3.130). In view of the great importance that the United States placed on importing
Kordesch in Operation Paperclip, putting him in charge of a battery development program for the
Army, and placing him in charge simultaneously of two different programs at Union Carbide, it
seems highly likely that Kordesch’s postwar U.S. projects were based on earlier discoveries by him
or others in Austria and Germany. It is difficult to trace that history from the publicly available
documentation, but more archival research in this area could be quite enlightening.

Irving Langmuir (American but studied in Germany, 1881-1957) did important work on surface
chemistry, the study of chemical reactions that occur at the surface of a liquid or solid. For his dis-
coveries, he won the Nobel Prize in Chemistry in 1932. The Royal Swedish Academy of Sciences de-
scribed Langmuir’s research [https://www.nobelprize.org/prizes/chemistry /1932 /langmuir /facts/|:

Chemical reactions often take place more easily next to surfaces where substances in
different phases, such as solids and gases, come in contact. In studies of incandescent
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light bulbs with rarefied hydrogen gas, Irving Langmuir discovered that a layer of hy-
drogen atoms only one atom thick formed on the inside of the incandescent light bulb.
Further studies of oil films and other materials led him in 1917 to a theory postulating
that surfaces resemble a chessboard on which every square can be occupied by only one
atom or molecule. As a result, atoms or molecules that wind up next to each other can
more easily react with one another.

Max Le Blanc (German, 1865-1943) created many innovations in electrochemistry, including the
hydrogen electrode for pH measurement, control of voltage during electrolysis to selectively deposit
different metals, and improved methods of measuring voltages and currents in solutions.

Johann Josef Loschmidt (Austrian, 1821-1895) studied the physical structures and sizes of molecules.
He developed methods to determine the number of gas molecules within a given volume of air. In his
honor, that number for standard temperature and pressure is now called the Loschmidt constant,
approximately 2.69 x 1025 molecules/m? at 0°C and 1 atmosphere of pressure. Loschmidt also used
the then-new second law of thermodynamics in theoretical explanations of the behavior of chemical
compounds and solutions.

Julius von Mayer (German, 1814-1878) expressed the first law of thermodynamics, the law of
conservation of energy (including heat energy and work), in 1841. He was also the first to find
equations for the specific heat of an ideal gas, or the relationship between the amount of heat
energy absorbed by a substance and the corresponding temperature rise for that substance. He was
one of the first to attempt a scientific analysis of photosynthesis, and he created Mayer’s reagent
for detecting alkaloids.

Karl Friedrich Mohr (German, 1806-1879) developed improved methods of volumetric analysis and
chemical titration. In an 1837 journal article, he became the first known scientist to state the first
law of thermodynamics (conservation of energy) [Mohr 1837]:

Ausser den bekannten 54 chemischen Ele-
menten gibt es in der Natur der Dinge nur
noch ein Agens, und dieses heisst Kraft; es
kann unter den passenden Verhiltnissen als
Bewegung, chemische Affinitat, Cohésion,
Elektricitat, Licht, Warme und Mag-
netismus hervortreten, und aus jeder dieser
Erscheinungsarten konnen alle iibrigen her-

Apart from the known 54 chemical ele-
ments, there is only one agent in the phys-
ical world, and this is called energy; it can
appear under the appropriate conditions as
motion, chemical affinity, cohesion, electric-
ity, light, heat, and magnetism, and from
any one of these forms it can be transformed
into any of the others.

vorgebracht werden.

Ludwig Mond (German, 1839-1909) developed and improved electrochemical methods for extract-
ing and depositing nickel and other metals. Mond also founded the field of organometallic chemistry
(p- 503).

Adolph Miiller (German, 1852-1928) was responsible for first producing lead-acid storage batteries
on an industrial scale in Germany in 1886. His battery company became known as Accumulatoren
Fabrik Aktiengesellschaft Berlin-Hagen (AFA) until 1945, and as VARTA (Vertrieb, Aufladung,
Reparatur transportabler Akkumulatoren) after 1945.

Walther Nernst (German, 1864-1941) was one of the founders of the field of physical chemistry. He
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made important discoveries regarding the statistical physics underlying thermodynamics, chemi-
cal reactions, electrochemistry, and the physics of solids. He derived the Nernst equation relating
voltages and ion concentrations in electrochemistry. In 1905, he discovered the third law of ther-
modynamics (as a system approaches absolute zero temperature, its entropy approaches a constant
value), for which he won the Nobel Prize in Chemistry in 1920 (p. 921).

Wilhelm Ostwald (German, 1853-1932) was another founder of the field of physical chemistry. He
developed statistical methods that were applicable to thermodynamic processes in both chemistry
and physics. He also made key discoveries regarding the dissociation constants of electrolytes (Ost-
wald’s dilution law) and polymorphism in solid materials (Ostwald’s rule). Ostwald’s work earned
him the Nobel Prize in Chemistry in 1909 (p. 921).

In 1842, Johann Christian Poggendorff (German, 1796-1877) invented an improved battery, now
called the Poggendorff cell, that used chromic acid as the electrolyte. Poggendorff also developed
and used a number of sensitive instruments for measuring voltage, current, and other parameters
in electrochemistry experiments.

John Polanyi (German/Hungarian, 1929-) is the son of Michael Polanyi. He won the Nobel Prize in
Chemistry in 1986 for developing methods of using infrared chemiluminescence and other techniques
to make high-speed measurements of chemical reactions as they occur. The Royal Swedish Academy
of Sciences explained his work [https://www.nobelprize.org/prizes/chemistry /1986 /ceremony-speech/]:

Chemical reactions in which molecules comprised of atoms collide and form new com-
pounds represent one of nature’s fundamental processes. At the end of the 1950s John
Polanyi began developing methods to carefully study the dynamics of chemical reac-
tions. During chemical reactions, the newly formed molecules are sometimes infused with
energy that then is emitted in the form of infrared light. By measuring this very weak
radiation, the quantum mechanical energy state of the molecules can be determined and
the reaction mapped.

Michael Polanyi (Hungarian, 1891-1976) made major discoveries in many areas of physical chem-
istry, including the kinetics of chemical reactions, X-ray diffraction, the adsorption of gases by solids,
fiber diffraction analysis, and the theory of dislocations in materials under plastic deformation. He
also made important contributions in a number of other fields, including medicine, economics, phi-
losophy, and epistemology. He was the father of John Polanyi. The American Council of Learned
Societies summarized his contributions to physical chemistry [ACLS 2000, p. 717]:

Earned his Ph.D. from the University of Budapest in 1917 with a dissertation on the
thermodynamics of gas adsorption. In 1920 he was hired by the Kaiser Wilhelm Insti-
tute for Fiber Chemistry in Berlin, where he did research on plant fibers, using X-ray
diffraction. At the Kaiser Wilhelm Institute for Physical Chemistry, which he joined in
1923, he established his well-known dislocation theory. His work with Eugene Wigner
concerned the uncertainty principle for angular momentum and the absolute rate of
unimolecular dissociation. In 1933 he immigrated to England, where his main work was
in reaction kinetics. At the University of Manchester, he helped develop the theory
of bimolecular activation energy and the theory of absolute rates of reaction; he also
did studies on ionic reactions in solution, on bond dissociation energies, and on the
mechanism of polymerization.
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Hans Preis (Swiss, 1877-1977) worked together with Emil Bauer to develop the first fuel cell with
a solid electrolyte, in this case one made of paste and metal oxides.

Johann Ritter (Prussian/Bavarian, 1776-1810) built the first or one of the first electrolysis cells
around 1800 and studied the electrolysis of water. He also built and conducted experiments with
very early batteries. In addition, Ritter discovered ultraviolet light in 1801 (p. 970).

Beginning in 1896, Paul Schmidt (German, 1868-1948, not to be confused with the later designer
of the V-1 cruise missile’s pulsejet engine) mass-produced zinc-carbon dry batteries and founded
the Daimon electronics company.

Christian Schonbein (German states, 1799-1868) invented and demonstrated the first fuel cells
(using hydrogen and oxygen) no later than 1838, as shown in Fig. 3.124. He also discovered ozone
and did groundbreaking work in explosives (p. 534) and chromatography (p. 717).

Wilhelm Sinsteden (German, 1803-1891) invented and demonstrated lead-acid rechargeable bat-
teries during the period 1850-1854, published his results in 1854 (Fig. 3.125), and studied many
other areas of electricity and electrical components.

While Otto Stern (German, 1888-1969) is more famous for his physics experiments (p. 905), he
made several important contributions to physical chemistry. He discovered what is now known as
the Stern electrochemical double layer, developed the Stern-Volmer equation for photochemical
reaction kinetics with Max Volmer, and studied entropy and statistical effects in chemical systems.

Ignatz Stroof (German, 1838-1920) developed industrial-scale electrolysis systems for producing
chemical elements of high purity.

Julius Tafel (Swiss, 1862-1918) made several discoveries in electrochemistry that are now named
after him, such as the Tafel equation relating voltage and the electrochemical reaction rate, the
Tafel mechanism for catalytic hydrogen production, and the Tafel rearrangement for electrochemical
hydrocarbon synthesis.

Johannes van der Waals (Dutch, 1837-1923, photo p. 919) developed detailed thermodynamic
equations relating the pressure, density, and temperature of gases and liquids. He won the Nobel
Prize in Physics in 1910 (p. 920).

Jacobus Henricus van ’t Hoff (Dutch, 1852-1911) was another founder of the field of physical chem-
istry, making vital discoveries regarding chemical affinity, chemical equilibrium, chemical kinetics,
chemical thermodynamics, osmotic pressure in solutions, and stereochemistry. In 1901, he became
the first winner of the Nobel Prize in Chemistry (p. 481).

Max Volmer (German, 1885-1965) made several contributions to physical chemistry. One was
discovering what is now known as Volmer diffusion of adsorbed molecules. Working with Tibor
Erdey-Griz, he also developed an equation describing the relation between voltage and current
in electrolytic solutions. With Otto Stern, he developed the Stern-Volmer equation describing the
kinetics of photochemical reactions. Moreover, Volmer played an important role in the wartime
German nuclear program (Section 8.8) and the postwar Soviet nuclear program (Section 8.9).

In 1874, Emil Wohlwill (German, 1835-1912) invented what is now known as the Wohlwill process,
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an electrochemical process for refining gold or silver to very high purity, which is still used today.
He was the father of Heinrich Wohlwill.

Heinrich Wohlwill (German, 1874-1943) was the son of Emil Wohlwill. He invented an electrolytic
process for purifying and recycling copper, and became the technical director of Norddeutsche
Affinerie to apply that process on an industrial scale. Unfortunately he was taken to the There-
sienstadt concentration camp in 1942 and died there in 1943.

Kurt Wiithrich (Swiss, 1938-) developed methods to use nuclear magnetic resonance (NMR) to
study large molecules. For that work, he won the Nobel Prize in Chemistry in 2002. Professor
Astrid Graslund of the Royal Swedish Academy of Sciences emphasized the importance of his
innovations [https://www.nobelprize.org/prizes/chemistry/2002/ceremony-speech/|:

Using nuclear magnetic resonance, or NMR, a method that Kurt Wiithrich has fur-
ther refined, it is now possible to determine the three-dimensional structure of protein
molecules in a water solution. NMR is one of the chemist’s best methods for examining
molecules, and it has been used extensively for small molecules since the mid-20th cen-
tury. But large molecules like proteins involve special problems. One of the fine points
of NMR is that it enables us to see individual signals, for example, from each hydrogen
nucleus in a molecule. But because a protein can contain thousands of hydrogen nuclei,
how do you know which signal belongs to which nucleus?

Wiithrich devised a way of systematically determining how each signal fits together
with its special hydrogen nucleus. In the bargain, he was also able to determine a large
number of pairwise distances between hydrogen nuclei. This enabled him to calculate
a three-dimensional structure for the protein molecule. It is something like drawing a
picture of a house if you know a large number of distances in the house. So thanks to
Wiithrich’s discovery, we can now use NMR to examine and depict proteins in their
natural environment, surrounded by water like in a cell.
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Physical chemistry
Hermann Aron Svante Arrhenius Emil Bauer

(1845-1913) (1859-1927) (1873-1944)

Henri Bernard Beer Jirgen Besenhard Ludwig Boltzmann
(1909-1994) (1944-20006) (1844-1906)

Figure 3.114: Some creators who made important contributions to physical chemistry included
Hermann Aron, Svante Arrhenius, Emil Bauer, Henri Bernard Beer, Jiirgen Besenhard, and Ludwig
Boltzmann.
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Physical chemistry
Robert Bunsen Alexander Classen Rudolf Clausius
(1811-1899) (1843-1934) (1822-1888)
Peter Debye Manfred Eigen Tibor Erdey-Gruz

(1884-1966) (1927-2019) (1902-1976)
[ : . ‘r:,.""‘::' . o

| o

Figure 3.115: Other creators who made important contributions to physical chemistry included
Robert Bunsen, Alexander Classen, Rudolf Clausius, Peter Debye, Manfred Eigen, and Tibor Erdey-
Gruz.
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Physical chemistry
Richard Ernst Joseph von Fraunhofer Carl Gassner
(1933-) (1787-1826) (1855-1942)

Heinz Gerischer Michael Gritzel Theodor Grotthul}
(1919-1994) (1944-) (1785-1822)
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Figure 3.116: Other creators who made important contributions to physical chemistry included
Richard Ernst, Joseph von Fraunhofer, Carl Gassner, Heinz Gerischer, Michael Grétzel, and
Theodor Grotthuf.
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Physical chemistry
Fritz Haber Wilhelm Heintz Frederik Wilhelm
(1868—-1934) (1817-1880) Hellesen

(1836-1892)

Hermann Gerhard Herzberg Germain Hess
von Helmholtz (1904-1999) (1802-1850)
(1821-1894)

Figure 3.117: Other creators who made important contributions to physical chemistry included Fritz
Haber, Wilhelm Heintz, Frederik Wilhelm Hellesen, Hermann von Helmholtz, Gerhard Herzberg,
and Germain Hess.
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Physical chemistry
Jaroslav Heyrovsky Johann Wilhelm Roald Hoffmann
(1890-1967) Hittorf (1824-1914) (1937-)
‘ Np—

Erich Huckel Waldemar Jungner Karl Kellner
(1896-1980) (1869-1924) (1851-1905)

o
5 3o

Figure 3.118: Other creators who made important contributions to physical chemistry included
Jaroslav Heyrovsky, Johann Wilhelm Hittorf, Roald Hoffmann, Erich Hiickel, Waldemar Jungner,
and Karl Kellner.
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Physical chemistry
Gustav Kirchhoff Friedrich Kohlrausch Walter Kohn
(1824—-1887) (1840-1910) (1923-2016)

. oo

Hermann Kolbe Karl Kordesch Irving Langmuir
(1818-1884) (1922-2011) (1881-1957)

Figure 3.119: Other creators who made important contributions to physical chemistry included
Gustav Kirchhoff, Friedrich Kohlrausch, Walter Kohn, Hermann Kolbe, Karl Kordesch, and Irving
Langmuir.
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Physical chemistry

Max Le Blanc Johann Loschmidt Julius von Mayer
(1865-1943) (1821-1895) (1814-1878)

Karl Friedrich Mohr Ludwig Mond Adolph Muiiller
(1806-1879) (1839-1909) (1852-1928)

Figure 3.120: Other creators who made important contributions to physical chemistry included Max
Le Blanc, Johann Loschmidt, Julius von Mayer, Karl Friedrich Mohr, Ludwig Mond, and Adolph
Miiller.
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Physical chemistry
Walther Nernst Wilhelm Ostwald Johann Christian
(1864—-1941) (1853-1932) Poggendorff

E* Lo (1796-1877)

John Polanyi Michael Polanyi Hans Preis
(1929-) (1891-1976) (18?2?7-192??)

Figure 3.121: Other creators who made important contributions to physical chemistry included
Walther Nernst, Wilhelm Ostwald, Johann Christian Poggendorff, John Polanyi, Michael Polanyi,
and Hans Preis.
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Physical chemistry
Johann Ritter Paul Schmidt Christian Schonbein
(1776-1810) (1868-1948) (1799-1868)

Wilhelm Sinsteden Otto Stern Ignatz Stroof
(1803-1891) (1888-1969) (1838-1920)

Figure 3.122: Other creators who made important contributions to physical chemistry included
Johann Ritter, Paul Schmidt, Christian Schonbein, Wilhelm Sinsteden, Otto Stern, and Ignatz
Stroof.
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Physical chemistry
Julius Tafel Jacobus van 't Hoff Max Volmer
(1862—-1918) (1852-1911) (1885-1965)

Emil Wohlwill Heinrich Wohlwill Kurt Wiithrich
(1835-1912) (1874-1943) (1938-)

Figure 3.123: Other creators who made important contributions to physical chemistry included
Julius Tafel, Jacobus Henricus van 't Hoff, Max Volmer, Emil Wohlwill, Heinrich Wohlwill, and
Kurt Wiithrich.
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3.6.2 Batteries and Fuel Cells

Most modern battery and fuel cell technologies were invented and developed in the German-speaking
world, as discussed above for individual creators and as shown in Figs. 3.124-3.130. Advanced Ger-
man battery technologies were used for everything from the world’s first hybrid electric automobiles
in 1900 (p. 1363) to electric submarines in World Wars I and II (p. 1468).

Many of those battery technologies were transferred out of the German-speaking world before 1945
in the form of patents, commercial transactions, and immigrant scientists. However, there were a
number of additional, advanced battery and fuel cell technologies that were transferred out of the

German-speaking world in the immediate aftermath of World War II (Fig. 3.128), as shown by
numerous reports such as:

BIOS 307. German Secondary Batteries (with Special Reference to Those Used by Army
Signals).

BIOS 362. German Primary Battery Industry.
BIOS 384. German Battery Electric Vehicles and the German Storage Battery Industry.
BIOS 467. German Secondary Battery Industry.

BIOS 490. Primary Battery Development by the Chemische-Physikalische Versuchsanstalt,
Danisch Nienhof.

BIOS 557. Visits to Radio Targets in Germany.

BIOS 1097. German Battery Electric Road Vehicles.

CIOS XXX-53. German Development of the Primary Battery.

CIOS XXXII-81. The Manufacture of Hard Rubber Parts for Storage Batteries.
FIAT 615. Battery Production Capacities for Automotive Purposes in Germany.
FIAT 670. Survey of a New Storage Battery.

FIAT 800. Nickel Cadmium Storage Batteries in Germany.

NavTecMisEu 210-45. Submarine Batteries The Accumulaturen Fabrik AG Hagen—
Hannover Plants.

NavTecMisEu 211-45. Torpedo Propulsion Batteries (Secondary) The Accumulatoren
Fabrik, AG Hagon—Hannover Plants.

NavTecMisEu 212-45. Aircraft Batteries (Lead and Alkaline) The Accumulatoren Fab-
rick AG Hagon—Hannover Plants.
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NavTecMisEu 213-45. Manufacture of Hard Rubber Parts for Storage Batteries and
Battery Ventilating Equipment for German Submarines.

NavTecMisEu 283-45. German Development of the Primary Battery.

NavTecMisEu 310-45. German Submarine Battery Installation and Battery Ventilation.

Karl Kordesch and many other German-speaking experts on advanced battery and fuel cell tech-
nologies were also transferred along with all of that information.

In addition to battery and fuel cell technologies, many other physical-chemistry-based technologies
were transferred too, such as physical methods of making chemical measurements. See for example:

BIOS 1007. Instrumentation and Control in the German Chemical Industry. [Magnetic
oxygen recorder, COq recorder, etc.]

BIOS 1321. Control Instruments in the German Chemical Industry. [Chemical control
in production, infrared chemical analyzer, etc.]

FIAT 708. A Survey of the Use of Infra-Red Spectra in Chemical Analysis in Germany.
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Christian Schonbein invented and demonstrated the first fuel cells in 1838 or earlier

[Schénbein 1839].

Figure 3.124
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1854, ANNALEN HNou. 1,
DER PHYSIK UND CHEMIE.
BAND XCIL

— e ——— . = -

. Fersuche dber den Grad der Continuitdt und
die Stirke des Stroms eines grifsern magnelo - elck-
trischen Rotations - Apparats und dber die eigen-
thiumliche ¥Virkung der Eisendrahtbindel in den
Inductionsrollen dieser Apparate;
von Dr. Sinsteden.

e —————

Der Strom der Saxton'schen Maschine wird gemeinhin
als ein discontinuirlicher und in jedem Zeitmowe:t sich
selbst micht gleichbleibender Strow bezeichnet, und in die-
ser Hipsicht dem continuirlichen und in sich homogenen
Strome der hydroelektrischen Batterie enigegengestellt. In
welchem Grade aber der Strom der Saxton'schen Ma.
schine discontinuirlich und uvngleichmifsig sey, hat man
bisher durch Versuche noch nicht festgestellt; noch weni.
ger ist man viel bemiibt gewesen, ibn mglichst coutinuir-
lich uud bomogen zu machen. Man hat sich vielmehr aufl
entgegengesctztem Wege zu helfen gesucht, wenn es dar-
auf ankamn, der Discontinuitit des Stroms und dewm da-
durch, z. B. bei Versuchen mit dem Multiplicator, verur-
sachten Schwanken der Nadel zu begeguen, indem man
nimlich dic Nadel durch in Oel tauchende Platinfliigel
schwerbeweglich machte, wodurch sie zum festeren Einste-
hen gebracht wurde. Dafs die besondere Einrichtung des
Saxton’schen Apparats auf den Grad der Strowcoantinui-
tat den grofsten Einflufs hat, habe ich schon friiher in die-
sen Aunpalen Bd. 76, S. 527 gezeigt.

Der Strom des ebendaselbst Bd. 84, S. 181 beschriebe-

Poggendorf’s Awnal. Bd. XCIL 1

Wilhelm Sinsteden (1803—1891) invented lead-acid rechargeable batteries (1854 or earlier)

Figure 3.125: Wilhelm Sinsteden invented and demonstrated lead-acid rechargeable batteries in
1854 or earlier [Sinsteden 1854].
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Carl Gassner (1855-1942) invented zinc-carbon dry batteries (1885)

rn
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- UnNrreEp STATES PATENT OFFICE.

CARL GASSNER; JR., OF MENTZ, GERMANY.

GALVANIC BATTERY.

SPECIFICATION -forming part of Lietters Patent No. 373,064, dated November 15, 1887,

Application filed May 20, 1887. Serial No. 238,909, (No specimens.) Patented in Germany April 8, 1886, No. 37,758; in Aunstria-
Hungary May 21, 1886, No. 35,974 and No. 64,357; in Belgium July 16, 1886, No. 73,872; in France July 17, 1886, No. 177,465,

and in England December 22, 1886, No. 16,810,

To all whom it may concern.:

Be it known that I, CARL GASSNER, Jr., of
the city of Mentz and Empire of Germany,
have made a certain new and useful Improve-
ment in Galvanic Elements, of which the fol-
lowing is a specification,

My invention relates to galvanic elements;
and it consists in the intermixture and em-
ployment of oxide of zinc as an addition to
the exciting agent for galvanic elements, sub-
stantially ashereinafter deseribed and claimed.

The oxide of zinc may be employed with
great advantage as a constituent of any well-
known exciting agent for the elements, with
which it can be mechanically mixed and in-
troduced into the galvaniceell and act therein,
as hereinafter set forth. I do not, however,

- claim its employment when mixed with an

20

exciting-fluid for the electrodes and applied
thereto before being introduced into the cell,
so as by chemical action to transform the zine
oxide at onceinto achemically-different salt—
as, for instance, dilute sulphuric acid—which

. -transforms it into zinc sulphate.

25

I have found thatthe method of mixing and
employing the zine oxide set forth in the fol-

- lowing deseription gives good resualts; but I

30

35

40

do not confine my invention to the precise in-

gredients or proportions of the other constit-
uents thereof named, as it is evident that well-
known equivalents may be employed, and that
the proportions of the other ingredients and
of the zinc oxide may be advantageously va-

ried, according to the different galvanic ac-
tion required, whether constant or intermit-

tent, even or varying. The essential requi-
site of securing the presence of the zinc oxide

in the exciting agent while acting upon the
electrodes must, however, be preserved.

The form of element I prefer to employ is

composed of a zine cylinder containing an-

isolated cylinder of carbon manganese, be-

tween which two cylinders exists a space which .

is filled up with the exciting agent, in liquid
or semi-liquid form, which after awhile be-
comes comparabively hard and solid. This
agent is made up, according to my improve-
ment, preferably of the following ingredients,
in the proportions stated, namely: oxide of
zine, one (1) part, by weight; sal-ammoniac,
one (1) part, by weight; plaster, three (8)
parts, by weight; chloride of zine, one (1) part,
by weight; water, two (2) parts, by weight.
The oxide of zine in this composition has this
effect, after it isintroduced into the cell—viz.,
that it loosens ard makes it porous, and the
greater porosity thus obtained facilitates es-
sentially the interchange of the gases and di-
minishes the tendency to the polarization of
the electrodes.

The inner resistance of the elements wiil
not be raised by the addition of the oxide of
zine, as the latter is a better conduetor of elec:
tricity than plaster and other similar bodies,
which produce only a partial and varying po-
rosity.

Elements combined with oxide of zine in the
galvanic cell, substantially as hereinbefore de-
scribed, are of a much superior constancy.

~What I claim as new and of my invention
is—

In a galvanie battery, the combination of
zinc oxide with the exciting agent, the oxide
being in a state of mechanical mixture or dis-
tribution throughout the mass of said exciting
agent, substantially as desecribed.

, CARL GASSNER, Jr.

Witnesses: .
KARL WENZ,

CArL Ep., HAEN.

Figure 3.126: Carl Gassner demonstrated and patented zinc-carbon dry batteries in 1885.
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Waldemar Jungner (1869-1924) invented nickel-cadmium rechargeable batteries (1899)

Ausgegeben am 25, Jinner 1902,

KAIS. KONIGL. PATENTAMT.

Qesterreichische

PATENTSCHRIFT N* 6520.

CLASSE 21; E.EKTRISCHE APPARATE.
4 Galvauische Elemoute nud Accumalatoren.

ERNST WALDEMAR JUNGNER ¥ STOCKHOTLM.

Verfahren rur Herstellung negativer Elektroden fiir Accumulatoren mit unveriinderiichem
. Elektrolyten.
Angemeldet am 16. Miirz 1000,
Beginn der Patentdmuer 15. Juni 1901,

Die vorlicgens dung  bezwockt die Nerstollung  oi nega
mit lesonderem Vor bei dem in dem steiroichischen Patonte Nro 353 gekenn-
wulntor angowondot worden kann,
ot dass die Chloride von Zink und Magnosium  sich mit den Oxyden
O dersellen o o unliislichen Chloriden (Oxychloriden) vervinigon.

Dies ixt nueh m Chloride des, don genannten Motallen versandten,
Metalles Caduiium, t Losung von Cadminmchlorid su oin
dicken . o 0 ciner harten kittartigen Masse,

wmenseizang (7. 15 €y Oy Cly) besteht
on in dieser leciehung dicselbe Figon-

et

welehe ans Oxyehloriden von vorsel
Auch andore Cadmivmsalze 2. 1. Cadm
schalt wie Cadm Wlorid.

Fir de

diese nwur mit Cadminmoxyd basi

ch Salie anderer Metalle Verwondung findon, sofern
Verbindungen bilden und sich mit diesem Korper in
der Weise umsetzen, duss das Sturoradicsl des Salzes sich mit dem Cadmium vereinigt,
withrend dessen Motallradical sich mit dem Saucrstoffe dos (adminmoxydes bindet

Wird 7 W Kupferehlorid verwendet, so erfolgt folgende Reacti
Cu o Cd = C 0 O
moxyd in Ueherschuss vorh
iy festen Kint,
v derartigen kittartigen Masse wmso grodor, jo
Zusammonbindung derselben vor sich gehen. Es

en, so vereimigt sich dasselbo mit

chemische Verbindung vi
ng dicses Salzes treten dic folgenden Reactionen ein:
NI T4 ¢d o Hy+ Hy 0 + ¢ 1, und

Cd Uy 3 O0 0= Cdy ) Ol
Die Herstellungs der in Frage stehenden Elektroden ist folgemde
‘b einem Nets oder perforierter Rleche ans cinem Metalle, welches s
dem verwes hemisch indiffere for) wird das Ca
1

Ein solches Sals ist

hrt worden ist in ~iser Sehichie aufgetragen.
etz wder dns Blech wihrend

von Chlorammovivm zu
bald die Masse trocken
Zeitraumes von 2—50 Stunden in ecine

Chilor: npetancht, wobei das vd nach der
en festen Kitt umgewandelt wird.

Klasse 21b. Ausgegeben am 10. August 1905.

KAIS. KONIGL. PATENTAMT.

Osterreichische

PATENTSCHRIFT N

= 20869.

ERNST WALDEMAR JUNGNER v NORRKOPING (SCHWEDEN).

Verfahren, um Eisen, Nickel und Kobalt als Massetrager fir Sammlerelektroden geeignet

zu machen.
Angemeldet am 20. September 1901, — Beginn der Patentdsuer: 1. Mirz 1905,

Vorlicgende Erfindung hotrifft ein Verfahren, um Eisen, Nickel und Kobalt, deren
simtliche Oxyde bekanntlich nur wenig oder gar wicht leitend und in Atzalkalien vollig
unlislich sind, durch Vergroberung ihrer Oberfliche als Massetriiger fir Elekiroden in
alkalischon Sammlern, fur welche sie bisher keine Verwendung finden konnten, aber aus-
sehliellich nur verwendbar sind, geeignet zu machen, und zwar auf elektrolytischem Wege,
da vine nur mechanische Aufrauhung hiefar sich nicht als ausreichend erwicsen hat, indem
es bei dicsen Metallen im besonderen daraui ankommi, dab moglichst alle Teile der wirk-
samen Masse in unmittelbarer BerGhrung mit dem Massctriger stehen.

Dicser Zweck kann gemid der vorliegenden Frfindung des weiteren aber nur dadureh
erroicht wordon, daB man auf dicse Metalle als Anoden einen besonderen alkalischen
Flektrolyten einwirken 1ift, wimlich einen solchen, der neben dem Afzalkali noch ein Salx
enthilt, dessen Sturoradikal mit dicsen Metallen losliche Salze bildet. Es konnte der
eabsichtigte Zwock nicht orr werden, wenn man dies Is Anoden nur in
die Lisuog eines Atzalkalis ingen wurde. Hiobei kinnen sich diese Metalle mit einer
13 nur dipnen Oxydschicht Gberziehen, weleho sic vor dem woiteren Angriff des Elektrolyten

schutat, da die gebildeto Oxydschicht eben in Alkali unloslich und nicht leitend ist. Wiirde
man dagegen einen die Anode bezw. das gelildete Oxyd losenden Elektrolyten zur Am-
wenduog bringen, so wirde dis Oberfliche dieser Matalle von dem Elektrolyten an jedem
Punkt angegrifien werden, wobei hichstens nur eine oberflichliche, aber keine tiefer
2 gebende Aufraubung bezw. VergriBerung der Oberfliche statifindct, welche nur einer
i Aufravhung gleichh Zur Herstollung von Bleisammlerelekti sden aus he-

kanten Bloiplatten hat man zwar schon cinen salzhaltigen, schwach alkalischen, sauren
ader neutralen Klektrolyten vorgeschlagen, alloin hicbei wird ein anderer Zwack beabsichtigt
und werdon andere Wirkungen erzeugt, da das gebildete Bleioxyd in Atzalkalien loslich
2% und win relativ guter Leiter ist, so dall hoi solchen Bleislektroden die VergroBerung der
Oberfliche nicht dio wesentliche Bodingung ist. Eine solche wird auch, wie experimentell
festzustollen ist. nicht erreicht. Das vorliegonde Verfahfen beruht somit suf einer nemen
Erkenntnis. Die besondere Wirkung des Verfahrens besteht darin, daB auf dem Triger aus
Lieen, Nickel oder Kobalt eine schwamm- oder moosartige metallische Oberfliche gebildet

0 wird, die man sich derart ontstanden denken kann, daB in den Wandungen der zuerst er-
rougten Vertiefungen neuo Vertiefungen gebildet werden, deren Wandungen' wiederum ver-
tioft werden und sofort, indem die Bildung der Metallverbindung in den Elektrolyten der
vorliegonden Art schneller vor sich geht, als deren Auflisnng. Um dieses auch tatsichlich
#u crreichen, mub der Elektrolyt derart xusammengesetzt sein, dal ocinerseits die gebildete
Metallverbindung im Elektrolyt nicht so schwer loslich ist, dab sie an der Oberfliche der
Elektrode cino zusammenhiingende, dichte Schichte bildet, welche die weiters Einwirkung
des Eloktrolytes verhindert und dab anderseits die gebildets Metallverbindung  wicht in
solchem Grade lislich ist, dab jedes Molekal im Angenblick seiner Bildung sofort auf-
golst wird. Fernor hingt dic mehr oder minder gute BeschaFenheit der erzengten Ober-
0 flichenvergriferung von der Stromdichte, Temperatur des Elektrolyten, der Entfernung der

CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE

SCHWEIZERISCHE EIDGENOSSENSCHAFT

EIDGEN. AMT FUR

GEISTIGES EIGENTUM

PATENTSCHRIFT

Patent Nr. 20205

0. August 1899, 494 Uhr p.

Klasse 97

irnst Waldemar JUNGNER, in Stockholm (Schweden).

Primiir wie sekundiir benuizbares galvanisches Element.

Viele Mingel der bisherigen primiiren wie
sekundiiren galvanischen Elemente lassen sich
im allgemeinen darauf zuriickfibren, daf der
Elektrolyt beim Durchgange des Stromes in

Bezug auf chemische Zusammensctzung oder |

Koncentration Verinderungen erleidet.

Hieraus folgt auch, dass dic Bestandteile
des Elektrolyten wie die der wirksamen Masse
der Elektroden in ihrem Aggregatzustande ver-
indert werden. Der Bleiakkumulator, sowie
auch das Lalandsche sekundire Element bilden
in dieser Bezichung eine Ausnahme nur i
fern, als der Elektralyt allerdings der oh
schen Beschaffenheit nach nicht gefindert wird,
wohl aber in Bezug auf Konzentration und
Volumen. Das in dem ersteren Falle in dem
Bleisulfat befindliche Radikal (8 0s) wie das
cing im letateren Falle im Eisenoxydhydrat
(Fe[0 Hs) befindliche Hydroxydradikal (0 H)
bilden beim Durehgang des Stromes den Be-
standteil bald eines fliissigen, bald eincs festen
Stoffes. Eine Anderung des Elektrolyten ist
auch bei Cailletets und Collardeaus Gaskom
pressionsclementen wit Platinelektroden vor-
handen,

Die vorliegende Erfindung betrifit dem
gegendlber ein primiir wie sekundiir benutzbares
galvanisches Element, in welchem der Elektro-

Iyt sich weder in seiner Zusammensetzung,
noch in seiner Koncentration iindert. Es spielt
hiernach der Elektrolyt nur die Rolle eines
Leiterszwischen den Elektroden, und esbraucht,
da er ja nicht zersetet wivd, nur eine verhiiltnis-

| miibig geringe Menge dessclben in das Element

gefiillt zu werden.

Zu diesem Zweck besteht der Elektrolyt
aus einom in Wasser loslichen Hydrat irgend
eines Metalles, dessen Metallradikal Wasser
#erlegt; also z. B. aus einem Alkalihydrat,

Bei der Elektrolyse einer Lisung von Kali-
hydrat finden bekanntlich folgende Reaktionen
statt:

Kol (K | (0H
KOl ™ {K* {ou
K | [HOH
{X o = 8 KOH + B
Iy
{()H=::H,o | o

Man ersicht hieraus, daB die chemische Zu-
sammensetzung des Elektrolyten unveriindert

i bleibt und dak das Ergebnis eine einfache Zer-

setzung und Wiederbildung von' Wasser ist.
Die wirksamen Massen bestehen im wesent-

lichen aus einem im Elektrolyten unlaslichen,

nicht Wasserstoff freimachenden, fein zerteilten

ERNST WALDEMAR JUNGNER ¥ NORRKOPING (SCHWEDEN).
yorfahren, um Eisen, Nickel und Kobalt als Massetriiger fir Sammlerelektroden geeignet

zu machen.

N
]
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Zu der Patentschrift

NT 20869.

Figure 3.127: Waldemar Jungner invented nickel-cadmium rechargeable batteries in 1899.
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B.1.OS. FINAL REPORT No. 362 B.LO.S.—~FINAL REPORT No. 467
ITEM No. 31 {TEM Nes. 12, 31

A wide variety of advanced battery technologies were
transferred out of the German-speaking world in 1945

;PRMA.N PRI\I—\R\ B\ITFRY " GERI\"lAN SECONDARY BATTERY

INDUSTRY INDUSTRY

This report is issued with the warning that, if the subject matter should be protected
by British Patents or Patent applications, this publication cannot be held to give any

protection against action for infringement.

This report is issued with the warning that, if the subject
matter should be protected by British Patents or Patent -
applications, this publication cannot be held to give any

on for intringement

protection against ¢

BRITISH INTELLIGENCE OBJECTIVES

SUB-COMMITT

BRITISH INTELLIGENCE OBJECTIVES

SUB-COMMITTEE LONDON—H.M. STATIONERY OFFICE

INTRODUCTION

Objective:
FIAT EINAL REPQRT'Bpp Mickel cadmium storege batteries were not manufActured in the
» United States nor were they commercially available until early in 1846.
A study was made of the developments and methods in Germany where "AFAY
‘NIGKEL GADMIUM STORAGE BATTERIES 1 (Accumlatorenfabrik, A. G. Hagen and Hannover) the foremost producer,

has been waking them for many years,

IN GERMANY

Evaluation:

Nickel cadmium storege batteries are batteries of the alkaline
type and have electrical characteristics suiting them to all purposes
where the use of a storage battery is indicated. The alkaline storage
battery industry in Burope le familiar with the production methods given
here, but many of these are new to the United Statea. Of particular
interest are the methodsa for producing the nickel and cadmium active
materials, and the new DURAC cells with porous, sintered platea. The
following is the approximate sales volume of nickel cadmium storage
betteries by WAFA":

1935 5 willion Ampere-hours 1940 22 million Ampere-hours
1936 7 willion Ll 1941 29 million .
1937 10 million L 1942 25 million n
1938 14 million G 1943 23 million o
1939 17 million o 1944 26 million -

Various Types of Cells Manufactured:

Cells with tubular nocket positive and flat pocket negative
plates. Cells having the nickel positive active mwatorials in tubular
pockets e&ttain the longest life of all nickel cadmium batteries. They

o have the advantage of maximum capacity in relation to size and weight.
O'FF'GE OF MILITARY GOVERNMIL Their capacity increases about 10% over the initiel 30-40 discharges.
! On the other hand, tubular plates have & higher internal resistance than
flat pocket plates and, consequently, & larger voltage drop at hlgh rates of
FOR GERMANY (us) discharge. 'l!hey are, therefore, recommended for applications where the

current required does not greatly exceed the five-hour rate of diascharge.
The initisl cost of a tubular pocket battery is higher than that of a flat
pocket one.

