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Introduction

Organic polymers and plastics comprise one of the
most ubiquitous chemical technologies of modern soci-
ety. While the bulk of commercial plastics are made of
various saturated organic polymers that exhibit insulat-
ing behavior, conjugated polymers (Figure 1) are a less
common class of organic plastic materials that are native
semiconducting materials. In addition, such conjugated
materials are capable of enhanced electronic conductivity
(in some cases even quasi-metallic) upon either oxidiza-
tion (p-doping) or reduction (n-doping) (2-5). As a result,
conjugated polymers are organic macromolecules that
combine the properties of traditional inorganic semicon-
ductors with many of the desirable properties of organic
plastics, including low production costs and mechanical
flexibility (4, 5). The study and development of these
materials has led to the current field of organic electron-
ics, with technological applications including sensors,
electrochromic devices, field effect transistors, organic
photovoltaics (solar cells), and organic light-emitting
diodes (OLEDs) (2-5).

Although conjugated polymers are typically viewed
as quite modern materials, the earliest examples of these
polymers date back to the early 19th century (4-8). In
fact, it has been recently argued that polyaniline not only
represents the first reported conjugated polymer, but also
the oldest known example of a fully synthetic organic

macromolecule (7, 8). Species consistent with our mod-
ern understanding of polyaniline date to the 1834 work
of German chemist F. Ferdinand Runge (1794-1867)
(9), five years before the more commonly recognized
synthesis of polystyrene (10). Of course, the long-chain,
polymeric nature of aniline black (polyaniline) was not
recognized until the early 1900s (5, 7), and the modern
concept of the macromolecule was not introduced until
the 1920s by the German chemist Hermann Staudinger
(1881-1965) (11, 12).
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Figure 1. Parent conjugated polymers and the years of their
first reports in the literature.

Although an in-depth early history of polyaniline
up through the 1870s has been recently reported (7),
that paper only touched on the aniline work of Nikolai
Zinin in passing. In particular, neither the effect of greater
accessibility of aniline via reduction of nitrobenzene
nor Zinin’s potential contributions to polyaniline itself
were discussed. Thus, it seemed worthwhile to revisit
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the Russian contributions to early polyaniline in greater
detail, particularly as the bulk of discussions on early
polyaniline history tend to focus on either German or
English contributions. In order to fully recognize Rus-
sian contributions during the formative years of aniline
polymerizations, the following will present the work of
Carl Julius Fritzsche (1808-1871) and Nikolai Nikolae-
vich Zinin (1812-1880) over the period of 1840-1845,
along with a discussion on the impact of these efforts on
later polyaniline studies.

Polymerization of Aniline

As the efforts of Fritzsche and Zinin discussed
below predate all knowledge of the polymerization
processes involved, as well as the molecular structures
of the polymeric materials in question, it is worthwhile
to briefly review our modern understanding of aniline
polymerization. The following thus presents what is
currently known about the mechanistic details of the
polymerization methods under discussion, as well as
a brief introduction of both redox- and acid-doping of
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Figure 2. Initial dimerization of aniline.

polyaniline, in order to provide context to what will be
presented in the subsequent sections.

Polyaniline is generated almost exclusively via
oxidative polymerization (7, 13-18), which is a form
of step-growth polymerization (19). In this process, the
electron-rich aniline polymerizes anodically via either
chemical or electrochemical oxidation of the m-system
to form the corresponding radical cation, which can ex-
ist in multiple resonance forms (Figure 2). Spin density
studies predict nearly equal distribution of the unpaired
electron between the aniline nitrogen and the para-carbon

of the benzene ring (18), which can result in three pos-
sible couplings: nitrogen-nitrogen (head-to-head, HH);
nitrogen-arene (head-to-tail, HT); and arene-arene (tail-
to-tail, TT) (13-18). This initial coupling is then followed
by deprotonation to generate the neutral dimer.

