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1. INTRODUCTION

In the discussion of the nomenclatures of gas and liquid chromatography in
Parts I and II!-2 of this series, we have already pointed out the problems which exist
with the present nomenclatures and proposed modifications and corrections to be
considered for future revisions. There is no reason to repeat these here. However, this
series could not be finished without drawing attention to the general rules proposed
in a major IUPAC publication®, to certain rules followed by the major nomenclatures
in the selection of lower-case and capital letters used as symbols and subscripts and,
finally, to some basic considerations in the proper naming of certain important terms.

2. JUPAC MANUAL OF SYMBOLS

A major IUPAC publication issued in 1970 by the Division of Physical
Chemistry® discusses in detail the rules to be followed in setting up nomenclatures for
physical and physico-chemical methods, and the general symbols to be used for the
major physical and physico-chemical quantities and units. Table 1 lists those which
are also used in chromatography. These recommendations have important conse-
quences. For example, the table clearly defines that #ime is r and not T while temper-
ature (always in degrees Kelvin) is 7'; that weight is always W and not w while width
should be w, etc. This distinction between lower-case and capital letters is very
important to avoid confusion. These rules are often violated, not only due to simple
sloppiness but also due to the use of lettering sets in the preparation of figures or to
the recent fad of preparing tables and graphs by computers which can only print
capital letters®. Not only should this habit be discouraged but journal editors shall

® The use of capital Ietters only also creates confusion with various units. For example, one
often finds in graphs MV for millivolts although the correct symhbol is mV; MV means megavolts.
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TABLE 1

GENERAL SYMBOLS RECOMMENDED BY IUPAC FOR PHYSICAL AND PHYSICO-
CHEMICAL QUANTITIES AND UNITS?

Quantity, unit or term Symbol

Area

Density

Diameter

Diffusion coefiicient
Equilibrium constant
Lenzth

Pressure

Radius

Rate constant
Temperature (degrees Kelvin)
Time

Velocity

Viscosity

Volume

Weight

YRS a0y,
2
v

¥

not accept such material. Authors who do this violate the elementary rules set up
by the highest international body in chemistry.

There is one symbol where deviation from the IUPAC recommendations® is
proposed: the use of L instead of / for “length™. The reason for this is the easy inter-
changeability in a printed, and particularly typed, text of the letter / with the numeral
“one”.

3. GENERAL RULES

Obviously, only the most important quantities and units are listed in the
IUPAC Manual of Symbols and therefore further differentiation is necessary. This
differentiation should be done by using subscripts and superscripts and not composite
symbols. Thus, symbols such as tm, ts and tms are not only against the words but also
against the spirit of the official, carefully compiled nomenclatures®. Naturally,
acronyms (e.g., HETP and GC) may be used, but these should be capitalized and
there is no need to use full stops after each letter.

Superscripts are generally used only for the various retention times and
volumes, such as 7z and V for the adjusted retention time and volume, and ¢3 and
Va for the corrected retention time and volume (see ref. 1). Thus, practically all the
differentiation is done by subscripts. Through their proper use one can use the same
main symbol and still express quite different terms, such as r; . representing relative
retention and r. the (inside) column radius.

The major nomenclatures*-? generally follow distinct rules in the selection of
the proper subscripts. These rules are summarized below.

(a) In general, subscripts referring to the physical conditions or the phase
should be capitalized. In gas chromatography, G refers to “gas™ or the gas phase and

* In fact, most of the compound symbols found in the literature are due to typing errors (not
typing the sabscript half-way down) and sloppy copy-editing.
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L to “liquid” or the liquid phase; in generalized usage, M refers to the mobile phase
and S to the stationary phase. Thus, e.g., the diffusion coefficient in a gas is D¢ and
not D,, the liquid diffusion coefficient is D, and not D, and, in general, the diffusion
coefficient in the mobile phase is Dy, and not D,,. Similarly, the mobile phase hold-up
time (volume) is 7y (V) and not 7,(V.). In subscripts, S should always refer to
“stationary phase” and never to “support™.

(b) In addition to those mentioned above, a few capitalized subscripts are used
to describe specific terms, such as R in tz and V for “retention”, N in Vy to express
“net retention” and [ in ¥} for “interstitial”. In general, however, other capitalized
subscripts should be avoided except those used to identify peaks, such as 4 or B.