Cells with flat vockets only. These weigh more and take

up more spece than cells with tubular pocket plates, the amount depending

FIELD INFORMATION AGENCY TECHNICAL,

Figure 3.128: A wide variety of advanced battery technologies were transferred out of the German-
speaking world in 1945, as shown by numerous BIOS, CIOS, FIAT, NavTecMisEu, and other
reports.
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Karl Kordesch (1922-2011) invented alkaline dry batteries (1957 or earlier)

2,938,064
Patented May 24, 1960

2,938,064
AIR-DEPOLARIZED CELL

Karl Kordesch, Lakew: assignor
chmmdNuVul o

Filed Mar. 12, 1958, Ser. No. 721,030
9 Claims. (CL 136—%6)

This invention relates to an air-depolarized cell em-
plm::nnmlmllemdrbemwmmﬂhl

tary voltages, st temperatures as low as —20° C.
Another object of the invention is 10 provide a novel
anode collector.
In the dra

'nw
Fig. 1 is a vertical section of a cell in accord with the
inveation; and

prior assembly, by one of

rocesses disclosed in US. Patents 2,615,932 and

zﬁsajﬂnmedmz\_uutom Kordesch.
The processes in the

ey metal and of slomimum oride (RO-ALO,).
treatment will be more fully described hereinafier.

Cathode fabrication

surface having a dark black appearance. In this

nmmmmhinmrl‘klolmh
atalyzing solution in which they will be immersed.
&-Ehasohman ymnmnhulllnwh:wlvwnol
aluminum nitra te containing 7.

Al(NOy),- 9&0 lnd ey 73 Cumo.l, 6H;0 per W‘-f
Generally one carbon cathode requires about 3 ml of
solution. Bmmll:lnn been obtained by placing the

carbon lndwmmhs.mmhd.ln
container which is then a
vacuum of al millimeters of mercury, the cata-
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Iyzing solution is allowed to enter the ummm- andm
soak the electrodes, Upon restoring the
lﬁlnhmnmncdnﬂulhﬂpﬂmnflhamha. The bu
are then dried at 100" C. hnwolmn,-nﬂhuudaph
to 850° C. for two hmn dioxide to decompase
the metal nitrates xm.n After this treatment a
spinel of the fcrmllla CoO-ALO, is formed from the
catalyst mixturc. The deposit is observable on the sur-
face of the carbon tubes as a blue deposit. After ml-
mlmmzumxn-mmm
the vacuum operation and heating cycles are repeated o
increase the activity of the carbon surface. A third cycle
of treatment is not mecessary, except for high curreat
electrodes of a :.M of 100 millismperes per centi-
meter squared, or m
waenmmulhr.cammelemode tubes should be
wet-proofed. This can be achieved by immersing the
tubes in a 15 percent paraffin petroleum ether solution
for about five minutes. Following this the electrodes are
air dried by passing air through their center. Wet-
proofing aflects nmpatmm.an of the electrode, but too
much wet-proofing is electrode life since
it permits accumulation of hydrogen peroxide which
accelerates carbon oxidation, and in some cases destroys

25 the wetproofing agent (for cxample, parafin can be

oxidized to faity acids by nascent oxygen in the prescnce
of heavy metal catalysts). 42 an sdditonal wet prooting,
2 mixture of equal parts of nitro-benzene and kerosene
is applied to the inside of the tubular carbon electrode.

pmo(lhe:nmpwndsmmumni wel to
the active outer surface, and are adsorbed there to give
the desired degree of repellency.
Other wet-procfing agents can be used ia addition
and petroleum ethe

r. Thus nhlumn:ph!hﬂﬂ:
and dibenzylether may be

Anode construction
Fosible capaciy In 3 given
used. Thisty percent of

To achieve the highest
volume, a powder zinc anede is

activation with electrolyte, the carboxymethyl cellulose
coating swells, and forms a bomogencous gel anode.

The zinc powder should be nmllumllnd with from
2 to 4 percent of mercury. Amalgamation is best car-
tied out fn & § perceot ammonia soluion. by addiag the
necessary amount of mercury 1o

once or twice
with water, and dried in a vacuum at a moderate tem-
perature (40 to 50° C.).
Electrolyte

Potassium hydroxide is the preferred electrolyte for
the cells of the invention, especially in respect to low
temperature service. Nine normal potassium hydroxide
solution was found superior to six normal solution for
such application.

Separator
Suilable separttor matersle lochude copolymers of
1 chloride and acrilonitrile, parchment paper, caus-
2,991,325

Patented July 4, 1961

mmmuﬂm

cw‘mm ouronﬂo-nlN leu
No Drawing.. 1,1! Ser. No. 742,489

This invention relates mdﬁwmlo‘rkmm
tion with mhmu dry cells of the
In my co-pending application entitled “Rechargable
Dry Cell,” sm:l "No. 689,083, filed Ociober 9, 1957,
.

sitive terminal thereof, a tubular cat
carbon and mangancse dioxide particles fitting in the con-
tainer, finely divided zinc particles mixed with alkaline
electrolyte means Df.lm.ltpv
arator and contact means reaching the zinc particles.

This prot
cells muu 3 sufiicaty largo anode rurtace
for the oxygen to react wi
Simniluly whea o+ dhbarged et Mlhelyp.l:ammu

gamated zinc will form local galvanic cells yielding from

50'lo 40 millivols with comsogueat resulting corrosion
and gassing of hydrogen. Some producers of recharge-
able alkaline dry cells solve this pmhlmwmuvbe
amalgamation of the zinc. This practice
Teduces e shelf Tt of charged ool

The main object of the present invention then is to
provide mmforpmenu;mamwutu
cessive gas pressure on overcharging of rechargeablo al-
hhmd:ycelh,wmd:wwdldwhnwlhupd
amalgamation of redeposited

'!hunbjmklnl:mdmth:pnﬁlee the invention
to an alkaline electrolyte consisting of & hy-

containing material. Typical
muu-;‘hufm.mmummmmhy&mm

Suitable iodine-containing com-
puundamwmm.uumac sodinm iodide and po-
tassium jodide. These are used in an amount ranging
from § percent 1o their saturation point in the given elec-

is obtained in

arge mccordance
the invention by the decuvlm production of iodine.
The recombination reaction of jodine and zimc occurs

«

l:

more easiy than that of pxyeen and sinc, probably be- % Zo

employed,

solution is 100 small. 3
KOH when a salt of mercury is dissolved therein. How-
ever, the (Hgl)— complex is stable in canstic solution
(e.g, in Nessler's reagent, which consists of K1 end HgCl

2
in a KOH solution) and is quite suitable for amalgamat-
ing zinc in the MnO,/KOH/Zn cell.

K;Hgl, may be produced by adding mgcl, until

and
whic! compatible wi

m of o&lIllﬂ.lll the iodine complex in KOH anll".

the simple addition of iodine, KI, or Znl, which fc

the complex jon upon contact with the unllumd zinc

surf;

face.
In the practice of this invention, it was demonstrated
Ihl amdpmmd zine in contact with an unamalgamated
sheet did not gas in KOH eclectrolyte when the

lml.l jon was present. The voltage difference
dropped within § seconds from 20 to 40 mv. to 5 mv. or

the i of
the iodide compous preventing oxygen accumulation
and resultant -ﬁlln' m.lm ol the cells. On charge, the
KI in KOH was about 1.7 volts (vs, zinc)
and iodine was formed at the pailm (MnO;) electrade.
The voltage did not rise above 175 volts.
To demonstrate the success of the invention, a total of
18 cells containing 12 N KOH utedmlyln saturated with
Zaly was tested for one month. of these cells were
assembled with a semi-permeable upmlnr between layers
of fibrous separators, These ce ot develop ex-
cessive gas pressure, and exhibited superior performance,
namely DI Ynll higher output than the other cells con-
fibrous separators only. lodide decomposi-
tion apparently prevented the voltage from. rising above
1.80 volts on overcharge.
In contrast, similar cells made with semi-permeable
membrane separators show approximately S0 percent seal-

ing failures on overcharge.

No mquammmuammmpm
observed. As is
recombination

not exceed the
qmnmu!mmmnmcnrm nuwumuc
10 explode a cell us if the charge

mmhnnmﬁthdlﬁﬂ!nn!ﬂnﬂddm through
inc anode. However, iodine dif-

fairly rapid so that a normal
charging rate of approximately 200 to 300 ma. is per-
missible (Swmm(obemhm!urlndmﬂ)
The concentration of the iodide material docs not ap-
pear to be critical except that sufficient {nd:dnshnulﬂbc

e porosity
or ls, Ili Gf Iﬂnch are quite soluble in wﬂwhﬂu‘l
on - may be dded to the solution. Any of the com-
pounds arc suitable, although it appears simpler to em-
ploy Zal,. m 'KOH electrolyte is normally saturated
with ZnO ( jons constitute an additional

against Hy evvlnuon on overcharging); therefore, the use
of qu, is s lmlh( amounts avoids the necessity of adding
KJ or h

].mﬁn—phhdrydlunplﬂymgulnm
an aqueous solution aln]lydm!ldee;fanslksl\
al in conjunction with a cathode having
mmdemmn.nfms.mempma-
consisting in adding to said electrolyte an iodine-

compound,
th:rmp:ulﬁmipcmenln(nldclﬂmn‘whh
saturation point in said electrolyte, said compound tend-
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3,042,732
ANODES FOR ALKALINE CELLS

Karl Kordesch, Lakewood, Ohio, assignor fo Union

o, oration of New Yark

5 . No.
Claims. (Cl. 136—30)

“This invention relates to alkaline primary and second-
ary cells, and more particularly, to improved anodes. for
use ther

wdered zine anodes are capable of high discharge
currents with alkaline electrolytes, The shelf life u also

, and therefore, such anodes are excellent partners
for beavy duty cathodes such ms manganess dioxide,
mickel oxide, mercuric oxide and silver oxide in alkaline
cells. For clarity's sake, the following dluuu[orl will be
limited to the alkaline-manganese dioxi lems,
but it is to be understood that the pnnclplel tlu;hl are
equally applicable to the other alkaline systems men-
o

Unlonwle[)a when a cell is discharged beyond the
depolarizing capacity of the mangancse dioxide While
having some active zinc remaining, the cell will tend to
gas as @ result of & corrosion couple formed between the
carbon cathode and the zinc, Cell closure failures often

ur as a result of such gassing. Similar situations
woceur when cells having slightly different capacities are
employed in a multicell battery. Polarity reversals or
over discharging and gassing occur in cells which reach
<omplete discharge before others.

To prevent the above from occurring is common
practice in the alkaline-manganese dioxide cells which ore
presently being constructed, to have the service life of
the cell limited by the anods. Due to this feature, cells
which sre completely discharged have ne remaining
metallic zinc to initiate gassing. Unfortunately, this pro-
tective feature creates additional difficulties when @ re-
chargeable version of an alkaline-manganese dio:
cell is constructed. The gelled zinc anodes, wi
commonly employed in such cells, accept recharge poor-
ly, if at all, if the cell is discharged completely. This
problem cannot be solved simply by the addition of
exira zinc to the anode, since this in turn, will lead 1o
gassing after the depalarizer has become exhausted.
these reasons, it has been necessary in the past to provide
special equipment for arbitrary control and limitation of
the discharge depth of recharpcabl: cells, such as auto-
matic voltage or cycle-time cut

The prinipal objeet of {be javeation is 1o provide
chemml ‘means m the control of the discharge of pri-

ary llls]m:-mnnglnm dioxide-zinc
::lh thus !Ilmmlung the need for special equipment for
the control of Imrg: depth.

A jest of the invention is 1o provide an im-
proved matrix fnr the replating of zinc upon the recharg-
ing of discharged alkaline cells.

Broadly stat e objects of the invention are ac-
complished by an improved anode composition which
comprises, in addition to pawdered metallic zinc, one or

more of the following: lead oxide, copper oxide, metallic o

<copper or metallic magnesium. The addition of any one
of these materials to a zinc anode will prevent gassing
and irreversible damage to both primary and recharge-
able cells on deep discharge. In addition, these added
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materials serve as an sxcellamt marl for the reph
zine upon recharging of the cell,

The invention will be marl: rendily understood by re-

ferring to the accompanying drawing wherein
6 FIG, 1is a greaily enlarged cross- ection of an wnade
embodying the principies of the invenion,
FIG. 2 1a & greatly enlarged crot-secilon of another
anode which smbodies the principlcs af e Invention,
More specifically, in the practice of the invention, lead
10 oxide, copper oxide, metallic_copper or metallic mag-
nesium is intermixed with powdered metallic zine to form
an anode. While the use of any one of these materials
in admixture with zinc results in an improved anode,
there are slight differences in each and the improved
16 anode which may be formed from a mixture of powdered
zine and cach of the stated materials will be discussed

g of

tely,
When powdered zine and lead oxide are mixed in an
alkaline electrolyte, interaction occurs between the two
20 and » portion of the zinc reduces the lead cxide to
spongy lead and simultaneously forms zine oxide which
goes into solution as zincate. No gassing can oceur
on deep d..mm in a cell containing an ancde of this
since the voliage difference between lead/

a cell s accidentally re-
versed, lead oxides are (ormpd. If this scll is con-
neeted in series with similar cells which are not reversed,
a plateau in the reverse charging curve oceurs in the

0 reversed cells prior to the onset of gassing. e time
delay resulting therefrom is generally nulﬁmm o :J.Icw
the driving cells 1o use up or lose their capacity so that
they can no longer supply enough voltage or current to
the cell being driven to case gussing. Accordingly, cell

5 closure failure due to excess gussing is prevented. Ac-
curate adjustments of anoda capacity relative to cathode
capacity are possible so that complete discharge of the
anode will not discharge more than approximately fifty
percent of cathodic capacity. Thus, complete exhaus-

40 tion of the manganese dioxide and resultant irreversible
reactions arc positively provented, 1In addition, this
anode compositien provides an excellent matrix for re-
depost zinc upon the charging of the cell. Re-

geable alkaline cells employing these anodes may be

@ dmhnlged 1o z¢ro volts without sacrificing cycle life.

The use of powdered copper oxide or metallic copper
in conjunction with the zinc in a similar manner in ad-
dition to providing the above advantages also provides an
cxcellent means for increasing the low temperature con-
ductivity and rechargeable characteristics of the znade.
The powdered metallic copper supplisd or that formed
by the reaction of copper oxide with part of the zinc
is not only an excellent electrical conductor but also

5 Provides an cvén betier marix than lead oxide for rede-
position of zine when the cell is recharged. On the other

band, the deep discharge behavior of this compositc

anode is slightl i!ll':n'or 10 that of the lead oxide-zinc
anode. 1f desired, copper powder may be utilized in con-
 dunction with lead axide, bith being mixed with powdered
zine, 1o combine the superior deep discharge character-
istics of the lead oxide with the superior matrix char-
acteristics provided by the copper.
ly, metallic magnesium may be incorperated in
a zinc anode to accomplish the objcets of the invention.

2,960,558
Patented Nov, 15, 1960
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2,960,558
DRY CELL
Paul A. Marsal, Rocky River,
Tawia F. Urey, Parns, Oulo, asslgnses 10 Dot

Carbide Cnmom'lm, a corporation of New York
Filed Oct, 9, 1957, Sex. No. 689,084
7 Claims, (CL 136—107)

This invention relates o primary cells, and more par-
ticularly, to dry cells mntauuna an alkal
and a depolarizer consisti ganese dioxide.

“The maln object of this inveation i to provide novel
primary cell constructions capable of outperforming con-
ventional Le Clanche-ype cells under practically all op-
erating conditions.

A further object of this invention is to provide a cell
system having improved characteristics owing to the
corporation therein of means for improving ionis and
electronic migration.

A furiher object of the invention is to provide a cell
of the type described, which cell is particularly ¢flicient
under heavy continuous drains.

Another “object of the present invention is the pro-
vision of a novel cell system having fash current and
potential maintenance of sn percent and 95 percent, re-
spectively, afier one year of storage.

These and other related u‘mm and advantages of the
present invention will become apparent as the descrip-
tion thereof proceeds, particularly when taken in con-
junction with the accompanying drawing wherein:

Fig. 1 is a frant elevational view, partly in section, of
acellin accordance with the invention;

Fig. 2 is & front clovational view, partly in section,
of a cell of the invention, equipped With an electrolyte
reservoir;

Fig. 3 is a side view of an clectrolyte core suitable
for use in the cell of Fig. 2;

Fig. 4 is similar o Fw: 1 and 2, but shows a modi-
Iicnmn of the inven

5. 5 is a_bottom view of the cell of Fig. 3

Fxg § is similat to Figs, 1, 2 and 3, but shows addi-
tionally improved venting means for the cell of the in-
vention; and

Fig. Tisa front elevation, partly in section, of an-
other embodiment of the present invention.

above drawings (h: same reference characters
-ﬂenhfyxhe same or like pas

cell of the mvenhun consists of an electron pro-

ducing zm: anode, an ion carrying caustic electrolyte,

and & hydroayl ion-producing manganese dioxide cathode.

The reactions, which #re believed to take place in the
cell of the |||v=nl.wn, simply stated, are as follows:

(1) Zn>Zn*+-2E (at anode)

(2) MnOy+H;0-MnO+-20H- (at cathode)

(3) Zn**420H —Zn0 4 H,0 (at anode)

‘The over-all reaction therefore is:

{4) Zni-MnOz>ZnO-+MnO (both products being
considered insoluble).

It has been found that two paths are mecessary in
order for the system to function; namely, a path for
clectron flow from the anode io the cathode, and & path
for the transfer of hydroxyl ions from the cathode to
the anode. (The zinc ions stay by the donor zinc, nd
50 the hydroxyl fons must come to them.)

The cathode or hydroxyl producing portion of this

2

system is manganese dioxide (in Equation 2) which,
when it receives electrons and if it is in contact with
water, will take on electrons. In the process, the cath-
ode valency is changed, and oxygen fons are liberated,
5 which react with the waler present to give negatively
charged hydroxyl ions. However, since manganese di-
‘oxide is a very poor conductor, if electrons are
introduced at only one spot on a large chuak, only the
material around that contact point comes into the reac-
10 tion. A very large surface area of the manganese di-
oxide must be in contact with electrolyte since it is only
at this surface area that water is available to enter into
the reaction, and a carrier is avalabl: to carry off the
ions as they are produced. e requirements dic-
15 tate that the manganese dioxide be available in the form

of small particies.

It has been observed that since the cathode is nol one
large unit which i em]y contacted electronically; but
is, rather, a composite of very small cathodes, each of

20 these must be linked to he anbde by continuous jon and
clectron pas

In accordance with the invention, an electron path
is provided by mixi
particles of some i
or powder such as iron,
way that each particle of mangancse dioxide is in con-
tact with a continuous path back to a common electron
collector electrode.

e fon path is provided by mixing in with the man-

30 ganese dioxide and the conductive material some hy-
droxyl comtaining :lmn:ly\: such as KOH solution.
Once again each particle of manganese must be com-
tacted, and a continuous path from cach particle to the
zinG assured. The various materials whi

35 together to form the cathode are called a

It has been observed ko, in accord with the present
invention, that the internal electrical resistance of the
cell must be kept at a minimum; otherwise, its useful
voltage will be depressed and its energy will be ex-

0 pended uselessly in m mm of heat. n: mqmmmm
ni very low cathode resistance dictates certain properties
connection with the mix and.the manner I which it
i prepared snd In its loose state, the particle
to particle contact of its clectron carrying components
45 is poor, and the cumulative contact resistance is high.
Tightly packed, the particle conlact is improved and the
mix resistance becomes low. Additionally, the mix must
bo firmly packed against an inert clectrode, and held
there 5o that at least one cathode contact point is avail-

30 able for external connection.

Typical cells embodying the teac] of this inven-
tion'are shown with medincations each of Figs. 1, 2
and 3, and comprise an outer drawn steel can container
1 serving as a cathode current collector; & cathode 2

55 consisting of manganese dioxide, graphite and electrically

- L. F. Urry, Serial No. 689,0«5 filed
October 9, 1957, Also suitable for use in the cell of the
invention are cement-bonded uumrls of the type dis-
closed and claimed in the ding application of

rdesch. Serial No. a!?nz“ filed October 9, 1957.

edge of the separaior is folded inward so that when a
cardboard disc 10 s placed, an effective scal is provided
o 2gainst the migration of anode or cathode particles. The
0 soparator may also comprise two wraps of Viskon-vioyon
paper, each sbout 0.008 inch thick,

Figure 3.129: Karl Kordesch, an Austrian battery expert who was brought to the United States as
part of Operation Paperclip, invented alkaline dry batteries in 1957 or earlier.



3.6. PHYSICAL CHEMISTRY

Karl Kordesch (1922-2011) invented improved fuel cells
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Es sind schon

cinem sau-

Brennstoffelement

ren Elektrolyten zum Betrieb mit Wnsezsmﬁ und
Chlorgas bekannt, Es ist ferner bekannt, in solchen
d eine

aus pordsem, akiivi koh-
ll:uslulfhnl(ig:m Material mit einer Porositit von 30

o, als Wasserstoffdissoziationskatalysator
¢ine Edelmetallbeschichtung hat, zu verwenden. Es

bis 35

ist schlieBlich bekannt, in diesen Brennstoffelementen
mindestens eine rohrférmige Chlorelektrode aus po-
rosem, akiiviertem, Material zu

Anmelder:
Union Carbide Corporation,
New York, N. Y. (V.5t. A.)
Vertreter

ipl-Ing, H. Gértz, Patentanwalt,
" ps Frankfurt, Schneckenhofstr. 27

5

verwenden.

Die deutsche Patentschrift 259 241 beschreibt cin
Wasserstofl-Chlor-Brennstoffelement mit einer Chlor-
elektrode aus Kohlenstoff, Nach der britischen Pa-
tentschrift 521 773 sind Wasserstofl-Chior-Brennstofi-
elemente bekannt, bei denen die Elektrode aus po-
siser Retortenkohle oder Graphit pestehen Kouaen,

Als Erfinder benannt:
Karl Victor Kordesch,

- Lakewood, Ohio (V.51 A.)

Beanspruchte Prio
V. St.v. Amerika vom 30. September 1958

Beiden Veriiflentlichungen Iit ein Hinweis (764 359) e
darauf entnehmen, daB es mogllch m. dic Wirksam- a0
keit der dureh K:
2u verbessem. 2
Die Erfindung betrifit ein mit  in einer ire von Ko bei 850 bis

¢inem sauren Elektrolyten zum Betrieb mit Wasser-
stoff und Chimgusmll ‘mindestens ciner rohrfGrmigen

riisem, kol-
lenstoffhaltigem Mmcna[ mit einer Porositiit von 30
bis 35%,, dic als Wassersloﬁdmuili(lﬂmkaﬁlyﬁa[ur
cine Edelmetallbeschichf
stens einer rohrfdrmigen Chiorelektrode aus pordsem,
aktiviertem, kﬂhl!n~1of¢hn|i!gem Material. Das Brenn-

950° C steigt die Porositit auf etwa 25%,

25 AnschlicBend wird eine 0,Imolare wiBrige Lisung
von Kobaltnitrat und Aluminiumnitrat aufgebracht
und die Elektrodenkirper werden erhitzt, wobei aus
den Salzen die Verbindung CoO- ALO, entsicht,

tung hat, femer mit minde-  Diese Behandlung ist in den USA.-Patentschriften

30 2615932, 2669598 beschricben. Nach diesem be-
kannten Stand der Technik kinnen an Stelle von
auch-

ist dadurc! daB beide
an sich bekulm(cr Weise mit einem

Elektroden i

eines Gemisches von l(oballmtn\l und Aluminium-
nitrat versehen sind und daf die Wasserstoffelektrode
eine Edelmetallbeschichiung von is 8 mpfem?
Rhbodium, Iridium, Ruthenium oder Osmium oder
mehrerer dieser Metalle hat.

Bei erfindungsgemiifien Brennstoffelementen ist die
wirksame Oberfliche der vor-

oder mehrere Nitrate anderer
Schwermetalle, wie Eisen, Nickel, Mangan, Chrom,
Kupfer, Silber, Gold, PI:n(m Vxnadmm Thorium,

35 Seltene Erden u. dgl verwendet werden. Ebenso kin-
nen die Salze an Stelle des Salpetersiiurerestes auch
Reste anderer oxydierender Siuren, wie salpetrige
Stiure, Chlorsliure, Oxalsiure, Essigsiure, Ameisen-
saure u, dgl,, enthalten.

4 Beim Erhitzen d:r gumnklen Elektrodenkdrper

teilhaft griiBer, vorzugsweise um 5 bis 19%a proBer,
als die wirksame Oberfliche der Chlnml:ktmdu
Di¢ Elcktroden fiir die erfindungsgemiBen Brenn-
stoffelemente kiinnen 2. B. so hergestellt wezden daB
man ¢in Gemisch aus 100 Gewichtsteilen Pelmlcum-
koks,
len Weichpech oder Phenolformaldehydharz und
3 Gewichtsteilen Heizsl zu Rohren formt und diese
anllmge dann 6 Stunden lang auf 1000°C erhitzt
it der so helgﬁlc]\mn Kohlekérper be-
m\gl IB bis Zn‘h Beim weiteren Erhitzen dnr Rohre

United States Patent Office

unter rd ihre Porositit bis auf 30
bis 35%» gesteigert,
An diese Behandlung schlieBt sich die Beschich-
tung der Wasmmmlekmdw mit einem Katalysator
45 aus Rhodium, Ir Ruthenium oder Qsmium an.
Man kann 2B, cine 10%ige wiiBrige Lisung von
Rhodiumtrichlorid in einer solchen Menge aufbrin-
gen, daB auf jeden Quadratzentimeter der Oberfliche
0,25 bis 8 mg Metall entfallen. Besonders gute Er-
50 gebnisse werden mit ciner Beschichtung von etwa
2mgfem?® erhalten. Das Zersetzen der aufgebrachien
Metallverbindungen geschicht in tiblicher Weise, z. B.

3,595,698

Patented July 27, 1971
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3,595,698
HYDRAZINE PUEL CEI.L WITH ACRYLIC ACID

No Drawing. Hbd Oct. 3 , Ser.
Int. CL HOIm 27/26
US, CL 136—86 5 Claims

E

ABSTRACT OF THE DISCLOSURE
Alkali metal sals of ethylene-acrylic acid copolymers
are useful as selective, ion permeable membranes for per-
meable membranes for hydrazine-air fuel cells and permit
operation of the cell at high fuel concentrations. 15

‘This inveniion relates to an clectrochemical cell which
utilires hydraine ss a fuel. In one aspect, this invention
relates to a fucl cell which can operate at high fuel con- 20
Wnlmucns In a further aspect, this invention is directed

of sclective, ion permeable membranes as
sepacators In fuel cell

Fuel cells which cmploy hydrazine as a foel bave becn
known for several years. Such fucl cells generally com- 25
prise an anode capable of reaciing elecirochemically with
hydrazine with the production of electric current (here-
inafter referred 10 as a “hydrazine ancde™), a cathode
to which is supplied the oxidant employed in the fuel
cell, an electrolyte in contact with the electrodes, means 30
for supplying oxidant to the cathode and means for sup-
plying hydrazise to the anode. The usual method for
supplying hydrazine to the anode is by dissolving the

ydrazine in the electrolyte, preferably an aqueous alka-
line electrolyte. 35

Prior art hydrazine anodes typicall
metal or other porous material wi
promoting electrochemical decomposition of hydrazine in
contact wiih the anode, for example, porous nickel ar
porous Raney mickel. In addition, catalytic materials were 10
often deposited on the porous material, generally metals
or compounds of metals from Group VIII of the Periodic
Table, for example, the noble metals or heavy metal
borides such as nickel boride or cobalt boride.

Tn practice the hydrazive concentration in the electro- .,
Iytc must be kept relatively low, ic., in the range of
from about 0.3 0 percent, otherwise direct chemical
attack occurs at the air cathode if it is given mo special
protection. Hence, hydrazine-air fuel cells are normally
provided with & sophisticated fucl injection an monitoring 5,
mechanism 10 periodically supply fresh fuels as it is con-
sumed by the electrochemical reaction ind 10 control the
maximum fuel concentration. However, in present meth-
ods of monitoring the hydrazine cocceairation In he
electrolyte of a hydrazine fuel cell the total output vollage 55
of the fuel cell battery is monitored and a change in this
voltage actuates an electrical switch opening an electro-
magnetic fuel valve and introducing hydrazine into the
electrolyte system. The prime disadvantage of this method
is th battery voltage invariably includes the 3o
cathode potential which tends to vary with hmc‘a»d op-

2

battery voltage have also been suggested. However, such
separate monitoring devices, have a very low sensitivity
because the change in voltage with hydrazine concentra-
tion for a single cell is relatively small compared to the
tatal battery voltage.

It would therefore be desirable to have a fuel cell
which could operate at relatively high concentrations of
hydrazine in the electrolyte, and thus require only oc-
casonal ful injection by meaas of, for ezample, a single
solencid valve. However, it has been observed that some

means for limiting hydrazine transport from he anode
10 the cathode compartments is essential when a relatively
high concentration of hydrazine is present in the electro-
Iy, As previowsly indicated, projecton oftheai cathode
from contact with large amounts of hydra
i order to prevent a severe “chemical short” which would
ot only overpolarize the ca would unneces-
sarily consume hydrazine fuel and generate considerable
heat.

Although cells can operate without a barrier or mem-
brane if the hydrazine concentration is maintained below
about 1 percent, the use of concentrations in. the 10 to
30 percent range necessitates its use. For instance, in an
atiempt to operate a fuel cell containing no membrane
or other means to restrict hydrazine transport, when an
clectrolyte :nm:lmng 10 percent hydrazine was added,
very violet gassing occurred and the cell became very
hot. Tn contrast, a similar cell containing the membranes
disclosed herein, showed a temperature tise of less than
15° C. during = one and one half hour operating period
at a current density of 25 a.s.

It is therefore apparent that if no special protection is
given to the air cathode, a low hydrazine concentration
must be employed and the monitoring means must be
Highly sophisicaied. Tn the avent mhas the 4l catods
could be protected from direct chemical reaction, it would
be possible to utilize a higher hydrazine concentration
less sophisticated monitoring means and an overall im-
provement in operation.

Accordingly, ane or more of the following objects vt
be achieved by the practice of this invention. It

abiect of this invention to provide 4 fuel cell which can
operate at high fucl concentrations. Anather object of
this inveniion is to provide a hydrazine-air fuel cell which
can operate at hydrazine concentrations of up 1o 30 per-
cent in the clectrolyte. A further object of this mvemmn
is to provide a fuel cell which employs as a separator
a selective, ion permeable membrane. A still further ob-

ily become apparent to those skilled in the art in the
light of the teachings herein set forth. In its broad aspect,
the invention is directed {0 a fuel cell comprising, in
combination, at least one hydrazine anode, at least one
oxidant cathode, current collecting means associated with
the anode and cathode, and an electrolyle containing
hydrazine, the cathode being separated from the hydrazine
in the electrolyte by a selective, ion permeable membrane
comprised of alkali metal salls of ethylene-acrylic acid
copolymers. Due to the presence of the membrane, Tela-
lively high of hydrszine, i, 10 to 30

erating conditions. Also, should there be an
of hydrazine into the system in response io a drop in
1otal batiery voltage due, for example, to a slowdown
in the electrolyte pumping system or aif cooling system, g5
the hydrazine monitoring and injecting system would be
unable to recover because of the tendency to injest even
ydrazine to compensate for the desreased voliage,
resulting cventually in complete Gooding of the system
with the hydrazine fuel 0
Separate monitoring means for controlling hydrazine
concentration which are independent of the main fuel cell

percent in the electrolyte can be employed and the need
Tor roplenishing the fuc] At reoquent Aniervals subatan-
tially reduced.

As hercinbefore indicated, the sclective, jon permeable
membranes which are employed in the fuel cells of this
invention are alkali metal salts of ethylenc-acrylic acid
copolymers.

The ethylene-acrylic acid copolymers are prepared by
the polymerization of ethylene and acrylic acid (or meth-
acrylic acid) by known techniques described in the liter-
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Figure 3.130: Karl Kordesch also invented improved fuel cells.
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3.7 Film Photography

While early film photography was being developed and practiced in France, the United Kingdom,
the United States, and other countries, most of the key technological advances were made in the
German-speaking world (Section 3.7.1) and then transferred to other countries (Section 3.7.2).14
See Figs. 3.131-3.144.

Even the American chemist and chemical historian Aaron Ihde admitted [IThde 1984, p. 464]:

The German industry held a virtual monopoly until World War I as a supplier of
photographic chemicals, optical glass, and high quality cameras.

3.7.1 Development of Photography

In 1717, Johann Heinrich Schulze (German states, 1687-1744, Fig. 3.132) discovered that light
causes some silver solutions to become darker. He used that process to reproduce clear images
such as words, although he found that the images in the silver solutions faded with time. Schulze
published his results in books that were freely circulated within the European chemical community,
thus launching the field of chemical photography.

Building upon Schulze’s research, in 1777 Carl Wilhelm Scheele (German states, 1742-1786, Fig.
3.132) developed a chemical fixer for silver solutions to make the light-induced images permanent
and to prevent further light from altering the images. Scheele also discovered the need for working
with light-sensitive silver solutions in red light until they were fixed. Scheele’s research findings,
like the earlier discoveries of Schulze, were circulated within the community of European chemists.
Thus Schulze and Scheele were responsible for establishing the fundamental chemical and physical
principles upon which film photography has been based ever since.

It appears that the German-speaking scientific world reduced the discoveries of Schulze and Scheele
to practical and commercial applications by the early nineteenth century. No later than 1839, the
brothers Friedrich Wilhelm Enzmann (German states, 1802-1866, Fig. 3.131) and Carl Heinrich
Enzmann (German states, 1877-1877) were producing and selling cameras and photographic film
as a regular commercial business.

These early German developments in photography spread to other countries, where they were
adopted and further publicized by other scientists such as Louis Daguerre (French, 1787-1851) and
William Henry Fox Talbot (English, 1800-1877). Especially in the English-speaking world, some
historians erroneously assigned credit for the invention of photography to those later scientists,
although the original discoveries and inventions clearly arose earlier and in the German-speaking
world.

14See for example: Flueckiger 2020; Gill and Mustroph 2014, 2015a, 2015b; BIOS 61; BIOS 252; BIOS 262; BIOS
397; BIOS 435; BIOS 484; BIOS 492; BIOS 658; BIOS 772; BIOS 773; BIOS 1180; BIOS 1355; BIOS 1605; BIOS
1627; BIOS Overall 19; CIOS ER 217; CIOS ER 345; CIOS XII-22; CIOS XIII-5; CIOS XVII-10; CIOS XXVI-7;
CIOS XXVI-61; CIOS XXX-15; CIOS XXX-17; FIAT 153; FIAT 351; FIAT 355; FIAT 356; FIAT 357; FIAT 358;
FIAT 359; FIAT 360; FIAT 678; FIAT 698; FIAT 721; FIAT 891; FIAT 893; FIAT 943; FIAT 953; FIAT 976; FIAT
977; JIOA 13; NavTecMisEu 96-45; NavTecMisEu 140-45.
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In 1873, Hermann Wilhelm Vogel (German, 1834-1898, not to be confused with the astronomer
Hermann Carl Vogel) invented dye color sensitization, which enabled photographic emulsions to be
made sensitive to different colors of light, and thereby led to color photography. His results were
widely publicized (Fig. 3.133) and became the basis of almost all color photography. Chronologie
Chemie described Vogel’s revolutionary innovation [Neufeldt 2003, p. 74]:

Die Entdeckung der optischen Sensibil-
isierung photographischer Schichten, so
daf3 diese aufler fiir blau auch fiir weitere
Spektralbereiche lichtempfindlich werden,
fiihrt zu naturgetreuen Schattierungen
in der Schwarz-Wei3-Photographie. Vogel
beobachtet dieses Phanomen zuerst am
Farbstoff Korallin, die Weiterentwicklung
fiihrt zur Sensibilisierung fiir griines und
gelbes Licht (orthochromatische Filme)
und schliefllich mit Hilfe der Polymethin-

The discovery of optical sensitization of
photographic layers, so that they become
light-sensitive to other spectral ranges in
addition to blue, led to lifelike shading
in black-and-white photography. Vogel first
observed this phenomenon with the dye
coralline; further development led to sensiti-
zation for green and yellow light (orthochro-
matic films) and finally, with the help of
polymethine dyes, to sensitization for the
entire visible spectral range (panchromatic

Farbstoffe zur Sensibilisierung fiir den
gesamten sichtbaren Spektralbereich
(panchromatische Filme).

films).

Ferdinand Hurter (Swiss, 1844-1898, Fig. 3.131) worked to make photography more rigorously
systematic, such as defining and measuring film speed, optical density, and other properties.

As shown in Fig. 3.134, Ottomar Anschiitz (German, 1846-1907) invented high-speed camera shut-
ters in 1881 and compact portable cameras in 1896.

Momme Andresen (German/Danish, 1857-1951) invented new and improved chemical developers
and fixers for photography from the 1880s onward. He helped to build what became known as
the Agfa photography company (derived and rebranded from the earlier Aktiengesellschaft fiir
Anilinfabrikation) and employed other chemists such as Ernst Leupold (German, 1877-1977). See
Fig. 3.135.

As shown in Fig. 3.136, the brothers Max Skladanowsky (German, 1863-1939) and Emil Skladanowsky
(German, 1866-1945) created the Bioscop motion picture camera and projector in 1892 and pre-
sented the first public films in 1895.

Adolf Miethe (German, 1862-1927) produced high-quality color photographs using a three-color
process beginning in 1901 (Fig. 3.137). He also invented the first practical flash powder for photog-
raphy.

Raphael Eduard Liesegang (German, 1869-1947, Fig. 3.132) conducted numerous experimental
and theoretical analyses of the photochemistry of both black-and-white photography and color
photography.

Rudolf Fischer (German, 1881-1957) invented Agfa color film in 1911 (Fig. 3.138). He worked
closely with Wilhelm Siegrist (German, 1881-1977) for part of that period.
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In 1913, Oskar Barnack (German, 1879-1936) invented the first modern 35 mm still camera, which
later was dubbed Leica (for Leitz Camera); see Fig. 3.139. The Encyclopedia Britannica described
his invention [EB 2010]:

[Dlesigner of the first precision miniature camera to become available commercially, the
Leica I, which was introduced in 1924 by the Ernst Leitz optical firm at Wetzlar, Ger.

