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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’’?
that the retention data should be published, for common analytlcal purposes, in the
form of KovAts indices I (ref. 2) whenever it is possible, or in the form of relative
retention data R (ref. 3) related to n#-nonane?, 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)!»5 were the first steps towards the utilization of the published
. retention data obtained from quahtatlve gas chroma.tography asameans of identifying
the substances analyzed.

J. Chvomatog., 51 (1970) 23-36



24 R -+~ J. UHDEOVA

With the same purpose in v1ew, some a,uthors1 6-8 evaluated the reproduc:blhtyr
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; to different extents, statlstlcally

ADLARD ¢t al.! have recommended that the retention index 7 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 Rz, Rz, and Rys (related to a hydrocarbon with
N and nine carbon'atoms, and to a standard substance S, réspectively).

The members of the Data Subcommittee of the GC Discussion Group® have
measured the retention indices of an identical group of substances at different labora-
tories, and found a mean deviation of -4 I unit on squalane and dinonylphthalate as
statlonary phases, and a mean deviation of 43 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:PEGA in.‘The ‘Fatty Acids Ester — Hydrocarbon Correlation Trial”’, SwoBopA?
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 preasmn of mea-
sunng the:retention indices of polar substances.

‘A very- detailed statistical treatment of the repeatablhty and reprodumblllty
of retention indices as well as the respective results-have been described in a paper
by LoEwWENGUTHS. 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 temperature control (the second factor plays a
significant role particularly with substances showing higher 41/10 values).

‘The list of papers giving more: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 programmed
temperatures? 19, In addition, data have been published on the precision of measuring
retention indices under experimental conditions which have been arranged to give
very precise measurements!l—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 handlmg of retentlon datain quahtatlve'
ga.s chromatography . - -

EXPERIMENTAL

The absolute retentlon data of basic types of hydrocarbons were measured on
a Shunadzu GC-4A PTF apparatus, employing the variant with thermal conductivity
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detection. 1.0 ul of a hydrocarbon mixture (n-alkanes: n-pentane, #-hexane, #-hep-
tane, #n-octane; alicyclic hydrocarbons: cyclopentane, cyclopentene, cyclohexane,
cyclohexene; aromatic hydrocarbons: benzene, toluene, o-xylene, ethylbenzene) was
repeatedly injected into a column, 2m long and 0.4 cm L.D. » packed with 25 % squalane
on Chromosorb W 60/80 mesh, over a period of 12 h. Hydrogen was used as the 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, ¢y, 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, Z,;, pertaining to the individual substances, were calculated. The calcu-
lated values of the standard deviations sy may be looked upon, at the given number
of measurements (» == 15), 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 methods!5,

RESULTS AND DISCUSSION

Variance of absolute retention data

Absolute retention data are basic qualitative characterlstlcs 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. 1. The dependence of the standard deviations on the respective corrected absolute retention
values of the substance analyzed. ¢ is the corrected absolute retention value for the substance
(mm); sg is the experimentally obtained estimation of the standard deviation of the value ¢ (mm);
the regression lines 1, 2, 3, and 4 have been ca.lcula.ted for 12, 10, 8, and 6 values of [¢,sk], respec-
tively.

It is evident from Fig. 1 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 squares?®, which simplifies further consideration or calculations with
the measured data as well as the use of them. The linear regression of 7, s‘E] values
for twelve hydrocarbons gave the straight line
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s = 0.I5 - 0.0035%. , , . , . (1a)
If eqn. (1a) is rewritten in the form

s=a+ bt ' ' o | | - V(I.)
and rearranged to express the more illustrative coefficient of variation,

v = (aft)y + b : (1b)

it can be seen that the value of the coefficient of variation v decreases with rising value
of ¢ With a sufficiently large ¢, the expression a/¢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
value of the coefficient of variation of the absolute retention data measured under
certain experimental conditions. If the regression line (eqn. 1) 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 calcwlate from the relation
(1a) 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 (1) 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 [¢, sg] points
produces straight lines with different @ 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 @ and b is practically insignificant,
which is shown objectively in Fig. T which shows the regression lines obtained with
6, 8, 10, and 12 [/, sg] points.

