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SUMMARY 

Absolute and relative retention data and retention indices used for the quali- 
tative characterization of substances analyzed in gas chromatography are not con- 
stant quantities, but quantities characterized by certain variances. A linear rela’ 
tionship has been found between the standard deviation of corrected absolute reten- 
tion data and their magnitudes, the numerical expression of which can be looked 
upon as characteristic for the given type of substance analyzed, the stationary phase 
used and for the experimental conditions employed. Some questions concerning the 
calculation of the relative retention data and retention indices from absolute retention 
data are discussed on the basis of the above-mentioned empirical relation. It is pos- 
sible to estimate, from the variance of absolute retention data obtained experimen- 
tally, the standard deviation of relative retention data and retention indices of the 
substances analyzed, the variances calculated being in a good agreement with those 
obtained experimentally. The standard deviation then characterizes, in a useful 
manner, the precision of the retention data of the substance analyzed, obtained under 
given conditions. 

INTRODUCTION 

The increasing number of published gas chromatographic data for substances 
analyzed on various stationary phases has brought forth a number of proposals for 
unifying the type of gas chromatographic retention data published. It has been sug- 
gested by the authors of “Recommendations for the Publication of Retention Data”1 
that the retention data should be published, for common analytical purposes, in the 
form of KovAts indices 1 (ref. 2) whenever it is possible, or in the form of relative 
retention data X (ref. 3) related to gz-nonane4, either directly or by means of a sec- 
ondary standard. The unification of the type of retention data published, the definition 
of the way they were obtained from the basic data measured, and a statement con- 
cerning the experimental conditions (the data are only given their full value on quota- 
tion ‘of the latter)lp 5 were the first steps towards the utilization of the published 
retention data obtained from qualitative,gas chromatography as a means of identifying 
the substagces analyzed. 
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With the same purpose in view, some authors 1~0--8 evaluated the reproducibility 
of retention data measured for substances of different chemical character on various 
stationary phases, various instruments, and in different laboratories, and the results 
of these measurements were processed; td .different extents, statistically. 

ADLARD et al.1 have recommended that the retention index I is used as a qual- 
itative characteristic, as the percentage standard deviation displayed by retention 
indices of substances analyzed on squalane as a stationary phase were lower than those 
of relative retention data of the type J&v, R zD, and R,s (related to a hydrocarbon with 
N and nine carbon’atoms;‘and to a standard substance S, respectively). 

The members of the Data Subcommittee of the GC Discussion Group6 have 
measured the retention indices of an identical group of substances at different labora- 
tories, and found a mean deviation .of & I unit on squalane and dinonylphthalate as 
stationary phases, and a mean deviation of & 3 units on PEG 400. When PEG 400 
coming from different batches is used, the mean deviation of the retention indices 
rose to & 5 units. It was also found, from the same series of measurements, that the 
mean. deviation, of retention. indices measured on polar stationary phases depends 
on the amount of,sample injected. On the basis of.reviewing retention indices measured 
on PFGA:in$‘.‘The .Fatty Acids Ester - Hydrocarbon Correlation Trial”, ,SWOBODA' 
recommended the use of secondary standards similar in chemical nature to the sub- 
stances analyzed as a basis for a logarithmic scale to increase the precision of mea- 
suring the,retention indices of polar substances. 

,A very detailed statistical treatment of the repeatability and reproducibility 
of retention, indices as <well .as the respective results: have been described in a paper 
by ,LOEWENGUTH 8. He concludes by recommending that when publishing or using 

retention indices in qualitative analysis;the .basic factors contributing to the variance 
of .the retention indices, should be taken into consideration, namely,. the .measurement 
of the : retention time and column .teniperature control. (the second -factor plays a 
sigriificanf role particularly with substances showing higher AI/IO values). 

.The list,-of. papers ,giving morel or less. consistent data on the reproducibility 
of measuring retention data under conventional analytical conditions can be supple- 
mented by papers devoted to the precision of measuring retention data at progra.mmed 
temperatures 0v lo. In addition, data have been published on the precision of measuring 
retention indices under experimental conditions which have been arranged .to give 
very precise measurements11-14. 