Barnack was a master mechanic and inventor who joined the Leitz optical firm in 1911.
Barnack had completed a prototype of the Leica by 1913, but World War I and the
postwar chaos in Germany delayed production. The success of the Leica I promoted the
use of 35-millimetre and other small cameras. Barnack determined the standard 24 x
36-millimetre picture size for 35-millimetre film and was partly responsible for the Leitz
Elmar lens.

As shown in Fig. 3.140, Max Hagedorn (German, 1877-1977) created improved film stock from 1924
onward.

Ernst Bauer (German, 1877-1977), Wilhelm Schneider (German, 1877-1977), and Gustav Wilmanns
(German, 1877-1977) invented Agfa Neu improved color film in 1935. Their technology was show-
cased in films such as Frauen sind doch bessere Diplomaten (Fig. 3.141) and became the basis for
most color film around the world after World War II.

Joseph Joshua Weiss (Austrian, 1905-1972, Fig. 3.132) carried out a series of analyses on the
photochemical reaction mechanisms in photographic film.

Artur Fischer (German, 1919-2016, Fig. 3.131) invented a system for synchronizing a photo flash
with the camera shutter.

The German-speaking world also developed very high-quality optical components and optical de-

vices that were important for photography (p. 686 and Section 6.9).

3.7.2 Transfer of Photography-Related Technologies

As illustrated by the examples above, a wide variety of advanced technologies, components, and
methods for photography were created in the German-speaking world. Some were transferred to
other countries via patents, publications, and commerce before World War II, but many of the
most advanced photographic technologies were only transferred after the war. For some examples
of transferred technologies, see Figs. 3.142-3.144 and the following reports:

BIOS 61. Weapons Section of the LFA, Volkenrode, with Notes on Photographic Methods
Used in German Ballistics.

BIOS 252. I. G. Photopapier Fabrik (AGFA), Leverkusen, Near Cologne.
BIOS 262. German Photographic Film Base Industry.

BIOS 397. Agfa Colour.
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BIOS 435. Ozalid Light-Sensitive Materials, Kalle & Co., Wiesbaden—Biebrich (I.G.
Farbenindustrie A.G.).

BIOS 484. The German Printing Industry.

BIOS 492. Explosives Work and Associated Photographic Technique.

BIOS 658. German Photographic Industry.

BIOS 772. Manufacture of Diazo Chemicals, Kalle €& Co., Wiesbaden/Biebrich.

BIOS 773. Manufacture of Photographic Developing Substances at I.G. Farbenfabrik,
Wolfen.

BIOS 1180. German Between-Lens Photographic Shutter Production.

BIOS 1355. Further Investigation of Agfa Filmfabrik (Photographic Plant), Wolfen, Near
Leipzig.

BIOS 1605. I.G. Farbenindustrie. The Manufacture of Intermediates and “Colour For-
mers” for Agfa Farbenfilm.

BIOS 1627. German Organic and Inorganic Photographic Chemicals Manufacture.
BIOS Overall 19. Photographic Industry.

CIOS ER 217. Report on Manufacture of Air Photography Apparatus.

CIOS ER 345. Report on: I.G. Agfa, Wolfen; I.G. Farben, Wolfen.

CIOS XII-22. Electronic Test Instruments Spark and Flash Discharge Photographic
FEquipment Philips, Eindhoven.

CIOS XIII-5. Photographic Lenses and Optical Instruments.

CIOS XVII-10. Gervart Photo Material Manufacturer, Antwerp.

CIOS XXVI-7. Focke Wulf Photo Reproduction Department, Bad Eilsen.

CIOS XXVI-61. Film Production and Methods, Agfa Film Fabrik Plant, Wolfen.
CIOS XXX-15. Agfa Film Factory, Wolfen.

CIOS XXX-17. I.G. Farben, Agfa Subsidiary, Wolfen.

FIAT 153. Punching of Spinnerets, I.G. Farbenindustrie, Agfa Camera Werke, Munich.

FIAT 351. Photosensitive Products, Kalle & Company.
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FIAT 355.

FIAT 356.
furt/M.

FIAT 357.
FIAT 358.
FIAT 359.
FIAT 360.
FIAT 678.
FIAT 698.
FIAT 721.
FIAT 891.
FIAT 893.
FIAT 943.
FIAT 953.
FIAT 976.

FIAT 977.

Interviews with Technical Personnel, Agfa, Wolfen.

Report on Photographic Silver Nitrate as Manufactured by Degussa, Frank-

Photographic Gelatin Plants.

The Manufacture of Photosensitive Products at the Schleussner Film Werke.
Report on Goebel, A. G. Darmstadt. [photosensitive materials]
Report on AGFA Photo Paper Plant, at Leverkusen.

Status of Exploitation of Photography and Optics in Germany.
Photographing a Single Fuel Injection.

Agfacolor Negative-Positive Method for Professional Motion Pictures.
Duxochrome Photo Color Prints.

Introduction to Technical Photographic X-Ray.

The Manufacture of Agfacolor Material.

Color Photography.

Agfa Color Process.

Color Reproduction by Color Photography.

JIOA 13. Photo-Mapping and Map Reproduction.

NavTecMisEu 96-45. Investigation of Film Production and Methods at the Agfa Film
Fabrik Plant, Wolfen, Germany.

NavTecMisEu 140-45. Agfa Paper Formulae.

Scientists from the German-speaking world also developed technologies for electronic photography
and transferred those technologies to other countries, especially after World War II. See Sections 6.3,
6.5, and 6.6. Over the course of several decades after World War II, German-derived chemical film
technologies for photography were slowly and ultimately almost completely eclipsed by German-
derived electronic photography technologies.
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Photography
Carl Heinrich Friedrich Wilhelm
Enzmann (18?7-18??) Enzmann (1802-1866)

Artur Fischer (1919-2016) Ferdinand Hurter (1844—-1898)

g i
¢ o
ey

Figure 3.131: Some creators who made important contributions to photography included Carl Hein-
rich Enzmann, Friedrich Wilhelm Enzmann, Artur Fischer, and Ferdinand Hurter.
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Photography
Raphael Eduard Carl Wilhelm Scheele
Liesegang (1869-1947) (1742-1786)

: .. {‘l ' ]

Johann Heinrich Joseph Joshua Weiss
Schulze (1687-1744) (1905-1972)

Figure 3.132: Other creators who made important contributions to photography included Raphael
Eduard Liesegang, Carl Wilhelm Scheele, Johann Heinrich Schulze, and Joseph Joshua Weiss.
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Hermann Wilhelm
Vogel (1834-1898)
invented dye sensitization
for color photography (1873)
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Figure 3.133: Hermann Wilhelm Vogel invented dye sensitization for color photography in 1873.
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Ottomar Anschiitz Invented
(1846-1907) high-speed
- AR S shutters (1881)
oAl and compact
portable

cameras (1896)

\
a‘-——im- oz

Figure 3.134: Ottomar Anschiitz invented high-speed shutters in 1881 and compact portable cam-
eras in 1896.
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Momme Andresen (1857-1951)

Ernst Leupold (18??-19??)
UNITED STATES PATENT OFFICE.

MOMME ANDRESEN, OF BERLIN, GERMANY.

PHOTOGRAPHIC DEVELOPER.

SPECIFICATION forming part of Letters Patent No. 477,486, dated June 21, 1892,
Application fled Octoder 12, 1891, Sorial No. 408,484, Mo specimens) Palented in Germany Jauary 27, 1891, Ne. 60,174 ; in

Eng]

To all whom. it may concern:

Be it known that I, MOMME ANDRESEN, of
Berlin, in the Kingdom of Prus sia, (German
Empire, have invented new and useful Im-
provements in Developers for Photographic
Pictares, (for which patents have been ob-
tained in France, No, 211,243, dated Febru-
ary 7,1801; in England, No. 1,736, dated Janu-
0, 1801, and in Germany, No. 60,174,
dated January 27, 1891;) and I do hereby de-
clare that the following is a full, elear, and
exact deseription thereof, which will enable
others skilled in_the art to which it apper-
tains to make and use the same.

This invention relates to the development
of photographie pietures by means of para-

w

©

ad Janiary 30, 1891, No, 1,736, and &

mido-phenol or its chlorine, bromine, iodine
oxy, amido, and methyl derivatives or the
carbonic and sulphonic acids of paramido- |
phenol.

Now, I have found by experiment that the
substances mentioned above are exception-
ally suitable for developing photographie pie-

M
o

tures, excelling the developing substances | -

hitherto known by effecting an exceedin 1y
rapid and energetie development, and conse-
quently these substances are especially ap-
plicable for developing plates after short ex-
posures. The negatives obtained are clear
and well detailed and have a bluish - blac
eolor, which insures rapid printing. There
ean be prepared with the new developers two
series of developing solutious, which contain l}
the paramido phenol or its equivalents either |
in the form of the free base or as an alkali |
salt.

9

ie following are examples of the prepara-
tion of these solutions

Ezxample I.—Dissolve water, one thousand
parts; hydrochloride of paramido-phenol, five

parts; sulphite of soda, (erystal,) fifty parts;
carbonate of potash, twenty-

France Pebruary 7, 1891, No. 211,248,

ive parts.
Example - II.—Dissolve in one hundred

parts of boiling water thirty parts of meta-

bi

hydrochloride of paramido-phenol. To tl
solution slowly add while stir
tra
pa

sulphite of potash and hereupon ten p:

ring concen-
ed eanstic soda nntil the precipitated
nido-phenol has just been redissolved.

For practical use the solution of the para-

mi

ido-phenolnatrinm obtained has to be weak-

ened by adding five to fifty parts water, ac-

cording to whethera stron
be required.

pl
sa

or weak developer
On immersing a photographic
¢ in the solutions prepared in the afore-
id manner the pieture becomes completely

developed and can afterward be fixed in the
usnal way. The above proportions may, how-

ever, be varied,
potash may be substituted

wl

For the meta-bisnlphite of
isulphite of soda
e of soda and for the carbonate of
ash earbonate of soda or lithinm.

I claim—

1.

sin-deseribed mode of developing
raphs, which cons in treating the
ive plates with paramido-phenol or a
vative thereof, snbstantially as deseribed.
lie mode of developing photograph
hich eonsists in forming a solution of para-

mit_ln-]lhenol, a sulphite of potash, as de-

hand and aflix my seal in the presenceof two 75 o

ribed, and carbonate of potash, and treat-
the sensitive plate with such solution,
stantially as deseribed.

In testimony whereof I hereunto set my

witnesses,

MOMME ANDRESF
Witnesses:

THEODOR DIEHL,
GUSTAV LUCHT.

Chemical developers and fixers for photography

o

. culated.

UNITED STATES

NDRES!

PROCESS OF DEVELOPING

SPECIFICATION forming part of Letters Patent No, 475,372, dated May 24, 1892,

Agpril 18, 1 (N

To all whom it may concern:
s it known that I, Moy
emist, a subjeet of the King of Prussia, r
siding at 44 Melehiorstrasse, Berlin, Prussia,
German Empire, have invented
and useful Improvements in and Relating to
the Development of Photograph i
(for which Letters Patent have &
in Austria-Hangary, No. 89,96
o dated February

83,503, dated March 2
0, dated March 26,
5, ed Febru

lgium, No.

in France, No.

; in German,
339; in G

March 26, in Spain, No. 9,403, dated
June 4, 1889, and in Sweden, No. 3,028, dated
March 26, 1889;) and 1 do hereb; lare the

ollowing »o a full, clear, an t deseri
tion of the invention, such as will enable others
d in the art to which it appertains to
nd use the same.
v invention relates to the development of

raphie pictures by means of diamido-
ine, amido-naphthol, and dioxynaph-

rell as theirsulphc

As is well known in photograply, it is the
practice to treat the sensitive plates (prepared
o with chloride, bromide, or iodide of silver, or
with two or all of these salts) after exposure
with a developing solution in order to bring
to view the image produced on the sensitive
plate. The developing solution hitherto em-
ployed for this purpose nsnally consisted
of a solution of oxalate of iron, sulphate of
iron, or eallic acid. Now I have found

¢ experiment that a derivative of naphtha-
line, or of a naphthol, or their sulpho-acids—
as, for instance, diamido-naphthaline, amido-
naphthol, and dioxynaphthaline, as well as
their sulpho-acids—gives mueh better results
than the well-known alkaline pyrogallol de-
elopers, and are exceptionally suitable for

1z to

45 developing photographic pictures, whenever,

in the produetion of such pictures, a sensitiz.
ing agent is used that will be chemically af-

UNITED STATES

MOMME ANDRESEN AND ERNST LEUPOLD,
ELLSCHAFT

ORS TO THE ACTIEN-G
SAME PLACE.

OoF
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Parent OFFICE.

BERLIN, GERMANY.

PHOTOGRAPHIC PICTURES.

s Pa

ary 10, 1889, No, 60,21
+ 1880, No, 6,207, fn Nor-
9, XXILI, 26,100, L, 27} I Bpaln

15 is the ease in the
lts—for instanece, the

the develope
er salt ¢

k tint similar to that produced when the
pieture is developed in a bath of o [
iron, with the ad o that tho s B
plate is not in the On the oth
g the subjec
matter of this invention are ¢ durable in
an aqneous alkaline solution than the pyro-
gallol developers hitherto used. I thus ob-
n the advantages possessed by known de-
veloping agents without their disadvantage:

A developing-bath prepared with my naph-
thol developer, in which it is intended to im-
merse the sensitive plate after having been
exposed for the purpose of producing a visi-
ble picture, is for instantaneous photography
advantageously composed of the following
ingredients: five grams of the hereinbefor
deseribed napthol developer, fifteen gramsof
sulphite of soda, two hundred and fifty grams
of distilled water, and five grams of carbon-
The above proportions ean,
ed, or one or the other of the
an be substituted by others, pro-

tial part—namely, the before-
contained in
hedeveloping-bath. Afterhavingimmersed
the photographic plate in this bath till the
picture becomes completely developed it is
then fixed in the v

ingredicnts
viding the o

il invention, what T
claim as new therein, and desire to secure by
Letters Patent, is—
1. In the art of photography, the improve-
ment which consists in subjecting sensitized
xposed sarfaces to the developing ac-
solation of a derivative of naphtha-
e, substantially as set forth,
2, In the art of photography, the improve-
ment which consists in subjecting sensitized
and exposed sur to the developing ae-

1

tion of an alkaline solution of a derivative of
naphthaline, substantially as set forth.

3. In the art of photography,
ment whieh consists in subjecting sensitiz

PaTeEnT OFFICE.

I BERLIN, GERMANY, ASSIGN-
FUR ANILIN FABRIKATION, OF

PROCESS OF INTENSIFYING PHOTOGRAPHS.

SPECIFICATION forming part of Létters Patent No, 641,019, dated January 28, 1900,

A

Taly 20,1890, Sezi:

1 No, 724,568, (Ko specimens,)

To all whom it may eoncerie:

Beitknown that we, MoMME ANDRESEN and
ERNsT LEUPOLD, of Betlin, in the Kingdom
of Prussia, German Empire, have invented
new and useful Improvement: Intensify- |
ing Photographie Silver Pr and we do
hereby declare that the following is a full,
clear, and exact description of the invention,
which will enable others skilled in the art to
which it appertains to make and use the same

Fori ng photographiesilver prints,

s,

tives,) especially in the neg-
ess, with gelatine silver bromid two ‘

e heretofore prineipally been |
The first method consists in using mer-
¢hlorid as intensifier, by the action of |
which the black silver printis first bleached,
assuming agreater transparency. After wash-
ing thoroughly the print is ag: densified
and darkened by treatment with ammonia or
sodium sulfite, whereupon it is washed once
more. The second method consists in using
ntensifiers uraniom salts. This process
only requires one operation. However, the |
intensive red-brown color produced in the
print by the action of the uraninm salts is not
at all stable, and besides the degree of the |
intensification attained cannot be safely cal-
Moreover, the uraninm intensifier |
does not keep, but is decomposed in a short
time. We have now found that the double
salts of mercurie sulfocyanid yield solutions
which keep well and which intensify the

photographie silver print with black color in | i

a single operation. Of the dounble salts of |
mereuriesulfoeyanid, especially those formed |
with sulfocyanids or with chloridsof the alka-
lies, alkaline earths or ammonia or wixtures
of the same can be practically used.

The proportions in which we dissolve the
above constitnents in order to produce the
new intensifiers are not exactly those caleu- |
lated for the formation of the double salts
from equimolecular guantities of mercuric

Ifocyanid with the sulfoeyanids or chlorids
of the beforesmentioned alkalies, since an ex-

| cess of the alkali salts has been found suit-

able, ns the mixtures so obtained are easier
soluble in water and more stable in aqueous
solution than are the pure double salts.

The invention is illustrated by the follow-
ing examples:

First. Ten parts of mercurie stlfoeyanid
and eight parts of potassinm sulfoeyanid are
i d in one hundred s of distilled
water. This stock solution, which ean be
kept without decomposing, is diluted with ten
parts of water for use as intengifier. The
negative or positive which needs intensifying
is placed into the diluted solution and left
therein, while preferably keeping the liguid
in motion until the di degree of intensi-
fication isreached. ntensifled negative
or positive is then washed and dried.

Second. Ten partsof mereuric sulfoeyanid
nd ton parts of sodinm ehlorid are dissolved
in fifty parts of water. For use as intensifier
this stock solution is diluted with ten parts
of water,

Third, Ten parts of the double salt of mer-
curie sulfoeyanid with potassinm sulfoeyanid
and six parts of sodinm chlorid are dissolved
in fifty partsof water. For useas intensifier
this stock solution is diluted with ten parts
of water.

Having now deseribed our invention and in
what manner the same can be performed,
what we claim as new is—

The process hevein described of intensify-
photographicsilver prints, which consists

bjecting the prints to the action of the
herein-deseribed solntions containing double
alts of mercuric sulfocyanid.

In witness whereof we have hereuntosigned
our names, this 5th day of July, 1899, in the
presence of two subseribing witnesses.

MOMME ANDRESE
ERNST LEUPOLD.

Witnesses:
HENRY HASPHR,
‘WoLDEMAR HaUPT,

g to impart to the plate a blue- o
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Figure 3.135: Momme Andresen invented new and improved chemical developers and fixers for pho-
tography from the 1880s onward. He helped to build what became known as the Agfa photography
company and employed other chemists such as Ernst Leupold.
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Max Skladanowsky
(1863-1939) and
Emil Skladanowsky
(1866—1945) created
the Bioscop motion
picture camera and

projector (1892) and
presented the first
public films (1895)
33 --‘“lxlunu:ﬂxx:x:n!!xuu:x:
Paris, den 31. Decemt : %
Sensationells Weuheit! Sensationelle Weuheit! s
~ Gebrader Skladanowsky's
Max SklﬂdﬂnOWSky Die amiisanteste und interessanteste Erfindung 3
p . des 19. Jahrhunderts! 3
with a Bioscop ' -
projector
I;rm f‘ur‘ il i M e i
Ge'l?r.r Skla,“d.a.nowsky. E

A frame from
one of the 1895
Bioscop films

[1F S

Figure 3.136: The brothers Max and Emil Skladanowsky created the Bioscop motion picture camera
and projector in 1892 and presented the first public films in 1895.
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Color
photograph
by Miethe
(1902)

Adolf Miethe
(1862-1927)
produced
high-quality
color
photographs

Figure 3.137: Adolf Miethe produced high-quality color photographs using a three-color process
beginning in 1901. He also invented the first practical flash powder.
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PATENTSCHRIFT
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Rudolf Fischer (1881-1957)
.

KAISERLICHES PATENTAMT.

PATENTSCHRIFT

— M 257160 —
KLASSE 576. GRUPPE 18,

— M 253335
KLASSE 574.’) GRUPPE 14.

Dr. RUDOLF FISCHER w BERLIN-STEGLITZ.
Verfahren zur Herstellung farbiger photographischer Bilder.

NEUE PHOTOGRAPHISCHE GESELLSCHAFT AKT.-GES.
i BERLIN-STEGLITZ.

Patentiert im Deutschen Reiche vom 7.Februar 1912 ab.

Verfahren zur H von photographien,

Die Entwicklung photographischer Halogen- | wicklern aus der Indigogruppe nicht leicht

Patentiert im Deutschen Reiche vom 14. Juni 1911 ab.

den Losung, z. B. Thicindoxyl. Man belich-

einem mittels Raster hergestellten komplemen-

w
a

silberschichten fiibrt im allgemecinen zu einem
schwarzen Bilde, das im wesentlichen aus
Silber bestcht. Jedoch sind vereinzelte Fille

zu erhalten. Es wurde nun gefunden, daB
man zu auBerordentlich stark farbigen Bildemn
auf eine sehr leichte Weise gelangen kann,

Phenylendiamin, Monoathyl-p-Phenylendiamin, |

sowohl aliph her als auch

L S . 5 bekaont, in demen man direkt beim Ent- | indem man nicht die Oxydationsprodukte der
. ES ist bekannt, dab = d'.lmh Baden von "eia{.”h’ dahe}x{v\llrd dgjbI:est,balspéiaE bls:er wickeln gefirbte Bilder erhalten kann. So | Entwickler allein bmué!. scmdpern zu den
in geelg- | unbclichtete Halogensilber, - beeinfluft, das ergibt dic Entwicklung mit Pyrogallol ein | Entwicklem Stofie hinzufiigt, die sich mit
neten Losungen unmittelbar einfarbige Bil- | sich nunmehr beim Baden in einer einen Ibbraunes Bild Indoxvl ein bl it | den beim Entwickel henden Oxydatis
der erhalten kann, indem das belichtete | griinen Farbstoff ergebenden Losung, z.B. 85 gétbbraunes Bild, mit Indoxyl ein Diaves, mit | den beim Entwickeln entstehenden Oxydations-
5 Halogensilber den in den Lasungen vorhande- | Chlorindoxyl, griim farbt. Bei der zweiten TNiohomy] s Totw D Anen e e | podukisn des Butmicklers & schwes Ioafichen 48
8! p & E Farbstoff | und dri yﬁ% b hil 4 cd 10 gebrauchlichen photographischen Entwickler | gefirbten Korpern kuppeln. Je nach den an-
ren Stoff zu cinem unldslichen Farbsto = citten Belicatang Scultet Co3 untet den geben unter gecigneten Bedingungen (Abwesen- | gewandten Entwicklern oder Kupplungskér-
oxydiert, der sich auf dem reduzierten Silber | Farbkérpern liegende Silber das unter die- licit von Natriumsulfit und zhnlichen Korpern) rn crhalt man Vertreter verschicdener Farb-
niederschidgt. Tn der Folge soll diese Art ! sem liegende ;unvcr'dndcrtc Halogensilber vor mele odes wu:iger gefarbte Bilder. D{’:so 1 Eeloffhlﬂssen, von denen folgende als Beispiele
der Entwicklung als »farbige Entwicklung« | weiterer Belichtung und Entwicklung. Die- 40 erzielten Farbun ind iedoch a g
erdales 7 7 igen sind jedoch entweder | angefiihrt seien: 50
10 und die dieselbe verursachenden Stoffe als | ser Schutz kann auBerdem schon durch den 15 nicht sebr markant, oder wie bei den Ent-
sFarbbildnere bezeichnet werden. | erzeugten Farbstoff hervorgerufen werden, ’
Das vorliegende Verfahren benutzt diese | wenn man bei den spiiteren Belichtungen sol-
stirkere Oxydationsfahigkeit von belichtetem | ches Licht anwendet, das durch den bereits p-Amidophenole + Phenole = Indophenole, +
Halogensilber gegeniiber unbelichtetem zur | erzeugten Farbstoff absorbiert wird. Das so 45 P‘Phe"yiﬂ“f‘_“‘mg + Phenole = Indoaniline und Oxazime, B
15 Erzeugung von Farbenphotographien. Diese | hergestellte dreifarbige Bild (Raster) kann . p-Phen ) mine + A{’_“’“’;_‘ o o
ist auf verschiedene Arten moglich, und zwar | rach Entfernung des unter den Farbkdrpern nylendiaiine - T ! et = Indot
kénnen ebenso gut additive als auch subtrak- | liegenden Silbers, z. B. mit Farmerschem Ab- | gt } + 8 die saure Methylm | Azomethine.
tive Farbenbilder hergestellt werden. | schwicher, und nach Entfernung des nicht P'Phﬂﬂyl"-ﬂﬂlmﬂe L verbindungen enthalten [
1. Soll z.B. ein Farbraster als einaddi- | derten Halogensilbers mittels cines 5o . J =l
20 tives Farbbild hergestellt werden, so be- | mittels als Dreifarbenraster dienen. 35 Die am schwersten lgslichen Kérper erhilt | Ferner kann die Amidogruppe auch in ein
lichtet man eine lichtempfindliche Halogen- | II. Fiir subtraktive Bilder werden, man mit p-Phenylendiamin als Entwickler | Ringsystem eingeschlossen sein: p- Amino-
silberschicht unter einem Raster, der zu etwa = wie iiblich, drei Teilnegative verwendet, deren und Phenolen oder vﬂbmd“n«c" mit sauren ﬂ,r“)]e.llj,],mdm
einem Drittel seiner Fliche lichtdurchlissig | jedes einer der Grundfarben entspricht. Methylengruppen als Ki pe Unter Phenolen sind cbenfalls die Sciten-
vnd zu zwei Dritteln gedeckt ist, badet die | Hiervon werden auf Halogensilberschichten 55 Dic p-Phenylendiamine umfassen " hierbei | ketten- und Kemlmmnlogcn und die Substi- 65
35 Schicht dann in einer einen blauen Farbstoff | drei Teilpositive kopiert und diese in der 3o auch dic Scitenketten- und Kem ie | produkte zu
erzengenden Lésung, z. B. Indoxyl, kopiert | oben angegebenen Weise in den entsprechen- in «ie: Amulogruppc oder im Kern ;ubstmner— | Beispiele: Phenol, Kresol, Naphtol, o-
unter einem zweiten Raster so, dafi wiederum | den Farbbildnern entwickelt und alsdann ten Vi dungen des p-Phenyl | Amidophenol, Trichlornaphiol, Resorcinmethyl-
ein Drittel der Fliche belichtet wird, und | {ibereinander gelegt. Beispiele: p-Phenylendiamin, p-Toluylen- [ ather, Naphtolsulfosiure.
badet in einer einen roten Farbstoff erzeugen- |  Die Teilpositive kann man auth direkt aus 6o diamin, Amido-p-Phenylendiamin, Chlor-p- | Die sauren Mctbykmerbmd\mgﬂn kunncrl 70
|

tet dann die ganze Fliche ohne das Raster-

tirfarbigen Negativ erhalten, indem man von

(LRRRANS)
a1 EEU

Dimethyl-p-Phenylendiamin.

; Natur sein.

Figure 3.138: Rudolf Fischer invented Agfa color film in 1911. He worked closely with Wilhelm
Siegrist for part of that period.
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Oskar Barnack First modern 35 mm still camera (1913),
(1879-1936) later called Leica (Leitz Camera)
Leitz company

N

Figure 3.139: In 1913, Oskar Barnack invented the first modern 35 mm still camera, which later
was dubbed Leica (Leitz Camera).
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MAX WAGEDORN, OF DESSAU IN ANHALT. AND WERNER GLADHORN,
ZIEBIGK, GERMANY, ASSIGNORS TO ACTIEN GESELLSCHAFT FUR ANILIN FABRI-

EATION, OF BERLIN.

OF DESSAU-

PHOTOGRAPHIC FILM.

Applieation filed May 15, 1925, Serial No.

This invention relates to photog
films for projection purposes.

aphic

Heretofore it was the practice to coat the
vear surface of the films with a fatty sub-

@

thereof in a projection apparatus.

stance, to facilitate the gliding or slipping
The su-

perficially applied substance has the dis-

advantage that it can be easily wiped off,

and for this reason soils the film and the

wp']m atus.
the provision of a readily
out the disndvantages mnnlmneci

hie present invention }ms« for its object
i lipping film with-

Buiefly e\prcsse(l the invention consists in

E

incorporating the su

stance producing the

slipping effect in the surface layer of the

film instead of applying it upon the s
thereof. In this way the substance

rince
n be

no longer wiped off, so that a transfer to

5
E]

avoided, and a

other parts of the ﬁlm or to the apparatus is
uniform and permanent slip-

ping effect is oivlnmed Another advantage
of the invention is the possibility of impart-
ing the slipping quality during the manufac-

5
]

ture of the film earrier body n wide strips,

while up to now the treatment was applied

only to the nmrow finished picture strips.

Another material advantage of the inven-
tion lies in the possibility of using substances

@
-]

which as such have no slipping qual
which howeyel
of fine subdivis d
the film, produce a marked shp;mw e

"he invention may be earrivd out by d:
solving the snbstance to be applied i
able solvent which has a solvent
the mass of th
solution to the surface of the
known manner,

the solution.

e practivally insoluble i
ed with_the latter, in

Vs

when lm.oll)u '\ ted in n state
ver uf

in a suit-
ion npon
film and then applying the
film™ in"well
for instance Ly a brush,

v spraying or by drawing the film through

<o possible to apply substances
in the sol-

a

state of fine subdivision. and then penetrate

under the action of the solvent upon the film

into the sarface thercof,
plicable in this respect are colloid
sions of substances such as g
bonate or other material

chemically react upon the celluloid mate
or gencrally of nﬁnte pigments, which I

Patented Nov. 20, 1934

o
s

UNITED STATES

Particularly ap-

IS, Zine ear-
whieh does not

30,622, and in Germany December 23, 1924,

come so finely distributed in the surface
layer of the film that the transparency there-
of is not materially affected.

The following examples may be considered
as fairly representing the invention:

A1-1.6% solution of sodium stearate in
methanol 35 applied in sny suitable manner.
The solvent, by its action upon the film,
makes it possible for the sodium stearate
penetrate into the latter, After evaporation
of the solvent, as for instance caused me-
thodically by movement of the film in a warm
air enrrent, the sodium stearate is deposited
!n Ihe surface of the film.

colloidal suspension of gypsum in
|mnth.m(ﬂ is prepared in a well known man-
0 mt the percentage of gypsum is
|bu\|t 1%. The suspension is applied in
the same manner as before indicated. The
solid particles embed themselves in the sur-
face of the film body and form an integral
part thereof.

These two examples, it is understood, are
mercly representatives of relatively large
classes of soluble snd insoluble substances
available for carrying out the object of the
invention. rly, methanol is referved
to merely as a_well known solvent for films.
Any other solvent known or unknown at
present may be used in a like manner. The
film body may be treated during the manu-
facture ]nwwusly suggested or after the
film is finished. % tter case the face
opposite the sens t.u lmm is treated, as is
understood.

In the drawing forming a part of this
specification, 2 represents the body of a cel-
Inloid film serving as the usual support for
the photo-sensitive gelatine layer 1. In the
surface vpposite the photo- sensitive layer 1,
is ombrt]ged finely divided material of the
order of gypsum, zine carbonate or generally
of the order of white pigments, which when
finely distributed over the entire surface
does not materially affect the transparency
thereof, or conversely expressed, which has
light-transmitting qualitv. T rial
which may be carried into the body of the
film to any practienl desirable extent definex
n zone 3 co-extensive with the film. While
there is considerable latitude in rvegard to
the method of embedding the material in

- 1,981,102

PATENT OFFICE

1,881,102
PHOTOGRAPHIC MATERIAL AND PROCESS
OF MAKING THE SAME

Maxl!-nﬂnmlnﬂGerhnrdmm-mDm

in

tion of New York

' No Drawing.

No. 685,14

11 Claims,

Our present invention relates 10 a

Anhalt, Germany, asslgnors to
Binghamton, N. ¥., a corpara-

Application August 14, 1933, Serial
7. In Germany Angust 10, 1932

Agfa Ansco

(CL 95—7)
solution is

material and more particularly to a light sensi-
Muml.!&rlll hi:hllmud!orﬂ&mmn—

OUS PUrposes ocourring

T e of s ‘obiecta s to g gmvme a process for the

manufacture of Kght sensitive layers. Another
object is the new light :emmw layers. Fur-
ther objects will be seen from the detailed speci-
fication following hereadter.

‘We have found that polv-::ryua acid and the
salts thereof or other polymeric carboxylic acids
and the mixed tucts of

tion of ph rs of all kinds. Such

polymerie aeids are, for instance, polymethylene-
] c acid, the

product from a d acrylic acid,

i
s
i

that of a usual gelatin salution of 4
strength. The viscosity may be rur\.llaud
suitably uleer.mlx the concentration of the, cm—
ing solutic

The nlturv of the binding material for the Ilgh',
sensitive substances its variati

known treatment with formaldehyde or with

Chrnmic alum, but also, if the polymeric substance
isa , by formation of a suitable salt from

the actd, the effect being different in respect of

= the solubility and the surface hardness of the lay-

er. In s similar way the formation of salts per-
mluchmz:maw'emncmmamu-mgss
of the surfs or. mechanical

and the
Illlm&slhln hymfel'm:ﬂunufdymuﬂ' mu . 80
instance, with methylene blue, to modify th
snnbe!\rerlurrmn!vmm-.m

E

ithe layer, by means of
waler, may be developed into a swul.ll.ulz

at-out rellet.

the d d relief may subsequently
beh hlrdmed bymuns of & solution of caleium or
magnesium sall b

AMI.“ 110 (ef. Cellulose Whﬂa 1932, pages
80 to ts, Whereby the binding agent is
mnlmia!hmldemb - into the water-insolubl ool o
to salt of the
) which gelatin is worked up for this purpose and _ The relief produced in the manner d.e:mngd. 5

may directly be used, in the same way 2s a cor-
responding gelatin relief, for an etching resist

or as s flat printing form or & relief printing

{,n,rm.owxu'e the preparation of & printing block

rellef.
'Tl'w following examples [llustrate the inven-

lmple 1-—5 ce. of an aqueous solution of 8
per cent strength of polyacrylic acid are mixed
with 4 ce. of » solution nlyotu!!.um bichromate
of. mpurtam.nn.h hich has been neutral-
ized with ammonia and diluted with 20 cc. of
water. The solution is applied on to a zine plate,
the surplus of solution is removed by cent;
and after drying the plate is

&

[
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Max -

invented

improved
et s s e 1IN SEOCK

. (1924-)

exposed under A 110
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MAX HAGEDORN, OF DESSAU IN

ANHALT,
TO AGFA ANSCO CORPORATION,

TION OF NEW YORE

GERMANY, ASSIGNOR, BY MESNE ASSIGN-
OF BINGHAMTON, NEW YORK, A CORFORA-

PROTECTIVE LAYER ON PHOTOGRAFPHIC FILMS
Application fled April 25, 1827, Serinl No. 166,567, and in Germany May 1, 1626,

One applies a protective layer to the back
surface of a photographic film for several
purposes; for instance for preventing the
film from rolling up during development,
ng and drying, for making the film less
ble to damage, making it softer and better
pted to slide, which is of particular im-
nee in the cinematograph film; for pro-

the film against electric discharges
whitsare liable to secur owing to the electri-
cal excitation of the film, it m-y be by move-

such compounds, swollen or dissolved in or-
ganie solvents by treating them, preferably
in the presence of a substance. promoting
the esterification, with funetional é) atives
of inorganic or m;]gﬁmc acids, for instance
their esters, chlorides, amides, anhydrides or
mixed aﬂhvdndes

Acecording to the desired effect a suitable
cellulose derivative of the indicated kind is
selected for the particular case, which pre-
sents no d‘ﬂicultv. since a large nnmber of

ments in the ci , for
minimizing the alteration in length and
breadth of the film owing to the effect of
uwmsphlerxv moisture. 3 "
“or these purposes protective layers o
varigus kinds hive beth tnggeted, or o
ample varnishes, resins, gelatin, individual

these havin, T
different properties are available.
J!le, if & film having a high capacity for
sliding and small shrinkage is required there
may be used cellulose-acetate-stearate as pro-
tective layer. The same effect has a protec-
tive layer made from cellulose-cthyl-ether-

cellulose esters and ethers, either alone or stearate. When protection against electric
with addition of electrolytes, substances discharges is in question the layer may con- 70
which are hyy opic or diminish the sur- sist of cellulose-ether-phosphate or cellulose-

ace tension or friction of the film, Another
|1|'n]|msl on has been_that the back surface
of the emulsion carrier should be varied in
its composition by treating it with solvents,
with or without the addition of electrolytes
or substances which are hygroseopic or di-
minish the surface tension or the frietion of

the surface.

acetate-phosphate.

In Lnrr,ymrs out the invention a solution
of the said cellulose derivates containing sev-
lerent radicles as substituents 1s a
plied to the photographic film, particular! y
to the back surface of such a film.

The following examples illustrate the in-
vention without limiting it:

i%

In order to lend to the protective layer Emmplgi-ﬁugmmq of cellulose-acetate- 8¢
the properties desired for the particular pur- phosphate are dissolved in 8750 ce. of acetone
Puses, (Ile layer has been made up of advan- and 1600 cc. of water, with addition of 300
tageously mixed substances which are more ct of glycol - mono - methyl - ether - acetate.

or less foreign to the emulsion carrier.

As contrasted with this practice a pro-
tective layer which does not consist of & mix-
ture but is a chemical individual compound
of the properties required for the purpose
wonld be a technical advance.

The present invention consists of a pro-
tective layer made of cellulose derivatives
other than nitroacetate soluble in organic
solvents and mnlmnmg severnl ﬂ]&g:ont
radicles as rad-

The layer produced by nppd\jﬂh this solu-
tion in the known manner to ack surface
of the film imparts good protection against
electric discharge.

