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Biparameter equations, in which one parameter is the boiling point of the solutes and
the other is any of their physicochemical properties able to account for dispersive
solute-stationary phase interactions, are obtained by regression analysis. These
equations permit the calculation of Kovats retention index (Iz) for aliphatic and
aromatic hydrocarbons in complex mixtures with standard deviations close to
experimental error. The linear change of regression coefficients with the work
temperature allow us to obtain equations suitable for calculating Iy at any tempera-
ture on a given stationary phase. Furthermore, accurate values for the magnitudes
included in the equations can be obtained starting from I values.

When alkylbenzenes are separated on polar phases, such as Carbowax 20M, it is
necessary to add a new parameter accounting for inductive interactions. Once again,
regression coefficients, except that of the boiling point which remains constant, change
linearly with the polarity of the phase (Tarjan’s scale) enabling the obtaining of an
equation for calculating I on any stationary phase at a given work temperature,
although constant deviations between calculated and experimental Iz, on polymeric
stationary phases, are found.

KEY WORDS: Hydrocarbons, structure-retention relationships, Kovats retention
index, gas chromatography.

{Presented at the 2nd Workshop on Chemistry and Analysis of Hydrocarbons in
the Environment, Barcelona, November 19-20, 1984.
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INTRODUCTION

Chromatographic retention parameters give limited information on the
nature of the solutes. Works carried out for establishing relationships
between structural properties and gas-chromatographic parameters
of solutes have led to some practical but limited applications.! ®
Since chromatographic retention is a consequence of solute-
stationary phase interactions, some physicochemical properties or
structural parameters which might account for these interactions
have been related to Kovats retention index (Iy), but, with the
exception of compounds of homologous series, the results obtained
have been unsatisfactory with regard to the prediction of 1.7 8

The application to gas chromatography (GC) of the dielectric
approach based on the theory of non-specific solvation® leads to Eq.
(1) for Ig,

Ix=IR+pP+qQ+rR+ - (1)

in which I3 would be the retention index of the solutes in the
absence of solute-stationary phase interactions; P, Q, R, . . . represent
independent but complementary solute parameters which account for
the different interaction mechanisms such as dispersion, induction,
orientation, and other effects; and p, ¢, r, . . . are the regression
coefficients which describe the sensitivity of the retention process to
the different solute-phase interaction mechanisms.

Since I% is linearly related to the boiling point (T;), Eq. (1) takes
the general form of

Ip=m+nT,+pP+qgQ+rR+ ---. 2

When the polarity of solutes is low as in the case of the
hydrocarbons, and they are separated on non-polar or low-polar
phases, mainly dispersive interactions must be expected. Therefore
Eq. (2) can be reduced to Eq. (3) in which P represents any
parameter or physicochemical property accounting for dispersive
solute-phase interactions. This

In=m+nT,+pP 3)

kind of interaction is related to electronic polarisability of solutes
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and therefore to structural parameters or physicochemical properties
such as their first-order molecular connectivity (x), van der Waal’s
volume (), molar volume (¥},), and molar refraction (R,,).1°!* In
this paper we report the equations obtained by regressing I, T, and
P of different families of hydrocarbons and their possible
applications.

EXPERIMENTAL

Retention indices were taken from the literature.!>~'# Boiling points,
refractive indices (np), and densities were taken also from the
literature.!> Molar refraction, van der Waal’s volume, and molecular
connectivity were calculated according to Lorentz—Lorentz, Bondi,'®
and Randic!” expressions, respectively. The molar volume is the
ratio between molecular weight and density at 20°C. Regression
coefficients and statistics were calculated by a multiple regression
linear program in a HP 1000 computer.