The aim of ,the, present paper is to complete the existing information’ on the 
reproducibility of retention data measured ‘under current ,analytical: conditions by 
an’analysis, of the repeatibility of basic types of* retention ‘data measured under 
simplified conditions which eliminate ,such,effects,as the differences in the nature of 
solute and sorbents, chemical nonuniformity of’ the : stationary phase, sample size, 
incomplete separation of the substances, and sorption activity’ of the support. The 
conclusions derived may assist in the correct handling of retention data in qualitative 
gas chromatography. : 

.’ ‘, 

EXPERIMENTAL' .' I I 

. ,,: : _.’ 

: ’ The absolute retention data of ibasic types of hydrocarbons were measured on 
a Shimadzu GC-#Y PTF apparatus, employing the variant with thermal conductivity 
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detection. 1.0 ,cll of a hydrocarbon mixture (+z-alkanes: N-pentane, s-hexane, n-hep- 
tane, s-octane; alicyclic hydrocarbons: cyclopentane, cyclopentene, cyclohexane, 
cyclohexene ; aromatic hydrocarbons: benzene, toluene, ti-xylene, ethylbenzene) was 
repeatedly injected into a column, z m long and 0.4 cm I.D., packed with 25 ?& squalane 
on Chromosorb W 60/80 mesh, over a period of 12 h. Hydrogen was.used aqthe carrier 
gas at a flow rate of 40 ml/min. The column temperature and chart speed were 80” 
and 0.5 cm/min, respectively, and a single analysis took about 45 min. The retention 
distances, tm, of peak maxima of the individual substances from the peak maximum 
of nonsorbed component (air) were measured by a rule graduated in millimeters. 
Mean values, &, pertaining to the individual substances, were calculated. The calcu- 
lated values of the standard deviations SE may be looked upon, at the given number 
of measurements (92. - IS), as a measure of precision of the absolute retention data, 
under the given conditions and experimental arrangements. 

The values measured were analyzed by the usual statistical methods15. 

RESULTS AND DISCUSSION 

Variame of absolzcte retention data 
Absolute retention data are basic qualitative characteristics of the substances 

analyzed, from which various types of relative retention data are derived. Therefore, 
attention was given first to the variance of the absolute retention data of basic hydro- 
carbons which had been separated on squalane under conventional chromatographic 
conditions. 
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Fig. I. The dependence of the standard deviations on the respective corrected absolute retention 
values of the substance analyzed. t is the corrected absolute retention value for the substance wz 
(mm) ; SE is the experimentally obtained estimation of the standard deviation of the value t (mm) ; 
the regression lines I, 2, 3, and 4 have been calculated for 12, IO; 8, and 6 values of [&s&j, rospec- 
tively. .’ 

It is evident from Fig. I that the magnitude of the absolute retention values 
of the substances analyzed is approximately linearly proportional to the respective 
standard deviation. Experimental data of the above type can be processed by the 
method of least square@, which simplifies further consideration or calculations with 
the measured data as well as the use of them. The linear regression of, @, SE] values 
for twelve hydrocarbons gave the straight line 
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s = 0.15 + 0.003gt. (14 

If eqn. (Ia) is rewritten in the form 

s=a+bi? (1) 

and rearranged to express the more illustrative coefficient of variation, 

v = (a/t) + b (Ib) 

it can be seen that the value of the coefficient of variation v decreases with rising value 
of t. With a sufficiently large t, the expression u/t would be expected to have no sig- 
nificant effect on the value of the coefficient of variation, and the latter will remain 
practically constant. 

Thus, the value of the slope of regression line expressing the relation between 
absolute retention data and their estimated standard deviations represents the lowest 
v&e ‘of the coefficient of variation of the absolute retention data measured under 
certain experimental conditions. If the regression line (eqn. I) has been calculated 
from a sufficient number of points and if’further measurements are carried out under 
identical conditions, then, after taking account of whether the chemical nature of 
the substance under analysis or some other factor might be the source of a substantial 
change in the variance of the retention data, it is possible to calculate from the relation 
(_ra) the standard deviations of other substances, without carrying out the series of 
replicate injections usually necessary for calculating the standard deviation as a 
measure of the precision of the absolute retention values of the substance analyzed. 
If substances of a hydrocarbon nature are analyzed on a nonpolar phase, as has been 
the case in this work, the constants of the line (I) characterize, in a very useful way 
for the analyst, the instrument employed along with the experimental arrangements. 

It is obvious that the linear regression of a different number of [t, SE] points 
produces straight lines with different a and b constants. Unless the values of the stan- 
dard deviation of the absolute retention data of the other substances are determined 
by extrapolation, the variability of the constants a and b is practically insignificant, 
which is shown objectively in Fig. I which shows the regression lines obtained with 
6, ,8, IO, and 12 [J, SE:J points. 

