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SUM MARY 

The influence of several parameters on the viability 2nd precision of the deter- 
mination of the Kovdts retention icdex, under conventional experiment21 conditicns, 
has been examined_ In particular, the activity of the support 2nd the dead-time cor- 
rection hzve been considered_ A new mathematical method for the calcul2tion of the 
dead time is given. 

INFRODLJCI-ION 

Retention indica, p2rticutarIy that defined by KovBtsL, 2re widely used in 

gas chromatogmphy (GC), since they permit 2 good way of comparing the chromato- 
gmphic retention data, 2s wehf 2s the establishment of 2 series of correI2tions between 
rete&on data 2nd the physicalzG or structur2E properties5-8 of the separ2ted com- 
pounds. However, the accrrracy of the determinatiorr of retention indices is subject to 
certain instrumental limitations or sources of error, as shown by the correlar-ion uials 
carried ant in dEerent laboratories 9*10_ Sources of error that have been forrnd to in- 
fluence the precision 2nd accuracy are: Eow-r2k 2nd column temper2tr;re10-“: 

purity of the mobile and stationary phasesa-“; activity of the supportL8-f’; co!umn 
efEciencyfz=lQ; sample size”-‘“; retenticn measrrrements 2rLd calculations (dead 

time’z-Zq, extrzpolation, etc.)_ 
Since the real value of the indices is unknown, the accuracy of the rest&s can 

only be checked by determining their precision 2nd their reproducibi!ity. Chromato- 
.ggphic 2pparatrrs h2s been cksi,bned in order to obtain measurements of high pre- 
cisiop,Z”-Zi_ Most of l &e GC analyses are carried opt with commercial instruments, 2nd 
the present pzpet de&s with tie evah~ztion o, 1 f ktrumental parametres that have the 

main inBuence on the reliability of the reterrtion indices, io particular the activity of 



the support acd the dead time”. The predicticn of the scatter of tlze results, through 
a study of the errors in measurement and their transmission through the c&ulation 
process, is exambed. A neiv method for the cakufation of the dead time, through 
iteration, is also given. 

CALC’JLATIONS 

The retention index m2y be calcu!;rted by riumerical interpolation, by mea=s 
of the general equation proposed by KovzM, 

(where t; is the corrected retention time of *he prob!em, t; and 2,‘,1 are the corrected 
retention times of the malkanes used (f; < ii < ti-3, I is the retention index, and 
n is the carbon numkr of the first alkane used), or by graphic21 interpolation with- 
in the linear relation of log trR and the number ofcarbon atoms23*zz, n,, according to 

where r; is the corrected retention time, and a and b are constants. 
-4ithough the first of these methods seems to be simple, the second method is 

less subject to error, since least-squares treatment of the straight line represented by 
eqn. 2 results in retention data with ac uncert2inty which is determined by the pre- 
cision of the instruments used. The larger the number of experimental points which 
lie on the straight line, the smaller is the uncerttinty in the least-squares results. Et 
cal; be seen that, with this method, unknown values may be calculated by extra- 
polation. 

The v&ue of the dead time, t,, 2Kects the caiculatior~ ofthe corrected retention 
time, and its accur2cy therefore affects the le2st-squares adjustment 2nd hence the 
accuracy of the resulting retention indices. The accepted method of calculation of t, is 
that proposed by Haferkamp” and !ater justified by &oenendijk and Van Kemen2dez3, 
where the approximzte retention time is represented by three exponenti terms: 

t fn--L - r,_, - r,? 
i-c = -in’< + t,_L - a, J I’= 1,2,3,etc. 

However, because of the linear relation between log t’, and n, (refs. 23 2nd 24) it is 
also possible to calculate a value oft,, which we term the “ma~hematicai dead time”, 
such that the adjustment of the experimen’d points to the straight line is optimized. 
An iterative method of cafculation has been developed in which the squares of the 
deviations of the theoretical indices of n-alkanes are minimized with respect to the 
index calcn:ated fro‘m eqn. 2. l%e corresponding fiow dia_gr2m is showr, in Fig. 1. 

