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A shake-flask method was used to determine the n-octanol/water partition coefficients of sulfamethazine,
sulfadimethoxine, sulfamethoxydiazine, sulfamonomethoxine, sulfamethoxazole, sulfaquinoxaline and sulfachloropyrazine from (298.15 to 333.15) K. The results showed that the n-octanol/water partition coefficient of
each sulfonamide decreased with the increase of temperature. Based on the fluid phase equilibrium theory, the
thermodynamic relationship of n-octanol/water partition coefficient depending on the temperature is proposed,
and the changes of enthalpy, entropy, and the Gibbs free energy function for sulfonamides partitioning in noctanol/water are determined, respectively. Sulfonamides molecules partitioning in n-octanol/water is mainly
an enthalpy driving process, during which the order degrees of system increased. The temperature effect
coefficient of n-octanol/water partition coefficient is discussed. The results show that its magnitude is the same
as that of values in the literature.
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Introduction
Sulfonamides also known as a group of synthetic organic
drugs, derived chiefly from sulfanilamide, chemically similar
to PABA and capable of inhibiting bacterial growth and
activity by interfering with the metabolic processes in bacteria that require PABA, are extensively used in agriculture
to prevent diseases in livestock and treat illness. Subsequently, the potential exists for quantities of these drugs to
be excreted as the parent compound and/or metabolites and
enter the environment due to the spreading of manure and
slurry on agricultural land, or direct deposition by grazing
livestock.1-3 The fundamental research for their environmental behavior evaluation, biological activity mechanics,
interaction mechanics between drug molecules and receptor
molecules, and designing new sulfanilamide in the molecular level, is eager to be proceeded. The n-octanol/water
partition coefficient (Pow), which is the quantitative parameter for accessing the interaction between drug and biofilm,4,5 is one of the most important parameters employed
for estimating a chemical's environmental fate and toxicity.6
It is the important factor for determining the drug molecular
transfer, permeation, absorption, distribution and elimination;
the key datum for estimating environmental properties such
as solubility, adsorption coefficient and enrichment factor;
and applied widely in forecasting transfer behavior across
biofilm for drug molecule, protein incorporation, receptor
affinity, and biological activity. Pow, defined as the ratio of
chemical concentration in the n-octanol phase to its concentration in the aqueous phase at equilibrium and expressed as
the logarithm of partition coefficient, has been used to predict about acute toxicity and partitioning in the environment.
In determining sulfonamides transferring in the environment,
and assessing their risk to terrestrial and aquatic ecosystems,
it is necessary to know the n-octanol/water partition coeffi-

cient data of sulfonamides, but only a limited amount of
partition coefficient data of sulfonamides have been reported
at 298.15 K.7,8 In this work, the n-octanol/water partition
coefficients of sulfonamides have been measured by a
shake-flask method from 298.15 to 333.15 K. Based on the
fluid phase equilibrium theory, the thermodynamic relationship of n-octanol/water partition coefficient changing with
temperature is proposed, and the entropy change, the enthalpy change, and the Gibbs free energy function change for
sulfonamides partitioning in n-octanol/water are determined,
respectively. The regularity of influence temperature on the
n-octanol/water partition coefficient is discussed.9
Experimental Section
Materials. Sulfonamides: sulfamethazine, sulfadimethoxine, sulfamethoxydiazine, sulfamonomethoxine, sulfamethoxazole, sulfaquinoxaline and sulfachloropyrazine,
obtained from Daming Biotech. Co. Ltd. was further purified by recrystallization from aqueous solutions. After filtration and drying, their purity were determined by UV
spectrometry (type UV-2401PC, Shimadzu Co. Ltd), to be
0.996 in mass fraction. Water used in experiments was
double distilled water.
Apparatus and procedure. The n-octanol/water partition
coefficient was measured by a shake-flask method.10 Both
solvents were mutually saturated before performing the
experiments. Solutions of well known concentration, about 5
× 10−5 mole L−1 of sulfonamides, were prepared in aqueous
buffer solutions. Then 10.0 mL of n-octanol were added to
10.0 mL of the aqueous sulfonamide solution in glass flasks.
The mixtures were then stirred in a mechanical shaker for 1
h. Samples were allowed to stand in water baths (type 501,
Shanghai Laboratory Instrument Works Co. Ltd.) kept at the
appropriate temperature (± 0.02 K) for at least 72 h. After
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Table 1. The comparison of values of measurement and references
for n-octanol/water partition coefficients (logPow) of some sulfonamides at 298.15 K
sulfonamide
sulfamethazine
sulfamethoxazole

logPowexp

logPowref

rel dev/%

0.2598
0.8869

0.2579 11
0.9000 12

0.73
−1.5

this time the aqueous phases were isolated and the concentrations were determined by measuring the UV absorbance.
The partition coefficients were calculated by mass balance.
All the partitioning experiments were repeated at least three
times.
The n-octanol/water partition coefficient of sulfamethazine and sulfamethoxazole listed in Table 1 is measured,
respectively, to complete the data reported in literature.11,12
The n-octanol/water partition coefficient is defined as
c
P ow = ----ocw

