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The increasing use of computer processors for reporting retention data has
focused attention on the mathematical computation of dead time, which has bean
described by us'™> and other workers (see ref. 4). A of these studies assumed a
linear piot of retention time versus carbon number for r-alkznes, although several
conflicting reports have appeared concerning this matter.

Groeenendijk and Van Kemenade® reported linearity of the semi-logarithmic
plot over a wide carbon number range, viz., C;5—C;; and C,—C;, on an SE-30 capillary
column and suggested thai the curvature has often been observed owing to the
assumption that methane is not retarded. They showed retention of methane, a
conclusion recently further demonstrated®, but indicated that the retention was smali
and only slightly different from the calculated dead time in maay instances.

Rohrschneider® subsequently reported a deviation from linearity of the a-
alkane retention iine up to at least m-nonane and suggested that the linearity or
curvature of the plot depended on the dead time. Three methods of analysis were
employved. the first a graphical treatment, which is of restricted accuracy, the second
a different procedure that calculates the slopes of the retention of pairs of r-atkanes
and requires a constant value between all pairs as an indication of linearity. a proce-
dure of limited value as some experimental error will cccur with all data. The third
procedur:z considers retention index values where increments of 100 are required
between homolecgues to indicate linearity, as reported by Groenendijk and Van
Kemenade®. Rohrschneider showed the dependence of the slope of the n-alkame
retention line on the choice of the dead time. Using reteniion figures calculated to
produce a linear semi-logarithmic relationship with cne particular dead time, it was
shown that with variation of this dead time the slope values calculated between
neighbouring n-alkanes were variant. The work of Rohrschneider® indicates that
a upique solution of the calculated data is achieved, however with experimental
data treatment of all of the data points is desirable rather than individual pairs of
data poirts.

In two recent papers’?, Seviik and co-workers described the accurate calcula-
tion of adjusted retention time by using the ratio, A4, of the time differences for
neighbouring n-alkanes in a homologous scries. They claimed that the procedures
used to indicate the time of injection have a marked effect on gross retention times
and this causes errors in the dead time, ¢z, either measured or calculated, in spite of
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the gas chromatographic conditions remaining unchanged. The value of 4 is the
ratio of the antilogarithms of the slopes the lines between successive pairs of n-alkanes
and hence gives 2 measure of constancy of the sfope of the n-alkane line. They showed
that the value of 4 is essentially constant for n-alkanes higher than C, by injectionofa
mixture of Co—C,, n-alkanes. Separate experiments with narrower ranges of n-alkanes
(Cs—Cs, C—Cys, CT16-C,s and C,5-C,,) were also carried out but the 4 values were not

reported.
In this work the retention of n-alkanes is coasidered on non-polar statiopary

phases, as in earlier work, and also on stationary phases of increasing polarity. With
calculation of the dead times the complete data are considered and the deviation of
ezch data point from the calculated line is demonstrated. Furthes, it is shown that
the calculation of the ratio, 4, of the differences in retention fimes of successive

n-alkanes provides a sensitive test of the linearity of the n-alkane line.

EXPERIMENTAL

The equipment used consisted of a2 Hewlett-Packard 5750 research chromato-
graph interfaced to a 16K PDP, 11/40 digital computer. Interfacing was achieved by
the use of an LPS 11 Laboratory Peripheral System comprising 2 12-bit analogue-
to-digital converter, a programmable real-timme clock with two Schmitt triggers and a
display controller with two 12-bit digital-to-analogue converters. All on-line pro-
gramming was written in CAPS II Basic with LPS options. The sampling rate was
0.5 sec.

A mixture of n-alkanes from methane to n-heptane in nitrogen was obtained
from Commonwealth Industrial Gases (Alexandria, Australia). Liquid samples for
use on more polar columns were mixtures of Cs—C,, n-alkanes.

The retention times measured for the n-alkanes were used to calculate the
dead times using the method of Grobler and Balizs®. This method has been proved
to be simple and accurate!. The dead time, 7., the slope, b, and intercept, C, were
then used in the following eguation to estimate the uncorrected retention times, 7,
of the n-alkanes and methane of carbon number Z:

log(t, — t) =bZ + C ¢)

The ratio, 4, of the differences in retention times was calculated as an alter-
native method for assessing the linearity of the n-alkane line.

RESULTS AND DISCUSSION

The results in Tables I-IV were obtained from six injections of n-alkane mix-
tures on to columns of low, moderate and high polarity. It can be seen from the low
values of the standard deviations that the data are of high accuracy and consistency.
The columas headed 7, 7, and i’ refer to the means of the experimental uncorrected
retention times, calculated uncorrected retention times and corrected retention times
calculated using the mathematical dead time ¢,.

The data in Table I are for the non-polar SE-30 stationary phase. The significant
features are the large net retention of methane and the large differences between the
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TABLE £
RETENTION TIME DATA FOR r-ALKANES ON SE-30
Cohmmn  temperature, 30°; camtier gas (befium) fiow-rate, 30 ml/min; column, '1034 SE—3{) on

Chromoasorb W, aluminiom, 22 ft. X ¥/; in. O.D. f= = 18%.0 sec; S.D. = 0.73 sec.
n-Alkare 4 S.D. Frate S.D. £ A Sp. -
(sec) {sec) (sec) {sec) (sec) ’

" Methane 2006 0.408 200.2 0.459  § X1

Ethane 2125 0345 2118 0304 236 1.744 0.348
rm-Propane 233.6 0.342 2354 0.309 456 2284 0.026
re-Butane 2815 0.641 283.5 0.465 926 2051 0.012
x-Pentane 379.9 0917 381.5 0.880 199.9 2.064 0.008
n-Hexare 5829 2.090 581.0 2.870 3939 2.070 0014
n-Hegptane 1003.0 2.678 987.3 2.653 814.1

