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Método extendido de
Hildebrand en la
estimación de la
solubilidad de
algunas sulfonamidas
estructuralmente
relacionadas en
mezclas etanol + agua

Extended Hildebrand
solubility approach
applied to some
structurally related
sulfonamides in
ethanol + water
mixtures

Método ampliado de
Hildebrand na
estimação da
solubilidade da
algumas sulfamidas
estruturalmente
relacionadas em
misturas do etanol +
agua

Se aplicó el Método Txtendido de Solubilidad
de Hildebrand 6MTSHv al estudio de la
solubilidad de sulfadiazina2 sulfamerazina y
sulfametazina en mezclas binarias etanol 7
agua a C–G2UA KP Se utilizaron valores
reportados de solubilidad en equilibrio y
algunas propiedades fisicoquímicas de fusión
de estos compuestosP Se obtuvo una adecuada
capacidad predictiva del MTSH 6con
desviaciones promedio menores del N2Fgv al
utilizar modelos polinómicos regulares de
cuarto orden relacionando el parámetro de
interacción W con el parámetro de solubilidad
de Hildebrand de las mezclas solventesP Tl
carácter predictivo del MTSH fue de
magnitud semejante al que se obtuvo
calculando esta propiedad directamente2
donde se utilizó una regresión empírica
regular de cuarto orden de la solubilidad
experimental logarítmica de los fármacos en
función del parámetro de solubilidad de las
mezclas disolventesP

Txtended Hildebrand Solubility Kpproach
6THSKv was applied to evaluate the solubility
of sulfadiazine2 sulfamerazine2 and
sulfamethazine in some ethanol 7 water
mixtures at C–GPUA KP Reported experimental
equilibrium solubilities and some fusion
properties of these drugs were used for the
calculationsP In particular2 a good predictive
character of THSK 6with mean deviations
lower than NPFgv were found by using regular
polynomials in order four correlating the
interaction parameter W with the Hildebrand
solubility parameter of solvent mixtures
without drugP The predictive character of
THSK was the same as that obtained by direct
correlation of drug solubilities with the same
descriptor of polarity of the cosolvent
mixturesP

Na presente investigação2 aplicouyse o
Método Tstendido de Solubilidade do
Hildebrand 6MTSHv ao estudo da solubilidade
da sulfadiazina2 sulfamerazina e sulfametazina
em misturas binárias etanol 7 agua a C–G2UA
KP Obteveyse uma adequada capacidade
preditiva 6com menor desvio padrão de N2Fgv
do MTSH ao utilizar modelos polinomiais
regulares de quarta ordem relacionando o
parâmetro de interação W com o parâmetro de
solubilidade do Hildebrand das misturas de
solventesP O caráter preditivo do MTSH foi
semelhante ao obtido pelo cálculo utilizando
uma regressão empírica regular da quarta
ordem2 da solubilidade experimental
logarítmica dos fármacos em função do
parâmetro de solubilidade das misturas
dissolventesP
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Introduction

Sulfonamides are synthetic drugs used to treat certain infections
caused by a wide group of microorganisms in human and veterinary
medicine practice :1-3FH NeverthelessE the physicochemical properties
of these drugs in aqueous solutions have not yet been studied
completely :4FH Regarding their aqueous solubilitiesE it is well known
that they are very lowE being considered as very slightly soluble or
even practically insoluble :5FH In this wayE it has been reported that
the cosolvency is the best technique used in pharmacy for increasing
the drugs equilibrium solubility :6-8FH
MoreoverE it is clear that predictive methods of physicochemical

properties of drugsE in particular those intended to estimate their
solubilitiesE are very important for pharmaceutical and chemical
industryH This is because these methods allow the optimization of
several design and development processes :4FH In this regardE some
recent examples of these developments about the solubility prediction
of drugs are described in the literature as follows/ in neat water :9FE in
simulated gastrointestinal fluids :10FE in organic solvents :11F and in
mixed solvents :12-14FH In additionE some attempts to estimate the
solubility of sulfonamides in different aqueous or organic media have
been reported in the literature :15-17FH
For this reasonE this research presents a physicochemical study about
the solubility prediction of three structurally related sulfonamidesE
namelyE sulfadiazine :SDZE FigH 8FE sulfamerazine :SMRE FigH 8F and
sulfamethazine :SMTE FigH 8FE in binary mixtures conformed by
ethanol :EtOHF and water at 5J]H8+ KH The study was performed
based on the Extended Hildebrand Solubility Approach :EHSAF :8E
18F by using reported experimental equilibrium solubility values and
some thermal properties relative to the fusion of these drugs :19-21FH
ThusE this communication is similar to those developed previously for
other drugs in the same cosolvent mixtures :22-26FE and also to that
developed about the behavior of other sulfonamides in propylene
glycol Z water mixtures :27FH

It is crucial to note that EHSA method has been widely used to study
the solubility of many pharmaceutical compounds as has been exposed
previously :28FH FurthermoreE it is still employed to analyze the
behavior of several drugs in different cosolvent mixtures :29-32FH On
the other handE it is remarkable that EtOH and its aqueous mixtures are
the most employed solvent systems to develop liquid pharmaceutical
dosage forms owing its solubilizing and antimicrobial properties :33E
34FH

Theoretical background
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Figure 1. Molecular structure of the sulfonamides considered. Sulfadiazine: R1 and R2 = H.
Sulfamerazine: R1 = H, R2 = CH3. Sulfamethazine: R1 and R2 = CH3.

