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Chemical nomenclature
Correct nomenclature in chemistry needs more guidance 
than this chapter can provide. Names for chemical 
compounds are generally intended to reflect molecular 
structure, and for complex molecules can often be long 
and cumbersome. To derive such names correctly from 
internationally agreed nomenclature rules needs a degree of 
expertise normally accessible only to the specialist chemical 
editor. The number of guidelines and standards for both 
names of molecules and general chemical terminology 
is overwhelming, but a few general guidelines will be 
presented in this chapter. Some guidelines may appear 
to be mutually conflicting (in most of such cases it has 
been agreed which guideline overrules the others); many 
guidelines have exceptions; and most of them need careful 
interpretation. Therefore, you must be aware that every 
square millimetre of blank space in this chapter can hide a 
pitfall, and even the inked areas may be oversimplifications.

IUPAC
The International Union of Pure and Applied Chemistry 
(IUPAC) is the body responsible for developing and 
disseminating internationally agreed recommendations for 
chemical names, formulas and structure representations, for 
chemical terminology in general, and for the use of units 
and symbols in chemistry. For units and symbols used in 
common with other sciences there is liaison with other 
International Unions, and with international standards 
bodies (e.g. ISO and the Bureau International des Poids et 
Mésures). More information on IUPAC’s objectives and way 
of working is given on the IUPAC web site www.iupac.org.

Recommendations for deriving chemical names are 
the responsibility of IUPAC Division VIII: Chemical 
Nomenclature and Structure Representation. For 
biochemical nomenclature, IUPAC and the International 
Union of Biochemistry and Molecular Biology (IUBMB) 
have established a Joint Commission. An overview of 
IUPAC recommendations on nomenclature, symbols and 
terminology is available at www.chem.qmul.ac.uk/iupac; a 
search facility is provided for the whole of the collection 
at this website. A series of IUPAC books on chemical 
terminology is listed on old.iupac.org/publications/books/
seriestitles/nomenclature.html. A good introduction is 
Principles of chemical nomenclature – A guide to IUPAC 
recommendations.1 Another introductory book on 
nomenclature is the IUPAC compendium of chemical 
terminology – The gold book (may be downloaded from 
goldbook.iupac.org). A compilation of some important 
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rules for editorial practice can be found in Scientific Style 
and Format.2 The IUPAC International Chemical Identifier 
(InChI; see chapter 14 of1), intended for use by computers, 
has gained widespread acceptance as a means of specifying 
and linking designations of chemical compounds in the 
chemistry literature.

Names and formulas for elements and inorganic 
molecules
There are two major distinctions in chemical nomenclature: 
names versus formulas, and organic versus inorganic 
chemistry.

Molecular formulas are based on symbols for over 100 
chemical elements; these symbols consist of one or two 
letters, the first (or only one) being an upper case, the second 
a lower case: C (carbon), Ca (calcium), Cd (cadmium), Cl 
(chlorine), etc. Full names of elements and molecules have 
no upper case first letter.

The smallest particle of an element is called an atom; a 
compound of two or more atoms is called a molecule. If 
a molecule consists of different elements, the symbols of 
those elements are used with subscript indices to indicate 
the ratio of the numbers of atoms (omitting the number 
1). For example, in CaCO3 the ratio of calcium, carbon 
and oxygen atoms is 1:1:3. This ratio may be a fraction: 
Fe0.91S. Cations (see below) come before anions (see below). 
Molecules can also exist as combinations of atoms of one 
element only; Cl2 or O2 molecules behave differently from 
Cl or O atoms.

Atoms have a nucleus of protons (with positive charge) 
and neutrons (neutral), and a cloud of electrons (with 
negative charge). The number of protons defines the 
element. Protons and neutrons together are called nucleons 
and determine the mass of an atom. By definition, atoms 
are neutral, which means that the number of electrons is the 
same as the number of protons. Loss or acquisition of one 
or more electrons results in charged atoms or molecules. 
Such charged compounds are called ions. Cations have 
positive charges, anions have negative charges. One charge 
is equivalent to one electron. Charges are indicated by 
superscript indices: Ca2+ (not Ca++) is a calcium atom with 
two positive charges, O2– (not O– –) represents an oxygen 
atom with two negative charges. If the number of charges 
is 1, only the + or – sign is written: Cl–. Formulas with both 
charge numbers and ratio numbers are preferably typeset 
as CO3

2–.
In some cases it is more helpful to indicate oxidation 

state rather than charge, and this is done with superscript 
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roman numerals or the zero symbol: MnVII, Pt0.
A radical (a compound which carries one or more 

unpaired electrons) may be indicated by superscript dots, 
which precede the charge indication: NO., (NH3)

.+.
Superscript and subscript numbers may also appear to 

the left of the atomic symbol, in which case they indicate 
the mass number or nucleon number (superscript) and the 
atomic number or proton number (subscript). Thus, 6C 
(carbon has six protons) may also appear as 12C, 13C or 14C, 
representing atoms of 12, 13 and 14 mass units, respectively. 
The preferred typography with combined mass number 
and proton number is   C.

