
SUMMARY 

Gas chrorkatography can be used to determine the properties of solutes in a 

mixture provided that an exact equation exists between the retention and the proper- 
ties of interest. Several equations that permit easy laboratory calculations were studied 
and the accuracy of equations with a correlation coefficient above 0.85 was deter- 
mined. The equation 

gives an average deviation from 0.0 to f O-9 index unit for the C.&Z, isoalkanes 
separated on squalane at different temperatures. 

ZNTRODUCTION 

The Kovats retention index system and instrumental methods are commomy 
used in qualitative gas chromatography (GC)‘, the former technique is cheaper, while 
the latter is more reliabie. When retention indices can be determined with an accuracy 
of & 0.1 index unit (i.u.), the certainty of identif&tions based OQ them is improved. 
Under i;ertain conditions, this accuracy is not ditRcuIt to achievez-5. Identification is 
also facilitated by using the temperature dependence of the retention index (dI/dt), as 
additional informatiorr “‘, but this procedure i&time consuming. 

Comparisorrof experimental with oalcalated retention indices also gives useful 
information, hutthe reliability of the resu@ obtained depends on the accuracy of the 
method used. Tf the method is based on a suitable concept, GC can be used not only 
for anaiysk but also: for the determination of some solute properties. 

. . There are several methods for the calculation of 1, such as those basea on bond 
contributions (e.g., refs. 10 and 1 l), comparisons with the retentions and structures of 
cornpour& similar to the solute of interest (e.g., ref. 12), use of the homomorphic factor, 
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N”p (refs; 1315) or comparison of& with an index ca&lated on-the basis of iirp 
and the structure of the compotid being investigated-(e:g_i refS. H-18)_ Although 
-the&e methods are suitable for identification purposesfs~XgP, they cannot be used for 
the calcuiation of solute properties from the retention indim &cause of its separa- 
tion ability, GC could be utilized for this &rpose with the same success as in analysis. 
In this respect, it is more important to End out an exact relationship between the re- 
tention indices and the physico-chemical characteristics of solutes. Attempts in this 
direction have been made previously (e.g., refs. 21-27). 

This paper is intended to demonstrate an equation that is easy to use for the 
calculation of retention indices and sufbcientiy exact to give -reliable ident%cations 
and to be used for the determination of some physico-chemical propeees of solutes. 
The retention index (Ithear) comprises two constituents : the physico-chemical index 
(PCI), calculated on the basis of the vapour pressure and molecular volurxre of the 
solute and the corresponding n-aikanesz4, and a correction (structural number, SN), 
calculated on the basis of the solute structure. Using the separation of Cd,, iso- 
alkanes on squalane, the accuracy of some equations for the calculation of SIV and 
Pear has been determined. 

‘THEORETICAL 

The theory of solutions used in GC should be regarded as a case of the general 
theory of solutions. Although the solute zone moves down the column in a relatively 
limited volume of stationary phase, the solution obtained could be considered to be 
infinitely dilute. Proceeding from this assumption, HerringtoP determined the rtilative 
retention in GC by the equation 

The value of y differs from unity as GC solutions cannot be ideal; even if the excess 
enthalpy of solution, Xi”, is zero, s” is non-zero as the molecular sizes of solutes and 
stationary phases differ significantly. There is little doubt that a phase that gives a 
maximal value of %-ST is needed for the separation of closely related compounds. 
We shall now consider the separation in terms of s”. From the equation 

G-n=R2-hly 

y can be expressed in two partszg: 

(2) 

Elm 
lny=--G =lny,-+-lnYA (3) 

In regular solutions, S = 0 and In y = P/IW. A method for calculating the retention 
was given by Martir@O and its application has been discussed3L and studied- expri- 
mentallf2. En modem GC, however, one rarely encounters regular soiutions,:as they 
exist between molecules of very similar sizes, which indicates that the phase.possesss a 
very high volatility. Regular solutions will therefore not be considered further. 

