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The evolution of the graphical structure diagram as a means 
of communication of chemical structure information is traced 
from its origins through to the mid-20th century. The impact 
of developments in structural theory on the representation 
of structures is discussed. A study of how structures were 
represented in the 19th and early 20th centuries in the Journal 
of the Chemical Society and its predecessors, the Journal of 
the American Chemical Society and United States patents was 
made, making use of electronic journal and patent archives. The 
problems associated with representing structures graphically 
are discussed.

Introduction
A study of structures as representations of compounds and their 
use as a language has been made by Hoffmann and Laszlo.1 
These authors suggest that structural formulae are a form 

of language as they combine symbolic and representational 
(iconic) values, and hence are somewhere between being symbols 
and models:

“Most, if  not all, scientists make use of visual imagery for 
problem-solving, in order to sort out and organise information, 
to find analogies, to think. But chemists are unusual among 
scientists…in having an iconic vernacular, that of formulas.

A chemical formula is like a word. It purports to identify, to 
single out the chemical species it stands for.”

Structure diagrams convey more direct meaning than most 
normal textual words, whose representation in themselves do 
not communicate any image directly apart from in the mind 
of the informed reader. Unlike normal language, where words 
can often have several meanings, structures (particularly three-
dimensional) are usually representations of unique molecules.

This paper will explore the origins of structure diagrams, 
their representation in the chemistry literature and the resulting 
effect on chemical information retrieval. Some work has already 
been reported on the representation of formulae and equations 
in textbooks,2 but no previous systematic study of journals 
and patents has been identified, which will be the focus of 
this paper. The emphasis will be on organic compounds, since 
structure diagrams are of greatest importance as a means of 
representation and communication to organic chemists. The use 
of conventions, representation of three-dimensional structures, 
different types of compounds and reactions will be discussed.

Chemical nomenclature will not be discussed in any detail. 
This has been well documented,3,4 although it will on occasion 
be necessary to refer to chemical names and nomenclature 
conventions.

Early use of symbols
The Egyptians, Greeks and alchemists used symbols widely, 
to represent metals, other materials and the elements of earth, 
air, fire and water. The alchemists borrowed symbols from 
the Greeks, who in turn had sometimes borrowed from the 
Egyptians;5 the alchemists also used astrological and planetary 
symbols to represent the metals gold, silver, iron, copper, lead, 
tin and mercury.6

An account of the development of the symbols is given by 
Crosland.7 Early examples of the use of chemical symbols are 
present in the Basilica Chymia of  Oswald Croll (1609) and in 
Robert Hooke’s diary of the years 1672–1680; more extensive 
use was made by Lemery in his Cours de Chimie in the 1675 
and later editions.8 Lemery’s symbols were also quoted in John 
Harris’s Lexicon Technicum, the first technical dictionary, 
published in London in 1704.

Use of symbols to represent elements and graphical structures 
to represent compounds is closely linked to the development 
of chemical structural theory. By the 18th century, symbols 
were becoming more sophisticated and meaningful, as more 
indication of the composition of substances was represented. 
Geoffroy’s table of affinities (1718) was a early attempt at 
representing the concept of chemical change or reaction through 
indication of the attractions between substances.9 Bergman, in 
1715, also compiled a table of “elective attractions”, which 
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by formulae, and Berzelius introduced the terms “empirical 
formula” and “rational formula” in 1833.16 Empirical formulae 
gave the atoms in the structures in the correct ratio according 
to their relative proportions. Rational, or “type”, formulae 
indicated the “rational composition” showing which particular 
groupings replaced hydrogen in the parent compound.17 A 
means of representing rational formulae was through the use 
of brackets, or braces, e.g. methylamine (a compound of the 
ammonia type):

employed symbols to represent acids and other substances listed 
beneath them in the table in order of their decreasing affinity 
for the acid.10 Alchemical symbols continued to be used until 
the end of the 18th century. It is noteworthy, however, that the 
key experimenters of this time, Priestley, Cavendish and Scheele, 
did not use symbols, but instead described their findings using 
normal language.11 However, those that were attempting to 
systematise chemistry at the end of the 18th century did feel 
the need for symbols, and Lavoisier used them to represent 
the elements and compounds known to him. Lavoisier also 
used chemical equations to represent reactions.12 In 1787, de 
Morveau, Lavoisier, Berthollet and de Fourcroy published 
Méthode de nomenclature chimique (which was published in 
English in 1788). This was supplemented by A new system of 
chymical characters adapted to the nomenclature by Hassenfratz 
and Adet; these workers recognised the confused state of 
chemical representation, and attempted to produce a set of 
standard chemical characters and symbols commensurate with 
Guyton de Morveu et al.’s new nomenclature.13 But because this 
work preceded atomic theory, it was not destined to stand the 
test of time.

Another factor contributing generally to the lack of adoption 
of chemical symbols in the late 18th and early 19th centuries 
is concerned with typographical limitations. Dalton, the 
originator of chemical structure theory, first used symbols in 
1803,14 and these were first published by Thomas Thomson 
in his System of chemistry in 1807. Dalton’s own work, A 
new system of chemical philosophy, was published in 1808. 
Dalton chose a notation which was not based on initial letter 
abbreviations, as he wanted his symbols not only to represent 
the types of atoms present in a compound, but also their spatial 
arrangement. Although Dalton’s symbols were used as structure 
representations, they suffered, albeit to a lesser degree, from the 
same problems as those of Hassenfratz and Adet in that they 
could not readily be incorporated into a printed text.

It was the work of Berzelius which led to the development of 
modern symbols for chemical representation. In 1819 Berzelius 
published his proposals in Théorie des proportions chimique, 
et table synoptique des poids. Unlike his predecessors, Berzelius’s 
symbols deliberately used ordinary letters, which overcame the 
typographical problems associated with earlier symbols; thus 
they were more readily deployable in printed publications, and 
this contributed to their wide adoption.