In a first approachE based on the Henry’s lawE the ideal solubility
: F of a solid solute could be calculated by means of the following
expression/

idX 5

log𝑋2
𝑖𝑑 = −

∆𝐻𝑓𝑢𝑠 (𝑇𝑓𝑢𝑠−𝑇)

2.303𝑅𝑇𝑓𝑢𝑠𝑇
+ (

∆𝐶𝑝
2.303𝑅

) [(
𝑇𝑓𝑢𝑠−𝑇

𝑇
) + ln (

𝑇

𝑇𝑓𝑢𝑠
) ] [8]

whereE is the molar enthalpy of fusion of the pure solute :at the
melting pointFE Tfus is the absolute melting pointE T is the absolute
solution temperatureE R is the constant gas :]HK8A J2mol·KF and ∆Cp is
the difference between the molar heat capacity of the crystalline form
and the molar heat capacity of the hypothetical supercooled liquid
formE both at the solution temperatureH Since ∆Cp values are not
commonly reportedE they may be approximated to the entropy of
fusionE calculated as follows/

∆Cp ≈ ∆Sfus =
∆Hfu s
Tfu s

[5]

Ideal solubility depends on the physicochemical properties of the
solid compound without considering the properties of the solventH In
this wayE the ideal solubility would be higher if the soluteOsolute
interactions are lower :35FH AccordinglyE compounds with high values
of melting point and enthalpy of fusion have lower ideal solubilitiesH
On the other handE the real solubility :X5F of a solid solute in a liquid
solution is analyzed by means of the following expression :25-27F/

− log𝑋2 = − log𝑋2
𝑖𝑑 + log 𝛾2 [K]

HereE is the nonOideality term with as the solute activity
coefficient defined on asymmetric basisH This property is determined
experimentally from real and ideal solubilitiesH NeverthelessE a
classical method of calculations is based on the regular solutions
model as/

log 𝛾2 𝛾2

𝛾2

− log𝑋2 = − log𝑋2
𝑖𝑑 +

𝑉2𝜙1
2

2.303𝑅𝑇
(𝛿1 − 𝛿2)2 [A]

whereE V5 is the partial molar volume of the soluteE is the volume
fraction of the solvent in the saturated solution and and are the
Hildebrand solubility parameters of solvent and soluteE respectivelyH

is calculated as/

𝜙1

𝜙1

𝛿1 𝛿2

𝜙1 =
𝑉1(1−𝑋2)

𝑉1(1−𝑋2)+𝑉2𝑋2
[+]

where V8 is the molar volume of the solventH
HoweverE all the pharmaceutical aqueous dissolutions deviate

significantly from that predicted by the regular solutions theoryH For
this reasonE Martin et alH :36-42F developed the EHSA methodH
TherebyE if the A term :defined as F is introduced
in the equation [A]E the real solubility of drugs can be calculated from
the expression/

− log𝑋2 = − log𝑋2
𝑖𝑑 + 𝐴(𝛿1

2 + 𝛿2
2 − 2𝑊) [’]

∆𝐻𝑓𝑢𝑠

∆Sfus
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Here+ the W term is equal to IK gwhere+ K is the Walker
parameter g1888z The W factor can be calculated from experimental
data by means of=

𝛿1𝛿2

𝑊 = 0.5 (𝛿1
2 + 𝛿2

2 −
log 𝛾2
𝐴
) [S]

where+ is the activity coefficient of the solute in the saturated
solution and it is calculated as= z The experimental values of
the W parameter can be correlated by means of regression analysis by
using regular polynomials as a function of as follows=

𝛾2

I
id
I D XX

𝛿1

𝑊 = 𝐶0 + 𝐶1𝛿1 + 𝐶2𝛿1
2 + 𝐶3𝛿1

3 …+ 𝐶𝑛𝛿1
𝑛 [M]

These empiric models can be used to estimate the drug solubility by
means of backVcalculation+ resolving this property from the specific
W value obtained in the respective polynomial regression g25, 268z

Results and discussion

The required properties about the sulfonamides studied such as ideal
solubility+ molar volume+ and Hildebrand solubility parameter are
presented in Table F g5, 21, 228z The volumetric behavior and polarity
of EtOH O water mixtures+ as a function of the composition+ is shown
in Table Iz Volume fractions and Hildebrand solubility parameters
were calculated assuming additive behavior g8, 438z Table I also
summarizes the experimental solubility of the sulfonamides expressed
in molarity and mole fraction reported in the literature g20, 218z

