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SUMMARY

The chromatographic characteristics of 60 phenols on layers of silanized silica
gel alone and impregnated with anionic and cationic detergents have been investigated
using elution with water—alcohol mixtures at different pH. The validity of the relation-
ships between the R values, the pH of the eluent and the pX, of the phenols has been
verified on thin layers of silanized silica gel alone and impregnated with 47, DBS.
Many interesting separations of polyhydroxybenzenes and dichloro-, trichloro-,
dinitro- and alkylphenols have been carried out.

INTRODUCTION

Reversed-phase chromatography on silanized silica gel and soap thin-layer
chromatography (TLC) have been used with good results in recent years in the study
of basic organic compounds'—S. In this study we have applied such technigues to the
separation of acidic organic compounds. The compounds considered included alkyl-
phenols, halogenated phenols, nitrophenols and polyhydroxybenzenes, many of
which we have already studied on anion and cation exchangers with cellulose,
paraffinic and polystyrene matrices’ . It is possible, therefore, to compare the results
achieved on layers of these exchangers and those of silanized silica gel alone and
impregnated with detergents.

EXPERIMENTAL

The test compounds (Supelco, Bellefonte, PA, U.S.A.) were dissolved in' 959,
ethanol. The concentration of the solutions were 1-2 mg/ml and 1-ul volumes were
deposited on the layer. With halogenated phenols, more concentrated solutions
(6-10 mg/ml) were employed. Fresh solutions were used for those phenols which
easily decompose (pyrogallol, gallic acid and pyrocatechic acid).

The phenols were detected by the Boute reaction'®, exposing the wet layers
successively to nitrogen dioxide and ammonia vapours. The solution of 2,6-dibromo-
phenol is violet coloured. A violet spot, due to impurities in the commercial praduct,
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is visible at the application point before the exposure of the layer to nitrogen dioxide
vapour.
The layers (thickness 300 zm) were prepared with a Chemetron automatic
apparatus by mixing 20 g of silanized silica gel 60 HF (C.) (Merck, Darmstadt,
G.F.R.) in 30 ml of 959 ethanol with a known concentration of detergent. The
detergents used were tricthanolamine dodecylbenzenesulphonate (DBS) and N-dode-
cylpyridinium chloride (N-DPC).

All the work was carried out at 25°C. The migration distance was 11 cm urless
otherwise stated.

RESULTS AND DISCUSSION

Table I gives the Ry values of 60 phenols oa layers of silanized silica gel alone
(columns A) and impregnated with 49, DBS (columns B), eluting with aqueous—
orzanic solutions containing the same percentage of methanol (30 %) tut with different
pH values (apparent pH between S and 11.3). )

The DBS concentration refers to the alcoholic soluticn in which the silanized

silica gel was suspended when the layers were prepared.

Layers of silanized silica gel alone

On these layers, the chromatographic behaviour of the phenois depends on
their acid-base characteristics, as the Ry valucs increase with the iBciease in the
apparent pH of the eluent owing to the progressive deprotonation of the phenolic
OH group. s

On the basis of the pX, values reported in Table I, the Ry values obtained with
the solution at pH 5 refer to the non-dissociated form of most phenols, and those
with the solution at pH 11.3 refer to their deproionated form.

The influence of ‘e substituent groups on the chromatographic behaviour of
the compounds can be seen from the behaviour of the phenol and of the eluent at the
lowest pH value, so that the deprotonation effect can be excluded in the retention
mechanism.

The introduction into the ring of CH;, CH,CH;, NQO,, Br and Cl groups
involves an increase in the retention by the layer, whereas the opposite behavior is
observed on introduction of an OH group. This last occurrence is similar to that
observed on the same layer with the introduction of an OH group into the aromatic
ring of catecholamines® and of an NH, group in the case of primary aromatic amines®.
The behaviour of polyhydroxybenzenes, in contrast, is completely different from that
observed on Dowex 50-X4 (Na*) thin layers, where such compounds are less retained
than phenol®.

The influence of the ionic sirength on the chromatographic behaviour of
phenols is shown from the data in columns 4A and 4B in Table I; on changing the
ionic strength of the eluent from 0.1 to 0.0l a considerable increase in the Ry values
is observed. Such behaviour is similar to that obtained on Dowex 50-X4 (Na*)
layers®.

