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Abstract

For homologous series and their branched-chain isomers, in plots of retention indices of one phase vs. those of
another phase of different selectivity, the scattered data points form a series of parallel cluster lines, on which
isomers containing the same carbon numbers are always located, and compounds with different numbers of
methylene groups are found on different lines. The so-called isomer cluster phenomena have been observed for a
variety of monofunctional and some multi-functional compounds. A retention equation to describe the new
retention phenomena was derived based on the assumption of a constant molar volume of a solute when the
intermolecular interactions take place on different stationary phases. Also, the equation can readily be applied to
predict retention indices from one phase to others. Over 1000 retention indices on various stationary phases have
been predicted with relative higher accuracy, and parts of the results are presented in this paper.
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1. Introduction

The quantitative correlation of chromatog-
raphic retention parameters with molecular
structures and physico-chemical properties is an
intensively investigated area. Numerous inves-
tigators have attempted to correlate and predict
retention indices of diverse compounds, such as
odor-active compounds, olefins, drugs, poly-
chlorinated biphenyls and polychlorinated diben-
zo-p-dioxins, using some molecular structural
information and descriptors [1-8], and attempts
have been made to retrieve molecular structure
information from retention indices [9]. The cor-
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relation and prediction of the retention values of
a variety of compounds by using physico-chemi-
cal parameters have also been frequently studied
[10,11] and many studies have been included in
reviews [12-15].

The Kovats retention index is probably the
most accurate retention parameter in chromatog-
raphy. However, most of the methods used to
calculate retention indices usually result in pre-
dictions with lower precision than the experimen-
tal retention data. No realistic scheme for accur-
ate prediction is available, although many at-
tempts have been made. Concerning the com-
plexity of the molecular interactions between
solutes and stationary phases, especially differ-
ences in molecular orientations and interaction
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distances, it is difficult to describe the behavior
of intermolecular interactions quantitatively. To
predict accurate retention indices, we must uti-
lize experimental data with the same precision.

Kovits retention indices have been obtained
for thousands of compounds on many stationary
phases [16-19]. It is a large resource of accurate
data which can be applied to predict the re-
tentions of the compounds for variety of station-
ary phases.

The main aim of this paper is to demonstrate a
new relationship between Kovats indices deter-
mined on different stationary phases. The corre-
lation equation can be used very simply to
predict Kovats indices of selected types of com-
pounds on various stationary phases of different
selectivity with relative high accuracy.

2. Isomer cluster phenomena

On plotting Kovits retention indices (I) of

homologous compounds on two stationary
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phases of different selectivity, we can observe
isomer cluster phenomena, in which isomers
containing the same number of carbon atoms are
located on one of the parallel lines. Thus com-
pounds with different numbers of methylene
groups are divided into a series of clusters. Fig. 1
is a plot of the Kovits indices of squalane (SQ)
vs. benzylbiphenyl (BBP) for 25 paraffins [20,21]
containing 5-7 carbon atoms. Three isomer clus-
ters form three lines with an average deviation of
2.1 retention index units (i.u.). Fig. 2 is a plot of
I(SE-30) vs. I(PEG 20M) for 41 aromatics [22};
the isomer cluster phenomenon is evident.
Retention indices of aliphatic esters on four-
teen stationary phases of different polarities were
determined by Ashes and Haken [23]. Figs. 3 and
4 are plots according to the retention data on
three phases, SE-30, DC-710 and Silar 5CP. The
dispersions of average deviations among these
stationary phases are about 3 iu. for these
compounds. It has been shown that the isomer
cluster phenomenon occurs with many types of
compounds on a variety of stationary phases.

1(BBP)

Fig. 1. Plot of Kovits indices (/) on squalane (SQ) vs. benzylbiphenyl (BBP) for 25 paraffins containing 5~7 carbon atoms.
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Fig. 2. Plot of I (SE-30) vs. I (PES 20M) for 41 aromatics.
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Fig. 3. Plot of I (SE-30) vs. I (DC-710).
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Fig. 4. Plot of I (SE-30) vs. I (Silar 5 CP).

Fig. 5 is a plot of Kovits indices for odor-
active alcohol compounds [1]. In this case, the
majority of the compounds are followed the
retention rule. A few compounds, (1) 2-methyl-
2-propanol, (2) 3-methyl-3-pentanol, (3) 2-
methyl-3-pentanol, (4) 3-methyl-2-pentanol and
(5) 3-ethyl-3-pentanol, deviate from linearity,
perhaps because the adjacent substituent group
influences the hydrogen bonding interaction.

