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A Comparative Study Concerning the Lipophilicity of Some
Synthetic Dyes Estimated by Thin Layer Chromatography
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The retention behaviour of some selected synthetic dyes have been investigated on RP-18F254S, RP-18W/
UV254 and CNF254S plates using methanol–water mixture in different volume proportions as mobile phases.
The RM values of the compounds decreased linearly with increasing concentration of methanol in the mobile
phase in all cases. On the basis of the linear relationship between retention (RM) values and volume fraction
of methanol, values of RM0 corresponding to 100% water were obtained by extrapolation using five isocratic
RM values. The regression determination coefficients obtained for all stationary phases were excellent (higher
than 0.99 in all cases). The good regularities of profiles of retention indices (RM and PC1/RM) indicated that the
same mechanism (lipophilic interactions) is dominant in all cases and all types of stationary phases (RP-18,
RP-18W and CN) appear to be suitable for estimating the lipophilicity of selected synthetic dyes. The
chromatographic lipophilicity values (expressed by RM0) estimated on three different stationary phases were
not highly correlated between them and also with computed log P values. The best correlations were
founded with lipophilicity parameters calculated by Dragon 5.4 software. By using PC1/RM or ϕ0 values as
estimators for lipophilic character of synthetic dyes, the correlation between these values obtained on that
three stationary phases were significantly improved, correlation coefficient being higher than 0.92  in some
cases.
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During the past decades an increasing number of
quantitative structure-activity (QSAR) models have been
using different molecular descriptors for predicting
toxicological [1, 2] properties of chemicals.

Lipophilicity, defined as tendency of a chemical
compound to distribute between an immiscible non-polar
organic solvent and water, is one of the molecular
parameters most frequently used for the assessment of
the relationship between biological activity and
physicochemical characteristics[3]. The most widely used
measure of lipophilicity is the partition coefficient in the 1-
octanol/water system denoted in few different ways (log
P, log Kow). The reference procedure to measure log P is the
classical shake-flask method, which however is time-
consuming, limited in range and limited to extremely pure
compounds [4]. Measurement by use of equilibration
methods is frequently made difficult, or even impossible,
by the instability of compounds in some cases, by
preference of a compound for one of the two phases of the
system, by the formation of stable emulsions after shaking
or by difficulties in solubility limits. For this reason the
suitability of experimental and theoretical approaches for
determination and estimation of the lipophilicity of organic
compounds remains a focus of scientific interest.

Due to their advantageous application parameters,
various reversed phase lichid chromatographic methods
have been used for determination of lipophilicity [5, 6].
These techniques require only a small amount of
compounds and they do not need to be very pure because
their impurities are readily separated during the
chromatographic process. Moreover, the lipophilicity values
estimated by high-performance liquid chromatography
(HPLC) and high-performance thin-layer chromatography
(HPTLC) are generally well correlated [7]. In recent years,
HPTLC technique has been used to estimate lipophilicity
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of a considerable number of chemicals and the relationship
of this property with biological activity has been assessed
[8-13]. The use of RM0 values obtained from different types
of reversed-phase thin-layer chromatography (RP-TLC) is
based on the assumed linear relationship between RM and
the concentration of organic modifier in the mobile phase:

RM = RM0 + bC           (1)

RM = log (1/RF -1)                            (2)

where RM values are derived by the retention factor (RF)
according to the Eq. (2), RM0 is the RM value extrapolated to
100% water, C is the concentration of organic modifier and
b is the slope of regression function associated with
specific hydrophobic surface area and it is considered an
alternative measure of lipophilicity [14-19]. RF is the
retention factor calculated on the basis of migration
distance of compound/migration distance of solvent front.

Recently, another retention related parameter (the
isocratic chromatographic lipophilicity index), ϕ0, have
been introduced. It is defined as the volume fraction of the
organic solvent in the mobile phase for which the amount
of solute in the mobile phase is equal to that in the
stationary phase when the retention factor (k) is 1 [20]. In
thin layer chromatography ϕ0 is described by equation (3):

                                 ϕ0 = RM0/b (3)

In addition, a new lipophilicity scale may be obtained by
applying Principal Component Analysis (PCA) directly to
the RF and/or RM values corresponding to different fractions
of organic modifier and, as a direct consequence, the
scores corresponding to the first principal component can
be used as an alternative lipophilicity scale. Much more,



REV. CHIM. (Bucureºti) ♦ 61♦ Nr.3 ♦ 2010http://www.revistadechimie.ro230

the scatter plots of scores onto the plan described by the
first two principal components offers the possibility to get
a lipophilcity chart [21, 22].

