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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 difirerent pH. The validity of the relation- 
ships between the RF values, the pH of the eluent and the pK, of the phenols has been 
verified on thin layers of silanized silica gel alone and impregnated with 4% DBS. 
Many interesting separations of polyhydroxybenzenes and dichloro-, trichloro-, 
dinitro- and alkylphenols have been carried out. 

INTRODUCTION 

Reversed-phase chromatoglraphy on silanized silica gel and soap thin-layer 
chromatography (TLC) have been used with good results in recent years in the study 
of basic or__ganic compounds 16. In this study we have applied such techniques 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, 
paratlinic and polystyrene matrices7-g. It is possible, therefore, to compare the resu!ts 
achieved on layers of these exchangers and rho% of silanized silica gel alone and 
impregnated with detergents. 

JZXPERIMENTAL 

The test compounds (Supelco, Rellefonte, PA, U.S.A.) were dissolved in’ 95 % 
ethanol. The concentration of the solutions were l-2 mg/rnl and l-p1 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 (pyro,Oaol, gallic acid and pyrocatechic acid). 

Tbe phenols were detected by the Boute reactionxo, exposing the wet layers 
successively to nitro=gen dioxide and ammonia vapours, The solution of 2,6-dibromo- 
phenol is violet coloured. A violet spot, due to impurities in the commercial product, 
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is visible at the application point before the exposure of the layer to nitrogen dioxide 
vapour. 

The layers (thickuess 300~6m) were preparcd with a Chemetron automatic 
apparatus by mixing 20 g of silanized silica gel 60 HF (C-J (Merck, Darmstadt, 
G.F.R.) in 50 ml of 95 % ethanol with a known concentration of detergent. The 
detergents used were tiethanolamine dodecylbenxenesulphonate (DBS) and N-dode- 
cylpyridinium chloride (N-DPC). 

All the work was carried out at 25°C. The migration distance was I1 cm urless 
otherwise stated. 

Table I gives the RF values of 60 phenols on layers of silanized silica gel alone 
(cohumns A) and impregnated with 4% DBS (columns B), eluting with aqueous- 
origgc solutions containing the same percentage of methanol (30 “A but with different 
pH values (apparent pH between 5 and 11.3). 

The DBS concentration refers to the alcoholic solution in which the s&nixed 
silica gel was suspended when the layers were prepared. 

Layers of ,rianized silica gel alone 
On these layers, the cbromatographic behaviour of the phenols depends on 

their acid-base characteristics, as the & values increase with the incmasc in the 
apparent pH of the eluent owin g to the progressive deprotonation of the pheaolic 
OH group. .y 

On the basis of the pK, values reported in Table I, the & 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 deprotonated form. 

The influence of ‘5e 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 he excluded in the retention 
mechanism. 

The introduction into the ring of CH,, CH,CH,, NOz, Br and Cl groups 
involves an increas&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 catecholamk& and of an NH2 group in the case of primary aromatic amin&. 
The behaviour of polyhydroxybenzenes, in contrast, is completely different from that 
observed on Dowex 50-X4 @la+) thin layers, where such compounds are less retained 
than phenol*. 

The influence of the ionic strength on the chromatographic behaviour of 
phenols is shown from the data in columns 4A and 4B in Table I; on changing the 
ionic stren,@h of the eluent from 0.1 to 0.01 a considerable iruzrease in the RF values 

is observed. Such behaviour is similar to that obtained on Dowex 50-X4 (Na’) 
Iaye&. 

In alkaline media, g&c and pyrocatcchic 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 
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rz, VALWES OF PHENOLS ON THlN LAYERS OF SELANEED SILKTA GEL (A) ALONE AND 
(E?) IMPREGNATED WITI3 4% DBS SOLUTION 
Eknts: (1) 0.1 M CHQXXl -i- 0.1 M CIiJZOONa in 30% CHsOH @H 5.00); (2) 0.1 M KHJQ in 30% 
CH,OH (pH 7.00); (3) 0.1 M NH3 i 0.1 M NH&l in 30% CJS30H @H 9.02); (4) 1 M NH3 + 0.1 MN&l 
in 30% C&OH @H 11.30); (5) 1 M NH, in 30% Cl-&OH (PH 11.30). 

