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SUMNNMARY

A number of phenols was chromatographed on thin layvers of polyamide and
on formamide-impregnated paper using proton-donor and electron-donor solvents
diluted with cvclohexane. The experimental results represented as Rar versus log X
relationships. where X is the mole fraction of the polar solvent. confirm analogies
between formamide and polyamide systems due to interactions of phenols with the
carbonyl groups in the stationary phase. The significant role of solvation in the mobile
phase found for both systems is typical of a liquid-liquid partitior mechanism: some
differences in chromatographic behaviour are interpreted as the result of the solubility
of formamude in more polar mobile phases and selective sorption of the polar com-
ponent by polvamide.

INTRODUCTION

Polvamide gels should have chemical properties comparable with those of
formamide, which is frequently employed as a stationary phase in liquid-liquid parti-
tion chromatography.

Comparison of the chromatographic results obtained for thin layers of poly-
amide and for paper impregnated with formamide could be expected to elucidate some
aspects of sorption by polyamide. especially for series of binary solvent mixtures com-
posed- of a polar solvent and a non-polar diluent. as solvent composition effects in
these systems can be interpreted in terms of the soivation equilibria involved!~. The
peptide-like grouping present both in formamide and polyamide suggests that the
mechanism of sorption by the stationary phase might be expected to be similar in both
instances. For instance, Martin and Husband® compared the R, values of phenols
obtained for polyamide-impregnated paper with those reported by Macik and Kubes®.
who used paper impregnated with formamide, and found that the chromatographic
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results were similar in both systems. Further data that confirm the analogy between
the two stationary phases have been reporied by Graham? and Graham and Daly®.*,
whe used cellulose impregnated with simple amides. including formamide. in their
work. however, the number of phenols and solvents that could be compared was
limited owing to the specific properties of formamide, especially its nuscibility with
more polar liquids. which precluded their use as developing solvents. Therefore, more
polar solutes. such as di- and trihydroxybenzenes and nitrophenols. could not be
separated in formamide systems owing to the low Rp values. In this respect, polyamide
can be considered as a complementary stationary phase. because in polvamide systems
the use of polar solvents or their mixtures is possible and even necessary in order to
ensure the formation of a gel-like sorbent with a high affinity for polar solutes. Com-
parison of both typas of chromatographic systems can therefore best be performed by
using mixed solvents with different polarities.

EXPERIMENTAL

Thin Iavers of polvamide (Woclm. Eschwege, G.F.R.) were prepared on glass
plates using a Desaga-type spreader and activated as described in Part I®. The plates
were developed in glass tanks by the ascending technique using binary solvent mixtures,
the diluting solvent being cyclohexane: the polar components were of classes A and B
in the classitication of Pimentel and McClellan'. Paper strips (Whatman No. 4.9 -
20.53 cm) were impregnated with 2097 (v/v) acetone solutions of formamide and con-
tained ca. 0.5 m! of formamide per gram of dry paper. After spotting the phenols. the
strips were transferred into glass tanks (7 . 9 = 24 cm) for descending development,
saturated with the vapour of the binary developing solvents. In both series of experi-
ments. the spots were detected with bis-diazotized benzidine reagent after spraving
with a saturated aqueous solution of sodium hydrogen carbonate!!.

RESULTS AND DISCUSSION

The results are presented in Figs. 1-10 as Rj, versus log X, plois. where X is
the mole fraction of polar solvent. the phenols being denoted by abbreviations. as
indicated in Table L. Tables Il and 111 show the actual R, values obtained.