Names of inorganic compounds can generally be 
derived from the molecular formulas; for example NaCl 
is named sodium chloride (Na is derived from the Latin 
name of sodium: natrium). Anion names (chloride) 
resemble element names (chlorine) but these must not be 
confused. Some compound ions have names of their own, 
for example, CO3

2– is called carbonate and CaCO3 is then 
calcium carbonate.

Names and formulas for organic molecules
Formulas and names for organic compounds are far 
more complicated. Organic compounds contain carbon 
atoms that are able to form complex structures in endless 
variations. Often such structures are visualised by indicating 
the separate carbons atoms with the atoms or atom groups 
that are bound to each of them. For greater clarity, these 
subgroups may be separated by n-dashes that represent 
the two-electron bond between two carbon atoms. Thus, 
the formulas CH3–CHOH–CH2–CH3, CH3CHOHCH2CH3 
and C4H10O all represent the same compound (butan-2-ol), 
which has an –OH group attached to the second carbon 
atom. The formula C4H10O, however, may also represent 
compounds with different structures, e.g. CH2OH–CH2–
CH2–CH3. Repeating sequences may be written like CH3–
CHOH–[CH2]n–CH3 or CH3CHOH[CH2]nCH3, with a 
total of n + 3 C atoms.

The n-dash represents a single bond, which is formed 
by 2 paired electrons. Double bonds of 2 × 2 electrons 
are indicated with = and triple bonds with ≡ for example 
CH2=CH–C≡N. In this example we also see that other 
atoms may be present in the chain (or ‘backbone’) of carbon 
atoms; N (nitrogen), O (oxygen) and S (sulphur) are most 
frequent. If written in the form CnHoNpOq... the order of 
element symbols is first C, then H and the other elements 
follow in alphabetical order.

In the compound CH3–CO–O–CH2–CH2–NH2 the O 
atom of the –CO– group is a branch of the main chain, but 
in the –O– group it is part of this chain. Branches or ring 
structures are quite common in organic compounds, which 
necessitates a formula that does not fit on a printed line, for 
example see Figure 1 and 2.

Figure 1. 2-methylpropane (isobutane), C4H10.

Figure 2. 3-aminobenzoic acid, C7H7NO2.

Even more complicated are three-dimensional formulas, 
where special conventions are used to indicate parts that 
are below or above the imaginary plane that is formed by 
the printed paper – see Figure 3.

Figure 3. Glucose, C6H12O6.

The three structure formulas (Figures 1-3) do not show 
all C and H atoms. C atoms are assumed at every twist or 
junction; H atoms are implied by assuming that every C 
atom has four bonds, every N has three bonds, every O or S 
has two bonds, and every H has one bond.

Names for organic compounds, as for inorganic 
compounds, are derived from the structural formulas. Even 
a very basic description of naming rules would require 
several chapters, so we will not elaborate on this part. To 
simplify the description, some complex molecules were 
given ‘trivial names’, such as isobutane and glucose above. In 
general we recommend that IUPAC names should be used, 
that trivial names which appear in good dictionaries are 
acceptable alternatives and that trade names (proprietary 
names) should be avoided. In case of doubt, try to consult a 
reference book like the Merck Index.3

Typography of organic compounds
Numbers may appear in almost any part of a name to 
designate which carbon atom carries a specific functional 
group [such as butan-2-ol above, where the –OH group 
(represented by the suffix -ol) is attached to the second 
carbon atom], a double bond (pent-2-ene), an isotope ([1-
2H]butadiene) etc. If a molecule is formed by two or more 

rings, each with its own atom numbers, indices are used 
to distinguish the various ring systems: 1,2’-bianthracene, 
1,1’-bipyrrole-2,3’-diol.

Lower case italic letters are used to indicate the following:
•	 specific structural features: o(rtho)/m(eta)/p(ara); 

sec(ondary)/tert(iary);
•	 the specific place where two cyclic components share a 

chemical bond: benz[a]anthracene;
•	 cis/trans differentiation in stereochemistry (but Z/E is 

used for double-bond stereochemistry);
•	 and several other features.

Upper case italic letters are used to indicate:
•	 atoms where side chains or other substituents 

are attached: N-methylphthalimide, (S-phenyl)
thiopropionate;

•	 E/Z and R/S differentiation in stereochemistry: 
(2Z,5E)-deca-2,5-diene, (1R,2S)-methylephedrine;

•	 to distinguish between isomers differing in the 
location of a hydrogen atom (‘indicated H’): 
1H-cyclopenta[c,d]phenalene;

•	 and several other features.

Small capital letters are used to indicate:
•	 d/l differentiation in stereochemistry: l-glutamine, 

d-glucose.