(1)

where Pow is the n-octanol/water partition coefficient of
sulfonamide, co is the concentration of the sulfonamide in
the n-octanol phase at equilibrium, cw is the concentration of
the sulfonamide in the aqueous phase at equilibrium. Pow is
actually the phase equilibrium constant for sulfonamide
partitioned in the n-octanol phase and the aqueous phase
saturated with each other at some temperature.
The result showed that the deviations of the measured noctanol/water partition coefficient from the literature
values11,12 are less than 2%. In this work, the uncertainty of
the logarithm for experimental n-octanol/water partition
coefficient was estimated to be less than 0.0005.
Results and Discussion

and sulfachloropyrazine at different temperatures T are
shown in Figure 1. From Figure 1, it can be found that
logarithm of the n-octanol/water partition coefficient is
inversely proportional to T.
Thermodynamic theory for simulating biofilm partitioning behavior. Hydrophobic parameter is defined as the
ratio of chemical concentration in the lipid phase to its
concentration in the aqueous phase at equilibrium, and
hydrocarbon/water used as its best solvent. Due to most
drugs slightly soluble in hydrocarbon, n-octanol/water is
usually used as the ideal solvent for simulating biofilm.
o
The Gibbs free energy function change (Δ G w → l ) of interaction between drug and biofilm can be calculated according
o
to the enthalpy change (Δ H w → l ) and the entropy change
o
(Δ S w → l ) in the partitioning process.
Δ G w → l = Δ H w → l − TΔ S w → l
o

o

Figure 1. n-Octanol/water partition coefficients (logPow) of seven
sulfonamides at different temperatures.

(2)

o
Δ Gw → l

where
is the synthesis expression of various interactions in the partitioning process of drug transferring from
water phase to lipid phase, can be used in judging the
spontaneity of partitioning process, assignment degree of
drug in two phase, and relation to n-octanol/water partition
coefficients (Pow).10,13
Δ G w → l = −2.3026RT log Pow
o

(3)

where R and T stand for the universal gas constant and the
absolute temperature, respectively. Pow is the partition equilibrium constant for sulfonamides in n-octanol/water system.
Equation 3 states the thermodynamic relationship between
the partition equilibrium constant and the Gibbs free energy
function change in the partitioning process.
With the introduction of Equation 3 into Equation 2,
logarithm of the n-octanol/water partition coefficient can be
obtained.
o

The measured n-octanol/water partition coefficients (logPow)
of sulfamethazine, sulfadimethoxine, sulfamethoxydiazine,
sulfamonomethoxine, sulfamethoxazole, sulfaquinoxaline

o

o

ΔS w → l
ΔH w → l
- + ------------------log Pow = − ----------------------2.3026RT 2.3026R
o

o

(4)

Δ H w → l and Δ S w → l are all definite value under certain
o
temperature, so log Pow is linear relation to T −1. Δ H w → l and
o
Δ S w → l , calculated by intercept and slope coefficient of the
direct line, are enthalpy change and entropy change in the
process of drug transferring from water phase to lipid phase,
respectively. By studying the thermodynamics for partitioning process of simulating biofilm, and the contribution to
o
o
o
Δ G w → l on Δ H w → l and Δ S w → l in the partitioning process,
the interaction mechanism between drug and simulating
biofilm can be predicted.
Partition thermodynamic behavior for n-octanol/water
system. Owing to their molecules containing basic groups
such as -NH2, acidic groups such as >SO2, and groups with
different characteristics such as -CH3, -OCH3, -Cl, sulfonamides perhaps involve various forces such as electrostatic
force, hydrogen bond, hydrophobic interaction, and stereoscopic effect in n-octanol/water partitioning process.14
o
o
o
Using least square method, Δ G w → l , Δ H w → l , Δ S w → l
and related correlation coefficient for every system listed in
Table 2, is calculated by the experimental data presented in
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o

Table 2. The value of Δ H w → l and Δ S w → l function at 308.15 K
o

o

o

−20.00
−41.83
−28.00
−42.03
−62.45
−34.98
−41.25

−62.00
−124.9
−89.00
−137.4
−192.7
−106.9
−133.5

−0.8947
−3.342
−0.5747
−0.3098
−3.069
−2.039
−0.1120

Δ H w → l Δ S w → l Δ G w → l correlation
/ kJ mol−1 / J mol−1 K−1 / kJ mol−1 coefficient

sulfonamide
sulfamethazine
sulfadimethoxine
sulfamethoxydiazine
sulfamonomethoxine
sulfamethoxazole
sulfaquinoxaline
sulfachloropyrazine