The measured t, SE, VE values as well as the calculated values of st, st2, ZQ per- 
taining to this part are quoted in Table Ia. 

Analysis of the factors couttributing to the resultad variance of absolute retentiogz data 
The value of st2 represents the resultant variance of the absolute retention 

value tm of the substance analyzed m: The effect of the individual factors which can, 
from the viewpoint of practical qualitative analysis, share in the ultimate value of 
the variance (viz. distance measurements, determination of the solute peak maxima, 
and the complex factor of the variability of working conditions) has been evaluated 
by analyzing the variance of experimental data in such a way that their variance is 
influenced -by one particular factor at a time. 

Analysis of the experimental data showed that the variance of the actual mea- 
surements of the retention distances was constant and independent of the absolute 
magnitude of the retention distance measured, The above variance, soa;amounted to 
0.0033 mm2; this value was determined by repeated measurements (N = IS), in an 
identical chromatogram, of the lengths tD corresponding to the distances of peak 
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axima of the individual substances from the peak of the nonsorbed substance, tm. 
le results of the individual measurements served for calculating the. mean ZJ) and 
le estimation of the standard deviation of the measurement of the respective length, 
1. As there was no apparent dependence between the values of TD and SD (Table Ib), 
le overall variance of measuring :lengths,, SDa, was calculated by : 

The: variance, of the peak maximum determination for the substance under 
l&&is was also cotist&t and independent of the distance of peak maximum of the 
rbstance from the peak maximum of the nonsorbed component. Its value was 
MT= 0.01q3, which was,found by repeated determinations (ut = 15); in an identical ; 

~romtitogram, of the: peak maxima of the substance,s and the measured distances 
4: Corresponding ‘to the replicate determinatione of the. peak ‘maxima distances of 
ie individual, substanCes’ from the peak maximum of the nonsorbed component. The 
&its of the measurements pertaining to each of ‘the substan.ces were processed to 
b&n the mean 7~ and the respective standard deviation Sm of determining, the peak 
&xi&.&It follows from the i;vay the determinations were made that the variance 
~2 a&includt% t,he’variance of the measurements of length. There was no apparent 
,ependence b,etween,the values of ‘ik and SM (Table Ic) ; and the vaiiancg of the peak 
saximum, SM2, was calculated from,:, 

, 

‘. / _. ., 

Yhe, part of the resultant variance; st2, of absolute retention data which was not 
tccounted for’by determining the peak maximum of the substance analyzed and by 
neasuring distances was,held to be a measure of the variability of working conditions, 
:omparison Of the VatianCeS SD’, Siu2, and st2. according to the Snedecor criteribn 
Table Id)’ showed that the only significant. source of the variability of absolute, re- 
:ention data was a complex factor due to the variability. of the working conditions, 
Ctmay be assumed, that the variance of the retention data due to this factor is charac- 
teristic for the apparatus employed and for the conditions incident to the measure- 
ment. 

.I A knowledge of the variances so2, SM’, and se2 is useful, from the practical point 
af view; in: processing and’ evaluating the measured retention data for qualitative 
purposes;though it is evident that,the conclusionslbased on comparing these variances 
depend on.the .actual values .of the latter and, therefore, have no general applicability, 

; ,. , 

Variance of relative retentiorc data 
” ; .Relative retention data, ,are easily .available retention characteristics, and are 

very frequently used in gas chromatography practice. It .has been assumed that the 
relatingyof tie absolute retention data of substances analyzed to the retention datum 
of, ‘an appropriately/ chosen standard.substance is sufficient to eliminate the effect of 
,the,..variability of the .basic working conditions, especially if the standard substance 
is present in every sample charge and if its retention time is close to that of the sub- 
stance analyzed ls8. ;Thus, ,relative retention data have a more general applicability 
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compared with absolute retention data, and qualitatively characterize the substance 
analyzed on a given stationary phase at a given temperature. 