' The measured ¢, sg, vrg values as well as the calculated values of s;, s¢2, v¢ per-
taining to this part are quoted in Table Ia. '

Amnalysis of the factors contributing to the rvesultant variance of absolute retention data

The value of s represents the resultant variance of the absolute retention
value £,, 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, sp?, amounted to
0.0033 mm?; this value was determined by repeated measurements (# = 15), in an
identical chromatogram, of the lengths £p corresponding to the distances of peak

J. Chromatog., 51 (1970) 23—-36
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axima of the individual substances from the peak of the nonsorbed substance, tme
1e results of the individual measurements served for calculating the mean 7p and
e estimation of the standard deviation of the measurement of the respective length,
1 As there was no apparent dependence between the values of 7p and sp (Table Ib)
le overall variance of measuring lengths, sp?, was calculated by :

1.
sp% = = E ¢ tD
D - 1]—-1;-11-1(0‘5 i)

The vana.nce of the peak maximum determination for the substance under
1alysis was also constant and independent of the distance of peak maximum of the
ibstance from the peak maximum of the nonsorbed component. Its value was
1% = 0.0103, whlch was found by repeated determinations (n = 15), in an identical
1romatogram, of the peak maxima of the substances and the measured distances
1 corresponding to the replicate determmatmns of the. peak maxima distances of
1€ individual substances from the peak maximum of the nonsorbed component. The
ssults of the measurements pertammg to each of the substances were processed to
btam the mean 7 and the respectwe standard deviation sy of determining the peak
1aximum. It follows from the way the. determinations were made that the variance

w? also includes the variance of the measurements of length. There was no apparent
ependence between the values of Ias a.nd Sm (Table Ic); and the variance of the peak
1ax1mum sm?, was calculated frorn

ST 1

2
o ‘sM,2 zy——-r : -11§1 (IM” tMt)
‘he. part of the resultant variance, s¢2, of absolute retention data whlch was not
.ccounted 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 variances sp?, sam2, and s according to the Snedecor criteribn
Table 1d):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.
[t-may 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-
nent
A knowledge of the variances sp?, syp?, and s;? is useful, from the practical point
:>f view, in: processmg and evaluating the measured retention data for qualitative
purposes;though it is evident that the conclusions.based on comparing these variances
depend on. the a.ctual values of the latter and therefore have no general applicability.

Varmnce of relatwe retentzon data : : . o

. Relative ‘retention- data are easily. avaﬂable retentlon characteristics, a.nd are
very frequently used in gas chromatography practice. It has been assumed that the
relating’'of the absolute retention data of substances analyzed to the retention datum
of ‘an ‘appropriately chosen standard substance is sufficient to eliminate the effect of
the varia.bility 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!.3. Thus, relative retention data have a more general applicability

71 Clwomatog.,-s‘x (x970) 23-36
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y a The relative retention value 7, of a substance
of the correcte bsolute retention values of the analyzed (m) and
an

s
m is the quotient
I3

standard (z) substances, ¢, and £, respectively. Therefore, the relative retention data
have to be looked upon as a function of two variables, ¢, and #;, and its standard de-
viation can be calculated according to the general formulal®
2,2
I 2 Stztm 1/2

Sy = — —_ 2

r =g (shm + 55 (2)
without carrying out replicate injections and calculations necessary to determine the
standard deviation ch ra ctenzmg the precision of the relative retention data. This
presumption was verified in the following way: The relative retention data for the

hydrocarbons ana1y7ed were calculated by relatmg the repeatedly measured absolute
retention data of the individual hydrocarbons consecutively to n-pentane, n-hexane,
n-heptane, and #-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
7m and the respective estimations of variance, sg® 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;»? and s,? (the estimation of the standard
deviations, sg, for the relative retention data of the internal standards are obviously
equal to zero; the estimations of standard deviation s, for the standard substances
have been calculated only formally for a case where ¢,, # ¢;). The variances obtained

experimentally are lower than the corresponding variances calculated by the derived
relation (Table II).

LI N+

The estimation of the standard deviations sg and sy 111ustrates the conceptlon
of the nﬁdence interval ( 7 — st, 7 + st) of relative retentlon data. measured under

Amnalysis of the factors contnbutmz to the vesultant variance of velative retention data.