The use of symbols was debated widely in the British 
chemistry community in the 1830s, in the halls of  the Royal 
Institution and the pages of the journal Philosophical 
Magazine.15 The most common justification for use of pictorial 
symbols such as those of Dalton was the fact that they conveyed 
the spatial configuration of compounds, but Berzelius’s symbols 
were ultimately to prevail.

Representation of organic compounds
In the early 19th century, the representation of all compounds 
was based on that used for inorganic compounds, since the 
development of inorganic chemistry preceded that of organic. 
Even though many organic compounds were known, particularly 
organic acids, it was not possible using the symbolism of the 
time to represent them such that any significant structural 
meaning was conveyed, if  indeed any clear idea of the structure 
was known.

Considerable advances were being made in the early 19th 
century concerning the organisation of organic chemistry. 
For example, in 1827 William Prout made the distinction 
between fats, carbohydrates and proteins. In 1843 Gerhardt 
introduced the term “homologous series”, a key development 
in the classification of organic compounds, which also allowed 
the prediction of properties of compounds in the series not yet 
isolated.

During the first half  of  the 19th century, attempts were 
made to convey the compositions of chemical compounds 

These were similar to constitutional formulae which were 
used by Hofmann and others from around 1850. Such formulae 
were used for aromatic compounds after 1865;18 for example, 
structures containing fused rings could be represented by use 
of horizontal lines drawn between symbols for the numbers of 
hydrogen atoms on each ring. The constitutional formula of 
anthracene would thus be represented: 

Constitutional formulae were also used to represent more 
complex molecules. For example, Graebe and Liebermann 
proposed two possible structures for alizarin in 1870:

The actual structure of alizarin is:

Methods of representing compounds which made use of 
braces continued until around the end of the 19th century.

The concept of valence was developed in the middle of the 
19th century. Kekulé proposed the marsh-gas structure type 
in 1854 (e.g. CH4, CHCl3, CCl3NO2 were considered to belong 
to this type).19 Kekulé observed that carbon atoms always 
combined with four atoms of a monatomic element and two 
of a diatomic element and concluded that carbon is tetravalent. 
Other chemists who contributed to the concept of valence were 
Kolbe and Frankland, but the correct valences of elements 
could not be finalised until the distinction between equivalent, 
atomic and molecular weights had been established through the 
work of Gerhardt and Laurent, and methods of atomic weight 
determination by Cannizzaro.20 This was an essential step on 
the route to the structure diagram as a means of representing 
compounds.

In 1854 Kekulé stated that the binding between atoms was by 
means of bonds, and indeed later represented bonds graphically, 
but it was Archibald Scott Couper of Kirkintilloch rather 
than Kekulé who first drew bonds and schematic structures 
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similar to those deployed today.21,22 The first of  Couper’s 
graphical structures appeared in 1858,23,24 in Comptes Rendus, 
Philosophical Magazine and Annales de Chimie et de Physique. 
Examples of some of Couper’s structures are given below:25

In 1859 Kekulé started to construct graphical formulae, 
which bore some resemblance to those of John Dalton. Kekulé 
used pictures of atoms of different sizes effectively representing 
different valences:32 e.g.

In these representations, a single oxygen is written as O–O, 
and oxygen was assumed to have an atomic weight of 8. Couper’s 
formulae became well known, and were referred to by Lothar 
Meyer in his book Modernen theorien der chemie published in 
1864.26 Lothar Meyer drew both single and double bonds:

Lothar Meyer also proposed ring structures for sulfur trioxide 
and ozone:

A publication by Loschmidt27 in 1861 contains 368 graphic 
formulae, 121 of which were aromatic compounds. Loschmidt’s 
drawings are based on Dalton’s symbols. These structures 
indicate double and triple bonds,28 e.g.

Using the same graphical representation, Loschmidt 
differentiated between the isomers 1-propenol and 3-propenol. 
He also speculated as to the structure of benzene, settling on:

These graphical formulae appeared in footnotes to the text 
of his publication Lehrbuch der organischen Chemie. By 1865 
Kekulé had started to use bonds in structures. In the same 
year, Hofmann delivered a famous lecture on homologous 
series to the Royal Institution in which he used croquet balls 
of  different colours to represent atoms provided with arms 
to represent units of  attraction, which could be regarded as 
an early form of molecular model.33 Hofmann’s models were 
two-dimensional – the era of three-dimensional structures and 
stereochemistry had not yet arrived.

It was Kekulé’s hexagonal representation of benzene 
which was a turning point in the representation of structures 
containing aromatic rings.34 Kekulé’s early representations were 
famously inspired by a dream, through which he envisioned 
chains of carbon atoms like snakes chasing their own tails, 
forming rings.35 Kekulé’s work explaining the structure of 
aromatic rings was published in 1865.36 Other workers proposed 
a variety of different structures for benzene, and it was one of 
his pupils, Körner, who introduced the terms ortho-, meta- and 
para-.

In 1861 Crum Brown developed an atomic symbol notation 
which used circles containing the initial letters of atom names, 
linked by dotted lines, which were later replaced by continuous 
lines.37 Crum Brown’s representations also included double 
and triple bonds. They first appeared in his publications in 
1864. Frankland, who introduced the term “bond” (which 
became known as Frankland’s notation), represented structures 
in a similar fashion to Crum Brown.38 Continuous lines to 
represent bonds were not employed universally, and bonds 
were represented as two lines separated by a dot in Berichte 
from 1870 to 1886. In 1877, Claus used a combination of this 
representation with a dotted line to indicate the double bond in 
a phenyl ring:

Further workers to devise graphical representations were 
Wilbrand (Germany) and Foster (Scotland).

