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Overview

¸ From the early history of chemistry (alchemy) to 
the end of the 19th century the language and 
symbolic representation of chemistry has been in 
constant development

¸ Chemistry has always been a subject which has 
relied on graphical representations ïe.g. 
alchemical symbols

¸ The evolution of nomenclature and symbolism 
has reflected our growing understanding of 
chemistry 



Alchemy

The word alchemy comes from the Arabian al-kimia, 
referring to the preparation of 'Elixir' or the 'Stone' 
by the Egyptians. 

The Arabic kimia, in turn, comes from the Coptic 
khem, which referred to the fertile black Nile delta 
soil and also to the dark mystery of the primordial 
First Matter (the Khem). 

This is the origin of the word 'chemistry'



Our view of the alchemist



The Alchemist



An alchemist's view of chemistry

¸ Four Aristotelian elements 
at corners of the square

¸ Three principles of 
Paracelsus at apex of the 
triangle

¸ Symbols for seven metals 
in pointed star

¸ V.I.T.R.I.O.L. is spelt out 
in the circle by the words 
Visita Interiora Terrae 
Rectificando Invenies 
Occultum Lapidem



An alchemist's view of chemistry

¸ The four stages of the 
alchemical process ï
Solutio, Ablutio, 
Conjunctio, Fixio are 
represented

¸ Four elements 
depicted on the 
spheres ïearth, 
water, air and fire 
respectively



Element symbols
Although single symbols are presented in the 
previous slide, there were often many symbols for 
an element. 

For a time, the astronomical symbols of the planets 
were used to denote the elements. However, as 
alchemists came to be persecuted, particularly in 
medieval times, secret symbols were invented. 

This led to a great deal of confusion, so you will find 
some overlap of symbols. The symbols were in 
common use through the 17th century; some are 
still in use today.



Nomenclature was confusing and much 
criticised in the 17th and 18th centuries

There are many examples of this type of criticism in 
the literature:

¸ Boyle complained about the use of the terms 
'Mercurius Vitae' and 'sulphur'

¸ Newton was scornful about the use of the term 
'magisterium tartari vitriolati'

¸ Royal College of Physicians suggested reforms 
of London Pharmacopoeia in 1742



Rapidly expanding knowledge of 
chemistry in the late 18th century

¸ In 1771, the young Lavoisier was able to identify 
only six salts in the mineral kingdom (two mineral 
acids and three mineral alkalis and earths)

¸ In 1781, Guyton de Morveau published a table 
which allowed the naming of some five hundred 
substances



1787 reform of chemical nomenclature 
in France

¸ Methode de nomenclature chimique published in 
1787 by Guyton de Morveau, Lavoisier, 
Berthollet, and Fourcroy

¸ It contains some 300 pages and two sections 
dealing with nomenclature and symbolism

¸ The English translation, performed by St John, 
Pearson and Kerr, was published in 1788 
followed in 1794 by the translated table of 
nomenclature 



Slow acceptance of the new 
nomenclature in Britain

¸ The new nomenclature was resisted by 
supporters of the phlogiston theory

¸ There was concern about the way in which some 
terms had been translated from French to English 
(sulfur vs sulphur, etc.)

¸ ñThe new chemical nomenclature was accepted 
by the students of chemistry long before those in 
commerce and pharmacy became familiar with 
the termsò



Geoffroy's 'table of affinities', 
1718

¸ This table showed the  
'affinities' of a group of 
substances

¸ Geoffroy claimed that the 
use of symbols made it 
easier to see the 
relationships between 
substances

¸ May have helped a line of 
enquiry which dominated the 
theory of chemical reactions 
in the 18th century



Chemical symbols used by 
Bergman (1785)

¸ Use of symbols to 
represent the course 
of a chemical reaction

¸ Early examples of 
chemical equations



Table of the characters to be made use of in 
chemistry (Hassenfratz and Adet, 1795)



Table of the characters to be made use of in 
chemistry (Hassenfratz and Adet, 1795)

¸ section of the table 
from the previous slide

¸ classification of metals 
being used to organise 
the elements in the 
table



Table of the characters to be made use of in 
chemistry (Hassenfratz and Adet, 1795)

¸ ñThese simple signs are very distinct and as easy 
to recognise as to write and they form a 
methodical and systematic series of chemical 
characters based on the same foundations as the 
nomenclature...ò Fourcroy 1801