Diarylhydrazine products formed via HH coupling
are not stable, particularly under acidic conditions. Under
these conditions, the HH dimer is converted to the TT
dimer via the benzidine rearrangement (14). Alternately,
two equivalents of the HH dimer can be converted to azo-
benzene (Ph-N=N-Ph) and two equivalents of aniline via
disproportionation. As such, HH units do not contribute to
the production of polyaniline (15). Of the remaining two
possible regiocouplings, TT coupling is favored over HT
coupling at the high radical cation concentrations typical
of most polymerization conditions (i.e. large excess of
oxidant and low pH) (16, 17).

Polymerization then continues through oxidation of
the neutral dimers to form new radical cations (Figure 3).
The oligomeric radical cations again undergo coupling,
either with simple monomeric radical cations or radical
cations of other oligoanilines, to generate still larger oli-
goaniline species after deprotonation. Thus, the overall
step-growth process propagates via sequential oxidation,
coupling, and deprotonation steps to ultimately give
polymeric products (7, 13-18).

e .
HZNHNHQ e )t
@

NH,

@%Hz[ Q@

H

HsN H H
O e ﬁ
=[O, LT L
N o,

H emeraldine saft H

O e S

H leucoemeraldne
(colorless)

Figure 3. Continued polymerization mechanism from the
initially produced dimer intermediates

As the polymer products undergo oxidation at lower
potentials than either aniline or smaller oligomers, the
materials generated via oxidative polymerization are
initially produced in their oxidized state and require
reduction in order to isolate the neutral form of the
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polymer. The most common oxidized form of polyani-
line is the half-oxidized emeraldine (Figure 3), which
can exist as both the violet-blue emeraldine base or the
green emeraldine salt. As strongly acidic media are most
commonly used for aniline polymerizations, however, the
emeraldine salt is the typical product initially generated.

Fritzsche — From Germany to Russia

Carl Julius Fritzsche (Figure 4) was born on October
29, 1808 (20) in Neustadt, Saxony (7, 21-26) (now part
of Germany), near the city of Stolpen (21, 22). His father
was a physician and the district medical officer for the
cities of Stolpen and Hohenstein. His mother was from
the prominent Struve family (22). Although his given
name was Carl, he appeared to go by his middle name
Julius as neither Carl nor the initial C is found among
any of his many publications, the majority of which he
authored as simply J. Fritzsche (27).

oA it
Figure 4. Carl Julius Fritzsche (1808-1871).

In the city where Fritzsche spent his childhood,
there was no Gymnasium, so he was educated through
private lessons until the age of 14. Choosing to pursue
pharmacy, he then moved to nearby Dresden to become
apprentice to his uncle Friedrich Adolph August Struve
(1781-1840) at the Salomons-Apotheke (22, 23). Five
years later, he moved to Berlin to manage the laboratory
of Johann Gottfried August Helming (1770-1830) (22).

Although this was not strictly a scientific position, it
enabled him to acquire a position as assistant to Eilhard
Mitscherlich (1794-1863) at the University of Berlin in
1830 (7, 21-25).

It was in this position that Fritzsche is said to have
developed his passion for science over the next two and
a half years, largely due to his close relationship with
Mitscherlich. It is also thought that Mitscherlich probably
persuaded Fritzsche to enroll at Berlin in 1831 (22, 23),
where he had already been attending lectures the previous
year. In 1833, he acquired the Doctor of Philosophy (Dr.
Phil.) degree with his “dissertatio de plantarum polline”
(dissertation on plant pollen) (7, 21-25). As the subject of
his doctorate was not chemistry, but botany, Mitscherlich
is credited with all of Fritzsche’s chemical training (7,
24). In his dissertation, Fritzsche clearly expressed his
strong appreciation of Mitscherlich (22):

In these times, I express the greatest affection for
Mitscherlich. With the deepest gratitude I will re-
member him to the grave. With paternal precaution,
he led my occupations and gave me the opportunity
to complete my knowledge.