In athermal solutions, u” = 0 and 

In y =- -S=fR (4) 
, 
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The .ya& o; Sm is ~determiu id in gene&l by- changes in- the degrees of freedom in the 
different types of molecular motions. Let us assume that ‘there is no. change in the 
.vibratio& motions when dnly ciis@ersion interactions occur. However, there are cer- 
tain changes in the rotational degrees of freedom, especially when dissolving in phases 
with well packed molecules. Translation could be estimated by the so-called positional 
entropy, S,,,, by means of the following equation=: 

s .= POS --R (fn VI/V,, f 1 -V1/V,lJ (5) 

where VI and VP, are the molecular vobxnes of solute 1 and the stationary phase. 
By using eqn. 5, Hammers and De Ligny 2s*w derived an equation for calcula- 

ting I,,,. This equation, however, is not adequate in view of our aim, as a phase 
property (V& is included in the calculation. The determination of the molecular 
volume of the stationary phase is complicated because low-volatility, high-molecu!ar- 
weight plymets that possess a certain polydispersity are’used. Also, only a portion of 
the complete polymer molecule is assumed to take part in the retention of a low- 
molecular-weight solute3’. 

-The following equation for relative separations on non-specific stationary 
phases has been suggestedSs: 

A stationary phase could he considered to be non-specific provided that: 
(1) H,“--q = 0. H” is the excess enthalpy of solution of compounds 1 and 2. 

This might be assumed to apply when closely related compounds are separated. 
(2) Sy->y = A,0 consists mainly of AS,,,. This is applicable to stationary 

phases with non-compact molecular packing_ We then obtain 

(7) 

(3) The term 
v,-v2 

v . in eqn. 7 could be neglected, heczuse VI -V2 < V,,. 

Then, .4s” = --Rln V2,find y2,r = V,,, (see eqn_ 6)_ 
Discrepancies between ICI,, on different stationary phases and PCI, calculated 

from rI.2. were examined aid it was found that they are due to the neglect of the 
rotational contributions to ds”, rather than to the molecular volume of the phase. 
The more branched the isoalkane, the greater is the positive difference between I and 
RX Guidelines for the determination of the corrected PC1 values of different hydro- 
carbons have been derived and a very good coincidence between I and PC&,,, was 
achievedSsm. 

We give below some evidence on the important role of the rotational constitu- 
ent of P, connecting the correction of PC1 with selected structural elements of the 
corresponding isoalkanes by means of a correlative linear equation. 

RESUL’IS AND DISCUSSION 

The accuracy of the methods for the calculation of retention indices given by 
Alteabure, Martinov and Vigdergauz23 and Harmners and De Lignyzs should be 
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compared iti terms of their own statistics; 1, eaiculated according to Bon&& and 
GrenieP and PCP’ shouWalso be included. The data for 16 Cg isoalkanes were taken 
from or calculated according to these- references and the results are given-in-Table I. 

. 

TABLE I 

DfSCREPANCIES BETWEEN I.., VALUES AND I VALUES CALCULATED ACCOtiING 
TO DIFFEREN-T MVESTIGATORS 

No. Hydrochm Reference 

22 23 38 2.5 24 

1 2-blethylheptane 
2 3-Methylheptane 
3 4-Methylheptane 
4 3-Ethylheke 
5 2,2-Dimethylhexane 

6 2,3-Dimethylhexane 
7 Z,4-Dimethylhexane 
8 2,5-Dimethylhexane 
9 3,3_Dimethylhexane 

10 3,CDimethylhexane 
ti Z-Methyl-3+%hylpentane 

12 3-Methyl-3ethylpentane 
13 2,2,3_Trimethylpentane 

14 2,2&Trim&bylpentane 
15 2,3,3-Trimetlrglpentane 
16 2,3,4_Trimethylpentane 

Average deviation, A 
Dispersion, 3 
Standard deviation, d 

-2.4 1.2 

-19 1.3 
-4.2 25 
-0.1 2.6 

2.4 2.2 
1.0 1.8 
2.2 2.3 
1.5 3.3 

-1.9 1.5 
-1.4 0.3 

3.6 -1.3 
-2.2 2.0 

1.7 -0.3 

0.9 -0.8 
0.4 -1.8 
2.7 0.0 

0.15 1.05 
5.0 2.35 

&z. 2 kl.5 

- 3.5 
- 0.3 
- 1.2 

2.0 
- 7.2 

2.1 
- 4.2 
- 7.5 

13 
5.8 
4.x 

12.2 
4.2 

- 0.9 
1.6 
0.7 
2.0 

- 2.2 
2.9 
0.9 

- 1.4 
4.2 

- 7.2 
11.2 
5.4 

- 

4.7 
- 

6.1 
1.8 

11.2 
- 

1.3 
2.5 
23 
3.8 
3.0 
5.5 
4.0 
1.9 
7.0 
7.2 
7.1 

12.3 
9.9 

72 
13.2 
8.9 

1.10 2.45 6.05 
37.10 12.72 13.60 

i 6.1 & 3.6 & 3.7 

The data in the &t two columns of values are based on the dependence of Ion 
the moIecular weight, density and structure_ The equations used, however, were differ- 
ent in each instance_ The data in the fist column were obtained from Ivalues calculated 
according to the equationz2 