¸ However, we should note that Fourcroy's own 
textbooks did not use the symbols

¸ Typographical problems had limited their use in 
printed matter

¸ A special typeface needed to be constructed



John Dalton, Manchester, 1803

¸ Advocated the atomic theory of chemistry

¸ Closely connected with this theory was a system 
of symbols

¸ Atoms of different elements denoted by circles 
containing a distinguishing pattern or letter

¸ Each symbol stood for one atom of the element



John Dalton, 1810

¸ Atomic symbols and   
representations of some 
simple compounds

¸ Dalton thought of atoms 
as being similar to solid 
balls

¸ Note these symbols also 
suffered from the same 
typeface problems as 
those of Hassenfret and 
Adet



Berzelius chemical symbols, 1813

¸ Based on Dalton's atomic 
theory

¸ Used initial letters of the 
element and a second 
letter or first consonant 
when needed to resolve 
conflict: S = sulphur        
St = antimony (stibium)   
Sn = tin (stannum)

¸ No typeface problems



Representation of organic chemistry

¸ Inorganic chemistry nomenclature had 
been established by the early 19th century 
but organic chemistry was in its infancy

¸ However, the number of known organic 
compounds had started to increase rapidly  
in the late 18th century

¸ New organic compounds were often named 
according to their appearance or their 
source: lactic acid, malic acid, etc.



Quantitative analysis of organic 
compounds

¸ Lavoisier realised the need for more accurate 
analyses of organic compounds

¸ Guy-Lussac and Thenard developed a more 
accurate analytical technique in 1810

¸ They could determine the proportions of the 
elements ïcarbon, hydrogen and oxygen and  
discovered a group of 'carbohydrates'

¸ Often compounds were given many different 
names depending on the method of preparation 
or the degree of understanding



Systems of classification and theories 
of organic chemistry

¸ Early 19th century saw the first use of names with 
chosen suffixes to describe compounds which 
reacted in the same way

¸ Alkaloids and ketones were among the first 
classes of compounds to be named 
systematically

¸ The terms ester and ketone were introduced by 
Gmelin in 1843.



Gmelin, Handbuch der Chemie, 1817-1819

¸ In 1817-1819, Gmelin had published the first edition of the 
major chemical textbook of the first half of the 19th 
century, Handbuch der Chemie (Handbook of Chemistry), 
in three volumes. 

¸ By 1843, the book was in its fourth edition (published 
1843-1855) and had been expanded to nine volumes. In 
this edition Gmelin adopted the atomic theory and 
devoted much more space to the growing discipline of 
organic chemistry.

¸ He adopted a new classification of organic compounds 
based on Laurent's nucleus theory 

¸ His book was translated into English in 1848. 



Gmelin's nomenclature

¸ Inorganic compounds were to be represented by 
synthetic names indicating both the elements 
present and their number

¸ Organic compounds were to be given names 
based on the 'type' theory

¸ Each 'primary nucleus' was to have a distinct 
name and substituents were to be denoted by a 
consonant



Gmelin's contribution

On March 30th 1854, Philip F.R.., President of The Chemical 
Society, announcing the death of Gmelin said the 
following: 

...But the greatest service which Gmelin rendered to science, 
a service in which he surpassed all his predecessors and 
all his contemporaries, consists in this: That he collected 
and arranged in order all the facts that have been 
discovered in connection with Chemistry. His Handbuch 
der Chemie stands alone. Other writers on Chemistry have 
indeed arranged large quantities of material in systematic 
order; but for completeness and fidelity of collation, and 
consecutiveness of arrangement, Gmelin's Handbook is 
unrivalled.ò



The 'New Type Theory'

¸ The 'new type theory' provided a classification 
and a nomenclature for organic chemistry

¸ Organic compounds were considered to belong 
to one of a few basic types: ammonia-, water-, 
hydrogen-, and hydrochloric acid types

¸ The types are the basis of a type of binomial 
nomenclature similar to the Linnaeus 
nomenclature used for classifying natural species

¸ The concept of an homologous series was first 
introduced by Gerhardt in 1843



Representation of organic compounds 
by formulae

¸ Until about 1860, the majority of chemists used 
formulae merely as convenient representations of 
organic compounds