RESULTS

The attempts to establish relationships between I, of aliphatic and
aromatic hydrocarbons and their T, and P were not successful.
However, when data introduced in Eq. (3) belonged to compounds
of a given family, the equations obtained exhibited standard devi-
ations close to the experimental error. Thus, for a population of 7
linear alkanes from C; to Cq4 carbon atoms; 33 methyl- and ethyl-
branched alkanes, from Cs to C,, with one or more appendages; and
15 cyclic alkanes, which include cis and trans isomers, from cy-
clobutane to cyclooctane, some of them with methyl-, ethyl-, propyl-,
or isopropyl- groups, and using I at 50°C on Squalane!* the
equations shown in Table I were obtained. Regression coefficients of
the four equations change in parallel with the temperature and the
polarity of the phase, from which it may be deduced that the
parameters used have similar chromatographic meaning. Regression
coefficients of equations Ip=f(T,, R)) change linearly with the
column temperature (Table II), therefore it is possible to establish an
equation for calculating I of alkanes at any temperature within this
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TABLE 1

Equations I,= f(T,, P), where P="Vy, Vi, x, or R, for 7 lineal
(C3—Cy), 15 cyclic (Cs—Cyg), and 33 branched (C5~C,) alkanes

Equations R s N
1, =192.444+3.96T, +967.05(10/Vy) 09989 55 55
Ir=244.53+3.65T,+ 1480.86(10/V,,) 09972 88 55
Ix=122.81+4.33T,+52.14(10/y) 09973 87 55
Ir,=156.384+4.12T, +498.84(10/R,,) 09995 37 55

R is the correlation coefficient, s standard deviation, and N number of experimental
points.

TABLE II
Equations Ix=f(T,, R,,) for alkanes at several temperatures

£ (°C) Equations R s N
27 Ip=181.63+3.987T, +446.40(10/R,,) 09994 39 46
50  Ip=163.91+4.08T,+484.24(10/R,,) 09995 37 47
67  Ix=161.42+4.09T,+492.36(10/R,,) 09994 40 47
86  Ip=13827+4.21T,+ 541.04(10/R,,) 09991 51 47

All definitions are as in Table 1.

range. For example, with data obtained from equations in Table II,
Eq. (4) was obtained

I =200.72+3.88T; +4042.56(1/R,,)
+[0.0036T, + 15.09(1/R ;) — 0.69]z. (4)

This equation allows the prediction of the I, values of alkanes on
Squalane at any temperature with a standard deviation of 4.1 close
to the common experimental error.

When the same approach was applied to a group of 40 alkenes
and 10 alkynes satisfactory relations between I, T, and P (P being
also =Ry, Vy, Vy, or y) were obtained. The family of alkenes
consists of C, to Cg carbon atoms alkenes, with only one double
bond and methyl- and ethyl-appendages. Cis- and trans-isomers are
also included. Alkynes have only one triple bond; they are linear
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alkynes between C, to C, except a methyl substituted hexyne. Table
11T shows the equations obtained from I on Squalane at 49°C.

These relationships permit the accurate calculation of magnitudes
included in the equations. For example, retention indices of several
alkenes and alkynes, not included in the regression analyses (from
which the equations in Table II were obtained) were calculated from
equations which contain Vj, an easily calculable structural para-
meter. The calculated indices are very close to the experimental ones
(see Table IV). Accurate values of R,, can also be obtained from I,
and T,. They are also shown in Table IV together with those
calculated by the additive method of Vogel.!®

TABLE III
Equations Ix= f(T;, P), where P=R,,, Vy, Vy, or y for C,~C; alkenes, and
C,—~C, alkynes

Familie Equations R s N
Alkenes 1,=247.65+3.67T,+312.19(10/R,,) 09990 34 40
Ir=272.29+3.49T,+1155.93(10/V}) 0.9986 3.9 40

IR =249.22+3.67T,+675.71(10/Vy) 0.9989 3.6 40
1,=256.30+3.73T,+223.12(1/y) 09985 41 40

Alkynes Ip=120.48+4.42T,+420.38(10/R ) 09994 3.1 10
Tg=156.314+4.18T,+ 1525.59(10/V}) 0.9994 3.1 10

Ir=123.93 +4.38T,+965.79(10/Vy) 09994 32 10
I1,=233.554+4.06T,+153.63(1/y) 09986 4.7 10

All definitions are as in Table I.

