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SUMMARY 

On the basis of high-precision measurements of the retention times of alkyl- 
benzenes, the accuracies of the determina tions of linear and logarithmic retention in- 
dices were compared, and the correlation between the structnre and the retention of 
isomers of these two interpolation characteristics was investigated. The hnear reten- 
tion index can be measured more accurately than the logarithmic value. Fine correla- 
tions between structure and retention are different for the two types of retention m- 
dices: logarithmic retention indices are more suitable for these correlations. 

INTRODUCT‘ION 

Retention quantities can be divided into absolute, relative and interpolation 
types’. Interpolation characteristics enable one to determine the elution moment of 
the maximum sorbate zone in the range of elution moments of the maximum zones of 
two standards. The most widespread is the logarithmic shape of the interpolation 
elution characteristics with sttdards created by two neighbouring n-alkanes, z and 
z-k 1, introduced by Kov6tsz as the retention index, 1. Vigdergau2 suggested a linear 
shape for the interpolation characteristics, i.e., the linear retention index, J. The anal- 
ogous function, (multiplied by ‘100) under the nnme of the arithmetical retention 
index was recommended by HarbourtP. 

The linear retention indexis c&minted on the basis of the measured retention 
times of the sorbate x (t& and n-alkanes with z and ~4-1 carbon atoms in the mole- 
cules (r&P fR,+J, or by measuring the respective distances between the ordinates of the 
maxima of peaks on-the chromatogram [L&-, and LU<=+~,~,]: 
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The analytical relationship between the quantities J and I has the following 
form5 : 

J= 
d I/loo _ 1 

a-l 

where 

*&+I tR=+~ - tRz 
~C----__ 

, 

tR= 
tR= - fR+_l 

and 

Hence the difference between the values 1OOJ and I depends on the value of the co- 
efficient o, i.e., on the selectivity of the sorbent for a homologous series of n-alkanes 
with I 2 100 J. The value of (T varies between 1.4 and 3.4 for commonly used liquid 
phases, with the higher values corresponding to non-polar phases and room tempera- 
turel. The maximum of the difference I - 100 J within this range, which corresponds 
to 61= 50-60, increases from 4.2 to 15.0 units. For squalane the maximum of the 
difference I - 100 J increases from 8 to 16 units when the temperature is decreased 
from 100” to 0” and for polypropylene glycol from 7 to 14 unit&. 

A survey of the use of linear retention indices for describing separations in gas 
chromatography was published by Vigdergauz l_ In comparison with logarithmic 
retention indices, for determining the values of linear retention indices there is no 
need for logarithmic calculations or the determination of the elution time of the non- 
sorbing gas (to). Apart from the simple determination involved, the linear retention 
index also fulfils some of the other requirements of retention characteristics, for ex- 
ample the quantity J can be expressed with the help of the separation and activity 
coefhcients of the sorbate and standards under consideration’. 

The possibility of correlations with the structure of compounds being analysed 
is a sign&ant feature of the logarithmic retention index. With linear retention indices 
these relationships have not yet been studied, even if the validity of such relationships 
is assumed. This paper is devoted to a comparison of the accuracies of the determina- 
tions of linear and logarithmic retention indices on the basis of high-precision mea- 
surements of the retention times of alkylbenzenes, and to a comparison of fine correla- 
tions between the structures and retentions of alkylbenzene isomers using these two 
interpolation characteristics. 

EXPERIMENTAL 

Forty-seven aromatic hydrocarbons were studied by capillary gas chromato- 
graphy: benzene and C,-CI, alkylbenzenes on three stationary phases of different 
polarity [squalane (SQ), acetyltributyl citrate (ATC) and 1,2,3-his(cyanoethoxy)- 
propane (TCEP)] at two temperatures. A device securing a high accuracy of measure- 
ment was used for measuring retention times’. For the calculation of Jvalues the same 
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TABLE I 

LINEAR RETENTION INDICES OF ALKYLBENZENES ON SQUALANE, AmLTRI- 
BUTYL CITRATE AND 1,2,3-TRIS(CYANOETHOXY)PROPANE 

Ckrrier gas: for SQ, 4.0 atm hydrogen: for ATC, 1.0 atm nitrogen; for TCEP, 1.0 atm nitrogen. 