In alkaline media, gallic and pyrocatechic acids, phloroglucinol, pyrogallol
and the three esters of gallic acid are oxidized in air and become visible as brown
spots (elongated in some instances) before the exposure of the layers to nitrogen



REVERSED-PHASE AND SOAP TLC OF PHENOLS 341

TABLEI

Rr VALUES OF PHENOLS ON THIN LAYERS OF SILANIZED SILICA GEL (A) ALONE AND
(8) IMPREGNATED WITH 4% DBS SOLUTION

Eluents: (i) 0.1 M CH;COOH + 0.1 M CH,COONa in 30% CH;O0H (pH 5.00}; (2) 0.1 M KH,PO, in 30%
CH;OH (pH 7.00); (3) 0.1 M NH, + 0.1 M NH,Cl in 30% CH;OH (pH 9.02); (4) 1 M NH; + 0.1 Af NaCl
in 30% CH,OH (pH 11.30); (5) 1 M NH,; in 30% CH,OH (pH 11.30).

Pkerol I 2 3 4 5 PKL(25°C)*
A B A B A B A B A B

> ] N 1 T B L4 N nag N T Ao ~ o ~ sy o N ] T

Phenoi U036 035 036 035 037 035 051 047 073 062 10902
m-Cresol 021 0.19 022 0.19 024 020 038 031 053 040 1009
p-Cresol 02F 019 022 019 023 019 035 029 048 0.36 10.27
o-Cresol 022 020 022 020 023 020 035 029 048 035 1032
3,5-Dimethylphenol 0.13 0.12 013 0.12 0.13 012 024 ¢21 933 025 1019
3.4-Dimethylphenol 0.14 0.12 0.14 0.12 0.14 0.12 022 0.19 029 02 10.36
2,5-Dimethylpienol 0.13 0.1 0.13 011 0.13 0.11 022 0.19 025 0.21 1041
2,3-Dimethylphenol 0.13 0.11 0.13 0.11 013 011 022 €12 026 020 10.54
2,4-Dimethyiphenol 0.12 0.11 0.12 0.1t 013 011 020 018 026 0.19 1060
2,6-Dimethylphenol 0.13 012 0.13 012 013 0.12 020 0.18 025 020 1063

2,3,5-Trimethylphenol 007 006 €07 006 007 006 013 0.10 014 0.12 —
2,4,6-Trimethylphenol 0.07 006 007 006 007 006 0.13 0.1 0.13 0.10 488
2,3,6-Trimethylphenol 007 006 007 0065 007 006 0.13 010 0.14 011 —

m-Ethylpheaol ¢ 0! 0.1 O4i 032 016 0825 21 832 828 2.9°°
p-Ethylphenol 0.12 0.11 0.12 0.i1 012 0.i11 023 020 0.28 0.2¢4 10.0°*°
o-Ethylphenol 0.11 0.10 0.11 010 0.1 010 020 0.8 0.25 0.21 10.2°°
o-Chlorophenol 0.20 0.19 .21 0.19 032 024 069 058 093 0.89 8.48 .
m-Chlorophenol 0.16 0.12 0.16 0.12 020 0.14 050 042 0382 064 9.02
p-Chlorophenol 0.16 0.12 0.16 0.12 020 0.14 042 033 0.67 050 9.38
2,6-Dichlorophenol 0.12 0.10 0.16 0.13 056 055 072 073 095 0.88 6.79, 6.79°**
2,5-Dichlorophenol 009 0056 O0.!1 006 034 028 062 062 093 085 7.50, 7.35°*°
2,3-Dichlorophenol 0038 006 009 006 028 022 059 058 093 08 — , 745"
2,4-Dichlorophenol 0038 005 008 005 022 016 055 652 081 0.78 7.89, 7.75***
3,5-Dichlorophenol 007 004 007 004 014 099 043 042 079 064 8.18, 7.93%°"
3,4-Dichlorophenol 007 0604 007 004 012 007 039 035 076 057 — , 839"

2,3,6-Trichlorophenol 005 005 O0.13 0.12 es. 0645 es. 049 083 0.82 6.12
2,4,6-Trichlorophenol 004 004 0.09 008 037 037 049 G647 081 0.73 6.42
2,3,5-Trichlorophenol 003 003 005 004 026 025 043 043 0.76 0.69 7.23
2,4,5-Trichlorophenol 0.03 003 005 004 025 022 043 043 0.78 0.70 7.33
2,3.4-Trichlorophenol 0.03 003 005 003 023 018 043 043 0.77 0.68 7.5%
3,4,5-Trichlorophenol 002 002 003 002 0.12 009 033 034 064 052 7.74
2,3.5,6-Tetrachlorophenol 0.02 0.02 0.12 0.12 024 025 033 033 064 0.30 5.44
2,3,4,5-Tetrachlorophenol 0.01 00f 002 002 0.14 0.14 029 030 061 046 6.96

