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Gas-chromatographic method of evaluation of n-alkanol ability
for seif-association in pure liquid
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The values of the gas-chromatographic indicator reflecting the capacity of analytes for

self-association in pure liguids, 37,

, were estimated for C; ~C, and C, 1

n-alkanols by

capillary gas chromatography on a nonpo[ar stationary phase undt.r isothermal conditions.

The 8T, v 0

values of n-alkanols, found as the difference between the boiling points measured

directly and those calculated from GC data, are correlated with thermodynamic characteris-
tics of the formation of n-alkanol associates in pure liquids. Using n-alkanols as analytes with
insignificant temperature increments of the retention indices, it was shown that the 37,
values can be determined under conditions used in gas chromatography with umpemture
programming. In this way a single chromatographic run can be used to compare the
capacities for seif-association of analytes boiling over a wide temperature range. The C,—C,

n-alkanethiols, which are not associated in neat liquids, have negative éTb

interpretation of this finding is proposed.

o values. An

Key words: capitlary gas-chromatography, n-alkanols. n-alkanethiols, retention indices,
temperature increments. gas-chromatographic indicator of self-association of analytes in pure

liguids.

The capacity of n-alkanols for self-association and the
properties of associates have long been atiracting atten-
tion of researchers.!=3 The structures of associates and
the degrees of association of molecules are determined
using various labor-consuming methods. Previousty 87
we proposed a simple gas-chromatographic (GC) proce-
dure for evaluation of the capacity of heterocyclic nitro-
gen-containing compounds in pure liquids for self-asso-
ciation. The 87, , value, defined as the difference be-
tween the bmluw point of a pure substance measured
directly 7,  and the "gas-chromatographic boiling point”
T, ©€, cai’culated from the boiling points of n-alkanes
dnéJ the retention index of the compound under study on
a nonpolar column, was proposed as an indicator for self-
association of substances in neat liquids. The a7, | values
were used to estimate the capacity for self—assouanon of
pure liquids of unsubstituted and alkyl-substituted five-
and six-membered aromatic nitrogen-containing com-
pounds with one to three N atoms in the ring.” Thermo-
dynamic principles for the calculation of the GC indica-
tor 87,
of nitroz:enous heterocycles were found to correlate with
oT . Since alkan-1-ols are the best studied class of
compounds associated in pure liquids. they were chosen
as the objects to investigate the variation of the 87, bop.
value as a function of the alcohol molecular weight and
thermodynamic parameters of association.

The purpose of this study is to determine the 87, ,
vajues of alkan-l-ols by capillary GLC and to compare

was given and the enthalpies of self-association

them with bT of alkane-1-thiols, incapable of self-asso-
ciation. An attcmpt was made to find correlations between
the GC indicator of association, 87, , , and thermodynamic
characteristics of alcohot self-associates in pure liquids and,
finally, to use linear temperature programmed gas chroma-
tography (TPGCQ) for estimating the capacity of alcohols for
self-association based on the 6Tb.p, values.

Experimental

Gas-chromatographic analysis of n-alkanols (C,—C,. C)}}
was performed on a Micromat 412 chromatograph (Finland)
using a fused silica capillary column (25 m x 0.32 mm) with SE-
30 and a phase laver thickness d; = 1.0 pm (Nordion Instr.). The
flame ionization detector and the injector were kept at 200 °C.
Analysis was carried out under isotherinal conditions at tempera-
tures of 48, 538, 66, 100, 110, 120, and 130 °C and under TPGC
conditions at the initial temperature 7, = 60 °C. All runs were
programmed at rates of 2, 4, 6, and § Kmin™'. The carrier gas
(helium) pressure at the inlet of the column was 0.7 atm; the