The error inherent to the caIcui2tion of the retefrtion index may be obtained 
from 



) YES 

Fig_ 1. Routine flow di2gm.m for the calculation of the mathematical dad time. -I’M (IN) is 213 initial 
v2iCZ of t,, &tiated 2s OO”d of Haferkzmp’s t, v21uez;“. A 2nd B are consbnts, TM is the 2ctual 
v&e of the mathematical dead time, DYM is the increased value of TM, TR is the retention time, 
LTR is the lo_tithm of the corrzzted retention time, 2nd PREC is the 2ppio.tim2tion IeveI of TM- 
WAX! c2Ictrlztions. 

where a 2nd 6 are tie slope and the intercept OF the straight line, which is adjusted by 
I~ast-squares treatment to the retention dr+ta of aIi of the wxlkzces used. The absolute 
errors Zn a and 6 are a&n&ted witfi_ the reliability limits obtained from the least- 
scpares expression, for a 95 ‘A confidence Emit. ne statistical error, Ed. in the caIcu- 
Wed retention index may be obtained from 

where 



and whew= l ., c ci(ij is ihe retel;tion &x of hydrocarbon E’; rRRcLlsziC is the retention ‘tie of 
hydrocarbon i c&x&ted from eqn. 2; I,,, is :he retentiori index of hydzocvbon i; 
I is the mean vAt;e of the indices of the hydrocarbons used; and .X Is the tot& number 
of Iiy&OCd30iIS used. fa,/r. (~__2) is rile mine of the Student fimction at (1 - a) y4 
confidence levei, for N - 2 degrees of freedom (LV fs the rotal number of poirrts). 
The value of Ed obtained from eqn. 5 will normal2y be higher thzn the real error in 
the retention index, which could be cafe&&d ordy if t&e value of the index was 
known; however, the magnitude of .zr &k&s the rekzbility that can be piaced 0x1 
SW& a numeric& result. 

RESULTS AND DISCUSSION 

Correction for the dead time 
The easiest way of evaluating ‘the iniluence of the method of cakulation of 

thz dead time on the accwacy of the retention index is ED use diRerent values of the 
dead time and then compare the values of the reterrtion index which result with the 

TA3LE I 

INELUENCE OF THE ME-i-HOD OF Ci+L&CUM~QN OF TlZE DEAD TIME ON THE AC- 
CURACY- OF TEI_E RETENTION INDEX 

(2) Theoretic21 retention times (“idel” straight line) 
X00 20.13 1999.95 1999.99 1999.99 
2400 ?8.7& 20.@4 24Ox3.00 24x(k? 
2800 133.14 x0.03 2799.99 2759.99 
3000 2X.60 3GOO.Ol ~999.93 2999.99 
3200 381.55 32xI.o 3199.99 3 I99.99 
3600 11?3.05 3599.97 36OO.Qo 36OwxI 

&? 5.40 5.39 5.39 
Reiativc mean devicrtion 0.120-IO-' O.i40- IWS 0.121*10-j 
Ccr&dence limit rbr e 0.19?- 10-6 0.364.10-- 0.337- io-7 
Confidence limit %r b 0.817*10-= O.lM- 10-A 0.934-10-4 
Regression co&icient, squars 0.9999999 1.G-ii 1.~ 

(b) Practical retention times (one run; srain!ess-steel c2piIIery cotirmn; 30 m ‘r: 0.3 mm I.D.; sta- 
tioz3-y phase, Apiezon L; temper2tue, 12O’j 

700 254.0 721.37 593.1s 700.67 
800 271.0 799.93 798.49 795.45 
900 301.0 89l.OZ 903.15 S99.82 

104x) 353.5 989.03 f005.B lC01.i7 
1100 440.0 1090.75 I I0.5.19 I101.70 
i200 5so_0 1 r93.GG i 199.35 1197.17 
l300 839.0 1299.54 L301.0 13a0.83 
14x 1267.0 145.95 1398.68 1400.51 
1500 19%x(? 1512.35 x95.54 1499.63 

r, 218.03 Z39.17 X9.16 
Relative nzeac deviation O.W-31 0.33s O.ZQ4 
Confidence limit for 0 O.I82- 10-J 5.73S-iG-’ 0.247-10-L 
Con%ene= limit for b 0.206 0.0834 0.0279 
Regression co&cienr, square 0.99s184 G.999772 G299973 



theoretical v&es. A set of theoretical data for n-alkanes wzs chosen so as to over- 
come the uncertaimy dare to experimental error (Tabie la). The retention Index W’BS 
determined u&g (i) a value of the dead time nEeuMed from eqn. 3 using the last 
three hydrocarbons (I,), (ii) a vague of the dead rime c&&ted from eqn. 3 taking 
the fargest possibte even spacing (Czo, C,, C3J (IL) (iii> the mathematicd dead tim,~ 
using aI1 the hydrocxbons (IS). It ca@ be seen from Table Ea that the three methods zre 
nearly equivalent, the optimlrm resu& be& g obtained by methods (ii) and (iii). In 
Table Ib the szme methods were used for some experimentA data. fn this case the 
best caEcuf2tion of the retention index ~2s achieved by we of a more exact calculation 
of the dead time, as in method (iii). When eqn. 3 was used for the calculation of the 
de2.d time, the resulrs were always more precise if the three hydrocarbons which were 
selected had the largest possible even spacing, starting from the last hydrocarbon in 
the series (Table R). 