I = -1273.2 f 22.307 AI&‘= f 136 K; (8) 

while the data in the second cobmm were obtained from I values calculated according 
to the equation= 

I = 8XI--4.5 (125655--t,) + 22.5 (2.0252--Ka (9) 

The constants have different values or even the equation is &an&d when the 
corresponding n-alkanes are considered s..The value of the calculated retention index 
does not depend on temperature, which results in-a signific&t difference between the 

dispersions at the 90 % level : experimentally, e&..L6, = ?$= 2.16, whilethetabdtir 
SC31 

F&d, = .1.94. 
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The data in the last three columns were obtained from an IsJts value in which a 
p&metei dependent on the temperature is involved, viz., the vapour pressure of .the 
soiut+. The discrepancies between 1, and PCI show that the dispersion improved 
sign&~&y after including the molecular volume of the solutes in the calculation. 
Neither 4 nor 6 is minimized sufficiently when the molecular volume of the stationary 
phase is included in the calculation. In addition, the dispersions in the last two columns 
a& equal at the 90%. level: experimentally, F&6.1$ = 1.07, while the tabular 
F<16.13> = 2.05. 

All of the differences in the last column are positive, whereas in the other 
columns they are both positive and negative. Evidently a system&ic correction to the 
PC1 is necessaryt If such a correction could be calculated and its dispersion were less 
than 1 i.u., zhe new theoretical retention index could he used successfully for the 
determination of solute properties. It is also evident that this correction should not be 
connected with the molecular volume of the stationary phase, especially when work- 
ing with apolar stationary phases. The data in Table I show that the retention could 
not .be expressed entirely in terms of the structure or the vapour pressure only. 

In a previous paperg, it was shown that the-dependence of the PC1 on tem- 
perature corresponds to dI,,,/dt. Over a temperature range of 40”, the maximum 
error observed for the 31 isoalkanes studied is 1 i-u. Hence a temperature-dependent 
variation is introduced into the new theoretical retention index when the PC1 is in- 
volved as one of its components. The value of the second constituent of this retention 
index is connected with a loss of rotational degrees of freedom due to the.solution in 
the stationary phase. In other words, the diflerences betw-een I,,, and PC1---4 are 
connected with the rotational constituent of S”. This connection is expressed by 
means of the “structural number” SN, consisting of the contributions of different _ 
structural elements of the solute. 

Several structural elements of C,C,, isoalkanes were selected and treated. The . 
data used in the calculations are given in Table II. The values of I,,, were taken mainly 
from ref. 39. The PC1 values were calculated at 70”. The number of Gosh conforma- _ 
tions (Q-) was taken from ref. 22. The numbers of methyl groups (ncH3), butane chains 
(& tertiary carbon atoms (n,), the total number of carbon atoms (n,) and the length 
of the straight chain (nJ were derived from the structures of the isoalkanes. 

After studying the relationship between the structural elements and 4, the 
following combinations for calculation of the structural number, SN, are suggested: 

X, = n, 

x, = il!B - mu, 

nL 

(10) 

(11) 

xl, = 
?+, - ?lcH, 

nL (no - %I 
(124 

If the number of Gosh conformations, nG, only is taken into account, the corre- 
lation coefficient calculated for the C,-C, isoalkanes is 0.96. We assume that the greater 



1 .-%2-Dimethyib~utz~!e 
2 2,3-Dimethylbutane 
3 ZMethylpeniane 
4 3-MethyIpentane 
5 2,2-Dimethylpentane 
6 2,3-Dimethylpentane 
7. Z+DimethyIpentane 
8 2,2,3-TrimethyIbutane 
9 3,3-Dimethylpntane 

10 ZMethylhexzme 
11 3-Meeylhexane 
12 3-Eth54pentzne 
13 2,2,4-Trimethylpentane 
14 2,2-Dimethylhexane 
15 Z+Dimethyihexane 
16 2,5-Dimethylhexane 
17 2J,3-TrimefiyIpentane 
18 3,3-Dimethylhexane 