TABLE IV
I and Ry, values calculated from equations in Table III for alkenes and alkynes

L Ve L& I Ry  RY
Compound (°C) (ml/mol) (ml/mol) (ml/mol)

cis-2-butene 3.70 4428 4154 4170 20.04 20.16
trans-2-butene 0.88 4428 405.0 405.0 20.26 20.16
2-methyl-1-propene —6.90 44.29 376.5 383.0 19.43 20.16
trans-2-hexene 67.87 64.74 602.7 597.0 31.13 29.46
Acetylene —84.00 23.10 174.1 156.8 10.31 9.22
1-butyne 8.10 43.50 3814 385.3 18.36 18.51

4-methyl-1-pentyne 61.70 63.95 550.7 552.0 26.47 27.80
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The group of 34 alkylbenzenes, listed in Table VII, gives the
equations shown in Table V, from I, on Squalane or Ucon LB 550X,
at 100°C. The standard deviation is also close to the experimental
error.

When more polar phases are used, such as Carbowax 20M,
inductive interactions between the stationary phases and alkyl-
benzenes must be considered, and equations for I have to include a
new parameter which accounts for this kind of interaction. Inductive
interactions have been related to the ratio between R,, and the
molar volume at boiling point.!® Furthermore, the introduction of
functions of the refractive index n, in the regression analysis causes
decreasing of standard deviations of I, of alkylbenzenes on polar
stationary phases.'® Therefore the parameter (n3—1)/(n3+2) is
utilized.

TABLE V
Ir=f(T;, P), where P=R,,, x, Vi, or V for alkylbenzenes

Phase Equations R s N
Squalane Ix=061.79+4.68T,+ 546.64(10/R,,) 09995 39 34
Ix=120.11+4.57T,+ 314.44(1/y) 09995 36 34
Ix=113.50+4.54T,+ 1482.65(10/V},) 09994 4.1 34
Ix=61.8444.74T,+1010.19(10/V},) 09995 37 34

Ucon LB 550X Ip=—62.71+5.29T,+ 1047.72(10/R,,) 09995 38 34
Ir=59.59+5.05T, +584.95(1/y) 09994 42 34
I,=25.35+5.04T,+2926.36(10/Vy,) 09996 35 34
Ip=—38.05+5.32T,+ 1834.97(10/V}) 09991 52 34

All definitions are as in Table 1.

TABLE VI
Equations Ip= f(T,, Vi, np) for alkylbenzenes on phases of different polarity

Phase Equations R s N
1 I;=40.61+4.69T,+954.45(10/V};) + 120.55D 0.9995 3.7 34
2 Ipx=—258.734+4.87T,+1255.55(10/ V) + 1253.25D 09996 33 34
3 L= —478214+4.92T, +1366.61(10/V;y) +2120.27D 09996 35 34
4  Ip=—1015.82+4.83T,+ 1456.17(10/ V) + 4359.85D 09986 6.3 34

All definitions are as in Table 1. Phase 1, Squalane; Phase 2, Ucon LB 550X; Phase 3, Ucon 50 HB 280X; and
Phase 4, Carbowax 20M.
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By regressing Ig, T,, Vy, and (nj—1)/(n3+2) of the afore-
mentioned alkylbenzenes on phases of polarity between 0 and 70.75
in the Tarjan’s scale,?® the equations shown in Table VI are
obtained. Regression coefficients of these equations change linearly
with the polarity of the stationary phase, except the boiling temper-
ature coefficient n, which remains constant, consequently Eq. (5),
which includes the polarity of the stationary phase, can be obtained
in which D=(n%—1)/(n}+2), and Py is the polarity of the stationary
phase in the Tarjan’s scale

= 113.73 + 4.83T, +995.91(10/V,,) —207.31D
+[7.22(10/Vyy) +59.74D — 14.91]P5. (5)

I values of alkylbenzenes obtained from Eq. (5) are close to the
experimental values on Squalane and on Ucon 50HB 280X (Py=
43.41) (see Table VII), but they arec about 14 units higher and 20
units lower than those on Ucon LB 550X and Carbowax 20M respec-
tively. These results show again that polymeric stationary phases are
difficult to characterize. These deviations reflect, probably, differences
between the tabulated and real polarity of these stationary phases.
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