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ABSTRACT 

The chromatographic behaviour of nitrophenols on thin layers of silica gel and cellulose was com- 
pared, both without impregnation and impregnated with non-aqueous polar stationary phases (forma- 
mide, dimethylformamide) and less polar stationary phases (liquid paraffin. octan-l-01, l-bromonaphtha- 
lene). Cellulose is preferred when using formamide or dimethylformamide if a pure partition process is 
required. For each particular analyte a certain amount of the stationary phase is always required to 
suppress the adsorption activity of silica gel. Separation by reversed-phase thin-layer chromatography is 
strongly affected by the type of stationary phase (the possibility of forming charge-transfer complexes with 
I-bromonaphthalene) and its support (the acidic properties of silica gel and its adsorption activity), the 
mobile phase (content of organic modifier, pH, presence of salts) and the properties of the solutes (polarity, 
ionizability). 

INTRODUCTION 

Much work was carried out in the 1960s in which thin layers impregnated with 
an organic stationary phase were used for analytical separations (for reviews, see 
Grassini-Strazza et al. [l] and GaspariE [2]). These layers were later largely replaced in 
analytical work by chemically bonded phases [3]. However, reversed-phase thin-layer 
chromatography (RP-TLC) became a simple method of obtaining quantitative in- 
formation about the hydrophobic character of biologically active compounds in the 
study of quantitative structure activity relationships (QSAR) [4], and impregnated 
layers continued to be routinely, and often mechanically, used by medicinal chemists 
without considering the possible complications that could affect the partition mecha- 
nism [5]. 

These studies were based on the determination of the RM values of the tested 
compounds on thin layers impregnated with a less polar stationary phase (such as 
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TABLE I 

R, AND pK VALUES OF NITROPHENOLS 

Mobile phase: benzene-acetic acid (95:5). 

No. Phenol PK,” RF 

1 2-Nitrophenol 
2 3-Nitrophenol 
3 4-Nitrophenol 
4 2,3_Dinitrophenol 
5 2,4-Dinitrophenol 
6 2,5_Dinitrophenol 
1 2,6-Dinitrophenol 
8 3,4_Dinitrophenol 
9 3,5-Dinitrophenol 

10 2,4,6-Trinitrophenol 
11 2,4-Dinitro-6-methylphenol 
12 2,4-Dinitro-3-methylphenol 
13 2,4-Dinitro-6-trrt.butylphenol 
14 2,4-Dinitro-6-fluorophenol 
15 2,4-Dinitro-6-chlorophenol 
16 2,4-Dinitro-6-bromophenol 
17 2,4-Dinitro-6-iodophcnol 
18 2,4-Dinitro-5,6-dimethylphenol 
19 2,4-Dinitro-3,6-dimethylphenol 
20 2,4-Dinitro-3.5-dimethylphenol 
21 4.Nitro-2,6-dichlorophenol 
22 4.Nitro-2-chloro-6-bromophenol 
23 4-Nitro-2,6-dibromophenol 
24 4-Nitro-2,6-diiodophenol 
25 2-Nitro-4,6_dichlorophenol 
26 2-Nitro-4-chloro-6-bromophenol 
27 2.Nitro-4,6-dibromophenol 
28 2.Nitro-4,6-diiodophenol 
29 2,4,6-Trinitro-3-methylphenol 
30 2,4,6-Trinitro-3.5.dimethylphenol 

7.17 
8.28 
7.15 
4.96 
4.07 
5.2 
3.7 
5.42 
6.7 
0.38 
4.70 
4.0 
5.2 
2.40 
2.10 
2.1 I 
2.3 
5.1 
3.4 
4.95 
3.1 
3.1 
3.0 
3.0 
3.5 
4.8 
;1 
2:4 
_ 

417 

TLib TL,* TLjb 

0.83 0.92 0.99 
0.21 0.14 0.20 
0.17 0.11 0.14 
0.24 0.10 0.14 
0.58 0.44 0.63 
0.68 0.70 0.92 
0.22 0.13 0.14 
0.1 I 0.09 0.10 
0.17 0.11 0.18 
0.33 0.04 0.00 
0.76 0.85 0.97 
0.20 0.11 0.18 
0.94 0.99 0.99 
0.54 0.10 0.09 
0.72 0.09 0.10 
0.76 0.11 0.10 
0.83 0.12 0.10 
0.80 0.96 0.99 
0.40 0.41 0.70 
0.42 0.35 0.40 
0.31 0.13 0.30s 
0.35 0.14 0.25s 
0.42 0.17 0.22 
0.58 0.33 0.42s 
0.96 0.99 0.99 
0.97 0.99 0.99 
0.97 0.99 0.99 
0.98 0.99 0.99 
0.35 0.06 0.02 
0.41 0.09 0.10 

a From Sergeant and Dempsey [I I] 
b TL, = Silica gel; TL, = silica gel impregnated with a 20% solution of formamide; TL, = cellulose 

impregnated with a 20% solution of formamide. s = Elongated spot. 