Example 2~For producing a protective
lnyel' on the back surface of the Elm there
is used 2 1 per cent solution of cellulose-ethyl-
ether-stearate or cellulose-acetate-stearata in
a mixture of 1 part of aleohal, 3 parts of ben-
zene and 2 parts of acetne. This layer great-
ly diminishes the resistance of the film to

icles of more than one amd or f:endes
cther groups radieles of acids. Such com-
pounds may_ be nhumcd frnm nellu]ose dw

sliding in the cinematograph apparatus.
he aforesaid solutions may contain still
other additions remaining in the dry layer.

rivates having still
zroups, particularly 1ram mono-esters,
esters, mono-ethers, di-ethers or mixtures oi'

Patented Feb. 23, 1937

Hagedorn
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Our present invention relates to the manufac-
ture of film,

One of its objects s to provide a process for

the manufacture of film having fmproved me-

5 chanical properties. Another object is the im-

proved film, Purther objects will be scen from
the detalled specification following hereafter.

ording to this invention it has been found

that eompounds having no dissolving actien on

cellulose esters and which are derived from the

Hagedorn and Armin Ossenbru

n Auhait, snd Gusiav Wilmsnns, Woiten Rrela

rmany, sssignors to Atta Anses
N corpora-

mner,

Application March 2, 1934, Serial
In Germany 4, 1933

March
(€1 106—40)

cent. of acetic acid 8 dissolved in a mixture of
methylene chloride, chloroform and amyl alco-
hol in the proportions of 2:5:2 to a sclution of 18
per cent strength while adding 20 per cent of the
aleohols obiained by oxidizing commercial par-
affin. The solution obtained is cast to form a flim
©of 0.135 mm. thickness. ‘This film shows the fol-
lowing data in comparison with a film prepared
with triphenylphosphate, the usual softener for 10

@

10 acetylcellulose.
paraffins and the high boiling carbon hydrates — .
avallable in nature, are particularly sulted as . Breaking |Elongatio
softening agents for organic cellulose esters and Findotaddition | 10 s | percent
mixed organic and Inorganic cellulose esters, for —— — — — —

15 Instance, ecllulose acetate, cellulose nitroacetate, 0 pe omt of sieobals ob- 1
and cellulose The softening [20%,bY cxliaing com- - & e
agents according to this invention the esters 2 i
of monovalent alcohols with fatty nelds or the o & o
alcohols which are obtainable by oxidation of the AT AR IR B

20 ove mentioned paraffins and high boiling hy- Example 2—~To a solution of 180 grams of cel- 20
drocarbons, such as are resulting in the hydr lulase acetobutyrate in 820 grams of a mixture
Renation under pressure of coal or browa conl, oy  ©f acetone and alcohol in the ratio 8:2 there are
in cracking the hydrocarhons contained in the &dded 36 grams of the butvlester of the mixture
high boiling fractions. In view of the hetero- 0f fatty acids obtalned from lignite wax by oxi-

25 Eenelty of the starting matertal, the fatty acids U&tion with chromium acid. From this mixture 25
or the alcohols are obtained in form of mixtures tH€re is cast a film of 20 to 25 4 thickness which in
which may differ in accordance with different VI®W of its good mechanical properties as to
oxidizing processes. They contaln nearly all elasticity, extensibility and creasing number is
arborescent carbon chains and therefore differ much betler adapted for insulating electric con-

30 principally from the natural fatty acids or the ductors than film without the addition of soften- 30
alcohols obtainable from the fatty acids by reduc-  iR8 agent or with the addition of triphenylphos-
tion. If the esters shall be suitable for the manu- Phate or tricresylphosphate or phihalic acld es-
facture of supports for photographic layers they ters hitherto used.
must not contain strongly smelling compounds. What we elaim is:

35 For the purposes of the Invention there are par- 1A of manufacturing film which com~ 35
ticularly suited the esters which are derived from  Prises dissolving cellulose acetate containing 66
fatty acids having an unbranched chain of at Per cent of acetic acid in a mixture of methylene
Jeast 8 carbon atoms or the aleohols having an  chloride, chloroform and aleohol, adding a mix-
unbranched chain of at least 8 carbon atoms, ture of ‘alcohals obtained by oxidizing ere

40 The lower esters or alcohols are not so useful ﬂl-‘ paraffin and casting the film Hum this solu- 40
because they have a high vapor pressure and
therefore are very volatile. The softening agents 2 A film which comprises cellulose acetate con-
prepared by oxidizing paraffins such as lignite u\ining Eli ]:lel' l:unt of acetic acid and a mixture

ax and 0zocerite, or the high-boiling brown eoal tained by oxidizing commereisl

45 olls by means of air (with or without a catalyzer), w m a5
nitrie acid or chromic acid are preferred without 3. Process of manufacturing film which com-
limiting the invention. prises dissolving in a suitable solvent therefor a

‘The following examples serve to {llustrate the compound selected from the group consisting of
invention: organic acid esters of cellulose and mixed or-

50 Ezample 1. 56 per g B acid esters of celulose, adding 60

Figure 3.140: Max Hagedorn created improved film stock from 1924 onward.

a
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Our present invention relates to the manufac- Instance, amino groups, benzoyl groups and hamton, ¥, '1"- a D"rwml“ﬂ of Delaware

ture of polychrome pletures and more particu-
larly to the manufacture of polychrome plctures
e

benzoyl amino groups which are Introduced be-
lwoun the component which produces color and

from silver halide
One of Its objects Is to provide a process for
the production of improved polychrome plotures
from sliver hallde emulsions. Another object
are the improved photographic siiver halide
emulsica layers ontaining & componecs whith
10 produces color in the developer. Purther ob-
Jocta will be seen from the detaled specification

following herenfter.

t is known l.hll Iayers of sliver halide emul-
o developed in color by permitting the

-

which imparts char-

Bulmble groups for imparting such substantive
character and therefore suitable for introduction
into the hitherto known color-producers are, for
example, diphenyl, dianisidine, tolidine, diphen- i

[
phenyl, stilbene, di lmlnmllhnnn. dlamino-ben-
zoylaminostilbene, azoxybenze hydroxynaph-
thole acid-amides, such as 2,3- hydm:ynwmhulu
acid and 4-(2,3) -hydroxynaphthoylamino-ani-

o

No.

5 Clalms.

Our present tnvention relates to eolar calor pho-
tography and more particularly ta 2
matertal in which eolor 1s prouced i & cooidal
emulsion layer by the action of an cxidation prod-
uct of a photographie developer cn a dyestuft
component incorporated in said layer.

This process of color forming development has
drst been disclosed in U, 5. Patents 1,102,028 and
1,056,155 to Fischer.

jo Drawing. tion anmber 13, 1937, Se-
rial No. :Id.:sn In German;

April 10, 1935
(CL 95—6)

are fast to diffusion once they are Incnrwnmﬂ
in the pholographic emulsion layers.

A further object is to provide dyestufl compo-
nents which will not be removed from their re
spective photopraphic layers by Lhe action ‘of *§
saueous alkaline liquids such as for instance de-
veloping solutions,

A further object of the invention is to provide
& color photographic multi-ayer matertal com-
lon layers, ‘10

15 products of reaction, produced during the de- line, diaryl-ureas such a8 dllml.na-dlwhmyl- 15 10 If a photographic emulsion laver contalning Drising & series of superposed emuls
Velopment from dsveloper which  ures, diph, these dyestufl components is developed by means  each layer containing 8 dyestofl component of
have a free amino-group, to condmu with re- the urea from llh|I|u-bem'oyllmmn-n-lull‘nhlll: of a developer containing free amina groups, the above described kind.
active phenols or amines to form q acid, mino- for instence phenylene-diamines, especially the  Furiher objects will be apparent from the de-
dyestuffs as for instance {ndoani- uch &5 Z-amino-§ ,5 Mono- or unsymumetrically m;umnumd ones like  lailed specification following hereafter. .
20 lines, and Indophenols. Dyestuff formation alse fople acld "ihd '2-amtacbensorieming. b nwh 20 5 This Is o be resarded as a con- 19
occurs with bodies which contain n rmllvv -sulfonic acld, tgrrphl'loylhlnnc:tlc ,mr, incaniline, there s obiained = colored pholo- Linuaticn in part copending appucwun
methylene group in which case sraphic picture. Ser. No. 72,116 fizd Apvi 4. 1936,
produced. Sinco, howsver, In the methods hithe droxycarbazol acld, The color of the pictures depends upon the  The invention is based on the cbservation that
erto applied for development in color the com- pyrene, and . oF dyestull forming components applied to thelayer. by odding groups to the coupling compenents
26 ponent which produces color 15 incorporated in  the Lke. Components for producing color into ag 20 Pyrazolones for instance yield blue-red dves, de< having so large a number of atoms that the re- sp
the developer the method leads merely to mono-  which these groups are to be Introduced are, for rivatives of acetoacelic ester vield vellow color-  sultant molecule is substantially increased -in
uhrnmn vlr:f.ureu Attempts to incorporate in example, phenols such as m-aminophenol, 0-0'- ings, and naphthole yield blue colors. the dyestufl components, while retaining
the e n layer the substance that produces dinaphthole, o-hydroxydiphenyl, thymol, 2.5-di The dyestuf! components of Pischer, however, their solubility in agqueous lquids, do not tend
the nolnr haw failed, pasticularly when several henol, aniline, such merely lent themselves to the production of pic-  to diffuse from ihe photographic emulsion layer
g0 lnyers are used one above the other for produc- s a-naphthol, a-hydroxynaphthoie acld, chloro- g 25 tures in one single color. When dyestuff com=- or into the developing solution. 25
ing & polychrome plcture. In this case either in  naphthole and trichloronaphthole, naphthy) ponents which yleld various colors by develop-  As dyestufl components which may be substi-
applying the second or a later layer to the first mine, for Instance, a-naphthylamine, amino- ment were incorporated in several superpesed  tuted by radicels which will increase their molec-
layer, or in bringing the materlal arranged in naphthols, for instance, 15-aminonaphthole, Il“"-‘ b Deﬂmﬁ &pparent after wmm ﬂm ular size the following may be named by way of
one or more layers into the developing solution, and all compounds which contain a reactive z he nents had diffused into all the example:
35 the components In the emulsion that produce methylene group, for instance nceto-acetic esters, 35 $0 luyers, “" that a separation of the °°|°= 'E-“m All compounds with an active methylene g, 3
color and are generally soluble In alkall, pass into tance, etic acld ester of the photographed object had for instance acetoacelic esier, Dromacetoac
the adjscent layer into the developer. acetoacetic anilide, cyano-acetic esters, for in- echieved. Even if companents were selected from  ester, acetoacetic anilide, cyanancetic ester, s
The present invention relates to a process In  stance, cyanacetic acld ester, benzoyl-acetic those listed in the aforemeationed patents which  zoylaceloacetic ester, bemwlmm: acid anilide,
which such diffusion is prevented and the com- esters, for instance, benzoylacetic anidide, hy- _ are diffcultly soluble, i. s, which are capable tereph such as
40 ponents are fixed in the several colloldal layers. drindenes. for instance, diketohydrinden, py- 49 35 of being incorporated in the layers in the fotm  for instance dlk!whvdrmﬂene pyrazolones such g5
For this purpose there is introduced into the razolones, such as wxmy;meu.ylwruglong and of an insoluble precipitate, these comporents did  as for instance I-phenyl-3-methyl-pyrazolone,
iyestufl component & group which lends the 1-phenyl-3 - phenylpyrazolone, coumaranones, Dot show @ satisfactory fastness to diffusion, 1 - phenyl- 3 -phenyl-pyrazolone, coumaranone,
compenent substantive character with respect malonic acid -mude w-!:yunuuw-nbennn. hy- unless they were entirely insoluble, in Which case malonje acid anilide- omega-cyanoacetophenone,
to the binding agent of the silver halide emul- droxythlonaphthene, and the like. they did net react at all with the develoPers pydroxythionaphtkeme ete. There are further
48 sion, that is to say, which prevents diffusion in following example illustrates the inven- 46 40 =nd merely a black silver picture was produced.  yseq phenals such as for example meta-aminoe 40
the binding agent of the silver halide emuision. tion: Even for the Pmd“ﬂinn af slwle--nlmf" re-  phenol, 0-0" dinaphthol, o-hyd.roxydxmensln-o'
¥ introduction of such & group the eamponent The three-color layers, which may be ar- ;;1‘::‘; ;‘::“&:h'hﬂ ayest il Ut m
can be dissolved in a water-soluble or alkali- ranged on one or both sides of the support, con- = o
soluble form in the colloid without fear that in  tain as components for producing color: 1o 2 durtng the blaci-and-white development. ;‘f:;‘:ﬁ’l naphitol mARRLOL o
te the gollied plkostaphic muberial the compe- . | Para- (oxynaphthoslamino) - 1 - phenyl - 3 - isufficlent amount of them remained in the Jay- . g
nent will diffuse into the adjacent layer or lay- - ' inonaphth 1, phenolcarboxyl ida, f
ers. The substantive character produced by in- ers, or at I_nlst they were gpt to diffuse into the Aamin P! 0] T vlic aci or in-
oduction of the group can be  further 2 Terephthnlnylhlaceuc acid-anilide. for yellow, developer itself thereby solling pictures which stance salleylic acid, naphthol carboxslic acids;
strengthened by means of an agent which has a 8. 3,6-di(phenylamino) -phenol for blue-green. _ were simuitancously developed in another color.  for instaner a-hydroxynaphthoic acid. Of the
66 precipitating action on or by means of & group The alkall salts of these bodies, dissolved in 56 3 Ttis therefore an oblect of the present inven- benzeme and naphthalene derivatives those hy-' go!
which increases the molecular dimensions of the methanol, are stirred into & gelatin solution of 10 tion to provide a material in which all these droxy compounds are especially suitable Which
component. Agents which have a precipitating per cent strength in the proportion of 1 gram disadvantages and drawbacks are overcome. in p-position to the hydroxy group have either no’
action are, for instance, diphenylguanidide and to 50 cc. of the gelatin solution, and the solution A furiher object s 1o brovide 2 Brocess by  substituent at all or & negative substituent such’
diphenylbiguanidide. Groups which increase the s then mixed with 100 cc. of silver halide emul- __ Which dyestufl components may be obtained s for inctance chlarine, sulfonic acid. Also
0 molecular dimensions of the component are, for slon, A suitable developer is one consisting of 6o 8 ¢ soluble I aqueous Nquids ad which  other substituiion products of the adove named. gy

Frauen
sind doch
bessere

Diplomaten

(filmed

1939-1940)

Figure 3.141: Ernst Bauer, Wilhelm Schneider, and Gustav Wilmanns invented Agfa Neu improved
color film in 1935. Their technology was showcased in films such as Frauen sind doch bessere
Diplomaten and became the basis for most color film around the world after World War II.



6

=~

FIAT 678

10 July'ls "

Oct. 1945

DECLAS FIE\

Authority

AT 10
or,
FlnagoM

utr.te
I

Aaggow

Dat

30 July!ss 0.3.Rare

Lt.0dr,George
itrov

Filters «
Ref
Glass

45 Lt,0dr,Gcorge

Germon

4,7.Dovlin,

Elesth Processing

ment ard Tochnigques Leitz, nfg, lensl
used by Gernrn

Firzs in the

Kepufocture of

Lenses and
Priens for

Militsry Instru-

nente,

Autho? Subject

blc Silver
fotred.

Photograd
Fitrate s &
ty Deguese,
Frenefurt /Y.

to Perlitz
Aug, 145 ©.B.Rose Ctto M,
1; L ® D.R.Mhite Munlch,Germrny
2 duz,145 0.E.Rose  Kemufroture of
D,B.Mnite Photosensitive

2 Jul,tli5 It,001,

5 Jun,'45 14,001,

Products £t the
Sehlensser Film
Werie,

Bchott end Genoss
E.B,Broger mnethods for

Ls, 3, memifrature of
Gelbeun filters by
Mplooning®,

AGFA Teontive-
B,ERracer Positive Golor
Process

Inveetigntion of

How 35 mm coripl oim
conorn S4K-35, st
1ined outborrd mownty

List of eorinl
werns rnd lenses
nede ot Zelos,

Results of visits B0
ip~ four firpe, includisg

prisms. MKethods of
&7lnding & polishing
lene cerenting,blot
notrllie reflecting
filne, reticule rnd
ecnle techniquee,
17 poges,

Apstract

This plant vroduced mosy
the sllver nitrate used
the German vhotographig
industry. Production
technigue is dsscribed o
pege. |

Describes monufacturing
fechnioues of photagreghis
gelatin, nlan the use of
sensitizing rgents, as fa
in four of the lamding p
in Gormrny.— 15 prges,

Detrilcd description of

invelved in emulsion
menufncture, £iln ceating
eca~ting of films rnd plat
with speciel methods ng
npolicd to 35 mm and FollS
#ilm, 11 prges.

Deseribes rll strges ins
momafreture of K-Boy endl
£ilm, rlso producticn
nitrote pesc for portre
£iln. A unigue operntis
wrg dipcovercd in the
of conting X-Rry f£ilm
emuleion. — 10 nages.

Technlgue for producing®
ehrroly defined eolor £
using twn helf silversds
shests of (lnes. — 1 peé

Onlor procces using Fares
enccessive leyers of

£1ln bese end £ epeois
substanoce tc prevent im
tration between leyerss
Procesein: detnile
sdventeges over older S
ere elen presented =9

Bent, 15

Ho

¥.R.Xaowlton

6 CHAPTER 3. CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE

Avstract
Methods ‘of Fila

QOoeting for Iow -
Beflection in

Describes methods usr

. 1 + centrifuga.
method et-Zeliss and fl
process af and

4, Genossen = 6 pages.

Optduek
IndusiTies,

‘Descrives orocesses and
gives technicel deteils
not well knowvn to Ameri-
‘can practice on: Milling
of leases end prisme,
nfotre of roof priscs,
.. -polighing, lens center-
s, dnge metal working mach-

insry, end op
spaction techs
Includer info
ecquired from 7
1

Gerzan Ooticel
Iadnetay

Fused Querte
& Reflectors

Production of

Descries zrocegses of
Pertinl

corting with iron oxide
powder oy ewnporstion,
,:Tels)zethod hes greet
_rdvantngé over the
rluzinun procese in ti
the cpbienl sreperties
the muiTor depeand only
the combinetion of
powicrsd netal used. De
£ivez ty explanation of
Dz Suklvegen, Stelmnill
i, 4 pegss,

Industries

Avstract

This was the most importent
ho togrank T
Description of film
. base cee!ing, emulelon
maamfaciure end coeting, en
ng ere given for &

Includes dstelle on
plastic tepe
I recorder,
ing meterial s

tutes for bleaching
sgents, apectro chemicel
ennlysis, nnd & direct
posisive photo process.

18 pages.

Technlcnl deteils for derk
roon illuminntion, develop-
ing, weaking, bleackhing, &
fixing ~ complete descrip—
tion of solutions rad equln;
nent Involved. lllustratiosn
niasaing ~- 9 pages.

Describes o sprecding rod
squecoe device for tremtin
AGTA color with dye-silver
sound trrck, — 4 pages.

dlx to
notructlons for
rrocesein: nedr tive
positive 4074
Golor (35 um)

Deseription of optical
systen ond instructiions for
preperetion of diephragn
bend, end prefilter band.
infornction on use of filte:
Ppresented — 4 peges.

Lirphreat Bead

Dirsctions for use of filte:
salecting teblete — 3 peges

Additlonrl
Instructions for
Dirphregn Printer

Direction for use
of filters in AGFA

Crleulatisne, rpproxicate
selection of filter bends,

Calor prints eccurnte final seleclion,

, density enmpensation, cheng: -
of filter arrenzements for
shift to diffeveat emlsion
6 praes.

=

Figure 3.142: A wide variety of advanced technologies, components, and methods for photography
were developed in the German-speaking world and transferred to other countries after World War
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Figure 3.143: A wide variety of advanced technologies, components, and methods for photography
were developed in the German-speaking world and transferred to other countries after World War
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DECLASSIFIED NARA RG 40, Entry UD-75,
Authorty FATD 3R Box 58, Folder TIID Discards

VI
GERMAN COLOR FILM

The discovery of the German negatlve-posltlve process of color photography
has resulted in providing American industry with a process of color repro-
duction on photographic film which is far superior to any avallable hereto-
fore ag a repult of domestlc research.

In the well-known technicolor process used in this country, a very com-
plicated process is required. The camera making the plecture is quite large
and expenslve since 1t contalns three reels of black and white film all
running simultaneously in order to produce three identical scenes of the
original but in different shades of black and white. After filming these
three reels, each is then used to make three additional reels 1n three
separate colors. These three color reels are then lald one on top of the
other and from that grouping a seventh reel is made which is negatlve in
color. From this negative the eighth reel or positive is made. It 1s the
elghth reel which 1s shown on the screen. Thus, in the American process
elght reels of film are used to produce one reel on the screen. This
process was used becauge of the fact that 1f the three different color
pensitive dles or thin gelatin films were placed on top of one another in
order to film a scene directly, the dyee, upon being developed, would blend
with one another, the oolors thereby intermingling and reducing the defini-
tion of the image, thus spolling the value of the plcture. The technicolor
process avolided the difficulty by making the individual color films
separately.

The Germans, however, found a means for preventing blending of the different
color layers, thereby enabling them to film the scene directly on one color
negative. Trom this negative, one or more positives are made. Therefore,
in the American process, eight reels of film are used to produce one reel
for the screen, whereas the AGFA process requires only two reels.

The extent to which American industry realizes the economic possibilities
inherent in the application of this simplified method of producing true

color reproduction on photographic film is indicated by the fact that thus
far seven film manufacturers have seen fit to expend the effort and money

necessary to send qualified sclentlsts to Germany to obtain information in
this fleld of activity.

Report No. PB-25659 published by the Office of Technical Services of the
Department of Commerce contains detailed informetion essential for the
application of this process.

See attached letters.

Figure 3.144: Advanced technology to produce and process color film was developed in the German-
speaking world and transferred to other countries after World War II [NARA RG 40, Entry UD-75,
Box 58, Folder TIID Discards].
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3.8 Materials Science

Materials science covers the creation of solid chemical compounds that make useful materials for
various applications and products. For simplicity, this field can be divided into several areas, and
German-speaking scientists played major roles in all of them:

3.8.1. Polymers
3.8.2. Ceramics and crystallography
3.8.3. Glass

3.8.4. Metals

3.8.1 Polymers

Creators from the German-speaking world led most of the development of polymers, including
plastics and synthetic rubbers, which are now ubiquitous in consumer products.'®

As shown in Fig. 3.145, polystyrene was first created in 1839 by Johann Eduard Simon (German
states, 1789-1856), and developed further in 1845 by August Wilhelm von Hofmann (1818-1892)
and John Blyth (Scottish but studied in Germany, 1814-1871). In 1929, Hermann Mark (Aus-
trian, 1895-1992) and Carl Wulff (German?, 1877-1977) greatly improved the process of produc-
ing polystyrene. In the 1940s, Fritz Stastny (Austrian, 1908-1985) created expanded or porous
polystyrene (Styrofoam). Polystyrene is used to make a wide variety of consumer products, and
Styrofoam is used to make thermally insulated containers and protective packaging (Fig. 3.146).

Cellulose acetate was first created in 1865 by Paul Schiitzenberger (Franco-German, 1829-1897),
and produced in larger quantities in 1903 by Arthur Eichengriin (German, 1867-1949) and Theodore
Becker (German?, 1877-1977). The brothers Camille Dreyfus (Swiss, 1878-1956) and Henri Dreyfus
(Swiss, 1882-1944) developed cellulose acetate yarn in 1913. Cellulose acetate has been used for
photographic film, eyeglass frames, yarn, clothing, and other products, as illustrated in Fig. 3.147.

Eugen Baumann (German, 1846-1896) discovered photopolymerization and created polyvinyl chlo-
ride in 1872 (Fig. 3.148). Friedrich (Fritz) Klatte (German, 1880-1934) developed an improved
method of producing polyvinyl chloride in 1913. Polyvinyl chloride is widely used for making water
drain pipes and pipe fittings.

Phenol formaldehyde (phenolic) resin was first created in 1891 by Adolf von Baeyer (German,
1835-1917) and Werner Kleeberg (German, 1877-1977), and developed further in 1902 by Adolf
Luft (German?, 1877-1977). Adolf von Baeyer won the Nobel Prize in Chemistry in 1905 (p. 465).
In 1907, Leo Baekeland (Belgian but studied under August Kekulé, 1863-1944) began producing
and commercializing phenolic resin under the trade name of Bakelite; phenolic resin was also sold
under other trade names. Phenolic resin was used to make early plastic products such as telephone
cases. See Fig. 3.149.

5Dietrich Braun 2017; Feichtinger 2017; Kline 1946; Herman Mark 1993; Morris 2005; Schwedt 2013; Seymour

2013; Strom and Rasmussen 2012; Tuttle 1981; so many BIOS, CIOS, and FIAT reports that they cannot all be listed
here.
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Figure 3.145: Polystyrene was first created in 1839 by Eduard Simon, and developed further by
August Wilhelm von Hofmann, John Blyth, Hermann Mark, Carl Wulff, and Fritz Stastny.
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Polystyrene

Expanded
or porous
polystyrene
(Styrofoam)

Figure 3.146: Polystyrene is used to make a wide variety of consumer products. Expanded or porous
polystyrene (Styrofoam) is used to make thermally insulated containers and protective packaging.
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Figure 3.147: Cellulose acetate was first created in 1865 by Paul Schiitzenberger, and developed
further by Arthur Eichengriin, Theodore Becker, Camille Dreyfus, and Henri Dreyfus. Cellulose
acetate has been used for photographic film, eyeglass frames, yarn, clothing, and other products.
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Eugen Baumann Friedrich (Fritz) Klatte
(1846-1896) discovered (1880-1934) developed
photopolymerization and improved method of producing
created polyvinyl chloride (1872) polyvinyl chloride (1913)

Polyvinyl chloride
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Figure 3.148: Eugen Baumann discovered photopolymerization and created polyvinyl chloride in

1872. Friedrich (Fritz) Klatte developed an improved method of producing polyvinyl chloride in
1913. Polyvinyl chloride is widely used for making water drain pipes and pipe fittings.
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Figure 3.149: Phenol formaldehyde (phenolic) resin was first created in 1891 by Adolf von Baeyer
and Werner Kleeberg, and developed further by Adolf Luft and Leo Baekeland. Phenolic resin was
commercialized as Bakelite and other trade names and used to make early plastic products such as
telephone cases.
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In 1897, Wilhelm Krische (German, 1859-1977) and Friedrich Adolph Spitteler (German, 1846
1940) created a natural plastic (later dubbed Galalith) by purifying and crosslinking casein milk
protein, as shown in Fig. 3.150. Galalith was also used to make a number of early plastic products.

Polyethylene was first created in 1898 by Hans von Pechmann (German, 1850-1902). In 1900,
Eugen Bamberger (German, 1857-1932) and Friedrich Tschirner (German?, 1877-1977) determined
the chemical structure of polyethylene. Karl Ziegler (German, 1898-1973) developed an improved
method of producing polyethylene in 1952, and won the Nobel Prize in Chemistry in 1963 (p. 504).
Polyethylene has been widely used to make plastic bags (Fig. 3.151), due to its flexibility and the
low cost of Ziegler’s production process.

Polycarbonate was first created in 1898 by Alfred Einhorn (German, 1856-1917). In 1953, Hermann
Schnell (German, 1916-1999) developed an improved method of producing polycarbonate. Because
polycarbonate is very rugged, it is used to make products such as compact discs, water bottles, cell
phone cases, and safety glasses. See Fig. 3.152.

Friedrich (Fritz) Klatte (German, 1880-1934), shown in Fig. 3.153, created polyvinyl acetate in
1912. It has been used worldwide as white glue ever since.

Otto Rohm (German, 1876-1939) and Walter Hermann Bauer (German, 1893-1968) created poly-
methylacrylic (plexiglass) in 1928. Plexiglass pieces from a circa 1942 German aircraft windshield
are shown in Fig. 3.154.

Some German-speaking scientists who made important contributions to rubber included (Fig.
3.155):

e Carl Harries (German, 1866-1923) studied the polymer structure of rubber.
e Fritz Hofmann (German, 1866-1956) produced synthetic rubbers.

e Kurt Gottlob (Austrian, 1881-1925) developed emulsion polymerization and improved vul-
canization.

e Kurt Meyer (German, 1883-1952) studied the structure of cellulose and the effect of entropy
on rubber elasticity.

e Herman(n) Mark (Austrian, 1895-1992) studied the structure of cellulose.

e Eugen(e) Guth (Hungarian, 1905-1990) developed a mathematical model using entropy to
calculate the elasticity of rubber.

As shown in Fig. 3.156, Eduard Tschunkur (German, 1874-1946) and Walter Bock (German, 1895
1948) created styrene-butadiene synthetic rubber (Buna S) in 1929. It is now used to make most
tires.

Similarly, Eduard Tschunkur, Helmut Kleiner (German, 1902-1987), and Erich Konrad (German,
1894-1975) created acrylonitrile butadiene synthetic rubber (Buna N) in 1930. It is now used for
products such as latex-free nitrile rubber gloves (Fig. 3.157).
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Figure 3.150: Wilhelm Krische and Adolph Spitteler created a natural plastic (later dubbed
Galalith) from casein milk protein in 1897.
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Figure 3.151: Polyethylene was first created in 1898 by Hans von Pechmann, and developed further
by Eugen Bamberger, Friedrich Tschirner, and Karl Ziegler. Polyethylene has been widely used to
make plastic bags.
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Figure 3.152: Polycarbonate was first created in 1898 by Alfred Einhorn, and developed further
by Hermann Schnell. Because polycarbonate is very rugged, it is used to make products such as
compact discs, water bottles, cell phone cases, and safety glasses.
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Figure 3.153: Friedrich (Fritz) Klatte created polyvinyl acetate (white glue) in 1912.
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Figure 3.154: Otto Rohm and Walter Hermann Bauer created polymethylacrylic (plexiglass) in
1928. Plexiglass pieces from German aircraft windshield (ca. 1942).
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Figure 3.155: Some German-speaking scientists who made important contributions to rubber in-
cluded Carl Harries, Fritz Hofmann, Kurt Gottlob, Kurt Meyer, Herman(n) Mark, and Eugen(e)
Guth.
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Figure 3.156: Eduard Tschunkur and Walter Bock created styrene-butadiene synthetic rubber
(Buna S) in 1929; it is now used to make most tires.
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Figure 3.157: Eduard Tschunkur, Helmut Kleiner, and Erich Konrad created acrylonitrile butadiene
synthetic rubber (Buna N) in 1930; it is now used for products such as latex-free nitrile rubber
gloves.
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Figure 3.158: I.G. Farben headquarters in Frankfurt am Main (1930-1945) and production of bu-

tadiene or buna synthetic rubber.
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Polyacrylonitrile (Orlon) was first created in 1930 by Hans Fikentscher (German, 1896-1983) and
Claus Heuck (German?, 1877-1977). Beginning in 1938, it was produced in the form of fibers by
Herbert Rein (German, 1899-1955). See Fig. 3.159.

As illustrated in Fig. 3.160, Otto Bayer (German, 1902-1982) created polyurethane in 1937. Poly-
urethane is now used for sprayable thermal insulation, surface coatings [BIOS 629], memory foam,
Spandex, and other products.

Paul Schlack (German, 1897-1987) created polyamide (better known as Nylon or Perlon) in the
1930s. Wallace Carothers (American, 1896-1937) independently produced Nylon around the same
time in the United States but became much better known than Schlack. Nylon/Perlon is widely
used now to make thread, rope, and solid objects (Fig. 3.161).

Karl Rehn (German, 1977-1977) and Karl Ziegler (German, 1898-1973), shown in Fig. 3.162, pro-
duced polypropylene in 1951. Ziegler won the Nobel Prize in Chemistry in 1963 (p. 504). Polypropy-
lene is widely used for products that must not crack even after repeated bending and stress, such
as plastic hinges and centrifuge tubes.

Some other creators who made important contributions to polymers included (Fig. 3.163):
e Wilhelm Rudolph Fittig (German, 1835-1910) studied the chemistry of polymers.
e Bernhard Tollens (German, 1841-1918) developed urea-formaldehyde resin polymers.
e Oscar Troplowitz (German, 1863-1918) created adhesive bandages and adhesive tape in 1901.

e Hermann Staudinger (German, 1881-1965) studied polymer structures. He won the Nobel
Prize in Chemistry in 1953 (p. 480).

e Werner Kuhn (Swiss, 1899-1963) was especially noted for his work on the physical chemistry
of polymers. He applied the laws of statistical physics to polymer molecules to explain the
temperature dependence of viscosity and elasticity in rubber and other polymers.

e Victor Garten (German, 1977-1977) conducted advanced research on polymers in Germany
during World War II, then moved to Australia after the war to continue his research. In
Australia, he produced revolutionary electrically conducting polymers that were quite likely
based on wartime German work. The 2000 Nobel Prize in Chemistry was awarded to Alan
Heeger, Alan MacDiarmid, and Hedeki Shiakawa for rediscovering electrically conducting
polymers much later.

Polymer production also makes extensive use of the Diels-Alder reaction, which was developed by
Otto Diels (German, 1876-1954) and Kurt Alder (German, 1902-1958). They both won the Nobel
Prize in Chemistry in 1950 for that discovery. See pp. 474 and 489.

As shown in Fig. 3.164, George de Mestral (Swiss, 1907-1990) invented Velcro hook-and-loop fas-
teners in 1941. They were subsequently used in everything from the space program to sportswear.

After World War II, vast amounts of information on polymers were transferred from the German-
speaking world to Allied countries: large numbers of scientists, reports on interrogations of scientists,
patents, BIOS/CIOS/FIAT reports, samples, hardware, and even complete factories. See for ex-
ample Fig. 3.165. Thus it was the innovations of German-speaking creators that dominated the
field of polymers from the first inventions of polymers in the nineteenth century to the boom in
commercial polymer production and applications in the latter half of the twentieth century.
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Figure 3.159: Polyacrylonitrile (Orlon) was first created in 1930 by Hans Fikentscher and Claus
Heuck, and produced as fibers by Herbert Rein in 1938.
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Figure 3.160: Otto Bayer created polyurethane in 1937. Polyurethane is now used for sprayable
thermal insulation, surface coatings, memory foam, Spandex, and other products.
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Figure 3.161: Paul Schlack created polyamide (Nylon/Perlon) in the 1930s. Nylon/Perlon is widely
used now to make thread, rope, and solid objects.
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Figure 3.162: Karl Rehn and Karl Ziegler produced polypropylene in 1951. Ziegler won the Nobel
Prize in Chemistry 1963. Polypropylene is widely used for products that must not crack even after
repeated bending and stress, such as plastic hinges and centrifuge tubes.
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Figure 3.163: Other German-speaking scientists who made important contributions to polymers in-
cluded Wilhelm Rudolph Fittig, Bernhard Tollens, Oscar Troplowitz, Hermann Staudinger, Werner
Kuhn, and Victor Garten.
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Figure 3.164: George de Mestral invented Velcro hook-and-loop fasteners in 1941. They were sub-
sequently used in everything from the space program to sportswear.
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BETTER THINGS for BETTER LIVING...THROUGH CHEMISTRY

Figure 3.165: The Assistant Director of the Development Section at the U.S. Du Pont company
wrote that because of all of the information on polymers that his company acquired from Germany
and Austria after the war, “a considerable number of man years have been saved in synthetic fiber
research” at his company [NARA RG 40, Entry UD-75, Box 61, Folder Booster Letters].
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3.8.2 Ceramics and Crystallography

Large numbers of German-speaking scientists played major roles in ceramics and crystallography.
16 Some examples are shown in Figs. 3.166-3.171 and briefly discussed below.

In the 1930s and 1940s, Eberhard Both (German, 1910-1977) conducted and led research at Vacuum
Schmelze AG in Hanau on the development of new ceramic materials and metal alloys with im-
proved high-temperature and/or magnetic properties. After the war, he moved to the U.S. Army’s
laboratory in Fort Monmouth, New Jersey, where he initiated and ran similar research programs.
7?7 Kolmar (German, 1977-1977) was also involved in the Vacuum Schmelze work at Hanau and
may have moved to the United States after the war.

At Siemens at Neuhaus near Sonnenberg during World War II, Wilhelm Buessem (German, 1903—
1992), 7?7 Koenig (German, 1977-1977), Hans Joachim Reusch (German, 1977-1977), and Berthold
Weber (German, 1977-1977) developed alumina-based ceramics for electronic components and for
turbojet engine blades. They also created new titanium-oxide-based dielectrics for capacitors. After
the war, Buessem moved to the U.S. Army’s Fort Monmouth laboratory, and Weber went to the
Air Force’s laboratory at Wright Field, Ohio.

Adolf Hugo Dietzel (German, 1902-1993) studied silicates and other ceramic materials at the Kaiser
Wilhelm (later Max Planck) Institute for Silicate Research during the period 1930-1969.

Wilhelm Eitel (German, 1891-1979) was director of the Kaiser Wilhelm Institute for Silicate Re-
search 1926-1945, and continued his work on silicates and other materials in the United States
after the war.

Johann Hessel (German, 1796-1872) was one of the pioneers of classifying crystal shapes and
describing them mathematically. He also studied the composition of feldspar and other minerals.

At Degussa’s research facility at Stierstadt during World War II, Gustav Jaeger (German, 1977—
1977) and Eugen Ryschkewitz (German, 1977-1977) developed ceramic materials based on alumina,
other metal oxides, and silicon carbide for a variety of applications, including electronic components,
turbojet engine blades, cutting tools. After the war, Ryschkewitz moved to Wright Field, Ohio to
continue this work.

At the wartime Hescho facility at Hermsdorf near Jena, ?? Kaase (German, 1977-197?), Fritz
Obenaus (German, 1904-1980), ?? Rath (German, 1977-1977), and ?? Scheid (German, 1977—
1977) developed high-temperature ceramics for turbojet engine blades. They created and tested
several different ceramic materials, including soapstone-based Calit, silicon-carbide-based Sicalit,
and kaolin-based Ardostan. They also developed titanium-oxide-based dielectrics for capacitors.

6Brock 1993; Bugge 1955; Engels et al. 1989; Farber 1961; Thde 1984; Johnson 1990; Kahlert 2002; Maier 2015;
Neufeldt 2003; Partington 1935, 1957, 1964; Thurnauer 1946; Warde 1946; Werner 2017; BIOS 23; BIOS 30; BIOS 143;
BIOS 465; BIOS 470; BIOS 785; BIOS 788; BIOS 1111; BIOS 1446; BIOS 1448; BIOS 1459; BIOS 1705; BIOS 1762;
BIOS Overall 28; CIOS XXII-11; CIOS XXV-9; CIOS XXV-10; CIOS XXVI-27; CIOS XXVI-28; CIOS XXVI-29;
CIOS XXVI-30; CIOS XXVII-20; CIOS XXIX-48; CIOS XXX-66; FIAT 78; FIAT 278; FIAT 617; FIAT 740; FIAT
746; FIAT 747; FIAT 748; FIAT 749; FIAT 794; FIAT 892; FIAT 924; FIAT 927; FIAT 1050; FIAT 1150; JIOA 78;
NavTecMisEu 166-45; NavTecMisEu 275-45; NavTecMisEu 465-45.
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Ralph Kronig (German, 1904-1995) developed detailed theoretical models of the behavior of X-rays
and electrons in crystal lattices, thus helping to better understand the structures and properties of
crystalline materials, including ceramics, metals, and semiconductors.