Overall, there was considerable confusion as to the best way to 
represent structures during the second half  of the 19th century.

Stereochemistry
The three-dimensional nature of chemical compounds was 
reported by Louis Pasteur in 1860, when he gave an account of 
the relation between the d- and l- configurations of tartaric acid 
to the Société Chimique de France, and Kekulé also attempted 
a three-dimensional representation of benzene in 1867. But it 
was Le Bel in France and van’t Hoff in Belgium who in 1874 
simultaneously proposed the tetrahedral arrangement of atoms 
around carbon, and hence also the possibility of asymmetric 
carbon atoms. They also related this to the optical properties of 
asymmetric compounds.39

Van’t Hoff also showed that there was another type of 
isomerism, around double bonds. The terms cis- and trans- were 
introduced by Baeyer in 1888. Le Bel and van’t Hoff represented 
the stereochemistry around double bonds as two tetrahedra 
united along a common edge.

Discovery of the three-dimensional nature of structures was 
the major achievement in organic chemistry between 1880 and 

Caven and Cranston29 argue that Loschmidt therefore 
proposed a ring structure for benzene four years before Kekulé 
independently did so.

Loschmidt’s representations suffered from the same problem 
as those of Dalton, as they did not readily lend themselves to 
larger structures: having to draw circles to represent atoms was 
cumbersome, and led to typography problems.

Loschmidt also published the first line formula descriptions, 
such as C2H5,O,C2H5 for diethyl ether.30 By 1866, a number of 
chemists were using line formulae in the form CH3.CO.OH or 
H3C–CO–OH (with no standardisation in the use of commas, 
full stops or hyphens); these convey more structural information 
than empirical formulae which merely give the relative quantities 
of the elements present. Wiswesser, founder of the famous line 
notation in the 1950s, states that after 1861 no new practices 
in the use of line notations to represent structures occurred for 
79 years.31
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1900, and also led to the theory of steric hindrance. With this 
knowledge, Fischer was able to determine the structures of 
isomeric sugars, and this formed the foundation of carbohydrate 
chemistry. Fischer devised his “Fischer projection” for the 
representation of three-dimensional structures.

At the end of the 19th century, when structure representations 
were being developed, engraving was the main means of type-
setting drawings. This was an expensive process, and even 
more so for lines drawn at an angle, hence three-dimensional 
representations tended to be drawn in two dimensions.1 This 
situation continued until the 1950s after engraving had been 
replaced by photogravure. Three-dimensional structures 
were therefore represented in a two-dimensional fashion, e.g. 
norbornadiene was represented as structure 1 rather than 
structure 2, the latter providing a clearer representation of the 
three-dimensional nature of this compound.

Markush structures
Markush structures are a type of generic chemical structure 
which occur mainly in patents. In Markush structures, a single 
compound incorporating one or more groups represents a 
variety of more specific compounds through the use of defined 
generic groups. The generic groups may be clearly defined 
structure fragments, such as methyl groups, keto groups, etc., 
or less well defined textual descriptions, such as “substituted 
phenol”, “aryl”, “carbocyclic”, etc.

Structures of this type were permitted after a ruling by the 
United States Patent Office, following the publication of a 
patent by Eugene Markush,42 which claimed a process for the 
manufacture of dyes that comprised coupling with a halogen-
substituted pyrazolone, a diazotized unsulfonated material 
selected from the group consisting of aniline, homologues of 
aniline, and halogen substitution products of aniline. However, 
Markush’s name was not associated with the Markush structure 
because his patent was the first to include structures of this 
type. There had already been patents with claims concerned 
with compounds defined from a selection of variable groups, 
but a patent examiner stubbornly rejected Markush’s claims. 
Markush appealed, and the commissioner issued a published 
decision overruling the examiner and approving the claim 
format. Future applicants argued for patentability on the basis 
of  this precedent, and Markush’s name became thereafter 
attached to the format.

Lynch in 1984 suggested that the first patent containing the 
concept of a Markush structure was to Perkin in 1856 for the 
first aniline dye (mauve);43 his specification included aniline, 
toluidine, xylidine and cumidine and is shown in Fig. 1. Another 
more recent example reported in the literature which predates 
Markush’s patent was granted to Eli Lilly in1915.44

The use of wedge bonds to represent the three-dimensional 
nature of compounds did not start until the 1950s.

Generic structures
The earliest means by which generic groups or atoms (i.e. 
symbols representing the possibility of structural variation in 
compounds) were denoted was by means of inclusion of symbols 
in formulae other than those used to represent specific atom 
symbols, such as R to represent an alkyl group, X a halogen or 
M a metal. These symbols have been in use since around 1880,40 
and are still used today. (Although X and M are fairly standard, 
nowadays R is frequently defined locally, i.e. within the specific 
document or even formula.)

One type of generic structure which could represent 
compounds with certain specific groups present while 
maintaining uncertainty about other parts of the structure, 
although restricting the overall composition, is of  the type 3 
and 4 below:

Fig. 1 Excerpt from Perkin’s mauve patent from 1856.

These were used in publications around the turn of the 20th 
century.

If  more than two connections were needed, then braces were 
often used, as in structure 5, which arose out of  representa-
tions of  the type 6 used to represent specific structures. 
Brace structures have variable connectivity, but not variable 
composition.

Structure 5, representing the alkaloid coclaurin, has been 
reported as being the last occurrence of the use of braces in this 
way to represent structures.41

Originally, Markush structures were only permitted when 
nomenclature could not adequately describe an applicant’s 
invention, but gradually they became more widely accepted, 
and are now used when claims are made for a number of similar 
compounds, not all of which have necessarily been synthesised.