RESULTS AND DISCUSSION 

Straight-phase partition TLC with formamide as the stationary phase 
This type of TLC using non-aqueous polar stationary phases was performed on 

layers of silica gel and cellulose impregnated with formamide. The impregnation was 
carried out with a 20% solution and established the conditions for the partition 
mechanism. Similar separations were obtained on both layers when benzene-acetic 
acid (90:5, v/v) was used as the mobile phase. The presence of acetic acid positively 
influenced the form of the spots of higher-acidity nitrophenols (tendency to tailing). 
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lose and silica gel layers, both untreated and impregnated with 140% dimethylfor- 
mamide using n-hexane as the mobile phase. The retention on untreated silica gel was 
strong (RF 0.0) whereas on cellulose it was weak (RF 0.70). A decrease of the RF value 
was observed with increasing dimethylformamide content on cellulose owing to the 
gradual build-up of the partition system. On silica gel the RF value increased under 
the same conditions as a result of successive deactivation of the sorbent and con- 
version to the partition system. At the highest degree of impregnation the RF values 
were practically identical on both layers (0.25). 

RP partition chromatography 
Three types of less polar stationary phases were used to establish the conditions 

for RP chromatography: liquid paraffin, 1-bromonaphthalene and octan-l-01 (or do- 
decan-l-01). Blank experiments were run for each mobile phase using untreated layers 
of both silica gel and cellulose to detect any interaction of the nitrophenols with the 
sorbent. Chromatograms using untreated layers and aqueous buffer solutions of pH 
3, 8 and 10 as mobile phases gave results showing a strong interaction of some 
nitrophenols (especially of 6-alkyl-2,4-dinitrophenols) with silica gel over the whole 
pH range studied (see Fig. 2aac). The sequence of spots for 2,4-dinitrophenol, its 
6-methyl and 6-tert.-butyl derivatives as well as of the 6-fluoro, 6-chloro, 6-bromo 
and 6-iodo derivatives corresponds with that expected in RP chromatography. This is 
in agreement with the definition of RP chromatography of Bij et ~2. [ 151 according to 
which the use of silica gel layers with a neat aqueous or water-rich hydro-organic 
mobile phase also falls into the category of RP chromatography. 

The interaction with cellulose at pH 3 is practically as strong as with silica gel; it 
is, however, only slight at higher pH values at which nitrophenols are supposed to be 
dissociated. This can be explained by the fact that only undissociated molecules are 
retained. The different behaviour on silica gel and cellulose can also be explained by 
the lower actual pH value on the silica gel layers. It was observed [16,17] that when 
using a buffer solution as the mobile phase the pH difference at the origin and near the 
mobile phase front can be two pH units as a result of sorption of the cations onto the 
SiiOH sites during the flow through the layer. 

RF 

to (a) 

0 I, II 12 13 14 15 16 17 5 11 12 13 14 15 16 17 

Fig. 3. Chromatograms on layers of cellulose (0) and silica gel (0) impregnated with octan-l-01 using 
aqueous buffer solutions as mobile phases. (a) pH 3; (b) pH 8: (c) pH IO. See Table I for compound names. 

RF 
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results can be influenced by the nature of the stationary phase. Ethanol was added to 
the mobile phase as an organic modifier to obtain reasonable RF values. Mixtures 
(2:1) of the individual aqueous solutions with ethanol were always used saturated 
with the corresponding stationary phase. The addition of the organic modifier moved 
the spots on the untreated layers (blanks) to higher values. No significant difference 
between silica gel and cellulose was observed. The presence of the organic modifier 
suppressed the adsorption. 

Results obtained for individual supports, stationary liquids and particular pH 
values of the mobile phases differ significantly (Fig. 4aaf). Thus, retention on layers 
impregnated with liquid paraffin is only observed on silica gel at pH 3, 8 and 10. On 
cellulose layers retention is observed only at pH 3; at pH 8 and 10 it is practically zero. 
The results on silica gel layers impregnated with octan- l-01 (dodecan- l-01 gave practi- 
cally the same results) are similar to those of liquid paraffin. On cellulose layers there 
is a similar retention only at pH 3; there is practically no retention at pH 8 and 10 as 
seen with liquid paraffin. 

The impregnation of silica gel layers with 1-bromoanphthalene and the mobile 
phase with pH 3 buffer gives a strong retention and the sequence of nitrophenols 
significantly differs from that obtained with other stationary phases. This indicates 
that another mechanism must be involved. This can be explained by charge-transfer 
complex formation, which is a known interaction between polycyclic hydrocarbons 
and nitro compounds often used in chromatography [l&20]. The change of mobile 
phase pH from 3 to 8 and 10 does not significantly change the behaviour of nitrophe- 
nols, with the exception of 2,4-dinitrophenol. The results for cellulose layers and the 
pH 3 mobile phase are practically identical with those obtained with silica gel; there 
is, however, decreased retention and separation efficiency at pH 8 and 10, similar to 
that seen with octan-l-01 and liquid paraffin as stationary phases. The application of 
80% acetic acid as the mobile phase [8] results in analogous retention and separation 
on both silica gel and cellulose layers (see Fig. 5a and b). 

A TLC system using impregnated layers is very complicated. Cellulose should 
be preferred when using formamide or dimethylformamide as the stationary phase if 
a pure partition process is required. For each particular analyte a certain amount of 
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Fig. 5. Chromatograms on layers of (a) silica gel and (b) cellulose impregnated with I-bromonaphthalene. 
Mobile phases: 0 = 80% acetic acid; 3 = buffer pH 3_ethanol(2: 1): x = buffer pH R-ethanol (2: I). See 
Table I for compound names. 