Phenol I 2 3 4 5 PK,W°CJ l 

A B A B A B A B A B 

Phenol 0.36 0.35 0.36 0.35 
l7z-cresol 0.21 0.19 0.22 0.19 
p-<=reso1 O-21 0.19 0.22 0.19 
&Cresol 0.22 020 0.22 020 
3,EDi5tetbylphenol 0.13 0.12 0.13 0.12 
3.CDirnethyIphenol 0.14 O-12 0.14 0.12 
2,5-DimetbyIpbe~ol 0.13 0.11 0.13 0.11 
zg-Diiylphellol 0.13 0.11 0.13 0.11 
2,4-Dimethyiphenol 0.12 0.11 0.12 0.11 
2,6-Dimethylphenol 0.13 0.12 0.13 0.12 
&3,5-T!5methylphenol 0.07 0.06 0.07 0.1?6 
2,4,6-TrimethyIphcnoI 0.07 0.06 0.07 0.06 
%3,6-Trimethy!phenol 0.07 0_06 0.07 0.06 
m_Ethylpheaol 0.11 0.11 0.11 0.11 
pEthylpheno1 0.12 0.11 0.12 0.11 
o-Ethylphenol 0.11 0.10 0.11 0.10 
G-cblorophenoi 0.20 0.19 0.21 0.19 
ndbIorophenol 0.16 0.12 0.16 0.12 
p-Chloruphenol 0.16 0.12 0.16 0.12 
2,6-DichIorophenol 0.12 0.10 0.16 O-13 
2.5DichIorophenol 0.09 0.06 0.11 0.06 
2,3-Dichlorophenol 0.0s 0.06 0.09 0.06 
2+Dkblomphenol 0.08 0.05 0.0s 0.05 
3,5-Dichlomphenol 0.07 O.&t 0.07 0.04 
3,4-DichIorophenol 0.07 0.04 0.07 0.04 
2,3,6-Trichlorophenol 0.05 0.05 0.13 0.12 
54,tsTrkMomphenol 0.04 0.04 0.09 0.08 
23.5TrichIorophcuol 0.03 0.03 O-05 0.01 
s4,5-Trichlorophenol 0.03 0.03 0.05 0.04 
23.4-Tlicil~ompIlenol 0.03 0.03 0.05 0.03 
3,4,5_TricHorophenol 0.02 0.02 0.03 0.02 
2,3.5,6-TetrachIoropholO.02 0.02 0.12 0.12 0.24 0.25 0.33 0.33 0.64 0.50 
3 3 4 S-Tetracbl0mpbea0l0.01 - * 2 O.Ol 0.02 O-02 0.14 0.14 0.29 0.30 0.61 0.46 
Pentachlorophenol 0.01 0.01 0.09 0.09 0.14 0.13 0.24 0.21 0.46 0.33 
o-Bromophenol 0.18 0.15 0.18 0.15 0.26 0.20 0.68 0.59 0.93 O.SS 
m_Bmrnophcnol 0.13 0.10 0.13 0.10 0.19 0.12 0.49 0.3s 0.78 0.62 
pBromopheno1 0.13 0.10 0.13 0.10 0.18 0.11 0.42 0.30 0.65 0.50 
2,6-Dibromophenol 0.08 0.07 0.11 0.09 0.49 O&i 0.64 0.64 0.93 0.89 
2.4Dibromophenol 0.05 0.03 0.06 0.04 0.11 0.10 0.51 0.43 0.85 0.75 
p_Nitrophenol 0.26 0.23 0.31 0.26 0.6? 0.66 0.83 0.89 0.96 0.92 
u-Nitmphenol 020 0.17 0.23 0.19 0.62 0.61 0.79 0.83 O_% 0.92 
nz-Niirophenol 0.25 0.22 0.25 0.22 0.36 0.29 0.69 0.65 0.96 0.92 
2,6-Dinitrophaxol 0.53 0.68 0.54 0.76 0.66 0.77 0.71 0.78 0.96 0.92 
2,4-DinitrophenoI 0.48 0.58 0.51 0.74 0.63 0.77 0.71 0.78 0.96 0.93 

