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Solubilities of Sulfadiazine, Sulfamethazine, Sulfadimethoxine,
Sulfamethoxydiazine, Sulfamonomethoxine, Sulfamethoxazole, and
Sulfachloropyrazine in Water from (298.15 to 333.15) K

Cong-Liang Zhang,* Fu-An Wang, and Yan Wang
College of Chemical Engineering, Zhengzhou University, Zhengzhou, Henan 450002, People’s Republic of China

Using a static equilibrium method, the solubilities of sulfadiazine, sulfamethazine, sulfadimethoxine, sulfamethoxy-
diazine, sulfamonomethoxine, sulfamethoxazole, and sulfachloropyrazine in water have been determined
experimentally from (298.15 to 333.15) K. The experimental data were correlated with the modified Apelblat
equation. The calculated results show good agreement with the experimental data.

Introduction Table 1. Comparison of Values of Measurement and References for
) ) ) ) Mole Fraction Solubilities (x) of Some Sulfonamides in Water at
Sulfonamides are a group of synthetic organic drugs, derived Different Temperatures

chigfly from §ulfanilamide, that are chemica!ly s_ir.n.ilarparar . system TIK 10  10%er  rel devi%
am'nohbenéo'c acid éPABA)f and Capﬁb:]e of '”h;)b'tl'.”g bacterial et water 208.15 04819 04870 —1.06
growth and activity by interfering with the metabolic processes g iamethazine- water 208.15 2919  2.896 0.79
in bacteria that require PABA. They are extensively used in 303.15 3.565 3.6173 -1.35
agriculture to prevent diseases in livestock and treat illness. The 308.15 4.188 4.244 -1.34
potential exists for quantities of these drugs to be excreted as Sulfamethoxazole- water 29815 2.698  2.664 126

the parent compound and/or metabolites and enter the environ-
ment due to the spreading of manure and its slurry on
agricultural land or direct deposition by grazing livestdck.
Solubility is one of the most important physicochemical
properties of drugs. In determining the transport of sulfonamides
in the environment and assessing their risk to terrestrial and
aquatic ecosystems, it is necessary to know their solubility.
However, only a limited amount of solubility data for sulfona-
mides have been reported from (298.15 to 313.15)4n this
study, solubilities of sulfonamides in water have been measured
from (298.15 to 333.15) K. The experimental data were
correlated with the modified Apelblat equatier?.

saturated solution was 72 h; then it was analyzed once for 5 h
until the analyzing results were replicated three consecutive
times. After this time, the supernatant solutions were filtered
to ensure that they were free of particulate matter before
sampling. Concentrations were determined by measuring UV
absorbances after appropriate dilution and interpolation from
previously constructed calibration curves for each sulfonamide.
To permit conversion between molarity and mole fraction
concentration scales, the density of the saturated solutions was
determined with a digital density meter. All the solubility
experiments were repeated at least three times, and the mean
values were considered as the measured results. The uncertainty
of temperature measurements wa8.05 K. The reproducibility
Materials. Sulfonamides: sulfadiazine, sulfamethazine, sul- of measurements was 0.1 K, which corresponds to a relative
fadimethoxine, sulfamethoxydiazine, sulfamonomethoxine, sul- deviation in composition smaller than 1 %. The result showed
famethoxazole, and sulfachloropyrazine, obtained from Daming that the deviations of the measured solubility from the literature
Biotech. Co. Ltd., were further purified by recrystallization from  value$° were less than 2 %.
aqueous solutions. After filtration and drying, their purities were . .
determined by UV spectrometry (type UV-2401PC, Shimadzu Results and Discussion
Co. Ltd.) to be 0.996 in mass fraction. Water used in the  The solubilities of sulfadiazine, sulfamethazine, and sul-

Experimental Section

experiments was doubly distilled. famethoxazole in water listed in Table 1 are measured, respec-
Apparatus and ProcedureThe solubility was measured by tively, to complete the data reported in the literatéife.
a static equilibrium metho#@lNearly 100 mg of each sulfona- The temperature dependence of sulfonamide solubility in

mide was added separately to 50 mL of water in glass flasks. water has been described by the modified Apelblat equatfon

The mixtures were then stirred in a mechanical shaker for 1 h.