TABLE II 
INFLUENCE OF EVEN SPACLNG ON THE CAI_CULATKBN OF ,, ACCORDING TO 

MAFERKAMP (EQX 3) 

Al_kanes from n-he$zane to n-i-penradeczne were uss. M&fie_mztial dad time, 4U3.7. 

12 

8 
9 

IO 
11 
12 
1; 

14 
Meal 

i=l i=_7 i=3 i=O 

407.0 
400.L 403.3 
402.5 ml.8 4Q3.2 
s&7 4038 402.8 403.1 M2.6 402.3 403.1 

409.9 4001.2 
399.0 
402.3 432.4 42.7 403 . 1 

The infmence of the dead time on the measurement and cahxlation of the re- 
tention index 2nd the interdependence between the precision of the measurement and 

the c232city factor (k’) of the solute studied are related. This correlation is presented 
in Fig. 2, where the absoirrte statistic& error for a set of theoretic& retention-index 
da&x is shown 2s 2 function of the dead time and of the capacity fictor. So, in order 
to obtain retiable measurements of retention time, the chromatogxphic corLditions 
should be chosen so as to provide a high czpacity factor 2nd 21~0 2 high vaiue of the 
dead time (capillary columns). 

The iineatitiorr of the relation between fog rX and n, permirs retentiorr in- 

dices to be obtained by extrapoiztiori over a range of alkanes. The reliability of this 
process may be studied on the basis of two varizbfe factors: the scztter of the points 
about the adjusted strai,oht line and the distance of exwapoI&ion, that is the dif- 
ference between the last standard alkane and the alkane whose retention index is 
required. As far as the first factor is concerned, it can be seen from Fig. 3 that when 
the mean relative error of the points in the straight fine increases, the absolute error 
of the reterition index, E, = JeLl - ii,,, increases Linearly. With respect to xhe second 
factor, se also increases with increasing extrapolation distance, depending on the ca- 
pacity f2ctor of the last standard alkane rrsed. In cases of well adjusted straight lines, 



T TM 5.39 

x '?.I 70.39 

e TM 1539 

o TM 5539 

A Th! 405.39 

capaclty factor 

Fig. 7. Variation of absolure statistical error in the retention tidex as a function of the dead time and 
the capacity factor. 

Fig 3. Abs4nte error of ffie retention hdex as 2 fmxtion of t&e r&tive meu devistion of potits 
from tke sti-iiigkt lint. 

the !ugst extrapolation distance that cm be used may be zboa_lt the times the c2- 
pacity f2ctor of the last staodard aE2ne (Table Iff). 

hzjibence of :ke activfty of tke sqpport md tke sm_de size 

The activiw of the support is nsually resporrsible for the variatiorr in the reten- 



TABLE ILL 

EX-fTECAPOLScTION ERROR AS A FUNCXLON OF TKE CAPACLTY FX~OR OF THE UN- 
k’ NOWN ALKAI\‘E (k’) AND OF THE LAST STANDARD ALKANE (k’,), FOR DIFFERENT 
R ELATWE MEAN DEVIATIONS FROM THE S-FRAfG~ LINE 

k’, k' 

2 4 6 8 10 15 

Mean devia:ion . 0.13 -,0 ‘1 
0.9 2.5 4.7 6.5 8.0 8.8 10.5 
1.6 0.9 2.3 3.8 4.9 5.5 6.S 
2.7 0.9 7.0 3-o 3.4 4.4 
4.5 1.0 Is 2.0 2.9 
7.5 0.8 1.0 1.6 

13-0 0.6 

_Mezn deviation, 0.02 % 
1.1 0.3 0.5 0.5 0.7 1.0 1% 
1.7 0.1 0.3 0.2 0.3 0.7 1.0 
2.8 0.0 0.2 0.2 0.3 0.4 
4.5 0.1 0.1 0.1 0.1 
72 0.0 0.1 0.0 

11.6 0.0 

tion time with the sample size. By using open capillary columns, the effect of the sup- 
port may be reduced to that ofthe coh.mm wall. This effectmzy explain the diRerent 

behavionr of benzene and n-heptzane when decreasing amounts of sample are injected 
into stainless-steel and glass-capillary columns (Fig. 4). Schombt?rgLq had shown previ- 
ously the iniluence of the different pokuity of glass and steel on the retention indices 

I +-A_ 1) 

350 
+--._ 62 

r 

szmpte size (FL) 

Fig. 4. Yariation of retention tke with the zffimrat of sa~ipie. I, StainI~s-stec1 c2piflarj column 
(10 m x 0.3 EXD ED.). Stationary p*hzsc, Apiezcm L. Tempe_zrtuce, 80”. 2, apillary co!umn of boro- 
s&ate giass-. Cmditioiis as in E. 



