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SUMMARY 
 
 In this paper we describe part of a study originally devoted to inve-
stigating lateral interactions of 4-phenylbutyric acid in ‘mild’ chromatogra-
phic systems comprising low-activity stationary phases (microcrystalline 
cellulose or chromatography paper) and low-polarity decalin as mobile 
phase. The presence or absence of lateral interactions of an analyte in a 
given chromatographic system can be judged from the shape of the 
concentration profile and for this purpose densitograms of the bands of 
interest must first be acquired. Our attention was unexpectedly attracted 
by a largely surprising observation that the concentration profile of 4-phe-
nylbutyric acid on cellulose powder could be measured easily on a freshly 
developed chromatogram only after drying whereas on chromatography 
paper developed at room temperature it was hardly detectable, and became 
fully shaped only two days later. To explain this striking phenomenon we 
had to perform several additional experiments and, although the final answer 
is not fully conclusive, a tentative explanation can already be presented. 
 
INTRODUCTION 
 
 Physicochemical description of retention processes in liquid chro-
matography (planar chromatography included) is far from complete and 
for this reason efforts are continually being made to improve existing 
retention models and/or introduce new models. Excessive simplicity of 
already established planar chromatography retention models is – among 
other reasons – because of disregard of some intermolecular interactions 
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in the chromatographic systems. There are, for example, no validated 
models for prediction of solute retention which take into the account so-
called lateral interactions, i.e. self-association of solute molecules. It is, in 
theory, possible to adopt isotherms from HPLC retention models which 
take lateral interactions into account [1–4], because retardation factor and 
retention factor are physicochemically analogous. The resulting relation-
ships must, however, be validated before they can be recommended for 
general use. In planar chromatography lateral interactions are still regarded 
as energetically negligible and for this reason almost non-existent. 
 In fact, lateral interactions play an indisputable role in retention 
processes, even if they are far from predominant energetically. To investi-
gate lateral interactions, which can often be eclipsed and/or destroyed by 
stronger and more pronounced effects, it is advisable to monitor their pre-
sence in chromatographic systems comprising low-activity stationary phases 
with low-polarity mobile phases. Results from preliminary investigation 
of lateral interactions on cellulose powder, as low-activity stationary phase, 
with decalin and 1,4-dioxane as low-polarity mobile phases, are summa-
rized elsewhere [5,6]. As solutes we chose two groups of compounds, 
higher fatty alcohols and aliphatic α,ω-dicarboxylic acids, because of their 
well-studied and described ability to form self-associates by hydrogen 
bonding, both as pure compounds and in solution in low-polarity solvents. 
We were able to demonstrate that the ability of these two groups of solu-
tes to self-associate was preserved in the TLC systems investigated; this 
evidently affects the concentration profiles of the respective chromatogra-
phic bands and, therefore, the separation performance of the chromatogra-
phic systems involved. 
 Our earlier studies of lateral interactions in TLC have been conti-
nued more recently and extended to a selection of phenyl-substituted fatty 
alcohols and fatty (monocarboxylic) acids as solutes, and to microcrystal-
line cellulose and chromatography paper as two low-activity cellulose-
derived stationary phases. In this study we encountered (above a certain 
temperature) rather astonishing and unexpected trouble measuring the 
properly shaped concentration profiles of 4-phenylbutyric acid. The chro-
matograms were developed on Whatman 3 paper (Whatman, Maidstone, 
UK) with decalin as monocomponent mobile phase. This article documents 
this evident analytical shortcoming and concludes with a tentative expla-
nation which – although it provides no ultimate solution to the phenomenon 
itself – still acts as a specific warning for all who might consider densito-
metry as an easy solution to most planar chromatographic tasks. This paper 
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also describes a procedure which eventually enables correction of the con-
centration profile of the solute, despite an initial inability to do so. 
 
EXPERIMENTAL 
 
Thin-Layer Chromatography 
 

 Thin-layer chromatography was performed on 10 cm × 20 cm glass 
plates precoated with microcrystalline cellulose (Merck, Darmstadt, Ger-
many; # 1.05730). Solutions (0.1, 0.2, 0.3, 0.4, 0.5, and 1.0 M; 3 µL) of 4-
phenylbutyric acid (Merck) in 2-propanol were applied to the plates and 
chromatograms were developed to a distance of 15 cm with decalin as 
mobile phase at working temperatures of 15 and 22°C. Development was 
performed in a normal Stahl chamber, in ascending mode. After development 
the chromatograms were dried with a hair drier, to avoid further migration 
of remaining low-volatility decalin, still present on the plates, beyond the 
line marking the mobile phase front. 
 