Fritzsche then emigrated to Russia in 1834 (7, 21-
24), where he became the head of Struve’s Institute of
Artificial Mineral Waters (7, 28) established by his uncle
Friedrich in St. Petersburg (21). Here, he continued his
scientific pursuits, with his name appearing for the first
time in the Mémoires des savants étrangers of the St.
Petersburg Academy of Sciences in 1836 (22). From
that point on, all of his papers appeared initially in the
publications of the Academy of Sciences, of which he
became an adjunct member in 1838 (6, 21-23, 25). He
was granted status as an extraordinary member in 1844
(6, 22, 23), and was appointed an academician (full
member) in 1852 (7, 22,23,25) or 1853 (21). In addition
to his decades of scientific activity in the Academy, he
contributed his time to the Russian government through
a number of service positions. This included serving as
a member of the Imperial Commission for the Research
and Utilization of the Caucasus Mineral Waters, as a
chemist to the Medical Department, and as a consulting
member of the Medical Council of the Minister of the
Interior (22, 23). He also held various administrative
posts within the Academy itself and served as a member
of its Administrative Committee for three years (22).

Over the span of his career, he authored more than
60 papers, most covering various topics within organic
chemistry (22, 23). His chemical work included research
on various heterocyclic aromatic nitrogen compounds
such as murexide and uric acid, and the hydrocarbons
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of coal tar, as well as the work that is the focus of the
current discussion, his studies on indigo and its deriva-
tives (7, 21-25).

All of the efforts discussed below were carried out
in a small, modest laboratory next to his residence (7,
21-24). This was largely due to the fact that the laboratory
of the St. Petersburg Academy was very primitive, and
there were almost no funds for its support (29). How-
ever, upon completion of the new and spacious chemical
laboratory of the Academy in 1866 (7, 22, 25) or 1867
(23, 29), he outfitted and occupied shared facilities there
with Nikolai Zinin (22-25).

Although Fritzsche had always enjoyed excellent
health, he suffered a stroke in 1869 (7, 22-25). Afterwards
he did recover to some degree, but still suffered from pa-
ralysis on one side, and his speech and memory suffered
(7, 22, 23, 25). To his friends, who had always known
him as sprightly and cheerful, he suddenly changed.
Seeing the hopelessness of his situation, Fritzsche even
suggested that he preferred death to such a life (22, 23).
Nevertheless, he did continue to work for some time
(22-24), even if he rarely appeared for Academy sessions
after that point (22). In the following year, he returned
home to Germany in order to seek physical and spiritual
relief (22, 23, 25), finding the latter in the circle of those
that gathered around him (22). His health continued to
deteriorate, however, and he finally died on June 20, 1871
(7, 22-24, 30) in Dresden (26).

Aniline from Indigo

Indigo has been utilized as a dye and pigment
throughout antiquity, with documented reports as far
back as 27 BCE (31). The color of this dye originates
from the organic species commonly known also as in-
digo. In addition to being the primary coloring agent of
the indigo dye isolated from the indigo plant /ndigofera
tinctorial, it is also largely responsible for the color of
the dye isolated from the plant woad, Isatis tinctorial (32,
33). Considering its long history, however, the indigo
structure (Figure 5) was not determined until 1883 by
Adolf Baeyer (1835-1917) (34).
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Figure 5. The chemical structure of indigo.

Fritzsche became interested in the chemistry of in-
digo sometime before 1839 (24), with his first paper on

the reactions of indigo appearing in January of that year
(35). However, it is his second indigo paper in 1840, that
is of interest here (36). Unlike his first paper, which inves-
tigated decomposition products resulting from treatment
with acid, his second paper focused on the base-induced
decomposition of indigo. In the process, he found that
treating indigo with a hot, highly concentrated KOH (or
NaOH) solution gave a salt mass of reddish-brown color.
If this salt mass is then heated in a retort, it is converted
to an oily material with the simultaneous distillation of
aqueous ammonia. Further heating of the brown, oily
liquid resulted in the distillation of a color-less product
to leave a brown, resinous body remaining in the retort.
The final colorless product was found to be ca. 18-20%
of the original indigo. He decided to call this new product
Anilin (36) after anil (7, 8, 24), an older name for the
indigo plant introduced by the Portuguese, which can
ultimately be traced back to Sanskrit origins.