Pentachlorophenol 001 001 009 009 014 0.13 024 021 046 033 5.26
o-Bromophenol 0.18 0.15 0.18 0.15 026 020 068 059 093 088 8.44
m-Bromophenol 0.13 0.10 0.13 0.16 0.19 0.12 049 038 078 0.52 9.03
p-Bromophenol 0.13 0.10 0.3 010 018 0.11 042 030 0.65 0.50 9.36
2.6-Dibromophenol 008 007 O.11 009 049 045 064 064 093 0.89 6.6

2,4-Dibromophenol 005 003 006 004 011 0.10 051 043 0385 075 7.8

p-Nitrophenol 026 0.23 031 026 067 066 0383 089 096 092 7.15
o-Nitrophenol 820 017 023 0.19 062 061 079 083 09 092 7.23
m-Nitrophenol 025 022 025 022 036 029 069 063 095 092 8.40
2,6-Dinitrophenol 053 068 054 076 066 077 071 078 096 0.92 3.71
2,4-Dinitrophenol 048 058 051 074 063 077 071 078 036 092 4.09

{ Continued on p. 342)
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TABLE I (continued )

Prenol z 2 3 £ 5 PKL(25°C)
A B A B A B A B A B

2,5-Dinitrophenol 0.32 031 049 065 063 073 070 6.77 096 0952 5.22

3,4-Dinitrophenol 021 018 040 051 058 068 070 078 056 092 543

2-Chloro-5-niethylphenol 0.11 0.02 0.11 009 0.13 0.I12 "0.55 045 0389 077 —
4-Chloro-3-methylphenol 0.08 005 008 006 009 006 028 020 051 030 —
4-Chloro-2-methylphenol 0.08 0.06 008 006 0.09 006 €25 0.16 044 024 —
Gallic acid 092 094 091 094 es. es. e.s. es. es. es. 4.41

Pyrocatechic acid es. 095 085 095 es. es. es. 095 es. 095 —
Phloroglucinol 0.76 073 074 072 es. es. 095 095 095 095 8.45
Pyrogallol 0.74 068 074 0.67 es. es. es. es. es. es. 92.01
Resocinal - 058 038 056 055 056 055 074 070 095 087 9.81
Hydrojuinone 0.67 066 066 066 067 068 es. es. e.5s. ¢€.S. 10.35
Orcinol 047 048 046 046 047 046 062 057 089 080 —
BHA! 0.02 002 002 002 002 €02 004 003 005 003 —
n-Propyl gallaie 0.19 024 021 023 es. es. e.s. e.s. es. es. —
Cctyl zallate 00C 000 000 000 0O 0.00 000 000 006 000 —
Dodecyl gallate 000 CO0 000 000 0.00 000 0900 000 000 000 —

" Refs. 11, 12 and 13.

** pK, velues at 25°C.
*** pK, values at 29°C (ref, 14

Py vaics at i 2%).

& 2, (3)-tert.-Butyl-4-hydroxyanisole (mixed isomers).

dioxide vapour. Hydroquinone is oxidized only in strongly alkaline media because,
on cluting with the solution at pH 9.02, it does not give rise to the brown spot.

Layers of silanized silica gel impregnated with 4%, DBS

In the presence of DBS, as shown in Table I, a decrease in the Ry values for
most compounds is observed, with the exception of the phenols with marked acidic
characteristics, such as dinitrophenols and gallic and pyrocatechic acids, for which
higher R values than those on the layers without detergent are observed.

The affinity sequence of the phenols on the two layers is, however, similar over
the whole pH range explored, except for the above-mentioned compounds and some
polyhydroxybenzenes. Such behaviour can be used from an analytical standpoint on
layers impregnated with detergent for the separation of pyrogallol from phloro-
glucinol and of dinitrophenols.

A characteristic of these layers is the extraordinary compactness of the spots,
so that the separation of compounds that differ only by 0.05 in their R values can
be carried out. This is important in view of the shorter elution time on the impregnated
layer (about 45 min) than on silanized silica gei alone (about 55 min).