A wide variety of synthetic dyes have been used in food
processing and in a variety of modern industrial processes.
Over the last few years a lot of concern has been expressed
in the media over the safety of food additives generally and
the synthetic food dyes in particular. Many synthetic food
dyes used today have been proven to cause cancer,
hyperactivity, inattentiveness, asthma, and in rare cases
death [23]. Moreover, many of the water-soluble azo dyes
are known to be degraded by intestinal microorganisms
and some of their degradation products may have
mutagenic properties [24-26]. Because of their
commercial importance many analytical procedures has
been established and used for quality control of dyes and
for evaluation of their impact on human health or
environmental pollution. The most relevant internationally
agreed testing methods used by government, industry and
independent laboratories to assess the safety of chemical
products takes in consideration its lipophilicity parameters.
Unfortunately, experimental lipophilicity data are not
available in literature for the compounds investigated in
this paper. The classical experimental procedure using
shake-flask method seems to be difficult for some of
structurally dyes because of the large difference between
water solubility and anticipated solubility in octanol.

In the light of the above considerations, we found it
interesting to carry out a comparative study concerning
the chromatographic lipophilicity of several synthetic dyes
on different stationary phases. Because most of the
considered compounds are easily ionizing, the purpose of
this paper was also the elucidation of the mechanism of
retention on different types of stationary phase and the
use of RP- TLC technique to assess the lipophilicity of this
kind of compounds.

Experimental part
Thin-Layer Chromatography

The chromatographic behaviour of sixteen synthetic
dyes listed in table 1 was studied on different stationary
phases: RP-18 F254s (20 X 20cm, Merck Darmstadt-
Germany), RP-18W/UV254 (20 X 10cm, Macherey-Nagel)
and CN F254s (10 X 10cm, Merck, Darmstadt-Germany).
The standards of analytical grade were purchased from
Merck or Fluka.

Analytical-grade methanol was purchased from
Chimopar (Bucharest, Romania). The standard solutions
(1 mg mL-1) of dyes were separately prepared in methanol
and 2 μL from them were separately applied manually on
the plates by means of a 10 μL Hamilton (Switzerland)
microliter syringe. Chromatography was performed in a
normal developing chamber (saturated for 15 min with
solvent vapors) at room temperature (~22oC), using
different proportion mixtures of methanol-water as mobile
phase (from 20 to 60% methanol in steps of 10% for all
types of stationary phases). The developing distance was
8 cm in all cases. After development the plates were dried
in air at room temperature and the spots of dyes were
apparent from their colours.

Theoretical Partition Coefficients
It is well known that many software and internet

modules are able to calculate lipophilicity values by
different algorithms. All of them require a previously
molecule drawing that is usually performed by Hyperchem
and optimized using the MM+ molecular mechanics force
field [27]. On the basis of obtained geometry, different
software allowing theoretical calculations of various
lipophilicity descriptors. One of the log P values was
calculated using fragmental and atomistic methods by
Chem3D Ultra 8.0 [28], (ClogPCD), four values (MLOGP,
MLOGP2, ALOGP, ALOGP2) were calculated using
topological descriptors  by the software Dragon 5.4 [29]
and six Log P values (ALOGPs, AC logP,, miLogP, logPKOWWIN,

Table 1
THE COMMON AND IUPAC NAME OF THE SYNTHETIC DYES
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XLOGP2, XLOGP3) based on different computation
methods (electrotopological state descriptors, fragmental
method and atom additive model) were obtained by using
ALOGPS 2.1-vcclab free internet module [30]. All the
calculated values are listed in table 2.

Results and discussions
The retention behaviour of several synthetic dyes (fig.

1) was investigated by systematic changing the amount
of organic modifier in mobile phases. The Rf values obtained
showed that the retention of the studied dyes regularly
increased as the methanol content of the mobile phase
was increased. Linear relationships characterized by high

correlation coefficients were obtained between RM values
and volume fraction of methanol.

Because most of the studied compounds are easily
ionizable, they could be susceptible to the secondary
mechanisms of interactions with more or less non-polar
stationary phase. The regular changes of the retention of
dyes with changing water-methanol ratio can be observed
by the profiles of retention indices (RM) (fig. 2a-c).