Table 1. Some properties of the sulfonamides considered

Mixtures composition a F

gMPaFDI8
Sulfadiazine b Sulfamerazine c Sulfamethazine c

wF fF gmolDL8 XI gmolDL8 XI gmolDL8 XI
RzRRRR RzRRRR %SzMR IzBB x FR–% %zMF x FR–B Lz%S x FR–% FzSF x FR–K FzKB x FR–0 IzMF x FR–K

RzFRRR RzFI0B %KzFS %zR0 x FR–% SzMM x FR–B FzFL x FR–0 Iz0I x FR–K IzK0 x FR–0 %zLK x FR–K

RzIRRR RzI%RL %IzBS SzRM x FR–% FzKR x FR–K IzRL x FR–0 %z%0 x FR–K %zBM x FR–0 LzL% x FR–K

Rz0RRR Rz0KI% %RzIL Fz0L x FR–0 0zII x FR–K %zRM x FR–0 Lz%K x FR–K MzBI x FR–0 IzRR x FR–%

Rz%RRR Rz%KM% 0MzR% IzIK x FR–0 KzSK x FR–K SzR0 x FR–0 FzMR x FR–% Fz%0 x FR–I 0zBB x FR–%

RzKRRR RzKKL% 0KzML 0zFI x FR–0 MzMM x FR–K FzR0 x FR–I IzL% x FR–% IzIF x FR–I Bz0F x FR–%

RzBRRR RzBKKS 00zM0 0zKK x FR–0 FzF% x FR–% FzIS x FR–I %zRM x FR–% IzSB x FR–I MzMM x FR–%

RzSRRR RzS%SB 0FzMM 0zMF x FR–0 Fz0L x FR–% Fz0S x FR–I %zLL x FR–% 0zRS x FR–I FzFI x FR–0

RzMRRR RzM0KK 0RzRR 0z%R x FR–0 Fz%I x FR–% Fz0I x FR–I KzKK x FR–% 0zRK x FR–I FzIM x FR–0

RzLRRR RzLFLK IMzIF IzIS x FR–0 FzFF x FR–% Lz%L x FR–0 %zBB x FR–% Iz0M x FR–I FzFS x FR–0

FzRRRR FzRRRR IBzKR Fz0I x FR–0 SzS% x FR–K KzMF x FR–0 0z%F x FR–% FzKS x FR–I LzFM x FR–%
a wF and fF are the mass and volume fraction of ethanol in the cosolvent mixtures free of sulfonamidez bZata from Refz (20)z cZata
from Refz (21)z

Table 2. Ethanol + water solvent mixtures composition, Hildebrand solubility parameter of mixtures and solubility of sulfonamides expressed in molarity and mole fraction
at 298.15 K.

Sulfonamide 9bbreviation
Molar mass
ggDmol a8

C9S
number a

id
IX

VI
gcm0Dmol8

I

gMPaFDI8

Sulfadiazine SZZ IKRzIM BMV0KVL 0zRF x FRV0 b FKRzR b IMzL b

Sulfamerazine SMR IB%zFR FISVSLVS Kz%K x FRV0 c FB%zK c IMzF c

Sulfamethazine SMT ISMz00 KSVBMVF FzRK x FRVI c FSLzR c ISz% c

a From Refz (4)z b From Refz (20)z c From Refz (21)z

𝛿

𝛿

In all cases the relative standard deviations in reported solubilities
were lower than IzR7 g20, 218z It is important to note that by using
the inverse KirkwoodVAuff integrals g44-468 these drugs are
preferentially solvated by water in waterVrich and EtOHVrich mixtures
but preferentially solvated by EtOH in mixtures with similar
proportions of both solvent components g478z These results were
interpreted as a consequence of hydrophobic hydration around the
nonVpolar moieties of these sulfonamides in aqueousVrich mixtures
and by polarity effects in those mixtures of similar proportionsz
Similar considerations about the aqueous behavior have been

reported from the temperatureVdependence of their octanolVwater
partition coefficients g488z Moreover+ these sulfonamides are acting as
Lewis acids with ethanol molecules+ because this cosolvent is more
basic than water based on their KamletVTaft hydrogen bond acceptor
parameters reported gas β 6 RzSK for ethanol and Rz%S for water8 g498z
Furthermore+ in EtOHVrich mixtures+ where these drugs are
preferentially solvated by water again+ these results were analyzed by
considering that the sulfonamides are acting mainly as Lewis bases
with water based on the Kamlet–Taft hydrogen bond donor
parameters of the solvents+ izez α 6 FzFS for water and RzMB for EtOH+
respectively g50, 518z
Figure I shows the ideal and experimental solubility+ as well as