Occurrence of structure diagrams in journals and 
patents
In order to determine how and when structure representation 
conventions were deployed in publications, a study was made of 
journals and patents. pdf files, which reproduce documents in 
their original formats, can often be obtained by use of electronic 
versions of publications. These can be browsed fairly rapidly, 
and this facilitates a search for structure representations.
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On the basis of the development of structure representations 
discussed earlier, we might expect to see structural features 
appearing as shown in Table 1, which also summarises the results 
of this study. As would be expected, the features did not usually 
start to appear in publications until several years after the time 
the representations were first proposed; in addition, not all types 
of representation were observed. This is probably because in this 
work only a sample of publications was studied.

Study of the journal literature

The archives of many journals are becoming available in 
electronic form. For example, all RSC (and formerly Chemical 
Society) journals have recently been made available, back to 
the first issue of the Memoirs and Proceedings of the Chemical 
Society (MPCS ) in 1841. The Journal of the American Chemical 
Society (JACS ) is also available in electronic form in its entirety, 
back to 1879.45 Unfortunately, the absence of electronic versions 
of early German journals (such as Berichte der Deutschen 
Chemischen Gesellschaft which started publication in 1868) 
precludes ready study of structures in the German literature, 
and for this reason German journals have not been included in 
this work.

Issues of MPCS, Quarterly Journal of the Chemical Society 
of London (QJCS ), Journal of the Chemical Society (JCS ) 
and JACS were examined by browsing the electronic tables of 
contents available through the Societies’ web pages. Issues were 
examined at intervals of approximately five years. For the early 
years of each publication, several years’ worth of journals were 
examined as the total number of papers published each year 
was small. When the title of a paper suggested that the subject 
matter was likely to be concerned with organic chemistry, the full 
article was explored. After the start of  its publication in 1936, 
the Journal of Organic Chemistry (JOC ) was also examined.

No representations of compounds containing structural 
information were found in the early volumes of MPCS, 
though a number of papers reported the percentages of the 
constituent elements present in compounds. As would be 
expected from Table 1, examples of the use of braces (brackets) 
were found after 1830, the first example discovered being in a 
paper by Hofmann published in 1843 (see Fig. 2).46 There is 
little structural information conveyed, and it is not possible to 
determine the structures Hofmann had in mind, if  any, from 

Table 1 Dates that structural features would be expected to appear in the literature (on the basis of information in history of chemistry literature) 
and first dates observed in this study (NB: these were as found in this study, and are not necessarily the first occurrences)

Earliest date    Publication type where observed
expected Date observed Structural representation (J = journal, P = patent)

 1843 Use of braces, little structural information J
 1843 Reaction schemes J
1850s 1860s Constitutional formulae J
 1862 Use of primes providing structural information J
 1865 Use of braces, little structural information P
1870 1870 Graphic structures J
 1876 Phenyl rings with alternating bonds J
1880 1877 R group in a brace structure J
1830 1879 Brace structures conveying structural information J
1870 1879 Ortho-, meta-, para- used for substitution of benzene J
 1882 Reaction schemes P
1866 1882 Dots and commas separating fragments in linear formulae P
1830 1884 Brace structures conveying structural information P
1888 1895 Use of cis- and trans- J
 1899 Markush structures P
1900  End of use of braces (brackets) to convey structural information 
1900  Use of braces (brackets) to represent generic structures 
 1900 Representation of asymmetric carbon atoms J
1891 1905 Fischer projections in carbohydrates J
 1910 Use of d- and l- terminology J
 1920s Bridged compound with no 3D perspective J
1924  Increase in Markush structures 
 1930s Carbohydrate rings showing 3D perspective J
 1930s Steroids with dashed bonds to show 3D information J
 1940s Steroids with dashed bonds to show 3D information P

these representations. Examples of this type of representation 
were observed into the 1850s. Note also the use of equals signs 
rather than arrows in the reaction schemes.

In 1849, the QJCS superseded the MPCS, and by 1860 
examples of attempts to convey more structural information 
were found in this journal, although in the example shown 
in Fig. 3 47 the arrangement of atoms and bonds is not clear. 

Fig. 2 Excerpt from an MPCS paper from 1843.

Fig. 3 Excerpt from a QJCS paper from 1860.
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Note that parentheses are present in the structure shown in 
addition to braces.

The Journal of the Chemical Society was founded in 1862. An 
early paper in the journal shows an interesting convention in the 
form of the use of primes (Fig. 4).48 Superscript primes were 
introduced in the 1850s, almost certainly in 1853 by William 
Odling, to represent “replaceable value” as compared with 
hydrogen.49 They were not valences, but could be considered 
equivalent to what were later known as valences. Valence 
came into use around 1865, so from then primes must have 
represented valences, as in the case of the extract from a paper 
by Perkin from 1870 (Fig. 5).50 In this example, double primes 
indicate oxygens in the CO, or carbonyl, bond as found in 
quinone and alizarin. This paper makes for fascinating reading, 
and also includes swatches of fabrics dyed with compounds 
synthesised by Perkin, reproduced in colour in the RSC’s journal 
archive. Several conventions for structure representation in use 
at the time are present in this paper. In some compounds, lines 
are used to represent bonds in organic compounds. Perkin also 
uses braces, and his structures are thus between constitutional 
and structural formulae.

Fig. 4 Excerpt from a JCS paper from 1862.

Fig. 5 Excerpt from a JCS paper from 1870.

During this study, the use of an R symbol (in a brace structure) 
was observed in another JCS paper by Perkin, though there is 
no definition of R given and this cannot be ascertained with 
certainty from the context.52

By the time of the first volume of JACS in 1879, structural 
chemistry was becoming better understood. An early example 
of a structure in JACS is in a report of an article published 
in Justus Liebig’s Annalen der Chemie. Examples of structural 
representations in this paper are given in Fig. 7.53 As had 
already been observed in JCS, brackets or braces were used to 
convey structural information. The structures in this paper are 
easier to interpret than those published in earlier years and the 
compounds they represent are shown below (the structures are 
arranged in the same configuration on the page as those in the 
extract from JACS in Fig 7).