As stated above, absolute retention data have associated with them the standard 
deviation s, the dependence of which on the magnitude of the absolute retention 
data measured is described ,by eqn. I. The .relative retention, value Ye of a substance 
m is the quotient of the corrected absolute retention values of the analyzed (m) and 
standard (z) substances, t m and tz, respectively. Therefore, the relative retention data 
have to be looked upon as a function of two variables, tm and tz, and its standard de- 
viation can be calculated according to the general formula16 

1 2 
sy = - 

( 

s$“, 112 

t 
Sem + - 

% k2 > 
(2) 

without carrying out replicate injections and calculations necessary to determine the 
standard deviation characterizing the precision of the relative retention data. This 
presumption was verified in the following way: The relative retention data for the 
hydrocarbons analyzed were calculated by relating the repeatedly measured absolute 
retention data of the individual hydrocarbons consecutively to ut-pentane, rc-hexane, 
rt-heptane, and H-octane as internal standards. The fifteen values of the relative reten- 
tion data of each of the hydrocarbons analyzed were processed to obtain the mean 
i;m and the respective estimations of variance, SE 2. The subsequent calculation of the 
standard deviations of the relative retention data using eqn. 2 was carried out with 
the aid of the data concerning the variances s ,2 and szs (the estimation of the standard 
deviations; SE, for the relative retention data of .the internal standards are obviously 
equal to zero; the estimations of standard deviation sr for the standard substances 
have been calculated only formally for a case where t nt # tZ). The variances obtained 
experimentally are lower than the corresponding variances calculated by the derived 
relation (Table I I). 

The estimation of the standard deviations SE and sr illustrates the conception 
of the confidence interval (7 - st, 7 + st)’ of relative retention data measured.under 
certain experimental conditions (t denotes the Student coefficient in the interval of 
confidence). 

A,nalysis of the factors contributing to the restiltant variance of. relative retention data. 
The value sr2 represents the resultant variance of the relative retention data of 

the substances analyzed. In $dition to the factqrs influencing the resultant variance 
of absolute retention data, there are further factors which may contribute to the 
value of the, resultant variance. In connection with this concept, the effect of the 
selectioti of a particular internal standard has been studied as well as the possibility 
of calculating relative retention data by relating. the. absolute -retention data to an 
internal standard which was not injected simultaneously with the mixture of sub- 
stances analyzed. 

It has been recommended that a.hydrocarbon or a substance having a chemical 
nature similar to that of the substance analyzed which elutes approximately in the 
middle of the chromatogram of components to be separatedlss should, be chosen 
as the internal standard., The standard deviation sy of the relative retention data 
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“z,. IS.;,& is the .coeffi&ent of ,‘variation. of the !relative:, retenkon ~v~lues of the’:sub- 
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_-_ 
I SE= x 104 Vl s,= x x04 T SE= x xd VE iv= x IOQ fb 

(%) .. ,(%I’ !“A) 

I.00 3.2 0.425 0.558 1.8 1.188 2.5 
‘*59. 2.7 0.674 0.620 I.2 

li “: <, .’ r-83 i’ ,’ ,’ 12’sf 
1:’ :::2;36:: I, ,I, 18.4:.. x:8’ 

‘2.6 o-775 0*,404 0.8’ 
35.15 2.5 I.OO,:- ,I 0 0:. , 2.56 1.6 

i: ;, ~3~4.2. :: I 32.2 =:7 4*4? I-4 
# +o 56,4 ‘1.8 jdi.8 

68.82 ;.j 
. 6.23 194 

,: : ..‘f,++Q’z,s., :;(j@j . 1.8’ I’15.3 ” : 2.4 'I.91 " .2,50 ‘:. ,0.8 . . 6.76 I 1.4 
!,J ‘,: ..,,5.37,. ;,, : : 92.9 “I 1.8 I 161.7 2.4, 2.28 : . . :‘, 1.93.. :.,. 0.6 ,, ‘, 9.00 I.3 
3, ,: ‘! 848 i ,234.O. I.9 372.4 ” 2.3 ,3.5i $*,50, z:; 1.9.4 I.3 
3 x2.2 ” ‘i.6 ‘800.3 ’ 2.3 5.18 19.5 l 39.7 2.2 
t!,,-. ,: “X7.3 : ,I.7 /I 1588 1. 2;3 ” 17~33 ‘, 37.4’ c 0.8 a: 77.4. I.2 
E, ‘:; 23.1,’ ,’ ; . : $450 ,: 1.6. ‘2894 ,,,, 2.3, 9.82 .,, ,, 78.7 0.9 , I36.g : 1.2 

,’ t. 

