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Hydrophobicity Parameter (log Kow)
Estimation for Some Phenolic Compounds
of Pharmaceutical Interest from Retention
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2Faculty of Chemistry, Department of Analytical Chemistry, University
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Abstract: Chromatographic retention of some phenolic compounds (impurities of

related pharmaceutical active substances) was studied for different organic

modifier contents in mobile phase. Their capacity factors k0 versus organic

modifier content (acetonitrile, or methanol) in mobile phase were measured and

the corresponding dependences were studied by linear and polynomial regressions

and then they were extrapolated to a mobile phase with no content in organic

modifier in order to estimate their octanol/water partition coefficient (log Kow).

The values of log Kow from retention data were compared to known shake-flask

experimental values and theoretical values predicted by fragment methodology.

Linear dependences for methanol and second-degree polynomial dependences for

acetonitrile between organic modifier volume percentage and log k0 provided

good estimation of log Kow. The chromatographic method can be considered as

a method of choice for estimating hydrophobicity parameter for different

solutes. The linear dependence between extrapolated values of log k0 for 0%

organic modifier and log Kow estimated by means of fragment methodology for
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the model compounds can be used to predict chromatographic retention of other

similar compounds.

Keywords: Octanol-water partition coefficient, extrapolation, retention models,

reversed-phase liquid chromatography, pharmaceuticals, linear versus polynomial

regressions

INTRODUCTION

Prediction of solute hydrophobicity parameter (partition constant between

octanol and water, denoted in this paper by log Kow) by extrapolation to

pure aqueous mobile phases (log k0ow) in RP-HPLC has become

increasingly important because of their application in quantitative

structure–retention relationship studies, e.g. (1–6). In case of solutes con-

taining different dissociable groups, the hydrophobicity index is replaced

by log Dow (distribution coefficient) (7–10). However, Dow

becomes practically Kow when pH is much lower than pKa of the acid-

like solute.

The possibility of estimating solute hydrophobicity from RP-LC studies is

a consequence of the similarity between aqueous mobile/stationary
(C18) phase partition and the classical hydrophilic–hydrophobic system

employing water and octanol (11–13). Correct hydrophobicity measurements

using RP-LC should be performed with mobile phase consisting entirely of

aqueous component, but this situation is seldom used owing to several

impediments:

1) weak elutropic power of such a mobile phase leading to

strong solute retention in the stationary phase (high retention time,

broad peaks);

2) collapse of the hydrocarbonaceous stationary phase (14, 15).

This is the reason why the hydrophobicity measurements are performed using

a mobile phase containing both aqueous and organic solvent and then extrapo-

lating the capacity factor k0 to 100% water, followed by a predetermined math-

ematical function allowing the determination of capacity factor for this

composition.

The accuracy of this method can be verified from other experimental

data, such as from flask-shake experiments. The lack of such data can be

substituted by data predicted by theoretic approaches, such as, for

instance, the fragment methodology that is frequently used in estimating

the hydrophobicity parameter (16–18). Thus, this theoretic method

becomes very useful in predicting molecular hydrophobicity, which is very

important for method development in RP-LC. A field of interest could be,

for instance, the RP-LC assay of impurities in pharmaceutical active
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substances, which are generally less affordable in finding out their octanol/
water partition constant.

The aim of this paper is to study the retention of some phenolic

compounds, which are encountered as impurities in different pharmaceutical

active substances. Different mathematical models were applied to extrapolate

these data to mobile phase containing only water. These extrapolated values

were compared to theoretical values predicted by fragment methodology. In

order to check the accuracy of these results two solutes with known shake-

flask experimental log Kow values were used.

EXPERIMENTAL

Instrumentation

All experiments were performed with an Agilent 1100 liquid chromatograph,

equipped with degasser, binary pump, autosampler, column thermostat, and

diode-array detector (Agilent Technologies, Waldbronn, Germany). The chro-

matographic system was operationally qualified before this study. Chromato-

graphic data were acquired by means of Chemstation software rev. B.01.03

(Agilent Technologies).