Fig. 6 Excerpt from a JCS paper from 1876.

Fig. 7 Excerpt from a JACS paper from 1879. (Reprinted with 
permission from Journal of the American Chemical Society. © 1879 
American Chemical Society.)An early occurrence of benzene rings drawn with alternating 

double and single bonds was found in 1876 (Fig. 6).51 Generally, 
however, in JCS benzene rings were drawn without double 
bonds shown.

In the structures, in each case the carboxyl group is indicated 
at position 1, and the OH group at the ortho (o) position, i.e. 
position 2 in the modern convention. The positions of the nitro 
groups and the amino groups are indicated as being a meta 
and b meta (representing the present-day 3- and 5-positions 
respectively). In accordance with Table 1, these representations 
employ the features which might be expected: ortho, meta and 
para were established terminology indicating substitution 
positions on phenyl rings; braces were still in common usage.

Another example of the type of organic compound 
representation from around that time is in a paper published 
in JACS in 1880 (Fig. 8).54 In this paper the phenyl rings are 
represented by the short cut C6Hn, where n is the number of 
hydrogen atoms on the ring, and the other substitution positions 
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are shown as numbers above the substituent atoms. This is an 
example of a type of constitutional formula.

A further method of structure representation from the first 
volume of JACS is given in Fig. 9.55 It seems that wherever 
possible the drawing of benzene rings is avoided – no rings are 
drawn for the naphthalene component of the compounds in 
Fig. 9. Instead there is a combination of brace formulae along 
with bonds and it is assumed that the reader will be able to 
interpret the structure from the name and formula. Note there 
are no arrows or equals signs in the reaction scheme. (Although 
equals signs were observed in papers as far back as the 1840s, 
arrows were not observed until the early 1900s.)

there were fewer typographical errors and it seems that editorial 
control was superior.

In the 1890s, linear empirical formulae were still in common 
use, and often more structural information was conveyed 
through the trivial names of compounds than the formulae 
themselves, with reliance placed on the reader’s ability to 
translate such names into structures.

In a paper by Fischer from 1890 in JACS 58 we see a 
representation of a sugar molecule and the use of parentheses 
to indicate the substitution of the OH groups on the chain 
(Fig. 12), although this structure conveys no information 
about the three-dimensional structure of the sugar, as would be 
expected from the dates in Table 1.

Fig. 8 Excerpt from a JACS paper from 1880. (Reprinted with permis-
sion from Journal of the American Chemical Society. © 1880 American 
Chemical Society.)

Fig. 9 Excerpt from a JACS paper from 1879. (Reprinted with 
permission from Journal of the American Chemical Society. © 1879 
American Chemical Society.)

In 1880 in JACS we see the use of equals signs in a reaction 
scheme56 and in the same paper benzene rings (Fig. 10). Note 
the use of double bonds in the phenanthrene component which 
are omitted from the phenyl rings on the reactant side of the 
equation, and the absence of bonds between the rings and the 
CH2Br groups. This difference in the non-use and use of double 
bonds in isolated and fused rings respectively was commonplace 
for many decades. Note that the phenanthrene ring system is 
described as anthracene. Also there is an extra hydrogen at one 
of the ring fusion carbon atoms, presumably a typographical 
error. A representation of phenanthrene in JCS in the same 
year is correctly named as such (Fig. 11); there is a direct 
acknowledgement of the work of Kelulé in this paper.57

Generally, the structure diagrams from the late 1870s until 
the early 20th century were of better quality in JCS than JACS. 
Drawings were more consistent within and between papers, 

Fig. 10 Excerpt from a JACS paper from 1880. (Reprinted with 
permission from Journal of the American Chemical Society. © 1880 
American Chemical Society.)

Fig. 11 Excerpt from a JCS paper from 1880.

Referring to Table 1, the terms cis- and trans- would be 
expected to appear in the literature from around 1888. An 
occurrence of their usage was found in a JCS paper from 1895 
(Fig. 13).59 Note that this paper also specifically mentions the 
concept of stereoisomers.

In 1890, an example of the use of X to represent a generic 
group in a JCS paper was found.60 From the context, it appears 
that X can be any group, and is not specifically a halogen as 
might be expected in accordance with common practice today. 

Fig. 12 Excerpt from a JACS paper from 1890. (Reprinted with 
permission from Journal of the American Chemical Society. © 1890 
American Chemical Society.)

Fig. 13 Excerpt from a JCS paper from 1895.
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In a later paper by the same authors in the same year of JCS, 
an X was used specifically to represent a halogen, however.61

A paper from JACS from 1900 (Fig. 14) shows an interesting 
representation of  a reaction:62 both reactants, which are 
isomers, react with HCl to give the same product, the dash 
between the HCl and the RCl being a minus sign, presumably 
indicating that an alkyl chloride is a product of  the reaction. It 
appears that the R group represents a generic alkyl group, as 
no definition is given in the paper. A modern representation of 
these reactions is:

In 1910, there are further examples of linear formulae of 
the type used in 1879 previously shown, with numbers above 
the atom symbols to indicate substitution positions. A further 
notation spotted in 1910 was use of a colon to represent a double 
bond in a linear formula, e.g. C6H5C(:N)OCH3. Generally, 
structure diagrams are becoming more common by 1910.

Representation of three-dimensional structures around 1910 
is inconsistent. For example, in a paper discussing the separation 
of optical isomers (which refers back to the work of van’t Hoff 
and Le Bel),66 no attempt was made to represent these graphically 

Fig. 14 Excerpt from a JACS paper from 1900. (Reprinted with 
permission from Journal of the American Chemical Society. © 1900 
American Chemical Society.)