those calculated by using the regular solution model gequation [%]8+ as
a function of the Hildebrand solubility parameter of the solvent
mixtures+ izez from IBzK to %SzM MPaFDIz In order to use equation [%]
the molar volume and Hildebrand solubility parameter of the
sulfonamides were taken from the literature as shown in Table F g20+
218z These values were calculated by using the groups’ contribution
method proposed by Fedors g528z
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Regarding Fig8 6= it is noteworthy that the regular solutions model
predicts that the maximum solubility value corresponds to the ideal
solubility and this is obtained when both the Hildebrand solubility
parameters of drug and solvent mixture are coincident8 In a similar
way= according to the literature the maximum experimental solubility
values are found when the Hildebrand solubility parameters of both
solute and solvent are also coincident ]8, 180= despite they can be very
different regarding the ideal solubility8

Figure 2. Ideal solubility ;---), experimental solubility ;○), and calculated solubility according to
the regular solutions model of Hildebrand ; ) of sulfonamides as a function of the
Hildebrand solubility parameter in ethanol + water mixtures at 298.15 K.

The / values for all these sulfonamides= calculated according to
equation [j]= are almost equal to /8PPP because the solubility of these
sulfonamides is very low in all the solvent system considered ]Table
O08 The activity coefficients of these sulfonamides expressed as
decimal logarithms are also shown in Table O8 Analysis of these
activity coefficients has been reported previously in the literature ]20=
2108 Briefly= based on the activity coefficients magnitudes it follows
that the solvent7solvent interactions are higher in neat water ]with
Hildebrand solubility parameter = 9E8+ MPa/M60 and they are smaller
in ethanol ]with = 6z8j MPa/M60 ]5008
Pure water and water7rich mixtures exhibiting larger log γ6 values
]even higher than 68+P0 would imply high solvent7solvent interactions
and low solvent7solute interactions8 On the other hand= in ethanol7rich
mixtures ]exhibiting log γ6 values between P8–P and /8OP0= the
solvent7solvent interactions are comparatively low and the solvent7
solute interactions would relatively be high8 Accordingly= the
solvation of these sulfonamides would be just higher in ethanol7rich
mixtures8 Table O also summarizes the calculated parameters A, K=
and W of the sulfonamides in EtOH B water mixtures8
Figure O shows that the W parameter of all sulfonamides exhibits
some deviation from the linear behavior with respect to the
Hildebrand solubility parameter of the solvent mixtures8 This
behavior is expectable because the W term implies the summation of
two quadratic ] 6 and 0 and one non7constant7quotient ]–log γ6MA0
terms ]equation [E]08
W values were adjusted to regular polynomials in orders from 6 to j
]equation [+]0 ]5308 As comparison the linear equation was also
considered8 Table 9 summarizes the coefficients obtained in all the
regular polynomials for these sulfonamides8
Searching for the best adjust= the first criterion used to define the
best polynomial order of W term as function of δ/ was the fitting
standard error ]Table 908 As another comparison criterion= the
difference percentages between the experimental solubilities and
those calculated by using EHSA were also calculated as shown in
Table j8

7/98PP

7/68PP

7/P8PP

7+8PP

7z8PP

798PP

768PP

P8PP

6j8PP OP8PP Oj8PP 9P8PP 9j8PP jP8PP

lo
g
X
6

δ/ M MPa/M6

Sulfadiazine

7/z8PP

7/98PP

7/68PP

7/P8PP

7+8PP

7z8PP

798PP

768PP

P8PP

6j8PP OP8PP Oj8PP 9P8PP 9j8PP jP8PP

lo
g
X
6

δ/ M MPa/M6

Sulfamerazine

7/z8PP

7/98PP

7/68PP

7/P8PP

7+8PP

7z8PP

798PP

768PP

P8PP

6j8PP OP8PP Oj8PP 9P8PP 9j8PP jP8PP

lo
g
X
6

δ/ M MPa/M6

Sulfamethazine

𝜙

𝛿
𝛿

𝛿1 𝛿 2
2

Figure 3.W parameter of sulfonamides in ethanol + water mixtures as a function of the
Hildebrand solubility parameter of the solvent mixtures at 298.15 K. ;○): Sulfadiazine; ;□):
sulfamerazine; ;Δ): sulfamethazine.