Fritzsche went on to characterize the product as an
oxygen-free base that formed light and highly crystalline
salts when treated with acids. In the process, he reported
the corresponding salts generated from HCI and oxalic
acid. Fritzsche reported that, in its purest state, Anilin
strongly refracts light and exhibits a strongly aromatic,
but unpleasant odor. He further determined its specific
gravity to be 1.028 and its boiling point to be 228° C
(37). Finally, combustion analysis led to the formula
C,,H,,N,, a doubling of the modern C;H,N formula (38).

Although Fritzsche believed Anilin to be a new
species, it is now understood that modern aniline was
independently discovered by multiple chemists (7, 8, 24,
39-46). The first of these was in 1826 (42), when Otto
Unverdorben (1806-1873) reported the isolation of an
oil that he named Crystallin (43) via the dry distillation
of indigo. Then, in 1834, F. Ferdinand Runge isolated a
volatile oil from the distillates of coal tar that he named
Kyanol (44). Thus, Fritzsche’s report in 1840 marked the
third isolation of this species.

During the publication of Fritzsche’s report of Anilin
in the Journal fiir praktische Chemie (36b), the editor
Otto Erdmann (1804-1869) recognized the similarity of
Anilin with Unverdorben’s Crystallin, and highlighted
this in a postscript published directly following Frit-
zsche’s paper (45). Erdmann began by bemoaning the
fact that authors place more effort on the report of new
compounds resulting from the decomposition of natural
species than investigation of the chemical processes
involved in their production. To drive this point home,
he then followed this with a list of the unknowns not
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addressed by Fritzsche’s publication, before going on
to state (45):

These and other questions that have to be imposed
remain undecided. However, the last of these can
almost certainly be answered. Anilin is most prob-
ably no other body than Krystallin described by
Unverdorben already 14 years ago... Unverdorben’s
description of Krystallin is not complete. However,
the agreement between the properties of Krystallin
and of Anilin given by him is so great that Herr
Fritsche, if there is a difference, had the obligation
to prove it by specific experiments.
Erdmann then concluded his postscript with a side-by-
side comparison of the known properties of the two spe-
cies.

When Fritzsche’s report was then republished in
Annalen der Chemie und Pharmacie (36¢), Justus von
Liebig (1803-1873) added his own note to the end of the
paper (46). This repeated Erdmann’s paraphrased com-
ments with Liebig’s full agreement. Liebig, however,
went even further than Erdmann, stating (46):

Herr Erdmann. ..must not be surprised at the methods

of Herr Fritzsche. Herr Fritzsche is one of those who

mines by robbery; when he learns that some chemist

is engaged in an investigation promising him valuable

results, he undertakes not to help or render him any

services, or to help carry the burden, but, like the cor-

sairs, tries to unburden him in a quite particular way.
It is interesting to note here that neither Erdmann or Li-
ebig mention Runge’s Kyanol. It could be concluded
that it was the fact that Anilin and Crystallin were both
isolated from indigo that drew the ready comparison
and the fact that Kyanol came from another source
made its relationship less obvious. Still, confirmation
that Crystallin, Kyanol, and Anilin were indeed all the
same species had to wait until 1843, when August Wil-
helm Hoffmann (1818-1892) presented conclusive evi-
dence to support this conclusion (39).