4. 
: :..-,..‘!. .,,I; “, ,, .,, i ,B .’ : ,’ . ., ” ,: I., .I1 : .‘. ,, 

an :;be;“e~~pressed mbre~~illustratively ‘in the ,form of the coefficient of ‘variation, 

n’d ,it. can &be ‘seen ,from*thisthat the ,coefficient of ;variation,‘and,- consequently,, the 
tandard. deviation of relative retention data will both ,be smaller when the.values of 
he’:: coefficients~: of’ variation of the substance > analyzed and, the internal standard 
t&d&relowSince the value of coefficient of variation decreases ,with,an‘,increase in 
,he’. value, of : the’ absolute retention’ da%& (cf, eqn. xb); ‘one should,choose; ,in ‘calcu- 
ating. relative retention data, from standards zl, zar . . . , zn, for which tex .<‘t&<: I;.‘. 

: tznandvz, >vtz > l a- > vzn, a standard which elutes so far from the starting point 
:hat$he’ coefficient. of variation of ,the former, can no ‘longer, significantly,,irifluence, the 
,esu~~a~t,.‘iralue::.of ., tlie. coefficient’ .zlf variation1 of, the relative, retention: data; Indeed, 
:he:~v~l~~s~‘oS~Calculated (vr) 8s ! well ‘,as, ‘experimentally. obtained, ‘(vk) coefficients of 
&riakion’ : decre~e;~ in; the :‘series 8 of :the stibstances ‘analyzed,‘, with.'increasing ‘, reten- 
:ion “distance*~of! the ‘standard ,used from; the star8 (Table II’); ifi : accordance tiith’eqn. 
ia’for: calculating’the coefficient,of ‘variation, of relative’retentidn data; ‘. . : ,‘. .“.. 

.i : : ,:H,ence;;khe ‘resultantvariance~~ of, 1 the: relative ;.reter&n~~data, is :dependent on 

khej selection of the ‘internal standard :and :‘isSmlowest; whenthe value*“of the cdeflicient ,. 
Df.variation of ,the internal standaxdused is lowest. However, the choice &the internal 
i~~~itard.i,ddes.,iiot”inflrielrce.;the. ‘qualitati6e ‘values ‘,of .the’,relative retention data, as 
the!$lues’of %x+?ntion’indices calculated- from relative retention ,dati ,exlxessed>~th 
Ferent I’i~t~mgl,,,st&bdards. .dd ,not differ; ‘materigilly ,froni’each other. (Table. IWj)r i :‘: 
! . . ~i.‘~~~‘:~~~~ariSb;n’,:,b~~~a~s:of: theit ,testl of~lthe’niban;!vahies~ of the r&tive. r&&tion 
* 

1. Chvohyatog;; 5i i(i+io> .ij-i6 
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c Zld 

ctevnal standavd: n-heplane Zntevnal standavd : n-octane 

sga x IO vn -d sp x 104 

(%I &I 
‘; s&Y= x 104 vg s,a x 204 v#. 

(%I (%I 

186 0.12 

296 0.14 
340 0.11 

438 0.07 
636 0.13 
782 0.04 
836 0.06 
00 0 

% 0.21 

27 1.31 

#2I 3.23 
‘3X ,5*93 

x.9 
4 z.3 

I.0 

0.6 
0.6 

0.3 
0.3 
0 

0.3 
o-5 

; 0.6 
0.6 

0.19 2.3 0.082 , 0.0183 1.6 
0,24 1.7 0.130 0.0314 1.4 
0~27 1.6 0.150 0.0207 1.0 
0.32 I.3 0.193 0.0286 0.9 
0.49 I.1 0.280 0.0279 0.6 
0.67 1.1 0.345 ,o.o364 0.6 
0:76 1.1 0.368 0.0350 0.5 
0.96 1.0 0.441 o-0543 o-5 
1.96 0.9 0.679 0.193 o-7 
4.00 0.9 I .oo 0 0 

7*29 0.9 1.42 o-785 0.6 
.12.3 0.8 I .Qo 0.500 0.4 

0.0361 
0.0441 
0.0484 
0.052g 
0.0784 
o. Io8g 
0.1156 

o-1444 
0.2704 
p-4900 
1.00 
1.69 

2.3 
1.6 

1.5 
I.2 
1.0 

0.9 
0.9 
0.9 
0.8 

0.7 
0.7 
0.6 

,‘. .a, ” 
data determined by’using an internal standard injected simultaneously with the mix- 
ture of substances to be analyzed (Table 11~) with those.determined.by using an internal 
standard injected after every charge (Table IIIa), or after the fourth ,and eleventh 
charges of the mixture’ (Table IIIb)‘, employing the mean value of the internal standard ..: 
absolute retention, data’ (Table’ IIIc);’ shows ‘that the relative retention data of tlie 