Chromatographic Conditions

A chromatographic column containing octadecyl-silicagel stationary phase,

Purospher Star RP-18e (125 mm � 4.0 mm, 5 mm particles) from Merck,

was used for the entire study. Column temperature was set up to 258C.
Elution was performed in isocratic mode at a fixed flow-rate of 1 mL/

min; the mobile phase consisted of variable ratios between aqueous

phosphate buffer (0.1% H3PO4 brought to pH 2.5 with 2.5 M NaOH

solution) and organic modifier (ACN or MeOH). The range of the organic

modifier percentage was indicated for each of the investigated solutes in the

tables containing experimental data.

Detection was achieved at 280 and 240 nm, according to the spectral

properties of the studied compounds. UV spectral data was also acquired

for checking the chromatographic peaks.

The time retention values for each studied solutes were averaged between

three consecutive chromatographic measurements. Column void time (t0) was

calculated from retention time of uracil.

Chemicals

All solvents were HPLC-grade from Merck (Darmstadt, Germany). Water

for chromatography (minimum resistivity 218 MV and maximum total
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organic content 230 ppb) was produced in-house by means of a TKA Lab

HP 6UV/UF instrument and used during experiments.

Phenol and salicylic acid were purchased from Riedel-de-Haën, metopro-

lol impurity B from Recordati SA, betaxolol impurity D from Sifavitor SPA,

while fenofibrate impurity A, amiodarone impurity D, and amiodarone

impurity E were purchased from Council of Europe. Standard solutions con-

taining 50 mg/mL uracil and one or two maximum solutes, each at a concen-

tration level of 100 mg/mL in methanol were used in this study. Injection

volume of 2 mL of these solutions was applied.

RESULTS AND DISCUSSION

The present paper studies the RP-LC retention behavior of several model

compounds, which are structurally related from the following points of

view: they have a hydrophobic character that covers a large domain of

values; the presence of phenolic polar groups in their molecular structure;

six of them are phenolic moiety impurities of important active substances,

such as metoprolol, betaxolol, fenofibrate, amiodarone, and acetylsalycilic

acid. These impurities are officially assayed in the specified drugs following

the requirements of European Pharmacopoeia. The structures of the investi-

gated impurities are given in Fig. 1. Their inferior homologue–phenol–was

also taken into consideration in the present study as an “internal standard”

in order to check the accuracy of the determinations.

The adsorptionmodel frequently used to describe the retentionmechanism in

RP-LC is based on the interaction between the solute A and the hydrocarbonac-

eous chain L from the stationary phase according to the equilibrium, e.g. (19–21):

Lþ A! L � A ð1Þ

This equilibrium is characterized by equilibrium constant denoted by KLA,

which can be written in the following two ratios:

KLA ¼
½LA�s
½L�s � ½A�m

¼
½A�s

½L�s � ½A�m
ð2Þ

This model basically supposes that one ligand interacts with one solute

molecule, and therefore the concentration of L . A is equal to the concen-

tration of A found in stationary phase, [A]s. On the other hand, it must be

taken into account that the concentration of L is much larger that the concen-

tration of A, which is a sum of its concentration in stationary phase, [A]s and in

the mobile phase, [A]m, i.e. [L] .. [A]sþ [A]m. This assumption may be

used in modifying the Eq. (2) in order to derive the partition constant of

solute A between mobile and stationary phase (Kp,A):

KLA � ½L�s ¼ Kp;A ¼
Vm

Vs

� k0A ð3Þ
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where Vm and Vs are the volume of mobile phase, and stationary phase,

respectively, and k0A represents the measured capacity factor for the solute

A. This dependence can be studied for different mobile phase composition,

dependable on the organic modifier content denoted by Cm (expressed as

volume fraction in mobile phase). The octanol-water partition constant,

Figure 1. Molecular structure andchemical identificationof studiedphenolic compounds.
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Kow, is related to the extrapolated value of Kp,A for a mobile phase consisting

of only aqueous component, denoted by Kp,A
Cm!0, which at its turn is dependent

on the extrapolated value of capacity factor, denoted by k0A
Cm!0. In conclusion,

Kp,A
Cm!0 is proportional to partition constant of solute A between octanol and

water, i.e. Kow(A). Such dependence can be written in a simplified form given

by the proportional constant d:

KCm!0
p;A ¼ d � KowðAÞ ¼

Vm

Vs

� k0
Cm!0

A ð4Þ

According to this simplified dependence the ratio of the extrapolated values of

capacity factors of two solutes A and B will give the ratio of their hydropho-

bicity indexes:

KowðAÞ

KowðBÞ
¼

k0
Cm!0

A

k0
Cm!0

B

ð5Þ

For a series of n solutes one of them can be considered as an “internal

standard” with the condition that its Kow value must be accurately known.