However, if two phases are structurally similar,
all clusters of isomers approach each other, and
may overlap as a single line. Fig. 6 shows plots of
retention indices on DB-1 vs. DB-5 for 84 paraf-
fins, 36 naphthenes and 17 aromatics [24]. In this
case, the isomer cluster phenomenon also occurs,
but it plays an insignificant role, compound
types/functional groups being the main factors
affecting the retention difference. Typical plots
of retention indices for compounds of different
types on OV-1 vs. SE-54 [16] are shown in Fig. 7.

The isomer cluster phenomenon characterizes
both stationary phases and solute type. It can be

used to compare the selectivity of stationary
phases and it can also be applied for other
purposes. The prediction of the Kovats indices of
various stationary phases from those on known
phases is one of the useful applications. There-
fore, a prediction equation was derived and
utilized for this purpose, as discussed in the
following sections.

3. Unified equation

Concerning the isomer cluster phenomenon,
there must exist some unvariable characteristics
for selected types of compounds when they
interact with molecules of different stationary
phases. It has been shown that the molar volume
is constant for a specified type compound. Based
on this assumption, Eq. 1 was derived (see
Appendix) as follows [25]:

I=AlI' +BN+C (1)
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Fig. 5. Plot of I (OV-101) vs. I (PES 20M) for odor-active alcohol compounds.

where A, B and C are constants for a specified A, B and C are related to a number of
type of compound, I" is the retention index of a parameters that can be used to account for the
known phase and N is the carbon number in the above retention behaviors. A is the slope of the
carbon chain and branched carbon chain(s). linear plot and is determined by the relative
1000 1000
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Fig. 6. Plot of I (DB-1) vs. I (DB-5) for 84 paraffins, 36 Fig. 7. Plot of I (OV-1) vs. I (SE-54) for different types of

naphthenes and 17 aromatics. compounds.
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interaction energy of a methylene group on two
stationary phases (see Appendix). B is mainly
determined by the difference in relative inter-
molecular interaction distances of the carbon
chain on two phases for a given type of com-
pound. C is determined mainly by the properties
of functional group(s) of the given type of com-
pound, which include the interaction differences
of dispersive, dipole—induced-dipole and hydro-
gen bonding interactions between two stationary
phases. Therefore, one type of compound shares
one set of coefficients in Eq. 1.

Empirically, retention phenomena such as
Kovits indices for selected types of compounds,
as shown above, can be quantitatively correlated
using two variates, the retention index and the
number of carbon atoms. Hence Eq. 1 can also
be obtained by the intercorrelation method.

Table 1 gives the coefficients for some mono-
multi-functional compounds between OV-1 and
SE-54 phases. Generally, there is no great differ-
ence in A on the two stationary phases OV-1
(dimethylpolysiloxane) and SE-54 (5% phenyl-
95% dimethyl polysiloxane) owing to the similar
compositions, whereas B and C are different for
various types of compounds owing to the differ-

Table 1
Coefficients of Eq. 1 for various types of compounds between
OV-1 and SE-54 phases at 60°C

Compound type A B C

Aromatic 0.986 0.53 26.91
RCOOH 1.038 -4.10 -1.31
RCN 1.066 ~5.80 11.41
RNH,; R,NH 1.054 -5.57 3.97
NR, 0.989 1.00 11.83
RCl 1.015 -142 11.67
RBr 1.013 -1.79 1.02
RI 1.003 ~2.00 18.91
>C=0 1.072 -6.68 6.88
ROH 1.020 ~1.69 2.94
RCOOR’ 1.037 -3.08 6.92
Alkenol 1.028 -2.64 11.30
Amino alcohol 1.029 -2.28 11.98
BrRBr 1.074 -824 -4.87

The data are recalculated from Ref. [16].

Table 2
Coefficients of Eq. 1 for aliphatic esters between SE-30 and
other phases at 150°C

Phase A B C

ov-7 0.839 12.8 -1.8
DC-710 0.799 17.6 ~25.3
0OV-25 0.749 25.5 —68.2
100% Ph 0.697 30.4 =761
DC-230 0.918 3.61 31.0
DC-530 0.863 11.4 —42
XE-60 0.712 25.3 -78.6
XF-1150 0.658 373 —170.3
OV-225 0.671 29.5 -69.9
Silar SCP 0.611 37.7 —-109.6
QF-1 0.882 7.6 -177.0

The data are recalculated from Ref. [23].

ent functional groups. The results are in accord
with the plots in Fig. 7.

