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SUNMDMARY

Chromatographic and static distribution coctlicients were compared for wi-
and ponitroaniline and p-nitrophenal chromatographed in solvent sustems of the tvpe
cyvelohexane - clectron donor solvent water. Di-a-butyl ether. diisobuty ] kétone and
a-butylacetate at concentrations up to 1OY, (Vv were used as polar components of the
mobile phase. T he retention by the stattonary aqueous phase for dilute solutions of
polar solvents was tound o be stgntitcantly stronger than expected trom the static
distribution coctitcients. presumably owing 1o the contribution of adsorption on the
liquid liquid intertace. Conclusions relating to investigations of sohuation equilibria
from Ry composition rebtionships are given.

INTRODUCTHON

The mvestigation ol reactions or interactions by varving the concentration of
one ol the interacting species is a well established experimental technigue. especially
tor equilibria that can be described by the law of mass :wliun- e complenation
cquilibria, serd-base interactions. sofubilinn? 2. 1on exchange®*. adsorption from
solutions™ and eas hiquid-and liquid - liguid partition® ' Chromatography. ¢specially
gas chromatography. permits these equilibria to be studied in o simple and rapid
manner: however. the complexity of the chromatographic process may introduce new
cifects which can distort the experimental results and fead o erroneous conclusions.
FFor hiquid-liguid partition. these eliects have been discussed by Locket!. '

It is worthwinle to discuss in detail the phenomena that can be encountered in
investigations of the molecular interaction mechanism by using series of liquid-liguid |
partition systems with a varyving composition of one of the phases: the method. which
can be considered o discontinuous analogue of the two-phase titration technigue (see
ref. 5o po L) has been especially usetul in studies of the formation and extraction of
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metal complexes by both chromatographic and static techniques (see, for instance.
Marcus and Kertes®). .
(1) Mutualsolubility ol‘the two phases. For systems of the type binary solvent-

nure snlvent (e o cvelohexane & di-n-bvl PIhP\'_\U'ItPr\ the binary phase saturated
PUIC SONWCTH (O, CYCOLCRQANC < n-hut y2 elner—-waldr) the pIinar Y PRaase sadudrai

with water is \xrtuall_v a ternary sysiem. and although the solubility ot water in the
non-polar diluent is negligible, it increases with increase in the concentration of the
polar component: it should be pointed out that the mole fraction of water, owing to
its low molecular volume. is usually several times greater than the volume fraction and
its polarity and hydrogen bonding ability can strongly influence the properties of the
organic phase: Some solvents are also markedly soluble in aqueous solutions. especial-
Iy acidic solutions®.

(2) Variation of the propertics of the binary phase as an interaction medium
(especially at higher concentrations of the additive)'™ -1 leading to changesin the inter-
action constants (solvation. formation of donor-acceptor complexes).

(3) Self-association of the additive. leading to a decreased effective concentra-
tion’3-18-1¥_ For insiance. self-association of alkanols. by bonding the active hydrogen
atoms. leads to a significant decrease in their proton-donor ability so that they behave
as solvents of class B (¢f.. Part V¥¥_ Figs. 6a. 6b). Their relatively high solvent strength
for solutes of class AB (notation according 1o Pimentel and McClellan!®) can be ex-
plained by two molecutar mechanisms: enclosing the solute molecule (a) into the
linear association chain in any position' or hydrogen bonding to any of the free elec-
tron pairs (b). as represented in the schematic diagram below (solute — phenol,
ArOH :solvent —alkanol, ROH). Solutes of class B can only be hydrogen banded to
the terminal hvdroxyl g1oup' or interact by weak dipole-dipole orientation forces.

3 Ar n E'?
{ [ @ | i
----- +—Q—H+—Q—H+—-0 —He—0 —+
|
[ 3]
|
= Ar

(4) Variation of the viscosity with the composition of the binary solvent can
influence the kinetics of the chromatographic partition process. This effect. although
more strongly pronounced with mixed stationary phases (availability of deeper pores),
is usually neglected.

