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ABSTRACT

The RP-HPLC capacity (k') of a series of substituted benzalde-
hydes were determined on a C18 column with methanol/water as the
mobile phase.  A linear relationship was found between log k' and
the volume fraction of methanol (ϕ) for most tested compounds
with the correlation coefficient above 0.96 (except of 2,5-dihydrox-
ybenzaldehyde).  High correlation was found between log k'w and S,
which are intercept and slope of plot of log k' vs. ϕ, respectively.  

The values of k', k'w, and S were quantitatively correlated with
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water solubility (Sw) and octanol-water partition coefficients (log Kow).
Additionally, log k'w and S were highly correlated with various molec-
ular descriptors, and major molecular descriptors governing the reten-
tion of these studied compounds in RP-HPLC were determined.

INTRODUCTION

It is widely recognized that knowledge of the environmental fate of pollu-
tants is a basic need for exposure assessment.  The lipophilicity character of the
chemicals, such as water solubility (Sw) and solvent (usually octanol)-water parti-
tion coefficients (log Kow), would play an important role in their environmental
transport and fate.1,2 Sw and log Kow are usually measured by “shake flask”, which
is time-consuming and requires considerable amounts of pure stable compounds.3

It has been proven, that the retention capacity factor (k') of a compound in a
reversed-phase high performance liquid chromatography (RP-HPLC) system, is a
reliable indirect descriptor of the lipophilicity of a compound.4-8 Moreover, some
studies have shown that log k'w, the retention capacity factor which is extrapolated
from a binary phase to 100% water in a RP-HPLC system, is an even better
descriptor of lipophilicity than the isocratic factor.

Substituted benzaldehyde compounds, used extensively as intermediates to
synthesize pesticides (e.g., Monsanto’s herbicide Lasso and other agricultural
chemicals) and medicines (e.g., chloramphenicol, ephedrine, ampicillin, diphenyl-
hydantoin, and other products), are being introduced into the environment.  They
have also been observed as ozonolysis by-products of water disinfection,9 as prod-
ucts of incomplete oxidation and combustion,10 and as products of metabolism.11

On the other hand, aldehydes are known to be bioreactive electrophiles,
which may cause excess toxicity, by a variety of mechanisms.12 Few studies on
these compounds so far are reported, even though their environmental behavior
and ecological effects should be anticipated. 

Here, the lipophilicity of these compounds was studied by using a RP-
HPLC method.  The relationships between HPLC capacity factors (k'), determined
on an ODS column, water solubility, and octanol-water partition coefficients were
also studied.  Finally, we used various molecular descriptors to study the major
factors affecting the retention of these studied compounds in RP-HPLC.

EXPERIMENTAL

Instruments

The HPLC system (Shimadzu, Japan) consisted of a SCL-8A system monitor,
a LC-8A pump, a C-R4A integrator, and a SPD-6AV ultraviolet spectrophotometer
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as the detector.  A C18 reversed-phase Nucleosil 7 (Dalian Institute of Chemical
Physics, Chinese Academy of Sciences) (15 × 4.6 mm i.d.) column was used.

Chemicals

The 16 substituted benzaldehydes (including benzaldehyde) used are listed
in Table 1.  They were synthesized by the College of Chemistry and Chemical
Engineering of Nanjing University.  The purity (>96%) was monitored by HPLC
to assure that no interference peak had occurred.  The water used as a mobile
phase component was doubly distilled.  Methanol was analytical grade and redis-
tilled before use.  Sodium nitrate was also analytical grade.

Determination of Capacity Factors

The mobile phases were made by mixing methanol with water in the pro-
portions 90:10, 85:15, 80:20, 75:25, 70:30, 60:40, and 50:50 (v/v).  The flow rate
was 0.8 mL/min.  All measurements were made, at least, in triplicate.  The aver-
age reproducibility of each determination was better than 1.0% relative.  The
capacity factors (k') were determined using k'=(tr-t0)/t0, where tr is the retention
time of the compound, and t0 is the dead time.  An aqueous solution of sodium
nitrate was used for the measurement of t0.  The capacity factors obtained at dif-
ferent mobile phase composition are shown in Table 2.

Data Analysis and Manipulation

Regression analyses were performed using the STATGRAPHICS Plus ver-
sion 4.0 (Manugistics, Inc., Rockville, USA, 1999) with a confidence limit of
95%.  Equation adequacy was measured as correlation coefficient (r), the square
of correlation coefficient (R2), standard error of estimates (SE), the F value for
analysis of variance (F), and the significance level (p).

RESULTS AND DISCUSSION

The capacity factors (k') at different mobile compositions are shown in
Table 2.  The linear relationship between log k’ and methanol concentration in
mobile phase given by Snyder et al.13 was the following:

log k' = log k'w - Sϕ (1)

where k'w represented the k' value for a compound if pure water is used as
eluent, S is the slope of the regression curve, and ϕ is the volume percentage of
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methanol in the mobile phase.  For each studied chemical (except 2,5-dihydroxy-
benzaldehyde), a linear correlation was found between log k' and ϕ, and the cor-
relation coefficients were all above 0.96.  The values of S and the extrapolated
log k'w are given in Table 2.

A good linear correlation was observed between the slope S and the inter-
cept values (log k'w):

log k'w = -0.432(0.052) + 1.045(0.028) S (2)
n=15   SE=0.073   r=0.995       F=1346       p=0.000

S and log k'w are highly correlated, and this may be a reflection of the suitabil-
ity of the methanol/water system for estimating the lipophilicity of the compounds.