19 2,3&TrimethyIpentane 
20 f3,3_Trimethylpentane 
21 2,3-Dimethylhexane 
22 2-Methyl-3-ethylpentane 
23 2-Methylheptane 
24 GMethylheptane 
25 3,4-Dimethylhexzne 
26 3-MethyIheptane 
27 3-Ethylhexane 
28 3-Methyl-3ethylpentane 

538.5 
-568.9 
570.0 
585.1 
627.0 
673.4 
630.5 
642.6 
661.5 
667.0 
676.9 
687.2 
692.0 
720.5 
733.0 
729.0 
740.2 
745.9 
755.1 
763.4 
761.5 
763.5 
765.2 
767.7 
772.6 
772.9 
773.4 
777.5 

532.7 2 3 
562.9 2 4 
568.9 1 3 
581.5 2 4 
623.1 2 4 
666.9 3 6 
628.0 2 4 
631.4 4 6 
652.4 4 6 
665.0 1 4 
674.0 2 5 
6894 3 6 
684.8 3 5 
717.5 2 5 
729.0 3 6 

727.1 2 
- 

730.3 5 z 

738.9 4 746.2 4 : 
750.2 6 9 
756.0 3 7 
756.4 4 8 

.7&z-o 1 5 
765.4 2 6 
765.4 4 S 
770.4 2 6 
769.6 3 7 
765.2 5 9 

4 
4 
3 
3 
4 
4 
4 
5 
4 
3 
3 
3 
5 
4 
4 
4 
5 
4 
5 

: 
4 
3 
3 
4 
3 
3 
4 

6. 4 1 
-=6 4 O- 

6 -5 0 
6 5 O- 
7 I 
7 5 0 .’ 
7..5 0 
7 4 I 
7 5 1 
7 0 
7 : 0 
7 5 o- 
8 - 1 
8 :. I- 

-8 6 0 
8 6 0 
8 .5 .I 
8- 6 1 
8 5 -0 
8 5 I 
8 6 0 
8 5 0 
8 7 0. 
8 7 0 
8 6 0 
8 7 0 
8 6 0 
8 5 1 

is n,, the more easily are the solute molecules incorporated in the net of the stationary 
phase molecules. 

The rotation of the whole molecule also has an infkence on the retention. This- 
influence can-be expressed by including n,,, and nL in eqn. 11; the greater is n& and- 
the smaller is II~, the more compact are the solute molecules and hence the Smaller is 
the restriction of its rotation in the stationary phase. The correlation coefiicient 
obtained for X, is 0.94. 

As a higher accuracy is achieved, n, and n, are introduced into eqns. 12 and 
12a. The structural n-her, LQU, is calculated from linear equations such as 

Or 

SN = u -j- b-Xl i c-X2 

where the Values of the constants a, b&d c are cktermiried by the least-squares pzethod 
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using the- data~ for 28 w isoalkanes. The -following e&ations that have given 
satisfa&q r&lts w&e studied further: 

SN = 2.46x1-1s : (13) 

$N = 18.47X3-8.39 04) 

.SN = 11.41X,-1.5 (15) 

SN = 1.36X1 + 0.755X,-1.61 (16) 

SN = 0.90X, -t_ 7.735X,--1.82 07) 

The discrepances between Z and I*- were determined (Table III). All of the statistical 
values were more satisfactory than those in Table I. 

TABLE iJX 

DIFFERENCJZS (A) BETWEEN I..., AND RETENTIONS CALCULATED AT 70” ACCOXD- 
iNG TO EQNS. 13-17 

1 2,2-Dimetbyibutane 
2 2,3-Dimethylbutane 
3’ 2-Metbyipentane 
4 3-Methylpmtane 
5 2,2-Dimethylpentane 
6 2+DimetbyIpentane 
7 2,2,3-Trimethylbutane 
ti 3,fDimetbylpentane 
9 2-Methylhexane 

10 2,EDimethylpentane 
11 3-Methylhexane 
12 3-Ethylpentane 
13 2,2&Trimethylpentane 
14 2,ZDimethylkxane 
IS 2,5-Dimethylhexane 
16 Z+Dimethylhexa.ne 
17 f2,3-Trirnetby@x&ne 
18 3,3-Disnethylhexane 
19 ~2,3&TLimethylpentane 
: &3.3-TrimethyIpentane 