Fritzsche’s Oxidation Products of Aniline

Regardless of any criticisms relating to his “redis-
covery” of aniline, Fritzsche did go on to study the oxida-
tion products of his Anilin, something Unverdorben did
not pursue in his previous isolation of Crystallin. Both
Unverdorben (42) and Fritzsche (36) had observed the
air oxidation of aniline to give a yellow color. Fritzsche,
however, found that this yellow product was just an
intermediate, with longer exposure times leading to a
transition of the yellow color to brown, ultimately leading
to the production of a resinous dark mass.

Extending this to the purposeful addition of oxidiz-
ing agents, Fritzsche found that the addition of nitric acid
to aniline resulted in the formation of a blue or green
material (36). This formation depended on the specific
reaction conditions, but the resulting material did not ap-
pear to be indigo. However, its study was limited by the
small quantities formed, and the fact that the solid contin-
ued to react with nitric acid resulting in decomposition.

Continuing his investigations, he found that dis-
solving aniline salts in chromic acid (H,CrO,, usually
as a H,SO, solution) resulted in the formation of a dark
green precipitate, which ultimately became a dark blue-
black (36). Unlike the case of nitric acid, the colored
solid could be reproducibly produced under a variety of
conditions, even in fairly dilute solutions. Combustion
analysis revealed that the precipitate contained signifi-
cant amounts of chromium, however, even for samples
obtained from acid solutions.

Lastly, he treated aniline salts with potassium
permanganate, resulting in the deposition of a brown
precipitate containing manganese oxide. Fritzsche ad-
mitted that he had not been able to study these various
color-forming reactions in much detail and planned to
return to these in later publications (36).

While he did not follow up on most of these specific
observations reported in 1840 (36), he did return to the
treatment of aniline with chromic acid in 1843 (47). In
this second report, he admitted that while he was able to
reproducibly obtain the previously reported green product
via the treatment of aniline with chromic acid, he was
unable to obtain products of consistent composition.
However, he did recognize that the product composition
was affected by both the amount of chromic acid used,
as well as the amount of other acids involved, even if he
didn’t understand exactly how these variables changed
the nature of the products generated. Thus, he stated (47):

Apart from the fact that the products are different in
appearance, as one uses more or less chromic acid
accordingly, or applies a greater or less excess of
another acid, even apparently similar products give
very different results in analysis, to which I still
miss the key.

Fritzsche was much more successful, however, with
the treatment of aniline with potassium chlorate (47).
Thus, he found that the addition of an HCI solution of
potassium chlorate to an aniline salt in alcohol resulted
in the formation of a beautiful blue precipitate. If this
product was then filtered and washed with alcohol, the
blue color turned green, becoming dark green upon dry-
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ing. Analysis of the product’s composition revealed an
empirical formula C,,H, N,C1,0, which is in near perfect
agreement with the structure of the emeraldine salt given
in Figure 3 (X = CI") (47).

Lastly, Fritzsche reported that he had also produced
analogous products via the successful application of
H,SO, solutions of either potassium bromate or potas-
sium iodate (47). This 1843 report, however, seemed to
be the last of Fritzsche’s efforts concerning the oxidation
products of aniline. Afterwards, he moved onto other
subjects and focused his efforts elsewhere.

Zinin — Chemist by Dictate

Nikolai Nikolaevich Zinin (Figure 6) was born on
August 25, 1812 (29, 48-50) in Shusha, a small town in
the far southeast of the Russian Empire, located in the
Caucasus mountains (29, 49-52). Shortly after his birth,
both of his parents died (29, 50, 51), leaving him in the
care of his step-sisters (50). These too, he lost a few years
later in an epidemic (29, 50), after which Zinin was sent
to live with his uncle in Saratov, on the Volga River (29,
50-53). It was in Saratov that Zinin received his early
education, where it has been said that he excelled in Latin,
mathematics, and physics (50, 51).

Figure 6. Nikolai Nikolaevich Zinin (1812-1880).

