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SUMMARY

Specific retention volumes of n-decane on 24 liquid stationary phases of the
silicone type have been calculated from retention data relative to »-decane, of n-
dodecane and the ten probes used by McReynolds to characterize stationary phases
in gas chromatography. The average error of prediction is 1.2%, with only one error
above 3% (5%). Relative retentions of consecutive n-alkanes varied from 1.18 to
1.64. The experimental values of the specific retention volumes of n-decane varied
between 1.39 and 129.2 ml/g.

INTRODUCTION

Specific retention volumes, V,, are difficult to obtain with accuracy due to the
many experimental parameters which must be controlled. Much attention has been
paid to the search for an empirical relationship between this quantity and the relative
retention of various substances, as the latter are easily obtained on any gas chro-
matograph with a reasonable control of the oven temperature. A linear relationship
between the specific retention volume of an n-alkane and the logarithm of the relative
retention of consecutive n-alkanes has been found!. The accuracy of predictions has
considerably improved with the use of more reliable experimental values?, leading to
the hope that a further improvement will result when a larger number of specific
retention volumes of n-paraffins becomes available.

The accuracy of prediction has been found to be higher when the relative
retentions of other substances are included in the expression® and there is no doubt
that average errors would have been lower if a better set of ¥, values had been used.
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The choice of the standard substances used for the prediction was made following
certain criteria which led to the selection of various three-component systems. Care
was taken to avoid the inclusion of alcohols (with activity coefficients in the liquid
phases very different from those of n-hydrocarbons) and substances having retention
volumes very different from that of n-octane (the n-alkane whose specific retention
volume was to be calculated).

In this paper we present results obtained using a totally different set of standard
substances: the ten probes used by McReynolds* to characterize 226 liquids used as
stationary phases in gas chromatography. The set includes substances of varied chem-
ical structure, but they were chosen from 68 that could best predict the retention of
other solutes in gas chromatography (GC). The apparent advantage of this set of
probes is that most reports on stationary liquid phases used in GC state the values
of the McReynolds constants which are equivalent to the corresponding retention
indices. If the logarithm of the relative retention of two n-alkanes is also known for
a given stationary phase, and this value is included in McReynolds’ publication, then
the logarithm of the retention of any of the ten probes relative to an n-alkane or to
any other substance whose retention index is known can be deduced.

Unfortunately, values of the specific retention volume of n-alkanes are not
given by McReynolds#, and a previous publication by the same author covering fewer
stationary phases® only lists four of the ten substances used later for the character-
ization.

In order to test the kind of accuracy which could be obtained with this set of
substances, 24 liquid phases of the silicone type which had been characterized in our
laboratories were chosen. Full details of the procedure used to measure the percent-
age loading of the liquid in the packing, the weight of packing in the column and the
control of experimental parameters during the analyses are given elsewhere®.

EXPERIMENTAL

Some of the values used were obtained on a Perkin-Elmer F-21 gas chromato-
graph fitted with a mechanical manometer to measure the column head pressure.
Other values were obtained on a Sigma-2 gas chromatograph fitted with a mercury
manometer attached to the inlet gas line. The temperature of the column oven was
controlled at 120°C, with the help of a thermocouple. The amount of liquid in the
column was calculated by careful weighing of the packing during its preparation, and
the percentage loading of the stationary phase was deduced with the help of an
extraction method’. The only exception was the liquid OV-101 whose percentage
loading was estimated by ashing three samples of the packing.

RESULTS AND DISCUSSION

The correlation equation
The expression used in this paper is an extension of that employed earlier’-?
and can be written as

11

= ao + Y a;In (tai/tr10) 1

i=1

In V,

By-decane
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where ¥, . is the specific retention volume of n-decane and #x/ fx10is the retention
of the ith compound relative to n-decane on the same chromatographic column.