0.37 0.35 0.51 0.47 0.73 0.62 
0.24 0.20 0.38 0.31 @.53 0.40 
0.23 0.19 0.35 0.29 0.48 0.36 
0.23 0.20 0.35 0.29 0.48 0.35 
0.13 0.12 0.24 0.21 0.33 0.25 
0.14 o.i2 0.22 0.19 0.29 024 
0.13 0.11 0.22 0.19 0.26 0.21 
0.13 0.11 0.22 0.19 026 030 
0.13 0.11 0.20 0.18 0.26 0.19 
0.13 0.12 020 0.18 0.25 0.20 
0.07 0.06 O-13 0.10 0.14 0.12 
0.07 0.06 0.13 0.10 0.13 0.10 
0.07 0.06 0.13 0.10 0.14 0.11 
0.12 0.11 0.25 G-21 0.32 0.2S 
0.12 0.11 0.23 0.20 0.28 0.24 
0.11 0.10 0.20 0.18 0.25 0.21 
0.32 0.24 0.69 0.58 093 0.89 
0.20 0.14 0.50 0.42 0.82 O-64 
0.20 0.14 0.42 0.33 0.67 0.50 
0.56 0.55 0.72 0.73 0.95 0.88 
0.34 0.28 0.62 0.62 0.93 0.85 
0.28 0.22 0.59 0.58 0.93 0.85 
0.22 0.16 0.55 0.52 0.81 O-78 
0.14 o_!l9 0.43 0.42 0.79 0.64 
0.12 0.07 0.39 0.35 0.76 (1.57 
e.s. 0.45 es. O-49 0.83 0.82 
0.37 0.37 O-49 0.47 0.81 O-73 
0.26 0.25 0.43 0.43 0.76 0.69 
0.25 0.22 0.43 0.43 0.78 0.70 
0.23 0.18 0.43 0.43 0.77 0x3 
0.12 0.09 0.33 0.34 0.64 0.52 

10.02 
10.09 
10.27 
10.32 
10.19 
10.36 . 
10.41 
10.54 
lO.# 
10.63 
- 
- d.88 
- 

9-9” 
lO_O” 
10.2” 
8.48 _ 
9.02 
9.38 
6.79, 6.79 - ** 
7.50, 7.35”’ 

- , 7.45”’ 
7.89, 7.75”’ 
S.lS, 7.93”’ 

- ) 8.39”’ 
6.12 
6.42 
7.23 
7.33 
7.59 
7.74 
5.44 
6.% 
5.26 
8.44 
9.03 
9.36 
6.6 
7.8 
7.15 
7.23 
8.40 
3.71 
4.09 



z+DiM.rophezol 0.32 0.31 0.49 0.65 0.63 0.73 0.70 0.77 0.96 092 5.22 
3,4-Dinit~ophenol 0.221 0.18 0.40 0.51 0.58 0.68 0.70 0.78 0.96 0.92 5.43 
2-czuxo-s-~thylpkerloi 0.11 o-09 0.11 0.09 O.f3 0.12 -0.55 0.45 0.89 0.77 - 
4Ctdor+3Glethylpllenoenol 0.08 0x5 0.08 O-06 0.09 0.06 0.28 0.20 0.51 0.30 - 
bChIaro_2-zlethylph 0.08 0.06 O-08 0.06 0.09 0.06 0.25 0.16 O-44 0.24 - 
Galkacid 0.92 0.94 0.91 0.94 es_ es. _ _ e.s. es. e.s. 4.41 
Pyrazatechicacid es_ 0.93 0.85 0.95 e-s. e.s. EE 0.95 es. 0.95 - 
Fb!omgitiol 0.76 0.73 O-74 0.72 p.s. es. 0.95 O-P5 0.95 0.95 8.45 
pyroezllol 0.74 0.68 0.74 0.67 es. es. e.s. es. e.s. es. 9.01 
Resoxinol - 0.58 OS3 0.56 0.55 0.56 0.55 0.74 0.70 0.95 0.87 9.81 
Hydrcwinone 0.67 0.66 0.66 0.66 0.67 0.68 e.s. es. es. es. 10.35 
Ominol O-47 0.48 0.46 0.46 O-47 OA6 0.62 0.57 0.89 0.80 - 
BHA' 0.02 0.02 0.02 0.02 0.02 c-02 0.04 0.03 0.05 0.03 - 
rr-Propylgallii~e 0.19 0.24 0.21 0.23 e.s. e.s. es. - . . . . . . 
odyl me o.a_? 0.m o_oo cm0 o_clo O-00 Go ii0 0.00 CEO - 
Dodecyl&~ o_oo o_ao o_oo 0.00 0.00 0.00 OBO o_oo 0.00 o_ao - 