Although he initially planned to attend the St. Pe-
tersburg School of Engineering and Communication, the
sudden death of his uncle left him without the necessary

funds. Instead, he entered Kazan University in 1830 (29,
50-52), which was much less expensive than an institu-
tion in the northern capital. Zinin began his work at
Kazan in the mathematical division under Lobachevskii,
ultimately taking his kandidat degree in physics and
mathematics in 1833 (29, 50-53), with a dissertation on
the perturbation of the elliptical motions of planets (51-
53). He was then appointed assistant in physics, before
being made lecturer in analytical mechanics six months
later. Teaching duties in hydrostatics and hydrodynamics
were then added the following year (29, 50, 53).

About this time, however, the administration of
the university had decided that the current professor of
chemistry, Ivan Ivanovich Dunaev, needed to be replaced
(51-54). Zinin had previously taken some courses in
chemistry under Dunaev (51), and the administration
determined that Zinin should be Dunaev’s replacement
(51-54). Thus, Zinin was relieved of his other teaching
duties in 1835 and was ordered to teach only chemistry
(50, 51).

Meanwhile Zinin was also preparing for his ex-
aminations for the magistr degree (i.e., master’s degree),
which he passed in April 1835 (51). For his subsequent
magistr dissertation, the faculty then gave Zinin the topic
“The Phenomena of Chemical Affinity and the Superi-
ority of Berzelius’s Theory about Constant Chemical
Proportions over the Chemical Statics of Berthollet”
(51, 53). His resulting dissertation, which he success-
fully defended in October 1836, was theoretical in nature
and involved no laboratory work (51-53, 55). Zinin thus
received the degree magistr of physical-mathematical
sciences and was then quickly appointed as adjunct in
1837 (50-53).

Permission was then requested from the Ministry
of Education in early 1837 to send Zinin abroad for two
years for advanced training in chemistry (50, 51, 53).
The request was granted and Zinin was sent to Europe in
September 1837 (29, 51, 52). For the next three years, he
visited chemical laboratories in Germany, Switzerland,
France, and England, and also devoted attention to the
current developments in medicine. In the process, he
spent considerable time in Liebig’s laboratory in Giessen
(29, 50-55). Zinin’s experience in Liebig’s laboratory
profoundly affected him and it was here that he began his
career in chemical research (52), studying the reactions
of benzoyl compounds (29, 55).

Zinin returned to Russia in late 1840, arriving in St.
Petersburg in September (29, 50, 51, 53). There he sat
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for examinations for the doctoral degree at St. Petersburg
University. By early November, Zinin had successfully
completed the examinations and then quickly began to
write his dissertation (51-53). He defended a disserta-
tion based on the work he had carried out in Liebig’s
laboratory at the end of January 1841 (29, 50, 51, 53),
for which he received his doctorate from St. Petersburg.
Zinin then returned to Kazan where he was appointed to
the chair of chemical technology (29, 49-55).

Zinin only remained at Kazan until 1847, when he
was offered the chair in chemistry at the Medical-Surgical
Academy in St. Petersburg (29, 50-55). He thus moved
to St. Petersburg in 1848, during which time Zinin carried
out his research in his private laboratory at home (29,
50), a room described as overflowing with apparatus,
books, chemicals and equipment (29). He continued
to work in his private laboratory until the Academy of
Sciences built a new chemical laboratory in 1867 (50)
and he was appointed to be Director of the Chemical
Laboratory (29, 52).

Zinin played an active role in the formation of the
Russian Physico-Chemical Society in 1868, and served
as its President for the first ten years (52, 54). He retired
from the Medical-Surgical Academy in 1874 and devoted
himself to work in the St. Petersburg Academy of Sci-
ences (29), of which he had been elected adjunct in chem-
istry in 1855 (50, 53). He was then elected extraordinary
member in 1858 (50, 53) and academician in 1865 (50,
52, 53). Zinin continued active chemical work until the
autumn of 1878, at which time he became ill (29, 50).
He continued to hope that he would be able to return to
his studies, but he gradually grew worse, and ultimately
died on February 6, 1880 (29, 50).