(c) Subscript o generally refers to the outlet of the column such as in z, or P,.
Thus it should not be used for “zero” because printers usually do not distinguish
between o (lower case letter) and 0 (zero) in small characiers. This is the reason why
hold-up time (volume) is 1,,(¥,,) and not r,(V,) or #5 (¥,)- As discussed in connection
with exclusion chromatography, an exception may be made there.

(d) Similarly to the rule against compound symbols, one should also avoid
compound subscripts. Compound subscripts should only be used to identify individual
peaks, e.g., Iis, [rs OF Ine.41). Sometimes, however, abbrevations have to be used as
subscripts, such as V., for the external volume or n,., for the number of theoretical
plates required for a given separation.

(¢) Individual peaks may be characterized either by arabic numerals (1, 2, ...)
or capital letters (A4, B, ...) used as subscripts. It should always be assumed that the
smallest numeral or the earlier letter refers to the peak which emerges first; in other
words, by definition, fg, > gy, I = treays €tC-

(f) If a symbol already has a subscript, one should not create a subscript to a
subscript; thus, it should be 7., and not 75,. Simple subscripts indicating a given peak
need not be placed in parentheses; however, parentheses are needed if complex
subscripts are to be used or there is the possibility of any misunderstanding. For
example, it is 7z, and not fgzy; on the other hand, the retention time of an n-alkane
with z--1 carbon atoms in the molecule is fz¢- ;1)

4. MAJOR TERMS

In Parts I and Il we discussed in detail the modifications or further ciari-
fications recommended in connection with the major terms, such as:

diffusion coeflicients;

distribution (equilibrium) constants;

open tubular columns;

capillary columns;

capacity factor
Hence there is no need to repeat these discussions here. However, one more major
term should be mentioned where further revisions of the existing nomenclatures must
include clear specifications. This term is the retention index.

The retention index system was first introduced in 1958 by Kovits'? as a more
precise expression of relative retention. By definition it gives the carbon number”

* The number of carbon atoms in the molecule of the compound.
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(multiplied by 100) of a hypothetical n-alkane which, under the given conditions and
in isothermal operation, would give the same adjusted retention time (volume) as the
component of interest. Mathematically, the retention index (/) can be expressed as

logX; —logX. ]

= 100[ log X:41) —log X T

¢y

where X represents the adjusted retention time or volume, subscript 7 refers io the
compound of interest and z represents the carbon number of the n-alkane emerging
just before the compound of interest.

In the 20 years since its introduction the retention index system has become
more and more accepted universally, in recognition of its simplicity.

In addition to the retention index system of Kovats, other similar systems have
also been described in the literature. At the beginning, very correctly, these similar
systems were indicated by different names, such as the carbon number'* and equivalent
chain length'?, both of which use the methyl esters of straight-chain saturated fatty
acids instead of the n-alkanes as the reference series, the steroid number'3, where two
hydrocarbons with steroidal structure are used as the bracketing reference compounds,
the methylene unit'*, which is identical with the carbon number of the hypothetical
n-alkane (i.e., omitting multiplication by 100) but is determined under programmed-
temperature conditions, the arithmetic index'®, which is similar to the retention index
but calculated without the use of logarithms, and the paysico-chemical index'®, which
is a theoretical retention index value calculated from vapor pressure and molar
volume data. Unfortunately, however, more and more authors are describing similar
systems by keeping the term “retention index”, indicating the difference by an adjec-
tive only. Examples are the standard retention index of Robinson and Odell'?, the
linear retention index of Vigdergauz'®-'? and the molecular retention index of Evans®®.
Scometimes the difference is not even indicated in the name, such as the retention
index calculated for programmed-temperature runs®', where the logarithm is omitted,
the retention index for iocdoalkanes?*>, where the 1-iodoalkanes are used instead of
n-alkanes as the reference series, or the retention index system for polynuclear
aromatics®®, where a series of polynuclear hydrocarbons are used as the reference
compounds.

This uncritical use of the term “retention index” for other expressions starts to
create confusion in the proper interpretation of the data published in the literature.
For this reason, it is recommended that future revisions of the major nomenclatures
clearly define the meaning of the “retention index™ and specify that only data corre-
spanding to Kovdts® original definition can be listed under this name: all other ex-
pressions, however similar, must be clearly defined by another name.

5. SUMMARY

General rules of IUPAC concerning symbols for physical and physico-
chemical units are discussed which should be considered in any future revisions of
chromatography nomenclatures. In addition, other important questions related to
future nomenclature revisions are also discussed.
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