On changing the ionic sirength of the eluent from 0.1 to 0.01, an increase in
the Rp values is observed on layers impregnated with 49 DBS (see columns 4B and
5B in Table I), even if such an increase is generally less marked than on layers without
detergent.

Another peculiar characteristic of the impregnated layer is the possibility of
using eluents with containing less than 309, of methancl, so that both the retention
and the resolving power of the layers can be further increased>.

Table IT gives the Ry values of phenol and alkylphenols, eluting with solutions
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TABLE X

Ry VALUES OF PHENCLS ON LAYERS OF SILANIZED SILICA GEL IMPREGNATED
WITH 4% DBS SOLUTION
Eluvents: ammonia solutions in 209, methanol.

Phenol Amntonia concentration (M)
z £ 6 8 10

Phenol 0.60 0.73 0.78 0.79 0.80
n-Cresol 0.37 0.57 0.63 0.63 0.63
p-Cresol 0.31 0.48 0.54 0.57 0.57
o-Cresol 0.32 0.48 0.53 0.55 0.56
3,5-Dimethylphenocl 0.21 0.37 0.42 0.4 0.46
3,4-Dimethylphenol 0.19 0.32 0.38 0.41 0.42
2,5-Dimethylphenotl 0.17 0.29 0.35 0.37 0.38
2,3-Dimethylphenol 0.15 0.26 0.32 0.34 0.34
2,4-Dimethylphenol 0.14 0.24 0.30 0.31 c.32
2,6-Dimethylphenol 0.16 0.27 0.32 0.35 0.36
2,3,5-Trimethylphenol 0.07 0.14 0.17 0.20 0.22
2,3,6-Trimethylphenol 0.06 0.10 0.16 0.19 0.21
2,4,6-Trimethylpheno!l 0.06 0.09 0.14 0.17 0.19
2,3,5,6-Tetramethylphenol 0.03 0.05 0.11 0.14 0.15
m-Ethylphenol 0.21 0.38 0.46 0.49 0.51
p-Ethylphenol 0.19 0.34 0.38 0.43 044
o-Ethylphenol 0.16 0.27 0.31 0.35 0.36

with 2 constant methanol concentration (209)) and increasing ammonia concen-
trations (from 1 to 10 M). Under these elution conditions the behaviour of the
alkylphenols in the deprotonated form is pointed out; 2,3,5,6-tetramethylpherol.
whose detection is possible only in strongly alkaline medium, has also been studied.

From the data in Table 11 it should be noted that, as the ammonia concen-
tration in the eluent is increased, aa increase in the Ry values is observed for all
phenols. This increase is sharp at ammonia concentrations up to 6 Af and becomes
negligible at higher ammonia concentrations. The differences in the Ry values of the
isomers, which are not very marked at ammonia concentrations below 4 M, reach
their highest values at concentrations above 6 M.

It should be noted that, relative to phenol, the Ry values of ihe alkylphenols
gradually decrease as the number of methyl groups in the ring increases. Therefore,
from the R, vaiues of an alkylphenol, the number of methyl groups in the molecule
can be obtained.

The affinity sequence of the isomers of cresols, ethylphenols and dimethyl-
phenols is opposite to that of their pK, values.

Layers of silanized silica gel impregnated with N-DPC

On these layers the retention of phenols is higher than that on silanized silica
gel alone, and is similar to that observed on layers impregnated with DBS, at least
for those phenols which are prevalently in the non-dissociated form.

The phenols in the deprotonated form are strongly retained owing to an
anion-exchange process with the functional group of N-DPC in addition to the
liquid-liquid partition process. As the apparent pH of the eluent is increased, 2
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decrease in the R, valuas is observed, which is different to that found on layers of
silanized silica gel alone and impregnated with DBS. Such behaviour causes a
levelling of the R values of the phenols and therefore the different.acid-base charac-
teristics of the compounds cannot be used for their separation.

The best results can be achieved with an increase in the methanol concen-
tration in the eluent (from 30 to 50%) and a decrease in the amount of N-DPC on
the layer (from 4 to 1 %). For example, on layers impregnated with 19, N-DPC and
with 0.1 A ammonria soluficn in 509, methanol as eluent, a great difference between
the R, values of phenol (0.49) and cresols (0.34-0.38) with respect to those of poly-
halogznated phenols {0.09-0.18) is observed.