By the early 1900s a number of papers were appearing which 
discussed stereochemistry and asymmetric carbon atoms. An 
example from JCS is shown in Fig. 15;63 note that there is no 
use of wedges, dashed bonds or other notations to indicate the 
stereochemistry. The same author described a kind of molecular 
models in a later paper in the same year, along with a detailed 
explanation of their operation.64 In 1910 in JCS stereoisomeric 
compounds are clearly represented by use of a Fischer projection 
(see Fig. 16).65

Fig. 15 Excerpt from a JCS paper from 1905.

Fig. 16 Excerpt from a JCS paper from 1905.

in a form which conveyed any three-dimensional information; 
instead the d- and l-terminology was used. A representation of 
the configuration around a double bond was located, although 
the configurations are referred to as syn and anti.67

In the 1920s nested parentheses were often employed to 
represent side chains. Local definitions of  R groups were 
becoming more prevalent, as opposed to the assumption that 
R always represented an alkyl group. Equals signs seem to 
have been almost entirely replaced by arrows in reactions, and 
examples of  the modern equilibrium sign were found. Some 
structures in JACS were hand drawn, as in the example in 
Fig. 17, which shows a representation of  a three-dimensional 
structure.68 This paper explains the mechanism of  reactions, 
and electrons are shown in the structure, although not the 
“curly arrows” used more recently to show mechanisms. In 
the same paper, there are also more usual structures, with the 
element symbols type-set.

Fig. 17 Excerpt from a JACS paper from 1920. (Reprinted with 
permission from Journal of the American Chemical Society. © 1920 
American Chemical Society.)

An example of a three-dimensional structure in a bridge 
compound is given in Fig. 18.69 Structures of this type were 
observed during this study in both JCS and JACS.

Fig. 18 Excerpt from a JCS paper from 1920.
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In 1925 a further type of diagram was found to represent 
sugars in JCS, as shown in Fig. 19.70

Unlike most of the general structure representations in two 
dimensions, for which there are no scientific reasons for the 
structures to be drawn differently (e.g. the presence or absence of 
a bond from a benzene ring carbon to a substituent), the various 
types of three-dimensional representation can to some degree be 
justified as they are often more suitable for a particular type of 
compound. Even with modern computerised structure drawing 
packages, there are still differences today in the representation of 
different types of compound in three dimensions.

A further convention encountered in an early volume of JOC 
was the use of  to represent a phenyl ring, and benzene rings 
with alternating single and double bonds were becoming more 
commonplace by around 1940. There were few other changes of 
significance in the 1940s and 1950s.

Study of United States patents

A similar study to that above was made for patents, to examine 
how structures were represented, how structure drawings have 
varied with time and how the structures in patents compare with 
those in journals. It would be expected that Markush structures 
would occur in patents more frequently than journals, but other-
wise there is no evidence to suggest that structures in patents 
would be different to those in journals.

Patents were identified by searching the USPTO website75 for 
patents at organic chemistry classification numbers 534 (azo 
dyes), 536 (carbohydrates) and 540 (heterocycles) in order to 
identify candidate patents likely to contain organic structural 
information for study. These classifications were selected because 
there were likely to be sufficient patents in these subject areas 
during the period under investigation. United States patents 
were chosen as all US patents back to 1836 are available in .pdf 
or .tiff  image format, enabling them to be reproduced. Patents 
were chosen at random, approximately one out of every ten 
patents being selected, although many were quickly dismissed 
as the titles of  the patents were not available prior to display 
of the full document so no preliminary filtering was possible to 
determine the likelihood of structures being present.

Little in the way of structural information through diagrams 
is presented in patents from before 1860, which is as would be 
expected on the basis of  the information in Table 1. In 1865, 
an example of the use of braces was found (Fig. 24).76 The 
brace structure in this patent is similar to that in the 1843 
paper by Hofmann already cited46 and conveys little structural 
information, only the NO4 part suggesting a structure fragment, 
though it is not clear what the structure of this would be.

In 1930 benzene rings continued to be drawn without the 
double bonds shown. Sometimes bonds were drawn between 
rings and their substituents, sometimes not. Occasionally an 
equals sign was found in a reaction, but mostly these had been 
replaced by arrows. In JACS, structures are generally better 
drawn than previously, but still with some inconsistencies and 
some representations which could be confusing for the modern 
reader (Fig. 20).71

Fig. 19 Excerpt from a JCS paper from 1925.

A further type of three-dimensional representation 
(Fig. 21) was found in the first volume of JOC (note also 
the local definition of X and R).72 In JCS in 1930 there were 
examples of carbohydrate rings drawn to show the three-
dimensional configuration (Fig. 22).73

Fig. 20 Excerpt from a JACS paper from 1930. (Reprinted with 
permission from Journal of the American Chemical Society. © 1930 
American Chemical Society.)

Fig. 21 Excerpt from a JOC paper from 1936. (Reprinted with 
permission from Journal of Organic Chemistry. © 1936 American 
Chemical Society.)

Fig. 22 Excerpt from a JCS paper from 1930.

Fig. 23 Excerpt from a JOC paper from 1940. (Reprinted with 
permission from Journal of Organic Chemistry. © 1940 American 
Chemical Society.)

