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Abstract: Ibuprofen was investigated with the use of reversed phase thin layer
chromatography on RP2F254, RP8F254s, and RP18F254s (E. Merck), using methanol-
water in different volume compositions as a mobile phase. The chromatographic
parameters of lipophilicity (RMW(RP2), RMW(RP8), and RMW(RP18)) of the studied
ibuprofen were determined. The experimental n-octanol-water partition coefficient
(logPexp) by means of the so called shake flash method was determined for ibupro-
fen. Lipophilic parameters (RMW(RP2), RMW(RP8), and RMW(RP18)) were compared,
both with measured (logPexp) and calculated partition coefficients (AlogPs,
AClogP, AB=logP, COSMOFrag logP, miLogP, AlogP, mlogP, logPKowwin,
xlogP2, xlogP3, and logPRekker). Comparing all calculation procedures, generally
logPKowwin and logPRekker are more appropriate for the chromatographic
parameter of lipophilicity RMW(RP18) and experimental n-octanol-water partition
coefficient of the studied ibuprofen. The results indicate that the chromatographic
parameter of lipophilicity determined on a RP18F254s plate may be used as a
measure of lipophilicity of the investigated ibuprofen.
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INTRODUCTION

Lipophilicity is one of the parameters of chemical substances which
influence their biological activities. Lipophilicity is a prime parameter
in describing both pharmacodynamic and pharmacokinetic aspects of
drug action.[1–5]

Lipophilicity is defined by the partitioning of a compound between a
nonaqueous and an aqueous phase. The n-octanol-water partition
coefficient is generally accepted as a useful parameter in structure activity
relationship studies (QSAR) for the prediction of biological or pharma-
cological activity of compounds.

The different partition chromatographic techniques[2–12] and theore-
tical methods[1,5,13–20] have been widely used as a reliable alternative to
the classical determination of logP.

Ibuprofen has pharmacological and pharmaceutical significance. It is
a non-steroidal anti-inflammatory drug. It is used for relief of symptoms
of arthritis, primary dysmenorrhea, fever, and as an analgesic, especially
where there is an inflammatory component. Therefore, the aims of this
work were to determine:

. the experimental n-octanol-water partition coefficient of ibuprofen by
means of the so-called shake-flash method; and

. the lipophilicity of ibuprofen by RP-TLC method on RP2F254,
RP8F254s, and RP18F254s plates using a mixture of methanol and water
as mobile phases.

The experimental n-octanol-water partition coefficient and chroma-
tographic parameters of lipophilicity values were compared with lipophi-
licity values estimated by computational methods for ibuprofen.

EXPERIMENTAL

Chemicals

Methanol (Merck, Germany; for liquid chromatography), absolute
ethanol (99.8%, POCh, Gliwice, Poland), and redistilated water
(pH¼ 5.65) were used for RP-TLC analysis. Water pH was determined
by use of a pH meter (Elmetron, Poland). The commercial sample of
ibuprofen USP (Sigma, lot: 063K1117) was used as the test solute.
n-Octanol (Sigma, USA) and water (Millipore, France) were used to
determine the experimental n-octanol-water partition coefficient of
ibuprofen.
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Application of Reversed Phase Thin Layer Chromatography for

Determination of Chromatographic Parameters of Lipophilicity

Reversed partition thin layer chromatography (RP-TLC) was done on
RP2F254 (E. Merck, #1.05474, lot: 63896949), RP8F254s (E. Merck,
#1.15424, lot: OB549661), and RP18F254s (E. Merck, #1.05559, lot:
OB687316) plates. The standard solution of ibuprofen (5 mg=1 mL) was
prepared in absolute ethanol. The solution of examined ibuprofen was
spotted on chromatographic plates in quantities of 25 mg of ibuprofen
in 5 mL of solution. The chromatograms were developed by using the mix-
ture of methanol-water, the content of methanol in mobile phase was gra-
dually varied by 5% (%, v=v) from 40–100 (%, v=v).

Fifty mL of mobile phase was placed into a classical chromato-
graphic chamber (Camag, Switzerland). The chamber was saturated with
solvent for 20 min. The chromatograms were developed at the room
temperature, e.g., 22�C. The development distance was 7.5 cm. The plates
were dried at the room temperature, e.g., 22�C. A Camag densitometer
was used to obtain RF values. The chromatograms were done in triplicate
and mean RF values were used to calculate RM.