For the polvamide systems investigated. the Ry versus log X relationships were
linear in most instances. On the other hand. for formamide systems. the lines were
usually curved. the slope increasing with increasing concentration of the polar solvent.
These curvilinear relationships probably arise owing to the fact that the Ry values of
the solutes were generally higher for formamide systems. so that cyclohexane cannot
be considered as an “inert” diluent for many solutes and contributed to some extent
to the extraction strength of the mobile phase (Rp > 0 for the formamide-cyclo-
hexane system: compare the analogous situation for aqueous systems in ref. 1, Fig.
9B7. and ref. 12. Fig. 8). This interpretation is substantiated by the curvilinear rela-
tionship for 2.6-dimethviphenol shown in Fig. 1 (highest curve) and the linear rela-
tionship for most of the strongly sorbed phenols shown in Figs. 1 and 6. Steeper rela-
tionships at high X values may also be due to the increased miscibility of the two
liquid phases. :

The methyl derivatives of phenol behave in an analogous manner in both
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Fig_ 1. R,, versus log X, relationships for phenols for polyamide systems. Polar solvent tS): chloro-
form. Compare Fig. 6. )

Fig. 2. Ry, versus log X, relationships for phenols for polyamide systems. Polar solvent (S): chloro-
torm. Compare Fig. 7.
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Fig. 3. Ry versus log X, refationships for phenols tor polyamide systems. Polar solvent (S): diethyl
ether. Compare Fig. 8.

Fig. 4. Ry versus log X, relationships for phenols for polyamide systems. Polur solvent (S): di-n-
butyi cther. Compare Fig. 9.
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Fig_ 5. R., versuy log X, relationships for phenols for polyvamide systems. Polar solvent (S): diiso-
amyi ether. Compare Fig. 10,

Fig. 6. Ry, versus log X, relationships for phenols for formamide systems  Polar solvent (S): chloro-
form.

systems: the Ry values increase in the order phenol =2 cresols <2 xylenols and within

groups of isomeric phenols the isomers with a methyl group in the ort/o-position have

higher values. The slopes of most alkylphenols are close to unity. in accordance with
sthose expected when 1:1 solvation complexes are assumed.

The Rar versus log X relationships for halogenophenols in polyamide and
formamide systems are presented in Figs. 2 and 7. In both systems only the orihio-
derivatives had moderate Ry values. their sequence in both instances being 2-chloro-
phenol =7 2-bromophenol < 2-iodophenol. in accordance with the results obtained
by Bark and Graham! for polyamide-impregnated paper. The sorption thus decreases
with increase in the steric shielding of the polar group by the halogen atom. which can
form an internal hydrogen bond with the hydroxyl group. Para-isomers of the halogeno-
phenols are sorbed much more strongly by boih formamide and polyamide (¢f.. 4-
chiorophenol and 4-chloro-3-methylphenol. the Ry values of which are similar to
those of dihydroxybenzenes), which Bark and Graham!? attributed to stronger acidic
properties of halogenophenols and to possible interactions between the halogen atoms
and the imino groups of the polymer. For formamide systems, the Ras versus log Xs
relationships are mostly curvilinear and steeper at higher concentrations of chloro-
form.
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Fig. 7. Ry versus log X, relationships for phenols for formamide systems. Polar solvent (S): chloro-
form.
Fig. 8. Ry versus log X, relationships for phenols for formamide systems. Polar solvent (S): diethy!
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butyl ether.

Fig. 10. Ry versus log X, relationships tor phenols for formamide systems. Polar solvent (S): di-
isoamyl ether.
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"ABLE |
\BSOLUTE VALUES OF SLOPES CF Ry; vs. LOG X, RELATIONSHIPS FOR PHENOLS
Jobile phase: solvents of classes B and AB diluted with cvclohexane. Et = Ethyi: Bu == butyl: i-Am == isoamyl.

olute Abbreviation Polvamide systems Formamide systems
CHCl, EnLO Bu,0  i-Am,0 CHCIl, EnO Bu,O  i-Am.0