Steroid structures appear in the literature in the late 1930s, 
and indications of the stereochemistry are given. In Fig. 23 
the OH group at the 6-position is indicated as being into the 
plane of the page, other bonds at asymmetric carbon atoms 
being out of the page and represented by solid, but not wedge, 
bonds.74 This type of representation for steroids and their 
stereochemistry continued until the end of the time period 
investigated in this study.
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A more conventional use of braces was found in 1884 
(Fig. 25), representing structures in a similar fashion to those 
found in JACS and JCS.77 In the first structure shown the 
position of the OH group on the naphthalene ring system is 
shown by the symbol (B), which represents the b position. The 
positions of the substituents on the phenyl ring on the left of 
the structures are not indicated in the formulae. In the patent for 
a dyestuff  in Fig. 26 from 1882, there are examples of explicit 
reaction schemes.78 Here double bonds are clearly represented 
and although no rings are drawn, the information conveyed is 
enhanced by the names of the compounds. An equals sign is 
present between the reactants and products. Elsewhere in the 
patent there appears to be a typographical error, with NaNO2 
written as NaNo2. Typographical errors are commonplace in 
formulae and structures in patents at the time and to a greater 
degree than was found in JCS and JACS.

Fig. 24 Excerpt from a US patent from 1865.

Fig. 25 Excerpt from a US patent from 1884.

Fig. 26 Excerpt from a US patent from 1882.

As with journals at the time, there is little standardisation 
of the representation of structures. Particularly for patents, 
sometimes a considerable amount of educated guesswork is 
required in order to attempt to determine the structures being 
discussed.

An example of a structure which is difficult, if  not impossible, 
to interpret is given in Fig. 29.81 By 1895 there are examples of 
clearly written structures (see Fig. 30),82 though with braces still 
present, as would be expected from the dates in Table 1. Even 
though the rings are not drawn in the structure in Fig. 31,83 this is 
one of the more explicit structure representations discovered in a 
patent so far, but there is still uncertainty about the substitution 
positions on the phenyl rings (although there are some clues in 
the text of the patent and an expert in dye chemistry may be able 
to interpret this).

As already mentioned, Markush structures assumed that 
name in 1924. An early example of a Markush structure with 
a structure diagram, from 1899, was identified in the course of 
this work; the Markush structure is reproduced in Fig. 32, and 
shows variation in both the nature of the substituents and also 
the position of substitution.84 A number of additional examples 
of Markush structures were found around 1900.85

The representations of structures in patents generally became 
clearer and less ambiguous after 1900, and the numbers of 
compounds which have structure drawings present increases 
as time progresses. Benzene rings in patents were usually drawn 
without double bonds until the middle of the 20th century, 

Fig. 27 Excerpt from a US patent from 1882.

Fig. 28 Excerpt from a US patent from 1885.

Fig. 29 Excerpt from a US patent from 1892.

Fig. 30 Excerpt from a US patent from 1895.

Also in 1882 an example of the use of dots and commas 
separating structural fragments was found, as might be expected 
from Table 1. Use of R groups to represent alkyl groups in 
structures in patents was also observed in 1882, as shown in 
Fig. 27.79

The problem of drawing diagonal lines for bonds is illustrated 
in the structure in Fig. 28, although this structure does have the 
b symbol shown correctly indicating the substitution position of 
the NH2 group on the naphthalene.80
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likely to produce patents containing structures, but during the 
19th century almost all patents which contained structures were 
from the dyestuffs classification.

Searching and interpreting chemical structures
It is probably safe to say that no searching for chemical 
information by means of structure drawings occurred until 
the 1940s, when publications such as the American Chemical 
Society’s Ring Index started to be published.89 The Ring Index 
provided ring systems arranged systematically along with 
their bibliographic references. Ever since chemists started to 
represent chemical substances by means of names, formulae and 
symbols, there was the need to find information about specific 
compounds, and this was primarily through the use of indexes 
where names would have been searched for in the same way as 
other topics. This was not ideal, as the innovative creators of 
chemical information sources, such as Beilstein and Gmelin, 
realised, and they sought to organise chemical information 
with the focus much more on chemical structures. As there 
were no direct means of searching by structures, the methods 
they used were by sophisticated classification schemes, linear 
formula and chemical name indexes. Prior to the development 
of classification systems, the chemist searcher would have a 
structure diagram in his/her head or written down which would 
have needed to be translated into the appropriate text format for 
the particular index or search tool to be used.

The chemical structure was becoming the natural language 
of chemists by the start of the 20th century, as indicated by the 
numbers of structure diagrams which were appearing in papers 
and patents by that time. This meant that the chemist needed 
to learn chemical nomenclature systems in order to search the 
chemical literature for chemical compounds.

Once relevant publications had been identified, the chemist 
then had the challenge of interpreting the structural information 
in the documents. Much structural information in papers in the 
late 1800s and early 1900s was buried in chemical names, very 
often trivial names rather than systematic names – a chemist had 
to be able to translate the non-systematic name into a structural 
representation either mentally or on to paper. Sometimes 
structures were represented as formulae, some parts of the 
formulae not conveying structural information but assuming 
that the chemist could translate the formula because of the 
context in which it occurred. Much knowledge of the language 
of chemistry of the time was assumed, and this language was 
still confused and had many dialects until well into the 1900s. 
The situation must have been particularly difficult for patents, 
in which, as already mentioned, the structural information was 
often poorly presented and even potentially misleading.

In the 20th century, the structure diagram increasingly 
replaced chemical nomenclature in publications, reducing the 
need for the chemist reader to know the structure implied 
by a name or linear formula. This has in part been related to 
improvements in printing technology and also the evolution of 
conventions for the representation of structures.

Discussion
In the late 19th century the chemistry community was not 
accustomed to seeing structures in print, being more familiar 
with chemical names, so the absence of structural diagrams, 
which we would regard today as a major barrier to the 
communication of chemical information, probably was not seen 
as such at the time.