Paper Chromatography 
 

 Paper chromatography was performed on Whatman-3 chromato-
graphy paper (Whatman, Maidstone, UK), which was cut into 20 cm × 20 cm 
squares. Solutions of 4-phenylbutyric acid in 2-propanol (the same as used 
in TLC; 5 µL) were applied to the paper and chromatograms were develo-
ped to a distance of 15 cm with decalin as mobile phase at working tempe-
ratures of 12 and 19°C. Development was performed in the same chro-
matographic chambers, also in ascending mode. After development the 
chromatograms were again carefully dried with a hair drier. 
 
Densitometric Detection 
 

 Densitometry, used with the intention of recording the concentration 
profiles of the bands of 4-phenylbutyric acid on microcrystalline cellulose 
and chromatography paper, was performed with a Desaga (Sarstedt-Grup-
pe, Germany) model CD 60 densitometer equipped with the Windows-
compatible ProQuant program package. Recording of the concentration 
profiles was performed in UV light (reflectance mode) at 260 nm. The 
width and height of the rectangular light beam were 0.4 mm and 0.02 mm, 
respectively. Densitograms obtained at the two working temperatures on 
cellulose powder and at 12°C on Whatman-3 chromatography paper were 
properly shaped on the day of development. For chromatograms obtained 
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on Whatman-3 paper at 19°C the densitograms had to be measured on the 
1st, 2nd, and 3rd days of the experiment. 
 
Alternative Means of Detection 
 

 Detection was also performed by spraying the chromatograms with 
a saturated aqueous solution of bromocresol green, which formed yellow 
spots with 4-phenylbutyric acid on an emerald-green background. This 
alternative means of detection was applied, on the day of development, to 
the chromatogram obtained at 19°C on Whatman-3 paper. 
 
RESULTS AND DISCUSSION 
 
Thin-Layer Chromatography 
 

 Recording of the concentration profiles of 4-phenylbutyric acid 
chromatographed on cellulose powder at two different temperatures (15 
and 22°C) resulted in the plots expected, in the sense they were all distinct, 
characterized by trailing tails, and with areas under the profiles apparently 
dependent on the amount of test sample chromatographed (Fig. 1). 
 Obviously, substantial differences between working temperatures 
(in this work 7°) have evident impacts on the overall physico-chemical 
characteristics of any chromatographic system. Crucial effects seem to be 
on the viscosity of the mobile phase and the thermodynamic equilibrium 
of analyte partitioning between the stationary and mobile phases. It is well 
recognized that the higher the ambient temperature the lower the viscosity 
of the mobile phase and hence the faster the development of the chromato-
gram. Similarly, the higher the ambient temperature the more the partitio-
ning equilibrium of an analyte is shifted toward the mobile phase. 
 The main features of the concentration profiles obtained on cellu-
lose powder-coated TLC plates at 15 and 22°C (Fig. 1) are summarized in 
Table I. As was easy to foresee, because of the temperature-dependence 
and different viscosity of the mobile phase, the respective mean velocities 
of decalin migration were 0.647 and 0.786 mm min−1. The shift of equili-
brium of partitioning of 4-phenylbutyric acid toward decalin accompanying 
the change of temperature from 15 to 22°C usually resulted in somewhat 
increased values of the retardation factor (RF) and slightly narrower peak 
widths at baseline. A few deviations of changes of RF values and baseline 
widths from these trends can probably be attributed to random error in the 
experiment. 
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Fig. 1 
 

Concentration profiles of 4-phenylbutyric acid chromatographed on microcrystalline 
cellulose at (a) 15°C and (b) 22°C. The concentrations of the analyte in 2-propanol were 
(1) 0.1 M, (2) 0.2 M, (3) 0.3 M, (4) 0.4 M, (5) 0.5 M, and (6) 1.0 M and sample volumes 
were 3 µL. 