2,3-J&n&hyihexzne 
22 2-M&yH-ethy&m&ute 
23 2-Methyiheptane 
24 CMetbylheptane . 
25 3,44XmethyJhexase 

.26 3-MethyIheptgne 
27 3-Ethylbexane 
2s 3-MetEiyl-34.by@dztme 

-.4+erage deviation, d 
Dispersiou,~ 
Standardd&tion.o 

2.40 
2.60 
0.15 
0.20 
0.45 

-0JO 
2.85 
1.75 
1.05 
0.60 

-0.50 
-1.10 
-1.30 
-0.40 
- 1.50 
-1.90 
-1x0 
-1.35 

0.55 
-0.05 
-0.40 
-1.25 

0.25 
-1.10 
-1.15 
-0.95 
-2.10 
1.50 

0.03 
1.96 

&1_4 

0.45 Z-40 
-0.10 190 
-0.80 0.00 

0.5s 0.70 
-0.65 0.35 
-1.20 -100 
-1.55 1.70 

Z-4.5 2.65 
0.25 0.75 
0.15 0.40 
0.30 -0.10 
0.4.5 -0.40 
0.55 0.95 

-0.90 -0.60 
-1.35 -1.70 
-0.20 -1.50 
-1.60 -1.30 

0.90 -0.35 
- 1.00 -095 

0.00 -0.15 
0.25 -OS0 

-0.50 -1.55 
-0.35 0.00 

0.10 -0.75 
1.20 -0.65 
0.30 -0.55 
0.30 -1.30 
20s l-70 

- -0.60 0.00 
0.69 0.96 

&OS5 &LO 

1.15 -0.20 
0.85 -0.40 

-0.30 -0_60 

0.50 0.25 
-0.20 -1.15 
-1.00. -1.40 
-0.25 -0.75 

2.10 1.70 
0.70 0.45 
0.30 -0.50 
0.15 -0.05 

-0.05 -0.65 
0.80 0.20 

-0.65 -1.40 
-1.30 -:. 60 
-0.75 -0.80 
- l-m65 -1.70 

0.05 -0.2s 
-0.65 2.70 
-0.35 0.05 

0.10 0.65 
-0.90 -1.60 

0.05 -0.25 
-0.20 -0.40 

0.25 -0.25 
0.00 -0.20 

-0.45 -1.00 
1.65 -0.70 

0.01 
1.47 

Al.2 

0.00 
0.71 

iO_85 



No. Hj&ocar~n Zw PCZ SN Z C&G A - 

2,2-Dimetbylbutane 541.0 534.4 5.45 539.85 1.15 1 
2 
3 
4 
5 
6 
7 

; 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

2,3-Dimethylbutane 
ZMethylpentane 
3-Methylpentaue 
2,2-Dimethylpentane 
2,6DimethyIpentane 
2,2,3_Trimethylbutane 
3,3-Dimethylpentane 
2-Methylhexane 
2,3-DimethyIpentane 
3-1Methylhexule 

3-Ethylpentane 
2,2,4-Trimetbylpentane 
22-Dimethylhexane 
2$-Dimethylhexane 
2,4Dimethylhexane 

2,2,3-Tdmcthyipente 
3,fDimethylhFe 
2J,4Trimethylpent 
2,3.3-Tri-methylperitane 
2,3-Dimethylhexule 
2-MethyL3ethylpent 
2-Methylheptane 
CMethylheptane 
3,C;Dimethylhexme 
3-Methyiheptane 
3-Ethylhexzne 
3-~MethyL34thylpentne 

571.2 
570.6 
586.4 
628.9 
631.5 
646.9 
665.5 
667.5 
675.9 
677.9 
688.9 
695.3 
7221 
729-9 
734.5. 
744.8 
749.5 
759.2 
769.5 
761.8 
766.7 
765.6 
765.5 
ns.fj 
773.8 
774.9 
783.2 