The RM values obtained for studied ibuprofen on RP2F254, RP8
F254s, and RP18F254s plates, using the methanol-water mobile phases
were extrapolated to zero concentration of methanol in eluent (RMW),
in accordance with Soczewiński-Wachtmeister equation:[5]

RM ¼ RMW � S � u ð1Þ

where RM is the RM value of examined substance by content u of volume
fraction of methanol in mobile phase; RMW is the theoretical value of RM

of ibuprofen extrapolated to zero concentration of methanol in mobile
phase; S is the slope of the regression curve; u is the volume fraction
of organic modifier in the mobile phase.

Determination of Experimental of Partition Coefficient

of Ibuprofen, logPexp

The partition coefficient of ibuprofen was determined by use of the n-
octanol-water system (logPexp). 50 mg of ibuprofen was diluted in
25 mL of n-octanol saturated with water and was placed in a separation
funnel. Next, 25 mL of water saturated with n-octanol was added to this
separation funnel. The contents of the funnel was shaken well for 30 min.
The mixture was then left for 24 h at 22�C to achieve thermodynamic
equilibrium. The concentration of the ibuprofen in n-octanol phase
before and after the shaking was determined by RP-TLC on RP18F254s
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plates with methanol-water (90:10, v=v) as mobile phase, using a
densitometric detection. Solutions of examined ibuprofen in n-octanol
phase before and after shaking were spoted (5 mL) on the RP18F254s

plate.
A spectrum scan of ibuprofen on the RP18F254s plate was recorded

using a Camag Scanner TLC 3 operated in absorbance mode and
controlled by WinCATS 1.4.2 software. The radiation sources was a
deuterium lamp emitting a continuous UV spectrum between 190 and
450 nm. The slit dimensions were 8.00� 0.40 mm, Macro; the optimized
optical system was resolution; the scanning speed was 20 nm s�1; the
data resolution was 1 nm step�1; the measurement type was remission;
and the measurement mode was absorption; the optical filter was sec-
ond order. Densitometric scanning of ibuprofen was then performed
at 224 nm (Figure 1). The radiation source was a deuterium lamp emit-
ting a continuous spectrum between 190 and 450 nm. The slit dimen-
sions were 8.00� 0.40 mm, Macro; the optimized optical system was
light; the scanning speed was 20 mm s�1; the data resolution was
100 mm step�1; the measurement type was remission; and the measure-
ment mode was absorption; the optical filter was second order. Each
track was scanned three times and baseline correction (lowest slope)
was used.

Figure 1. Spectrodensitogram of ibuprofen (kmax¼ 224 nm) analyzed by RP-
TLC on RP18F254s plate.
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The experimental partition coefficient was calculated by use of the
expression:

logP ¼ logCo � logCw ð2Þ

where Co and Cw represent molar concentrations of the partitioned ibu-
profen in n-octanol and aqueous phase, respectively.

The molar concentration (Cw) of ibuprofen was calculated by use of
the equation:

Cw ¼ Coð1Þ � Co ð3Þ

where Co(1) is the molar concentration of the ibuprofen in n-octanol
phase before the shaking; and Co is the molar concentration of the ibu-
profen in n-octanol phase after the shaking.

The Co(1) and Co molar concentration values of ibuprofen in n-
octanol phase were determined on the basis of the calibration curve.

Calculation of Theoretical Partition Coefficients

The values of theoretical partition coefficients such as: AlogPs, AClogP,
AB=logP, COSMOFrag logP, miLogP, AlogP, mlogP, logPKowwin,
xlogP2, and xlogP3[14–20] were calculated with the use of the Internet
databases.[18–20] The logP according to Rekker (logPRekker) was also
calculated.[13]