It has been proven that the retention capacity factor (k') of a compound in a
reversed-phase high performance liquid chromatography (RP-HPLC) system is a
reliable indirect descriptor of the lipophilicity of a compound.14, 15 Moreover, it
has sometimes been shown that the retention capacity factor (k') is an even better
descriptor of lipophilicity than the isocratic factor because it is independent of
any organic modifier effects and it reflects polar-non-polar partitioning in a man-
ner similar to shake-flask measurements.  For the tested compounds, we found
that there were good linear relationships between log k', S and log Kow, log Sw

942 JIN ET AL.

Table 3. Regression Results of log Kow and log Sw with log k’ and S

Y a + b X r F p

log Kow = 2.082 + 3.432 log k'90 0.762 18.1 0.001
1.987 + 3.303 log k'85 0.794 22.2 0.000
1.770 + 2.855 log k'80 0.879 44.3 0.000
1.656 + 2.399 log k'75 0.900 55.1 0.000
1.495 + 2.020 log k'70 0.883 46.2 0.000
1.138 + 1.686 log k'60 0.905 58.6 0.000
1.070 + 1.003 log k'50 0.842 29.1 0.000
0.692 + 0.737 log k'w 0.906 59.5 0.000
0.375 + 0.769 S 0.901 55.9 0.000

log Sw = �2.533 � 4.798 log k'90 �0.799 22.9 0.000
�2.394 � 4.548 log k'85 �0.819 26.5 0.000
�2.096 � 3.924 log k'80 �0.906 59.2 0.000
�1.939 � 3.260 log k'75 �0.916 67.5 0.000
�1.718 � 2.773 log k'70 �0.908 61.4 0.000
�1.227 � 2.316 log k'60 �0.934 88.9 0.000
�0.986 � 1.751 log k'50 �0.890 45.8 0.000
�0.597 � 1.026 log k'w �0.945 108.0 0.000
�0.149 � 1.075 S �0.943 104.0 0.000
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(Table 3).  Among all the linear relationships between log k' and log Kow, log Sw,
the best were between log k'w and log Kow, log Sw, respectively.

In order to investigate the main factors controlling the retention of these
compounds in RP-HPLC, we made a series of regression analysis between log k'w
and various physico-chemical molecular parameters.

Molecular connectivity is a method of describing molecular structure based
solely on bonding and branching patterns, rather than physical or chemical char-
acteristics.  It has long been shown to be a useful structural parameter for describ-
ing diverse physicochemical properties16 and biological activity.17 In our work,
the indices for inclusion in Quantitative Structure-Property Relationships
(QSPR) were selected based on some guidance from past correlations of similar
variables,18, 19 and were introduced into the correlations by stepwise regression
analysis to optimize the correlation satisfactorily.

Simple and valence connectivity indices up to third-order path and cluster
levels were calculated according to the methods described by Kier and Hall.18, 20

Only the parameters included in the regression equations were listed in Table 1.
The relationship between log k'w, S and molecular connectivity indices are
given by stepwise linear regression analysis.  The equations were the following:

log k'w = -1.024 + 1.004 2Xv (3)
n=15   SE=0.418    r=0.831        F=29.1            p=0.000

S = -0.644 + 0.994 2Xv (4)
n=15   SE=0.361    r=0.864        F=38.2            p=0.000

Similar as log Kow,21 log k'w and S can also be described by molecular weight
(MW).

log k'w = -1.033 + 0.014 MW (5)
n=15   SE=0.427    r=0.823        F=27.2            p=0.000

S = -0.624 + 0.014 MW (6)
n=15   SE=0.383    r=0.845        F=32.4            p=0.000

E values for substituted benzaldehydes are the sum of Hammett σ* values
of the substituent groups attached to the carbon of benzene ring.22 They relate to
a lot of physicochemical properties and biological activity.  The relationships
between E and log k'w, S were the following:

log k'w = 0.809 + 1.705 E (7)
n=14   SE=0.317    r=0.901        F=51.8            p=0.000

S = 1.192 + 1.578 E (8)
n=14   SE=0.298    r=0.899        F=50.3            p=0.000

It has been suggested that an adequate model should include as many
descriptors as possible to increase the probability of good characterization of
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compounds.  Multiple regression analysis of the log k'w, S of the chemicals under
study versus molecular connectivity indices, MW and E, resulted in the following
equations:

log k'w = -0.216 + 1.224 E + 0.510 2Xv (9)
n=14   SE=0.25    R2=0.892        F=45.2            p=0.000

S = -0.129 + 1.078 E + 0.529 2Xv (10)
n=14   SE=0.22     R2=0.907        F=53.7            p=0.000

The F and p values of equations (9) and (10) showed the correlations were
significant.  The equations had a large correlation coefficient and low SE, and the
experimental values were close to the predicted values.  So, it could be used to
predict the log k'w and S of similar series of chemicals.

From the above correlation equations, we found that the most effective
coefficients of log k'w and S are E (the sum of Hammett σ* values of the sub-
stituent groups attached to the carbon of benzene ring) and 2Xv.  Log k'w and S
both increased as E and 2Xv increased.  This showed HPLC capacity factors of
tested chemicals mainly related to their electronic effect.
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