Table 2 lists the coefficients of Eq. 1 for
aliphatic ester compounds between SE-30 and
eleven other phases of different polarity. In these
cases, the values of A, B and C vary greatly
owing to the differences in phase properties and
compositions. In spite of the complexity of inter-
molecular interactions, Eq. 1 is apparently valid,
and deviations from linearity for most com-
pounds are within the limits that can be achieved
in different laboratories.

4. Prediction of Kovats retention index

To predict Kovats indices, the initial step is to
obtain the three coefficients A, B and C in Eq. 1.
Either regression analysis or calculation using the
retention indices of three compounds on two
stationary phases can be applied. In selecting the
three compounds, at least one of them must be
different in carbon number. Taking Kovats in-
dices on OV-1 as the known data and to predict
retention indices on SE-54, values A =1.020,
B = —1.69 and C = 2.94 for alcohols (as listed in
Table 1), are calculated using the retention
indices of three compounds, 1-butanol, 3-methyl-
1-butanol and 3,3-dimethyl-1-butanol, respective-
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ly. Coefficients for esters are calculated by using
isobutyl formate, propyl acetate and isobutyl
acetate and those for ketones using 2-pentanone,
2-hexanone and 2.4-dimethyl-3-pentanone. The
average prediction error for 43 alcohols, 26 esters
and 23 aldehydes and ketones is 0.63 i.u., which
precision is almost the same as achieved ex-
perimentally. A comparison of predicted and
experimental retention indices is given in Table
3. Kovits indices of 137 hydrocarbons between
DB-1 and DB-5 phases [24], as shown in Fig. 6,
were calculated in the same way (results not
presented) and similar precisions were obtained.

As an additional verification of the results,
Kovats indices of other monofunctional com-
pounds of different types were predicted by using
the coefficients listed in Table 1 and compared
with experimental data. Identical accuracy was
observed.

A large difference in phase polarities may
result in extra prediction errors. Nevertheless, for
most compounds, the prediction deviations are
still within a few index units. The determination
of Kovits indices on polar phases may also result
in differences of a few index units [26]. Since
stationary phases differ in structure, the orienta-
tions of molecular interactions would be differ-

Table 4

ent, and this effect may result in deviations from
linearity for some specific structural types of
compounds.

Table 4 gives a comparison of the predicted
and experimental Kovats indices on Carbowax
20M for primary alcohols and ketones. Since the
structure of Carbowax 20M (polyethylene glycol)
is different from that of OV-1 (dimethylpolysilox-
ane), predicted errors for 3,3-dimethyl-1-butanol
and 2,4-dimethyl-3-pentanone are observed. This
is probably due to the adjacent methyl groups
hindering interactions of functional groups.

Table 5 gives a list of predicted and ex-
perimental data for the paraffins shown in Fig. 1.
Hundreds of prediction data for aliphatic esters
on stationary phases of different polarity have
been obtained (not presented here), most of
them being within a few index units. Aromatic
compounds can also be predicted by Eq. 1,
despite the structure (polarity) difference with
respect to aliphatic isomers. Table 6 lists the
retention indices and predicted results for 41
aromatics on two phases with a large polarity
difference.

As expected from the theoretical considera-
tions, Eq. 1 is also adaptable for compounds with
multi-functional groups if the substituted posi-

Comparison of predicted and observed retention indices for primary alcohols and 3-ketones on Carbowax 20M

Compound Iy, (exp.) Iy (exp.) Iy (pred.) Af

Isobutyl alcohol 611.31 1088.67 1089.52 0.85
1-Butanol 646.48 1142.64 1142.64 0.00
2,2-Dimethyl-1-propanol 657.34 1105.94 1107.55 1.61
3-Methyl-1-butanol 719.03 1205.70 1200.72 -4.98
1-Pentanol 750.40 1251.00 1248.10 -2.90
3,3-Dimethyl-1-butanol 77877 1255.81 1239.70 -16.11
2-Methyl-1-pentanol 818.85 1300.00 1299.95 -0.05
1-Heptanol 955.05 1453.83 1453.83 0.00
2-Methyl-3-pentanone 733.02 1000.00 1003.25 3.25
3-Hexanone 764.84 1053.43 1053.43 0.00
2,4-Dimethyl-3-pentanone 779.01 1000.00 1015.30 15.30
5-Methyl-3-hexanone 816.74 1078.31 1074.81 —3.50
2-Methyl-3-heexanone 819.95 1071.62 1079.87 8.25
3-Heptanone 865.79 1152.16 1152.16 0.00
2,2,4,4-Tetramethyl-3-pentanone 900.00 1085.16 1085.16 0.00
2,2-Dimethyl-3-heptanone 964.66 1178.63 1187.14 8.51