The va.lue s/2 represents the resultant variance of the relative retention data of
the substances analyzed. In addition to the factors 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
selection 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 ora substance ha.vmg a chemical
nature similar to that of the substance analyzed which elutes approximately in the
middle of the chromatogram of components to be separated!.® should be chosen
as the internal standard. The standard deviation s, of the relative retention data.

J. Chyvomatog., 51 (1970) 23—36
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RIANCE OF THE RELATIVE. RETENT!ON VALUE ¥ OF THE SUBSTANCES ANALYZED

jthe mean of the relative retention values 7y of the substance m; s? is the variance of the rela.twe
entxon va.lues of the substa.nce m; s,-=l has been calcula.ted by the rela,txon (2) sgz =[x/ (n—=1)]X

(r;’ =73, n=15; v is the coeﬂicxent of: vana.tlon of the rela.tlve retentxon values of: the ‘sub-
b 4

nce m, expressed as a percentage v,- = :oo(s,./r), vp = roo(sg/r) the mterna.l sta.ndard ‘was
ected sxmulta.neously thh the substa.nce a.na,lyzed o ARATR . -

e FO D 2 { A L

- Internal standayd: n-pentane : Internal standayd: n-hexane

7 © Ssp? e rot vp s % rot vy 7 ‘ sE'“ X rot vg  s¥?x 108 Uy
' ‘ (%) (%) T (%) (%)

- 1.00 - SR < IR - 10.13 3.2 0.425 .0.558 . 1.8 . 1.188 2.5
: . 1.59 | . 7:4 1.7 18.60 - 2.7 0.674 o620 1.2 . 1.589 1.9
G837 Y 12t 23.34 ‘2.6 "o. 775 ' ' 0.404 0.8 ‘1.877 1.8
PR aii2036 i 184 00 180 - ' 35.15 . 2.5 0 I.0O - . . O o: - 256 | 1.6
., 342 ., .322 17 = 6882 24 = 145 0775 0.6 441 1.4
>y ' 4.20 56,4 1.8 = 101.8 ' 2.4 .78 - 1.57 ro0.7 ' 6.25 1.4
ORIEEY" 7 - RS ?-'64 6 - 18 115.3 2.4 1O " 2.0 i 0.8  6.76: - 1.4
3. ..5.37. ..+ .. 929 . L8 . 161.7 2.4 - 228 .. .. .1.93 :. 06 . QOO0 1.3
) .., 828 | 2340 19  372.4. 2.3 .3.52. . 6550 07  19.4 I.3
' 12,2 3710 1.6 = '800.3° = 2.3 518 - 19.5° 0.8 - - 39.7 1.2
[ "TP3 0w - 8872,0 - Tog o0 1588 - o . 2:3:0 0 17,33 0374 . 0.8 " 77.4 I.2
2 o 2‘3.:,-‘,,; . 3450 .. 1.6 2894 . . 2:3 .9.82- . 7_8.7 .0.9 . 1369 . .2

an be expressed more: 111ustrat1vely ‘in the form of- the coefﬁ.01ent of varla.tlon,
Lot kwmin T e

nd it can. be seen from-this that the ‘coefficient of variation'and, consequently, the
tandard deviation of relative retention data will both be smaller when the values of
he" coefﬁments of variation of the substance analyzed and the: internal standard
lsed are low. Since the value ‘'of coefficient of variation decreases with an increase in
he value: of! ‘the’ absolute retention data (¢f. eqn. 1b); one should choose; in calcu-
atmg relative retention data, from standards z,, 2, ..., 25, for which £, <<'tz; << ...

< tzpand vy, > vz, > ... >> vz, astandard which elutes so far from the starting point
hat ‘the' coefficient of variatioti of the former can no longer: sxgmﬁcantly influerice the
esulta.nt ‘'value’ of- the coefficient of variation of the relative retention-data. Indeed,
‘he values of. calculated (vr) as‘well -as experimentally . obtained (vE) ‘coefficients of
sariation’ decrease; in the 'series' of ‘the substances analyzed, with-increasing reten-

ion distance of the standard used from' the start (Table 1I); in‘accordance with eqn.,

aa ‘for calculatmg the coefficient of variation of relative retention data. - :
Hence; the ‘resultant’ variance of ‘the relative: reteéntion-data’ is dependent on
I:he selectlon of the internal standard ‘and is lowest when the value of the coeﬂiment
of vanatlon of the internal standard used is lowest. However, the choice of the internal
standard ‘does not inflaence the, quahtatwe +¥alues 'of the relative retention data, as
the" values of'retention indices calculated from relative retention data expressed: W1th
:l1ﬁerent ‘internal standards do not differ ma,tenally from-each other (Tablé IVb).:
B Companson, ‘by‘means of'the' test, of the miean:values of the relative retentlon