It is observed that as more complex is the polynomial used= there is
a better correlation between experimental and calculated solubility8
Accordingly= the most important increment= in concordance= is
obtained by passing from linear equation to polynomial in order 68
The concordances also increase significantly from orders 6 to O and O
to 98
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Nevertheless2 from order M to P the concordance increment is not so
much relevant2 because in the last case the mean uncertainties
obtained are in the same order or lower than those reported
experimentally S20, 21F9 It is important to know that uncertainties
lower than PA are useful for pharmaceutical purposes2 but better
agreements are required for academic and theoretical purposes9
As it has already been described2 regarding the practical usefulness
of the EHSA2 a very important consideration is about the complex
calculations involving other experimental variables of solute and
solvents2 instead of the simple empirical regression of the
experimental solubility values as a function of the Hildebrand
solubility parameters of solvent mixtures as shown in Fig9 M S18F9 For
this reason2 Table B shows the coefficients of regular polynomials in
order M of log X/ vs9 values Sequation [z]F S18F2 whereas Table ’
shows the calculated values of solubility by using equation [z] and
also the respective deviation percentages in front of the experimental
ones9

Table 3. Volume fraction of solvent, sulfonamide activity coefficients, and A, K, andW experimental parameters of sulfonamides in ethanol + water mixtures at 298.15 K.

Sulfadiazine
J SMPaJ]/F J log / J77 A Scm=]JF K SJ]cm=F a W SJ]cm=F a

M’987 J97777 /9’z’ /9B/’=P 79PMP=’z JP7B9’zP
MP9J’ 79zzzz /9P8= /9B/’/z 79P=J8P/ J=889M’P
M/9B’ 79zzzz /9=7/ /9B/’J= 79P/7BB8 J/8M978P
M79/z 79zzzz J9z’J /9B/B’’ 79PJJ’BP JJzJ9z7z
=897M 79zzz8 J9’Jz /9B/B=/ 79P7M7zP JJ789/MP
=P98z 79zzz’ J9P=J /9B/P8M 79Mz’’J7 J7=/9=/B
==98= 79zzzB J9M/M /9B/PPB 79Mz/=PB zB/98M’
=J988 79zzzB J9==’ /9B/P=7 79M88P’’ z779JPz
=7977 79zzzB J9=/P /9B/PM7 79M8P’zB 8M/9Mz7
/89/J 79zzz’ J9M=/ /9B/Pz’ 79M8=M/J ’889=PJ
/B9P7 79zzz8 J9Pz7 /9B/BP/ 79M8/JJB ’=89MP’

Sulfamerazine
J SMPaJ]/F J log / J77 A Scm=]JF K SJ]cm=F a W SJ]cm=F a

M’987 79zzz8 /9P7= /9887BB 79PPB7Pz JMz=9’’B
MP9J’ 79zzz8 /9=’J /9887B7 79PMJJBM J=’=9B’’
M/9B’ 79zzz’ /97zJ /98877P 79P/zJJ8 J/B8987/
M79/z 79zzzP J9’BJ /98’8’z 79PJz=/B JJ’B97=8
=897M 79zzz/ J9M8/ /98’BzJ 79PJJ7M’ J7z/9M/’
=P98z 79zz88 J9/B8 /98’M’= 79P7M788 J7JB9BJ/
==98= 79zz8P J9J/B /98’/z= 79Mz8==P zM’9PBM
=J988 79zz8= J97=z /98’J8J 79Mz=88/ 88M9’MM
=7977 79zz8/ 79zz/ /98’JMP 79Mz78=7 8/’9BP’
/89/J 79zz8B J97Bz /98’=B7 79M88/’’ ’’M9//z
/B9P7 79zzz7 J9/7M /98’B7P 79M8B87M ’/M9zz8

Sulfamethazine
J SMPaJ]/F J log / J77 A Scm=]JF K SJ]cm=F a W SJ]cm=F a

M’987 79zzz’ /9P’/ =9J==8J 79PB=PBz JM’’9=J=
MP9J’ 79zzzB /9=/’ =9J==JP 79PM8P8= J=P898J/
M/9B’ 79zzzM /97/M =9J=JPP 79P=P8’/ J/P=9z7=
M79/z 79zz8z J9’/7 =9J/8B= 79P/P7B= JJB79/PB
=897M 79zz8/ J9MP8 =9J/M=8 79PJP8=7 J7’P9zB8
=P98z 79zz’/ J9//J =9JJ8/= 79P78/P8 J7779/J8
==98= 79zzBP J97’= =9JJ==M 79P7J877 z=J97B=
=J988 79zzPz 79z’/ =9J7z’/ 79MzB’=z 8B89=/8
=7977 79zzPB 79zJ= =9J7877 79Mz=J7= 8JJ9=B8
/89/J 79zzB/ 79zP= =9JJJzB 79Mz7=7B ’P89B=J
/B9P7 79zz’/ J97P8 =9JJ87M 79M88BJP ’J7978P

a J J]cm= = J MPa

It is noteworthy that empirical regular polynomials2 as shown in
equation [z]2 are commonly referred as Bustamante’s Equation and
are widely used in pharmaceutical sciences owing its simplicity2 as
has been described in the literature S4F9

log𝑋2 = 𝐶0
∗ + 𝐶1

∗𝛿1 + 𝐶2
∗𝛿1

2 + 𝐶3
∗𝛿1

3 + 𝐶4
∗𝛿1

4 [z]

