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Combined gas chromatography—mass spectrometry (GC-MS) has been widely
utilized for the identification of the components of complex organic samples. How-
ever, the information provided by MS itself is usually insufficient for the complete
identification of peaks separated by GC. Therefore, many workers have proposed
the use of retention indices obtained with temperature programming, Ip, as an auxili-
ary means of identification-2. Many Itp values have been published®+. As Ip is a
function of the temperature programme parameters, one should specify these param-
eters (initial temperature, heating rate, carrier gas flow-rate, etc) when reporting I'tp
values. Nevertheless, the parameters chosen are not necessarily the optima, so it is
useful to establish the relationship, even approximately, between the Itp values ob-
tained using particular parameters for convenience and those reported in the litera-
ture,

Golovnya and Uraletz® proposed the following equation for correlating Irp
and the isothermal retention index (I;):

I =L+ T. — Tp dI .

TP Ty 2 dT ( )
where T, is the retention temperature of the solute, T is the initial column temper-
ature and [y, represents the isothermal retention index at T,. Later Erdey et al.®
derived an equation for calculating Itp from any pair of values of the initial temper-
ature and the retention temperature of a solute.

In this study, it was found that many anomalies exist in calculating I'tp value
from It by Golovnya and Uraletz’s equation. We therefore considered it to be of
value to derive a new equation for the correlation of retention indices. A new equa-
tion has been derived for correlating I'tp of one temperature programme with that of
another temperature programme. Although the new equation originates from that
of Golovnya and Uraletz it gives a better correlation.

EXPERIMENTAL

A Shimadzu GC-9A gas chromatograph equipped with a flame ionization de-
tector, a C-R2A microprocessor and two glass capillary columns [OV-101 (50 m x 0.27
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mm 1.D.) and PEG 20M (62 m x 0.27 mm 1.D.)] were used for retention index
measurement and the values of dI/dT were calculated form the I; versus T curves.
The test mixture was injected, then n-alkanes were pre-mixed and then the mixture
was injected into the column. The Iyp values were calculated in terms of T; and the
I; values in terms of log ;. The standard deviations of the Itp measurement were in
the range 0.2-0.9 i.u. (n = 4).

For most compounds tested the I; versus T curves were linear over the whole
range from T, to T, and dI/dT was simply the slope of the straight line. However,
for n-heptanol and anisaldehyde on the OV-101 column and n-heptanol on the PEG
20M column, the I; versus T curves deviated considerably from linearity and for these
three compounds dI/dT in the initial temperature correction term (see below) was
approximated by 41/AT, equal to (Ir,, —I1,)/(To: — To1). dI/dT in the
retention temperature correction term (see below) was treated similarly. When eqn.
1 is used, a straight line should be drawn to approximate the relevant curve and the
slope thus obtained is used as an approximation for d7/dT.

RESULTS AND DISCUSSION

According to eqn. 1, for a solute with dI/dT greater than zero, the Irp should
be greater than the corresponding Ir,. This inference from eqn. 1 cannot always be
verified by experiment, as is shown in Table I. All the compounds in Table I show
a positive temperature coefficient of the isothermal retention index, but Iyp < I,
The cause of these anomalies is unclear. However, it is apparent that eqn. 1 is in-
applicable in these instances.

Based on Golovnya and Uraletz’s equation, the Itp values of two different
temperature programmes can be expressed as follows:

(Trl - TOI) ﬂ

I'n:-1 = IT01 + 2 aT (23)
(Ty, — To,) dI
by, = Tr,, + 2= (2b)

where T, , T, represent the retention temperatures of the solute for the two pro-
1 2 p

TABLE I

SOME PAIRS OF Iy — I; VALUES UNPREDICTABLE WITH GOLOVNYA AND URALETZ’S
EQUATION (EQN. 1)

Parameter* PEG 20M column OV-101 column
Cyclo- 2-pentan-  n-Butyl- 1-dode- 2-pentan-  p-Xylene
hexane one acetate cene one

ANAT (iu./°C) +0.42 +0.23 +0.07 +0.07 +0.03 +0.25

I'rp (T() = 80°C,

r = 2°C/min) 7370 984.4 1073.7 1243.7 661.4 861.8

I (T, = 80°C) 742.0 986.3 1077.6 1246.4 668.1 862.7

* T, = Initial temperature; » = heating rate; T, = column temperature (isothermal).
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grammes, To,, To, denote the initial column temperatures and It,,, Ir,, the isother-
mal retention indices at To, and Ty, respectively.

It is reasonable to assume that the temperature coefficient of the isothermal
retention index, df/dT, remains constant or approximately so over a small temper-
ature range, i.e.,

d/
Ir,, = Ir,, + (To, — Tol)a“y‘, (3)
By substituting eqn. 3 into eqn. 2b, we obtain

| (T, —To) dI

Ivp, = Iy, + (Ty, — Ty )— 4
TP, To, (To, Ol)dT 5 4T C))
By subtracting eqn. 2a from eqn. 4 and after rearrangement, we finally obtain
To, — T dI T, — T.) dI
ITP2=ITP1+M._+£2__1),_ 5

2 dT 2 dT

This is the new equation for correlating the Iypvalues of two different temperature
programme. The second term on the right-hand side may be called the initial tem-
perature correction term and the last term the retention temperature correction term.

The differences between the Itp values calculated by eqns. 5 and 1 and that
determined by experiment are given in Tables IT and III. In general, when eqn. 5 is
used for the calculation of Irp, the discrepancies between calculation and experiment
are smaller, amounting to 1.2 i.u. on average. In particular, for those temperature
programmes in which the initial temperature (7)) is kept unchanged while the heating
rate (r) is varied, the discrepancies become even smaller, amounting to only 0.5 i.u.
on average. On the other hand, when eqn. 1 is applied for correlation, the discrep-
ancies become larger with an average of 4.1 i.u.; the smaller the Trp value, the larger
the deviation becomes.

Erdey et al’s equation was also used for calculating the I1p values of some of
the test compounds and the results were similar to those given by eqn. 1.

For temperature programmes with different T, values, in certain instahces the
accuracy of Itp calculated by the new equation is poorer than that calculated by the
old equation, e.g., camphor on the PEG 20M column and anisaldehyde on the
OV-101 column. This is probably due to the fact that Ty, and/or Ty, in eqn. 5 are
too low with respect to their retention temperatures. How one should utilize eqn. 5
in this instance is still under investigation.
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