Data from Ref. [16]. A =1.510, B = —51.49, C =372.19 for alcohols; A =1.577, B = —60.48, C =210.06 for ketones.
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Table §

Comparison of predicted and the experimental Kovats indices on benzylbiphenyl! liquid phase for paraffins at 78.5°C (A = 1.20,
B=-21, C=5)

Compound I (exp.)* Typp (€Xp.)° Igpe (pred.) Al
2,2-Dimethylbutane 539.0 527 527 0
2,3-Dimethylbutane 569.8 566 564 -2
2-Methylpentane 570.7 568 565 -3
3-Methylpentane 586.2 585 583 -2
2,2-Dimethylpentane 628.0 613 613 0
2,4-Dimethylpentane 632.0 616 618 2
2,2,3-Trimethylbutane 643.3 629 631 2
3,3-Dimethylpentane 662.8 653 655 2
2-Methylhexane 667.8 658 661 3
2,3-Dimethylpentane 674.8 668 669 1
3-Methylhexane 678.2 671 673 2
2-Ethylpentane 689.2 684 686 2
2,2,4-Trimethylpentane 693.5 674 673 -1
2,2-Dimethylhexane 7213 705 707 2
2,5-Dimethylhexane 730.7 714 718 4
2,4-Dimethylhexane 735.1 720 723 3
2,2,3-Trimethylpentane 741.4 733 731 -2
3,3-Dimethylhexane 747.6 737 738 1
2,3,3-Trimethylpentane 764.8 760 759 -1
2-Methyl, 3-ethylpentane 765.5 762 760 -2
2,3-Dimethlhexane 761.4 757 755 -2
2-Methylheptane 766.3 758 761 3
4-Methylheptane 768.2 762 763 1
3,4-Dimethylhexane 774.7 773 771 -2
3-Ethylhexane 775.7 773 772 -1

* Data from Ref. [20].
® Data from Ref. [21].

tions and the number of substitutent functional
groups are of the same. Table 7 presents some
predicted data for these compounds with multi-
functional groups. Table 7 also lists some posi-
tional isomers of dibromoalkanes. 1,2-Dibromo-
butane is an exception, perhaps owing to the
interaction of the two bromo groups.
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Appendix
Derivation of Eq. 1

According to the statistical thermodynamic
treatment in high-performance liquid chromatog-
raphy by Lu and co-workers [27-30], the chemi-
cal potential of solute A in pure liquid phase B
(for a pure phase, dN},/9N', =0) is

I |
P _ XA Va
Ha —RT{ In N, —-—kT-Q——V]B

2am kTN\3'?
+InV, +1In 7‘— Ja

(A1)
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Table 6
Kovits indices of 41 aromatics on PEG 20M and SE-30 and predicted values using Eq. 1