Greek letters are used to indicate:
•	 the distance (measured by the number of electron 

bonds) of an atom from the terminal of a molecule: 
γ-aminobutyric acid;

•	 the spatial positions of atoms in cyclic compounds: 
α-d-glucose, β-d-glucose;

•	 small variations in similar molecules: α-tocopherol, 
β-tocopherol;

•	 and several other features.

Parentheses are used to indicate:
•	 properties of atoms and atom groups, as 

distinguished from the atoms themselves: 
(–)-(1R,2S)-methylephedrine;

•	 atom groups that form branches of the main chain: 
3-(diethylamino)propylamine, where a diethylamino 
group is attached to the 3 position of propylamine.

Square brackets are used to indicate:
•	 concentrations in solutions: [H+];
•	 atom groups within compounds, especially if they 

share a charge: [NH4]
+;

•	 isotope labels (occasionally with their position): [14C]
pentane, [1-2H]butadiene (note where hyphens are 
used and where not);

•	 the place of fusion of two rings in cyclic organic 
compounds: benz[a]anthracene, cyclohepta[j,k]
phenanthrene, or the number of atoms in a bridge: 
bicyclo[3.1.1]heptane;

•	 and several other features.
As in mathematics, parentheses and brackets are used 

in hierarchical order: If more than one set of parentheses 

is needed, use (), [] and {} consecutively from inward to 
outward: {[()]}. If more than three levels of enclosures are 
necessary, use the same sets in the same order again, but in a 
larger or bold type. 2-methyl-4-[N-ethyl-N-(hydroxyethyl)
amino]benzaldehyde represents an aminobenzaldehyde 
with, at position 2, a methyl group and, at position 4, an N 
atom (the amino part) which carries two ethyl groups, one 
of these ethyl groups having an additional hydroxy group.

In stereochemistry (concerning the spatial orientation of 
molecules and their components), d/l and R/S are different 
ways of representing the structure of a molecule. Beware: 
if d/l appears in a manuscript, thoughtlessly changing it to 
d/l may give the wrong outcome. d/l was used formerly to 
indicate optical rotation (not stereochemistry); it is now 
best replaced by (+)/(–).

Pharmaceutical nomenclature
Pharmacy uses chemical formulas, but pharmaceutical 
nomenclature has its own conventions regarding names. 
The full chemical names of medicinal compounds would 
in most cases be too complex to be used by physicians or 
pharmacists in everyday practice.

The World Health Organization assigns International 
Nonproprietary Names (INNs) to chemicals used for 
medicinal purposes.4 Official INNs are given in seven 
languages: Latin (from which the other ones are derived), 
Arabic, Chinese, English, French, Spanish and Russian. 
The INNs may be found on the MedNet web site (mednet-
communities.net/inn; login required), but searching in 
www.who.int/medicines/services/inn/en will work just as 
well in most cases.

Table 1. Examples of confusing differences between 
chemical names and INN

Trivial chemical name INN (English form)
chlormethiazole clomethiazole
cholestyramine colestyramine
cyclosporine ciclosporin
sulphamethoxydiazine sulfametoxydiazine
thioguanine tioguanine

Unfortunately, other names are also in common use. 
Pharmaceutical companies market their medicines under 
(proprietary) trade names, which more often than not 
differ unrecognisably from the (nonproprietary) INNs. In 
addition, INNs may differ from widely used chemical names; 
such differences may be very small but may cause great 
confusion. Table 1 gives a few examples of names that may 
easily be confused. Moreover, some countries use their own 
official pharmaceutical names, such as the British Approved 
Names (BAN) and the United States Adopted Names 
(USAN). Thus, a pharmaceutical compound may be known 
under many designations that are seemingly unrelated. 
For example heroin = diamorphine = diacetylmorphine = 
3,5-diacetoxy-12-methyl-4a,5,7a,8,9,9c-hexahydro- 8,9c-
iminoethano-phenanthro[4,5-bcd]furan = (5α,6α)-7,8-
didehydro-4,5-epoxy-17-methylmorphinan-3,6-diol 
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diacetate. Help is at hand, however. There are reference 
works that list synonyms and their status. Two of these 
valuable books are The Merck Index3 and the Index 
Nominum International Drug Directory.5

Many INNs are derived from chemical names by 
omitting letters and numbers at the front and the rear end: 
‘N-acetylcysteine’ becomes ‘acetylcysteine’, ‘cyclosporine A’ 
becomes ‘ciclosporin’ (also note the change from y to i).

In the last few decades a policy was introduced to 
assign INNs in which the terminal syllable indicates 
a specific property of a compound. Thus, a ...mab is a 
monoclonal antibody and an ...ib is an inhibitor, etc. Thus 
pharmaceutical nomenclature may indicate production 
technologies or therapeutic applications, but that is beyond 
the scope of this chapter.
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Further resources
ChemSpider (www.chemspider.com), a service of the Royal Society of 

Chemistry, and Wikipedia may be powerful tools to find information 
on names and chemical structures.