As the concentration of methanol in the eluent is further increased (to 809,)
a genzral increase in the Ry values is obtained, but this does not result in a better
resolving power because many compounds give rise to elongated spots.

Retention mechanism

The parameters that determine the retention of phenols on layers of silanized
silica gel alone and impregnated with DBS are the same that affect retention on
cation exchangers®. We considered it useful, therefore, to verify also on silanized
silica gel layers the vaiidity of the relationship

1 1 [H*] 1 K.
= =Em Verwmrtmr " VeTmT @

where Re,_ and Ry, are the Ry values of the protonated and deprotonated form of
the phenols obtained on eluting with acidic and alkaline solutions, respectively.
Applying eqn. 1 to some phenols chosen on the basis of their pK, values, the curves
in Fig. 1, which refer to layers of silanized silica gel, were obtained.

The theoretical curves were constructed according to the pK, values relative
to solutions containing 30 % methanol and drawn by adding 0.58 to the corresponding

106~
1
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L ] 3
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Fig. 1. Ry values versus the apparent pH of the eluent for phenols on silanized silica gel thin layers.
(1) p-Nitrophenol (X, = 7.73); (2) 2,6-dichlorophenot (pK, = 7.37); (3) 2,4-dichlcrophenol
(pK, = 8.47). The pK, values refer to aqueous—organic solutions containing 307 methanol.
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pK, in aqueous solution'S. The experimental points are those reported at the different
apparent pH values of the eluent in Table III; they are in good agreement with the
theoretical curves and support the validity of egn. 1 even on these layers. The experi-
mental points at pH 9.02 are lower than the theoretical values on curves 1 and 2,
owing to an apparent pH value on the layer that is smaller than that of the eluent for
the formation of a pH gradient on the layer similar to that observed on cation
exchangers®.

TABLE I

Re VALUES OF PHENOLS ON SILANIZED SILICA GEL THIN LAYERS OBTAINED WITH
ELUENTS AT DIFFERENT pH VALUES

Eluents: 0.1 M CH;COOH + 1 M CH;COONa in 30% CH;OH (pH 5.00); 0.1 M KH.PO, ia
30%; CH;OH (pH 7.00); 0.1 M NH; -+ 0.1 M NH,Cl in 30%, CH;OH (pH 9.02); 0.2 M NH; + 0.1
M NH.CI in 30% CH,OH (pH 9.30); I M NH; + 0.1 M NaCl in 303 CH,OH (pH 11.30);
2 M NH; + 0.1 M NaCl in 30% CH;OH (pH 11.60).

p-Nitrophenol 2,6-Dichlorophenol  2,4-Dichlorophenol
R pPH Rg pH Re pH
0.26 5.00 0.12 5.00 0.08 5.0C
0.31 7.00 0.16 7.00 0.08 7.060
0.67 9.02 0.56 92.02 0.22 9.02
0.75 9.30 0.66 9.30 0.32 9.30
0.83 11.30 0.72 11.30 0.55 11.30
0.56 11.60

Anralytical applications

Among the separations that can be effected on the basis of the Ry values
obtzined with the different eluents, we carried out separations of the three chloro-
and bromophenols and of the two tetrachlorophenols, on layers of silanized silica
gel alone and impregnated with 49 DBS. In comparison with reversed-phase chro-
matography, however, soap TLC permits the separation of a larger number of
phenols, as smaller differences in their Re values are necessary owing to the com-
pactness of the spots.

For example, the separation of the three methylchlorophenols cannot be per-
formed on layers of silanized silica gel alone, although the difference between the
Ry values of 4-chloro-2-methylphenol and 4-chloro-3-methylphenol is greater than
that observed on impregnated Iayers (see columns 5A and 5B in Table I), where such
a separation can be effected by eluting with ammonia solution at pH 11.30, both
alone and in the presence of 0.1 M sodium chloride. It should be noted that the
difference in the Ry values of the two above-mentioned isomers is only 0.04 with the
clueat of higher ionic strength.