 
Table I 
 

RF coefficients and peak widths at baseline (mm) of chromatographic bands of 4-phenyl-
butyric acid developed with decalin on cellulose plates at 15 and 22°C. Mean velocities 
of decalin migration were 0.647 mm min−1 at 15°C and 0.786 mm min−1 at 22°C 
 

RF Baseline peak width 4-Phenylbutyric 
acid concn (M) 15°C 22°C 15°C 22°C 

0.1 0.94 0.92 11.1 14.8 
0.2 0.89 0.90 16.3 17.3 
0.3 0.88 0.87 17.2 16.1 
0.4 0.78 0.85 30.3 19.3 
0.5 0.70 0.82 41.1 25.2 
1.0 0.58 0.68 64.9 57.0 
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Paper Chromatography 
 

 Results from analysis of 4-phenylbutyric acid at 12°C on What-
man-3 chromatography paper were generally very similar to those from 
analysis of the same compound on cellulose powder at either temperature. 
The data are given in Fig. 2 and Table II. It is apparent from the plots in 
Fig. 2 that the concentration profiles of 4-phenylbutyric acid measured on 
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Fig. 2 
 

Concentration profiles of 4-phenylbutyric acid obtained on Whatman-3 chromatography 
paper at 12°C. Concentrations of the analyte in 2-propanol were (1) 0.2 M, (2) 0.3 M, (3) 
0.4 M, (4) 0.5 M, and (5) 1.0 M and sample volumes were 5 µL. 

 
Table II 
 

RF coefficients of chromatographic bands of 4-phenylbutyric acid developed with decalin 
on Whatman-3 chromatography paper at 12°C. The mean velocity of decalin migration 
was 1.375 mm min−1 
 

4-Phenylbutyric acid concn (M) RF 

0.2 0.89 
0.3 0.94 
0.4 0.95 
0.5 0.95 
1.0 0.87 

 
chromatography paper are distinct and have the same trailing tails as the 
analogous profiles on cellulose powder. Because of the more strongly 
pronounced heterogeneity of chromatography paper compared with cellu-
lose powder (and consequently the greater dispersion of UV light from the 
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former), the respective densitograms (Fig. 2) contain more background 
noise than those obtained from cellulose-coated TLC plates. Because the 
chromatographic activity of cellulose powder is greater than that of the 
chromatography paper, the retardation coefficients (RF) on the paper are 
somewhat higher than on cellulose (compare data from Tables I and II). 
 The situation changes dramatically when 4-phenylbutyric acid is 
chromatographed on Whatman-3 paper at the higher temperature (19°C), 
however. Figure 3 shows the densitograms obtained after chromatography 
of 5-µL aliquots of 0.4, 0.5, and 1.0 M 4-phenylbutyric acid in 2-propanol 
measured on the first, second, and third days of the experiment. 
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Fig. 3 
 

Concentration profiles obtained for 4-phenylbutyric acid on Whatman-3 chromatography 
paper at 19°C on days 1, 2, and 3 after development. Concentrations of the analyte in 2-
propanol were (a) 0.4 M and (b) 0.5 M. 
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Fig. 3 (continued) 
 

Concentration profiles obtained for 4-phenylbutyric acid on Whatman-3 chromatography 
paper at 19°C on days 1, 2, and 3 after development. Concentrations of the analyte in 2-
propanol were (c) 1.0 M and sample volumes were 5 µL. 
 
 Analysis of 4-phenylbutyric acid at 19°C on Whatman-3 paper 
furnished results considerably different from those obtained on the same 
paper at 12°C, and also from results obtained by TLC on microcrystalline 
cellulose at both measurement temperatures. After careful drying of the 
chromatogram the densitograms obtained on the first day hardly reveal 
distinct concentration profiles – the baseline neighbouring the peak and 
the place where the concentration profile is expected drops drastically, to 
produce a strongly negative signal. If the same chromatogram is examined 
repeatedly on the next (i.e. second) day of the investigation the baseline 
neighbouring the peak is somewhat less negative and the concentration 
profile emerges from beneath the baseline and becomes more pronounced. 
Finally, on the third day, the concentration profile is properly shaped; it 
then remains unchanged. The area below the peak is, however, substan-
tially smaller than that under the peak run at 12°C. These observations 
were repeated many times and always with the same astonishing effect. 
 To further demonstrate that 4-phenylbutyric acid had really been 
present on the chromatograms from the very beginning of the experiment, 
an alternative method of visualization was also used on the first day of the 
experiment – spraying of the paper with a saturated aqueous solution of 
bromocresol green, a dye specially recommended for visualization of carbo-
xylic acids. We obtained yellow spots of different surface area, indicating 
the positions of different amounts of 4-phenylbutyric acid, on an emerald-
green background (Fig. 4). 
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Fig. 4 
 

