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SUMNMIARY

Relationships between Ry values and the concentration of polar solvents in
the mobile phase were determined for a group of halogenophenols. xvlenols-and
several other derivatives of phenol. Three alcohols. oleic acid and chlorotorm were
used as the polar component (S). It was found that alcohols. in spite of their auto-
assoctation. have high extraction strengths relative to phenols. 1:1 solvation com-
plexes being easily formed. Hindered solvation due to internal hyvdrogen bonding or
steric shielding of the hydroxyl group resulted in less steep Ry versus log %, S lines.

INTRODUCTION

The choice of solvents for chromatography is based on the eluotropic series! -#
and a quantitative measure of the solvent strength is possible!=7. Instead of a series
of solvents. mixtures of two solvents with differing polarities can be used. which
enables the solvent strength to be changed in a continuous manner (see. for instance.
Neher’s equieluotropic series!-®). As practical examples of the latter method of op-
timization. Waldi's systems for the svstematic analvsis of alkaloids can be cited (paper
impregnated with formamide and developed with mixtures of cvclohexane and chloro-
form): systems of this tvpe were also recommended by Macek and Prochizka in
their standard set of solvent systems® 1. Variation of solvent composition. in addition
to giving an appropriate range of distribution coeflicients. can also improve the
selectivity of separation!!, particularly when the additive interacts selectively with some
of the components 1o be separated.

The relationships between chromatographic parameters and the composition
‘of the mixed phase can often be described by equations derived by application of the
law of mass action to the formation of molecular complexes (7-bonding. hyvdrogen
bonding. ionization, formation of ion pairs: lor references, see Part Vi) A difficulty
in the interpretation of solvent composition effects is that the concentration of the
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free additive is included in the solvation constant; hence autoassociation of the
additive should be taken into account’_Ag Littlewood and Willmott noted™, the
autoassociation of a polar additive (solvent) may have different effects on solutes
with different molecular structures. Thus, the concentration of an alkanol in the
stationary phase has a much greater effect on the retention of-volatile alkanols
(class AB) than on solutes of class B (notation of hydrogen bonding ability after Pi-
mentel and McClellan'®), which Littlewood and Willmott!® explained by the dif-
ferences in the molecular solvation mechanism: molecules of the lower alkanols can
be incorporated into the association chain at any position, while electron donor so-
lutes can only form hydrogen bonds with the terminal molecules of the solvent.
Another explanation is that proton donor solutes can be hydrogen bonded to the
lone electron pairs that remain on each oxygen atom afier the formation of the as-
sociation chain!® (¢/f., Part VI!2, formula on p. 1536). Alkanols are thus analogous to
- solvents of class B (¢f.. Part VI7_ Figs. 6a. 6b). Analogous effects have also been ob-
served in liquid-liquid chromatography'® using aqueous systems. In the present study.
further phenols have been investigated using formamide as the stationary phase and
solutions of n-hexanol. #-octanol, oleyl alcohol. oleic acid (associated solvents) and
chlorotorm (class A) as the developing solvent.

EXPERIMENTAL

Whatman No. 41 paper strips were impregnated with 20% (v/v) acetone so-
lutions of formamide and developed with- cyclohexane solutions of #-hexanol.
octano! and oleyl alcohol. oleic acid and chloroform of various concentrations. The
chromatograms were detected by immersion in bis-diazotized benzidine reagent™ after
spraying with a saturated solution of sodium hydrogen carbonale- The Rp values
are given in Table L

The phenols are denoted here and in the figures by th fol[o\\mv abbreviations:
P == phenol: C == chloro:; B = bromo; | = jiodo: M = methyl: =di: EU =
cugenol; 1EU = isocugenol: TY = thvmol GU = guaiacol ((’.L’.- 4CIMP == 4—
chloro-3-methylphenol). ‘

RESULTS AND DISCUSSION

The experimental results are presented as Ry versus log U S pl(’i([s- the scale
being convenient for practical reasons (see the comments in Part VI?): owing to the
molar volumes of the polar solvents being comparable with or higher than that of
cvclohexane. the resulting deformations are insignificant'. On the other hand. larger
deviations tfrom the theoretical R rersus composition curves could be caused by
variations in the solvation constants with composition of the medium. autoassoci-
ation of solvents of class AB (alcohols and oleic acid). and varying solubility of form-
amide in the less polar phase: in order to reduce the last effect. solutions of the
associated solvents of concentration not exceeding 309 (v/v) were used.

In Figs. 1-5, the results obtained for halogenophenols are presented. The
sequence observed for all solvent sysiems is essentially the sume. the Ry values in-
creasing in the order p-chlorophenol < m-chlorophenol < p-bromophenol < p-
iodophenol < p-chloro-m-cresol < 3,3-dichlorophenol.



166 ~ E. SOCZEWINSKI, M. CISZEWSKA

-10

oot
Ealste g
G50+
Q&G
030~

Q20 At

<aor - ~++10
1 2

Fig. 1. R, versus log S relationships for halogenophenols in systems of the type cyclohexane
polar solvent-formamide. Polar solvent (S) - sz-hexanol. @, 2ADCP: . 35DCP: [ 4C3MP:
LU.-HPD T _aBP: (O 3CPIm. ACP.