On the other hand, in RP-LC the dependence of k0 on Cm is most often

described by the following equations (22–26):

log k0 ¼ b � Cm þ c ð6Þ

log k0 ¼ a0 � C2
m þ b0 � Cm þ c0 ð7Þ

where a log is taken as ten-base logarithm, and a, b, c, and b0, c0, respectively,

are regression parameters for the two above dependences. The linear depen-

dence in Eq. (6) is based on experimental data that showed linear correlation

but for a limited range of mobile phase composition. Investigation of the entire

domain of mobile phase composition (Cm [ [0, 1]) proves that most of the

solutes present non-linear behavior at both ends of the range. Practically,

the model based on linearity is kept approximately for Cm situated within

0.1–0.2 units of volume fraction in mobile phase. When linear behavior is

disobeyed, then Eq. (7) can be successfully applied (24). Non-linear

behavior can be observed mainly when Cm! 0. It is assumed that this

deviation from linearity (curvature towards higher retention) is due to modi-

fication in stationary phase solvation (27). Consequently, extrapolations

based on linear relationships of type (6) should be more affected by errors

than corresponding polynomial Eq. (7).

Different organic modifiers (acetonitrile or methanol), several different

mobile phase compositions and a single C18 column were used to measure

retention parameters (tR, k
0 and then log k0); experimental retention data

were fitted to the organic modifier content. Extrapolations of the linear/poly-
nomial dependences to the theoretical case when mobile phase was composed

entirely of aqueous solvent (Cm ¼ 0) were achieved in order to estimate the
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value of log Kow. For more accurate hydrophobicity estimation, dissociation of

the phenolic group in the solute molecule in the mobile phase was prevented by

using an aqueous component of mobile phase with pH ¼ 2.5. The weak acidic

character of the studied compounds and the low pH of aqueous component in

the mobile phase will eliminate the necessity to correct the extrapolated value

of log Kow for solute dissociation in the aqueous mobile phase (28). The exper-

imental retention data obtained for the two organic modifiers in mobile phase

for all studied analytes are presented in Tables 1–4.

The obtained experimental data (retention factor logarithm) were plotted

against volume percentage of the organic modifier (acetonitrile or methanol)

in the mobile phase, denoted previously by Cm. Linear and second-degree

Table 2. Experimental log k0 obtained for different mobile phase compositions for

more hydrophobic studied solutes (from 90:10 to 40:60–ACN: aqueous solvent

ratio) at 258C and pH ¼ 2.5

Cm–ACN fraction Amiodarone impurity D Amiodarone impurity E

0.90 0.477 0.041

0.85 0.653 0.157

0.80 0.822 0.279

0.75 1.000 0.413

0.70 1.180 0.554

0.65 1.371 0.706

0.60 1.584 0.875

0.55 1.820 1.063

0.50 2.096 1.283

0.40 — 1.844

Table 1. Experimental log k0 obtained for different mobile phase compositions for

less hydrophobic studied solutes (from 50:50 to 30:70–ACN: aqueous solvent ratio)

at 258C and pH ¼ 2.5

Cm–ACN

fraction Phenol

Salicylic

acid

Metopro-

lol impur-

ity B

Betaxolol

impurity D

Fenofi-

brate

impurity A

0.500 0.133 0.121 0.106 0.471 0.687

0.475 0.177 0.172 0.151 0.541 0.772

0.450 0.225 0.230 0.205 0.619 0.877

0.425 0.280 0.296 0.265 0.710 0.995

0.400 0.327 0.353 0.315 0.787 1.096

0.375 0.428 0.386 0.384 0.894 1.236

0.350 0.438 0.490 0.442 0.980 1.353

0.300 0.561 0.653 0.591 1.206 1.656
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polynomial dependences were applied to fit the experimental data to organic

modifier content in mobile phase Eqs. (6) and (7). The regression parameters

(intercept, slope, and correlation coefficient) for both types of dependences

using acetonitrile or methanol as organic modifiers are given in Tables 5 and 6.