By using both calculation methods2 the same mean deviation
percentages were obtained as shown in Tables P and ’2 i9e9 /9BPA2
/98/A and J9MJA for sulfadiazine2 sulfamerazine2 and
sulfamethazine2 respectively9 This behavior is similar to those
described earlier for other drugs in different cosolvent mixtures
S22-28F9 Thereby2 the results for these sulfonamides could indicate a
non[significant usefulness of EHSA method for practical and
academic purposes9 Nevertheless2 it is necessary to know that this
correlative method considers the drug solubility from a complete
thermodynamic viewpoint9
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In this way5 the main point about these calculations is about to find an
effective method for the Walker K parameter estimation to calculate
the W term as SK A Because the and terms would be
known5 the drug experimental solubility could be calculated in any
mixture O18+A

Figure 4. Logarithmic solubility of sulfonamides in ethanol q water mixtures as a function of the
Hildebrand solubility parameter of the solvent mixtures at 298]15 K] Dotted lines are the additive
log7solubility behavior] ;○C: Sulfadiazine; ;□C: sulfamerazine; ;ΔC: sulfamethazine]

𝛿1𝛿2 𝛿1 𝛿2

Table 4. Coefficients and statistical parameters of regular polynomials in several orders ofW as a function of solubility parameters of cosolvent mixtures free of sulfonamide ;Eq]
[7]C in ethanol q water mixtures at 298]15 K]

Sulfadiazine
Coefficient or
Parameter

Polynomial order
N S U C P

C% –SAUNj x N%S UA%P– x N%S –NAP7% x N%N SACU7 x N%S –NAP7C x N%U

CN UAP6N x N%N PA–CC x N%% UAS6S x N%N UAP%P x N%% SA–%j x N%S

CS CA%–P x N%–N –UAU6j x N%–N 7A6–6 x N%–N –NAUC– x N%N

CU –A–j% x N%–U –NAPCC x N%–S UA6j6 x N%–N

CC NACjN x N%–C –PASU– x N%–U

CP SAj%P x N%–P

AdjA RS %AjjP NA%%% NA%%% NA%%% NA%%%
FitA ErrA N7A%j NA7U7 %ACSC %AU7S %AUN%

Sulfamerazine
Coefficient or
Parameter

Polynomial order
N S U C P

C% –SAC–– x N%S UAS%C x N%S –SAPjj x N%N UAj6% x N%S –NAPCC x N%U

CN UAP6N x N%N UAjjS x N%% UAUN6 x N%N –NACCU x N%N SAP7j x N%S

CS CAS77 x N%–N –UA6UP x N%–N NA–%– x N%8%% –NAU–S x N%N

CU 6AS%j x N%–U –SA77C x N%–S UAj%7 x N%–N

CC SACSj x N%–C –PAC6– x N%–U

CP UA%7P x N%–P

AdjA RS %AjjC NA%%% NA%%% NA%%% NA%%%
FitA ErrA NjA%7 NAj7– %AC7C %AUSS %AN7j

Sulfamethazine
Coefficient or
Parameter

Polynomial order
N S U C P

C% –SA–S6 x N%S UANSj x N%S 6A7N– x N%N NA–j7 x N%S –PANCS x N%S

CN UAP6N x N%N UAPN7 x N%% SAUSj x N%N NASj7 x N%N NA%jU x N%S

CS CAUPU x N%–N –NA%7C x N%–N UAS%U x N%–%N –PA%C7 x N%%

CU CA77P x N%–U –SAjSU x N%–U NACP% x N%–N

CC PAS–N x N%–P –NAj–U x N%–U

CP NA%76 x N%–P

AdjA RS %AjjC NA%%% NA%%% NA%%% NA%%%
FitA ErrA NjAUS NAUS% %AN–P %ANPP %ANUU

Conclusion

In this research5 the extended Hildebrand solubility approach was
adequately used to analyze the solubility of sulfadiazine5
sulfamerazine5 and sulfamethazine in EtOH 8 water mixtures at
Sj7ANP KA A good predictive character within UA%q were observed by
using regular polynomials in orders four by correlating the interaction
parameter W with the Hildebrand solubility parameter of the solvent
mixtures without drugsA Nevertheless5 the predictive character of
EHSAmethod is the same as the one obtained by direct correlation of
the sulfonamides solubility and the same descriptor of polarity of the
cosolvent mixturesA Ultimately5 it is noteworthy that this research
expands the analyses developed previously based on classical
dissolution thermodynamic properties as well as the preferential
solvation of the drugs by the solvent components O20, 21, 47+A
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Table 5. Calculated solubility of sulfonamides in ethanol + water mixtures by using theW parameters obtained from regression models in orders 1, 2, 3, 4 and 5, and
standard deviations with respect to the experimental values, at 298.15 K.