hydrocarbons analyzed are not influenced significantly by anyof the above methods 
of calculation. The measured values of the variances s# of the relative retention data 
expressed in the above way (Table III) do not amount to the values of the calculated 
variances ~~2 (Table II). Hence, if the resultant variance df ‘the absolute retention 
data h.as been tested and,if the value of the respective standard deviation is satisfac- 
tory for the purposes of qualitative analysis, it is not absolutely necessary to inject 
the internal standard” simultaneously with the mixture of analyzed substances in 
order to caldulate’the ,relative retention, data, * .t 

., : ” ‘,* 

Vahartce of retentio9z indices t. y ) I 

. Retention indices2 qualitatively characterize the analyzed’substance on agiven, 
stationary phase at a:iiven temperature. .In calculating the retention index of a sub- 
stance.nz; ‘.‘I” j ., : .,j:, -,,’ ‘. :. . ‘. ,& 

the, retention parameter x(x = V;r; t; Y) of the,, substance’ analyzed is arranged so that 
its fits on the, linear’ scale ‘defiaed,‘:by’ thelogarithms of -the retention. data of .two 

Jt C&Omatog.,:~r, ‘(1970) 23?36 
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ZELAT-E RRTENTIOrJ DATA RELATED TO AN INTERNAL STANti+RD NOT INJECTZD SIMULTANEOUSLY 
NITI THE MIXTV?tF OF SUBsTANCES ANALYZED 

l%e..meanitik of F and Q? is the’ same akin Tible II; t is the Student coeffidient caIcuIated from the 
:elation’ 

., ” 

t&&ernal standard, (n-heptine) was injected after every injection of the mixture (Table IIIa), 
sfter the fourth and eleventh injections of the mixture (Table IIIb), and, in the third case, the 
relative retention data have .been calcu!ated,f?r the mean vsllue & (Table IIIc) . 

-- 

I. 0.186 
2 0.296 

: 0.340 
o-439 

2 ‘.!’ 0.637 
0.783 

.78. ” 
:::. 

d.OclI 0.836 

9 ‘x.54 
IO .’ ‘2.27 
XI ‘3.22 
I2 ‘4.31 

"0.16 
6.27 

. “O.IQ 
‘Oi25 

: ,,o42 
, 6.38 
j ‘0.3i 

:,; 9.48 
” rioi3 

..,.’ 
3.35 
p; 

0 

0 

0' 

0;67 
0.59 
‘0.63 
0’ 
“Oi7Jl 
0,’ 
0 
I ;23 

.O 

0.187 ‘0.15 0.71 or186 
i 0.297 ,0.22 0.63 6.296 

0.341 6.18 0.71 oi34.0 
0440 0.27 1.25 0;438 
0.639 0.30 1.76 oA36 

:. 0.785 i ’ 0.40 1.67 0.782 
0.839 “0.42 1~58 ’ 0.836 
1.004 8’ 0.32 ‘( 2.67 1.000 

1 I.547 I.47 I’ 2.00 X.54 
~~28 2.43 ,I.92 2.27 
3*23 ‘. ‘2.53 3.12 3.21 

‘4.32 4.72 I.14 4*3x 

0.10 
0.26 
‘0.19 
0.21 

‘0.32 
,,0.38 
!0.35 
o-43 
0.72 
I.69 
2.88 

‘2.78 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

neighbouring s-alkanes zfm an@ a’n+l ; ,.‘. .,’ ,:,:‘..’ ,,,. ‘!_/I “, : ” ‘,,/ ,’ ..‘;* 
with any temperature and staiionary phase 

,.;., :,I’. I 
I: :,” *:,, p~pph;., (kc 2 &J& &) ‘A rodn, ; ..*’ 

,: ..,. :. ‘., .,_ (34 
,.. ,,; ( ,; ,; 
, I ,,.: ,, ,,: .S+&? ++5~ii c.ai.5: 6~9 ~~)z$$d ,$th a standard 3$ati?q, s> $?aer the, g&n I 

exp~~eqt@~ cor@iii&~, .t?e retentloli:indFx,hris !o b&‘looked’up&‘+ ,ti’ #&&ion of 
t$&$~ ~v~ti,~b~~,:‘x~, &,,,.$n,d ,&,,+J, so’ th& ‘its stan’daid d&iatioti &again i=htiract&ized 
b;* :.tbe &eheral ’ ~&A.ilal~ ;. 