Chromatogram (presented as a black-and-white negative) of 4-phenylbutyric acid on 
Whatman-3 chromatography paper at 19°C and visualized on the day of development 
with a saturated aqueous solution of bromocresol green. Concentrations of the analyte in 
2-propanol were (1) 0.1 M, (2) 0.2 M, (3) 0.3 M, (4) 0.4 M, (5) 0.5 M, and (6) 1.0 M and 
sample volumes were 5 µL. 

 
 This striking behaviour of 4-phenylbutyric acid at 19°C on the What-
man-3 paper is quite difficult to explain. The only – although important – 
difference between the two planar chromatographic systems discussed in 
this article is the form in which the cellulose is used as stationary phase 
(decalin was the mobile phase in both systems). The TLC plates were 
precoated with microcrystalline cellulose, which is normally derived from 
naturally occurring fibrous cellulose by basic hydrolysis. Chromatography 
paper is also cellulose, although processed to a lesser extent and hence with 
some of its specific fibrous structure preserved. The partial ‘invisibility’ of 
the concentration profiles of 4-phenylbutyric acid on the chromatograms 
immediately after development at 19°C is a confusing phenomenon, as 
also is their slow, stepwise ‘reappearance’ to full size during the course of 
the next two days. Attempts were made to accelerate the process of peak 
‘reappearance’ by intense drying of the chromatograms with a hair drier, 
followed by heating in a thermostatic chamber at temperatures up to 50°C, 
even for as long as 80 min, but with no evident success. The important 
conclusion can thus be drawn that it is time only (and not temperature) 
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which governs the ‘reappearance’ of the concentration profiles of 4-phenyl-
butyric acid on Whatman-3 chromatograms developed at 19°C. 
 It thus seems only fair to formulate a tentative hypothesis that in 
three-component systems consisting of fibrous chromatography paper, 
decalin, and 4-phenylbutyric acid, at room temperature (19°C), a specific 
interaction occurs between cellulose and the acid. This might be connected 
with formation of an aggregated structure, barely ‘visible’ in UV light (in 
fact characterized by a negative signal compared with a sheet of clean cel-
lulose paper) and/or with screening of the 4-phenylbutyric acid molecules 
by the cellulose fibres. The chromatography paper is fibrous in nature 
(resembling many other xerogels, often of carbohydrate origin) and because 
of its structure it can swell on contact with mobile phase, thus conside-
rably changing the three-dimensional arrangement of the cellulose and 
opening new spaces for inclusive host–guest type interactions (whereas 
with cellulose powder no similar effect has ever been reported). This 
swelling is apparently pronounced at the higher of the two temperatures 
investigated and it seems that in these circumstances the analyte penetrates 
the cellulose pores more easily and becomes located within its structure. 
After drying the cellulose slowly regains its previous shape, which seems 
to be proved by stabilization of the baseline to the same level as in expe-
riments at 12°C. At the same time the 4-phenylbutyric acid can diffuse 
slowly toward the surface of the cellulose, although some of it probably 
remains permanently trapped inside the spaces closed after drying, which 
might explain why the final peak area obtained at 19°C is much smaller 
than that obtained at 12°C. It should be explicitly stressed that all the chro-
matograms (whether developed on microcrystalline cellulose or chroma-
tography paper) were very carefully dried before densitometric assessment, 
which seems to exclude the possibility of purely optical interference of 
adsorbed decalin residues. 
 
CONCLUSION 
 
 There is no doubt that densitometry is an excellent and very fle-
xible tool which enables efficient qualitative and quantitative analysis of 
mixtures of compounds. Similar to any other indirect measurement tech-
nique, however, densitometry cannot be used as a black box which quasi-
automatically provides ready answers to any question posed by a resear-
cher. Instead, the densitometric result must often be treated with a benevo-
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lent margin of doubt and, therefore, critically re-investigated (as is apparent 
from the example presented in this paper). 
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