Com_pound Squalane AcetyItributyI I,2,3-Tris(cyano- 
citrate ethoxy)propane 

&.a J 95.4 /axi J 95.2 J 84.7 J 94-z 

Benzene 6.3459 6.3849 7.7450 7.7834 11.309 11.497 
Toluene 7.4163 7.458 1 8.7711 8.8098 12.230 12.411 
Ethylbenzene 8.3213 8.3634 9.6622 9.7046 12.998 13.159 
l+Xylene 8.4576 8.5025 9.7458 9.7842 13.091 13.266 
1,3-Xylene 8.4788 8.5231 9-7893 9.8295 13.117 13.267 
1,2-Xylene 8.6980 8.7548 10.0794 10.1093 13.624 13.894 
Isopropylbenzene 9.0078 9.0344 10.2495 10.2803 13.235 13.425 
n-Propylbenzene 9.2195 9.2595 10.5148 10.5564 13.531 13.771 
I-Methyl-3dhylbenne 9.3353 9.3753 10.6282 10.6654 13.764 14.008 
I-Methyl4ethylbenne 9.3561 9.4001 10.6336 10.6720 13.781 14.029 
I-Methyl-2ethylbenzene 9.4842 9.5348 10.8961 10.9474 14.209 14.421 
1,3,5_Trimethylbenzene 9.5314 9.5762 10.7954 10.8349 13.975 14.150 
tert.-Butylbenzene 9.5796 9.6345 10.9978 11.0223 13.782 14.024 
1.2,~Trimethylbenzene 9.7286 9.7865 I 1.0542 11.0817 14.393 14.625 
Isobutylbenzene 9.7627 9.8233 11.0635 11.0906 13.676 13.936 
sec.-Butylbenzene 9.7724 9.8343 11.0882 11.1181 13.775 14.012 
I-Methyl-3-isopropylbenzene 9.9650 10.0049 J 1.1855 11.2104 14.046 14.206 
1,2,3-Trimethylbenzene 10.0306 10.0658 11.3234 11.3695 15.041 15.248 
I-Methyl-d-isopropylbenzene 10.0311 10.0587 11.2257 11.2571 14.100 14.272 
1-Methyl-2Gsopropylbenzene 10.0723 10.1024 11.3649 11.4uO3 14.4.26 14.652 
1,3-Diethylbenzene 10.1669 10.1996 11.4251 11.4589 14.317 14.523 
1-Methyl-3-propylbenne 10.2040 102395 11 A470 11.4834 14.289 14.498 
n-Butylbe-e 10.2172 10.2577 11.5164 11.5593 14.349 14.554 
1,2-Diethylbenzene 10.2468 10.2888 11.5931 11.6383 14.706 14.991 
I-Methykl-propylbenzene 10.2477 10.2887 II.4825 11.5242 14.338 14.552 
1,4_Diethylbenzene 10.2538 10.2954 11.5182 11.5604 14.424 14.656 
1-Methyl-2-propylbenzene 10.3024 10.3491 11.6448 I 1.6927 14.737 15.005 
1,3-Dimethyl-5ethylbenzene 10.3388 10.3756 1 I.5867 11.6216 14.506 14.746 
1,4-Dimethyl-2ethylbenzene 10.4438 10.4900 11.7774 11.8211 14.980 15.164 
1-Methyl-3-wt.-butylbenzene 10.4735 10.5156 11.8143 Il.8499 14.468 14.684 
1,3-DimethyW-ethylbenzene 10.5075 10.5584 11.8489 11.8985 15.036 15.226 
2-Phenyl-2-methylbutane 10.5270 10.5934 11.9060 11.9687 14.407 14.635 
1,2-DimethyW-ethylbenzene 10.5566 10.6097 11.9222 11.9723 15.085 15.289 
1,3-Dimethyl-2ethylbenzene 10.5573 10.6142 12.0144 12.0436 15.324 15.577 
1-Metlxyl4tert_-butylbe-e lOi6029 10.6586 11.94Q.4 119911 14.584 34.826 
2-Phenylpentane 10.6320 10.6870 12.0052 12.0321 14.506 _14.751 
1,2-Dimethyl-3-ethylbenzene 10.7427 10.8083 12.1297 12.1661 15.487 -15.729 
I,2,4,5-Tetramethylbenzene 10.9969 I 1.0324 12.2222 12.2633 15.646 15.780 
1,2,3,5-Tetrame~ylbne 11.0352 11.0714 12.2790 12.3227 15.724 15.964 
1,3-Diisopropylb 11.1034 11.1300 12.3296 12.3527 14.611 14.805 
~Pentylbenzene 11.1893 11.2288 12.4917 12.5325 15.133 15.332 
1,2,3,4_Tetramethylbenzne 11.2111 I 1.2653 12.5823 126452 16.264 16.550 
1,3-Dimethyl-S-tert.-butylbenzene 11.3708 11.4010 12.6492 12.6733 15.176 15.385 
1,4-Diisopropyrbenzene 11.3876 11.4301 12.6697 12.7071 15.030 15.187 
1,3,5-Triethylb 11.8392 11.8750 13.1026 13.1183 15.498 16.016 
Pentamethylbenzene 12.4143 12.4897 13.8709 13.9519 17.469 17.871 
1,3,5-Triisopropylbne 12.7650 12.7737 14.0365 14.0359 15.550 15.698 
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Fig. 3_ Dependence of the difference @jdT - 100 -JdT OIL I&$ for &~knZet~eS. 