At several points in this paper, it has been mentioned that a 
major barrier to the representation of chemical structures has 
been the limitations of printing technology. Some of the early 
representations proposed for atoms used complex symbols, easy 
to sketch by hand, but not simply transferred to print format. 
Even once modern symbols for atoms had been adopted, new 
structure theories and consequent means of representing bonds 

Fig. 31 Excerpt from a US patent from 1898.

examples with double bonds being found in the 1940s,86 although 
pyridine and other non-benzene rings often have double bonds 
shown much earlier; this is in line with the findings from JCS 
and JACS.

Concerning stereochemistry, examples of steroid structures 
without the stereo-configuration indicated were found in the 
1940s, a steroid with dotted bonds to represent the orientation 
of the bond not being found until the 1950s, though as the 
study involved selecting patents at random this does not 
necessarily mean this was the first such structure in a patent. An 
example of a sugar with its stereochemistry defined is shown in 
Fig. 33 87 and an even clearer representation was located in 1949 
(see Fig 34).88

Fig. 32 Excerpt from a US patent from 1899.

Fig. 33 Excerpt from a US patent from 1933.

Fig. 34 Excerpt from a US patent from 1949.

Many of the patents discussed in the late 19th century were 
for dyestuffs, which is not surprising as this was a major growth 
area in organic chemistry at the time and led to production of 
the materials most suitable for commercial application, and thus 
were likely to be patented. The patent classification for dyestuffs 
was deliberately chosen for this study, along with two others 
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and rings meant that there were on-going technical problems 
associated with transferring structure diagrams to print.

Possibly for reasons of conservation of space as well as 
limitations of printing, there appears to have been reluctance 
by publishers of journals or patents to print structure diagrams. 
There are many occasions when a unique structure diagram 
would have simplified the communication of chemical 
information in JCS, JACS and patents, especially as the 
complexity of structures increased.

However, as time progressed, publishers strove to print 
structure diagrams, or at least to produce formulae which 
conveyed structural meaning. Probably in part due to the 
numerous representations of structures that existed, particularly 
in the 19th century, there was little standardisation in their 
presentation. It might be expected that publications such as JCS 
and JACS, which have a house style, would have had definitive 
conventions for representing structures, but this does not appear 
to have been the case in the first few decades of their existence. 
However, in JCS and JACS after around 1870 a diagram for 
a compound under discussion can usually be drawn from the 
information provided, either from the structure fragments or 
names assigned, or a combination of the two.

Many of the 19th century patents contained ambiguities 
in their structure representations. This raises questions as to 
whether these were deliberate, or simply a consequence of 
the inadequate printing technology available. There was also 
sometimes genuine uncertainty about the precise structures of 
the compounds under investigation, for example the location 
of substituents in benzene and naphthalene derivatives, the 
structures often only being determined explicitly later in the 20th 
century. In general, it was the process that was generally more 
important in patents rather than the precise chemical structure.

Structural formulae were more common after around 1900, 
by which time many structure determination problems had been 
resolved. Before that time the lack of structural knowledge 
was sometimes used by patentees in disputes to protect their 
inventions, sometimes as a means of revealing the minimum of 
information. Certainly there were claims that the Germans in 
some cases deliberately resorted to disinformation, for example 
by omitting precise conditions for critical steps in reactions.90 
William Henry Perkin Junior, in the Presidential Address to the 
Chemical Society in 1915, highlighted some of the problems 
associated with using German patents, and the fact the British 
Government seemed to think that it was a simple matter to 
synthesise the dyes described by following instructions in the 
patent documents:91

“It seems to be imagined in many quarters that, in order 
to manufacture a dye which had previously been made in 
Germany all that is necessary is to follow the directions given in 
the patent dealing with that particular dye. No greater mistake 
could possibly be made. It is common knowledge that German 
manufacturers have for many years devoted large sums to the 
establishment of an efficient staff  of  patent experts, whose 
business it is to so word a patent that, whilst it satisfies the 
requirements of the patent laws of the various countries in which 
it is taken out, it only gives such information as is absolutely 
necessary, and contains no indication of the process which 
is used in the actual manufacture. In many cases patents are 
devised which are of no practical value, and are merely intended 
to mislead and throw the competitors on the wrong scent.”

If  carried through to US patents, which is quite likely 
bearing in mind the number of German companies which took 
out patents in the USA and were identified in the present work, 
then the confusing structures may well have on occasions been 
deliberately misleading.

It is also interesting to note that there were numerous 
references to the Beilstein Handbuch in patents studied in this 
work, confirming its importance to industrial chemists. During 
the earlier part of the time period under consideration, Beilstein 
was the only authoritative information tool available, and its 

reliability by virtue of only including evaluated information 
must have been a benefit, the fact that it was published in 
German not appearing to be a deterrent to its use.

It would be expected that there would be less standardisation 
in patents than in respected journals such as JCS and JACS, and 
this is indeed the case. It almost seems that no two patents, unless 
produced by the same assignee, used the same conventions in the 
late 19th century. This combined with the ambiguities, due to 
lack of knowledge of precise structures, makes patents from that 
era difficult to interpret.

Standardisation of structure diagrams was not organised 
in the same way as chemical nomenclature. The IUPAC92 
and its predecessors have been involved with standardisation 
of chemical nomenclature, as have organisations such as the 
Chemical Society, which first published nomenclature and 
notation guidelines in 1882, and the Chemical Abstracts 
Service. Whereas publishers might have insisted on a name being 
supplied with a manuscript in accordance with a particular 
naming convention, this does not seem to have been the case 
for structure diagrams. As printing techniques improved and 
structures became easier to reproduce, over time the problems 
of representation of structures to some extent solved themselves, 
and unwritten rules ensured that structure diagrams became 
more standardised. Indeed, only now is the IUPAC addressing 
the issue of standardisation of structure representations.

Many factors have led us to the position where we are today, 
and these have resulted from synergies between structural theory, 
communication of chemistry by symbols, printing techniques, 
conventions and, nowadays, computer technology.
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