J- Chmmatog; ; 517(1970) 23~36
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c ‘ 11d
weynal standard: n-heptane ' Inteynal standard: n-octane ‘
Sr® X 10% vp sy X ro% Uy 7 sp® X 10% vgp 542 X 10% Uy
(%) (%) (%) ‘ (%)
186 0.12 1.9 0.19 2.3 - 0,082 . 0.0183 1.6 0.0361 2.3
296 0.14 . 1.3 0.24 1.7 0.130 0.0314 1.4 0.0441 1.6
340 0.I1 I.o 0.27 1.6 o.150 ©0.0207 1.0 0.0484 1.5
438 0.07 0.6 - 0.32 1.3 0.193 .. 0,0286 0.9 0.0529 I.2
636 0.13 0.6 0.49 1.1 0.280 . 0.0279 0.6 0.0784 1.0
78z 0.04 0.3 0.67 i.i ©.345 . ©0.0364 0.6 - 0.108g , ©.9
836 0.06 0.3 0.76 1.1 0.368 . 0,0350 0.5 0.1156 0.9
oo o o 0.96 1.0 0.441 0.0543 0.5 0.I1444 - . ©.9
54 0.21 0.3 1.96 0.9 0.679 . 0.193 0.7 0.2704 0.8
27 1.31 0.5 4.00 0.9 1.00 o o 0.4900 0.7
21 3.23 0.6 7:29 . 0.9 I1.42 0.785 0.6 1.00 . 0.7
31 .5.93 0.6 -12.3 0.8 1.90 0.500 0.4 1.69 . 0.6
data determined by using an internal standard injected simultaneously with .he mix-
ture of substances to be analyzed (Table IIc) with those determined by using an internal
standard injected after every charge (Table IITa), or after the fot.- th and leventh

charg sof the mixture (Table IIIb), employin the mean value of the internalstandard
absolute retention data (Table IIIc), shows that the relative fetentinn data of the

TRl Al W & Mas walvwiv Na wvasss

hydrocarbons an alyze are not influenced 51gn1ﬁcant1y by any of the above methods

of calenlation, The measured values of the variances sz2 of the rplnhvp rpfpnf!nn ﬂnfﬂ
WA W LRATU VAW LAY i AW AABWLLW WE Wl ¥

Ve LatrS WA vaal Vivaatusawiww ) wa vesr & Tallive V - rwaswaran

expressed in the above way (Table III) do not amount to the values of the calculated
variances s;? (Tablé IT). Hence, if the rpenHan«f variance nf the absolute retention

TS i 22T RSV LT

data has been tested and if the value of the respectlve standard deviation is satisfac-
tory for the purposes of qual‘tativp nalyem it is not absolutelvy necessary to iniect

Tvas - aw 22V QSRR SiTRTISSS LR

the nternal standard"simultaneously with the mlxture of analyzed substances in
r : + . .

ive retention

+m
E

- €
«

[ . : S a !

Variance of retention a,m ces R
‘ Retention indice quahtatwely ‘characterize the analyzed substance on a.given,
stationary phase at a’ given temperature. In calculating the retention index of a sub-
o 16gxm log % o : o R
: st. h.. — Zn : . P
y Immpp, (m) = 100 — : — - I00m . v . R SO o ) }

er tentlon parameter x(x = Vy, ¢, 7) of the substance analyzed is arranged so that
it fits on the' linear 'scale defined by the: loganthms of ‘the. retention. data of two

J- Chromatog.,: 51, (1970) 23~36
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FABLE III

RELATIVE RETENTION DATA RELATED TO AN INTERNAL STANDARD NOT INJECTED SIMULTANEOUSLY
VITH THE MIXTURE OF SUBSTANCES ANALYZED )

Che meaning of 7 7 and sg? is the same as in Table II; ¢ is the Student coeﬁicxent calculated from the
‘elation

S 42 + s 82 1/2 ‘ ’ '
= (Y4 ——1’3) / ———-———] » lerit, = 2.05, 4 = Ny = 15;
n—1
l:he mternal standard (n-heptane) was m;ected after every injection of the mixture (Table Illa),
after the fourth and eleventh injections of the mixture (Table IIIb), and, in the third case, the
relative retentlon data have been calculated for the mean value ?: (Table ILIc).