CE 2&2nes. This phenomenon is IntensiGed with the progressive exb2ustion of the tol- 

umn, producing an increase in the retention index which is proportional to the pokrity 
of rhe chromatomphed compound, for the s2me 21normt of l~jected samp!e (?I’2ble 
IV). 

TABLE IV 

\‘ARIATICEN OF THE RETEN-FION INDEX WITH PERIOD OF USE OF THE COLUMN 
Stainless-steej column (30 m x 0.3 mn I.D.); Apiezon L; temperatlrre, 120”. 

~- 
Coqomd P2riod of cohrn me (12) 

0 4QfJ 12QQ 

E!.enzenc 693.1 693.9 707.6 
Tolueae 8GO.5 SOl.1 809.9 
p-Xyleae 904.3 904.6 9cl8.0 
Cumei;e 943.3 5x3.1 945.2 
Cyclchewe 693.3 693.6 696.3 
Methylcyclohwane 756.2 756.4 755.0 

Use of an excess of the injected sampie causes asymmetry in the resuMng peaks 
and dispiacement of their mzima, f2isifying the measurement of the retention time. 
Furthermore, the amount of sample Influences the efkiency of the chromatogr2phic 
system”*” 2s shown in Fig. 5, the optimum sample size being obtained in the absence 
of solute-support inter2ctionsZg. 

0 N-alkane (C,) 

0.5 

t , 
2b I 

0 70 30 
sample size ( ng i; 102) 

Fig. 5. Dependence of the efkiency on th, Q s2mpk size. AI&kss system; colurr,n, 77 rn x 0.3 rnrn 

I.D. Stationary pha~, E-30. Tempxature, 270’. 



CONCLUSIONS 

The most pi&Se method of calcuIation of the retention index is through eqn. 
2 whose parameters a and b are adjusted by the method of Iezst squares to the whote 
of the experiment& retention data for a series of E-alkanes. Moreover, the larger the 
number of n-alkanes used (usuzily from sir: to ten) and the greater the number of times 
the ariaiysis is repeated, the greater will be the refiability of the indices. However, 
use of the “mathematics! dead time” resu!ts in more accurate results and enables 
the number of runs to be reduced. The Iineatity of the logarirhmic p!ot, eqn. 2, has 
been demonstrated to a confidence limit of better than 93.99% in the C7-Cj6 range. 
With lower data dispersions, the mathematical and conventional methods (eqn. 3) 
yield equivalent resufts. 

Fig. 6. Dependence of error on the number of runs. - - -, Relative men d&&ion from the stmi&t 
lirie; -, absolute statistic2l error. 

The eEct of the number of analyses on the reliabi:iry of the calculated reten- 
tion index is shovfn in Fig. 6. Bob& graphs show that when the number of assays is 
larger than four, F&able results are obtained. Once a good constancy of instrumental 
factors has been obtAned (0. I c, 0.03 atm), there is very little difference betsveen the 
retention indices calculated from data obtained from joint or separate e!uticn of the 
standard and unknown alkanes (Table V)_ Although in the case of joint elution a 
slight izprovement in the precision is obtained, some difiiculties may arise due to over- 
lapping of peaks. 

VARIATION OF THE RETiZRQN KNDEX AND ITS DISPERSKON ERROR FOR JOINT 
(r,) AND SEPAR4TED ELLTTKP~ (&I OF ST_4NDARD AND UNKNOWN ALKANES 

Stii&ss-steel gzpiLiary COIUEID (30 m x 0.3 mm I.D.); stationary phse, Apiezon L. 

Benzene (7W) 684.5 OX? 654.4 0.77 
Toltrene (SW) 734.6 0.60 794.1 0.50 
_*Xykne (lCOc) W.1 0.66 9Ou 0.3% 

____. 



22 X. GWkRDE~O ez al. 

The contra! of the parameters de&ited in the present vvorlc has permitted tie 

determimxtion or” reteatloo indices of sawrated, &fink and aromatic bydrocaarbons 03 
a conventional gas chromatograph, with relative errors of bstweer. 0.01 2nd 0.05 “/& 
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