
The increasing use of computer processors for reporting retention data has 
focused attention on the mathematical computation of dead time, which has been 
described by us*” and other workers (see ref_ 4). All of these studies assumed a 
Linear plot of retention time versus carbon number for n-alkanes, ahhough several 
conf%cting reports have appe2red concerning this m2tter. 

Groenendijk and Van Kemenade5 repor&ed linearity of the semi-logarithmic 
plot over a wide carbon number range, viz., &-& and CI-Cs, on an SE-30 capillary 
cofumn and su,cgested that the curvature has often been observed owing to the 
assumption that me-bane is not retarded. They showed retention of methane, a 
conclusion recently further demonstrated3, but indicated that the retention was smaii 
and onIy slightly different from the caIcuhted dead time in many instances. 

Rohrschneide? subsequently reported a deviation from linearity of the n- 
alkane retention iine up to at least n-nonane and s~g~gz.sted that the linearity or 
curvature of the pIot depended on the dead time_ Three methods of anaiysis were 
employed& th: first 2 --phical treatment, which is of restricted 2ccur2cy, the second 
a different procedure that calculates the slopes of the retention of pairs of n-aBanes 
and reqtires a constant value between all pairs as an indication of linearity~ a proce- 
dure of limited \xlue as some experimental error will occur with ali data. The third 
procedure considers retention index values where increments of 1410 are required 
between homolcgues to indicate linearity, as reported by Groenendijk and Van 
KemenacW- Robrschneider showed the dependence of the slope of the n-alkane 
retention Rhine on the choice of the dead time. Using retention f@res calculated to 
produce a iinear semi-Io_&thmic relationship with one parricular dead time, it was 
shown -that with variation of this dead time the slope values calculated behveeen 
neighbouring n-alkanes were variant_ The work of RohrschneideP indicates that 
a uuique solution of the cdcdated data is achieved, however with experimental 
data treatment of all of the data points is desirable rather than individual pairs of 
data points. 

In two recent papers’**, SeviZik and co-workers described the accurate cdcula- 
tion of adjusted retention time by using the ratio, A, of the time differences for 
neighbouring n-alkanes in a homologous series. They claimed that the pr&ums 
uss to indicate the time of injection have a marked effect on gross retention times 
and -ihis causes errors in the dead time, t,, either measured or cakzulated, in spite of 



NOTES 247 

the gas cbromatographic conditions re maining unchanged. The value of A is the 
ratio of the anti!ogaritbms of the slopes the fines between successive pairs Of n-a&anes 
and hence gives a measure of constancy of the slope of the n-alkane line- They showed 
that the value of rf is essentially constant for rz-alkenes higher than C, by injection of a 

. 
III&UPS of G n-aikanes. Separate experiments with narrower ranges of n-alkanes 
(C.&s, C,-C=, C&Z, and C&) were also carried out but the A V&ES were not 
repOrted. 

In this work the retention of n-alkanes is considered on non-polar stationary 
phases, as in earlier work, and also OQ stationary phases of increasing polarity. With 
calculation of the dead times the complete data are considered and the deviation of 
each data point from the calculated iine is demonstrated. Further, it is shown that 
the dculation of the ratio, A, of the difErencxs in retention times of successive 
n-a&anes provides a sensitive test of the linearity of the n-alkane line. 

ExPEEuMENrAL 

The equipment used consisted of a Hewlett-Packard 5750 research chromato- 
graph interfaced to a 16K PDP, II/443 digital computer. Interfacing was achieved by 
the use of an LPS 11 Laboratory Peripheral System comprising a 12-bit analogue- 
to-digital converter, a programmable real-time 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 set- 

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 Cd, n-alkanes. 

The retention times measured for the n-alkanes were used to calculate the 
dead times using the method of GrobIer and Balizsg. This method has been proved 
to be simple and accurate*. The dead time, r,, the slope, b, and intercept, C, were 
then used in the following equation to estimate the uncorrected retention times, r,, 
of the n-alkanes and methane of carbon number 2: 

iog(t, - &,J = bZ + C 

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

EtESJLls AND DJ.!XU!SSION 

The results in Tables I-IV were obtained from six injections of n-aJkane 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 columns headed r; t;tlc and i’ refer to the means of the experimental uncorrected 
retention times, calculated uncorrected retention times and corrected retention times 
ca!culated using the mathematicalrdead time r,. 