Max von Laue (German, 1879-1960) pioneered the use of X-rays to analyze the atomic arrangements
in crystals and ceramic materials. He focused primarily on theoretical methods of analyzing the
results, and the experiments were implemented by Walter Friedrich (German, 1883-1968) and Paul
Knipping (German, 1883-1935). Max von Laue won the Nobel Prize in Physics in 1914 for this work.
Professor G. Granqvist, Chairman of the Nobel Committee for Physics, explained the importance
of the methods and discoveries of von Laue’s group
[https://www.nobelprize.org/prizes/physics/1914 /press-release/|:

This was the situation when von Laue placed a research medium of the highest import
at the disposal of science by virtue of his epoch-making discovery of the interference of
X-rays and, at the same time, proved that X-rays, as is the case with light rays, consist
of progressive transversal waves.

Previous research had indicated, as is mentioned in the foregoing, that it was highly
probable that, if X-rays are wave motions of the same type as light rays, then their
wavelengths would have to be of an order of 10~ cm. In order to obtain clear interference
phenomena of the same type as those which are caused when light rays pass a grating
it was necessary for the distance between the grating slits to be of an order of 1078
cm. But this is approximately the distance between the molecules of a solid body and
it was in this manner that von Laue arrived at the idea of employing, as a diffraction
grating, a solid body with regularly-arranged molecules, e.g. a crystal. As early as 1850
Bravais had introduced into crystallography the assumption that the atoms composing
the various crystals are arranged in regular groups, so-called three-dimensional lattices
or space-lattices, whose constants could be calculated with the aid of crystallographic
data.

However, the theoretical basis of a space-lattice was unknown and thus it was first
necessary for von Laue to develop this theory if else the investigation were to have a
value. This he did mainly according to the same approximations as those conventional
to the science of optics as applied to normal one-dimensional lattices.

Von Laue left the execution of the experimental work in the hands of W. Friedrich and
P. Knipping. The apparatus which they employed consisted of a lead box into which
they admitted a thin bundle of X-rays which they directed so as to fall upon a precisely
oriented crystal. Sensitized film was positioned both behind and at the sides of the
crystal. Already the preparatory tests showed that the intensity maxima which had
been anticipated by von Laue became evident in the form of blackened spots on the film
positioned behind the crystal. [...]

As a result of von Laue’s discovery of the diffraction of X-rays in crystals proof was thus
established that these light waves are of very small wavelengths. However, this discovery
also resulted in the most important discoveries in the field of crystallography. It is now
possible to determine the position of atoms in crystals and much important knowledge
has been gained in this connection. We can anticipate further discoveries of equal note
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in the future. It is thus rendered likely that experimental research into the influence of
temperature upon diffraction will provide the solution to the question of a zero-point
energy, or will at least be of some assistance in arriving at a solution to this problem,
as the temperature factor assumes a different value according to whether a zero-point
energy exists or not. However, the direct results of this discovery of diffraction are of no
less importance: it is now possible to subject the X-ray spectra to direct examination,
their line spectra can even be photographed, and science has thus been enriched by a
method of research whose full implications can not yet be fully appreciated.

At Lutz & Co. at Lauf an der Pegnitz during World War II, Nikolaus Lutz (German, 1977-1977)
and Franz Rother (German, 1977-197?) developed new ceramic materials for specialized electronic
applications. Their ceramics included titanium-oxide-based dielectrics, iron-oxide-based magnetic
ceramics, magnesium oxide-based ceramics, and other materials with semiconducting and/or mag-
netic properties.

Herman(n) Mark (Austrian, 1895-1992) primarily focused on polymer research, yet he carried out
some important work with X-ray crystallography as well.

Friedrich Mayer (German, 1977-1977) developed metal-oxide coatings and other ceramic coatings
to harden metal tool surfaces.

Eilhard Mitscherlich (German states, 1794-1863) made several important contributions to crys-
tallography. He is especially remembered for his discovery of crystallographic isomorphism, or the
ability of the same chemical composition to form crystals of somewhat different shapes depending
on the alignment of the component atoms.

Friedrich Mohs (German states, 1773-1839) studied many aspects of crystallography. He is partic-
ularly famous for introducing his mineral hardness scale in 1812. The Mohs scale ranks minerals
from softer (starting with 1 for talc) to harder (ending with 10 for diamond) based on which mineral
receives scratches when two dissimilar minerals are rubbed together. It is still widely used today.

Paul Niggli (Swiss, 1888-1953) was another important pioneer of X-ray crystallography, and further
developed the mathematical methods of describing crystal structures.

Hans Pulfrich (German, 1977-1977) developed ceramics for electrical applications at AEG and
Telefunken from the 1920s to the 1960s.

Working at the Aerodynamische Versuchsanstalt (AVA) at Gottingen during World War 11, L. Ritz
(German, 1977-1977) designed and demonstrated high-temperature ceramic heat exchangers for
turbojet engines and other applications.

At the Luftfahrtforschungsanstalt (LFA) in Brunswick during World War II, Ernst Schmidt (Ger-
man, 1977-197?) and H. S6hngren (German, 1977-1977) developed high-temperature ceramics for
turbojet engine blades.

Arthur Schoenflies (German, 1853-1928) applied advanced mathematical methods such as group
theory to the analysis of crystal structures. “Schoenflies notation” is still widely utilized in crystal-
lography and solid state physics.
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Working at various German companies from the 1930s to the 1950s, Carl Schusterius (German,
1977-1977) developed and patented novel ceramics for a wide variety of electrical components, as
well as for other applications such as dental prostheses.

At the Machinenfabrik Augsburg-Niirnberg A.G., D. Emil Sorensen (German, 1977-1977) developed
high-temperature ceramics for turbojet engine blades during World War I1.

Gustav Tschermak von Seysenegg (Austrian, 1836-1927) studied the crystallographic structures
and chemical compositions of a wide variety of minerals and even meteorites.

Christian Samuel Weiss (German states, 1780-1856) was one of the pioneers of classifying crystal
shapes and describing them mathematically.

F. Werther (German, 1977-1977) developed titanium-oxide-based ceramics for various applications.

For German-speaking creators and creations in the closely related fields of solid state physics,
semiconductor devices, superconductivity, and piezoelectricity, see Section 6.5.

Large amounts of information, materials, and scientists involved in work on advanced ceramics were
transferred to other countries after World War IT (Fig. 3.172). See for example:

Warde, John M. 1946. Status Report on the German Ceramic, Glass, and Refractories
Industries in the U.S. Zone of Occupation. American Ceramic Society Bulletin (15
September 1946) 25:321-32.

Thurnauer, Hans. 1946. Electrical Insulators. Ceramic Industry (June 1946) 46:55-56.
BIOS 23. High Temperature Ceramics in South Germany.

BIOS 30. Telefunken Metal/Ceramic Radio Valves.

BIOS 143. German Porous Ceramic Industry.

BIOS 465. High Temperature Refractories and Ceramics.

BIOS 470. Specialized Ceramic Materials with Particular Reference to Ceramic Gas
Turbine Blades. [High-temp ceramics]

BIOS 788. The German Vitreous Enamel Industry. With Appendix.

BIOS 1111. Industrial Ceramics. Interrogation of Dr. Ungewiss of Steatit-Magnesia
A.G. Berlin at Beltane Schools, Wimbledon, S.W.19. [titanium oxide and other ceramics
for dielectrics]

BIOS 1446. Some Targets of Ceramic Interest in the Berlin Area. [Silicate research]

BIOS 1448. The German Industrial Diamond Industry.

BIOS 1705. The German Ceramic Industry.
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BIOS 1762. German Electro-Technical Ceramics.
BIOS Overall 28. Fine Ceramics.
CIOS XXV-9. Development of Ceramic Materials for Use in Gas Turbine Engines.

CIOS XXV-10. Research and Development on Gas Turbines Hermann Goering Institute
Volkenrode.

CIOS XXVI-27. Research and Development of Engines at Hermann Goering Institute,
Volkenrode.

CIOS XXVI-28. Research and Development on Gas Turbines at Hermann Goering In-
stitute, Volkenrode.

CIOS XXVI-29. Research and Development on Gas Turbines at Junkers Motoren Werke,
Dessau.

CIOS XXVI-30. Gas Turbine Development by B. M. W.

CIOS XXVII-20. Prof. Dr. Ing. Emil Sorensen, Maschinenfabrik Augsberg-Nurnberg
AG, Augsberg. [Ceramic gas turbine blades]

CIOS XXIX-48. Ceramic Developments of Dr. Rother, Lutz and Co., Lauf/Pegnitz.

CIOS XXX-66. Information on Ceramic and Water-Cooled Turbine Blading for Gas
Turbines.

FIAT 78. High Frequency Technical Ceramic Materials of Germany.

FIAT 278. Specialized Ceramic Products, Their Use in German Communication Equip-
ment. [Selenium rectifiers]

FIAT 617. The Electrical and Technical Ceramic Industry of Germany. [High temp
zirconium ceramics]

FIAT 740. Report on High Frequency Technical Ceramic Materials of Germany.

FIAT 794. The Porcelain Enamel and Ceramic Color Industry in Germany. With two
supplements. [Rare earths (Dr. Egon Thwe)]

FIAT 892. Ceramic Dielectrics for Condensers.

FIAT 924. Investigation of Pure Ozide Ceramic Materials Intended for High Tempera-
ture and High Stress Applications. [Silicon carbide]

FIAT 927. Production of High Alumina Slags in Blast Furnaces and Allied Processes
for Recovering Alumina.
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FIAT 1150. Further Advances of the German Ceramic Industry.
JIOA 78. High Frequency Technical Ceramic Materials of Germany.

NavTecMisEu 166-45. Turbine Ceramic Bucket and Wheel Development Project at M.A.N.
Plant, Augsburg, Germany.

NavTecMiskEu 275-45. Information on Ceramic and Water-Cooled Turbine Blading for
Gas Turbines Obtained from Dr. E. Schmidt (LFA).

NavTecMisEu 465-45. Ceramic Fuses.

While the postwar technology transfer involved a broad range of advanced ceramic materials, one
especially important area was synthetic mica for electronics applications. Due to a shortage of
real mica in wartime Germany, scientists invented synthetic mica-like ceramics that proved to
be superior to the original material. After the war, large amounts of information, materials, and
scientists involved in work on synthetic mica were transferred to other countries, as documented in
reports such as:

BIOS 785. The German Mica Industry.

BIOS 1459. German Radio Ceramics.

CIOS XXII-11. Synthetic Mica Process, Ostheim.

FIAT 746. Synthetic Mica Research.

FIAT 747. The Synthesis of Fluorine-Mica of the Phlogopite Group.

FIAT 748. Crystallochemical and Microscopic Investigations of Synthetic Phlogopites.
FIAT 749. Regular Intergrowth of Synthetic Phlogopite with Hydrous Mica.

FIAT 1050. Crucibles for Synthetic Mica Development.
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Ceramics and crystallography

Eberhard Both Wilhelm Buessem Adolf Hugo Dietzel
(1910-192? (1903-1992) (1902-1993)
: R —

Wilhelm Eitel Walter Friedrich Johann Hessel
(1891-1979) (1883-1968) (1796-1872)

Figure 3.166: Some creators who made important contributions to ceramics and crystallography
included Eberhard Both, Wilhelm Buessem, Adolf Dietzel, Wilhelm Eitel, Walter Friedrich, and
Johann Hessel.
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Ceramics and crystallography

Gustav Jaeger ?? Kaase Paul Knipping
(19??7-19??) (1972-19??) (1883-1935)

?? Koenig ?? Kolmar Ralph Kronig
(1972-19??) (1972-19??) (1904-1995)

Figure 3.167: Other creators who made important contributions to ceramics and crystallography
included Gustav Jaeger, 77 Kaase, Paul Knipping, 77 Koenig, ?? Kolmar, and Ralph Kronig.
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Ceramics and crystallography

Max von Laue Nikolaus Lutz Herman(n) Mark
(1879-1960) (19??2-19?7?) (1895-1992)

Friedrich Mayer Eilhard Mitscherlich Friedrich Mohs
(192?2-192? (1794-1863) (1773-1839)

Figure 3.168: Other creators who made important contributions to ceramics and crystallography
included Max von Laue, Nikolaus Lutz, Herman(n) Mark, Friedrich Mayer, Eilhard Mitscherlich,
and Friedrich Mohs.
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Ceramics and crystallography

Paul Niggli Fritz Obenaus Hans Pulfrich
(1888-1953) (1904-1980) (197?7-192?)

?? Rath Hans Reusch L. Ritz
(19?72-19?? (19?7-19?? (19?7?2-19??

Figure 3.169: Other creators who made important contributions to ceramics and crystallography
included Paul Niggli, Fritz Obenaus, Hans Pulfrich, ?? Rath, Hans Reusch, and L. Ritz.
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Ceramics and crystallography

Franz Rother Eugen Ryschkewitz ?? Scheid
(19?77-192??) (1922-192??)

¥
%

Ernst Schmidt Arthur Schoenflies Carl Schusterius
(19?72-19?? (1853-1928) (192?-19??

Figure 3.170: Other creators who made important contributions to ceramics and crystallography
included Franz Rother, Eugen Ryschkewitz, 77 Scheid, Ernst Schmidt, Arthur Schoenflies, and Carl
Schusterius.
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Ceramics and crystallography

H. Sohngren D. Emil Sorensen Gustav Tschermak
(19?2-192?) (19??2-19?7) von Seysenegg
(1836-1927)

Berthold Weber Christian F. Werther
(19?2-192??) Samuel Weiss (19?2?2-19)
(1780-1856)

Figure 3.171: Other creators who made important contributions to ceramics and crystallography
included H. S6hngren, D. Emil Sorensen, Gustav Tschermak von Seysenegg, Berthold Weber, Chris-
tian Samuel Weiss, and F. Werther.
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Figure 3.172: Large amounts of information, materials, and scientists involved in work on advanced

ceramics were transferred to other countries after World War II [CIOS XXXI-22, FIAT 617].
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3.8.3 Glass

Glass production has a history going back to ancient times, and has been practiced worldwide.
The glassmaking industry was especially prominent and advanced in the German-speaking world,
dating back many centuries in Thuringia, Bohemia, and other regions. As scientific research gained
greater prominence in the German-speaking world around 1800, it was combined with the older
traditions of glassmaking craftsmanship, resulting in a number of major technological advances in
methods of producing and utilizing glass.

Joseph von Fraunhofer (German states, 1787-1826) made a number of early improvements in glass
manufacturing processes for optics and other applications. He then used his glass elements to create
new optical instruments such as spectroscopes (pp. 970 and 1269).

Other especially important early glassmakers who produced and used improved optical elements
and optical instruments included:

e Simon Ploss]l (Austrian, 1794-1868, Fig. 6.229), who was particularly noted for producing
achromatic (non-color-distorting) lenses for microscopes and telescopes.

e Georg Johann Oberhéduser (German states, 1798-1868) and Edmund Hartnack (German,
1826-1891), who also produced early microscopes. Hartnack invented liquid-immersion lenses
to achieve higher resolution. See p. 1278.

e Carl Zeiss (German, 1816-1888) and Ernst Abbe (German, 1840-1905), who revolutionized
the production of high-quality microscopes at the Zeiss optical company (p. 1279).

e Carl Kellner (German states, 1826-1855) and Ernst Leitz I (German, 1843-1920) at the Leitz
optical company (p. 1284), another producer of high-quality microscopes and other optical
instruments.

Arguably the most important glass scientist in the German optical industry, though, was Otto
Schott (German, 1851-1935), who is shown in Fig. 3.173. In partnership with the Zeiss company,
he founded the Schott glassworks in Jena and created a variety of special-purpose types of glass,
including optical glass (1873, for Zeiss microscopes to achieve the maximum diffraction-limited
resolution), lithium glass (1879), and borosilicate glass (1887). Borosilicate glass is resistant to
thermal stress (when exposed to temperature changes, it expands and contracts less than normal
glass, and therefore is much less likely to shatter when heated or cooled), so it is still widely used
to make glassware containers for cooking and laboratory work.

One area of traditional German glassmaking craftsmanship, dating back before 1800, was producing
long, flexible fibers of glass. The glass fibers were used for decoration and other applications.

Apparently drawing upon those German glass fiber methods, Hermann Hammesfahr (German,
1845-1914) moved to the United States and began producing and patenting fiberglass threads,
cloth, and insulation. See Fig. 3.174. After a slow start, his work eventually prompted broader
American industrial interest in fiberglass in the twentieth century.
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Even as Hammesfahr took fiberglass technology to the United States, fiberglass production and
applications continued to advance in the German-speaking world. For example, Ulrich Hiitter (Aus-
trian, 1910-1990, Fig. 3.175) produced glass-fiber-reinforced polymers in Germany during and after
World War II for applications ranging from aircraft structures to wind turbine blades.

Similarly, Alfred Schmid (Swiss, 1899-1968) demonstrated how to make very strong yet very light
composite materials by reinforcing processed wood and/or polymers with fiberglass. After the war,
Schmid transferred that technology to Allied countries (Fig. 3.175). For example, BIOS 563, The
German Radio Component Industry, p. 18, reported:

A synthetic material composed of fibreglass coated with an artificial resin had been
developed, and was used to coat articles made of a low-density homogeneous wood with
a coating 0.02 mm thick. This resulted in an article of light weight but having great
strength. It was claimed that both tensioned and compressional forces could be dealt
with. Dr. Schmid envisaged the aircraft of the future as being made from glass coated
homogeneous wood for light weight combined with great strength. He also claimed that
repairs to the skin, if damaged, could be done simply by the application of more of the
fibre-glass material.

As shown in Fig. 3.176, an 11 May 1945 document from the U.S. Army Air Forces stated [AFHRA
AB5729 electronic pp. 1650-1651]:

Glass types which are not available in this country and which might be of considerable

value to American manufacturers are known to have existed in Germany before the war

and it is recommended that a survey be made]...]
Indeed, numerous BIOS, CIOS, and FIAT reports documented widespread production and use of
advanced glass and fiberglass products in the German-speaking world, as well as the transfer of
those technologies to Allied countries after World War IT (Fig. 3.177). See for example:

BIOS 403. [Glass fibers]

BIOS 404. German Asbestos Industry.

BIOS 563. The German Radio Component Industry. [fiberglass composite materials]

BIOS 627. The Worsted Spinning Industry in the British and U.S. Zones of Germany.
[glass fibers]

BIOS 894. Mineral Wool Plant, Gelsenkirchener Eisenwerk.
BIOS 1066. German Glass Manufacturing Equipment.

BIOS 1118. Final Report on the Investigation of the Use of Industrial Glassware for
Chemical Plants in Germany.

BIOS 1183. Anti-Reflection Surfaces on Glass, Optical Cements € FEtching Resist for
Fine Lines.
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BIOS 1340. Report on Glass Fibre Industry in Germany.

BIOS 1451. Glass Jets. Interrogation of Bernhard Wempe at Coventry.

BIOS 1664. German Fibrous and Scientific Glass Industry.

BIOS 1780. Some Aspects of the German Glass Industry in 1946.

BIOS Overall 4. Glass and Industry.

CIOS XXV-8. Land and Air Service Fire Control Instruments, Carl Zeiss, Jena—
Production of Optical Glass Schott and Genossen Lenses and Graduated Scales, Zeiss

and Others.

CIOS XXVII-43. Manufacture of Glass Fabric Impregnated Fibre Used as a Substitute
for Mica Insulation Between Commutator Segments in Motors and Generators.

CIOS XXIX-41. Production of Optical Glass in Germany and France. CIOS Target Nos.
9/1, 9/36 & 9/80. Physical and Optical Instruments and Devices.

CIOS XXIX-42. The Production of Binoculars by Zeiss. CIOS Target No. 9/1. Physical
and Optical Instruments and Devices.

CIOS XXIX-43. Pots Used in Melting Optical Glass at Schott and Genossen.
CIOS XXXII-22. Optical Glass Manufacturing at Schott & Gen, Jena.

CIOS XXXIII-23. Investigation of German Plastics Plants, Part 2. |Glass-like wire with
cellulose acetate—fiber optics?]

CIOS XXXIII-50. [Synthetic fibers comprehensive survey]

CIOS XXXIII-69. Schott and Genossen of Jena. [Schott glass, mirrors]

FIAT 9. Investigation of Scientific and Laboratory Glassware Area of Thuringia, Ger-
many.

FIAT 454. Records of Wartime Improvements in Fiber Manufacture and in Fiber Pro-
cessing. 1.G. Farben (Badische Plant) Ludwigshafen. [Synthetic fibers and fabric treat-
ments|

FIAT 460. The Asbestos Textile Industry in Germany.

FIAT 461. The Fibrous Glass Textile Industry in Germany.

FIAT 552. Fiberglass-Weaving by Rheydt Glass-Weaving Company, Walter Klevers,
Rheydt Near Minchen-Gladbach.
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FIAT 824. The Miscellaneous Glass Industry of Central Europe. [Neodymium glasses
and other exotic glasses]

FIAT 981. The Dyeing of Glass Fiber Textiles.

NavTecMisEu 519-45. The Properties of Klieforth Infrared Transparent Glasses.

During World War II, the Zeiss infrared Lichtsprechgerat was used for optical transmission of voice
communications over distances up to several kilometers (pp. 1140, 1151). That device also would
have been quite suitable for use with optical fibers instead of free-space transmission. Fiber optics
would have given the signals far more privacy, which would have been an obvious advantage during
wartime. More historical research is needed to determine if optical fibers (made of either glass or
polymers) were indeed used in conjunction with optical data transmissions in wartime Germany.

In fact, further archival research on all aspects of the history, accomplishments, and global influ-
ence of the German-speaking world on glassmaking technologies and applications could be quite
enlightening.
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Otto Schott
(1851-1935) created
optical glass (1873),
lithium glass (1879), Schott Glassworks

borosilicate glass (1887) Jena (1884)
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Borosilicate glass is resistant to thermal stress
and widely used for glassware containers
for cooking and laboratory work

Figure 3.173: Otto Schott created optical glass, lithium glass, borosilicate glass. Borosilicate glass
is resistant to thermal stress and widely used for glassware containers for cooking and laboratory
work.
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Hermann Hammesfahr (1845-1914)
moved to the United States and
began producing and patenting
fiberglass threads, cloth, and insulation
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Figure 3.174: Hermann Hammesfahr moved to the United States and began producing and patenting
fiberglass threads, cloth, and insulation.
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Figure 3.175: Ulrich Hiitter and Alfred Schmid separately demonstrated fiberglass-reinforced poly-
mers and fiberglass-reinforced processed wood composite materials during World War II, then
transferred that technology to Allied countries after the war [BIOS 563].
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Figure 3.176: An 11 May 1945 document from the U.S. Army Air Forces stated: “Glass types
which are not available in this country and which might be of considerable value to American
manufacturers are known to have existed in Germany before the war and it is recommended that

a survey be made...” [AFHRA A5729 electronic pp. 1650-1651].
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Numerous BIOS, CIOS, and
FIAT reports documented
widespread production and

use of glass fiber products in

the German-speaking world,
as well as the transfer of those
technologies to Allied countries

after World War 11

Sestian 1

Glaes Fibre Industry in Germany.
,g,pplioninnh

Proceases Used.

New Proceases.

War Time Output.

Quality.
Conelusion.
Segtion 11.
Oscar Goasler. C22/774.
Deutsche Kap Asbest Werke. C22/724.
Thuringische Glasindustrie. C22/1640.
Gerresheimer Glaswerks. - Minden. (22/3156.

" "

Drawings,
Glasfaser Gesellschaft m.b.H. C22/2112.
Henkel & Co. C22/185.

Bmil Erentzler. C22/2743.

Reinshagen. C22/3789.

Dekalith, C22/3742.

Aklommlatoren Pabrik 4.0, C22/4430.

Hens Limperg, €22/3006,

Poter Wilheim Krcames. Gem.b.H. C22/1340,
Yoreinigte Glamerke Hersogenrath. C2z/1439.

H
oohspanmungs Gasellschaft, Pischer & Co, c22/6720,

Specifications and Drawings,

- Dusseldorf. C22/661.

@ @ 3 e o o &

BRrppRs
B ;
-
o

FrFEEE g R BB

-
1]
-

B..OS. FINAL REPORT No 1340
ITEM Neo. 22

IN GERMANY

This report is issued with the warning that, if the subject marter should be protected
by British Patents or Patent applications, this publication cannot be held o give any

protection against action for infringement.

CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE

REPORT ON GLASS FIBRE INDUSTRY

378156

BRITISH INTELLIGENCE OBJECTIVES

/
s od

SUB-COMMITTEE

F:
Musy be
lm"-r 5

LONDON—H.M. STATIONERY OFFICE

Price 10s. od. net

withip PO

ILE copy
Forpa,, Jed
A

5.0, Code No. 51-32784

TABLE OF CORTERTS. (CONTD}.

Glaswatte G.m.b.H. C22/3004.

Sehuller K.G. €22/3064.

Ostaarkische Glasindustrie Hormann Zsh A.G. C22/6731.
Gesellsehaft fur Spinmerei und Weberei. C22/6732.
Gerresheimsr Glaswerks. C22/3062.

Morkel & Kiemlin. C22/2071.

Portland Cement Werke. C22/6725.

Grunzweig & Hartmaan. C22/4336.

Isclation A.G. Mancheim. C22/6726.

Botm und Hass. 22/42(a).

Menst und Schn, Gladenbash. €22/6730.

Hardt Pokorny. C22/3985,

Custav Funkenberg. C22/6729.

Dienst und Schn, Herne. C22/6728.

Muller. C22/6727.

Dr. Huberts, Lackfabrik. C22/804.

0. Winzer & Co. C22/6734.

Probwedn & Co. (22/2583.

3.

Page o

45,
47.
2.
52.
b6,
64.
66.
66.
€9.
70.
70.
The

76.

80.

8l.

Figure 3.177: Numerous BIOS, CIOS, and FIAT reports documented widespread production and
use of advanced glass and fiberglass products in the German-speaking world, as well as the transfer
of those technologies to Allied countries after World War II [BIOS 1340].
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3.8.4 Metals

A common view is that by 1945, metallurgy was less advanced in the German-speaking world
than elsewhere, due to the scarcity of some types of metal ores in German-speaking areas and
the international blockade of metal imports during the wars. In fact, a huge number of German-
speaking scientists made major contributions to metallurgy from the nineteenth century through
WWII, and then many of these creators and their creations were transferred to the United States
and other countries [Maier 2007]. Just a few illustrative examples are shown in Figs. 3.178-3.186
and discussed below in alphabetical order.

Heinrich Adenstedt (German, 1910-1991) was an expert on titanium and other metal alloys who
came to the United States after the war [Figs. 3.178-3.179]. Both in Germany during the war
and in the United States after the war, he worked very closely with jet/helicopter/tank engine
designer Anselm Franz (pp. 1391 and 1751-1752). In a 1948 article [Adenstedt 1948], Adenstedt
listed several advanced iron-based (steel) alloys that were developed and used in Germany before
and during WWII, including Tinidur (Titanium Nickel Durable alloy), Cromadur (Chromium Man-
ganese Durable alloy), FKDM 10 (V, Cr, W, Mo), FKM 10 (V, Cr, Mo), and MC 120 (Mo, Cr).
Some of the related alloys that were also developed and used then included Vanidur (Vanadium
Nickel Durable alloy) and Sinidur (Silver Nickel Durable alloy). Most of those advanced alloys were
produced by Krupp and were intended for jet engine components, due to their heat resistance and
good structural properties. They are still used for that purpose even today.

Georgius Agricola, or Georg Bauer (German states, 1494-1555, Fig. 3.10), discovered bismuth
around 1540 and conducted extensive work on metallurgy.

Kurt Anderko (German, 1977-1977) was another expert on titanium and advanced metal alloys in
Germany during World War II. After the war, he came to the United States as part of the Paperclip
program.

Carl Josef Bayer (Austrian, 1847-1904) developed a practical industrial process for extracting
aluminum metal from the mineral bauxite.

A. Beerwald (German, 1977-1977) developed very lightweight magnesium alloys for aerospace ve-
hicles in Germany during World War II.

7?7 Berblinger (German, 1977-1977) was a metallurgy expert in Germany during World War II, and
was employed or at least sought by the U.S. Army’s Fort Monmouth, New Jersey laboratory after
the war.

Carl Berg (German, 1851-1906) developed and supplied aluminum alloys for the first rigid airships
that were made by David Schwarz and Ferdinand von Zeppelin (pp. 1656-1657).

Franz Bollenrath (German, 1898-1981) was an expert on metallic materials and structures who
worked at the Technische Hochschule Berlin before World War II, Sonthofen on secret military
work during the war, and the Technische Hochschule Aachen after the war.

August Borsig (German states, 1804-1854) was a metal manufacturer and industrialist who founded
the Borsig company, which later became Rheinmetall-Borsig.
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Hermann Bottenhorn (German, 1977-1977) was an expert on aircraft metallurgy in Germany during
World War 11, and continued his work at Wright Field, Ohio, after the war.

7?7 Bruche (German, 1977-1977) conducted work on metallurgy during World War II. After the war,
he either worked for or at least was actively sought by the U.S. Army’s Fort Monmouth laboratory.

Robert Bunsen (German, 1811-1899, p. 439) discovered that pure aluminum could be produced
using electrolysis.

Otto Dahl (German, 1977-1977) developed metal alloys at Siemens & Halske during World War II.

Walter Dawihl (German, 1904-1977), the head of Osram’s research department, developed novel
hard metal alloys and hard coatings for metal tools during World War II. After the war, he was
extensively interrogated by Allied investigators, and he wrote a widely used handbook on hard
metal alloys and coatings.

Ulrich Dehlinger (German, 1901-1981) developed the theory of dislocations in metals at the Uni-
versity of Stuttgart, where he worked from the 1920s to the end of his career.

Bernard Dirksen (German, 1977-1977) conducted research on metallic materials and structures in
Germany during World War IT and at Wright Field, Ohio, after the war.

Hans Fischer (German, 1977-1977) was an expert on the cold processing of steel in Germany during
World War II. After the war, he continued his work at the Aberdeen Proving Ground in Maryland,
along with Heinrich Kopp and Ludwig Schuster.

Richard Glocker (German, 1977-1977) was a metallurgist in Stuttgart during World War II and
worked at the U.S. Army’s Fort Monmouth laboratory after the war.

Max Hansen (German, 1901-1978) was another expert on titanium and other metal alloys who
came to the United States after the war, before eventually returning to (West) Germany. In her
history of titanium research, Kathleen Housley wrote [Housley 2007]:

The research at Armour [Research Foundation in Chicago] was led by Max Hansen,
a German metallurgist and world-renowned expert on phase diagrams whose doctoral
work had been paid for by Kroll, who considered Hansen’s intelligence to be worth the
gift of tuition. Hansen had taken the position of professor of metallurgy at Illinois Insti-
tute of Technology after the war. Harold Kessler, who worked with Hansen at Armour,
recalled the circumstances of his appointment. “As the war was coming to an end, the
British were aware of Max, for he had published many important papers on aluminum
alloy development as well as his pioneering work on binary alloy phase diagrams. They
smuggled him out of Germany to England just as the Russians were coming to get
him with the intention of smuggling him to the U.S.S.R. Then the position at Armour
opened up and he came to the States.” Like his mentor Kroll, Hansen was a gentle,
soft-spoken man venerated by his co-workers who included besides Kessler, Donald
McPherson, William Rostocker, Frank Crossley, Raymond van Thyne, and C. Robert
Lillie. “He set a personal example of professional excellence and integrity,” remembered
Kessler. “He taught, counseled, and cajoled his students and colleagues toward better,
more productive careers, and inspired an esprit de corps in all those with whom he
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worked.” According to Margolin, the esteem in which Hansen was held bordered on
awe. “On phase diagrams, Hansen was the authority. With a phase diagram, you do
it, but a lot of times, there are things wrong because you don’t fully understand what
you are doing, and you have to guess. It is a very time-consuming process. I remem-
ber that Hansen did the titanium-aluminum diagram in three months. I was absolutely
amazed.” [...] Armour had several contracts with industry and branches of the Armed
Forces, particularly with Wright-Patterson Air Force Base where metallurgical research
was under the direction of Dr. H. K. Adenstedt. A close friend of Hansen’s, Adenstedt
had worked with him in the German aluminum industry and had come to the United
States as part of the round-up of German scientists.

F. Heimes (German, 1977-1977) conducted metallurgy research at Neckersulm during World War
II. After the war, he either worked for or was sought by the U.S. Army’s Fort Monmouth lab.

Wilhelm Carl Heraeus (German, 1827-1904), who came from a generations-long family pharmacy,
developed a high-temperature smelting process to produce pure platinum in 1856. To make use of
that process, he founded and managed the Heraeus metallurgy company in Hanau. The company
was subsequently run, and its metallurgical processes improved, by this founder’s son Wilhelm
Heraeus (German, 1860-1948) and then grandson Wilhelm Heinrich Heraeus (German, 1900-1985),
both of whom were Ph.D. scientists.!”

Albrecht Herzog (German, 1977-1977) worked on metallic materials and structures in Germany
during World War II and at Wright Field, Ohio, after the war.

Albert Kochendérfer (German, 1977-1977) and Werner Késter (German, 1896-1989) conducted
metallurgy research at Stuttgart during World War II. After the war, they either worked for or
were sought by the U.S. Army’s Fort Monmouth lab.

Heinrich Anton Karl Kopp (German, 1977-1977) was another expert on the cold processing of steel
in Germany during World War II. After the war, he continued his work at the Aberdeen Proving
Ground in Maryland, along with Hans Fischer and Ludwig Schuster.

7?7 Kornetzke (German, 1977-1977) conducted metallurgy research at Heidenheim during World
War II. After the war, he either worked for or was sought by the U.S. Army’s Fort Monmouth lab.

A. Krisch (German, 1977-1977) developed new processes for manufacturing and fabricating steel
stock and components during World War II. He appears to have worked for the United States after
the war.

William Kroll (1889-1973) was born in Luxembourg but was educated and worked in Germany.
Like Anderko, Adenstedt, and Hansen, he developed titanium and other advanced metal alloys in
Germany during World War II and in the United States after the war.

Friedrich Krupp (German states, 1787-1826) founded the Krupp steel company and developed new
casting techniques. Alfred Krupp (German, 1812-1887) inherited and expanded the Krupp steel
company. He and others at the company developed greatly improved methods of fabricating steel
components ranging from train wheels to cannon barrels.

'"https://www.heraeus.com/en/group/about_heraeus,/corporate_history/corporate_history.html
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Richard Kiich (German, 1860-1915) was the head scientist at Heraeus in the years around 1900.
Kiich developed alloys and processes for producing them, as well as a high-temperature process to
produce quartz of exceptionally high purity and quality.

Ernest Kugel (German, 1977-1977) was an expert on aircraft metallurgy in Germany during World
War 11, and continued his work at Wright Field, Ohio, after the war.

Reinhard Mannesmann (German, 1856-1922) inherited and expanded the Reinhard Mannesmann
steel company along with his brothers. He developed a number of new methods of fabricating steel
stock and steel components.

Giunther Mohling (German, 1977-197?) obtained his Ph.D. in Germany in 1928 with a thesis “Uber
Optisch Aktive Arsenverbindungen” (“On Optically Active Arsenic Compounds”). He appears to
have moved to the United States in the 1930s. He ended up in charge of metallurgical development at
the Allegheny Ludlum Steel Corporation, where he introduced German metallurgical methods and
alloys and began receiving U.S. government funding.'® He also appears to have reaped a windfall
of additional metallurgical information from Germany when World War II ended. At Allegheny
Ludlum, Méhling copied Tinidur (renamed A-286), Cromadur (renamed AF-71), and other German
alloys, as well as German metallurgical methods such as vacuum melting. Metallurgist Art Kracke
briefly alluded to the early history of these technologies in Germany and their transfer to the United
States during and after World War II [Kracke 2010]:

Breakthrough Events in Superalloy Processing

e 1905: W. von Bolton consumable electrode arc melted tantalum in a cooled copper
crucible under a low pressure of argon. [See p. 976.]

e 1917: W. Rohn first melted nickel alloy in a vacuum resistance heated furnace.
e 1923: Heraeus Vacuumschmelze A.G. founded to operate vacuum furnaces.

e 1926: Two VIM furnaces in operation melting 80 Ni 20 Cr and 65 Ni 15Fe 20 Cr
for thermocouples and denture alloys.

e 1950: Dr. Mohling melts first large heat, ten tons, vacuum induction melt of alu-
minum and titanium containing strengthened superalloy at Allegheny Ludlum Steel
laboratory in Watervliet, NY.

e 1952: Special Metals Co., New Hartford, N.Y. produces the first production heat
of Waspaloy in a 6-1b furnace for Pratt & Whitney J48 turbine engine blades

e 1953: First production vacuum arc remelting of superalloys by Allegheny Ludlum
Steel in their Watervliet, NY laboratory.

[...] Vacuum melting was first performed in 1916 in Hanau, Germany by Dr. Wilhelm
Rohn and W. C. Heraeus in a vacuum induction furnace of their design. Their work,

8 Automotive News, 30 April 1945, p. 57, cols. 3-4. https://chroniclingamerica.loc.gov/lccn/77618337/1945-04-
30/ed-1/seq-57/
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focused on steels, led to the development of clean steels that enabled aircraft engine
technology including the development of turbine engines for military aircraft used in
WWII.

In 1945 a small vacuum furnace was built at NACA to melt high temperature alloy
samples for evaluation. [...]

The following comment made by Rudolph Thielemann in 1967 in a presentation to the
European Investment Casters Federation is a testimonial to the role vacuum melting
played in the success of superalloys and their role in gas turbines. “Since the early work
on the exhaust gas driven turbosuperchargers, a great deal of progress has been made
in developing high temperature alloys for critical gas turbine applications. In this effort,
the development of new processes and techniques for melting, consolidating and casting
the alloys has been very important. The introduction of the (vacuum) melting furnace
has furthered the metallurgical progress in the alloy development more than any other
single factor.”

Hermann Nehlsen (German, 1977-1977) was an expert on aircraft metallurgy in Germany during
World War 11, and continued his work at Wright Field, Ohio, after the war.

Wilhelm Rohn (German, 1887-1943) was the head scientist at Heraeus after Richard Kiich. In
1913 he invented vacuum melting, a technique that enabled the production of advanced, high-
temperature alloys. Rohn and Heraeus developed and used the technique for commercial applica-
tions from then through World War I1.19

Franz Sauerwald (German, 1894-1979) developed very lightweight magnesium alloys for aerospace
vehicles in Breslau during World War II.

Ludwig Schuster (German, 1977-1977) was another expert on the cold processing of steel in Ger-
many during World War II. After the war, he continued his work at the Aberdeen Proving Ground
in Maryland, along with Hans Fischer and Heinrich Kopp.

Hugo Stinnes (German, 1870-1924) ran the Stinnes steel company, which developed new metal
alloys and custom metal components for new technological applications.

Fritz Thyssen (German, 1873-1951) was a metallurgist who inherited, expanded, and ran the
Thyssen steel company, which developed a variety of new alloys in the early twentieth century.