‘henol p 30 1.2 1.0 0.8 20 - 1.0 0.9
-Cresol 2MP 1.2 P4 - — 1.3 - -
1-Cresol 3MP 26 P i3 — -
-Cresol 4MP - 14 - - 1.3 - -
3-Xylenol 23MP 1.0 1.3 - - 1.2 -
A-Xvlenol 24NP 1.0 I.3 1.2
5-Xyienol 25MIP 1.0 1.3 1.2
.6-Xylenol 26A1P - I.3 - (V] - -
A-Xylenol 34MP 1.1 oY 0.6 1.3 0.8
S-Xslenol - IsmMp 1.1 09 - 0.6 1.3 - 0.6
vrocatechoi IZHB - 0.9 s 0.9 - 2. 09 1.1
tesorcinol 13HB - 1.6 1.1 - - 23 - .-
Ivdroguinene I4HB . - - - 2.0 -
-Methoxyphenol Ex%{e]d 1.1 1.0 1.2 1.1 3.0 - 1.0 0.8
yreinol (3.5-di-

hydroxyiolucenc) OR - 1.0 1.2 1.0 -
-Nitrophenol ANP - - 0.7 1.0 --
-Aminophenol 2AP 1.0 0.7 1.0 - —
-Aminophenol 3AP : 1.0 07 1.7 - -
-Naphthol THN 1.2 0.6 - - . 09 - 0.8
-Naphthol 2HN 1.2 0.7 - - - 1.1 0.8
-Chlorophenol 2Cp 1.0 . - 26
~Chlorophenol ice ‘ .2 0 12 2.6 0.9 0.8
-Chiorophenol 4CP 07 09
L6-Dichlorophenal  26CP 1.0 - -
-Chloro-m-cresol 4C3MP 1.3 I.s 1.0 0.7
-Bromophenol 2BP 0y [4X>) -
-Bromophenol 4BP - 32 - 0.7
-lodophenol 2ip 9 - 0.6 0.6 0.7 0.4

In further experiments. the chromatograms were developed with mixtures of
cyclohexane and diethyl ether (Fig. 3). The results obtained for alkviphenols and some
dihydroxy compounds are similar to those obtained for acetone svstems?. especially
the sequence and slopes of the Ryr versus log X lines. the Ry values generally being
lower.

The use of higher ethers (di-#-butyl ether and diisoamyl ether) as developing
solvents resulted, for polyamide systems, in tailing of the spots for many of the phenols
so that the diagrams (Figs. 4 and 5) represent only those solutes which gave satis-
factory spots. The diffuseness of spots for less polar solvents is probably caused by a
decreased diffusion rate due to the weaker swelling of polyamide. On the other hand.
for formamide systems. well defined spots and lincar Ry versus log X; relationships
were obtained for most solutes (Figs. 9 and 10): only tor diethvl ether (Fig. 8) do the
lines of less polar phenols have the shape of a hockey stick. which is characteristic for
cases when the solutes are extracted to a marked extent by the diluting solvent!-*-12,

The results demonstrated that for solvent systems of moderite polarity, form-
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amide and polyamide have analogous sorption properties and that in both instances
solvation effects in the mobile phase are the governing process, as in other liquid—
liquid partition systems!. Differences between polyamide and formamide systems are
mostly due to interactions between the two phases. In formamide systems, the two
liquid phases are mutually saturated. but it is probably the solubility of formamide in.
the less polar mobile phase that plays the more decisive role, especially at high con-
centrations of the polar component in the mobile phase, which is then. in fact, a
ternary solvent. It should be pointed out that the mole fraction of formamide, owing
to its low molar volume, is significantly greater than its solubility expressed as a
volume percentage. On the other hand, polyamide is insoluble in the mobile phase:
however. the solubility of the solvents in polyamide is an important factor, and the
properties of the gel are a complex function of the qualitative and quantitative compo-
sition of the solvent. Furthermore, the gel cannot be considered to be homogeneous.
For less polar solvents. adsorption of solutes on the interface between the two phases
should be taken into account.

The results indicate that there is only a limited range of mixed solvents that
can be used for both formamide and polvamide systems. which are otherwise com-
plementary as far as the polarity of the developing solvents is concerned. Both systems
have much in common: however, there are also important differences that can intro-
duce dissimilarities in the behaviour of solutes chromaiographed in polyamide and

formamide systems.
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