Extrapolation in the linear or polynomial regressions to Cm¼0 allowed

the determination of log k0Cm!0 for all investigated compounds. Afterwards,

the log k0Cm!0 values were corrected with column phase ratio in order to

obtain log Kow. Their values for different types of regressions are given in

Table 7. The ratio Vm/Vs for Purospher STAR RP-18e column (dimensions:

125 mm length and 4.0 mm i.d.) was estimated from retention data (using an

average dead-time from experiments, t0) and column constructive dimensions

to be approximately equal to 1.18. However, there is still a serious debate on

the significance and computation of these parameters (29). Moreover, the

Table 3. Experimental log k0 obtained for different mobile phase compositions for

less hydrophobic studied solutes (from 60:40 to 37.5:62.5–MeOH: aqueous solvent

ratio) at 258C and pH ¼ 2.5

Cm–MeOH

fraction Phenol

Salicylic

acid

Metoprolol

impurity B

Betaxolol

impurity D

Fenofibrate

impurity A

0.600 20.029 0.191 0.022 0.535 0.904

0.550 0.104 0.346 0.171 0.738 1.150

0.525 0.165 0.428 0.242 0.834 1.266

0.500 0.226 0.508 0.317 0.937 1.393

0.450 0.352 0.671 0.475 1.149 1.652

0.425 0.412 0.754 0.555 1.256 1.785

0.400 0.479 0.838 0.642 1.372 1.927

0.375 0.541 0.919 0.722 1.482 2.066

Table 4. Experimental log k0 obtained for different mobile phase compositions for

more hydrophobic studied solutes (from 95:5 to 55:45–MeOH: aqueous solvent

ratio) at 258C and pH ¼ 2.5

Cm–MeOH

fraction

Amiodarone

impurity D

Amiodarone

impurity E

0.95 0.234 20.186

0.90 0.521 0.055

0.85 0.844 0.302

0.80 1.176 0.559

0.75 1.514 0.821

0.70 1.847 1.101

0.65 — 1.399

0.60 — 1.719

0.55 — 2.051
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Table 5. Linear Eq. (6) and polynomial Eq. (7) regression parameters obtained for log k0 –organic modifier percentage (acetonitrile) dependence

Linear correlation Polynomial correlation

Compound

y-intercept

(c) Slope (b) r2
y-intercept

(c0) b0 a0 r2

Phenol 1.192 20.0214 0.9968 1.507 20.0376 2.03.1024 0.9999

Salicylic acid 1.971 20.0402 0.9743 2.236 20.0688 5.34.1024 0.9999

Metoprolol impurity B 1.293 20.0241 0.9941 1.751 20.0474 2.91.1024 0.9996

Betaxolol impurity D 2.270 20.0365 0.9939 2.978 20.0726 4.49.1024 0.9996

Fenofibrate impurity A 3.056 20.0482 0.9924 4.105 20.1017 6.66.1024 0.9996

Amiodarone impurity D 3.992 20.0396 0.9935 5.262 20.0771 2.68.1024 0.9993

Amiodarone impurity E 3.028 20.0344 0.9722 4.590 20.0847 3.82.1024 0.9985

C
h
ro
m
a
to
g
ra
p
h
ic

R
eten

tio
n
o
f
P
h
en
o
lic

C
o
m
p
o
u
n
d
s

1
5
5

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Table 6. Linear Eq. (6) and polynomial Eq. (7) regression parameters obtained log k0 –organic modifier percentage (methanol) dependence