Carl Auer von Welsbach (Austrian, 1858-1929, pp. 441 and 975) discovered praseodymium (1885),
neodymium (1885), ytterbium (1905), and lutetium (1905). He also invented the gaslight mantle
(1885), osmium wire (1890), metal filament incandescent lamps (1898), and the flint metal lighter
(1903). In order to commercialize his discoveries and inventions, he founded the companies of
Auergesellschaft, Treibacher Industrie, and Osram.

In 1906, Alfred Wilm (German, 1869-1937) invented the Duralumin aluminum alloy (aluminum
with small amounts of copper, magnesium, manganese), which has been widely used in the aerospace
industry ever since. He also discovered age hardening for aluminum alloys and other metals in 1901.

Yhttps:/ /vacuumschmelze.de/unternehmen /firmenhistorie
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Friedrich Wéhler (German, 1800-1882, p. 438) discovered and purified aluminum.

Despite the wartime shortages, by 1945 metallurgy was so advanced in the German-speaking world
that Allied countries seized large quantities of information and scientists, and even complete fac-

tories, to improve the state of metallurgy in their own countries (Figs. 3.187-3.188).

For example, in September 1945, R. P. Linstead and T. J. Betts, the British and American chairs of
the Combined Intelligence Objectives Subcommittee (CIOS), listed a number of important German

innovations in metallurgy [AFHRA A5186 electronic version pp. 904-1026, Ch. 4, pp. 52-53]:

In the field of ferrous and nonferrous metallurgy the following discoveries are worth
recording:

1.

2.

As a more focused example, BIOS 925, Tungsten Carbide Research in Germany, p. 3, discussed
German innovations in metal hardening that Allied countries wanted to copy (see also BIOS 1076):

A new flux for welding magnesium.

A hard magnesium coating obtained by anodizing aluminum oxide which had many
industrial and armament applications.

. Refinements in the process of continuous casting. This casting was done into a

tank of water rather than an open pit. The method employed a small mould which
resulted in many economies of production.

The use of chemicals in the grain refining process in heating magnesium for cast-
ing. This process, used in the production of high quality magnesium, permitted
achievement of equal quality by using a temperature 100°C below that employed
in the conventional process.

. The electric smelting furnace developed by Siemens and Halske. This resulted

in the production of pig iron with little coke, a process with distinct advantages
when coke supplies are limited and cheap hydro-electric power abundant. A further
advantage is the reduction of the sulphur content in pig iron.

. Improved hard cemented carbide for use in cutting tools.

German development and use of drawn steel cartridge cases. Steel cartridge cases
were designed for a wide range of calibers ranging from small arms to large ar-
tillery pieces. Steel cartridge cases have the obvious advantages of saving critical
materials.

This report contains the results of a detailed interrogation of Dr. [Walter] Dawihl who
was head of Osram’s Research Department. By agreement with Krupps this Laboratory
carried out all hard metal research on behalf of the Widia organisation and as such was
the most important Hard Metal Research Laboratory in Germany.

The report gives a general survey of the Research Programme of the Laboratory during
the war years and traverses the latest theories on the fundamental metallurgy of hard
metal as developed by Dr. Dawihl.

CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE
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It describes his experiments to relate the practical performance of hard metal with
metallurgy and discusses the effect of crystal formation and shape on the physical prop-
erties.

A technique of coating steel with a thin hard metal skin is described and the composition
of the metal is given.

Descriptions of the processes of making boron carbide and titanium boride are given
and a very brief resume of the work done on sintered iron and steel.

Part III deals with the practical application of Laboratory Research to commercial
practice and gives brief descriptions of methods of manufacture, specifications and a
detailed costing of each operation.

Appendix I is probably the most valuable portion of the report as it contains a list of
Reports issued by the laboratory, copies of which are in our hands. They are listed by
H.E.C. numbers, title and number of pages and diagrams.

Appendix II is a description of making tungsten carbide in an electric arc furnace of
novel design by D.E.W., Krefeld.

Appendix III is a drawing of a continuous rotary tube furnace for carburising.

For further examples of how advanced German and Austrian metallurgy technologies were trans-
ferred to Allied countries after the war, see pp. 4128— 4190. See also the large number of metallurgy-
related BIOS ER, BIOS, BIOS Misc., BIOS Overall, CIOS ER, CIOS, FIAT, FIAT Review, JIOA,
NavTecMisEu LR, and NavTecMisEu reports in the Bibliography.

American metallurgists Charles R. Simcoe and Frances Richards provided a glimpse of how German-
speaking scientists and methods were utilized to create advanced metal alloys in the postwar United
States [Simcoe and Richards 2018 pp. 145, 147-148]:

Titanium was on its way to becoming the aerospace metal that its promoters had hoped
it would be. Then an earthquake shook both the aerospace industry and titanium.
The Secretary of Defense, Charles Wilson, formerly of General Motors Corporation,
announced a decision to base the defense of the country on missiles rather than on
manned aircraft. The accompanying reductions and cancellations of contracts rocked
the industry. [...] The reduction in aircraft and engine production caused a near-total
collapse of the titanium market. This most promising of metals for the postwar era,
which had received an estimated $200 million in government support, was in serious
danger of extinction by the very DOD that had brought it into being. [...]

The changes in the titanium industry had changed the career paths of many of the indi-
viduals selected as founders. William Kroll returned to Europe to enjoy his retirement
years in Brussels. Max Hansen left ARF to accept a high-level post in the metals indus-
try in Germany. In 1958, Hansen and Kurt Anderko, another German who worked with
Hansen at ARF and who had returned to Germany with him, published a monumental
second edition of the “Constitution of Binary Alloys.” [...]
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By the late 1950s and early 1960s, the major research and development support for ti-
tanium by the government had ceased. The founders, as well as the younger researchers,
were forced to find other areas of research or move on to other employment. |...]

One significant development in the 1960s was the building of the SR-71 Blackbird
military reconnaissance plane with a speed capability of Mach 3. The SR-71 was an
all-titanium aircraft manufactured with Ti-6Al-4V and a new alloy, Ti-13V-11Cr-3AL
Another early 1960s attraction was the interest in a supersonic transport plane. It would
have been an all-titanium aircraft that was planned to compete with the European-made
Concorde. It was planned to fly at nearly Mach 3 and would have used large amounts
of titanium per plane for a planned 200-plane fleet. The program was cancelled by
Congress in 1971.

Thus German-speaking scientists were apparently responsible for the heat-resistant, strong, light-
weight titanium alloys that made the SR-71 Blackbird spy plane and the XB-70 Valkyrie bomber
(pp. 1762, 1766-1767) possible, and that would have made possible a fleet of Mach-3 passenger
aircraft. Unfortunately the United States lost interest in such technologies, and those German-
speaking scientists retired or found employment in other areas.

Much more archival research should be conducted to clarify the direct (via invention and devel-
opment) and indirect (via technology transfer) contributions of German-speaking scientists to the
methods and applications of metallurgy.
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Heinrich Adenstedt (1910—1991)
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Governmentsl, scienfific and indusirial agencies as well as engineering societies and in-
dividusls are invited to submit papers believed o be of general interest to the readers
of the TECHNICAL DATA DIGEST, for publication in this section. Manuscripts should be
prepared in the conventional manner and addressed to C&, Air Materiel Command, Wright-
Patterson Air Force Base, Dayton, Ohic — Atn: Air Documents Division, MCIDXSS,

GERMAN METHODS IN DEVELOPING TURBINE-WHEEL BLADES
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HEINRICH K. O. ADENSTEDT
Analysis Division, Intelligence Department, Air Materisl Command

Designs

The turbine wheel of the Jumo-004 meas-
ures approximately 700 mm (27.49 in.) in total
diameter, and contains 61 blades, each approxi-
mately 110 mm (4.33 in.) in length. The blades
were mounted on the wheel and fixed by two
riveted pins, while the wheel was flanged to the

) shaft and bolted with stud bolts. Figure 1

shows a section of the turbine wheel.

For the blade attachment two designs were
used: (1) the so-called Junkers attachment as
shown in Fig. 2, and (2) the so-called Lamelle
base, developed by the Allgemeine Elektricitaets
Gesellschait (General Electric Co.), Berlin, as

At first the blades were machined from
steel rod, 45 mm by 45 mm (1.77 in. by
1.77 in.) and later from die-forged material.
The wheels were machined from rough
blanks. Prior to 1944 blades were made of
Tinidur, which was later replaced by Cromadur
(Table ).

The disk material was then changed over
to a heat-treatable composition, after it was
established that the temperatures were lower
than 600°C (11120F) in the turbine wheel. At
first the principal steels used were MC 120
{from DEW (Krefeld and FKDM 10 from Krupp
at Essen (Table I). Later, when more
accurate temperature measurements with

thermocolor paints were made, the alloy
content (Mo and Cr) of the disk material was
further reduced, and Flw 1310 steel was used.
This material was employed in a special heat-
‘The construction of the first jet wlul treated condition, 1310.9 (Table I), which was

without par for this purpose. Heat-
arcity of materials, because the initial wnrk trenmnnt consisted of heating to about 10000C
(IHM) and quenching in a warm-oil bath or

'n about 3500C (6629F). The purpose
of this heat treatment was to produce bainite
(at least in the rim) to assure the best high-
temperature properties. In the meantime
thr ntaell which had physical properties

twi Flw 13109 and FKDM 10
(eg FEM 10, Flw 1456.9 and Flw 1620.9)
were tried.

TABLE I
COMPOSITION OF THE STEELS USED IN THE JUMO-004

The pin material was changed
Tinidur to FKDM 10, FKM 10 or Flw 14600
A molybdenum-free steel, e.g., 1310.9, could

UNKERS- ALLOY NO. |STEELMAKER AND CONTENT IN PERCENT not be used for the pins. This will be
NORM (Flieg No.) TRADEMARK [4 Si [Mn [Cr [Ni[Mo [ W[V [TI [Ny explained later. The creep resistance of
the most important of these steels will be
P’llmoN-lZl” Krupp (Tinidur), ©.15| 0.8 (0.7 | 15 |30 2.0 found in Fig. 4.
Schoeller u. Bleck-
mann (IGT), Poldi. Difficulties with Turbine Disks
fumoN-12142 1585 Krupp (Cromadur) |0.12| 0.5 [18 |12 0.85. 0.2 In the case of the first austenitic disks
other Steel mills made of 'l'lnldfur sh!.l., surface tears were
the difficult
JumoN-12140 Krupp (FKDM 10) | 0.20| 0.3 |0.40| 2.8 0.45 (0.4 0.7 10I‘lelbﬂlt!dthh titanium-bearing steel. Some
other Steel mills of these tears were so deep that it became
necessary to discard the disks; the
¥ 1 0.20] 0.3 |0.40{ 2. 0.45 0.7 disks were used satisfactorily. During opera-
amoB-Lat vt e 29) s 2[00 20 4 tion no difficulty occurred with them as there
‘were only about ten disks that were made from
DEW (MC 120) 0.25 0.35/0.40| 1.5 1.0 brirlpliav iy
. = .30((0.4 |0, 5 0,20 0,20/
G :f“mg -l e e Ll 2 2 From the disks made of heat-treated
steel two acute failures occurred. On one
" disk of MC 120, which still had the old Junkers
1620 0.30((0.4 0.6 | 2.4 0.20 a ent, ;".“l o bivots brake
1310 ” 0.40/®.4 |1.75 0.15 on the grooves of the pins without elongation.

An investigation revealed that on the same
jet, cooling for the disks did not prove
effective, and the disks had become overheated.
Therefore, the stress of 28 kg/mm2
(39,800 psi), effective at this place, caused
a creep break.

1287 W 0.35/®0.4 |1.75

Fanmo0 we”

7

: A wheel of material Jumo N 12141
. proved
that quenching “crack had occurred,
\ \\l\ which had not been discoversd by the

—— \ \ l.\‘ "\ \ Final Acceptance for the Wheels

Lt \\ The disks were inspected and tested in the
T steel mill in the usual way by the inspector
\ \ '\ \‘T representative of the Reichsverband Deutscher
q Luftfahrt Industrie (RDLI), There was nb
\\ \ \ \ special acceptance specification. Each of the
first few disks was forged with a prolongation,
.%_ \ \\ whichwas used as a testcoupon. Determinations

N N ‘were made of ultimate strength, yield strength,
I l \ . elongation, impact resistivity and creep
rates. In mass production, all of these tests
oy ey 1900 noe, e o could not be mrledmout, vnjenh‘ltj.-mu;

the basis of magnaflux tests,a small perc:

¥ of the disks was always scrapped because of
Fig. 4—Creep Resistonce of Vorious Steels. tears.

Fig. 1—Section of the Jumo-004 Turbine Wheel.

8 92

Figure 3.178: Heinrich Adenstedt developed and used advanced metal alloys in Germany during
the war and in the United States after the war [Adenstedt 1948]. Throughout his career, he worked
very closely with jet/helicopter/tank engine designer Anselm Franz (pp. 1391, 1751-1752).
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Temperature Measurements of the Disks

At first, temperature measurements were
made with thermocouples. In using these
measurements, the wheel was made stationary
and the blades were heated to the correct
temperature by means of a ring burner, while
the other testing apparatus cooled the disk to a
ratio as if it were in operation. These tests
could give only approximate results, and were
later replaced by thermocclor paints which
determined the temperature of the wheel during
operation. This test was made as follows:
Several small strips along different radius
vectors of the disk were sand blasted and then
sprayed with aluminum by the Schoop procedure.
Onto the white rough aluminum surface a

suitable thermocolor paint was applied by
brush. On this prepared surface a strip of
asbestos and a sheet-metal strip of 18-8 steel
were screwed tightly against the disk. This
arrangement, which proved satisfactory, can
be seen in Fig. 5.

The asbestos covering

Fig. 5—Location of Strips for Temperature
Measurement on the Wheel.

prevented the thermocolor paint from being
affected by external heat conditions caused by
surrounding air. This insured accurate
wheel temperature determinations by the
thermocolor paints. On the white aluminum
surface the change of color was easily visible
and the few isolated strips affected very little

If these irregularities occur, pre-
mature failures are to be expected, especially
if, by the tilting of the blade (caused by manu-
facturing inaccuracy) or by thermal shock, a
stress raiser occurs locally. The stress raiser,
caused by tilting of the blade, is dependent
upon the direction of the inclination of the
blade outwards of its gravity line. This stress
increase can be very important. Numerical
values can be givenonly when exact drawings of
the blades are available. A thermal shock
(caused by sudden heating or cooling of the
blades during starting or stopping) may over-
stress the extreme edges of the blades. It was
found that the number of cycles of starting and
stopping is very important for the life of
the blades. In particular, coarse-grain
blades were very sensitive to thermal shock.
In the Jumo-004 a more elastic type of
controller system minimized excessive ther-
mal shock.

Control of the Blades

The specifications prescribed for the
control of the blades were:

1. Control of the Melt - The chemical
composition had to be as prescribed in the
standard Jumo N 12139; especially the titanium
content had to be precise. Difficulties in the
chemical-analysis procedure which existed at
first in the titanium determination were re-
moved. In the steel mill, the basic suitability
of the melt was proved (RDLI Control, quality
test, precipitated hardening).

2. F Procedure - The forging was
inspected at each place in order to facilitate
the procedure. Between the various steps of
forging, macro-etchings were made. Rod
sections with center segregation were rejected;
half-finished rough forgings with surface tears
‘were ground out or rejected. Figure T depicts
in both views A and B two characteristic
troubles of Tinidur. View A shows a surface
crack caused by titanium oxide aggregation, and
View B a preforged sample with opened head
due to central segregations. The forging

were olled and the
various forging dies were adapted in such
a way that the end deformation was greater
than . By this procedure at
(18769F) end forging temperature, good
rough forgings with suitably small grains
were obtained. The rough forgings were

10
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the cooling of the disk through the surface.
(Only 10% of the disk surface was covered by
the strips). These investigations proved an
operational temperature of 4000C (7520F) at
the lower end of the blade base and 2200C
(4280F) in the center of the disk. These
values gave the basis for the material change
to Flw 1310.9. Later the temperature measure-
ments were repeated on hollow-blade wheels in
a somewhat different manner. The thermocolor
paints were placed inside of hollow drilled
screws of 16-8 steel; the hole was then closed
with a pilece of sheet metal. The screw pre-
pared in this way was driven into the disk at

as shown in Fig. 2. Also on the lamelle base
(Fig. 3) several fatigue breaks were recog-
nized - in the lamelles themselves and in the
base plate. This necessitated a heavier base
plate. The fatigue breaks in the blades them-
selves occurred mostly at the lower part of the
blade length.

The temperature and velocity distri-
bution behind the nozzle diaphragm were found
to be not uniform, which led to excitations of
the blades, causing the fatigue breaks. At full
power there are 145 rps x 6 (combustion
chambers) = 870 stress cps. This [igure

the desired place for
After the test the screw was opened, the |n!nl
was sifted on paper and spread out with a
knife; the color change was easily visible.

Difficulties with Shear Pins

During mass production, no pin failures
were caused by shear. Two test wheels were
constructed with pins of steel Flw 1267.9
(Table I). In the case of one wheel, after 92-hr
operation the pins sheared off, and one blade
flew off. Because of this failure, the pins were
then made of a molybdenum steel (Flw 1456.9,
Jumo N 12140 or 12141). Flw 1310.9, which
has a higher creep resistance than 1267.9 by
about 30°C, was not uaed!nr the pins, because
the 30°C
Special final lcceﬂuce ‘was not prescribed for
the pins.

Difficulties with the Blades

The observed blade breaks can be placed
into two categories: (1) fatigue lu-e:ks and (2)

to nearly natural
(raquency of the blades during operation. When
cold, the latter was 900 - 950 cps, but this
value is increased during the operation by cen-
trifugal force,and decreased by modification of
the material (change of modulus of elasticity).
In all, a decrease of 8% was calculated.

The breaks appeared partially after
operation of 50 hours or more, which corres-
ponds to over 108 ¢ of load, and therefore
means a very long working time. After the
lapse of such a long time, no breaks should be
expected if we consider a Woehler curve. The
explanation is the very sharp natural frequency
of the blades, effected by a small degree of
damping. Therefore a small rpm fluctuation
gives a great reduction of the stresses in the
critical blades. All these cycles with reduced
stresses do not count in our consideration of
the Woehler curve.

As a remedy, the natural frequency
was increased about 100 cps by more acutely
conical forming of the blades, and by a 1-mm

creep breaks. These are
low.

1. Fatigue Breaks

This type of break was observed
almost exclusively at the beginning of turbine~
blade development, with fractures occurring at
different points in the lower part of the blades.
Using the old Junkers attachment (Fig. 2), the
weak place proved to be the upper shear-pin
hole. Fatigue fractures were experienced ina
number of blades at this particular place. This
condition was improved by employing a different
method of fastening. The diameter of the upper
pin was decreased, and the outer radius (R)on
the wheel base and on the pivots wasdecreased

random tested for
grinding the head
Company’'s system).

size by surface
the blade (Krupp

grain
of

Fig. 7
A—Forging with o Surfoce Crack.
B—Preforged Somple with o Center Crack.

3. Testing the Finished Blades - The
finished blades were all macro-etched before
the end polishing, and then, by means of 2
magnifying glass, inspected by experienced
workers for surface tears, large grains, seg-
regations, and aggregation of titantum oxides.
Acceptance specifications were determined by
reference to photos and standard parts. By
means of a special marking procedure which
made it possible to recognize the particular
steel mﬂl. the melt number, and the forging

of the blade, it was
possible to publish a monthly reject report
from Dessau. This report was important for
the steel mills and for the forges, because
especially bad melts and bad forgings
could immediately be traced. Ultimately
B0 percent of the blades were found to be
good.

4. Length Polishing - The surface of
the blades was length ground and length polish-
ed in order to erase all transverse grinding
marks.

5. Control of Tilting - After the blades
‘were mounted, a special measuring procedure

of the length. Further, a 100%
frequency test was prescribed, whereby the
natural frequency was required to be over 1000
cps. Blades with too low natural frequencies
were saved by (material

of the inner side of the blade in the upper
quarter of the length).

The frequency test of the finished
wheel was carried out by an acoustical method.
The 61 blades were agitated at the head end
with a violin bow, and the arising tone was
compared with a normal known tone. The
normal tone was created by a set of tuning
forks consisting of prongs with a natural
frequency (with an interval of 25) of between
950 and 1150 cps. The forks were agitated by

was provided for keeping the blades erect and
for preventing tilting.

6. Frequency Control - Finally, the fre-
quency test was made as deseribed above.

7. Operating Life - The wheels were
permitted to run 25 hours; then the blades
were tested at random for hardness on the
small phase, which is on the exhaust side aof
the blades. H the hardness of the entire length
of the blade was higher than 200 Brinell, the

11

CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE

means of an eccentric, and the tone was
reproduced by means of a coil, an amplifier,
and a loud speaker. All forks could be simul-
taneously agitated, and the desired tone could
be heard by pressing the proper button. Figure 6
shows the arrangement schematically. In this
way it was possible to test a wheel in a few
minutes, and the natural frequencies of the
different blades could be determined within
limits of less than 25 cps.

Fig. 6—Schemalic Diagram of Frequency
Generotor.

After the increase of the blade
frequencies and after the introduction of the
test, no

p ling
fatigue breaks occurred.
2. Creep Breaks

Creep breaks occurred particularly
in the upper part of the blades. These were
mostly intergranular and without deformation.
As such breaks practically marked the life
limit of the wheel, great effort was made to
avert them as long as possible. This was done
in collaboration with the factory of Krupp, the
AEG turbine factory, and the branches of the
Junkers concern.

From the breaks which occurred and
from the creep-rupture tests, it was concluded
that Tinidur is not very ductile at elevated
temperatures when subjected to creep condi-
tions; that whencreep progresses to about 1.5%,
a brittle fracture will occur, and that the ulti-
mate elongation caused by creep is further
reduced by: (1) large grains, (2) notches
(grinding marks, too sharp edges, etc.), (3)
inclusions which cause notch effects (oxides,
segregations, etc.), and (4) melting influences,
which could not be explained in detail (gas
content, melting procedure, etc.).

blades were again length ground, and eventually
notches were removed. The wheel was then
operated for another 25 hours. The total time
of operation was inscribed on the wheel by
means of number stamps. It was the intention
to continue this service to 100-hr total oper-
ation time, and then to replace the blades.

Up until the end of the war, only a few
solid-blade wheels had reached this total
operation time. Since 1944, the hollow blade
has replaced the solid blade.

Figure 3.179: Heinrich Adenstedt developed and used advanced metal alloys in Germany during
the war and in the United States after the war [Adenstedt 1948]. Throughout his career, he worked
very closely with jet/helicopter/tank engine designer Anselm Franz (pp. 1391, 1751-1752).
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Metallurgy
Kurt Anderko Carl Josef Bayer A. Beerwald

(1922-19??) (1847-1904) (1922-19??)

?? Berblinger Carl Berg Franz Bollenrath
(192?2-19??) (1851-1906) (1898-1981)

Figure 3.180: Some creators who made important contributions to metallurgy included Kurt An-
derko, Carl Josef Bayer, A. Beerwald, 7? Berblinger, Carl Berg, and Franz Bollenrath.
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Metallurgy
August Borsig Hermann Bottenhorn ?? Bruche
(1804-1854) (192?2-192?) (192?2-192?)
Otto Dahl Walter Dawihl Ulrich Dehlinger

(192?7-19??) (1904-192?? (1901-1981)

e L
’Q‘q‘ & "_': '

Figure 3.181: Other creators who made important contributions to metallurgy included August
Borsig, Hermann Bottenhorn, 7?7 Bruche, Otto Dahl, Walter Dawihl, and Ulrich Dehlinger.
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Metallurgy
Bernard Dirksen Hans Fischer Richard Glocker
(19?77-19??) (1977-19??) (1977-19??)
Max Hansen F. Heimes Wilhelm Carl Heraeus
(1901-1978) (1977-19??) (1827-1904)

Figure 3.182: Other creators who made important contributions to metallurgy included Bernard
Dirksen, Hans Fischer, Richard Glocker, Max Hansen, F. Heimes, and Wilhelm Carl Heraeus.
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Metallurgy

Wilhelm Heraeus Wilhelm Heinrich Albrecht Herzog
(1860-1948) Heraeus (1900-1985) 19?2?7-197??)

Albert Kochendorfer Heinrich Anton Karl ?? Kornetzke
(1977-19??) Kopp (1977-19?7?) (19?77-19??)

Figure 3.183: Other creators who made important contributions to metallurgy included Wilhelm
Heraeus, Wilhelm Heinrich Heraeus, Albrecht Herzog, Albert Kochendorfer, Heinrich Anton Karl
Kopp, and 77 Kornetzke.
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Metallurgy
Werner Koster A. Krisch William Kroll
(1896—1989) (1977-19??) (1889-1973)

Friedrich Krupp Alfred Krupp Richard Kiich
(1787-1826) (1812-1887) (1860-1915)
gD - 5

Figure 3.184: Other creators who made important contributions to metallurgy included Werner
Koster, A. Krisch, William Kroll, Friedrich Krupp, Alfred Krupp, and Richard Kiich.
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Metallurgy

Ernest Kugel Reinhard Mannesmann  Giinther Mohling
(19??-19??) (1856-1922) (1977-19??)

Hermann Nehlsen Wilhelm Rohn Franz Sauerwald
(1977-19??) (1887-1943) (1894-1979)

Figure 3.185: Other creators who made important contributions to metallurgy included Ernest
Kugel, Reinhard Mannesmann, Giinther Mohling, Hermann Nehlsen, Wilhelm Rohn, and Franz
Sauerwald.



3.8. MATERIALS SCIENCE 711

Metallurgy
Ludwig Schuster Hugo Stinnes Fritz Thyssen

(1922-19??) (1870-1924) (1873-1951)

Carl Auer von Welsbach Alfred Wilm
(1858-1929) (1869-1937)

Figure 3.186: Other creators who made important contributions to metallurgy included Ludwig
Schuster, Hugo Stinnes, Fritz Thyssen, Carl Auer von Welsbach, and Alfred Wilm.
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BILO.S. FINAL REPORT Ne. 1175,
ITEM No. 21.

A SURVEY OF GERMAN
AND
DEVELOPMENT WORK ON TITANIUM

RESEARCH

This report is issued with the warning that, if the subject matter should be protected
by British Patents or Patent applications, this publication cannot be Leld to give any

protection’ against action for infringement,

BRITISH INTELLIGENCE OBJECTIVES SUB-COMMITTEE

.

LONDON—H.M. STATIONERY OFFICE

11EM No. 21
FILE No. XXVI-60

LIGHT METAL PRODUCTION AND
DEVELOPMENT FOR AIRCRAKT
1.G. FARBENINDUSTRIE,
BITTERYELD

“This report is issued with the warning that, if the subject
matter shonld be protected by British Patents or Patent
applications, this publication casnot be held to give any

protection against action for infei

COMBINED INFELLIGENCE CRIECIIVES SUB-COMMITTEE

LONDON—HM. STATIONERY OFFICE

CREATORS & CREATIONS IN CHEMISTRY & MATERIALS SCIENCE

B.L.OS. FINAL REPORT No. 1770.
ITEM Neo. It

HIGH STRENGTH ALUMINIUM-ZINC-MAGNESIUM
ALLOY DEVELOPMENT IN GERMANY.

BRITISH INTELLIGENCE OBJECTIVES SUB-COMMITTEE

LONDON—H.M. STATIONERY OFFICE
PRICE 25. 6. NET.
ITEM Ne. 21
FILE No. XXIX-3

PRODUCTION. & FABRICATION OF
'MAGNESIUM ALLOYS
I. G. FARBENINDUSTRIE, BITTERFELD AND AKEN

" *This report is issued with tl;e warning that, if the subject
matter should be protected by British Patents or Patent applica-
tions, this publication cannot be held to give any protection against
action for infringement ™

COMBINED INTELLIGENCE OBJECTIVES
SUB.COMMITTEE

LONDON-—H M STATIONERY OFFICF

Figure 3.187: Large amounts of information, materials, and scientists involved in work on advanced
metallurgy were transferred to other countries after World War II [BIOS 1179; BIOS 1770; CIOS

XXVI-60; CIOS XXIX-3].
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DECLASSIFIED NARA RG 40, Entry UD-75
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OFFICE OF TECENICAL SERVICES
Substitute heat- and creep-recsistent alloys were used successfully by the
Germans during the war in the construction of gas turbines and jet propulsion
engines, according to a British report now on sale by the Office of Technical
Services, Department of Commerce. The Germans developed the substitutes to cope
with shortages of nickel, tungsten, mclybdenum, and chramium,

The rcport, based on visits to plante in Germany and Austria, was propared
by & team of investigators for the British Intelligmence Cbjectives Sub-Committee,

Although German manufacturers produced no austenitic alloys equal to the
best available in Allied naticne, they did discover some ferritic alloys with
satisfactory creep strengths up to about 600 dcgrces Centigrade, the report states.
These strengths, however, were exhibited mainly in inconelusive, short-time tests,

The use of substitute alloys necessitated a great reduction in maximum
temperature for the turbine blade and disc and also resulted in new designs to
permit cooling both blade and rotor., The design of a successful hollow air-cooled
blade led the Germans to place greater emphasis on the fabricating qualities of the
alloys, particularly on their ability to be worked in sheet form and to be welded.,
The need for cooling somewhat offset the gain in turbine performance achieved
through higher gas temperatures, according to the report.

The report desecribes comprehensively the compogition and the heat treat-
ments of the varlous alloys developed, and the mothods and machines used for
testing them. It also includes perspective and cross-sectional drawings of air-
cooled blades; tables and graphs showing yiold, tensile-breaking, and creep
gtrengthes of the alloys, as well as %their tompering, forglng, and anneali
temperatures. S

Orders for the report (Report on Visit to Germany and Austria to

Investigate Alloys for Use at High Tompbraturcs; PB-2 55

B T; photostat .
microfilm, $2; B% Peges) should be addressed to,the Office gi‘ Tech:axic’:al éervic
Department of Commerce, Weshingten 25, D. C., ang should be accompanied b . 68,
or money order, payable to the Treasurer of the United States ¥ SRS

Figure 3.188: Large amounts of information, materials, and scientists involved in work on advanced
metallurgy were transferred to other countries after World War II [NARA RG 40, Entry UD-75,
Box 3, Folder Press Releases].
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3.9 Other Creations in Chemistry

German-speaking scientists made many other important discoveries and inventions in chemistry.
This section covers just a few examples, including:

3.9.1. Chromatography

3.9.2. Colloids

3.9.3. Synthetic lubricating oils

3.9.4. Synthetic detergents and paper recycling

3.9.5. Chemical treatments to make fabrics resistant to fire, water, stains, and wrinkling
3.9.6. Firefighting chemicals

3.9.7. “Superglue”

3.9.1 Chromatography

Chromatography is a technique for separating molecules of different sizes that are initially mixed to-
gether, based on the fact that they will diffuse at different rates through wet paper, capillary tubes,
or other solid, liquid, or gaseous materials. German-speaking scientists developed the general ap-
proach of chromatography as well as most of its specific implementations [Ettre 2001; Goppelsréder
1861, 1901; Runge 1850; Schénbein 1861].

Friedlieb Ferdinand Runge (German, 1795-1867) developed chemical spot tests on filter paper in
the 1840s and first published his results in 1850, as shown in Fig. 3.189 [Runge 1850]. Runge’s tests
were essentially two-dimensional chromatography for separating a pool of molecules placed in the
central spot into concentric rings of different types of molecules. (In 1820, Runge was also the first
scientist to extract and identify caffeine.)

By exploring and harnessing that initial technique, Christian Schonbein (German states, 1799—
1868) and his student Friedrich Goppelsroder (Swiss, 1837-1919) demonstrated one-dimensional
chromatography methods both in filter paper and in capillary tubes in 1861 [Schonbein 1861;
Goppelsroder 1861]. See Fig. 3.190.

Goppelsroder continued working to improve and to apply capillary-based chromatography for sev-
eral decades, including using it to separate and analyze the colored pigments from plant leaves
[Goppelsroder 1901]. See Figs. 3.191-3.193.
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Raphael Eduard Liesegang (German, 1869-1947, Fig. 3.194) also developed and used improved
methods of capillary and paper chromatography [Ettre 2001].

Building on the earlier work of Goppelsréder with the chromatography of plant pigments, Richard
Willstétter (German, 1872-1942) developed improved methods for chromatography and used those
to identify in detail the molecular structures of different types of chlorophyll and other plant pigment
molecules (Fig. 3.194). For that work, he won the Nobel Prize in Chemistry in 1915 (p. 411).

Gustav Hertz (German, 1887-1975) invented gaseous diffusion enrichment and gas chromatography;
he filed detailed patent applications on his methods in 1923 (Fig. 3.195). He continued to work on
gas chromatography (as well as other projects) in Germany until 1945, and in the Soviet Union
during the period 1945-1955. It seems likely that his work for those two countries involved using
gaseous diffusion methods to separate uranium isotopes for nuclear weapons programs, although
currently very little documentation from that work is publicly available.

Inspired by the pioneering work by Hertz, Erika Cremer (German, 1900-1996) began developing
improved methods of gaseous diffusion and gas chromatography in the late 1930s and continued
throughout World War II (Fig. 3.195). As with Hertz, it seems likely that her work involved using
gaseous diffusion methods to separate uranium isotopes for the German nuclear program, though
little documentation is currently available. Cremer continued to work on gas chromatography after
the war, and is best known for her postwar demonstrations and publications on gas chromatography,
including those with her student Fritz Prior (Austrian, 1921-1996) [Bobleter 1997].

See also pp. 3512-3674 for other work related to gaseous separation and gas chromatography.
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Two-dimensional
paper chromatography

Friedlieb Ferdinand
Runge (1795-1867)

Chemical spot tests on
filter paper (1850)

Zur Farben Chemie.

R ‘“‘ AR
: . s
]Frrunhr hrfgrhiiti_i:n

'// ll«\ Ium q zluuu:ﬁ \

ZeldmerMalerVemererund Teudrucke;
G v-- {J sljjﬁ'mﬂr\;.gi Pt

S =
Dnrgr-t'lrlll

durdy rﬁemmd‘;c "Scrﬁerfmtrﬁnnq
e I)" I'T,}.UN@E

e AT

(\ufm son aa der c‘“m{)uf)uh ST | nfnu
,,.&,,}%:ﬂ.;i,

’ "‘ . & Y
Verlag von E.S Mittler & Sohn.
llmmerstrd.le N® B4 85 }

Figure 3.189: Friedlieb Ferdinand Runge developed chemical spot tests or two-dimensional chro-
matography on filter paper in 1850 [Runge 1850].
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Chromatography in filter paper and in capillary tubes (1861)
Christian Friedrich

Schonbein (1799-1868)

Ueber elnige darch die HaarrUhrchenanzichung des
Papleres hervorgebrachien Trennungswirkungen.

Um die Beschreibung der Ergebnisse meiner diber die-
sen Gegenstand angestellten Versuche mbglichst kurz zu
machen, sei zuvorderst bemerkt, dass dabei B lange und
1% breite Streifen weissen ungeleimten und stark eapillaren
Papieres angewendet wurden, welche man, senkreckt auf-
gehangen, an ihrem untern Ende eine Linie tief in die Ver-
suchsflissigkeit so lang eintauchen liess, bis sie cinen Zoll
hoch capillar benetzt waren. Als Versuchsflissigkeiten
dienten verdinnte wiissrige Losungen von Alkalien, Shu-
ren, Salzen, Farbstofien u. s, w.

Wirkungen auf geliste Alkalien.

Kalilosung mit 1% KO-Gehaltes. Beim Ein-
tauchen des capillar benetzten Feldes in Curcumatinctur
werden nur die untern sicben Zehntel des Papieres braun-
roth gefirbt, wihrend die drei obern Zehntel vollkommen
gelb bleiben. Ein ibereinstimmendes Ergebniss wird mit
gelbem Curcuma- oder gerdthetem Lakmuspapier erhalten:
die hdhern benetzten Stellen dieser Papiere bleiben gelb
oder roth und werden nor die untern gebriiunt oder ge-
bliut.
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Friedrich Goppelsroder
(1837-1919)

Ueber e¢ln Verfahren, die Farbstoffe In lhren Ge-
mischen zu erkennen.

Yon Dr. Frieor. GorpELSRODER.

Eine Reihe hichst interessanter Versuche Schonbein's
haben auf das Deutlichste bewiesen, welches ungleich grosse
Wanderungsvermogen in pordsen Medien die verschiedenen
Korper zeigen, und miissen Jedermann zu der festen Ueber-
zeugung leiten, dass auf dem angebahnten Versuchsfelde
noch ein reicher Schatz interessanter Thatsachen zu finden
sei. Ich meinestheiles wurde sogleich von der Ansicht be-
seelt, dass wir es hier in nicht ferner Zeit mit einer Art
von Anualyse zu thun haben wiirden.

So habe ich mit Schionbein’s Einverstindniss seit kur-
zer Zeit begonnen, das Verhalten der Farbstoffe nach die-
ser Richtung zu studieren, und theile ich hier bereits das
Resultat einiger gewiss sicht uninteressanter Versuche mit.

Unter denjenigen Stoffen, welche ich bis dahin unter-
sucht habe, zeichnet sich ganz besonders die Pikrinsiure
aus; sie wandert in dem Filtrierpapier mit der grdssten
Leichtigkeit. Dieses Vermigen giebt uns das Mittel an die
Hand, die Pikrinsiiure iiberall in ihren Mischungen mit an-

Figure 3.190: Christian Schonbein and Friedrich Goppelsroder developed one-dimensional chro-
matography in filter paper and in capillary tubes in 1861 [Schonbein 1861; Goppelsroder 1861].
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Wotwssidt o Aittc /«?é;ﬁ;,«é/m&_ Chromatography

Capillaranalyse

Beruhend auf Capillaritits- und Adsorptionserscheinungen
' Andenken

mit dem Schlusskapitel:
an

Christian Friedrich Schoenbein

das Emporsteigen der Farbstoffe
in den Pflanzen

von

Liebe, Hochverehrung und Dankbarkeit
FRIEDRICH GOPPELSROEDER
S
Mit 59 Tafeln.

gewidmet

von seinem Schiiler

aun den der Naturforschend in Bascl, Band XIV. Friedrich Goppelsroeder.

BASEL
Buchdruckerei Emil Birkhiuser
1801

Figure 3.191: Friedrich Goppelsroder continued working to improve and to apply capillary-based
chromatography for several decades, including using it to separate and analyze the colored pigments
from plant leaves [Goppelsroder 1901].
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Chromatography

Figure 3.192: Friedrich Goppelsroder continued working to improve and to apply capillary-based
chromatography for several decades, including using it to separate and analyze the colored pigments
from plant leaves [Goppelsroder 1901].
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Figure 3.193: Friedrich Goppelsroder continued working to improve and to apply capillary-based

chromatography for several decades, including using it to separate and analyze the colored pigments

from plant leaves [Goppelsroder 1901].



