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Unified retention index of hydrocarbons separated on squalane
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The general identification approach applied over many years in gas chromato-
graphic (GC) practice is to compare the retention of a compound of interest with
that of a reference substance or standard. It is not easy, however, to maintain the
necessary collection of standards, so comparison is commonly made with literature
data. Unfortunately, the published retention data are given in many forms and their
usefulness is limited. Even the Kovats retention index, I', did not solve the problem,
in spite of it being considered to be the most representative characteristic of reten-
tion?:3, as the temperature dependence of I and its high sensitivity with respect to
stationary phase composition changes**>. The temperature dependence, dI/dT, is an
additional source of information about structure® and is used to confirm the iden-
tification”-®. Hence, the determination of its correct value is as important as the
determination of the vatue of I itself.

Studies on the influence of the GC conditions on the retention of hydrocarbons
were completed in about 1973 with the comprehensive work of Rijks®. He showed
that the repeatability of the experimentally obtained 7 values could be +£0.1 index
units (i.u.) or even better. This was confirmed later for GC with temperature pro-
gramming!%.11, Unfortunately, the inter-laboratory reproducibility remains unsat-
isfactory, except for a few special cases®. The actual discrepancies between the ex-
perimental values of I for identical compounds obtained in different laboratories in
routine analysis we assume to be +1 i.u.'2.13, Cases in which these discrepancies are
up to 10 i.u. or more have been explained!3.

We consider that the observed discrepancies should not be accepted as a dis-
advantage of the retention index system and it is time to establish better the reliability
of this identification approach. The existing uncertainty is connected with the dis-
crepancies between the published data. We assume that the existing numerous ex-
perimental data could be unified by using them as inputs for a regression analysis.
The values obtained should be more reliable and could be used for a calibration
procedure in which the column would be checked in a manner similar to spectral
calibration. Then the GC identification could be considered as more reliable than it
is at present. This paper gives equations for the calculation of such unified retention
indices. They can be used further in the comparison with the experimentally obtained
I values at any analysis temperature. The equations given refer to the calculation of
unified retention indices of hydrocarbons separated on squalane.
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EXPERIMENTAL

Comparison of the Iy, of the same hydrocarbon obtained in different labora-
tories shows that the discrepancy varied in magnitude and sign. Such comparisons
are given in the literature!*, and the differences reported varied from 0.2 to 1.3 i.u.
We also compare in Table I I, values taken from the publications of workers whose
activity in the field is well known'3; even greater differences were found. Hence, the
question of which data are the more correct is reasonable. Any practical chromatog-
rapher who has to identify the peaks he has obtained is faced with such a question,
and so does any theoretician who works on retention index pre-calculation. Thus,
Altenburg compared the values of I.,., calculated according to his equations!s, with
the I, values obtained by Evans!®. Martinov and Vidgergauz'” and later Randié!8
used in their comparison the I.,, values of Tourres'?. Hammers and De Ligny?2° cited
the I, values of Hively and Hinton?!, and Chrétien and Dubois?? those of Rijks®.

We consider that the differences between the I.,, values of the different workers
result from random errors, because in most instances they have neither equal mag-
nitude nor the same signs. On this basis and in order to remove doubts about the
choice of the lierature source for I, data, and to create a bank of data with known
confidence intervals, we treated all of the existing /.,, values statistically. If we denote
the unified retention index at any analysis temperature T (°C) by Ul, its value could
be calculated by the following equation:

where Ul, is the value of Ul at 0°C. Using the I, values at the corresponding
temperatures and the least-squares approach, we obtain the values of Ul,, dUI,/dT
and the standard deviations. The value of the slope, —dUI/dT, is of great interest:
it is used for confirmation of the identification made on the basis of I3:23, it is cor-
related with the structure of the substance2*25 or it is used for the prediction the best
separation temperature2®. The general relationship between I and temperature is

TABLE I

1§§ VALUES OF SOME HYDROCARBONS AND MAXIMAL DISCREPANCES (d) BETWEEN
RESULTS OF DIFFERENT WORKERS

No. Hydrocarbon o d
1 2,3,3-Trimethyl-1-butene 630.7°; 631.321 0.6
2 Methylcyclopentane 630.81°; 631.0%; 632.7%1 1.0
3 Benzene 641.8%; 642.82°; 642.932; 645.321 35
4 2,3-Dimethyl-1-pentene 652.29; 653.417 1.2
5 Cyclohexane 666.9514; 667.2%; 668.032; 668.621 1.6
6 1-Heptene 682.3%; 682.529; 682.821 0.5
7 3-Methyl-cis-3-hexene 685.3%; 691.7%! 6.7
8 Toluene 750.2°; 750.532; 750.72°; 751.921 1.7
9 3-Methytheptane 772.3%; 772.521; 772.914; 773.619 1.3

10 3-Methyloctane 870.67; 870.7°; 871.01° 0.4

11 3,3-Diethylpentane 882.49; 882.717; 884.219; 885.433 3.0
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hyperbolic27-28, but for dI/dT for non-polar substances separated on non-polar sta-
tionary phases, the linear regression gives more accurate results'®. Experimentally
obtained values of dI/dT are given in many papers, but the determinations are made
over more or less limited temperature intervals’-1-29731_ It is evident that the dI/dT
values calculated for two or three temperatures cannot be exact. The regression equa-
tions given in this paper combine more experimental data and are considered ad-
equate if dUI/dT is calculated from I.,, values obtained by at least two groups of
workers and at three temperatures. In most instances, however, the data obtained
relate to more than five studies. The comparison with the experimental df/dT values
of different workers is given in Table II and the advantage is clear.

The following example explains the calculations made. For cis-2-heptene, re-
tention indices at five temperatures (n = 5) from two different sources are as follows:
30°C, 701.9'°; 50°C, 702.5'°; 70°C, 703.1'9; 86°C, 704.32°; and 115°C, 705.12°. The
equation obtained is Ul; = 700.61 + 0.03957 with a standard deviation s = 0.247,
The calculated values of Ulr agreed well with the corresponding I, values, the
difference varying between +0.30 and —0.27 i.u. in the range 30-115°C. All values
obtained satisfied the linear regression. If necessary, however, a statistical exclusion
of wrong data should be made.

RESULTS AND DISCUSSION

The values of Ul,, dUI/dT, s and n, the number of I, taken in the regression
are summarized in Table II. The hydrocarbons are arranged in order of increasing
Uly. The values of dUI/dT are compared with some similar values of d//dT quoted
in the literature. If one now uses the given values for Ul, and dUI/dT, one could
calculate Ul for the temperature of the analysis. The Ul value obtained and that
calculated according to the given s confidence limit can bwe used further in the
identification.

If the experimentally obtained /5 value is statistically equal to Ulr, one could
decide with known reliability the peak from the chromatogram to which the hydro-
carbon belongs. The UI; value gives an even better possibility. If one checks the
chromatographic column with a limited set of known hydrocarbons and obtains I,
equal to Uly, one can be confident in using this column for identification purposes.
We consider this test of the column to be similar to the adjusting procedure in spec-
troscopy.

On the basis of the above results and the discussion, we conclude that the
proposed unified retention index possesses the following advantages: Ulr is a statis-
tically obtained value and, hence, it is more reliable than any individual I.,, value;
Ulr is characterized by a standard deviation and the calculation of the confidence
interval at any desired level is possible; dUI/dT is a more reliable value than d7/d7
for estimating the peak movement with temperature; and both Ul and dUI/dT can
be used as a test to check the reliability of the column for identification purposes.
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