The eleven substances used in our calculations are shown in Table I. Experi-
mental values of the specific retention volume of n-decane, and retentions of the
solutes listed in Table I relative to n-decane on 24 stationary phases, produce an
overdetermined system of linear equations, with @; (i = 0, 1, ... 11) as unknowns.
The system has been solved according to the algorithm of Nash®. This method of
solving overdetermined systems of linear equations with a least mean squares crite-
rion, when compared with the traditional method for solving normal equations, has
the advantage of numerical stability®. The starting matrix of data has 13 columns
and 24 rows, each row corresponding to one chromatographic column. Data in the
matrix are arranged as follows:

Column 1 Coefficient of the unknown, a,.

Columns 2-12 The natural logarithms of the retentions of the compounds listed
in Table I relative to #-decane.

Column 13 The natural logarithms of the experimental specific retention vol-
umes of n-decane, as shown in Table IV.

TABLE 1
THE SOLUTES USED

i Name i Name
1 Benzene 6 2-Methyl-2-pentanol
2 n-Butanol 7 lodobutane
3 2-Pentanone 8 2-Octyne
4 1-Nitropropane 9 1,4-Dioxane
5 Pyridine 10 cis-Hydrindane
11 n-Dodecane

The relative retentions used are listed in Table II.

The solution of the system produces the values of a; in eqn. 1 shown in Table
I1II. The use of eqn. 1 together with the values in Table III allows the prediction of
the V, values on the 24 liquid phases with the errors shown in Table IV.

It must be emphasized that although there are only 24 liquid phases, the values
of the specific retention volumes of n-decane range between 1.39 and 129.19, a ratio
of 1:93. The “polarities” of the liquid phases considered measured as the sum of the
first five McReynolds constants range from 306 for OV-101 to 4202 for OV-275, a
range similar to that covered by the 226 liquid phases listed by McReynolds in his
classic publication*. In the set of liquid phases considered in this paper, there are
fourteen commercial stationary phases, five liquids prepared by mixing two com-
ponents at the time of coating of the solid support (OV-101 and OV-25 or OV-225
with SP-2340) making homogeneous mixed stationary phases, denoted by the symbol
M following the name and five mixed heterogeneous liquid phases (mixed packings)
represented by the symbol MP.
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TABLE 111
SOLUTION OF EQN. 1

a = 21019 ag = 0.51504
a; = —2.8830 a; = —0.19901
a, = —0.49885 as = 1.9441

as = 017459 a;, = 0.57415
a, = 0.57041 a0 = —1.0916

as = —0.19451 a;; = 0.29843
TABLE IV

PREDICTION OF SPECIFIC RETENTION VOLUMES OF n-DECANE USING EQN. | WITH THE
COEFFICIENTS LISTED IN TABLE III

Lquid phase V, Error (%)
Expl. Calc.

1 OV-225 40.66 40.53 0.319
2 SP-2300 25.55 25.55 0.0

3 SP-2310 12.92 13.23 2.40
4 SP-2330 7.97 7.94 0.376
5 SP-2340 5.59 5.52 1.25
6 SP-2300-MP 18.01 18.17 0.888
7 SP-2310-M 9.24 9.10 1.51
8 SP-2330-M 7.40 7.41 0.135
9 OV-101 128.64 129.81 0.909
10 OV-3 129.19 132.15 2.29
11 OV-3-M 116.58 115.81 0.660
12 OV-7 119.83 118.54 1.07
13 OV-7-MP 94.89 96.15 1.33
14 OV-11 97.51 95.72 1.83
15 OV-11-MP (1) 83.42 81.74 2.01
16 OV-11-MP (2) 76.97 76.96 0.013
170V-17 83.60 84.55 1.14
18 OV-17-M 69.65 69.42 0.330
19 OV-22 61.88 60.31 2.54
20 OV-22-MP 53.52 56.22 5.04
21 OV-6l1 85.62 84.65 1.13
22 OV-61-M 76.88 76.72 0.208
23 OV-25 49.36 48.84 1.05
24 OV-275 1.39 1.40 0.72

Mean 1.2

CONCLUSION

The results show that the use of the McReynolds probes is a very promising
way of predicting specific retention volumes of n-alkanes from relative retention ra-
tios, with errors which are much lower than previously expected?.

It is shown that mixing liquids to obtain improved selectivity does not affect
the inherent precision of the prediction method employed.
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