(5) Variation of other retention mechanisms with the composition of the binary
solvent. In hiquid-liquid partition chromatography. the additional mechanisms are
mostly adsorption on the liquid-liquid interface and adsorption on the support from
either the mobile phase (bare surface) or the stationary phase (covered surtace)*?. For
simple aqueous systems. the last contribution can be considered to be small and n
most instances can be neglected. as hydration of surface polar groups of the support
virtually eliminates their interaction ability, even for such supports as cellulose (how-
ever. this is not true for certain specific groups. e_g.. ~-COOH). Expressing the contribu-
tion of various sorption mechanisms!*'* in terms of the parameters used in paper and
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thin-layer chromatography. we can write

1
1 ':_ K l/_\!/l/-m ; -—‘-" Kui"!i.iVi

i

Ry =

and )
R,y = log (KVoiV iy, + ~ Ky A4 17)
13
where K is the partition coeflicient (C./C,, in terms of concentrations in moles per
litre), ¥, and V', are the volumes of the two liquid phases and Kj; are the adsorption
coetficients relative to the volume of the bulk phase () and surface area (A;).

It is the last aspect of solvent composition effects that is the subject of the
present study. In order to estimate the eftects of adsorption phenomena. the chromato-
graphic and static distributions of several soluies were investigated for solvent systems
of the type cyclohexane < polar solvent—water. It can be expected that the contribu-
tions of adsorption phenomena in liquid chromatography would be much smaller than
in gas-liquid partition chromatography: on the other hand. the use of a series of
binary solvents with widely diftering polarities can be expected to result in a variation
in adsorpticn on the liquid-liquid interface of some solutes. especially those with
marked surface activity. These effects should be considered if chromatography is to
be used for the investigation of the molecular interactions involved.

In the chromatographic system investigated. the molecular complexes are
tormed by hydrogen bonding. Investigations of this tyvpe of molecular interaction by
gas-liquid chromatography have been relatively scarce!®-13.18.20.21  whijle even less
numerous have been static extraction studies (e.g.. refs. 6. 22 and 23) and liquid-
liquid partition chromatographic investigations!?-13.28.25_

EXPERIMENTAL

As in Parts IV®? and V¥, Whatman No. 4 paper strips were impregnated with
water, blotted between two sheets of filter paper, dried 1o 30 (w/w) humidity content
(controlled by weighing) and then transferred immediately into chromatographic
tanks (4 = 7 " 22 cm) for descending development. The Ry values are given in Table
L. For the experimental technique used. the volume ratio of the two phases. ¥/ Py is
ca. 2.0 (ref. 26) so that ' :

— Ry = log Rp{{(1 —Rp) = log D -+ 0.3

where D = Curu/Ci.

Static distribution coefiicients were determined by equilibriation of equal vol-
umes ot aqueous solutions of the solutes with the organic phase. The concentrations
in the aqueous phase were determined by means of an LP 60 polarograph (Labora-
torni Piistroje. Prague, Czechoslovakia). the solutions being diluted with equal
volumes of 0.5 A/ potassium hydroxide solution. The distribution coefficients were
calculated from the heights of the polarographic wave before and after extraction.
The concentration range-in the static extraction experiments was comparable with
concentrations in the chromatographic systems (ca. 5-107% M),
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TABLE |

Ry ~ 108 VALUES OF PHENOLS FOR VARICGUS CONCENTRATIONS OF THREE POLAR
SOLVENTS IN CYCLOHEXANE

Polar comporent Solure Solvenr concentration (°, v/v})

0.3 0.5 0.7 1.0 3.0 3.0 7.0 10.0

Di-u-butyl ether J-Nitroaniline - S 18 25 - “30
Diisobuty! Ketone 3-Nitroaniline 28 30 33 36 48 61 70 76
4-Niutroauniline 6 7 s 9 16 a8 36 48