Samples were then allowed to stand in water baths (type 501, InNx=A+ B +CInT 1)

Shanghai Laboratory Instrument Works Co. Ltd.) kept at the T

appropriate temperature-(0.02 K). The equilibration of other ) ) S

sulfonamides has been reported to be achieved after 30 h. wherex is the mole fraction of sulfonamid§; is the absolute

Therefore, in this work, the initial equilibrium time of the temperature; and\, B, and C are constants determined by
least-squares analysis. The values of these parameters are

* Corresponding author. E-mail: zhangcl201@zzu.edu.cn. Te86 371 |'Sted_ in Table 3. The relative deV|at|ons. bet"_\’een the

63888525. experimental and calculated values are also listed in Table 2.
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Table 2. Solubilities of Sulfadiazine, Sulfamethazine,
Sulfadimethoxine, Sulfamethoxydiazine, Sulfamonomethoxine, 336 -
Sulfamethoxazole, and Sulfachloropyrazine in Water at Various
Temperatures 330 -
TIK 10% rel dev/% TIK 10% rel dev/% 25 L
Sulfadiazinet Water
298.15 0.4819 0.64 318.15 1.334 —0.30 320 |-
303.15 0.6198 —-1.4 323.15 1.697 0.52
308.15 0.8230 0.73 328.15 2102 —0.45 Mo |
313.15 1.053 0.22 333.15 2.621 0.087 =~
Sulfamethazine- Water 310 -
298.15 2.919 —-0.82 318.15 5.814 0.13
303.15 3.565 1.3 323.15 6.786 0.059 305 |
308.15 4.188 0.18 328.15 7.873 —0.36
313.15 4.903 -0.75 333.15 9.186 0.36 300 | /
Sulfadimethoxinet Water
298.15 0.3068 0.073 318.15 0.7253 0.82 295 1 L 1 L 1 ! 1 L !
303.15 0.3830 —0.15 323.15 0.8756 0.0066 0 1 2 3 4 5 6 7 8 9 10
308.15 0.4775 0.25 328.15 1.054 -0.48 105x
313.15 0.5832 —-0.71 333.15 1.276 0.19

o Figure 1. Solubilities of sulfonamides in watel, sulfadiazinet water;
Sulfamethoxydiazine- Water A, sulfamethazine- water;®, sulfadimethoxine- water; O, sulfamethoxy-

gggig 8?%2 _0527 3;23,1?5 1.142%8 _0'38 36 diazine+ water; A, sulfamonomethoxing- water;, sulfamethoxazole-
30815 0.9259 065 32815 5338 —0.15 water; v, sulfachloropyrazinet+ water; —, calculated from eq 1.
31315  1.166 —0.61 333.15 2916 0.099 . . . L
. hazine, sulfadimethoxine, sulfamethoxydiazine, sulfamonomethox-
Sulfamonomethoxing- Water . If th | d lfachl . . ¢ Th
20815  0.3882 018 31815 09628 0.93 ine, sulfamethoxazole, and sulfachloropyrazine in water. The
303.15 0.4899 —0.0017 32315 1173 —0.39 relative deviations among all these 56 data points for sulfadi-
308.15 0.6134 —0.33 32815 1452  —0.42 azine, sulfamethazine, sulfadimethoxine, sulfamethoxydiazine,
313.15  0.7646 —0.51 33315 1761 —0.30 sulfamonomethoxine, sulfamethoxazole, and sulfachloropyrazine
Sulfamethoxazole- Water + water systems do not exceed 1.4 %, and the total average
ggg-ig g-ggg —0-0527 3%2-31?5 5-5‘%27 :‘1)-31 relative deviation is 0.47 %. The experimental solubility and
30815 3916 0.89 32815 7533 “0.48 correlation equation in t.hIS work can be used as essential qlata
313.15  4.610 0.065 33315 8.768 027 and models to serve in the process of environmental risk
Sulfachloropyrazine- Water assessm_ent' .
208.15 1.124 0.22 318.15 2.300 0.64 By using the data Sh.OWH In Tgble Z,’VX curves for
303.15  1.350 0.49 323.15  2.748 0.77 sulfadiazine, sulfamethazine, sulfadimethoxine, sulfamethoxy-
308.15 1592 —-1.0 32815  3.280 0.42 diazine, sulfamonomethoxine, sulfamethoxazole, and sulfachlo-