Linear correlation Polynomial correlation

Compound

y-intercept

(c) Slope (b) r2
y-intercept

(c0) b0 a0 r2

Phenol 1.484 20.0252 0.9999 1.446 20.0236 21.65.1025 0.9999

Salicylic acid 2.135 20.0325 0.9999 2.257 20.0376 5.30.1025 0.9999

Metoprolol impurity B 1.886 20.0312 0.9993 2.173 20.0434 1.25.1024 0.9999

Betaxolol impurity D 3.051 20.0421 0.9994 3.396 20.0567 1.51.1024 0.9999

Fenofibrate impurity A 3.986 20.0516 0.9991 4.517 20.0740 2.31.1024 0.9999

Amiodarone impurity D 6.386 20.0650 0.9994 7.757 20.0986 2.04.1025 0.9999

Amiodarone impurity E 5.037 20.0556 0.9968 6.547 20.0971 2.76.1024 0.9999
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Table 7. Comparison between extrapolated and theoretical log Kow (using acetonitrile or methanol as organic modifier in mobile phase

composition)

Acetonitrile
Theoretic

(fragment

methodology)

Methanol

Compound

From

linear eq Errora (%)

From

polynom eq

Errora

(%)

From

linear eq Errora (%)

From

polynom eq Errora (%)

Phenol 1.26 16.5 1.53 21.3 1.51 1.56 23.3 1.52 20.6

Salicylic acid 1.50 33.0 1.97 12.0 2.24 2.21 1.3 2.33 24.0

Metoprolol impurity B 1.37 23.4 1.82 21.6 1.79 1.96 29.4 2.25 225.6

Betaxolol impurity D 2.34 23.7 3.05 0.6 3.07 3.12 21.6 3.47 213.0

Fenofibrate impurity A 3.13 5.4 4.18 226.2 3.31 4.06 222.6 4.59 238.6

Amiodarone impurity D 4.06 46.3 5.33 29.5 7.57 6.46 14.6 7.83 23.4

Amiodarone impurity E 3.10 40.7 4.66 10.8 5.23 5.11 2.2 6.62 226.5

aComputed as (theoretic-experimental)�100/theoretic.
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accuracy of t0 (determined by means of the peak of uracil) may strongly

influence the estimation of Vm and k0 (30).

Experimental log Kow values from shake-flask experiments are available

only for phenol (1.46) and salycilic acid (2.26). In order to check the accuracy

of log Kow values estimated from these retention studies we used a theoretical

approach, namely the fragment methodology (17), based on the following

equation that has been used frequently in the literature for calculating the

theoretical octanol/water partition coefficient, denoted by log Kow
theoretic (31):

logKtheoretic
ow ¼

Xn

i¼1

ni � logK
ðiÞ
ow þ

Xm

j¼1

Fj þ z ð8Þ

where: ni represents the number of fragments of the same type i, having log

Kow
(i) ; Fj– the factor correction applied for different groups, and z-an

empirical equation constant (0.229). This possibility has been already

applied to different isomeric compounds in RP-TLC (32).

Analyzing individual values for log Kow obtained from extrapolation for

all 7 model compounds (Table 7) and their comparison with theoretical values

derived by fragment methodology, several considerations can be emphasized:

a) Extrapolated and theoretical values of the hydrophobicity index (log Kow)

are of the same order of magnitude.

b) Comparing the relative errors with respect to theoretical values when

using linear or polynomial equations for acetonitrile, it can be observed

that extrapolation in polynomial regressions leads to a better concordance

with the expected values; on the contrary, for methanol, extrapolation in

linear regressions leads to smaller deviation from theory. A same con-

clusion has been emphasized by other authors after a RP-LC study on a

set of several selected solutes and C18 column, when the linear model

was more suitable for methanol as organic modifier and quadratic

model for acetonitrile (33).

c) A better accuracy for log Ko,w value determination was obtained with

linear log k0 –Cm plots for methanol and polynomial plots in the case of

acetonitrile; thus, linear model for methanol generates 0.1–0.2 units

deviation with respect to theoretical log Kow for 5 compounds from 7

studied compounds, while for acetonitrile as organic modifier, the poly-

nomial regression gives a maximum 0.6 units of deviation from theoreti-

cal log Kow for the same 5 compounds.