*Refs. 11.12and 13. 
"pK~vzJuesatZ;'C. 
"'pK~valixsat2P'C(ref. 14). 
p 2, (3)Jert.-Butyl4hydroxyanisob (mixed isonzers). 

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

Layers of sihznized silifa gel impregnated with 4% DBS 
In the presence of DBS, as shown in Table I, a decreas e in the RF values for 

most compounds is observed, with the exception of the phenols with marked acidic 
characteristics, such as dinitrophenols and gal& and pyrocatechic acids, for which 
higher RF values than those on the layers without detergent are observed. 

The a&&y 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 
polyhydroxybenzcnes. Such 5ehaviour 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 RF 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 gel alone (about 55 min). 

On changing the ionic strength of the eluent from 0.1 to 0.01, an increase in 
the RF values is observed on layers impre_opated with 4% 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 wirh containing less than 30% of methanol, so that both the retention 
and the resolving power of the layers can be flier increased5_ 

Table IT gives the RF values of phenol and alkylphenols, eluting with solutions 
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TABLE E 

RF VALUES OF PHENOLS ON LAYERS OF SHANIZED SILICA GEL IMPREGNATED 
v/rFs 4% DES SOLUTION 
Elualt_s: ammania solIltions in 20% me&auol. 

Pktd Anummkz concentration (M) 

I 4 6 8 10 

Phenol 0.60 0.73 0.78 0.79 0.80 
IPl-GXSOi 0.37 0.57 0.63 0.63 0.63 
P-C-1 0_3I 0.48 0.54 0.57 0.57 
-1 0.32 0.48 0.53 0.55 0.56 
3~DkIlethylphesKIl 0.21 0.37 0.42 0.44 0.46 
3,4-DimerhylphezIol 0.19 0.32 0.38 0.41 0.42 
&5-Dime~ylphenol 0.17 0.29 0.35 0.37 0.38 
2,3_Dimethylphenol 0.15 0.26 032 0.34 0.34 
2&Disnethylphenol 0.14 0.24 0.30 0.31 O-32 
2,6-Dirnethylphenol 0.16 0.27 0.32 0.35 0.36 
2,3,5-Trimethylplxenol 0.07 0.14 0.17 0.20 0.22 
2,3,6-Trimethylphex~ol 0.06 0.10 0.16 0.19 0.21 
2,4,6-Trimethylphenol 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-Ethy!phenol 0.21 0.38 0.46 0.49 0.51 
pEthylpheno1 0.19 0.34 0.38 3.43 0.44 
@Ethylphenol 0.16 0.27 0.31 0.35 0.36 

with a constant methanol concentration (Zoo/> 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&i-tetramethylphecol, 
whose detection is possible only in strongly alkaline medium, has also been studied. 

From the data in Table 11 it shouId be noted that, as the ammonia concen- 
tration in the eIuent is increased, an increase in the _R, values is observed for a!1 
phenols. This increase is sharp at ammonia concentrations up to 6 M and becomes 
negligible at higher ammonia concentrations. The differences in the RF values of the 
isomers, which are not very marked at ammonia concentrations below 4 AZ, reach 
their highest values at concentrations above 6 M_ 

It should be noted that, relative to phenol, the RP values of the alhylghenols 
gradually decrease as the number of methyl groups in the ring increases. Therefore, 
from the RF vaiues of an alkylphenoi, the number of methyl soups in the molecliIe 
can be obtained. 