In systems with the alcohols (Figs. [-3). the Ry versus log S relationships
for these phenols are straight lines with a slope of approximately unity. typical for
solutions of electron donor solvents!® and :1 solvation complexes. Thus. the auto-
association of alcohols. in accordance with previous reports. does not seem to reduce
their solvent strength seriously.

2 4-Diichlorophenol behaves in a more individual manner. owing to its ten-
dency to torm an internal hydrogen bond between the hydroxyl group and the ortho-
chlorine atom. which decreases its solubility in the formamide phase (in comparison
with its 3.1l-isomer). but also weakens its interaction with the alcohot molecules in
the mobile phase. Therefore the line of 2.:-dichlorophenol is flatter and its curva-
ture 2t low concentrations of § indicates a contribution of extraction by cyclohexane

3 ~; -1.0 ~-10
1 LS —e 5 100
[oX ] = ': L 0.G
2 log%: 6—s &
Ry Rpe
+4+10 =+ 1L
: v

Fig.2. Asin Fig_ 1: S - n-octanol.

Fig. 3. As in Fig. I: S oleyl olcohol.
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Fig. 4. As in Fig. 1.5 == oleic acid.

Fig. 5. As in Fig. 1: S == chloroform.

This eflect is even more pronounced for oleic acid (Fig. 4) and chloroform (Fig. 3)-
The consequence of this individual behaviour ol 2. 4-dichlorophenol 1s that the selec-
tivity of separation from the remaining solutes is a function of solvent cemposition.

Chloro-. bromo- and iodophenol have similar pRy vatues (9.43, 9.34and 9.20.
respectively) so that differences in their Ry values are mostly due to the size of the
halogen substituent®-*". The introduction ot a methyl group in the mera-position
(4CP - 4C3MP) causes a marked increase in the Ry value due 1o the decreased sol-
ubility in the formamide phase ( IRy =~ —0.3 unit).

The extraction strengths of oleic acid and chloroform are signiticantly lower
than in the case of alcohols. the Ry, versus log ) S lines having a ~hockeyv-stick™
shape. typical of a gradual shift in solvation equilibriuni. the slopes in the region ot
the highest percentages of the polar component being greater than unity. which could
be due either to the increased solubility of formamide or to a deformation caused by
variations in the solvation constants and the use of parameters expressed in terms of
concentriations in moles per litre®t. '

In Figs. 6-10. the Ri versus log ©) S relationships for several isomeric xylenols
and some other phenols are represented. The sequence of all of the xyienols is the
same in all solvent svstems investigated. the Ry values increasing in the order
34 350 230 25 < 26 -

Also in this case the orifio-etlect is apparent. especially for 2.6-xvlenol. shown
not only by increased Ry values but also by less steep Ry versuscomposition lines. Also
tor these solutes the alcohols are better extractants. the lines being higher and steeper
than for oleic acid and chloroform. At higher concentrations of the active component.
the selectivity of the systems is reduced : apparently. effects that decrease the solubility
of the solutes in the formamide phase also decrease the solubility in alcohol. with a
consequent partial counterbalancing of the two effects.

Three of the remaining phenols —eugenol, isocugenol and guaiacol— can
form internal hydrogen bonds with resulting parallel. flatter Ris versus composition
lines: guaiacol. owing to its lower molecular volume, is much more soluble in the form-
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Fig. 6. Ry, versus log %, S relationships for xylenols, eugenol. isocugenol, guaiacol and thymol.
Polar solvent (S) = n-hexanol. - . EU:@.IEU: . TY: ¥, 26MP: &, 25MP: *  23MP: - | 35MP:
€. GU: A, 34MP.

Fig. 7. As in Fig. 6: S = n-octanol.

amide phase. Thymol. on the other hand. is less soluble in formamide owing to
steric shielding of the hvdroxyl group by two vicinal alkyl groups. which. however.
do not prevent its solvation by alcohol molecules, so that the Ry versus composition
lines for thymol are similar to those for the xylenols. As in Figs. 1-3. the limiting
slopes obtained tor higher concentrations of the polar solvent (S) are close to unity or
higher. A theoretical curve with 1ts asymptotes is compared with the experimenial
relationships in Fig. 10 (dashed line): the lines are approximately parallel (except at
higher concentrations of chloroform) which indicates that 509 solvation (except for
2.6-dimethviphenol) occurs at ca. 10%, (v/v} concentration of chloroform in the mobile

-=+10 4410
- L

Fig. 8. As in Fig. 6: S = oleyl alcohol.
Fig. 9. Ac in Fig_ 6: S = oleic acid.
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Fig. 10. As in Fig. 6: S = chloroform. Dashed line represents a theoretical R,, versus composition
curve, is asymptotes crossing at a composition corresponding to 50, solvation of the solute.

phase. it the chromatographic process depends on ideahized liquid-hquid partition
only. ‘

The experimental results demonstrate. that solutions of alkanols. in spite of
their autoassociation. are good extractants of phenols; the 1:1 solvation complex
predominating down to 1% solutions in cyclohexane (unless there is a parallel de-
pression of adsorption on the tormamide surface: the conclusion should be confirmed
by static experiments. ¢f. Part VI Oleic acid is a less effective extractant of phenols.
Hindered solvation of the hydroxyl group (intermolecular hydrogen bond. steric
shielding) is reflected by less steep Rar versus composition lines. which is equivalent
to-a shift o higher values of the concentration that corresponds to 307 solvation
(Fig. 10).
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