" Alla - S Y £ 9 £ - - IIle
B sEdxrot ¢t ? sgtx 10t ¢ 7 " sgEdX IOt ¢
1. ' 0.186 ''0.16 o ‘0187 ' ‘0.15 0.71 0.186 : o.10 o
2 ' 0.206 [0.2% o v 0,297 0 0.22 " 0,63 . 0,206 | 0.26 o
3 0.340 ' o.ag o’ ¢ .0.34T °  ©0.18 0.71 0.340 - ©0.19 o
4  0.439 0.25 0.67 - 0.440 1 ‘0.27 1.25 10,438 0.21 o
5 0637 "'0.42 0.59 - 0639 0.30 1.76 10,636 ' 0.32 o
6 - 0.783 - 0.38 063 ' ' 0785 i 0.40 - 1.67 0.782 - 0.38 o
7. ' 0.836 T'0.31 ‘o 7 0839 ' 0.42 © 1.58 " 0.836 ' ‘0.35 o
.8 “'1.00T 048 0:7T1 . 1.004 ' 0.32 v 2,67 . '1.000 ' 0.43 e
9 ' 1.54 TR 3 oo’ o VL1547 0 1.47 2,00 [1.54 0.72 o
10  2.27  '3.35 o . 2,28 2.43 ‘1.92 2.27 1.69 o
IT . 3.22 5.80 1.23 P o323 - 2.53 v 3.12 3.21 - - '2.88 )
12 4.31 8.21 o U ¢.32 C 4.72 1.14 4.31 '2.78 o

ne1ghbour1ng n—alkanes 2 'n and z n41; w1th any temperature and statlonary phase

K .T'}Ifq:'mp. (n——CnI-Izn+z) Toon: - oL R (3a)

- Since retentlon data are measured w1th a standard dev1at1on s,, under the g1ven

exp‘e'rlmental conchtlons, the retentxon mdex has to be’ looked upon as a function of

three vanables, %mis %2y, and xz ,,_H,so that 1ts standard dev1at10n 1s agam charactenzed
by' he general formula15 el -

P 0 100. lo .--".:-.. " X 2 1y iy o L X . 1/2
v'.ﬂ:s_’rﬁ: [( g e) ] [(vm jog n+1) 5 (v; ,,log zxn+l) 4 ('Uz iz log ___n_z_ ) ]

z xz: m ’ xz
log ""‘1 .‘ e AR »

[

o L . J | (4)
It is: ev1dent from the above relatlon that the vanance of retentlon mdlces is not con-
stant, but depends on the variance of the retention parameters from which it has
‘been calculated. The value of the variance of the retention index is the lower if the
values of the coefficients of vanatlon of the individual variables are smaller. This
premise has. been wverified emplncally, and the respective. results .are quoted in Table
1V..The expenmental]y obtained variances sg? of the retentxon mdu,es calculated from
absolute tetention data are lower or do not differ 51gn1ﬁcantly' from the variances
sr2, .obtained from the eqn. 4.The coeﬂic1ents of variation yvg and v decrease with in-
creasing dxstanre of the substance analyzed from ‘the start pomt (The retention in-
dices. of substances m = I-9 were calculated by mterpolatmn between two closest
alkanes and the:retention. indices of substancesm = I1I, 12 were calculated by.extra-
po]atmn from' the nearest pair of. n-alkanes. The: estunatlon of, the variances sg? of

J - Chyomatog., 51 (1970) 23-36
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TABLE V-

" RETENTION INDICES. CALCULATED BY EXTRAPOLATION : :
I and sE'-‘ have the same meanmg as in Table IVa t ls the Student coefﬁclent calculated by

s a s 1 -~ .‘ .
(I.q —IB)/ ‘An-_*__IB_ (’ tom = 2.05, ”A=”B= 15» :

the retentxon indices’ have been‘calculated by extrapolatxon from the pau‘s n-pentane and »n-
hexane (Table Va); n-hexane and n-heptane (Table Vb); and n-heptane and n-octane (Table Vc¢).