d) The largest relative errors are observed for amiodarone impurity D and

amiodarone impurity E (Table 7), which are the most hydrophobic

compounds of the investigated series; thus, their retention was

measured in highly organic mobile phases (Cm between 0.40 and 0.95)

leading to large errors in the extrapolation to 0% modifier. In reverse it

can be observed that the measuring retention in highly aqueous mobile

phases results in much smaller deviations from theoretical values; this

T. Galaon et al.158
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is the case for salicylic acid whose retention was measured again in a

wider range of mobile phase composition than given in Tables 1 and 3

(ACN volume fraction between 0.05 and 0.50; MeOH volume fraction

between 0.05 and 0.60). The two dependences obtained this time are

given in Fig. 2. For methanol the accuracy was not improved owing to

maintaining the linear tendency of the dependence log k0 on methanol

concentration, while for acetonitrile the value of log Kow was improved

to 2.30 (error ¼ 2.6%).

Figure 2. Extended dependences of log k0 of salicylic acid on organic modifier con-

tent in mobile phase (above for acetonitrile; below for methanol).
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e) However, the fragment methodology is not an absolute approach

(34). It has limitations and therefore it can be used as a method of

choice when shake-flask experimental values of log Kow are not

available.

All correlations between log Kow values obtained by extrapolation in linear or

polynomial plots and theoretical values of the same parameter lead to good

fitting coefficients (r2 � 0.97) regardless of the organic modifier employed

in the mobile phase formation and the type of equation used (linear or poly-

nomial). As a general trend it has been observed that log Kow values

derived for methanol studies were higher than those for acetonitrile studies.

Moreover, the correlation coefficients obtained for methanol are somewhat

higher than in the case of acetonitrile. The correlations between theoretical,

experimental and extrapolated from retention values log Kow are very good

for phenol and salicylic acid. For this reason, the ratio given by the Eq. (5)

was studied for all compounds from this work, using as an initial point

Figure 3. Correlations between theoretical values of log Kow and extrapolated values

of k0 for 0% organic modifier in mobile phase (as given by Eq. (5), for all seven analytes

X, and the different variants applied in this study: A) linear regression for ACN; B)

polynomial regression for ACN; C) linear regression for MeOH; D) polynomial

regression for MeOH).
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Kow(A)/Kow(B) ¼ 1 for the same tested compound, i.e. A ¼ B ¼ phenol. All

four possibilities of correlating the theoretical value of log Kow by fragment

methodology and extrapolated values of the capacity factor for Cm¼0 are

shown in Fig. 3.

The linear regression applied to the dependence between the theoretical

ratio Kow(X)/Kow(phenol) and the experimental ratio k0X
Cm!0/k0 phenol

Cm !0

(Fig. 3), for the four possibilities, showed good correlations of the two par-

ameters confirming the validity of the theoretical models on which it was

based. The most significant deviations were observed in all four cases for

the compound named fenofibrate impurity A, which could be explained by

highest structural difference among the lot of compounds studied in this

work. In case of polynomial regression applied to the dependence of log k0

on Cm one impurity of amiodarone (containing two iodide atoms in

molecule) exhibited also a large deviation to the above correlation.

Moreover, the two phenolic compounds derived from amiodarone are very

hydrophobic and their experimental study of the retention extended on a

higher organic modifier concentration in mobile phase than for the other

studied compounds. Therefore, the extrapolation of k0 to Cm ¼ 0 could be

less accurately for the two amiodarone related compounds than for the others.

CONCLUSIONS

Hydrophobicity parameter (log Kow) estimation can be investigated using

linear/polynomial model equations relating chromatographic retention and

organic modifier content in mobile phase; different organic modifiers and

mobile phase composition ranges were used to establish these correlations.

The determined functional dependences (log k0 2 Cm) were extrapolated to

0% organic modifier, and the extrapolated values were compared to the

values predicted by fragment methodology. Acceptable correlations were

obtained by employing linear and second-order polynomial models: compar-

able extrapolated and theoretical log Kow values and good correlation coeffi-

cients (between 0.92 and 0.97) have been achieved from these correlations.
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