Reduction of Nitrobenzene

Upon his return to Kazan in 1841, Zinin was faced
with developing new research projects. The previous
work he had carried out in Liebig’s laboratory had uti-
lized oil of bitter almonds (primarily benzaldehyde) as
a key reagent, a material whose import into Russia was
prohibited due to its toxicity (51, 52, 56). As a result,
he instead began investigations of other related organic
compounds, beginning with the action of hydrogen
sulfide on nitroaromatics such as nitrobenzene and ni-
tronaphthalene.

First reported in the spring of 1842 (57a), Zinin
found that the addition of hydrogen sulfide (H,S) to
nitrobenzene in ammonia-saturated ethanol resulted

in the formation of a mixture of elemental sulfur and
yellow needles (57). After cooling at 0 °C, this mixture
“almost completely solidified to a mass of fine, yellow
needles.” Letting this stand for a day, he then boiled the
initial mixture and decanted the resulting solution from
any solid sulfur. This isolated liquid fraction was then
distilled to give an oil described as heavier than water
and yellowish in color (57). Our modern understanding
of this chemical process is outlined in Figure 7.

Zinin characterized the oil as an oxygen-free base
that was insoluble in water, but miscible in either alcohol
or ether, and distilled with a boiling point of ca. 200 °C
(37). Combustion analysis led to the formula C ,H ,N,,
a doubling of the modern C,;H,N (38), and he was also
able to successfully form and characterize several salts
of the base (sulphate, HCI, and mercuric chloride) (57).
He ultimately named the oil Benzidam, based on its

determined composition (57)

NO2 NHg;H NHs;H,S
ElOH EtOH
1/4 Sg Ws s8
Figure 7. Modern representation of Zinin's reduction of

-Hz0 yellow
needles
nitrobenzene.

After reading Zinin’s initial paper for the St. Pe-
tersburg Academy of Science (57a), Fritzsche added a
short note on Zinin’s paper when it was then published in
the Journal fiir praktische Chemie (57b). In its entirety,

Fritzsche’s note stated (58):

To the most interesting treatise of Mr. Zinin, I must

add the remark that the base designated as new

under the name of Benzidam is nothing but Anilin.

In its properties, as well as in its composition and

the composition of the salts, Benzidam agrees so

perfectly with Aniline that there can be no doubt

about its identity.
Of course, one can imagine that Fritzsche’s own re-
bukes from Erdmann (45) and Liebig (46) might have
been on his mind as he composed this statement. How-
ever, it is also interesting to note that Fritzsche speaks
only of his own Anilin here and includes no mention of
Unverdorben’s Crystallin (42) or Runge’s Kyanol (44).
Nevertheless, all of these comparisons were confirmed
the following year when Hoffmann presented strong
evidence that Crystallin, Kyanol, Anilin, and Benzidam
were indeed all the same compound (39). It should also
be pointed out that while Fritzsche and Zinin ultimately
shared space in the Academy of Sciences laboratory
(22-25), in 1842 they were still separated by over 700
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miles (Zinin in Kazan; Fritzsche in St. Petersburg) and
Fritzsche’s note may have been their first professional
interaction.

Zinin’s Oxidation of Aniline

Although Zinin did not specifically investigate the
oxidation of aniline in the same way that Fritzsche did,
he does make reference to reactivity in his papers which
likely refer to oxidation processes. The first such state-
ment occurs when he provides the basic properties of his
isolated Benzidam, in particular its air stability. Thus, he
states (57) that it is

preserved after some time in contact with atmospheric

air, but instantly turns red with strong nitric acid.
This is in contrast with the previous report of Fritzsche
that nitric acid caused the conversion of aniline to a blue
or green material (36).

The second statement comes when discussing the
stability of the isolated aniline salts. In this case, he notes
that the sulfate salt is not all that air stable, stating: “[The
crystals] turn rose red in air, especially when wet” (57).