I . sr? ¢ I s B / oI s ¢
1 ' °496.2 566 . 598 - - 494.9 9.39 6.24
.2 552.2 2.12 3.55 .. 551.3 3.40 4-57
3 569.1 I.IT 299 568.4 - 2.56 3.68
4 L S S S : ‘ - 599.4° 0.82 2.48
5 643.6 1.85 4.0L . . - . , : : - 644.9 0.74 1.06
6 667.7 2.75 5.51 : - 670.0" 0.16 1.37
7 675.4 3-79 5.26 S - - 678.1 0.17 0.64
8 6g6.4 . 4.88 6.09 © v - i . '
9 746.8 11.04 6.54. . . 752.4 =~ 0.29 1.42
10 7921  20.86 ‘648 -  799.4  0.78 2.54

the retentxon 1nd1ces of the n-alkanes used as a ba51s for the scale are obwously equal
to zero; the values s 12 of the retent1on indices’ of the n—alkanes have been calculated
-from the values of £/, tz'y —i, and fz'p 1 1.) B : :
: ~The values-of standard dev1at10n sg and sr 1]lustrate the concept of the con-
fidence interval (I —st, I + st) of the retentlon 1nd1ces measured under certain
- experimental conditions.. 4
Retention 1nd.1ces can be calculated from other data than absolute retention

data in chromatographlc practlce One often wants to compare d1fferent retention
'data for an identical substance, thus transformmg the former 1nto a un1versal scale
of retention indices. A subsequent calculation of the retention indices (¢f. eqn. 3) is
s1mple when the retention data for all the necessary n-alkanes are known. If the pre-
cision of the retentlon data used in ‘calculation is known,’ it is: possible, to obtain,
employing eqn. 4, an idea of the prec1s1on of the additional retention indices.calcu-
lated. If the different retention data of the substances analyzed have been obtained
- under really identical conditions, the retentlon indices calculated from them should
agree ‘well w1th each other. :

_ Table IVb contains the retentmn 1nd1ces of the hydrocarbons analyzed calcu-
lated from the relative: retention-data related, by turns, to n-pentane, #n-hexane,
‘n-heptane, and #-octane ‘as internal standards. Their mean values are in good agree-
‘ment with the mean retention indices calculated from the absolute retention data
(see Table IVa)..(The difference between the mean values' of the  retention indices
calculated from: absolute and relative retention data have been tested by the ¢-test.
The calculatéd values of the Student coefﬁment were lower than the respectlve tabu-
lated critical values.): I '

' It is a different; 51tuat10n 1f the retentlon data of only some of the n-alkanes are
- .available”for calculating retention indices. Insuch’cases, the retention indices of
quitea vanety of substances are calculated by extrapolation, often from a single palr

- thbm(atag, »5 I';‘:. (1970) 2 3—.36
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of neighbouring #n-alkanes, or by interpolation between more distant #-alkanes. How-
ever, the lmearlty of the relation between' the logarithms of the corrected retention
data of the nz-alkanes and their numbers of carbon atoms has not always been checked
prior to the above calculation. The concepts pubhshed in ‘the literature!?.18 on the
linearity or nonlinearity 'of the above relation are different; it is obv1ous that retention
indices suffer from bigger errors when calculated by extrapolation or by interpolation
between more distant #-alkanes in'limits, 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 #-alkanes (Table Va: #n-pentane, #n-
hexane; Table Vb: n-hexane, n-heptane; Table Vc: n-heptane, n-octane) and . the
values of the calculated Student coefficients characterizing the significance of the
difference between the values of the retention indices calculated by extrapolation and
those obtained by 1nterpola.t10n between nelghbourmg 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 = @ -+ b¢, has been found experimentally between the cor-
rected absolute retention value ¢ of the hydrocarbons analyzed and their standard
deviation sg, in which the constants ¢ 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 (sg?); however, it can also be estimated
(sz?) on the basis of the relation for calculating the standard deviation of a function.
The calculated and emplrlcally 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 neglected in processing measured data, deter-
mining and applying various types 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 that, in cases
when it is expedient, the variance should be published along with the retention data
for the experimental arrangement used, which would give some concept of the
confidence interval for the published retention data.
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