RESULTS AND DISCUSSION

The lipophilicity of ibuprofen was investigated with the use of reversed
phase thin layer chromatography on RP2F254, RP8F254s, and RP18
F254s plates, using methanol-water in different volume compositions
as a mobile phase. The RM values obtained for studied ibuprofen
were extrapolated to zero concentration of methanol in mobile phase
in accordance with Soczewiński-Wachtmeister equation (1). The
regression equations (4)–(6), which describe dependencies between
the RM values of ibuprofen and the methanol content (u) in methanol-
water mobile phase are following:
for ibuprofen analyzed on RP2F254 plates:

RMðRP2Þ ¼ 0:77ð�0:20Þ � 2:13ð�0:26Þu
n ¼ 6; r ¼ �0:972; s ¼ 0:13; F ¼ 69; p < 0:005

ð4Þ
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for ibuprofen analyzed on RP8F254s plates:

RMðRP8Þ ¼ 4:72ð�0:33Þ � 5:90ð�0:43Þu
n ¼ 6; r ¼ �0:990; s ¼ 0:18; F ¼ 189; p < 0:005

ð5Þ

for ibuprofen analyzed on RP18F254s plates:

RMðRP18Þ ¼ 4:16ð�0:50Þ � 4:87ð�0:62Þu
n ¼ 5; r ¼ �0:977; s ¼ 0:20; F ¼ 62; p < 0:005

ð6Þ

The high correlation coefficients (r), the values of the Fisher test (F), the
significance levels (p), and small values of the standard errors of
the estimates (s) indicated that all the equations obtained were highly
significant.

It was stated that chromatographic parameters of lipophilicity
(RMW) are dependent on the sort of chromatographic plates used to
the experiment, namely:

RMWðRP2Þ ¼ 0:77; RMWðRP8Þ ¼ 4:72; and RMWðRP18Þ ¼ 4:16:

The experimental n-octanol-water partition coefficient by means of the
so-called shake flash method was determined for ibuprofen. RP-TLC on
RP18F254s plates with densitometric detection used for the determination
of the concentration of ibuprofen in n-octanol phase before and after the
shaking. Spectrodensitometric analysis on RP18F254s plates indicate that
the fundamental absorption band (kmax) of ibuprofen occurs at 224 nm
(Figure 1). Therefore the densitometric analysis of ibuprofen was
performed at 224 nm. The densitogram of 10mg ibuprofen is presented in
Figure 2. Experimental n-octanol-water partition coefficient (logPexp) cal-
culated using Equations (2) and (3) for ibuprofen is equal to 3.99(�0.11).

The theoretical partition coefficients calculated using different soft-
ware products for ibuprofen are equal: AlogPs¼ 3.50, AClogP¼ 3.20,
AB=logP¼ 3.44, COSMOFrag logP¼ 3.53, miLogP¼ 3.46, AlogP¼ 3.58,
mlogP¼ 3.23, logPKowwin¼ 3.79, xlogP2¼ 3.64, xlogP3¼ 3.50, and
logPRekker¼ 3.83.

We compared the values of RMW(RP2), RMW(RP8), and RMW(RP18)

lipophilicity parameters with the experimental and theoretical n-octanol-
water partition coefficients for studied ibuprofen. All partition coefficient
values calculated using different software products are lower in relation
to the value of the experimental n-octanol-water partition coefficient
(logPexp) for ibuprofen. It was stated that only RMW(RP18) value deter-
mined for ibuprofen on RP18F254s plates shows the best agreement with
the experimental n-octanol-water partition coefficient (logPexp). Compar-
ing all calculation procedures, generally logPKowwin and logPRekker are
more appropriate for chromatographic parameters of lipophilicity
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RMW(RP18) and experimental n-octanol-water partition coefficient of stu-
died ibuprofen. The results indicate that the chromatographic parameter
of lipophilicity determined on RP18F254s plate may be used as a measure
of lipophilicity of the investigated ibuprofen.

CONCLUSIONS

It was stated that the RP18F254s plate and methanol-water mobile phase
are suitable for the estimation of lipophilicity of examined ibuprofen. The
chromatographic parameter of lipophilicity RMW(RP18), experimental n-
octanol-water partition coefficient logPKowwin and logPRekker may be the
alternative methods of lipophilicity determination of examined ibuprofen.
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Figure 2. Densitogram of 10 mg ibuprofen analyzed by RP-TLC on RP18F254s

plate at kmax¼ 224 nm.
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