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

Layers of sihizei? silica gel impregnated with N-DPC 
On these layers the retention of phenols is higher than that on silanized si!ica 

gel aIone, 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 
anionexchange process with the functional group of N-DPC in addition to the 
‘Liquid-liquid partition process. As tie apparent pH of the eluent is increased, a 
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decrease in the RF values is observed, which is different to that found on Layers of 
s&nixed silica gel alone and impregnated with DBS. Such Izehaviour causes a 
levelling of the RF values of the phenols and therefore the differenkzid-base charac- 
teristics of the compounds canrzot 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 !ayer (from 4 to 1 “A_ For example, on layers impregnated with 1% N-DPC and 
with 0.1 M ammonia solution in 50% me’Jlao1 as eluent, a great CiEerence betwzzen 
the RF values of phenol (O-49) and cresok (O.W.38) with respect to those of poIy- 
halog_matcd phenols (0.W-0.13) is observed. 

As the concentration of methanol in the eluent is further increased (to SOoh 
a ,oeneral increase in the RF values is obtain& but this does not result in a better 
resolving power because many compounds give rise to elongated spots_ 

Retention medu2ni.m 
The parameters that determine the retention of phenois on layers of siknized 

silica gel alone and impregnated with DBS zre the same that affect retention on 
cation exchanged. We considered it useful, therefore, to verify also on silanizd 
silica gel layers the validity of the reIationship 

1 -- 
RF 

(1) 

where RF*= and RFark are the RF values of the protonated and deprotonated form of 
the phenols obtained on eluting with acidic and alkaline solutions, respectively. 
Applying eqn. 1 to some phaok chosen on the basis of their pK, v&es, the curves 
in Fig 1, which refer to layers of sihinizcd silica gel, were obtained. 

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

Fig. 1. RF values serw the appamzt pH of the eIuent for phenols on siIa&ed s&a gel thin Ia>zss. 
(I) pNitmpheno1 (pK. = 7.73); (2) 2&Ii~orophenol (p& = 7.37); (3) 2&-di&IcropItenoi 
(PK. = 8.47). -i-he pK, values refer to aqueous--organic solutions cnntaining 30% rncthanol. 
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pK, in aqueous solution Ls. The experimental points are those reported at the different 
apparent pH values of the eluent in Table 111; they are in good agreement with the 
theoretical cures and support the validity of eqn. L even on these layers. The experi- 
mental points at pH 9.02 are lower than the tieoreticai values on c~.~~es 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 
exchanged. 

TABLE HI 

RF VALUES OF PHENOLS ON SILANIZED SILICA GEL THLN LAYERS OBTAiNED WITH 
ELUENTS AT DIFFERENT pK VALUES 
Ekents: 0.1 A4 CH,COOH f 1 M CH$ZOONa in 30% CH,OH (PM 5.00); 0.1 M KH:FQ in 
30% CHaOH (pH 7.00); 0.1 &fNHs $- 0-i M NH&l in 30% CH30H @H 9.02); 0.2 M NH, i 0.1 
M NH&l in 30% CH,OH @H 9.30); I M NH3 j- 0.1 M NaCl in 30% CH@H @H 11.30j; 
2 M NH= f 0.1 M N2Ci in 30% CH,OH (pH 11.60). 

p-xi~ropheRol .2,6-DichIorophenol 2,4Dichiorophenol 

RF Pff RF pH’ RI= PM 

0.26 5.00 0.12 5.00 
0.31 7.aO 0.16 7.00 
0.67 9.02 0.56 9.02 
0.75 9.30 0.66 9.30 
0.83 11.30 0.72 11.30 

0.08 5.00 
0.08 7.00 
0.22 9.02 
0.32 9.30 
0.55 11.30 
0.56 11.60 

Analytical applications 
Among the separations that can be effected on the basis of the RF values 

obtained with the different eluents, we carried out separations of the three chioro- 
and bromophenols and of the two tetrachlorophenols, on layers of silanized silica 
gel aIone and impregnated with 4% 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 RF values are necessary owing to the com- 
pactness of the spots. 