3.9. OTHER CREATIONS IN CHEMISTRY

Raphael Eduard Liesegang (1869-1947)
Improved capillary chromatography

h
Richard Willstitter (1872-1942)

Improved paper chromatography
Nobel Prize in Chemistry 1915

721
Chromatography

Figure 3.194: Raphael Eduard Liesegang and Richard Willstatter developed and applied improved

methods for capillary and paper chromatography.
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Gaseous diffusion separation and gas chromatography

Gustav Hertz
(1887-1975) : e 2 'E ?
March 11, 1924, Lk 1,486,521 =
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Erika Cremer (1900-1996)

Figure 3.195: Gustav Hertz and Erika Cremer invented the methods of gaseous diffusion separation
and gas chromatography.
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3.9.2 Colloids

Figure 3.196 illustrates what a colloid is. As opposed to solutions of tiny particles that remain
dissolved permanently (such as salt in water), or suspensions of large particles that eventually
settle out (such as sand in water), colloids have medium-sized particles that can remain suspended
indefinitely within a material (such as fat particles suspended in water as in milk). Some German-
speaking scientists who made important contributions to the understanding and application of
colloids are shown in Figs. 3.196-3.197.

Georg Bredig (German, 1868-1944) developed colloidal solutions of metals as catalysts.
Herbert Freundlich (German, 1880-1941) studied colloidal stability and coagulation.

Franz Kolb (German, 1877-197?7) worked with colloids and invented plasticine modeling clay in
1890.

Robert Havemann (German, 1910-1982) conducted research on colloids. In 1936, he also invented
the spectrophotometer, which is now a widely used instrument in biology and chemistry laboratories
(p. 2319).

Carl Wilhelm Wolfgang Ostwald (German, 1883-1943) also did important work on colloids.

Hermann Staudinger (German, 1881-1965) studied colloids, macromolecules, and polymers. He
found that many substances that had been regarded as colloidal clumps of small molecules were
actually composed of macromolecules or polymers. For his discoveries, he won the Nobel Prize in
Chemistry in 1953 (p. 480).

Richard Zsigmondy (Austrian, 1865-1929) made a number of important discoveries regarding col-
loids, and also developed synthetic food products. He won the Nobel Prize in Chemistry 1925 for his
work on colloids. Professor H.G. Séderbaum, Secretary of the Royal Swedish Academy of Sciences,
stated [https://www.nobelprize.org/prizes/chemistry/1925/ceremony-speech/|:

Zsigmondy’s work has quite simply been pioneering as regards the explanation of the
mechanism of the coagulation phenomenon and also as regards the study of the structure
of gels. [...]

The brief review given here of some of the most important work of Zsigmondy is nec-
essarily highly incomplete, if not to say fragmentary, but should surely suffice to show
how it pioneered the way and opened up new regions in a field of research which had so
far been difficult of access, a field which must be recognized as having the very greatest
importance for human knowledge. Let us only remember in this connection that all
manifestations of organic life are finally bound to the colloidal media of the protoplasm.

This by way of motivation for the decision of the Academy of Sciences to award the
Chemistry Nobel Prize for 1925 to Dr. Richard Zsigmondy, Professor of Chemistry at
the University of Gottingen, for proving the heterogeneous nature of colloidal solutions
and for the methods used which have laid the foundation of modern colloid chemistry.
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Solution: Colloid: Suspension:
tiny particles medium-sized large particles
remain particles remain eventually
dissolved suspended indefinitely settle out
(e.g., salt (e.g., milk has fat particles (e.g., sand
in water) suspended in water) in water)
e [e e g e
o BE® e @
ol .....
coocsosscsl 100 @ ..
SRR 099000
Georg Bredig Herbert Freundlich Franz Kolb
(1868—1944) (1880-1941) (187?-19??)
Colloidal solutions Colloidal stability Colloids, plasticine

and coagulation

of metals as catalysts modeling clay (1890)

Figure 3.196: Colloids have medium-sized particles that can remain suspended indefinitely in a
medium, such as the fat particles in milk. Some German-speaking scientists who made important
contributions to the understanding and application of colloids included Georg Bredig, Herbert
Freundlich, and Franz Kolb.
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Robert Havemann
(1910-1982) Colloids,
spectrophotometer (1936)

Hermann Staudinger
(1881-1965) Colloids
and macromolecules

Nobel Prize
in Chemistry 1953
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Carl Wolfgang
Ostwald (1883-1943)
Colloids

Richard Zsigmondy
(1865-1929)
Colloids, synthetic
food products, Nobel
Prize in Chemistry 1925

Figure 3.197: Other German-speaking scientists who made important contributions to the under-
standing and application of colloids included Robert Havemann, Carl Wolfgang Ostwald, Hermann
Staudinger, and Richard Zsigmondy.
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3.9.3 Synthetic Lubricating Oils

During the period 1927-1945, Hermann Zorn (German, 1896-1983) led a large group at I.G. Farben
Ludwigshafen that invented and mass-produced synthetic lubricating oils and additives [Jantzen
1996a, 1996b]. As a result of their work, Zorn and his coworkers filed a large number of patents
worldwide; see Figs. 3.198-3.199 for some examples. Some of their patents were approved and issued
in the 1930s, but many were not finally approved and issued until after World War II.

In addition to Zorn’s group, several other groups of German-speaking scientists developed various
types of synthetic lubricating oils during the same time period, as documented in BIOS 1611, Major
Developments in Synthetic Lubricants and Additives in Germany, pp. 92-93 and 99-100:

In the investigation of the German oil industry and interrogation of the leading person-
nel, certain facts have come to light which show that Germany had a well-developed
synthetic lubricating oil industry already in being, and undergoing rapid expansion. Al-
though from a quantity basis the products obtained from natural petroleum resources
predominated, it would appear that from the quality standpoint the synthetic produc-
tion was of most importance. [...]

As would be expected, the outstanding developments were made under the auspices of
the I.G. Farbenindustrie. It would appear that as early as 1927 a department under
Dr. Zorn at Ludwigshafen commenced research on the polymerisation of olefines for the
production of lubricants, this work being coupled with an investigation of the possible
constituents of lubricating oils by synthesis of likely hydrocarbons; this work was similar
to but apparently much wider in scope than that of Mikeska.

By 1936 the process based on the polymerisation of ethylene was developed and pro-
duction started in 1937 at Leuna, and later at Schkopau. By Government order this
development was kept secret. Similar processes but based on the production of olefines
by wax cracking were developed and operated by the I.G. and Vakuum at Poélitz and
Rhenania Ossag (Shell) at Harburg. |[...]

Besides the above developments, Ruhrchemie produced about 1500 tons/month of a
synthetic automotive engine oil (based on Fischer-Tropsch products) of a rather unsat-
urated, easily oxidisable character, which was used by the Army/...] [...] Rheinpreussen
A.G., Homberg produced spindle oil, machine oil and steam cylinder oil, each of which
found application in the various Services, particularly the Navy, where the aromatic
character of the products was found beneficial in diesel engine lubricants. Other low
pour steam cylinder oils were produced at Politz and Ludwigshafen, the latter by the
Paraflow synthesis. |...]

Reviewing the above topics as a whole it is apparent that in the synthetic field particu-
larly, the Germans were ahead of the Allied developments, especially in their widespread
application of the adipic ester type of lubricant. [...] Certainly some of the uses already
explored experimentally open up very interesting fields for development, particularly in
the lubrication of internal combustion engines.

The synthetic lubricating oils and additives that were invented by Zorn and other German-speaking
scientists were extensively studied by Allied countries [e.g., BIOS 373; BIOS 1611; CIOS XXXII-68;
CIOS XXXII-94; CIOS XXXII-107.] Now they are widely used around the world.
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Hermann Zorn
(1896-1983)
led a group at
I.G. Farben
Ludwigshafen
that invented and
mass-produced
synthetic
lubricating oils
and additives
(1927-1945)

W. PUNGS ET AL 1,938,088 July 10, 1934. H. ZORN ET AL 1,965,952
PRODUCTION OF HIGH QUALITY LUBRICATING OILS PRODUCTION OF HIGH QUALITY LUBRICATING OILS
Filed Jan. 30, 1931 Filed Feb. 28, 1931

' {
Fumge Crochig vessels

Figure 3.198: Hermann Zorn led a group at I.G. Farben Ludwigshafen that invented and mass-
produced synthetic lubricating oils and additives during the period 1927-1945.
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Patented Dec. 5, 1533

UNITED STATES
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1,938,088
PATENT OFFICE

1,938,088

PRODUCTION OF HIGH QUALITY
LUBRICATING OTLS

Wilhelm Pmm, Ludwlmx.!en on - the - Rhine,

im, and Hermann Zorn,

Hans annhei

mdmaanuh on - the - Rhine, Germany, as-
signors to L. G. Farbenindustrie Aktiengesell-
sehaft, Frankfort-on-the-Main, Germany

Allnlsmﬂun hnuary 30,

1931, Serial No. 512,488,
8 1930

in Germany February
5 Clalms. (CL 196—78)

‘The present invention relates to the production
of high quality lubricating oils, in particular from

paraflin waxes.
It is nlready known that viscous oils are ob-
§ tained when olefinic hydrocarbons either alone
or in admixture with other hydrocarbons are
subjected to the action of catalysts, as for ex-
ample those of the Friedal craff synthesis such
as aluminium chloride and the like. The olefinic
o hydrocarbons employed for un.s pror.u- may be
ubl:ahwd for example by crackis
We have now found, onnlmry to expectation,
that when employing products obtained by crack~
ing from parafiinic hydrocarbons, in particular
hydrocarbon mixtures comprising parafiin wax,
such as petroleum or hard or soft paraflin waxes,
the nature of the cracking is of extreme Impor-
tance for the yields and quality of the lubricating
of For example if the crack-

20 ing i carried out so that the resulting liquid prod-

ucts are strongly unsa.t.urabeﬂ. and have an io-
dine value which is above above

of copper, iron and nickel, and the initial ma-
terials are treated until the content of unsatu-
rated hydrocarbons is as high as pessible and
the said iodine value has been surpassed.

fodine value is surpassed for example by g
cracking a soft paraffin wax melting at from
40° to 42° C. under nrd.lnw.’w pressure and at a
temperature of 540° C, For the same purpose
o hard paraffin wax Dhtﬂned from brown coal
tar and melting between 51° and 53° C. is prem- o

ably first eracked under s pressure of from 4

to 6 atmospheres and then in a second cracking
stage under ardinary pressure and at a temper-
ature of about from 515° to 520° C. An Ameri-
can unwashed wax is cracked under ordinary rp
pressure at about 525" C, Petrolatum is cracked
under ordinary pressure at 540° C,, the non-con-
verted portion being cracked at 6 atmospheres
and the pressure-cracked products being sub-
& temperature of 530° C. With other 75
pmmmc hydrocnﬂ:un materials it may :a.slls‘

200, the subsequent nond!nsntlon {under which
term we understand also the polymerization) in

gg the presence of catalysts having a condensing
action, as for example anhydrous halides giving
rise to a stromg evolution of heat when treated
with wnhr, such as aluminium chloride, iron
cmmde chloride, boron flucride or catalysts
!Lmlllr action, yield particularly high

que..{iw lubricating ofls. lodine value which,
as is known, is the number of parts of halogen,
reckoned as jodine, which combine with 100 parts
of the oll to be investigated, is determined by
treating said oil while dissolved in carbon tetra-
chloride and in the dark with a fixed amount of
a % normal aqueous solution of potassium bro-
mate cantaining 40 grams of potassium bromide
per litre and an excess of a 10 per cent hydro-
4 Chloric acid solution and determining in the
known manner the amount of bromine not com-
bined with the oil. The most favourable tem-
perature for a cracking of this kind in which
almost all the parafinic constituents of the in-
ll.in] mlwrlll to be treated are decomposed with

&

al‘:ler of l:qu!‘noﬁ of the sifllln cracking ihﬂ!ﬂ
provided Ivveral steps are employed, what tem-

perature and velocity of flow are most suitable go
!ur ohlalnlng a produet having an ind.me value of
more than 150.

When working under ordinary pressure it is
preferable for the sake of economy to reduce the
formation of gas to & minium. The formation gg
of gas is dependent on the temperature and on
the velocity of the treated materials. With the
same velocity of flow the losses by formation
of gas are greater at higher temperatures than
at lower temperatures, whereas with the same
temwnturau these losses are greater at lower
velocities of flow than at higher velocities of
flow, so that at higher temperatures greater
velocities of flow may be employed. Oﬂ account
of the high cracking temperatures the cracking
operation s carried out in the vapor phase if
ordinary pressures are employed.

Particularly good results are abtained by crack-
ing the initial paranie hydrocarbons nm und.ar
an elevated pressure, which may range to 5 d 100
evate

E

8

de-

pend.! on the nature of the initial material and
also on the catalyst added and the apparatus
used and must be ascertained in each case by
50 & preliminary experiment. In all cases where
cracking temperatures below 600° C. are em-
ploved, the process s carried out for example
in the presence of dehydrogenating catalysts
such as turnings of copper, ViA-steel, masses
55 obtained by sintering a mixture of the powders

Patented Dec. 24, 1935

UNITED STATES

at a

temperature, and Lhen subjecting the products
thus obtained to further cracking under ordinary
pressure and at higher temperatures. The se-
quence of these stages may also be changed, i 105
desired. When working in several stages in the
manner deseribed the loss by evolution of gas is
less than when cracking only in one stage and
unm:r ordinary pressure. Dnum thn hand, i

e cracking were carried st elevated 110

2025499

PATENT OFFICE

2,025,490
PRODUCTION OF LUBRICATING OILS

Hermann Zorn and Gerhards
hafen-on-the-Rhine,

It Hofmann, LMW]I’-
and Waller Rosinsky,

» Frankf ~the-
Main, Germany
No_Dra . Application Nnvm'lzhcl 2! 19!3
Serial No. 644,324, In
1931
10 Claims. (CL 87—8)

The p: invention relates to improvements
in ﬂ:le Dlv\‘.lllcﬁl\n’l of lubricating oils.

t has already been proposed to use fatty oils

n sur.h for lubricating purposes or to employ

¢ with mineral lubricating oils.

m llﬂJ olls l.l‘e however, but little suited for
continuous on.

We have found that valuable lubricating olls
having the character of mineral lubricating olls
10 are obtained from vegetal, i. e. vegetable or ani-
mal, fatty lnhlunca!. such as fats or faity olls,
by converting them into unsaturated prnnm:u

h are nruuulay free from e
which preferably contain not more !.l'un abmlb 1
per cent of oxygen, and which cm:;lﬂn Blt.l;:}r the

H

materials, and then subjecting nmsa products to
condensation in the presence condensing
agents. The term “ Eund.uluullnn" is to include
:Im the polymerization for the purposes of the
present invention. The sald condensation may
also be effected together with other reactive sub-
stances, as for example hydrocarbons coi
25 double carbon linkages in the molecule, such as
aromatic hydroearbons, liquid or gaseous olefines,
mineral or tar oils or their conversion products.
The said conversion of vegetal fatty substances
into products free from

E

“fatty acids present, the nlnnhnl.u then being dehy-
drated in the usual mannes
As the initial materials mnv be mentioned for
example vegetable or animal fats or fatty ofls,
such as soya bean ofl, olive oil, palm oil, bone ofl &
and the like. In order to prepare for uurnn!e
rom soys bean ofl the unsaturated com
products which are practically free lram mm.
the procedure may be as kl]lowl
‘The initial material, if de an addi- 10
tion of hydrogen and prelerably ln the m
of one of the aforesald catalysts having a split-
ting action, as for example a mixture of the ox-
ides of copper and aluminium, is heated to tem-
peratures of from about 300 to

from the vegetal fatty substances, if dw.rﬁl I.ﬂa'
removing any small amount of cleavage products
contalning oxygen, as for example acrolein, free 20
fatty acids and the like, and preferably after the
addition of the beforementioned reactive prod-
ucts, as for example mineral oll, is

with the usual condensing agents, in particular
anhydrous halides of the Friedel-Crafts LYD! 25
such as aluminium chloride, zinc chloride,

Gaypen 1a effcctod o temperatures Tanging be-
tween 300° and 500° C., prefernbly between 420°
and 480° C. and preferably in the presence of
catalysts having a splitting action, as for exam-
ple copper, copper chromite and other com-
pounds ef copper, I desired together with other
substances. Hydrogen may also be present in
this treatment. This direet conversion into un-
saturated hydrocarbons is usually effected under
ordinary pressure, but also elovated pressures
ranging up to 50 atmospheres may be employed.
The unsaturated conversion products may also be
prepared by heating the initial materials to tem-
peratures between 200° and 300° C., preferably be-
tween 200° and 260° C., in the presence of hydro-
gen, at pressurcs ranging between 50 and 300 af
mospheres and while employing eatalysts having
a reducing action, as for example copper chro.
mite, copper, mixtures of copper oxide and alu-
nunlum oxide, whereby the sald materials are
50 gonverted into the aleohols corresponding to the

&

&
&

&

et
between 40° and 100° C., to form vlll:-
able viscous olls, 20

The products obtained are viscous lubricating
oils which are distinguished by a flat tempera-
ture-viscosity curve, They may be added to other
lubricating oils in order to lmnrnv! them.

The following examples will further {llustrate 35
the nature of this invention, but the invention
is not restricted to these examples. The parts
by weight,

Examgple 1

100 parts of soya bean ofl are led over a cata-
lylt of copper and aluminium at 425° C. 80 parts
of a product are obtained free from oxygel l-nd
bolling between 60° and 360° C. 'mu is sl
tm' 2 hours at 120° €, with an addition ul 6 plm
chloride, After
lluduc of aluminium chloride, a crude lllhrlml.l:lq
ofl is obtained which when distilled up to a tem-
rature of 160° €. at 1 millimetre (mercury
gauge) yields 20 parts of an oll as first runnings 60

25 temperatures ranging from about
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The present invention relates Lu the produc-
tion of high qum!a lubricating olls.
We ‘have Ivumi high quam, lubricating

lensing, In the presence
5 nf cvnﬂmzln: asmt!, and, if duir:d while sup-
ing heat and adding gaseous ol
dlllll‘annt liquid h,drﬂclm.l‘“ one being liquid
suchas

usually be below 150° C. For example, starting
with the condensation of liquid olefines, the
amount of heat set free is usually sufficient fo
produce the most favorable reaction tempera-
ture, When the other ents wre then ad- 53

two' ded, s for example a brown coal tar ofl freed from
ph

enol, it is preferable to supply heat since the

containing more than five carbon atoms in the

10 molecule or mixtures essentially comprising the

same, and the second being liquid hydrocarbons
eapable of undergoing condensation or polymeri-
zation reactions llndn- Lhe influence of ilumlg\m

urther usually necessitates a high-
er umurnma uun the first phase. However,
when starting with tar oll and adding the con

t
order to attain the most favorable reaction tem-
perature; when liquid olefines are added after
supply of heat is

e, that is, unsal

13 ent from sald liquid oleﬂnes ar cyclic hyd.ranar-
bons, M sald

the the external
uﬂal)y no longer necmlnr for the further course 8
of

. Mixtures
cyelic hydrocarbons a8 essontial constituents with
Some paraminio hydrocarbans can also be acvan-

20 The nld liquid olefines may be obtained by

cracking higher paraffinic hydrocarbons, i, e.,
parafinic hydroearbons containing more than
five carbon atoms in the molecule as, for example,
by cracking solid parafiins or paraffinic oils at
it 450 to 500° C.
or more, under elevated pressures and, if desired,
‘with the addition of methane, or by dehydrating
aliphatic alcohols or by other known methods.
The said other condensable hydrocarbons may,

30 on the other hand, be supplied by the use of tars,

:nlnnm‘l oils or their liquid distillation, extraction
products of a nature dlﬂerenb from

up!a 00 . Drnmmeommrhave proved ad-
vantageous in practice.

According to the present inventlon,
olefines, as, for example ethylene, pruwl:rn, o
butylene, such ns are formed for example by th
cracking of hydrocarbons may be employed con-
jointly, for example they may be led in during the
condensation process.

Further, the process may be carried out by ex- yg
posing each of the components to the action of
the condensing agent singly, the mumng prod-
uets including the condensing agents then being
combined and further treated at 8 culll'hll tem-
perature. 80

‘Tho process according to the present invention
may be carried out at atmospheric or increassd
halides, which give rise to

or cracking
said liquid Dl:l‘ln:s or the
ated ‘mineral oils and the

tars,
35 like, Heremaller and in the claims coals, tars,

eral oils and the like are referred to as bitumi-

nuuu ‘materials.
In ing out the condensation, it is prefer-
able not to mix the single initial materials before

40 the addition of the condensing agent, but first
h

to bring together one of the components with the
condensing agent and to effect a partial con-
at the I)Ot

pressure.
a considerable evolution of heat when mixed with
water, such as aluminium chloride, ferric chlo- g5
ride, mlnc uhlmlde tin tetrachloride, boron fluor-
ide, anhydrous hydroflucric acid Bnd the like
or complex scids, as for exam

‘acetic acid, or borlc acid-oxalic ldd are :Illtahh

as condansing agents. Bleaching earths, such as

a naturally occurring bleaching earth of large
surface, essentially consisting of aluminum hy-
activated with aqueous hydrochloric

densation
favorable for the purpose,

the other
4 then being added, xnd the treatment mnmxem

if desired at & temperature most favorable for the
n then proceeding. The most favor-
able temperature in each case may be mduy

by & on
50 small scale. The temperature employed vlll

Patented Jan. 25, 1938

UNITED STATES

acid may also be employed.
some cases it may be preferable to carry gg

out the single stages of the treatment with differ-

ent condensing am:u s for example first to treat

the liquid with boron fivoride and then,

after t'be addition of the other component, fur-

ther with alumintum chloride, or 100

2,106,232

PATENT OFFICE

2,108,232
PRODUCTION OF HIGH QUALITY

Hermann Zorn, Ludwigshafen-on-the-Rhine, and

‘Walter Rosinsky,
to L G.

Oppau, Germany,

‘assignors
Aktiengesellschaft.

Frankfort-on-the-Main, Germany :

Application October 4, 1833, Serfal No.
In Germany October 15, 1932

5 Claims.
‘The present invention relates to the prodi
ﬁn:,ufhl;lnn ‘quality Jubrica ofls. e
e have found that very valushle and high
qu-my Jubricating oils are obtained by adding
to hydrocart oils, as for example mineral and
ta.: olls, dur.nm hydrogenation products of

(€L 196—78)
also higher or lower temperatures, for example
between 10° and 110° C.. may be satisfactorily

Mdh.mnih.dladmmimm
enation

and
pmducuutmlnenl and ez ofls and of fatty
oils and their extraction and distillation

hllhly polymerized lsobutylene, the resul -
lutions being subjected to a treatm: riyks

3 viscasity index of 100 and a viscosity of
2* Engler n.t 98° C. s obtained. Thus mwim-

the ty curve of

the ofl takes placs wimot o viscosity of the
2o 9l being increased at the same time. This would
take place, however, if the improvement in the

cent are usually sufficient
4o The sahydrous halides of the
ype, such the chlorides of alu-

each initial material by & simple preliminary ex-
periment. In most cases the most favorable
&5 temperatures are between 40° and 80° C., but

‘mi
cating oils, are suitable as initial mnu!i&‘l 0
Cracking products of fatty oils and their de-
hydrated destructive hydrogenation products are
also suitable. Mixtures of the said initial ma-

The reaction may be carrled out in a great 1p

be
Solved n a lubicating ofl to be improved, the
condensing or polymerizing agent added,
whole warmed and stirred for some time nmi
the condensing or polymerizing agent separated 20
either by sedimentation and decanting or by
washing out with water. A part of the initial
material, also be

process
ing is especially suitable when employing or co-
employing cracking products, in particular those 0
of hard or saft wax or of petrolatum or
de parafin wax. The condensing agent, as
fm' example aluminium chloride, may then be
added to the cracking product, as for example
of parafiin wax, and the whole stirred for some 35
time, as for example an hour. Heating spon-
proceeds

Figure 3.199: Hermann Zorn led a group at I.G. Farben Ludwigshafen that invented and mass-
produced synthetic lubricating oils and additives during the period 1927-1945.
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3.9.4 Synthetic Detergents and Paper Recycling

Traditional soap-making requires animal fat. Even during peacetime and certainly during wartime,
most animal fat in the German-speaking world was needed for cooking purposes. Therefore it was
in short supply for soap, and there was a strong incentive to find synthetic chemical alternatives.
German-speaking chemists developed both inorganic and organic detergents using methods of direct
chemical synthesis.?? Such synthetic detergents are now used worldwide, since they proved to have
superior properties and lower production costs compared to traditional soaps.

In 1876, Friedrich (Fritz) Henkel (German, 1848-1930) founded the Henkel & Cie. soap company
and began producing the first synthetic inorganic detergent powder, a mixture of sodium carbonate
for bleaching and sodium silicate for abrasive cleaning. See Fig. 3.200. Later Henkel’s sons joined
the company; in particular, his third son, Hugo Henkel (German, 1881-1952), obtained a Ph.D. in
chemistry and became the head chemist for the Henkel company. In 1907, Hugo Henkel invented
and began selling an improved inorganic detergent powder, using sodium perborate for bleaching
and sodium silicate for abrasive cleaning, that was dubbed Persil for those two components. Hugo
Henkel and Otto Gessler (German, 1877-1977) also invented the first successful methods of recycling
printed paper by using similar bleaching and cleaning compounds. Along the way, the Henkels and
several other chemists in their company developed a variety of other chemical products, including
new adhesives (and later the first glue stick, Pritt).

In contrast to inorganic detergents, organic detergents such as those made from animal fat contain
long hydrocarbon molecules that are better able to interact with and remove hydrocarbon stains
such as grease. Thus there was a strong need to develop synthetic organic detergents.

Perhaps the most important chemist in the development of synthetic organic detergents was Fritz
Gunther (German, 1877-1957), who led a large research group devoted to that topic at BASF in
Ludwigshafen (which became I.G. Farben Ludwigshafen). Giinther and his group began working on
the problem during World War I and produced their first commercial synthetic organic detergent,
called Nekal, in 1916.

Giinther and his group developed a wide range of other synthetic organic detergents over the fol-
lowing decades: Nekalin, alkylbenzene sulfonates (ABS) such as sodium dodecyl benzene sulfonate,
and others. See Fig. 3.201. Giinther retired in 1938 due to failing eyesight (possibly caused by
prolonged chemical exposure), yet his group at Ludwigshafen remained highly active until at least
1945.

At I.G. Farben Hochst, Hermann Ludwig Orthner (German, 1897-1971) ran another important
group that developed and mass-produced synthetic organic detergents such as Igepon/Hostapon
and Mersol until at least 1945 (Fig. 3.202). For example, BIOS 1222, Mersol and Hostapon Processes,
1.G. Farbenindustrie, Hiochst, p. 1, reported:

20Baird 1955; Gritz 2013, 2014; BIOS 518; BIOS 1222; FIAT 913.
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During the war the I.G. Farbenindustrie manufactured large quantities of Mersol type
products from a hydrogenated Fischer Tropsch cut, Mepasin. Large scale manufacture
of this product was carried out at Leuna and Wolfen, but the development work was
done at Hochst under Professor Orthner. Hochst laboratories also developed two further
processes for detergents (Hostapon) of the same type from Mepasin.

German-speaking scientists also invented methods of mass-producing and purifying enzymes (such
as proteases that degrade proteins and lipases that degrade fats) and adding them to commercial
detergents to improve their cleaning power (see for example p. 2365).

Many of these German developments were patented and known through those patents to other
countries from the early 1900s onward. Others were not adopted by other countries until Allied
investigators interrogated German scientists and visited plants after World War I1. Synthetic deter-
gents and detergents incorporating cleaning enzymes are now commonly used worldwide. Recycling
of printed paper, as first developed by Hugo Henkel and Otto Gessler, is also used worldwide.
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HENKEL & Cie., Diisseldorf (Deutschland).

Verfahrven zur Uberfilhrnng von Alkalisilikatlisungen in trockene, leicht losliche Pulver,

Es besteht schon seit langem in der In-
dustrie das Bedirfnis nach einem pulver-
formigen, leicht loslichen Alkalisilikat, da
ein solches handlicher ist als die iiblichen
Losungen, deren Verwendung fiir manche
Zwecke, so z B, fiir pulverférmige Farben
und dergleichen, fiberhanpt ausgeschlossen
ist. Die bisher vorgeschlagenen Wege zur
Uberfiihrung z. B. von Wasserglas haben aber

nur ein in kochendem oder heiflem Wasser
losliches Produkt ergeben.

Die vorliegende Erfindung betrifft nun
ein Verfahren zur Uberfithrung von Alkali-
silikatlosungen in trockenme, leichi losliche
Pulver. Das Verfahren beruht daranf, daf
man unter hohem Druck stehende, bei hoher
Temperatur konzentrierte, heile, zihfliissige
Alkalisilikatlssungen durch plotzliche Druek-
entlastung in Form eines feinen Stanbes mit
kalter Luft in Berithrung bringt.

Beispiel:

Man lést zuniichst in einem rotierenden

asserglas-Auntoklaven, der wunter hohem
Druck, etwa 6—8 Atmosphiiren, steht, die
tibliche Ausgangssubstanz fiir die Herstellung

1 sungen in Wasser auf. Das

Auflésen wird bei hiherer Temperatur vor-
genommen, bis die dickflissige Lisung ein
spezifisches Gewicht von 1,44 besitzt, Die
so erhaltene Lisung ist in heifem Zustand
zihflissig und nimmt beim Erkalten die
Form einer zithen, unbeweglichen Gallerte
an. Die heiBe Lésung wird nun unter hohem
Druck von 8 Atmosphiren, der bestiindig auf-
recht erhalten wird, durch eine Streudiise mit
Offnungen von etwa anderthalb Millimeter
Durchmesser ans dem Autoklaven austreten
gelassen.. Die stanbférmige Liosung wird
unter der Einwirkung kalter Luft sofort in
cine feste, trockene Form tbergeliihrt. Die-
sen Vorgang unterstiitzt man dadurch, daB
man mit einem kalte Luft zoftthrenden Ven-
tilator das staubférmige Material durch einen
Holzschacht elwa 4 Meter hoch in die Hihe

fithrt, um es dann allmihlich als vollkommen
trockenes Pulver auf den Boden sinken zu
lassen. Das auf den Boden sinkende, staub-
formige Material enthilt 10 bis 15 % weniger
Wasser als die heifle Lisung, Durch die in
der Luft entholtene Kohlensiiure wird die
Oberfliche der Wi stiinbehen

einer feinen Haut umgeben, wie dies stets

mit

UNITED STATES PATENT OFFICE.

HUGC BENKEL, OF DUSSELDORF, AND OTTO GESSLER, OF AUGSBURG, GERMANTY.

PROCESS

FOR REMOVING PRINTERS' INK FROM PRINTED PAPER BY MEANS OF

BLEACHING SUBSTANCES HAVING AN ALKALINE ACTION.

988,874,
No Drawing.

To all whom it may concern:

Be it known that we, Huco Huniir,
Ph. D., chemist, and Orro Gessuer, divector,
subjects of the King of Prussia and the
King of Bavaria, residing at Dusseldorf,
Prussia, and Augsburg, Bavaria, Germany,
have invented certain new and useful im-
provements in processes for removing prin-
ters’ ink from printed paper by means of
bleaching substances having an alkaline ac-
tion, of which the following is a specifica-

on.

It has been attempted for a long time to
use printed paper again for paper manufac-
ture. The attempts have, however, failed
hitherto, owing to the printers’ ink adher-
ing to the sai paper, having such a great
dyeing power that only infinitely small per-
cent of printed paper could be used for
manufacturing new paper. Moreover, onl;
an inferior quality of paper was pro:’luc .
It has also been attempted to remove
printers’ ink from the paper but such at-
tempts have not given any satisfactory re-
25 sult. This is due chiefly to the fact that

printers’ ink mainly consists of scot mixed

with oil and settleg so firmly in the slim:
mass, When the printed paper is treated,
that it is impossxb]ie to wash it out.-
80 This invention relates to a process by
means of which it is possible to free the
printed paper from printers’ ink without the
above mentioned disadvantages.

The process chiefly consists in the soaked
and divided paper being treated in an alka-
line solution o oxi\fs in the presence of
. substances which during the process pass
into n colloidal state. As peroxids the

@
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9
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peroxids of alkalis or of earth alkalis may be-

employed, as, for instance

sodium superoxid
Na,0,, sodi::}m perborate ‘NaBo.-}_-ﬁ-E

0, so0-

lium Na,S,0,, p super-
oxid K,0,, potassium perborate, potassium
persulfate, magnesium superoxid ,, ba-

45 rium superoxid BaQ, and the like. “As col-
loidal substances either silicic acid, alread;
in colloidal state, can be added or compounds
can be used which, during the process, pass
into the colloidal state, for instance silicates,

50 alumina compounds and the like. Thesilicic
acid develops ina colloid state s the hydrosol
of the acid passes over into the hydrogel of
the acid. Fine transparent flakes are then
formed which may be called colloid silicic

56 acid. It is preferred to employ the ed

sorption and easy removal of printers’ ink

has been impossible hitherto, so that the at-

tempts to treat newspaper again were hith-

erto unsuccessful. ” 5
5 By means of the process according to this
invention the said removal of printers’ ink
can be effected in a simple, quick and cheap
manner, without the fibers being damaged
or purﬁy destroyed, as is the case when
chlorin compounds are used.

That what we clair and desire to secure
by Letters Patent is:

1. A process for removing printers’ ink
from printed paper pulp by means of
15 bleaching substances having an alkaline ac-

tion, characterized by the printed paper

pulp being treated with peroxids in the
presence of substances which during the
process pass into a colloidal state.

10 2 A process of removing printers’ ink
from printed paper pulp by means of
bleaching substances having an alkaline ac-
tion, characterized by the printed paper
pulp being treated with an alkaline solution

8 of a peroxid of alkali in the presence of
substances which during the process pass
into & colloidal state.

3. A process for removing printers’ ink
from printed paper pulp by means of

Specification of Letters Patent.
Application filed December

Patented Apr, 4, 1911,
2, 1908, Serial No. 531,085.

“goluble silicic acid” which is on the mar-
let and consists of a compound of water
glass and soda, which upon being dissolved
in water indergoes o hydrolytic decomposi-
tion of such nature that the silicic acid is 6¢
precipitated in colloidal form. This pre-
cipitation of the silicic acid commences after
a few minutes and is completed within four
or five hours.  Of course,the rapidity of this
preciptation depends upon the concentration 85
and the temperature. Newly precipitated
aluminum hydroxid A1(OH),+x1LO acts
in the samne manner.
It has been found that the fat contained

in: printers’ ink, is modified in the alkaline 70
solution of the superoxids in such manner
that it loses its binding or cementitlg foree,
whereupon it becomes possible for the prin-
ters’ ink to be converted .into an emulsion
by the colloidal silicic acid and thus easily 75
separated from the fibers,

he process is carried out for instanee,
in such manner that the old printed paper
is stirred in warm water, w%emupon the
above mentioned additions of superoxids 80
and colloidal silicie acid, are made. After
the reaction is completed, the paper mass
is separated from the liquid and can be fur-
ther purified by additional washing.

mpared to other bleaching substances 45
suggested for the same purpose such as
Javelle water chlorid of lime and the like,
the peroxids used in the process just de-
scribed, have the great advantage that the
fibers are not so strongly attacked as by the 90
other-substances, The peroxids on the con-
trary act throughout in a harmless manner,
S0 t{ut the material bleached is not dam-
aged. _Altogether the bleaching action of the
peroxids in the present process plays merely 95
a secondary part, Of great importance is
the action ‘of the peroxids on the printers’
ink of the paper, the oily binding medium
of which is resinified or saponified and thus
dissolved. The ink or soot no longﬁr ad- 100
hering to the fiber, can be absorbed by the
colloidal silicic acid. This action of gelatin
can be compared to the well known process
of forming an emulsion when washing with
soap, in_which it is assumed that the soap 108
is hydrolytically split in the water into free
alkali and acid-fatty acid-salt, the former
dissolving the dirt while the latter incloses
and removes the particles of dirt during the
washing action. A similar dissolving, ab-

110
i bleaching substances having an alkaline ac- 30
J tion, characterized by the printed paper

| pulp being treated with an alkaline solution
of a peroxid of earth alkali in the presence
of substances which during the process pass
into a colloidal state. X

4. A process for removing printers’ ink
from printed paper pulp by means of
bleaching substances having an alkaline ac-
tion, characterized by the printed paper
pulp being treated with peroxids and a sub- 40
stance being already in a colloidal state.

5. A process for removing printers’ ink
from printed paper pulp by means of
bleaching substances having an alkaline ac-
tion, characterized by the printed [}:aperlgul 45
being treated with peroxids and colloid
silicic acid.

In testimony whereof we have hereunto
set our hands in presence of two subscribing

witnesses.
HUGO HENKEL. [Ls.]
OTTO GESSLER.
Witnesses as to Hugo Henlkel:
Orro Konre,
Wiy Krems.
Witnesses as to Otto Gessler:
Lous MUELLER,

35

Marnmoe K. Hern.

Figure 3.200: Friedrich (Fritz) Henkel and his sons, especially Hugo Henkel, as well as other chemists
at their company, developed synthetic inorganic detergents such as Persil, as well as the first
successful methods of recycling printed paper.
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FRITZ GUNTHER, CURT SCHUSTER, AND JOSEF HETZER, OF LUDWIGSHAFEN-ON-THE-

RHINE, GERMANY, A

T0 L G. F.

JUSTRIE AKTIENGESELLSCHAFT,

OF FRANKFURT-ON-THE-MAIN, GERMANY, A CORPORATION OF GERMANY
WETTING, CLEANING AND EMULSIFYING AGENTS

No Drawing. Original application filed May 17, 1926, Serial No. 109,806, and in Germany May 23, 1825.
Divided and this application filed September 24, 1928, Serial No. $08,134.

The present application has been divided
out from our copending application No.
109,806 filed May 17, 1926,

It is known that sulfonic acids of alkylated

A readily wettable powder which is finely dis-
rsed when mixed with water, is obtained.
ther dyestuffs can be treated in a similar

manner, whether with the said sulfonic acid

Patented Oct. 1, 1929

UNITED STATES

1,730,037

PATENT OFFICE

FRITZ GUNTHER AND JOSEPH NUSSLEIN, OF LUDWIGSHAFEN-ON-THE-RHINE, GER-
MANY, ASSIGNORS TO I G. FARBENINDUSTRIE AXKTIENGESELLSCHAFT, OF FRANE-
FORT-ON-THE-MAIN, GERMANY, A CORPORATION OF GERMANY

SOAP PREPARATION

Ho Drawing. Application filed May 29, 1926, Serlal No. 112,875, and in Germany Jume 2, 1025.