These systematic regularities of retention observed for
all three types of stationary phases might indicate that the
same mechanism (lipophilic interactions) is dominant in
all cases and no secondary mechanisms were highlighted.
The extrapolated RM0 values and other experimental

Table 2
Log P VALUES CALCULATED BY DIFFERENT COMPUTING PROGRAMS (CHEMDRAW ULTRA 8.0, DRAGON 5.0 AND ALOGPS 2.1 [25-27])

Fig. 1. The structures of the
dyes investigated
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Fig. 2. The profiles of RM values for all fraction of methanol: (a) RP-
18; (b) RP-18W and (c) CN

Table 3
EXPERIMENTAL LIPHOPHILICITY INDICES ESTIMATED BY DIFFERENT RP-HPTLC STATIONARY PHASES

lipophilicity indices obtained on the three stationary phases
are summarized in table 3.

The similarity and/or differences between the
lipophilicity parameters estimated from retention data
obtained on the three stationary phases can be illustrated
by representation of the profiles of RM0 values (fig.3.a) and
profiles of scores obtained by applying PCA directly to the
matrix of RM values (PC1/RM , fig. 3.b). Given the large
number of existing stationary phases and their different
properties, the problem is the choice of the most suitable
stationary phases so that chromatographic results obtained
to be comparable with the theoretical calculated values or
obtained by established methods. In order to assess the
experimental lipophilicity of the investigated compounds
(estimated by RM0, b, ϕ0, scores corresponding to first
principal component of Rf (PC1/Rf) and scores
corresponding to first principal component of RM (PC1/RM)),
the obtained results were compared with the different
computed Log P values. The correlation matrix (table 4)
illustrates a low compatibility between chromatographic
indices of lipophilicity and computed Log P values for the
investigated dyes.

The best correlations were obtained with the values
calculated by using topological descriptors (Dragon 5.4
software). The weak correlation may be attributed to the
fact that many computer programs do not recognize the
potentially ionic character of molecules. Unfortunately, for
the compounds considered in this study, the experimental
lipophilicity determined by the classical shake-flask
method are missing from the literature, probably, because
of the large difference between water solubility and
anticipated solubility in octanol.

By using PC1/RM or ϕ0 values as estimators for lipophilic
character of synthetic dyes, the correlation between these
values obtained on the all three stationary phases were
significantly improved, correlation coefficient being higher
than 0.92  in some cases. These fairly high correlation
between ϕ0 parameters on three stationary phases may
be further evidence that secondary retention mechanisms
are absent in all cases.

Most of statistical algorithms do not require normalized
input data but in some cases (linear regression)
normalization is a recommended step. In statistics,
normalization refers to the division of multiple sets of data
by a common variable in order to allow data on different
scales to be compared, by bringing them to a comparable
scale. Lipophilicity charts (fig. 4a-c) obtained by scatter
plots of normalized data for experimental lipophilicity

(a)

(c)

(b)



REV. CHIM. (Bucureºti) ♦ 61♦ Nr. 3 ♦ 2010 http://www.revistadechimie.ro

(b)

Fig. 3. The profiles of lipophilicity indices RM0 (a) and PC1/RM (b) of the investigated dyes

Fig. 4.  Scatterplot of normalized data for
experimental lipophilicity indices:

 (a) RM0; (b) ϕ0; (c) PC1/RM

(a)

Table 4
THE  CORRELATION CONCERNING LIPOPHILICITY PARAMETERS

OBTAINED ON DIFFERENT RP-TLC PLATES AND SOME COMPUTED  log P
VALUES (THE HIGHEST STATISTICAL SIGNIFICANT VALUES ARE BOLDED)

(a)

(b)

(c)
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indices  for three different stationary phases  (table 5) are
more easily to use for looking of trends, groupings or outliers.
By careful visual examination of the “lipophilicity space”
(fig. 4a-c), it is apparent that the chromatographic behavior
of the investigated dyes is firstly in agreement with the
number of ionic groups; the normalized values of ϕ0 and
PC1/RM parameters associate the compounds in better way
than RM0 values.

Conclusions
Retention behaviour of sixteen synthetic dyes was

investigated by reverse phase thin-layer chromatography
on RP-18F254S, RP-18W/UV254 and CNF254S plates using
methanol–water mixtures as mobile phases. Systematic
regularities of retention revealed by the profiles of retention
indices (RM) no highlighted secondary mechanisms of
interaction with studied stationary phases. In addition, fairly
high correlation between ϕ0 parameters on three stationary
phases may be further evidence that secondary retention
mechanisms are absent. The low correlation between
chromatographic indices of lipophilicity and computed Log
P values might be attributed to the strong ionic character
of investigated dyes. The results obtained indicate that
descriptors for molecular properties computed by Dragon
software are the best parameters for estimating the
lipophilicity of this kind of compounds. The ϕ0 and PC1/RM
values of synthetic dyes estimated on the three stationary
phases seem to be the most suitable and appropriate
estimators.
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