¸ Differing systems (based on atomic weight and 
equivalents) used caused problems in the 
interpretation of formulae

¸ In 1861, Butlerow formally introduced the concept 
of structure

¸ For each compound only one true 'rational 
formula' would be possible



The Karlsruhe Congress, 1860

140 chemists discussed various problems of 
nomenclature and symbolism ïwhich arose from 
lack of agreement on atomic weights and sought:

Definition of important chemical ideas: 
atom, molecule, equivalent, atomic, basic

Examination of the question of 
equivalents and chemical formulae 
(Avogadro)

To establish a uniform notation and 
nomenclature



The Karlsruhe Congress, 1860
Conference organizer Karl Weltzienôs laboratory in Karlsruhe 

in the mid-1800s



The Chemical Society of London

¸ In 1879, rules were introduced into the Journal

¸ Short aliphatic hydrocarbons were to be called by 
their usual names and longer chain hydrocarbons 
were to be considered as derivatives of methane

¸ Numerical substitution positions for derivatives of 
benzene were introduced

¸ The use of the terms ortho, meta, para were 
reintroduced for 1,2; 1,3; 1,4 substitution of 
benzene

¸ Certain suffixes should be used to denote 
compounds of a particular class



Beilstein's Handbook

¸ In 1881, after many years of preparatory work, 
Beilstein published the first edition of his 
Handbuch der organischen Chemie(Handbook of 
Organic Chemistry) which covered 15,000 
compounds in 2,200 pages in its first edition

¸ Clear nomenclature rules covering:

Use of suffixes

Use of standard abbreviations

Use of Greek letters to indicate position 
of substituting groups



The Geneva Congress, 1889 and 1892

¸ An International Commission (with 25 
members) was established in 1889 to study 
the unification of chemical nomenclature

¸ Report submitted to the 1892 congress

¸ Agreement on an official name for each 
compound

¸ Reformed nomenclature based on

Principle of substitution

Use of molecular formulae



Discovery of the Periodic Table

¸ The discovery of the periodic table of the 
elements is usually attributed to Dmitri 
Mendele'ev in 1869

¸ The first published Mendele'ev periodic table is 
reproduced in the next slide

¸ However, John Newlands, Lothar Meyer and 
Alexandre-Emile Béguyer de Chancourtois 
independently also contributed to the recognition 
of the periodicity of the elements



Mendeleev, 1869



Periodic table ïJohn Newlands, 1865

ñIf the elements are arranged in order of their equivalents 
[i.e. relative atomic masses in todayôs terminology] with 
a few transpositions, it will be seen that elements 
belonging to the same group appear in the same 
horizontal line. Also the numbers of similar elements 
differ by seven or multiples of seven. Members stand to 
each other in the same relation as the extremities of 
one or more octaves of music. Thus in the nitrogen 
group phosphorus is the seventh element after nitrogen 
and arsenic is the fourteenth elements after phosphorus 
as is antimony after arsenic. This peculiar relationship I 
propose to call The Law of Octaves'.ò



Periodic table ïJohn Newlands, 1865

H 1 F 8 Cl 15 Co/Ni 22 Br 29 Pd 36 I 42 Pt/Ir 50

Li 2 Na 9 K 16 Cu 23 Rb 30 Ag 37 Cs 44 Tl 53

Gl 3 Mg 10 Ca 17 Zn 25 Sr 31 Cd 34 Ba/V 45 Pb 54

Bo 4 Al 11 Cr 18 Y 24 Ce/La 33 U 40 Ta 46 Th 56

C 5 Si 12 Ti 19 In 26 Zr 32 Sn 39 W 47 Hg 52

N 6 P 13 Mn 20 As 27 Di/Mo 34 Sb 41 Nb 48 Bi 55

O 7 S 14 Fe 21 Se 28 Ro/Ru 35 Te 43 Au 49 Os 51



Periodic table ïJohn Newlands, 1865

The Chemical Society made 
some amends for 
discrediting him by asking 
him in 1884 to give a 
lecture on the Periodic Law. 
However its full recognition 
of his discovery waited until 
1998, the centenary of his 
death, when the Royal 
Society of Chemistry 
oversaw the placing of a 
blue commemorative plaque 
on the wall of his birthplace. 
Note its inscription