It is known that soaps (which term is here-
inafter used in a broad sense including soft
soaps, grain_soaps, resin soaps, sulfonated
caster oil or the salts thereof sucil as Turkey

time necessary for dyeing is diminished. Fur-
ther, by our present invention wool fibre is

rotected from being damaged by alkalis as
1t can be washed an: fuileldg\‘n an acid bath,

§ hiydrocarbons possess a high wetting power. or for example with the di-amyl-alpha- &5 5 red oil and the like) cannot be employed in whereby often also a better result is obtained 55
It has also been suggested to, employ synthe- naphthylamine sulfonic acid sodinm salt. - acid baths or m]tbn s ﬁmtnmmgﬂmlmum o; tha['hmthfthe methods heretofore employed.
tic tans containing sulfonic acid groups as mangnesiuim salts, as they are decompose e sulfonic acid of the character d be:
dleaning sgemte, s e Eromple 8 it tho separation of free fatty acidaor mith or a galt thereof may be added Lo th bach
 We have now found that aromatic sulfonic - 200 parts of di-butyl-aniline sulfonic acid the formation of insoluble salfs. Also, soap containing a soap such as dyeing baths, car-

A0 dcida which i';e n}:)t suitable “for use 8s m,i scdt‘“m %a}:t m;e dissolved 15 1@:}}1‘]4%3@ (:; o0 10 cmno:be employed in salt water, for example tf;on]zm‘!:; baths, i. e. hi‘]ths containing sul- 60
ni terials (which property is asceriained water. e solution is-mixed wil pari sea-water. urie acid in a st f 1 2 to 4°
hym‘%h:];nin:;pahalil. o thﬂnlyi:hiz al: f of methyl cyelo-hexanone. A clear solution ‘We have now found that also in the abaye- Baumé, fullin hitﬁr‘lﬁtms}?ingl:x‘-n hlene‘lj\i:
precipitating glue from its aqueaus solutions) is_obtained which can be strongly diluted maln_l,loned aeid baths :;:{l baths containing baths and the ﬁke, or mixtures of sonps witﬁ
and which are substituted in the nucleus by with water without becoming dull by a sepa- caleium or magnesium salts or salt water no the sulfonic acids or, their salts may be pre-

16 at least one halogen atom or nitro hydroxyl ration of methyl cyclo-hexanone and which 15 se.pnl‘shur\dufh atby n:éc_ts ‘}r ﬁmluble salts pared beforehand. The said soaps may be 06
s Tt e Sondorod weotal thescim BrGrided thereoube ey b ombared o sl ted) tad thoy
nated as “active s r vers: . -+ i - ry h B v r 0 in solution, or in the form
mﬁ:hsul:stit;ents {md vrhich;ano contain, %\'Iu&n emplnymtil!]?Sm;b‘i"ﬂ'snmm sodi- ;&t;:spaths cg)_)t;mwt:;:.mntlc sulfonic avids of aé_pagl,?]ar m}fh'ﬁ’nd fnr::;_ ‘These me.
whether in the nucleus or in the sul um methy’ hexanone or an- ing a high wetting power. As ex- arations have the advan of bein; i

20 gr'in both, one or soveral alky] groups, pos.  other difficnitly soluble arganic liguid is emul- 70 #0 amplea of such acomatic sulfonds wcids we stored or shipped ﬂndcmwwplied i vory 10
S e py it e Sl it e b e P ik, Y el O el B T3 Yo i
substitutes for soaps and the like. 5 6 BOAPS DI
they are exﬂenﬂ?auimh]ﬂ for emulsifying “‘f]e ‘Iijn nal], Es_vlc-lnim, ia,t}lmibs:ppl}ic:_l{pn, their "]mliwln’ s,:lch as may be ntbhiml‘} for i ik nspminll_f Emh]o 4 :ii:& :gndc

ic liquids in water and for dispersing to the benzyl-aniline or ethyl-benzyl-aniline example condensing aromatic sulfonic and hard or salt water. "

28 yestulls s soid materinls, The sid sulfonic ackls eince they are not efficient for T8 % acids with sliphatic, hydroaromatio or aro. Luther with nqlml:ms siﬂ."t’;'ﬁ.‘; &“A’mﬁiﬁ?ﬁg o
sulfonic acids may be employed in the state the purpose of the present invention. matic-aliphatic alcohols, such as isopropyl acids or calcium or magnesium salts or sim-
of free acids or as salts which are equivalents ‘What we elaim is: 2 aleohol, butyl aleohols, eyelo-hexanol, benzyl- ilar obnoxious components such as produce
for the purposes of the present invention. 1. The process of preparing aqueous emul- alcohol and the Tike, - The side chains may precipitations with soaps, and thus counter-
They offer the great advantage of giving sions of organic liquids difficultly soluble in also link together two aromatic nuclei as is act their effect and are capable of easily wet-

30 stable dispersions also in acid solution and in  water characterized by an addition of di- 80 30 the case for instance in the condensation ting. They can be employed for examplo 80
the presence of calcium or other salts form- amyl-alpha-naphthylamine sulfonic acid products of formaldehyde with nuphthslene for washing and cleaning purposes with wa-
ing insoluble precipitates with ordinary sodium salt. . - & sulfonic agids. The said sulfonic ncids may ter containing caleium or other salts or as an
soaps. i _ 2. The process of producing stable disper- also contain other substituents such as halo- addition o dyeingr baths containing acids or

‘A% examples of suitable sulfonic acids of sions of materials in water which comprises ritz o atoms or witro or amino or hydroxyl obnoxious salts.  They are tlse very suitebl

3 the aforesnid type, we mention di-ethyl- treating the materials with an aromatic sul- 8 15 groups-and the side chain may also be at- for nee with ses-water y suitabile
metanilic _acid, di-butyl-aniline sulfonic fonic acid which is ineapable of precipitating tached to such substituents as for example in ~ The gaid mixtures oan be prepared in an
acids, N-di-amyl-alpha-naphthylamine sul- ﬁhle from its aqueous solution, contains at .e amyl-naphthylumine sulfonic acids and the gosived manner 1 g} . in any

. fonic acid, isopropyl-chlor-naphthalene sul- least one alkyl gronp and at least one active un er like. The aromatic sulfonic acids may be e h“ y for example by heating o
fonic acid, iso-propyl-naphthol sulfonic acids substituent, selected from the group consist- emplayed in the state of froe acids or of salts, 20°P until it has entirely melted, and mixing

9 and the like or salts of such acids. ing of amino and hydroxyl groups, and has 0 10 “"For example, soap may be employed in th e melt with the sulfonic acid or its salt or 4

The following examples will further illus- a higher wetting power than benzyl-aniline pocem fdv“inginmmdbmﬂ’,y Ydding an :nhd-; ml;::nr:trnter__i solution thereof or by
trate how our mnvention may be earried out and ethyl-benzyl-aniline sulfonic acids. i —  aromatic sulfonic acid possessing a high wet- Imeading the soap with the ey salt and preas-
in practice, but the invention is not limited 3. The process of preparing Aguetes onse ting power, and very even dyeings are there- ing the mixture to cakes or by mixing both
to these examples. The parts are by weight. sions of organic liqnids difficultly soluble in by obtained; it is possible to use even such in a powdery state or by adding the sulfonic
% water characterized by an addition of an 45 dyestuffs which hi&aﬂo could only find re- acid during the saponification process. W

Ezample 1
100 parts of a 10 per cent aqueous paste of
indanthrene blue RS are intumately mixed
with an aqueous solution of 1 part of di-

aromatic sulfonic acid, which is incapable of
precipitating glue from its aqueous solution.
Pontams at lsast one alkyl group and at least
one active substituent selected from the group

mixture which is very suitable for most pur-
poses consists for example of 80 parts of or-
dinary soap and 20 parts of a sulfonic aecid
of the character mentioned or n salt thereof.

stricted use on account of their small ca-
pability of producing even dyeings; further,
the goods are penetrated with the color more
thoroughly than without the said additions,

1957)

50 ethyl-metanilic acid sodium salt and dried. consisting of amine and hydm.xyl groups and 190 80 the fastnets to rubbing is increased and the In case of water containing only small quan- 100
Patented Sept. 20, 1838 2,130,668 Patented July 12, 1932 1,867,022
Synthetic

2,130,868 g 1
‘WETTING, CLEANSING, AND EMULSIFYING FERDINAND MUNZ AND KARL KELLER, OF FRANKFORT-ON-THE-MAIN-FECHENHEIM,
AGENT 1 9 1 7_ AND FRITZ OHNTKEH.‘ OF LUDWIGSHAFEN-ON-THE-RHINE, GERMANY, ASSIGNORS,
Fritz Giinther, Ludwigshafen-on-the-Rhine, Ger- BY MESNE ASSIGNMENTS, TO I G. FARBENINDUSTRIE AKTIENGESELLSCHAFT, OF
‘many, assignor to I G. Farbenindustrie Ak- FRANKFORT-ON-THE-MAIN, GERMANY, A CORPORATION OF GERMANY
Frankfort-on-the-Main, Ger-
many, & corperation of Germany 1 93 0 s WETTING, CLEANSING, AND EMULSIFYING AGENTS AND FROCESS 0F MAKING SAMB
Nnrlgll‘;:l‘)-n‘é”. In Germany D::*ml‘%;sﬁ: No Drawing., Application flled December 11, 1928, Serial No. 825,383, and in Germany December 15, 1927,
23 Claims. (L. 260—290) The present iuvanf}iuu relates to wetting, form a barely opalescent solution. It pos-
. e : cleansing and emulsifying agents and more sesses a substantially higher wetting pawer
o The Dt invention relates b0 the Tthe e it bn the” produchion.of the aew particularly to mixtires of an alkylated than the wetting agent applied alone, in a

fying ager

products no heating or other strong condition
of worklng Is applled, since otherwise condensa-

naphthalene sulfonic acid compound with up

neutral medium as well as in an acidic or an

and emulsi nts. . X
I have found that preducts imparting to aque- & to approximately equivalent amounts of an alkaline one. The probable course of the re- 58

5 ous liquids excellent wetting, cleansing and tlon or other reactions would occur which may & organic i p d action may be illustrated as follows:
por £ properiles are obtained by mixing an  lead to the formation of water insoluble prod- having the general formula:
organic mcid wetting agent selected from the uots.
group consisting of sulfuric acid derivatives of ‘When the substances are mixed no heat is ap- 2
high wetting power, that means true sulfonic  plied and the usual reaction of an acid with a ‘_ﬁﬁ

10 aclds of high wetting power, or sulfuric acid base ocours, namely, the formation of a salt cor- 10 10 1 ©
esters of the nature of Turkey-red oll, and “mpunu.ma for example to the following equa~ 0
naphthenic aclds, with up to equivalent amounts - tions: wherein X means OH or an acid residue, Z 50

-contalning organic bases, Organic 7 -
:&r‘;‘:ﬁrﬂd?:r hu;lmgins power which are po,agioH + Q - B0l represents an alkyl or an arallyl group and R o

18 to be according to the present inven-  esterof om- o, 16 represents phenyl or naphthyl. . -
tion comprise only such acids of which & 0.5 per b A ‘We have found that it is possible to obtain
cent aquecus solution of thelr sodium salt wets e these products by mixing an o ic sulfurie .

a lein t@x&:k Il:c. fnrm :“:::_ﬂlbf; acid compound of the aforesaid kind with an
cotton In af most one hour, R,_ec,ou+® — BB 5 organic quaternary ammonium compound,

20 1;1; much mumxme:-;m ::; few Stnid s o 0 = which may be done either by geutralim}nlg When using tetraethylammonium iodidé as -
which are particularly sultable for the purpose ¥ the organic sulfurie acid derivative with the the _n}mternary ammonium salt, a product of
of the present lnvention are aromatle sulfonic " quaternary ammonium base or more simply similar properties is obtained.
aclds containing alkyl-, aralkyl-, cycloalkyl-, or by mixing an alkali salt of a wetting agent . oS

28 aryl groups, which may. | if desired, x!:: m R—00-0H “{ > —s B—0Q L of the above mentioned kind with a salt of the rampie
substituted, whether in the nucleus or n o Gurbozylis. o quaternary ammonium base. 100 parts of free dibutyl-naphthalene sul-
chain, further sulfonic acids of aliphatic or hy. 25 P Baal. U pa E 3 N L3
droaromatic compounds, for example the sulfo- ‘Poand R These niew ammonium salts surpass the al- fonic acid are introduced into a solution of
nation uets of mxmxx’ m -uvnaue m k-I;tsnIls of t!-; wetting ag!nt?k:i_w )t};?]l,r 25 pax}t‘.s lof the ll:'liﬂ}yl—sulfuric acid salt of
olls, naphthenic aclds , a5 well as 30 wetting capacity even in an al ne h. trimethyl-g-naphthyl-ammoniom in about

o o e eplltting aclds, or the lgno-sulfonic  The fact that & salt is actusily formed is evi- The solubility of our new ammonium salts is 950 pares i e g ot
acids contalned In sulfte-cellulose waste liguor, denced by the reduction of tho ucklity of the already sufficient for their technical use, but lete, the mass is allowed to settle. The
These ncids yleld excellent wetting, cleansing and  solutlons of the sclds when the nitTogenous base % 3¢ may.be much increased by an addition of 8 pottim 1 bt et : 80
emulsifying agents when treated with organic desired is ndded. These salts, moreover, are it mf e o i, bottom layer s a thick oil being the dibutyl-

35 nltrogen-containing bases in the above specified le salts since the of amides g5 protective colloid, of soaps of lurkey red 01's y,phthalene sulfonic acid salt of trimethyl-
smounts. As organic bases sultable for prepar- or fmides would become obvious by the Insolu- or in a very simple manner by using an excess g 1, ohthyl.ammonium. The oil may be
{ng the said agents, according to the present in-  bility of the products. of the wetting agent applied, for instance y, 3% 0r e or mixed with a suitable Turkey
yention, aliphatic amines, such as methylamine It is not essential for the purpose of this in- 25 about 9 parts of the wetting agent to one part d oil romte hich ! o 45
or mono-, di-, or vention that the equivalent quantity of the or- of ammonium base. red oil preparation in which case its solu-

4 but particularly the heterocyclic nitrogen-con- —ganic nitrogen bases 13 added clds, Even g9 Tn order to furfher illusirate our jnven. Dility increases. The probable course of re-

talning bases, such as pyridine and its homo-
Jogues and dertvatives, and the like, may be men-
tioned.

The sald components for manufacturing the

aclds which are only partinlly so saturated ex-
hibit an excellent wetting action. Very useful
effects are also obtained with mixed salts pre-
pared by adding to the said acids either several
different organic nif bases, or by replacing

tion the following examples are given, the
parts being by weight and all temperatures
in centigrade degrees, but it may be undes
stood that our invention is not limited to the

Outr-]
05
o]

action may be illustrated as follows:

roducts imparting to aqueous liquids a high 3 to,
- n:z:tlfx cleansing and emulsifying action may @ portion of the latter by Inorganic bases, such particular products or reacting conditions A
be prepared before use by mixing them with s CRUstio sodn, ammonis nnd ihe like. D tiomed theriin
each other in the absence of water In up to For preparing agueous liquids of high wetting
equivalent amounts, the nitrogenous base being md:lewl;;lg ?J.ral:led:u“h"f.uﬂl.b"r"“y lﬁuﬂltdé-;: & FEzample 1 =
1 bstantial quantity, 1. e, to add e ligy about er cent of 3 ’
» 'u}?:;;'n‘ﬂ?mﬁ.:-ﬁo pler cent of the equiv-  sald preparations. Aqueous Hquids of & higher " K 100 parts of the ?Ml\‘!m salt of a dl'@utyl—
alent amount, or by preparing them in the form  concentration, however, may also be used. If naphthalene-sulfonic acid are mixed with 20
of their salts by working In aqueous solution, or  the said rations are to be used for prepar- parts of dimethyl-phenyl- yl-ammonium-
m only In the liquid or prep-  Ing highly mhl&‘ :gunwa Dm"ﬂ?]wuz ;‘!“9“" chloride. The mixture thus obtainedisadry, A similar product is obtained by starting
8 sation with which they ace to be used, by add-  sions, or even - 0 nearly colorless powder soluble in water fo -from trimethyl - a - naphthyl - 100

Figure 3.201: Fritz Gilinther developed synthetic organic detergents from 1916 to the 1930s.
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DEUTSCHES REICH

AUSGEGEBEN AM
11. OKTOBER 1940

REICHSPATENTAMT

PATENTSCHRIFT

M 697324
KLASSE 8¢
I 49080 IFdj80

Y

1. G. Farbenindustrie Akt.-Ges. in Frankfurt, Mam*)
s Wasch- und Netzmittel

Patentiert im Deutschen Reiche vom 25. Mirz 1033 ab

am tember 1940

Es warde gefunden, daB s

P aus
Carbonsiuren und wasserigslichen, durch Ab-
bnn_ von El_wu'ﬂsmﬁe:n erhaltenen Peptid-
gemischen sich besonders gut als Wasch-
und Netzmittel eignen.

Es wurde schon vorgeschlagen; bei der Be-
handlung von Textilien u. dgl. Kond: it

Carbonsiuren mit elichen Peptidge-
mischen, wie sie bei der weitgehenden Hydro-
Iyse von Eiweilstoffen aller Art, wie Leder-, 30
Haut., Horn- ader Haarabfillen, Streckfleisch
oder Schlachthofabfillen, Wollabfillen u. dgl.,
entstehen,. erhildich. Als Carbonsiurekom-
ponexite Lemhalmn sie solche Siuren, die einen

Rest mit mind: acht Koh- 35

produkte von hdh < Carb
einerseits mit einfachen einhbeitlichen Amino-
carbonsiuren vom Typ des ander-
seits mit hochmoleknlaren EiweiBspaltproduk-
ten vom Typ der Lysalbin- uad Protalbin-
siure zu verwenden. Diesen bekannten Pro-
dukten gegeniber zeichnen sich die vorlis-
genden neuen Hilfsmittel aus durch ikre iiber-
legene Waschwirkung, beispielsweise in der
a}kailsc.hen Wollwiische, wnd ibr erhihtes
l\uxvemﬁgen, besonders bei hoherer Tem-
peratur; sie Gbertreffen auBerdem die Kon-
densationsprodukte = ‘einfacher einheitlicher
Aminocarbonsiuren weit hinsichtlich der
Siurebestandigkeit 1nd des Kalkseifendi

: besitzen, z B. Undecylen-,
Laurin., Palmitin-, Stearin-, Ol- uad Ricinol-
siure sowie die aus Kokosdl, Palmkernal,
Baumwollsaatél, Leindl, Sojatl, Holzol, Riib-
6l, Tran u.dgl erhiltlichen Fettsiurege. 4o
mische, sowie Fettsiuregemische aus der
Oxydation von Kohlenwasserstoffen, wie Pa-
raffin, oder von Riickstinden der Verarbei-
tung von Fetten, Olen oder Fettsiuren der-
selben; fermer Hartungsprodukte der genann- 45
ten ungesittigten Siuren oder ihrer Ge-
mische sowie Naphthensiuren, Harzsiuren,
wit diejenigen des Talldls, des natiirlichen™
oder- hydsierten Kolophoniams, aromatische,
i e i

_Die neuen Hilfsmittel sind durch in an

sich bekannter Weise erfolgende amidartige
Verkn, von Resten hohe

Car- s
bonsii 2 B. Naphthoe., O: ¥
sduren oder Tetrahydronaphthalincarbonsaure.

Die_]’mr]uk[e lassen sich als Wasch- und

bei den verschiedenartigsten Ver-

%) Ve dem Potentiucher tind ols die Erfinder angegeben worden:
Dr. Ludwig Orthner in Frankfurt, Main, und Dr. Georg Meyer in Leverkusen-1. G. Werk.
Erteilt auf Grund der Verordnung vom 12. Mai 1943
(RGBLUS.150)

) DEUTSCHES REICH

AUSGEGEBEN AM
15. JANUAR 1945

REICHSPATENTAMT

'PATENTSCHRIFT

Nt 747468
KLASSE 80
I Goz53 IVd[§ o

#*

Dr. Ludwig Orthner, Dr. Carl Platz in Frankfurt, Main,
Dr. Hans Keller in Frankfurt, Main-Hachst

3

und Dr. Heinz Sénke, Bad Soden, Taunus,
sind ak Erfinder genannt worden

1.G. Farbenindustrie AG. in Frankfurt, Main
Netzmittel

Patentiert im Dentschen Reich vom 18 Januar 1038 an
Patenterteilung bekanntgemacht am 3. Februar 1044

Gemh § 2 Abs.2 der Verordnung vom 28. April 1938 ist die Erklarung abgegeben worden,
daB sich der Schutz auf das Land Osterreich erstrecken soll

Es wurde gefundén, daB man Verbindun-
gen, die durch direkte oder indirekte Einfith-
rung von hydrophilen Gruppen in Amine der
allgemeinen Formel

s "
1
R—C—R,

1

N

~
R, Ry

wobei R und R, aliphatische Kohlenwasser-

Wasserstoff oder einen niedrigmolekularen
Alkyl- oder Aralkylrest, der gegebnenenfalls
durch Hydroxylgruppen substituiert ist. be-
deuten, hergestellt werden, mit Vorteil als
Netzmittel verwenden kann, gegebenenfalls in
Verbindung mit ahderen Textilhilfsmitteln
Das Netzvermdigen der Verbindungen, auch in
Mercerisierbidern, ist besonders ausgeprigt
bei Stoffen, bei welchen die Reste R und R,
verzweigte Keiten besitzen. Die Produlcte,
die gemiB der Erfindung als Netzmittel zur
Verwendung kommen, besitzen gegeniiber an-

) Kon

stoffreste mit d 3K
bedeuten, und R und R, zusammen mindestens

15 11 Kohlenstoffatome besitzen und R, und R,

deren Verbind voi on-
stitution bei niedriger oder bei hoherer Tem-
peratur in neutralem oder alkalischem Me-

Hermann
Ludwig
Orthner

(1897-
1971)

Synthetic

detergents

(1930s—
1945)
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DEUTSCHES REICH

REICHSPATENTAMT

AUSGEGEBEN AN
13. JUNI 1940

- PATENTSCHRIFT

M 692029
KLASSE 81 GRUPPE 5
I54725 IVd[8i

1. G. Farbenindustrie Akt -

Ges. in Frﬂnkfurt, Muin*)

Waschmittel

Patentiert im Deutschen Reiche vom 5. April 1936 ab

- Patenterteilung bekanntgemacht am 16. Mai 1940

. Man hat schon vorgeschlagen, wasserls-
liche Derivate der Cellulose, z.B. Idsliche
Salze der Celluloseschwefelsiureester, zum
Schlichten und als Dispergierungsmittel zu
s verwenden. Eine praktische Anwendung als
W, i haben die w: ldslichen Cel-
lulosederivate bisher nicht gefunden, weil sie
_den Anforderungen, denen bei diesem Ver-
wendungszweck geniigt werden mufl, nicht
10 entsprochen haben.
Es wurde nun gefunden, daB man’ gut
v[[rksamz ‘Waschmittel erhilt, wenn man

auf Cellulose oder Celluloseiither bei verhilt-
nismidig niedrigen Temperaturen erhiiltlich.
Ein anderer Weg ist der, daB man die Cel-
lulose in fiiissiger- schwefliger Siure verteilt
und _O!eum oder Chlorsulfonsiure oder gas-
formiges Schwefeltrioxyd zufiihet, Im Schrift-
tum finden sich Angaben iiber die Herstel- 35
lung dieser Stoffe, z. B. in Berichte derDeut-
schen Chemischen Gesellschaft, Jahrgang 61
(1928), S.754 1, und in der amerikanischen
Patentschrift 2 025 073.
Waschmittel, denen die erfi
C

hiir sy
Waschmittel mit Ioslichen Salzen wvon
15 solchen Sulfonierungsprodukten der  Cellu-
lose oder von Celluloseiithern vermischt, in
denen die Cellulose infolge besonders scho-
nender Durchfiihrung der Sulfonierung prak-
tisch nicht abgebaut ist. Diese Sulfonie-
20 rungsprodukte, beispielsweise von Cellulose,
Methyleellulose, Oxithylcellulose oder Methyl-
oxithylcellulose, geben verhiltnismiBig vis-

se Losungen.
Die Cellulosesulfonierungsprodukte, die fiir
s die d iflen Waschmi

gen verwendet werden, sind z. B. durch Ein-
wirkung von Pyridinsulfonsiure baw. Ge-

dukte zuzusetzen sind, sind alle orgagischen
Waschmittel, die gegen die Hirtebildner des
Wassers bestindig sind, z. B. die Salze der
sauren Schwefelsiureester von Fettalkoholen,
Konds i aus Fettsi und
Oxy- oder Aminoalkylsulfonsiuren oder Sul-

i dukte von Verbi die
durch Einwirkung von Athylenoxyd auf
Hydroxyl-, Carboxyl- oder Aminogruppen
enthaltende Stoffe entstehen.

Dyrch die Zugabe der Cellulosesulfonie-
rungsprodukte zu den hirtebestindigen
‘Waschmitteln werden Produkte erhalten, die
¢in besseres Waschvermgen als die hirte-
‘bestindi Waschmi allein * besitzen,

&

mischen aus Pyridin und C

*) Von dem Patentsucher sind ols die Erfinder angegeben worden:
Dr. Ludwig Orthner in Frankfurt, Main, Dr, Karl Daimler in Frankfurt, Main-Hichst
und Dr. Heing Snke in Bad Soden, Taunus,

6 747468

den ist die Hydrierung beendet. Man filtriert
vom Katalysator ab, destilliert Methanol ab,
trocknet das zuriickbleibende Amin und er-
hilt 1200 Gewichtsteile eines Gemisches an

6-Aminotricosan wird auf die gleiche Weise,
wie im Beispiel 12 beschrieben, in 6-Di-
methylaminotricosan  fbergefiihrt. 36 Ge-
wichtsteile dieses Amins werden mit 2 Ge-
wich 1 igstiureithyl unid

5 tertidren Aminen. Bei der L llation im
Vakuum gehen zwischen 115 bis 165°  bei
gmm Druck 1150 Gewichtsteile eines farb-
Josen Oles iiber, welches §,03%y titrierbaren
Stickstoft und 4,08 %y tertidren Stickstoff ent-

1o hilt.

28 Gewichtsteile des so erhaltenen Amin-
gemisches versetzt man mit 18 Gewichtsteilen
Bromessigsaureithylester und rithrt bei go bis
100° etwa 4 Stunden lang. Das Reaktions-

15 produkt ist in kaltem Wasser klar 18slich und
stellt cinen Betainester dar, der durch Natron-
lange leicht verseifbar ist. Das Reaktions-
produkt kann entweder als solches oder nach
der Verseifung gebraucht werden. Das Pro-

20 dukt kann aber auch dadurch hergestellt wer-

den, daB man an Stelle von Bromessigsiure-

iithylester Chloressigsiurcithylester verwen-
det, dem man einige Prozent Bromessigsiure-
dthylester zusetzt.

Beispiel 13

Ein Netzmittel mit guten Bestindigkeits-
eigenschaften erhilt man nach folgender Vor-
schrift:

28 Gewichtsteile 1o-Aminononadecan  ver-
setzt man mit 0,5g Natriummethylat und
Jeitet hei 150 bis 160° 13 Gewichtsteile Athy-

roxyd ein, Dann versetzt man das Reak-
tionsprodulst mit 14 Gewichtsteilen Dimethyl-
sulfat und rithrt bei erhdhter Temperatur, bis
sich das Reaktionsprodukt klar in Wasser

J5st und auch beim Versetzen mit wenig ver-

diinnter Natronlauge in Lésung bleibt. Das

Reaktionsprodukt hesitzt folgende Konstitu-

tion:

CyHyy - CH - CoHy

1
CH, ./N.(CH:—CH_.()),H
CH, 0S0,CH,

t

Beispiel 14

Als gutes Netzmittel kann man ein Pro-
dukt, das man anf folgende Weise erhillt, ver-
wenden:

34 Gewichtsteile 8-Aminotricosan versetzt
man bei 6o bis 70° unter Rihren mit 14 Ge-
steilen Dimethylsulfat und riihrt, Dis
sich eine Probe klar in Wasser 16st und anch
Ireim Versetzen mit wenig verdiinnter N
lauge klar bleibt,

Beispiel 15
Fin Netzmittel von grober Elektrolyt

Bro
e Chl

12 G uremethyleste
versetzt und § Stunden unter Rithren anf 83
bis 9o am Ruckflufikiihler erhitzt. Nun wird
mit der Lésung von 5,6 Gewichisteilen Ka-
liumhydroxyd in 45 Gewichtsteilen Wasser
verritrt und kurze Zeit bei 50 bis 60
riihirt. Das Reaktionsprodukt besitzt folgende
Konstitution:
€1y, - CH LG Hy,

ge

|+
CHy N CH,-C00-
CH,

Beispiel 16

Als Heibnetzmitte! eignet sich ein Produki,
das man wie folgt erhilt:

Man fiihirt 4-Aminoheptadecan in or
Weise, wie es im Beispiel 4 beschrichen ist, 85
in das Tsocyamat iiber, Nun iRt man zu
einer Lasung von 22 Gewichtsteilen Metan
siure in 40 Gewichtsteilen Wasser, dem m:
die Lésung von 4 Gewichtsteilen Xtznatron
in 10 Gewichtsteilen Wasser zugesctzt ha
unter gutem ren bei etwa 75° 28 G
wichtsteile des obigen Isocyanates tropf
und rithrt etwa 10 Stunden bei der angegeb
nen Temperatar, Das Reaktionsprodukt ist ¢
Kiar in Wasser 19slich. Es besitzt folgende 95.
Konstitution:

Gl CH Oyl

NH
I

w0

C=0
]
NG, H, $0,Na
Beispicl 17
Fin Netzmittel mit grofier Bestindigkeit 105
egen Alkalien wird auf folgende Weise er-
halten:
28 Gewichtsteile g4-Aminoheptadecan ver-
setat man mit 19 Gewichtsteilen sulfoessig-
saurem Natrium (FLO; CoCHy=S Oy Na) und vo
erliitzt auf 150 bis 160°, wohei of-
tretende Reakti s
Xyl
Wa

eihilt man cin in heifiem Kl
s Produkt, das folgende Konstitation Iu-

CyHy s CH - Cy HL
1
NH

nnempfindlichkeit erhilt man nac folgender
Arbeitsw

1
0 = C.CH, S0Na

Figure 3.202: Hermann Ludwig Orthner developed synthetic organic detergents from the 1930s to

1945.
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3.9.5 Chemical Fabric Treatments

Scientists at I.G. Farben developed a wide variety of chemical treatments to make clothing and
other fabrics resistant to fire, water, stains, wrinkling, etc. By the early 1940s, those chemical
fabric treatments were in widespread production and use in the German-speaking world. Especially
important in this area were Gustav Schwen’s (German, 1877-197?) group of chemists at I.G. Farben
Ludwigshafen and August Gutmann’s (German, 1877-197?7) group at I.G. Farben Hochst.

After the war, those chemical fabric treatments were closely inspected and eagerly adopted by Allied
countries. Figures 3.203-3.205 show examples from one postwar Allied report, BIOS 518, Textile
Auziliary Products of I.G. Farbenindustrie: Application, Testing and Miscellaneous Information.

Another report, BIOS 698, Survey of the German Heavy Textile Proofing Industry, explained the
great importance and innovation of the chemical treatments, for example for making fabrics simulta-
neously fire-retardant and water-resistant (especially useful for protective clothing for firefighters):

FIREPROOFING

Several of the firms visited had experience of this type of proofing mainly using the I.G.
Akaustan products. The latter are mainly water soluble ammonium salts but Akaustan
S is of particular interest in that it gives a water-insoluble fireproofing effect. It can be
applied simultaneously with Persistol to give combined fireproofness and water repel-
lency and there is reason to believe that this is probably the only known method of
obtaining the combined proofing effects which does not interfere with the ventility of
the cloth.

[See also FIAT 170.]

3.9.6 Firefighting Chemicals

In addition to creating fire-retardant fabrics, German-speaking scientists also made major improve-
ments to chemical methods of fighting and extinguishing fires, and those were later adopted by
Allied countries. For example, BIOS 704, Mechanical Foam Liquid and Equipment, reported:

6. Conclusions and Recommendations.

(a) Substantial war time improvements were made in German foam fire fighting equip-
ment.

(b) Some German foam liquids are reported to be a blend of protein and synthetic mate-
rials. Protein foams were recognized as possessing the best fire extinguishing properties.
Blending was necessary because of a shortage of protein materials.

(c¢) The new standard German foam nozzle should be studied and tested.

(d) The foam proportioner shown in Figure 2, has a very practical use in fire fighting.
Development of a similar device for shipboard use is recommended.

(e) Where adequate fire main pressure is not available to operate standard Navy foam
fire fighting equipment, compressed air or carbon dioxide gas can be used to boost the
pressure of water obtained from bilge pumps. Study and investigation of this principle
for use on small Naval Craft is recommended.
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BIOS Final Report No. 518
ITEM No. 22.
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TEXTiL.E AUNILIARY PRODUCTS OF ILG. !'BRBENINDIISTRIE
HPPLICHTION, TESTING AND MISCELLANEOUS INFORMATION
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Figure 3.203: Scientists at I.G. Farben developed a wide variety of chemical treatments to make

fabrics resistant to fire, water, stains, wrinkles, etc. Those chemical fabric treatments were adopted
by Allied countries [BIOS 518].
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Figure 3.204: Scientists at I.G. Farben developed a wide variety of chemical treatments to make
fabrics resistant to fire, water, stains, wrinkles, etc. Those chemical fabric treatments were adopted
by Allied countries [BIOS 518].



3.9. OTHER CREATIONS IN CHEMISTRY 737

IV. FIRE-FROOSTNG OF GELLULOSIC PBRICS

The T.C. nmarket gy :
PRRRRE. L aﬂentéereBEd the "skaustan® broducts ag

—izustan W was a rixture of die-mondu-
3pc5p;31x:‘(07;}, boric acig (12:.) =ng gé?éﬁ?ﬁig“(lc)
&reustan N.1139 vas & nixture of dia monium shosphate
( C{‘J,‘_) » Torialdehyde-bisulphite (2C5:) @nd scrorin N (ia
ieither of these Viss resistant %o vater. ks oA
e ffkgugﬁan_s, sulthaide, could be used
cozetnsr vith Fersistol KO or Raiasit K09 to give a
slre-proof effect with sore resictance o water, e.g.
by inpregnating in a bath containing 30-5C g./1l. of e
vaz e.ulsion and 50-15C z./1. of ikaustan 5. Iuproved

Slsvance to ~.ater cculd be obtained by addition of

c'iez_lyd.a and catalyst according to the folloving

108 g./3 sltaustan S

50=0C go/1. Persistol K0 or Ramasit
KGT conc.

St L 30;. forzaldehyde

g 51015 40H,0

The .icaustan vas first dissolved in the
water; the wax ewulsion, diluted with 3 parts of uater
“as tlhen ecged, follioweu .y the forialaehyde ~nd
htdriﬂl vas (lI‘iE[?L .
10°c. This
nd

tie |
10 min. at 1

catalgst. after padding,
icable tO Iayon

at 70°C. end then bgked ffc‘)'ljnl
treatrent was especially &pt

spun roayone. ﬁ
4 vashinz could De

: to mil _CC
e osition:

jome resist ila -
iy yne following COLD

obtained by means of
150 g+/1. akaustan S
1%0 é.fl. Keurit KF
0.5-1 g./1. Sulphamic acid
200 2./ 1. Formaldehydae
0.5 g+/1s Tgepon T (if desirecd)

The mixture was applied in Lo
febric dried at 90°C., and then bakea &t

10 minutes,

e cold, the
120°9C. for

Akeustan K, of the following cosposition
ave good fTire-proofing:
525 emmoniun salt of iminodisulphonic acid,
NH( 30 BEH‘I) 2
42% emmonium salt of sulphamic acid, NHQSOBI'IHZ:L
3¢, ammoniuu sulphate
3% free ammonia
This was applisd at 100-200 g./l. anéd drying
at high teuperature (90-100°C.) was possible.
Figure 3.205: Scientists at 1.G. Farben developed a wide variety of chemical treatments to make
fabrics resistant to fire, water, stains, wrinkles, etc. Those chemical fabric treatments were adopted

by Allied countries [BIOS 518].
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3.9.7 “Superglue”

The family of isocyanate “superglue” products was developed in the 1930s by a large research
group led by Otto Bayer (German, 1902-1982) at I.G. Farben Leverkusen. (The same group also
developed polyurethane and other related products—see Fig. 3.160.)

BIOS 719, Interview with Professor Otto Bayer, Formerly Member of the Directorate and Head of
the Scientific Laboratories of the I.G. Farbenindustrie, Leverkusen, provided information on that
program:

This interview was to obtain information on the chemistry of isocyanates and particu-
larly the new polyisocyanates and their derivatives which have been intensively studied
in Germany for some years.

Professor Bayer confirmed that he had pioneered and developed this new isocyanate
chemistry and stated that at Leverkusen he had had about 50-60 chemists and 200
other workers engaged on these problems.

Professor Bayer was obviously an expert in his subject and had considerable knowledge
of the synthesis, analysis, chemical properties, and industrial uses of the polyisocyanates
and their derivatives. [...]

Professor Bayer said that about 50 polyisocyanates have been prepared and examined
in the laboratory. The more important of these are the following;: [...]

(c) Desmodur R. Triphenylmethane triisocyanate.

This material was of importance for bonding rubber and Buna to various other surfaces,
e.g. metals and textiles. |[...]

It is suggested by Professor Bayer that the adhesion obtained by the use of polyiso-
cyanates in bonding rubber to metal is due to a film of oxide and moisture on the metal
surface, the water producing ureide bridges between two isocyanate groups and such
bridges then forming complexes with metal oxide films.

On the rubber interface, adhesion is thought to be due to solubility of isocyanates in
the rubber and to secondary valence forces. With cellulose, bonding results from the
unavoidable water present in the cellulose reacting preferentially with the isocyanate.

Leather can be bonded by means of isocyanates by reaction between the amino groups
of the leather and the isocyanate.

These German-developed adhesives were intensively studied by Allied countries [e.g., BIOS 629;
BIOS 719; BIOS 1691; BIOS 1699] and came to be used around the world after the war.