Compound 1 (PEG 20M)* N 1 (SE-30)° 1 (pred.) Al
Benzene 954.5 0 657.1 664.8 7.7
Toluene 1049.5 1 759.9 761.5 1.6
Ethylbenzene 1131.9 2 8514 850.8 -0.6
m-Xylene 11453 2 859.6 858.6 -1.0
p-Xylene 1138.9 2 860.8 854.9 =59
o-Xylene 1185.7 2 8822 882.3 0.1
n-Propylbenzene 1210.1 3 941.8 937.6 -42
Isopropylbenzene 1176.9 3 911.3 918.1 6.8
1-Methyl-3-ethylbenzene 1224.9 3 949.0 946.3 -2.7
1-Methyl-4-ethylbenzene 1223.4 3 950.6 954.4 -52
1-Methyl-2-ethylbenzene 1258.4 3 964.6 965.9 1.3
1,3,5-Trimethylbenzene 12422 3 956.2 956.4 0.2
1,2,4-Trimethylbenzene 1277.6 3 971.5 977.1 -04
1,2,3-Trimethylbenzene 1325.4 3 1006.0 1005.2 —0.8
n-Butylbenzene 1309.1 4 1039.6 1036.6 -3.0
Isobutylbenzene 1241.3 4 994.3 996.9 2.6
1-Methyl-3-isopropylbenzene 1266.5 4 1006.6 1011.6 5.0
1-Methyl-4-isopropylbenzene 1268.8 4 1009.5 1013.0 35
1-Methyl-2-isopropylbenzene 1276.4 4 1020.6 1017.4 -32
1,3-Diethylbenzene 1297.3 4 1034.8 1029.7 -51
1-Methyl-3-propylbenzene 1301.0 4 1034.8 1031.9 -29
1-Methyl-4-propylbenzene 1301.0 4 1038.1 1031.9 —6.2
1,4-Diethylbenzene 1305.2 4 1040.0 1034.3 =57
1,2-Diethylbenzene 13240 4 1043.5 1045.3 1.8
1,3-Dimethyl-5-ethylbenzene 1319.8 4 1042.6 1042.9 03
1-Methyl-2-propylbenzene 1327.7 4 10483 1047.5 -0.8
1,4-Dimethyl-2-ethylbenzene 1343.5 4 1059.0 1056.8 ~2.2
1,3-Dimethyl-4-ethylbenzene 1350.0 4 1061.7 1060.6 -1.1
1,2-Dimethyl-4-ethylbenzene 1357.2 4 1066.1 1064.8 -13
1,3-Dimethyl-2-ethylbenzene 13721 4 1069.6 1073.5 3.9
1,2-Dimethyl-3-ethylbenzene 1394.8 4 1083.5 1086.8 33
1,2,4,5-Tetramethylbenzene 1406.8 4 1096.4 1093.9 -2.5
1,2,3,5-Tetramethylbenzene 1416.5 4 1099.5 1099.5 0.0
1,2,3,4-Tetramethylbenzene 1461.6 4 1127.5 1126.0 -15
n-Pentylbenzene 1404.3 S 11405 1133.4 -71
1,3-Dimethyl-5-propylbenzene 1406.2 S 1126.0 1134.5 85
1,4-Dimethyl-2-propylbenzene 1415.0 5 1140.0 1139.7 -03
1,3-Dimethyl-4-propylbenzene 1429.0 5 1143.7 1147.9 42
1,2-Dimethyl-4-propylbenzene 1435.8 5 1149.5 1151.8 23
1,3-Dimethyl-2-propylbenzene 1451.6 5 1152.2 1161.1 8.9
1,2-dimethyl-3-propylbenzene 1458.6 5 1166.5 1165.2 -13

* Kovits indices from Ref. [22].

where the superscript 1 denotes a parameter in constant, T is absolute temperature, V', and Vi
the liquid phase and g in the gas phase, & is are the molar volumes for the solute and solvent,
Planck’s constant, j, is the internal partition respectively, V, is the volume of liquid phase and
function of solute A, k is Boltzmann’s constant, X is the interaction energy between the solute
m, is the mass on the solute, N |, is the number and solvent. The chemical potential for solute A

of solutes in the liquid phase, R is the gas in the gas phase is
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Table 7
Comparisons of predicted and observed retention indices for different types of multi-functional group compounds
Compound Iov., (exp.) Ise.sa (EXP) Ly 5. (pred.) A1
3-Buten-1-ol 618.91 636.98 636.98 0.00
2-Methyl-2-propen-1-ol 629.11 646.35 647.46 1.12
2-Buten-1-ol 649 666 668 2
2-Methyl-4-penten-2-ol 694.62 710.28 709.53 -0.75
3-Methyl-3-buten-1-ol 713.62 731.70 731.70 0.00
4-Methyl-1-penten-3-ol 740.10 754.41 756.28 1.87
4-Penten-1-ol 735.81 754.51 754.51 0.00
2-Methyl-1-penten-3-ol 763.67 778.54 780.51 1.97
2,3-Dimethyl-4-penten-2-ol 781.91 797.12 796.61 ~0.51
1-Hepten-4-0l 850.88 867.35 867.52 0.17
2-Amino-1-butanol 804.30 830.50 830.50 0.00
3-Amino-1-propanol 775.50 807.76 803.23 ~4.53
2-Amino-2-methyl-1-propanol 730.84 75491 754.91 0.00
2-Aminoethanol 644.27 670.38 670.38 0.00
2-Methylaminoethanol 700.00 725.82 725.44 ~0.38
1,4-Dibromobutane 1062.81 1100.00 1103.52 3.52
1,4-Dibromopentane 1110.37 1146.36 1146.36 0.00
1,5-Dibromepentane 1175.86 1216.69 1216.69 0.00
1,2-Dibromobutane 1200.00 1238.01 1250.85 12.84
1,6-Dimromohexane 1280.17 1320.70 1320.46 0.24
1,7-Dibromoheptane 1384.14 1423.89 1423.89 0.00
1,8-Dibromooctane 1486.28 1524.99 1525.32 0.34
1,9-Dibromononane 1587.93 - 1626.25 -

Data from Ref. [16]. A =1.028, B = —2.64, C = 11.30 for alkenols: A = 1.029, B = —2.28, C = 11.98 for amino-alcohols; A = 1.074,

B = —8.24, C = —4.87 for dibromoalkanes.