5649 5.85 571.75 -0.55 
569.1 1.25 570.35 0.25 
582.65 2.9 585.55 0.85 
623.8 4.55 628.35 0.45 
628.2 3.45 631.65 -0.15 
635.0 11.2 6d6.2 0.70 
654.7 7.8 662.5 3.0 
666.0 1.15 667.15 0.35 
668.7 6.45 675.15 0.75 
675.0 2.55 677.55 0.35 
682.85 4.95 687.8 1.1 _ 
686.85 6.45 693.35 1.95 
718.1 33 722.0 0.1 
727-4 3-O 730-4 -0.5 
728.45 4.3 732.75 1.75 
733.9 10.9 744.8 0.0 
741.6 6.7 748.3 1.2 
749.6 10.9 760.5 11.3 
755.6 124 768.0 1.5 
758-05 56 763.65 1.83 

.758.95 8.0 766.95 -0.25~ 
764.35 1.05 765.4. 0.2 
765.8 2.25 768.05 0.45 
-7677.8 6.85 774.7 0.9 

-. 771.35 2.25 773;6 03~. 
.. 771.0 4.3 775.3 -0.4 

770.15 10.9 781.05 2.15 -. 
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The &eliminary determination of no; necessary for use ;n eqns. 13, 18 and 17, 

might be unnecessary when eqns. 14 and. 15 are used. IfZ%? is &l&dated in order.to con- 
Srm an identification, the probable identity of the compound_must have been assumed. 
If the proposed equations are used as a-prediction step in the separation, the structure 
of the compound of interest will be known in advance. If ZcXS is used to calculate the 
vapour pressure, p” - f(t) or V;nol (@, the compounds of interest are also known in 
advance. Obviously Caere. are no dif&uities when n,, n,, n,, na and &n, are to be 
determined. 

The accuracy of the method had also to be demonstrated for separations 
at other temperatures and of higher isoalkanes. These calculations were carried 
out according to eqn. 14, because it has a greater average deviation. For example, 
ZtheJr values at 100” were calculated and compared with Z,,, (Table IV). Although the 
dispersion has proved to be higher (.s* at 100” is 0.89, while at 7d” it is O-69), a com- 
parison by means of the F factor did not show any significant difference at the 90 % 
level. 

Itheo” values for Cg and Cl0 isoalkanes were also cajculated. The standard de- 
viation for Cg isoalkanes was & 1.7 i.u., while.that for the CIo isoalkanes was above 5 

TABLE IV 

DIFFERENCES (4) BETWEEN ZcxP AND RETENTIONS CALCULATED AT 100” ACCORD- 

ENG TO EQN. 14 



i.n_ When calculating the new constants Q and b for the 900-2000 i-u. range, eqn. -18 
.is obtained: I 

SNg_ro =. 19.02X~--8.38 (18) 

which -decreased the discrepancies between lthcor and I,,,. The lack of sufficient data 
for C,, isoalkanes obtained according to the recommendations in refs. 2-5 ‘can be 
offered as a reason for the higher values of d in this range. 

When applying eqns. 14 and 18, the following accuracy in the calculation of 
lthmr at different temperatures within the range SO-1OW i-u. was obtained: 

500-600 i-u. .sz = 0.3 ; c = & 0.5 i.u. 
600-700 i-u. sZ=ll - - 9 a = + 1 i.u. 
700-800 i-u. s2=065- - f G = & 0.8 i-u. 
800-900 i-u. s2 = 2 8.5. - 3 d = & 1.7i.u. 
900-1000 i-u. s’= 10 ; cr = + 3 i-u. 

The accuracy achieved in the calculation of Itheor makes it a useful source of 
information when an identification or a prediction of a separation in qualitative GC 
is required. On the other hand, the correct calculation ofp’ and dp/dt becomes possible 
when PC“ is replaced with I,,,_ 

LIST OF SYMBOLS 

&c = empirical constants 

df = density at t “C 

e,:t,, = Fisher criterion (statistics) 

Gm = excess free energy of solution 
H” = excess enthalpy of solution 
I talc = calculated retention index 
I ==P = Kovats retention index 
I P-V = retention index calculated from p”, Vmo, and VP, 
IP = retention index calculated fromp” 
pcor = sum of PC1 and SN 
A4 = molecular weight 
&!I = pyp:, where p” is the vapour pressure of the solute 
R = gas constant 

pl,z = relative retention of solutes 1 and 2 
s” = excess entropy of solution 
&OS = positional entropy 

?b.p. = boiling point 
V m%.z 

=~ V moIZ /Vmoi, i) where Vi,_ I is the molar volume of the solute 
V pk = molar volume of the phase 
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