81315  1.908 —083 83315 3912 —0.70 ropyrazine+ water systems were plotted. From Figure 1, it is

Table 3. Parameters of Equation 1 for Sulfadiazine, Sulfamethazine, evident that the solubility of each sulfonamide in water is low.

Sulfadimethoxine, Sulfamethoxydiazine, Sulfamonomethoxine, According to ScatchardHildebrand’s theory? the solubility
Sulfamethoxazole, and Sulfachloropyrazinet Water Systems of a solute in a solvent is largest when the solubility parameters
system A B c ard/% of the solute and the solvent are the same, which means that
sulfadiazinel water 53232 71216 —7.3005 055 the larger the difference in the solubility parameter yglue
sulfamethazine- water 3.0938 —3347.2 —0.40382 0.50 between the solute and the solvent, the lower the solubility of
sulfadimethoxinet water 4.7649 —4223.6 —0.57816 0.33 the solute in the solvent will be. The solubility parameter values

sulfamethoxydiazing- water —24.053 —3417.3 4.1089 0.37 of sulfadiazine § = 27.9 MP&?), sulfamethazined = 26.8

sulfamonomethoxing- water —28.683 —2875.0 4.5397 0.38 / ; ; _ / i
sulfamethoxazolé- water  —18.400 —24328 28177 o052  MPa®), sulfadimethoxined = 26.9 MP4?), sulfamethoxydi

sulfachloropyrazine- water —132.34 2649.3 19.667 064 azine = 27.3 MP&?), sulfamonomethoxined( = 27.3
MPal’?), sulfamethoxazole) = 27.2 MP&?), and sulfachlo-
The relative deviations (rel dev values) are calculated ropyrazine § = 27.9 MP&?) were calculated by the Fedors
according to group contribution metho# The solubility parameter for water
is 47.9 MP&2, which comes from the CRC handbobkThe
X — X, values of the solubility parameter of sulfadiazine, sulfamethaz-
rel dev (%)= (T)'loo @ ine, and sulfamethoxazole determined in the present study agree
with those values reported in the literatéf@ From the solubility
The average relative deviations for each system in this study parameter values, it is clear that the difference of the solubility
are also listed in Table 3. The average relative deviations (ard parameter value between each sulfonamide and water is large,

values) are calculated according to explaining why the solubility of each sulfonamide in water at
constant temperature is |oW.
100 M

(3) dissolution process of solid (S) in liquid (W) can be expressed
as S+ W = SW; the relationship of its dissolution equilibrium
constants and activities can be expressed as

X — xd‘ According to a pseudochemical reaction procdés¥ the

ard (%)= N Z

The data in Tables 2 and 3 indicate that the calculated
solubilities show good agreement with the experimental data, a
which demonstrates that the modified Apelblat equation can be K, = a (4)
used to correlate the solubility data of sulfadiazine, sulfamet- A
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Table 4. AHs and AS; for Different Sulfonamides in Water at Different Temperatures