2 kT 3/2
s = —RT{—ln NE& + ln[(ﬂ}%—) ji]

+In VO} (A2)
where V) is the volume of gas phase and N% is
the number of solutes in the gas phase. The
chemical potentials in the gas and liquid phases
are equal at equilibrium, u', = 1%, hence we
have

Nl Xl jl Vl
Ink'=ln—o=—-75+In2+—2-Ing (A3
N2~ TkRr Tty min B (A3)
where 3=V, /V, is the phase ratio. The y!, term
includes all forms of intermolecule interaction
energies, such as dispersive, dipole-induced-di-
pole and hydrogen bonding, etc. Hence the
retention equation for solute A can be further
expressed (with the assumption j, =j&) as

B,a, + B,ui +B,+ B, V!
RT +V’ —-In B8

B

In k"=

(A4)

where B, B,, B, and B, are constants expressed
as follows:

_ z i aglyly 2
Bl‘No'rﬁ (2'1A+IB+/-‘B

z (2 ,u.2
2 (. B
No'rf’ <3 kT+aB>

2

B_ =
By = —Nyxu
B,=—Nyx,

where 1,, a,, u, and Iy, ag, ug denote as the
approximate ionization energy, polarizability,
dipole moment for solute A and stationary phase
B, respectively; N, is Avogadro’s number. The
parameters r and z are the average distance
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between solute A and solvent B and the number
of solvents around solute A, respectively; x;, and
Xo are the energy of hydrogen bonding and the
remaining forms of energy, respectively.

The Kovats retention index can be expressed
as

(AS)

Ink;,—In k]
I=100(n+ —F—F—

Ink ., —Ink’
where n is the carbon number of a paraffin.
Substituting the retention values of solute A and
normal paraffins in Eq. AS by Eq. A4, we obtain
I'=100n + 100 X

B,e, — B,a, + By’ + B, + B, + RTAV, |V},
B,Aacy, + RTAV,, IV

(A6)

where AV, =V! —V! is the molar volume dif-
ference between the solute and an n-paraffin,
Aacy, and AV, are the molar polarizability
and volume of a methylene group, respectively,
and B, is the B, constant for an n-paraffin.
AV, is an independent variate of the stationary
phase, so we can obtain an expression for AV,

from Eq. A6 as

Ve l( I
AV, = ﬁ% [(W - n)(BnAaCHZ + RTAVy, 1Vy)

—BlaA”"Bnan”le"i_"Ba—B‘t] (A7)

In the same way, we can obtain the expression
for AV, for another phase as

Vir/r '
AVAZﬁ m—n)(B"AaCHZ
+ RTAVyy, V) — Bia, + Ba,

— B} uy— B - Bz] (A8)

Setting Eq. A7 equal to Eq. A8, we obtain

I= 11111<<’ R 11201( (K'%:_K"%DN
e ),
(xgor s
e e A Ee

(A9)

where o, = a, — a, is the polarizability of the
functional group of solute A, N denotes the
carbon number of the molecule skeleton and K
and K' are methylene constants on the two
phases as follows:

BnAarCHZV:3
K="Rrav,,,.
K= B:AaCsz;sl

B RTAV,y,

The equation for Kovats indices on different

phases can be expressed as
I=AI' +BN+C (A10)

where A, B and C are constants:

A_1+K'
T 1+ K
100 B, , B
B‘1+K<K'B_n‘K'B;)
C_100 Kﬂ K,B; a,
T1+K "B, © B! ) Aag,
B, , B, #i
+<K.E_K Br:) AaCH

B,+B, _ Bj+B)\ 1
+<K' B, X' TB ) Baq,

n

For one class of monofunctional compounds, the
difference in the terms «, and u, and hydrogen
bonding are usually very small, so they can share
one set of coefficients. For the same class of
multi-functional compounds, they can also share
the same set of coefficients except for the situa-
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tion where extra intramolecular interactions take
place between the functional groups.
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