d-Nitrophenol 3 6 Y 12 26 42 2 68

a5 - 30 ~ 39 70 - 30

n-Butyi acetate 3-Nitroantline

RESULTS AND DISCUSSION

The experimental results are presented as log D versuslog 9, S plots (S - polar
component). as in typical extraction diagrams for slope analysis®: the Ry axis is
directed downwards so that the static (triangles) and chromatographic (circles) rela-
tionships are adjacent, the distance between them being 0.3 unit for Fo/ b, 20
when a purely extractive chromatographic process is assumed. For practical reasons.
the distribution coetlicient 1s expressed in terms of concentriations in moles per litre
and the composition scale of the binary solvent as log ¥, (v/v)S_ the latier being anal-
ogous to concentrition scale in moles per litre of the polar solvent S (shified horizon-
tallv by a constant value). The simplified concentration scales do not cause any signoif-
icant distortions of the refationships owing to the narrow composition ranges inves-
tigatad (up to 10, S) and the comparable molar volumes of cyclohexane and the
polar solvents (for a discussion of the concentriation scales in investigations of log D
rersus composition relationships. see refs. 6. 11 and 17).

The solubilities of cyclohexane and the polar components of the mobile phase
i witer are low, so that it can be assumed that the soluticn properties of the aqueous
stationary phase are constant and comparable for all solvent systems, irrespective of
the composition of the developing solvent: owing to the relatively high degree of
‘impregnation (0.5 g of water per gram of dry paper). it can be expected that adsorption
on the cellulose-mobile phase interfice is negligible. Therefore. any adsorption effects
that contribute to the liguid-liquid partition should be due mostly to the liguid-liquid
interface. which is much larger in the chromatographic system.

Comparison of the -- Ry and log D values shows that the contribution of
adsoerption effects is small for moderate concentrations (above ca. 3Y,) of the polar
solvent: both lines are approximately parailel and the distance between them is about

0.2-0.3 unit. in agreement with theoretical prediction. However. for more dilute solu-
tions. the two lines converge and even cross. the Ry line being then lower than the
log D versus tog ) S plot. indicating a contribution of an additional reiention mecha-
nism. probably adsorption of the solutes on the liquid-liquid interface (Figs. 1-4).
The contribution of adsorption etfects should also depend on the structure of
the polar solvent (S) and the moleculiar structure of the solute: for instance, for the
diisobutyl ketone systems. the Ry line for 3-nitroaniline shows a less significant con-
tribution of an additional retertion mechanism (Fig. 3) than in the case of d-nitro-
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Fig. I. Ry versus log © S (@) and log D versex log “, S (A) relationships for d-nitroaniline for systems
of the type oyvclohexane - di-u-butyl ether (S)-water. -

aniline and 4-nitrophenol (Figs. 3 and 4). The etlect should obviously be much stron-
ger for solutes that are surface-active compounds. which tend to accumulate at the
liguid-tiquid intertace. This tendency varies in homologous series of polar compounds
and the contribution of this effect could probably have an intluence on the Ry versus
chain length relationships. ' 7
In the systems investigated. only the amino and hvdroxyl groups are able to
form hydrogen bonds with the polar solvents of class B. so that the formation of
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Fig. 2_As in Fig. 1, for 3-nitroaniline: S == x#-butvl acetate.
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Fig. 3. As in Fig. 1. for 3-nitroaniline (1) and 4-nitroaniline (2): S = diisobutyl ketone. Dashed
lines = theoretical log D-log [S] and - R,,-log [S} curves whose asymptotes cross at a composition
corresponding to 369 solvation of solute.

simple 1:1 solvation complexes can be expected. The theoretical log D rversus log 2, S
relationship of the “hockey stick™ type calculated by application of the law of mass
action to the formation of the solvation complex® is shown in Fig. 3. The horizontal
position of the theoretical curve is determined by the formation constant of the solva-
tion complex and the vertical position by the log D value for the cyclohexane-water
system. The experimentai refationships are sometimes steeper for higher concentra-
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Fig. 4. As in Fig. 1, for 4-nitrophenol: S = diisobutyi ketone.
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tions of the polar solvent, which may be due tothe interaction of the nitro group with
the polar solvent.

The experimental results indicate that the discrepancies between the chromato-
graphic and static liquid-liquid partition parameters for the moderately: polar solutes.

;nlrnrfnn-\tafl ara cionifirant anly foar dilota cealntinne of alactran danar calvant e
Hvooudailld aic siginniaiit Uiny 101 QHUlC SO1UlioONs O1 €i1eCiron donor somvents, 101

which additional static experiments should be carncd out if solvation equilibria are
investigated by chromatographic methods.
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