0.9988
0.9988
0.9991
0.9988
0.9989
0.9991
0.9989

Figure 1 through Equation 2 and Equation 4. From Table 2,
o
it can be found that Δ H w → l for seven sulfonamides partitioning in n-octanol/water system are all negative, which
shows that the partitioning process is exothermic. It is
perhaps due to interactions between drug molecules and noctanol molecular films being more powerful than those
between drug molecules and water molecules, so that
energies supplied by forming new bonds exceed those
needed by breaking old bonds, which shows the system
releasing heat outside. In another word, n-octanol molecules
solvate drug molecules more easily than water molecules.15
The powerful interactions between drug molecules and noctanol molecular films are the synergistic consequences of
electrostatic force, hydrogen bond, hydrophobic interaction,
o
and so on. Δ S w → l for seven sulfonamides partitioning in noctanol/water system are all negative, which shows that the
turbidity of system in the partitioning process doesn't
increase, otherwise the system gets ordered. It is indicated
that conformations of sulfonamides molecules adapt furthermore to n-octanol molecular layers.
In a word, sulfonamides molecules partitioning in noctanol/water is mainly an enthalpy driving process, releasing heat, n-octanol solvating drug molecules more easily
than water. The entropy changes for sulfonamides molecules
partitioning in n-octanol/water are all negative, and the order
degrees of systems increase.
Temperature dependence of n-octanol/water partition
coefficients for sulfonamides. The temperature effect
coefficient of n-octanol/water partition coefficient is defined
as the ratio of the change logarithm of n-octanol/water
partition coefficient to the change of the temperature and
expressed as d(log Pow)/dT. From Equation 4, the temperature effect coefficient of n-octanol/water partition coefficient shown in Figure 2 can be calculated according to
o

ΔH w → l
d ( logP ow )
------------------------- = -------------------------2
dT
2.3026RT

(5)

From Figure 2, it can be found that the temperature effect
coefficients of n-octanol/water partition coefficient for
sulfonamides in this study are all small, negative and similar
to the literature values16 in the order of magnitude. However,
from the viewpoint of the fluid phase equilibrium theory, the
effect on n-octanol/water partition coefficient cannot be
ignored when temperature varies drastically. It is necessary

Figure 2. Temperature effect coefficients of n-octanol/water partition coefficients (log Pow) for seven sulfonamides.

that the temperature should be controlled exactly on determining the n-octanol/water partition coefficient.
According to Scatchard-Hildebrand's theory,17 the solubility of solute in the solvent is the largest when the solubility
parameter of solute and the solvent are same. The values of
the solubility parameter of sulfamethazine (δ = 26.8 MPa1/2),
sulfadimethoxine (δ = 26.9 MPa1/2), sulfamethoxydiazine (δ
= 27.3 MPa1/2), sulfamonomethoxine (δ = 27.3 MPa1/2),
sulfamethoxazole (δ = 27.2 MPa1/2), sulfaquinoxaline (δ =
27.9 MPa1/2) and sulfachloropyrazine (δ = 27.9 MPa1/2),
were calculated by the Fedors' group contribution method
17. Solubility parameter for water (δ = 47.9 MPa1/2) and noctanol (δ = 20.0 MPa1/2), come from CRC handbook.17 The
values of the solubility parameter for sulfamethazine and
sulfamethoxazole, respectively, show perfect consistency
with the literature values.18,19 From the values of solubility
parameters, it can be predicated that the difference of the
solubility parameter of every sulfonamide and water is larger
than that of each sulfonamide and n-octanol, so the
logarithm of n-octanol/water partition coefficient of each
sulfonamide at 298.15 K is positive.
Conclusion
A shake-flask method was used to determine the noctanol/water partition coefficients of sulfamethazine, sulfadimethoxine, sulfamethoxydiazine, sulfamonomethoxine,
sulfamethoxazole, sulfaquinoxaline and sulfachloropyrazine
from (298.15 to 333.15) K. The results showed that the noctanol/water partition coefficient of each sulfonamide decreased with the increase of temperature. Based on the fluid
phase equilibrium theory, the thermodynamic relationship of
n-octanol/water partition coefficient depending on the
temperature is proposed, and the changes of enthalpy,
entropy, and the Gibbs free energy function for sulfonamides
partitioning in n-octanol/water are determined, respectively.
Sulfonamides molecules partitioning in n-octanol/water is
mainly an enthalpy driving process, during which the order
degrees of system increased. The temperature effect coeffi-
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cient of n-octanol/water partition coefficient is discussed.
The results show that its magnitude is the same as the values
in the literature.
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