~ carrier gas split ratio was 1:100; a sample consisted of 0.5—1.0 uL

of vapors of n-alkanol and a-alkane mixtures. Retention indices
were calculated using C,—C, , n-alkanes and the "dead time” was
determined based on the retention of methanc, which was
injected into the column simultaneously with the mixture of
alcohols and hydrocarbons. The retention indices obtained under
isothermal conditions were calculated using the Kovats formuia$;
those derved in TPGC conditiom were found using the Van den
Dool and Kratz formula.? The 8T, ,, values for n-alkanols and n-
alkanethnols were calculated usmg ‘cquations reported in a previ-
ous study ®
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Results and Discussion

The retention indices of alkan-1-ols for a nonpolar
capillary column with SE-30 under TPGC conditions at
chromatographic temperatures of 48—130 °C are listed
in Table |. It can be seen that the retention indices of
n-alkanols slightly depend on the temperature of the
analvsis. For instance, when the column temperature
increases from 48 to 130 °C. the temperature increment
of the retention index (8//8T) for na-propyl. n-butyl,
and n-pentyl alcohols is, on the average, 0.184 mdex
units (iu) per degree. Therefore, the retention indices
determined under temperature programming conditions
differ insignificantly from the isothermal values and the
STb_p_ values can, apparently, be calculated from the
data obtained under TPGC conditions.

The values for the GC indicator 57, , and the "gas-
chromatographic boiling points” 57, _GE for the com-
pounds studied were calculated (according to Refs. 6
and 7) using the equations

;SThAp, = pr(x) - Tb.D,GC(-X)‘ (l)
r{).p.GC(X) = Tb.p,(Cn) T

Tb P. (Cn—l ) - Th,p. (Cn
100

)
[/(X) ~ 100n]. )

where pr_(X). Tb.pA( C,). and Tb_pA(CnH} are the boiling
points of the compound under analysis and the z-atkanes
used to calculate its retention index [(X), respectively.

Aliphatic alcohols are known to exist in the liquid
state as linear associates, whose units are linked by
H-bonds.3-10.11 The number of units in the associates in
liguid MeOH can vary from 6 to 20; each molecule is
invoived in the formation of two H-bonds at room tem-
perature.3 The energy of formation of the associates esti-
mated by different methods is 17—26 kJ mot=! 131213

[t is the additional consumption of energy needed to
destroy the alcohol associates that accounts for the higher
boiling points of these compounds. During GC analysis

of n-alkanols, associates are destroved in the injector of
the chromatograph and monomeric molecules are evapo-
rated from the liquid. Under conditions of infinite dilu-
tion in a chromatographic column, monomerc mol-
ecules are sorbed by the stationary phase. If the sorbent is
a noupolar phase, the sorbate—sorbent intermolecular
interaction are mainly of the dispersion force type: the
contribution of the induction component is less than
10% even for polar sorbates. The energy consumed for
evaporation of a seif-associated substance from the pure
liquid (AG,) is given by Eq. (3). while the energy evolved
during GC sorption (AG,) can be found from Eq. (4)!4:

/.\Gv = AG,JSS + A(;w“, 3
AG = AG, + AGe. (4)

The partial molar free energy of vaporization of
molecules from a pure liquid (AG,) comprises the en-
ergy of destruction of one mole of associates (A G, ) and
the energy of vaporization of monomeric molecules
(AG,.,). The AG, value is targer than the partial molar
free energy of sorption (AG) associated with the transter
of one mole of a monomeric sorbate from the vapor
phase into a nonpolar liquid phase (AG, ) and its
interaction with the liquid phase (AGg) during chro-
matographic analysis. The term A G is the excess molar
energy of mixing of a substance with the stationary
phase. The AG, value, in turn, is related to the partition
coefficient X for the sorbate, which governs the sorbate
distribution between the hquid and the stationary phase
and depends on the vapor pressure p? above the sorbate
pure liquid. 413

RTp A
K= [70‘,/’:” . ()}

where M is the molecular weight of the stationary phase;
p is the density of the stationary liquid phase at the
column temperature T, v* is the activity coefficient of
the sorbate at infinite dilution; R is the gas constant. We