TABLE I

RETENTION TIME DATA FOR r-ALKANES ON OV-25

Column temperature, 30°; carmrier gas (belium) flow-rate, 35 miymin; columa, 109 OV-2S oan
Chromesosb W, aluminium, 36 ft. X Y, in. O.D. f,, = 2083 sec; S.D. = 0.78 sec.

n-Alkcae I3 S.D. Feate S.D. i A S.D.
{sec) (sec) (sec) (sec) {sec)

Ethane 2145 0256 2152 0.592 6.2

r-Propanc 2266 0.189 227.3 0.300 183 3.092 0.144
r-Butzare 25839 0927 26806 0.556 55.6 2.564 0.052
n-Pentane 359.6 1.379 359.6 2.364 1513 2.729 0.029
r-Hexane 620.8 1.27 6092 5.9%0 4125 2.648 0.019
~-Hepinoe 13125 3.682 13104 15.491 11043

A values calculated for C;—C~C; and C.-C;—C, n-a2lkanes and the values obtained
for higher r-alkanes. Similar results are shown in Takle II for the moderately polar
OV-25 stationary phase, for which the A value for C~C;-C, n-alkanes is considerably
greater than that for the higher n-alkanes.

The results in Tabies III and IV for the retention of higher n-alkanes on the
moderately polar OV-25 and highly polar SILAR-7CP stationary phases show constant

TABLE Il

'RETENTION TIME DATA FOR n-ALKANES ON OV-25

Cotumn temperature, 25°; carrier gas (helium) flow-rate, 25 ml/min; column, 109 OV-25 oa
Choomosord W, aluminium, 12ft. x Y, in. O.D. 7, = 48.8 sec; S.D. = 1.68sec.

r-Alkaxe i S.D. feete S.D. i A S.D.
(sec) (sec) (sec) {sec) (s=c)

m-Hexane 65.0 0.386 69.0 0.378 %2

n-Heptane 90.5 1.279 9.5 0.845 41.7 2.098 0.113
rOctane 135.2 1.383 1349 2.035 86.4 2.040 0.039
#-Nonace 226.5 1.429 2268 3.148 1777 2076 0.027
m-Decane 4160 2749 416.5 3.676 3672 2072 0.052
n-Undecane 808.7 i3.c4 8089 10.740 759.9 2081 0.023

r-Dodxcane 16259 34.7¢1 16202 42.857 1577.1
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TABLE IV

RETENTION TIME DATA FOR r-ALKANES ON SILAR-7CP

Column temperature, 60°; cartier gas (helium) Sow-rate, 25 ml/min; column, 10% SILAR-7CP on
Chromasorb W, aluminium, 12ft. X Y in. O.D. iy = [11.9sec; S.D. = 6.29 sec.

n-Alkare T S.b. feate S.D. 34 A S.D.
(sec) {sec) (sec) (sec) (sec) ’

n-Pentane 1245 0.0 1244 0.1472 126

r-Hexane 1354 0.2002 1352 0.2608 23.5 1.833 0.0374
r-Heptane 1553 0.5164 1554 0.4930 435 1.867 0.0242
rn-Octane 1926 09704 1929 0.9432 80.7 1.868 - 0.0138
r-Nonane 2622 22286 26325 1.9547 150.3 - 1.892 0.0216
re-Decane 3933 3.8330 3943 34126 2820 1.847 0.0476
r-Undecane 63725 7.6256 638.7 7.1203 5254

values of A for all n-alkanes, indicating complete linearity of plot of logarithm of
retention time versus carbon number.

The values of the calculated and experimental retention times of the n-alkanes
on all four columns show excellent agreement, indicating that the n-alkane lines are
essentially linear. Similarly, the plots of corrected retention time in Fig. 1 show
complete linearity, even for methane, ethane and r-propane. However, the low 4
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Fig. 1. Plots showing corrected retention times of m-alkanes. @, SE-30 at 30° (data in Table I);
&, OV-25 2t 30° (data in Table H); &, OV-25 at 25° (data in Table TII); @, SILAR-7CP at 60° (data
in Table IV).
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values for C;~C,-C; and high 4 values for C,—CsC, n-alkanes indicate some curva-
ture in the n-alkane plot for the gascous species. It therefore appears that the method
is more sensitive in determining the linearity of the r-alkane line as it uses only the
differences between experimentally measured retentior times. The graphical method
of plotting corrected retention times versus carbon number is insensitive as logarithms
are taken. Further, some method of dead time estimation, mathematical or otherwise,
must be used.

The inconsistent values of A calculated for the gaseous n-alkanes may be
thought to arise from the fact that the differences in the retantion times of these
species are small, thereby resulting in inaccurate measurement. However, this is not
-0, as can be seen from the data preseated in Tables I and IV, in which the differences
for' C,—C+—C; and CsC—C; n-alkanes are of the same order. It should also be noted
that the 4 values calculated for six injections showed little variation.

The reason for the non-linearity of the n-alkane line in the region of C,—C,
n-alkanes is not readily explained. However, Rohrschneider® has made some atiempt
to explain the behaviour on the basis of thermodynamics using vapour pressure
ratios. There is now experimental evidence to show some noa-linearity in the line
belcw/ n-pentane. These new data and the sensitive test for linearity show that the
choice of sufficient s-alkanes (four or more), with carbon number 5 or greater,
provides for an accurate estimate of dead-time, as indicated previously*. The con-
siderable retenticn of methane or SE-30 shows that it is undesirable to use thisas a
method of estimating dead times for non-polar columns.
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