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 



Mb B3.6 OAQS 
lEftace 21225 03s 
reropac 233.6 0.342 
is-m: zsl5 O-641 
Jr-we 3799 O-917 
rr_Hm 5329 2m 
K-Hcptant Ioo3.0 2678 

2002 O-459 
211.8 0304 
235-4 0309 
233.5 O&S 
38X.5 0.880 
581.0 2870 
987.3 9.653 

Il.6 
23.6 1.744 0.348 
44.6 2284 O.OZ6 
926 2051 0.012 

1%x9 2064 0,008 
3939 2070 0.014 
814.1 

TABLE lx 

E#ZEXTiON TlME DATA FOR JwWELCNES ON OV-2.S 

cuhmm tanpcram. 3OO”; casrier gas fJxiiam) fIOW-m& 35 ml/ulh; CoIlmu. 10% ov-25 on 
Chx~~stxb W, ahminium, 36 fL x L/a in_ 0-D. f, = m-3 ZC; S.D. = 0.78 sec. 

SD_ 
f:d 

02.56 
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1.379 
1_2iO 
x6@ 

2152 

z:: 
359.6 
6092 

1310-h 

SD_ 
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O-S92 
0-m 
0.556 
236% 
S_980 

IS.491 

62 
183 3.092 0.144 
55.6 25164 0.052 

151.3 Li29 0.029 
412S 2648 0.019 

1104.3 

A values calculated for C,-c,c, and C++C4 n-akmes and the vahs obtained 

for ti@er n-alkanes. Similar xesults are shown in T&e II for the moderateIy polar 
f)\‘-25 stationary p*hase, fOi which the A value for C&&2. mallcanes is amsiderably 
grater than that for the higheer rr-alkanes. 

The resuh,s in Tables III and IV for the retentim of higher n-alkanes on the 
moderately polar OV-25 and highly polar S&AR-7CP stationary phases show Constant 

TABLE Ill 
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REENi-iONT'%EDATA FORmlLE=ANEE ON SZAR-7cP 

CoIumn~~~;car=ier~~)ffow-~te.25m2j~;col~lO%S~-7(3Pon 
~W,ahrminirrm.f2Rx'~in.O~f,=1li9sec;S9.=0~~ 

Iktfhme - S.D. f’ 
Lc~ 

A S.D. 
;zj :z, t-1 t-1 - 

rc-pcntam 124.5 0.0 l24.4 0.1472 126 
KGraanc 135.4 0-2 135.2 02fX8 23.5 1.833 0.0374 
ft-Ekp&SB? 1.553 0.5164 155.4 0.4930 43.5 1.867 0.0242 

192J5 0.9704 192.0 OS432 80.7 1.868 O.OL38 
ll+Nm 22286 263.25 19547 150.3 . 1.892 0.0216 
Iaecane E 3.8330 394.3 3_4126 282.0 1.847 0.0476 
n-Und 63725 7.6256 638.7 7x203 525.4 

values of R for di n-alkanes, hiiatig camp!ete Linearity of plot of logatit5m of 
n%ention time verstLF carbon number. 

The vdues of t&e c;ttculated and experimental retention times of the n-alkanes 
on dll four cohims show exdht agreement, indicating that the n-alkane lines are 
essentially linear, Similarly, the plots of corrected retention time ijn Fig. 1 show 
complete Jima&y, even for methane, eke and rr-propane. However, the low A 
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dues for C_s and high A values for +G=C4 n-allcanes indicate some cu~va- 
ture in the n-abcaue plot for the gaseous species. It therefore appears that the method 
is more sensitive in detesmining t&e l.intity of the n-t_arEzane line as it uses only the 
diEerences Setween experinxxtahy measured retention times. The graphicei method 
ofpfotting corrected retention times Vera carbon number is insensitive as Iogarithms 
are taken. Further, some method of dead time estimation, mathematical or otherwise, 
mtrst be used. 

TBe inconsistent vahes of A c.akulaW for the gaseous n-alkancs may be 
thclight to arise from the fact that the di%erences in the retention time of these 
spe&s zre smali, thereby resuhing in inaccurate measurement. However, this is not 
-so, as can be seen from the data presenrzd in Tables I and IV, in which the di6erences 
for*C,a and C&G n-aikanes are of the same order. It should aLso be noted 
that the A vahxs cakuktted for six injections showed litie variation_ 

The reason for the non-hnedrity of the n-alkane line in the region of C,-C. 
n-alkmes is not readily expkiued. However, Rohrschneidee has made some attempt 
to expIain the behaviour on the basis of thermodynamics using vapour pressure 
ratios, There is now experimental evidence to show some non-linearity in the hne 
belcw n-pcntane. These new data and the sensitive test for linearity show that the 
choice of suhicient n-ahcanes (four or more), with carbon number 5 or greater, 
prpvidcs for an accurate estimate of dead-time, as indicated previous!y(. The tort- 
siderable retention of methane on SE-30 sho\vs that it is undesirable to use this as a 
method of estima’tig dead times for non-polar columns. 

The authors are indebted to Mr. S. H. E. I.&if of Commonwealth Industrial 
M Ltd. for the preparation of the m mixtures used. 
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