,; .‘.,‘, ,‘.: /. ; ,,,I ., : ,. 
; ,: ,, * ,, ‘.:_’ ,,.: I’ >’ : .,,- * .’ ,’ :I,., ,;: 1 ,’ ,’ 

.( ,;. .‘, ‘, ,.: 5 

, : ; ,‘; ,,yI;. ‘, -:. (, ,, : ,, ‘:. 1 : >;.. (4.) 

ii’i&evident from..theiabove rela$on &at tl& Ikaria&i 6f ,r&mtion i&ices is not con- 
stant,’ but depends ,pn the variance, of the’ ret@zion ,paramet&s from I which it has 
heen calctiated. The vanlue of the variance’of the retention index is the lower if the 
values oi, t;he coefficients of variatiqn ,of the, indiyidual vari,qb$es are smaller.. .This 
pr&&e bas.@e,Fn .:~+f&c$ empi&capy, : and.the r~spe,cti~+z+ .resul!s !Fre quoted in, Table 
IV:.:The: ~xp~~e$.@lJ.y. obt&ned, variances $E2, of .:%he:re$Fntion indices,,calc@a$ed from 
absolute .r$ention data are, lower .or do not differ signifi&antly :from the ?ariances, 
SJ?~ .6bfw&q from ‘*he. eqn. ,4. The coeffi$eqts oj v.~&t~@ UE and’ v decrease with, in- 
qre,+s@g, @s$ance df tee substa,&e, atialyzed,: from the start, point; ‘(The retention in- 
d&es. o~,,+&nces &, =. 
&ll+++lld;*h’ :.’ t to 

17g were &&lated ‘6i1 ir#er&laii& between two closest .’ 
F re en loti.indices:of substaxices>m. G 11,: 14 .yFre. calculated.,by+xtra- 

pol.ation tic+ the. ,ne&est’ pair, of. fi-allcanes. -The .:est$-nati(X% ‘of I i$e, variances ,sE2 : of 
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TABLE V 

RETENTION INDICES C+LCULATED ‘BY,EX~RAPOI;ATION .* 
1 and &JJ~ have the same~&$tiiiig-ti’ hi Table IVa;, t is tpe Student, co&icienf: calculated by 

t = (i, - iB) l a -torit. = 2.05, ?%A,= nB ‘I 
. . ,. I, 

_ :* *.’ .: 

,,‘- 
= x5;, ” 

: ..: . . : 

the retention; indictis ‘h&m b&n calciilated by extrapbl&tion fro& ‘the pairs: n-pentane and N- 
hexane (Table Va) ; whexarie anq uc-heptane (Table Vb) ; and n-heptane and n-octane (Table Vc). 

I 

2 

: 
5 
6 

b 
9 

IO 

643.6 
667.7 
675.4 
696.4 
746,8. 
792.1 

. ‘, ‘. ; 
._ 

’ ‘. ,496.i 
552.2 
569.1 

i.85 4.01. : :. 

2.75 5.51 

34.78;: . 5.26 6;og ‘. 8 
11.04 6.54 ., $52.4 
20.86 ’ 6.48 ,‘. 799.4 

5.66’ 
2.12 
I.11 

0.29 

0.78 

5.98 ” ,‘. &.g 
3.55 (’ 551.3:. 
2.99 568.4 

z!i*;’ 

670.0 
678.1 

1.42 ,, ‘1’ 

9.39, 6.24 
3.40 4.57 
2.56 3.68 
0.82 2.48 
0.74 I.OG 
0.16 I.37 
0.17 0.64 

, 
., .: ,, 

. ,: 
c.., 

the retention iiidi&s of the rt-alkanes’used as 
/’ 

a basis for thetscale are obviously equal 
to z&b; ‘the values ~12 of the retention indicesiof the B-alkanes have been calculated 
from the value’s~df tz!,,,,tt’i_LzY; a,n’d&‘n+r.)‘ ’ ,.. ” ‘: 

..The ,values.of standard detiation SE and sr illustrate .the concept of the con- 
&l&e interval (I A st, 1 + st) of the retention indices ,measured under certain 

- experimental conditions. i ,I . I .’ ., 
Retention indices can be ,calcul+ted' from other data. than absolute retention 