Fig. 2a shows the separation of the six dichlorophenols on layers of silanized
silica gel impregnated with 49 DBS, eluting with 0.2 M ammonia and 0.1 M ammo-
nium chloride in 309, methanol (apparent pH 9.30); such a separation cannot be
achieved on layers without detergent (Fig. 2b). With 0.1 M amionia and 0.1 M
ammonium chloride in 309 methanol as the eluent (apparent pH 9.02) and with
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Fig. 2. Thin-layer chromatogram of dichlerophenols on (a) silanized silica gel impregnated with
4% DBS solution and (b} silanized silica gel alone. Eluent: 0.2 M ammonia + 0.1 M ammonium
chloride in 30% methanol (pH = 9.30). (1) 3,4-Dichlorophenol; (2) 3,5-dichlorophenol; (3) 2,4-
dichlorophenol; (4) 2,3-dichloerophenol;-(3) 2,5-dichlorophenol; (6) 2,6-dichlorophenol; (m) mixture.
S.P. = start point; S.F. = solvent front.

Fig. 3. Thin-layer chromatogram of trichlorophenols on silanized silica gel impregnated with 49/
DBS solution. Migration distance: 14 cm. Eluent: 0.1 M ammoaniz + 0.1 M ammonium chloride
in 30% methapol {pH = 9.02). (1) 2,4,5-Trichlorophenol; (2) 2,3,6-trichlorophenol; (3) 2,4,6-
trichlorophenol; (4) 2,3,5-trichlorophenol; (5) 2,3,4-trichlorophenol; (6) 3,4.5-trichlorophenol;
(m,) mixture of 1, 2, 3, 4, 5and 6; (m.) mixture of 1, 2, 3, 5 acd 6. S.P. = start point; S.F. = solvent
front.

a migration distance of 14 cm, the separaticn shown in Fig. 3 was obtained on layers
impregnated with 49, DBS; this separation, however, does not concern all six tri-
chlorophenols which are present in mixture m, because 24,5-trichlorophenol and
2,3,4-trichlorophenol can not be separated, as indicated in the chromatogram relative
to mixture m,. With 3.4, 5-trichlorophenol, two spots are observed owing to the
presence of by-products (probably 2,3,4-trichlorophenol).

Fig. 4 shows the separation of the four dinitrophenols and of a large number
of polyhydroxybenzenes on impregnated layers using 0.1 Af acetate buffer in 309,
methanol as eluent and with a long migration Gistance (15 cm) so that phloroglucinol
can be separated from pyrogallol. On layers of silanized silica gel alone the separation
of the four dinitrophen»ls is difficult owing to the small difference in the Rg values
of 2,5-dinitrophenol and 2,4-dinitrophenol.

Finally, numerous separations of mixtures of phenol and alxylphenols can be
effected on layers impregnated with 43 DBS. For example, separations of phenol,
m-cresol, p-cresol, 3,5-dimethylphenol, 2,3-dimethylphenol, 2,3,5-trimethylphenol
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Fig. 4. Thin-layer chromatogram of dinitrophenols and polyhydroxybenzenes on silanized silica gel
impregnated with 4°4 DBS solution. Migration distance: 15 cm. Eluent: 0.1 M acetic acid -+ C.1 M
sodium acetate in 309 methanol (pH = 5.00). (1) 2,6-Dinitrophenol; (2) 2,4-dinitrophsnol;
(3) 2,5-dinitrophenol; (4) 3,4-dinitrophencl; (m,) mixture of dinitrophenols; (5) gallic acid;
(6) phloroglucinol; (7) pyrogallol; (8) resorcinol; (9) orcinol; (10) r-propyl gallate; (11) octyl
gallate; (m,) mixture of polyhydroxybenzenes. S.P. = start point; S.F. = solvent front.
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Fig. 5. Thin-layer chromatogram of phenol and of some mono- and polyalkyl derivatives on
silanized silica gel impregnated with 44 DBS solution. Migration distance: 13.5 cm. Two successive
developments with 1G Af ammonia in 209 methanol. (1) Phenol; (2) m-<resol; (3) p-cresol;
@) 3,5-dimethylphenol; (5) 2,5-dimethylphenol; (6) 2,3-dimethylphenocl; (7) 2,3,5-trimethylphenol;
(8) 2,3,5,6-tetramethylphenol; (m,) mixture; {9) m-ethylphenol; (10) p-ethylphenol; (11} o-ethyl-
phenol; (m:) mixture of ethylphenols. S.P. = start point; S.F. = solvent front.
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and 2,3,5,6-tetramethylphenol and of the three ethylphenols have been effected by
eluting with solutions with a constant methanol concentration (20%/) and different
ammeonia concentrations (6, 8 and 10 Af). With two successive developments in the
same eluent (10 M ammoniz in 209, methanol) the separation of a large number of
alkyiphenols was achieved (see Fig. 3).
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