Sulfadiazine
1

0MPa1/2–
X2 calculated 5 dev. a

1 2 3 4 5 1 2 3 4 5
47.80 1.05 x 10–7 3.52 x 10–6 4.65 x 10–6 4.76 x 10–6 4.83 x 10–6 98 26.9 3.4 1.02 0.43
45.17 3.24 x 10–6 9.29 x 10–6 8.27 x 10–6 8.00 x 10–6 7.70 x 10–6 59 17.9 4.9 1.49 2.34
42.67 3.87 x 10–5 2.02 x 10–5 1.59 x 10–5 1.56 x 10–5 1.57 x 10–5 157 34.3 5.8 3.58 4.29
40.29 2.03 x 10–4 3.71 x 10–5 3.05 x 10–5 3.07 x 10–5 3.16 x 10–5 530 15.0 5.5 4.85 1.99
38.04 5.22 x 10–4 5.87 x 10–5 5.45 x 10–5 5.59 x 10–5 5.67 x 10–5 807 1.9 5.3 2.91 1.47
35.89 7.22 x 10–4 8.16 x 10–5 8.71 x 10–5 8.93 x 10–5 8.81 x 10–5 713 8.1 1.9 0.51 0.85
33.83 5.84 x 10–4 1.01 x 10–4 1.21 x 10–4 1.22 x 10–4 1.18 x 10–4 415 10.7 6.3 7.12 4.20
31.88 2.97 x 10–4 1.14 x 10–4 1.42 x 10–4 1.40 x 10–4 1.38 x 10–4 114 17.6 2.1 0.74 0.70
30.00 1.01 x 10–4 1.18 x 10–4 1.39 x 10–4 1.35 x 10–4 1.37 x 10–4 29 17.3 2.5 5.18 3.60
28.21 2.41 x 10–5 1.13 x 10–4 1.13 x 10–4 1.11 x 10–4 1.15 x 10–4 78 1.2 1.6 0.32 2.94
26.50 4.26 x 10–6 1.01 x 10–4 7.64 x 10–5 7.86 x 10–5 7.69 x 10–5 94 30.4 1.4 1.47 0.67

Mean value b 281 16.5 3.7 2.65 2.14
Standard Deviation b 284 10.8 1.9 2.26 1.45

Sulfamerazine
1

0MPa1/2–
X2 calculated 5 dev. a

1 2 3 4 5 1 2 3 4 5
47.80 2.00 x 10–7 1.16 x 10–5 1.62 x 10–5 1.69 x 10–5 1.72 x 10–5 99 32.0 5.6 1.40 0.21
45.17 8.63 x 10–6 2.92 x 10–5 2.54 x 10–5 2.39 x 10–5 2.29 x 10–5 63 25.5 9.4 3.05 1.53
42.67 1.31 x 10–4 6.18 x 10–5 4.67 x 10–5 4.49 x 10–5 4.52 x 10–5 196 39.6 5.4 1.43 2.18
40.29 8.09 x 10–4 1.13 x 10–4 8.98 x 10–5 9.09 x 10–5 9.40 x 10–5 755 19.7 5.0 3.86 0.53
38.04 2.28 x 10–3 1.82 x 10–4 1.67 x 10–4 1.75 x 10–4 1.78 x 10–4 1166 1.4 7.0 2.83 1.20
35.89 3.26 x 10–3 2.63 x 10–4 2.84 x 10–4 2.97 x 10–4 2.92 x 10–4 1008 10.6 3.4 0.88 0.75
33.83 2.59 x 10–3 3.43 x 10–4 4.21 x 10–4 4.27 x 10–4 4.13 x 10–4 535 15.8 3.3 4.78 1.44
31.88 1.24 x 10–3 4.10 x 10–4 5.29 x 10–4 5.16 x 10–4 5.07 x 10–4 148 17.7 6.1 3.48 1.73
30.00 3.80 x 10–4 4.55 x 10–4 5.52 x 10–4 5.25 x 10–4 5.35 x 10–4 32 18.1 0.5 5.37 3.57
28.21 7.95 x 10–5 4.71 x 10–4 4.73 x 10–4 4.57 x 10–4 4.75 x 10–4 83 1.2 1.7 1.76 1.96
26.50 1.19 x 10–5 4.60 x 10–4 3.31 x 10–4 3.48 x 10–4 3.40 x 10–4 97 34.9 2.9 2.15 0.38