Z was determined on SQ also for a temperature of 95.2” and was also confumed on 
ATC and TCEP at both temperatures. On TCEP, on which the temperature incre- 
ments of the retention indices are an order of magnitude higher than on ATC and SQ, 
at 94.2”, 100 d.Z/dT = dI/dT for alkylbenzenes with ZE_:’ m 100 z + 60. 

The dependences of the difference di/dT - 100 dJ/dT on Z show that the cor- 
relations found between structure and dZ/dT are not valid for values of 100 d.Z,,dT, 
because the dependence of the positions of the peak maxima between neighbouring 
n-alkanes also has to be considered. Deviations between the correlations of structure 
and temperature increments for linear and logarithmic retention indices are the 
greater the closer the analysed compounds are emted to the n-alkane z or z+ 1. 

The correlation found between structure and the pressure variation coefficients 
of retention indices (M/dP)lO for alkylbenzenes on TCEP, could not be confirmed for 
values of d.Z/U owing to the dependence of J on the positions of the peak maxima 
between the n-alkanes z and z-l- 1. For examples, the values of dZ/dP are less for 1,4- 
than for 1,2-alkylbenzenes, but d.Z/dP for I-methyl4ethylbeuzene is greater than that 
for l-methyl-2-ethylbenzene. 

CONCJXSION 

The relationship between linear retention indices and the structures of alkyl- 
benzenes was studied on three stationary phases at two temperatures under the con- 
ditions of high-efficiency and high-precision capillary gas chromatography. The 
results were compared with those -published previously for logaritmic retention in- 
dices. It was found that under identical experimental conditions, the linear retention 
index can be measured more accurately than the logarithmic value- Fine correlations 
between the structures of alkylbenzenes and values of the temperature increments of 
the retention indices, and also the differences in the retention indices on two station- 
ary phases, show that the differences in these dependences are di%erent for the linear 
and logarithmic retention indices. These differences are due to the fact that for StNC- 

tural correlations of linear retention indices the dependence of the positions of 
the peak maxima of the sorbate between two neighbouring n-alkanes niust also be 
considered. As the relationships between structure and linear retention indices are 
more complicated than those of logarithmic retention indices, the latter interpolation 
characteristics are more suitable when using the correlation between structure and 
retention behaviour as a means of identification. 
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