For exampIe, the separation of the three methylchlorophenols cannot be per- 
formed on layers of siianizd silica gel alone, although the difference between the 
& values of 4-chIoro-2-methylphenol and 4-chloro-3-methylphenol is greater thau 
that observed on impregnated layers (see columns 5A and 5B in Table I), where such 
a separation can be effected by eluting with ammonia soh~tion 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 RF values of the t-wo above-mentioned isomers is only 0.04 w&b the 
eluent of higher ionic strength. 

Fig. 2a shows the separation of the six dichlorophends on layers of siknized 
silica gel impregnated with 4 % DBS, eluting with 0.2 M ammonia and 0.1 M ammo- 
nium chloride in 30% methanol (apparent pH 9.30); such a separation cannot be 
achieved on layers without detergent (Fig. 2b). With 0.1 M kmmonia and 0.1 M 
ammonium obloride in 30% methanol as the elueut (apparent pH 9.02) and with 
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SF. 

Fe_ 2_ Thin-Iajzr chromatogram of di&!crophsxols on (a) s&nized silica gel imprcgixstcd with 
4% DBS solution aad (b\ siJmized silica gel alone. Ehxnt: 0.2 M ammonia i- 0.1 M ammonium 
chioti~e h 30% xxthanol (pH = 9-30). (1) 3,4-Dkhlorophenol; (2) 3,S-dkhIoropheaol; (3) 2,4- 
dichlorophmoi; (4) 2,3-dichlorophenoI;-(5) 2,S-dichiorophuo~; (6) 2,Ckiichlorophenoi; (ml mixture_ 
S.P. = start point; SF. = solvent front. 

Fig. 3. Thin-layer chromatogram of tricbloropkenols on silanized silica gel impxgnatcd witi 4% 
DBS soIution_ tigmion &taxer 14 cm_ Eluentr 0.1 M amnoniz + 0.1 Ai zmmonium ch!oridt 
in 30% methanol @H = 9.02). (I) 2,4,5-Trichiorophe~zol; (2) 2,3,t%richfompherxol; (3) 2,4,6- 
trichkm~phenol; (4) 2,3$trichloropheno!; (5) 2,3&trichlompheuoI; (6) 3,4.%rich!omphtnd; 
(ma mixture of 1.53; 4,5 and 6; (m2) mixture of 1,2,3,5 u;d 6. S.P. = start potit; S.F. = solvent 
front. 

a mi~qation distance of 14 cm, the separaticn shown in Fig. 3 was obtained on layers 
impiw&ed with 4% DES; this separation, however, does not concern ail six tri- 
chlorophenok which am present in mixture m, because 2,4+richlorophenol and 
2,3,4_trichlorophenoI czn not be separated, as indicated in the chromato_m relative 
to mixcure rn= With 3,4,EtrichIorophenol, two spots are observed owing to ‘Jre 
presence of by-producti (probably 2,3#richlorophenoI). 

Fig. 4 shows the separation of the four dinitrophenols and of a large number 
of poiyhydroxybenzenes on impregnated layers using 0.1 M acetate buffer in 30 0/a 
methanol as eluent and with a long migration &tance (15 cm) so that phlorogluciioi 
can be sepamted from pyrogMol_ On kzyers of silanized silica gel alone the separation 
of the four dinitrophenok is diEcult owing to the smali difference in the RF values 
of 2&dinitrophenol and 2,4-dinitrophenol. 