Mean value b 380 19.7 4.6 2.82 1.41
Standard Deviation b 417 12.6 2.5 1.46 0.97

Sulfamethazine
1

0MPa1/2–
X2 calculated 5 dev. a

1 2 3 4 5 1 2 3 4 5
47.80 2.44 x 10–7 2.17 x 10–5 2.77 x 10–5 2.80 x 10–5 2.82 x 10–5 99 22.8 1.6 0.56 0.11
45.17 1.47 x 10–5 5.63 x 10–5 5.09 x 10–5 5.01 x 10–5 4.93 x 10–5 70 13.8 2.8 1.40 0.30
42.67 2.83 x 10–4 1.23 x 10–4 1.00 x 10–4 9.93 x 10–5 9.96 x 10–5 185 24.0 0.8 0.07 0.26
40.29 2.04 x 10–3 2.33 x 10–4 1.97 x 10–4 1.97 x 10–4 2.00 x 10–4 921 16.6 1.6 1.36 0.02
38.04 6.28 x 10–3 3.88 x 10–4 3.64 x 10–4 3.68 x 10–4 3.71 x 10–4 1617 6.1 0.4 0.62 1.30
35.89 9.24 x 10–3 5.78 x 10–4 6.12 x 10–4 6.18 x 10–4 6.15 x 10–4 1364 8.4 3.1 2.07 2.64
33.83 7.19 x 10–3 7.78 x 10–4 9.05 x 10–4 9.08 x 10–4 8.97 x 10–4 710 12.4 1.9 2.21 0.98
31.88 3.23 x 10–3 9.60 x 10–4 1.16 x 10–3 1.15 x 10–3 1.14 x 10–3 188 14.3 3.2 2.61 1.98
30.00 9.00 x 10–4 1.10 x 10–3 1.26 x 10–3 1.25 x 10–3 1.26 x 10–3 30 14.6 1.6 2.71 1.98
28.21 1.65 x 10–4 1.16 x 10–3 1.17 x 10–3 1.16 x 10–3 1.18 x 10–3 86 0.4 0.0 0.85 0.59
26.50 2.09 x 10–5 1.17 x 10–3 9.16 x 10–4 9.27 x 10–4 9.19 x 10–4 98 27.0 0.2 0.95 0.01

Mean value b 488 14.6 1.6 1.40 0.93
Standard Deviation b 575 7.9 1.1 0.89 0.93

a %𝐷𝑒𝑣 = 100 (
|𝑋2 𝑒𝑥𝑝𝑒𝑐−𝑋2 𝑐𝑎𝑙𝑐 |

𝑋2 𝑒𝑥𝑝𝑒𝑐
)

b

𝛿

𝛿

𝛿

Calculated as

Calculated considering the obtained values in the neat solvents and the nine binary mixtures.
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+oefficient or
Parameter

Sulfadiazine Sulfamerazine Sulfamethazine

O
LC –mfmRu x mLm –PfPP0 x mLL –mfgmg x mLm

O
mC mfuRu x mL–m –ufP55 x mL–m uf0Rm x mL–m

O
PC mfzí0 x mL–P Rf0g5 x mL–P –mfmzR x mL–P

O
0C –ufmLí x mL–5 –mfRRm x mL–0 –mfí5u x mL–5

O
5C ífu05 x mL–R mf5LL x mL–g 0fPRR x mL–R

/djf RP Lfzzz Lfzzz mfLLL
Titf Brrf LfLPL LfLmz LfLmL

m

7MPamEPG
XP calculated 8 devf a

Sulfadiazine Sulfamerazine Sulfamethazine Sulfadiazine Sulfamerazine Sulfamethazine
5ífuL 5fíR x mL–R mfRz x mL–g PfuL x mL–g mfLP mf5m LfgR
5gfmí ufLL x mL–R Pf0z x mL–g gfLm x mL–g mf5z 0fL0 mf0í
5PfRí mfgR x mL–g 5f5z x mL–g zfz0 x mL–g 0fgz mf50 LfLu
5LfPz 0fLí x mL–g zfLz x mL–g mfzí x mL–5 5fug 0fuR mf05
0ufL5 gfgz x mL–g mfíg x mL–5 0fRu x mL–5 Pfzm Pfu5 LfRg
0gfuz ufz0 x mL–g Pfzí x mL–5 Rfmu x mL–5 Lfgm Lfuí PfmP
00fu0 mfPP x mL–5 5fPí x mL–5 zfLu x mL–5 ífm0 5fíz PfPm
0mfuu mf5L x mL–5 gfmR x mL–5 mfmg x mL–0 Lfí5 0fgL PfR5
0LfLL mf0g x mL–5 gfPg x mL–5 mfPg x mL–0 gfmz gf5L Pfí5
PufPm mfmm x mL–5 5fgí x mL–5 mfmR x mL–0 Lf0m mfíg Lfu0
PRfgL ífuR x mL–g 0f5u x mL–5 zfPí x mL–5 mf5í Pfm5 Lfz5

Mean value b PfRg PfuP mf5m
Standard deviation b PfPí mf5í LfzL

Table 6. Coefficients and statistical parameters of regular polynomials in fourth degree of log X2 as a function of solubility parameters of cosolvent
mixtures free of sulfonamide (Eq. [9]) in ethanol + water mixtures.

Table 7. Calculated solubility of sulfonamides in ethanol + water mixtures by using the equations of log X2 vs. δ1 as regression models in order 4, and standard deviations with
respect to the experimental values, at 298.15 K.
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