It should be pointed out that this is in stark contrast
to the analogous HCI salt, which does not show this
reactivity.

Thus, Zinin reports the formation of red products
under two separate cases when aniline is under the in-
fluence of both air (i.e., oxygen) and an oxidizing acid.
However, the identities of these red species are unknown
and Zinin reported no attempts to analyze these products.
What is clear is that these are not examples of polyaniline,
as the macromolecule does not possess red forms under
any known conditions (13).

A potential answer could come from later studies
by first Heinrich Caro (1834-1910) in 1896 (59) and
then Richard Willstitter (1872-1942) in the early 1900s
(60). In efforts to determine the structure and identity
of aniline black and other aniline oxidation products,
they oxidized aniline under non-optimal conditions and
then tried to identify products as potential intermediates
in the production of aniline black. In the process, Caro
successfully identified the yellow oxidized dimer phenyl-
quinonediimide (Figure 8) (59), while Willstétter later
isolated a blue compound which he concluded to be the
half-oxidized tetramer (60). This tetramer could then be
further oxidized to a red form (Figure 8).

ol D

yellow

Ol DO

blue
@N:( ):N%( :%N:( —NH
red

Figure 8. Oligoanilines known between 1896-1907.

The conditions under which Zinin observed his red
species could be viewed as consistent with low levels
of oxidant that could result in oligomeric, rather than
polymeric, products. For this reason, Zinin’s red product
could well be the same as Willstétter’s. Of course, this is
only a proposed identity and it is not feasible to confirm
this possibility with any certainty.

Impact of Fritzsche and Zinin on Later
Polyaniline Work

At the most basic level, both Fritzsche and Zinin
contributed to monomeric aniline, an obvious critical
factor in the production of its macromolecule. Of the
two methods for the production of aniline, Zinin’s had
by far the greatest impact, as this represented the first
viable method for the mass production of aniline. As
pointed out by others (40, 51, 53), Zinin’s synthesis of
aniline later became the key step in the synthesis of many
coal tar dyes. This is true of polyaniline as well, which
coincidentally represents the very first synthetic aniline
dyes, as demonstrated by Runge in 1834 (9). Both Runge
and Fritzsche made specific comments that their efforts
were limited by the small quantities of the materials
generated, with Runge specifically referring to the fact
that significant amounts of aniline salts would be needed
to make his dyes viable (9).

Interestingly, after Hoffmann had confirmed that
Crystallin, Kyanol, Anilin, and Benzidam were all the
same compound, he felt that only the original name
Crystallin might be retained, although he favored the
name Phenamid (39). Still, by 1845 Zinin was also using
Fritzsche’s name Anilin (61) and ultimately it was the
name that endured as the modern aniline, the preferred
IUPAC name for this aromatic amine. Thus, both men
left lasting marks on the chemistry of aniline.
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In terms of the aniline oxidation products, although
Runge was the first to report materials now recognized
as polyaniline (9), Fritzsche was still only the second to
do so (36, 47). Furthermore, he was the first to produce
these materials via potassium chlorate (47), which later
became the basis for the production of the first commer-
cial polyaniline dyes in the early 1860s (7). In addition,
Fritzsche was the first ever to determine the chemical
composition of a polyaniline sample (47) and did so with
an empirical formula nearly identical to that expected by
our modern knowledge of these materials (5, 7). As such,
this was the first step in the ultimate determination of the
structure and identity of these materials, even if it did
take another 60 years for such determinations to really
begin to take shape (4-8).
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Erratum

In the article “On the Origins of a Tool for Chemists, The
Dean-Stark Apparatus,” (this Journal, 2013, 38(1), 67-72), one of
the inventors of the apparatus was named incorrectly. The Dean
of the apparatus was Ernest Woodward Dean (1888-1959), not
Edward Woodward Dean as printed in the article.