Finally, numerous separations of mixtures of phezIo1 and all&lphenoIs can be 
effecred on layers impregnated with 4a/0 DBS. For example, separations of phenol, 
m-cresol, JXXXSO~, 3,5dimethylphenol, 2,3dimethyIphenol, 2,3,Mrimethylphenol 
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Fii. 4. Thin-layer chromatogram of dinitrophenols and polyhydroxyberrzenes on sibized silica gel 
impregnated with 4% DBS solution. Migration distance: I5 cm. EIuent: 0.1 M acetic add f 0.1 M 
sodium acetate in 30% methanol (pH = 5.00). (1) 2,6-Dinitrophezlol; (2) 2+dinitroph~ol; 
(3) 2$-dinitrophenol; (4) 3,4-dinitrophcnol; (ma mixture of dinitrophenok; (5) g&k acid; 
(6) p~orogbcinoi; (7) pyrogallol; (S) resorcino1; (9) orcinol; (10) fi-pmpyl &late; (II) octyl 
gallate; (m3 mixture of poIyhydroxybenzenes_ S.P. = start point; S.F. = solvent front. 

5.1 

0 0 

00 

Fig. 5. Thin-layer chromatogram of phenol and of some mono- and poIy&yl derivatives on 
silank& silica gel impregnated with 4 % DBS solution_ Migration distance : 13.5 cm. Two succe&ve 
deve!opments with IG A4 ammonia in 20% methanol. (1) Phenol; (2) Rwcresol; (3) paesol; 
(4) 3,ldimethylphenol; (5) 2.5-dkethylphenol; (6) 2,3AimethylphenoI; (7) 2,3.5-trimethy!phenol; 
(8) f3A-m ylphenol; (ma mixture; {9) m-ethylpiienol; (10) pethylphenol; (II) o-ethyl- 
Phmok (ma mixture ofeth~1~Exstof.s. S.P. = start point; S.F. = solvent front. 
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and 2,3,5,6-tetramethyIpheno1 and of the three ethyiphenols have been efkted by 
eluting with solutioz~~ with a constant methatxol concentration (2O”A and diEerent 
ammonia concen’~tions (6, 8 and 10 M). ‘With two successive developments in the 
same eluent (10 M ammonia in 20% methanol) the separation of a large number of 
a!?&iphenoJs was achieved (se!e Fig. ~2. 

1 L_ Lepri, P. G. Desideri and D. Heimkr, f_ Chrumufogr., 153 (1978) 77. 
2 3. S&inn and M. Lath, -‘. Cizrumagr.. 154 (1978) 73. 
3 L_ Lepr& P. G. Iksideri and D. Hebaler, L Chrumaugr., 155 (1978) 119. 
4 J. Sherma and M. Beii, I. E&h &s&r. Chromatogr. tI%romarogr_ Comnrrcn.. l(1978) 309. 
5 L. Lepri, P. G_ Desideri and D. Heiuder, I_ Chxn.aro.gr_, 169 <1979) 271. 
6 L. Lepri, P. G. Deside.ri and D. Heimkr, 1. Chmiarogr.., 173 (1979) 119. 
7 I- Lepri, P_ G. ikideri, G. Tamuli and M. Landhi, J. Chronwztogr_. 108 (1975) 169_ 
8 L_ Legri, P. G. lksideri, M- llam!hi and G. Tanturli, /. Chramaragr., 109 (197.5) 365. 
9 L. Lepri, P. G. Desidezi, hf. Landhi and G. Tanturli, J. Chrotiogra, 129 (1976) 239. 

10 J. Boute, Ann. Ei?docrinol. (Paris), 14 (1953) 518. 
11 E. F. G. Her&ton and W. Kynoston, T~QIZL FanrAy Sot, 53 (1957) 138_ 
12 G. Kortu~~, W. Vogei and K. Andrusow, Divociorion Corsfi0ni.s of0rgnnic Acidr in Aqu- 

Sakkxr, Sutterworths. London. 1961. 
13 E_ D. Griever and J. pietnyk, Anal. Ckem_, 4.5 (1973) 1348. 
14 J. W. Murray and N. E. Gordon, J. Amer. Chem. Sot., 57 (1935) IO. 
15 M. klknoar md C. L- De J&G, Rec. Trav_ Chim. Pays-Bar, 86 (1%7) 1185. 