Table 1. Retention indices of alkan-{-ols on a capiilary column with SE-31, obtamned under isothermal conditions (/) and with

linear temperature programming (Iw)

Alkan-1-ols Iiwat 7/°C e I /iu
48 38 66 100 110 120 130
Methanol 400.0 400.0 400.0 400.0
Ethanol 463.6 4592 4574 4447
Propanol 556.5 5535 5514 544.6 542.3 540.3 341.5 540.2
Butanol 661.9 639.2 657.3 650.0 648.9 647.7 647.6 647 .1
Pentanol 766.0 763.4 761.5 734.6 753.3 7527 752.2 7519
Hexanotl 857.4 856.6 836.0 833.3 836.8
Heptanol 959.5 939.0 9582 957.7 939.5
Octanol 1060.9 1060.3 1059.9 1059.7 1061.7
Nonanol 1i61.9 1161.3 1163.3
Undecanol 1363.0 1363.3 1364.6

Note. I was determined at T = 60 °C and a temperature programming rate of 4 K min™~

I; {u are retention index units.
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Table 2. Boiling points (T, ,).13 calculated "zas-chromatographic boiling points” (Th,p,cc/"“C) (I). and GC indicators of self-
association (87, , /°C) (1I) of alkan-1-ols on a capillary column with SE-30

Alkan-1-ols T [sothermal conditions. T/°C TPGC
/°C 43 58 66 a8 107 17 126 conditions*
I {1l I 1 | Il I H | 11 [ H | i I I
Methanol 63.5 0 655 0 635 0 6353 0 653
Ethanot 785 229 556 207 5372 207 578 16.1 624
Propanol 974 346 428 330 437 530 444 307 467 500 474 494 430 497 477 493 48.1
Butanol 7.3 87.0 303 836 310 8356 317 835 338 835 338 828 345 828 343 2.7 346
Pzntanol 137.3 1165 208 {1532 215 1152 2210 1133 240 113.0 243 1128 245 1126 247 1125 48
Hexanol 138.0 1404 176 1402 178 (400 180 1398 182 1402 178
Heptanol 176.0 1647 113 1646 114 1044 116 1643 117 1647 113
Octanol 194.5 187.4 7.1 187.3 7.2 1872 73 1871 74 1876 69
Nonanol 2135 2084 5t 2083 52 2087 48
Undecanol 243.0 2457 =23 1437 -27 2460 -30
=Ty = 60 °C. programming rate 4 K min™},

suggested that the difference between AG, and the sum
of AG,,, and AGg plavs the crucial role in the variation
of AG, for the compounds under study in 2as chroma-
to“raphy under conditions of mfinite dilution. The dif-
ference between AG, and AG, provides the possibility of
gaining information on the capacity of a sorbate for self-
association in the pure liquid using gas chromatography.
The Ty, GC value of an alkan-I-ol can be found by
modchno its behavior as that of a hypothetical hydro-
carbon with a fractional number of C atoms, equal to
1¢X)/7100. Unlike hvdrocarbons, for which the boiling
temperatures determined by gas chromatography on a
nonpolar column virtuaily coincide with the C\'peri—
mental values, in the case of alcohols, I'bp is
smaller than T,

Table 2 prescms the experimental T | values. 16 the
Ty GC values, and the indicators of sclt association in
pure liquid 87, for alkanols. It can be scen from Table
2 that the oT value for a given n-alkanol, like the
retention mde\ dcpcnds stightly on the temperature of
GC analysis. Therefore, TPGC conditions are suitable
for determination of 57},,9 for all homologs in oue
experiment. The 87, | values obtained with temperature
programming differ \rmhﬂy from the corresponding val-
ues found under isothermal conditions. In our experi-
ments programmed with rates of 2. 4, 6. and § K min™!,
we found that the 67, , values of alcohols virtually do
not depend on the rate of programming. Thus, it can be
conciuded that TPGC conditions can-be used 1o esti-
mate the capacity for self-association in the pure liquid
for anv compounds having small temperature incre-
ments of the retention index (8//57).