TIK 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15
sulfadiazine AHgkJmol~t 41.11 40.80 40.51 40.20 39.90 39.59 39.29 38.99
AS/kJmol~1-K~1 137.9 134.6 131.4 128.4 125.4 122.5 119.7 117.0
sulfamethazine AHgkJmol~* 26.83 26.81 26.79 26.78 26.76 26.74 26.73 26.71
AS/kImol~1-K~1 89.98 88.44 86.95 85.51 84.11 82.76 81.45 80.17
sulfadimethoxine AHgkJmol™t 33.68 33.66 33.63 33.61 33.59 33.56 33.54 33.51
AS/kImol~1-K~1 113.0 111.0 109.1 107.3 105.6 103.9 102.2 100.6
sulfamethoxydiazine AHgkJmol™t 38.60 38.77 38.94 39.11 39.28 39.45 39.62 39.79
AS/kJmol~1-K~1 129.5 127.9 126.4 124.9 1235 122.1 120.7 119.4
sulfamonomethoxine AHgkJmol™* 35.16 35.34 35.53 35.72 35.91 36.10 36.29 36.48
AS/kImol~1-K~1 117.9 116.6 115.3 114.1 112.9 111.7 110.6 109.5
sulfamethoxazole AHgkJmol ™t 27.21 27.33 27.45 27.56 27.68 27.80 27.91 28.03
AS/kImol~1-K~1 91.27 90.15 89.06 88.02 87.00 86.02 85.06 84.14
sulfachloropyrazine AHgkJmol™t 26.72 27.54 28.36 29.18 29.99 30.81 31.63 32.45
AS/kImol~1-K~1 89.64 90.85 92.03 93.17 94.27 95.35 96.39 97.40

Due to the relatively small solubility of each sulfonamide in each sulfonamide revealed that each sulfonamide being dissolved
water, it is believed thads anda,, almost keep constant in the  in water was an entropy driving process. This phenomenon is
experimental range, each of which is considered as a constantlikely a result of the different molecular structure and space

conformation between solute and solvent. Water molecules as
J=aa, (5) solvent are strong association complexes with a small molecular
dimensior??23 Owing to the solute sulfonamide molecules
containing basic groups such adNH,, acidic groups such as
_ >SQ0,, and complicated groups with different characteristics
K=— (6) such as

So, eq 4 can be written as

0l

wherer; is the activity coefficient of sulfonamiden the solution N U G =" "

andx; is the mole fraction of sulfonamidiein the solution.

On the basis of the assumption used in the inferential process
for the modified Apelblat equation that the activity coefficient
is invariable during a certain temperature rahge, in eq 6
can be merged intd. Equation 7 can be obtained from eq 6
by logarithmic treatment.

sulfonamides perhaps involve various forces such as electrostatic
force, hydrogen bond, hydrophobic interaction, and stereoscopic
effects in the dissolving proce$3The reason for the entropy

increase in the dissolving process is that sulfonamides disrupted

INK,=Inx +J @) the alignment of water molecules, therefore reducing the degree
' of order of the system while they were dissolved in water. The
whereJ is a temperature-independent constant. endothermic effect in the dissolving processHs > 0) is

On the basis of the Gibbs equation and the modified Van't Perhaps due to the fact that the interactions between sulfonamide
Hoff method!®-2! the equation for calculating the molar Molecules and water molecules are more powerful than those

enthalpies of dissolutiom\Hs, could be obtained. between water molecules; the newly formed bond energy with
the sulfonamide molecule and the water molecule is not
dInK; powerful enough to compensate the energy needed for breaking
s=R o7t (8) the original association bond in water.
Substituting the differential of eq 7 into eq 8 yields Conclusion
Using a static equilibrium method, the solubilities of sulfa-
AH. = Rd In 9) diazine, sulfamethazine, sulfadimethoxine, sulfamethoxydiazine,
® drt sulfamonomethoxine, sulfamethoxazole, and sulfachloropyrazine
in water have been determined experimentally from (298.15 to
Using eq 1 to obtain the derivative of In to Tt and  333.15) K. The experimental data were correlated with the
substituting it into eq 9, we obtain modified Apelblat equation. The calculated results show good

AH,=RT(C — BIT) (10) agreement with the experimental data.
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