‘data in cbromatograbhic practice. One often yants to compare different retention 
data for .an. identicalsubstance, t,hus ‘transformmg the former into a universal scale 
,ef retention indices. A, ,sub%&uent calculation of the retention indices (c$ eqn. 3) is 
simple’when the, retention, pat+ for all the necessary fl-alkalies are known. If the pre- 
cision of the retention’ dat.a ,‘used #inI calculation is known;‘.,it is possible, to obtain, 
employing eqn. 4, an idea of the precision of the addition@ retention indices-calcu- 
lated. If the different, retention data of the substances ana1yze.d have, been obtained 
under really identical conditions, the retention indices calculated from them should 
agree welI with each ‘other. : ’ : 

‘. 
a : ,:, 

Table, IVb contains the retention indices of the hydrocarbons analyzed calcu- 
lated from the ,relative .retention -data ‘related, by turns; “,to ti-pentane, rt-hexane, 
,+heptane,’ and ti-octane “as internal standards. Their mean values .are in good agree- 

. 
ment wit-h the mean retention, .md.ices calculated, from’ the I absolute retention data 
(see’ Table IVa) :;I (The difference between the mean values’ ‘of the’ ]‘.retention indices 
calculat@ from ,absolute’,and relative retention, data have been tested by the t-test. 
The calcnlated ‘values of ,the, Student coefficient were lower lthan the respective tabu-’ 
]ated critical v,alues;)! .: .’ ;,7. .;: ’ : 

(’ J,,. _ 
‘. ‘,.. 

:: ‘( It is ‘a,d~~rentlsit~~~ion,ifithe retention data of only ‘some of’the Nialkanes are 
.availablg”’ fqri calculating ‘retention in’dices:, In such c&e~, the r&&idn i&i& of 

@ite’a v&.riety~,of s,ubstancesare calculated by extr?pelati.on, ‘often.from’a single pair 

.-J..q <, hromatog: ,‘ 5x,;, (rg@) ‘23-3.6 
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of neighbouring rt-alkanes, or by interpolation between more distant rc-alkanes. How- 
ever, the linearity, of the, relation between, the logarithms of, the’ corrected retention 
data of the ut-alkanes and their numbers of carbon atoms has not, always been checked 
prior to the above calculation. The concepts published in ,the literaturel?~ls on the 
linearity or nonlinearity’of the above relatio:n are‘ different; it is obvious that retention 
indices suffer from bigger errors when ‘calculated by extrapolation or by interpolation 
between more distant ut-alkanes’ inlimits. where, the relation between the logarithm 
of the retention data.of the alkanes and, their numbers of, carbon atoms is nonlinear. 
Table V shows the retention indices of the hydrocarbons analyzed calculated by extra- 
polation from particular pairs of neighbouring n-alkanes (T,able Va:, ut-pentane, n- 
hexane ; Table Vb : st-hexane, rt-heptane ; Table Vc : rt-heptane, s-octane) and the 
values of the calculated Student ‘coefficients characterizing. the significance of the 
difference bettieen thevalues of the retention indices calculated by’extrapolation and 
those obtained by interpolation between neighbouring N-alkanes (Table IVa). 

CONCLUSIONS 
., 

The measurement of the absolute retention. data has been carried out under, 
conditions in which the data were not influenced by the amount of sample injected, 
sorption effects of the support, and different polarities of the solute and stationary 
phase. A linear relation, s = a + bt, has been found experimentally between the cor- 
rected absolute retention value t of the hydrocarbons analyzed and their standard 
deviation SE, in which the constants a and, b may be looked upon as characteristic 
for a given experimental arrangement and type of substance analyzed, From this 
viewpoint, relative retention data as well as retention indices of analyzed substances 
should be held as functions of, variables characterized by certain variance. Their re- 
sultant ,variance can be found empirically (SET) ; however, it can also be estimated 
(~~2) on the basis of the relation for calculating the standard deviation of a function. 
The calculated and empirically found variances of retention data agreed ‘well with 
each other. 

The fact that the retention value of the substance analyzed is characterized 
by a certain variance should not be negle,cted in processing measured data, deter- 
mining and applying various type,s of correlation, and employing published retention 
data for the purposes of qualitative analysis; briefly, whenever the retention data are 
accepted and processed as a constant quantity. The author suggests th,at, in cases 
when it is expedient, the variance should be published, along with, the retention data 
for the ex&rimental arrangement used, ‘which would 
confidence interval for the published retention data, 

give some concept of the 
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