The 37, bp. value is specific for each homolog; it
decreases with an increase in the n-alkyvl chain of the
alcohol; the capacity of n-alkanols for self-association
varies in a similar way. Methanol has the largest
8T, o value, 65.5 °C. It is noteworthy that this value is
close to the 87, , values for highly self-associated
compounds such as imidazole and 1.2 4-triazole.” As
the r-alkyl chain becomes longer, the proportion of self-

associated alcohol molecules in the pure liquid dimin-
ishes. Thus for n-nonyl alcohol, 87, is only 3° and for
n-undecyl alcohol, it is ~3°. a-Undecyl alcohol may form
no associates in the pure liquid: in addition, the energy of
its interaction with the noupolar liquid phase might be
greater than the energy of intermolecular interaction of
identical molecules in the pure liguid. Yet another possible
reason is inaccurate determination of T, of high-boiling
n-undecyl alcoho! at atmospheric pressure. The decrease
in the 87, bop. value in the homologous series is consistent
with the decrease in the association constants (K ) of
these compounds found by independent methods. For
example, the association constant at 50 °C has been
reported!? to decrease 1l-fold or. in another publica-
tion,13 4.8-fold on going from methanol to n-decyl alco-
hol. Although the K values do not coincide, they still
tend to decrease following an increase in the length of
the n-alkyl chain, attesting to a decrease in the capacity
of n-alkanols for self-association. The variation of the
degree of association of alcohols as a function of the
number of C atoms, derived from dielectric permittivity
measurements,!? is also correlated with the variation of
87T, , in the homologous senies of n-alkanols.

t seems of interest to compare the resulting GC
indicators of association of n-alkanols with the corre-

Table 3. Experimental boiling points Ty, .35 calculated “gas-
chromatographic boiling points” Ty, GC and GC indicators of
seff-association &7, for alkane-1-thiols

Alkane-1 -thiols Top/°C T 99/°C* 8T, /°C
Ethanethiol 4.7 11.6 -6.9
Propanethiol 68.0 757 -7.7
Butanethiol 8.0 105.3 -7.3
Pentanethiol 126.0 133.0 -~7.0
Hexancthiol 152.0 159.7 -7.7
Heptanethiol 174.3 180.8 —6.3
Octancthiol 198.5 202.4 -39
Nonanethiol 220.0 221.9 -1.9

* The calculation was performed using the retention indices
presented in a previous study. '8
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sponding values for #-alkanethiols incapable of self-
association through the formation of H-bonds in a pure
liquid. Table 3 shows the experimental boiling points
fbp for C,—C, n-mercaptans, the T, 9 values calcu-
fated from the retention indices on a nonpolar column,
taken from a previous publication.!8 and the 67, , values
calculated in this study. The GC indicators of n-mercap-
tans, unlike those of alcohols. are always negative and
barely depend on the length of the n-alkyl chain at n < 7.
The negative 37, values for mercaptans can be ex-
plained by ds»ummg that the cnergy of interaction of
these compounds with the nonpolar phase is greater than
the energy of intermolecular interactions in liguid mer-
captans. The decrease in the absolute magnitudes of
87T, , in the case of n-octancthiol and n-nonanethiol
indicates that under conditions of chromatographic analy-
sis, the hydrocarbon chain determines the character of
interactions of these molecules both with one another in
the pure liquid and with the stationary phase.

The results obtained here demonstrate that the 57,
value is a sensitive ndicator reflecting the capacity of
orzanic compounds for self-association. The advantage
of the gas-chromatographic method proposed here over
other physicochemical methods is the fact that informa-
tion on the capacity of various compounds for self-
association in pure liguids can be obtained over a pertod
of several minutes.
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