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ABSTRACT

Theion solvation behaviour of Sulfacetamide sodium in water and effect
of dielectric constant on it by varying the compositions (v/v) of water +
DM SO mixturesintherange of 283to 313 K, using electrical conductivity
principle have been studied. Kraus-Bray and Shedlovsky models of con-
ductivity were used for analyzing conductance data. The limiting molar
conductance (1 o), Association constant K, Energy of activation of the
rate process (E,), and related thermodynamic parameters has been deter-
mined. Using viscosity of the solvent, Walden product A ;, n , and Stoke’s
molecular radius have been determined. Standard thermodynamic param-
eters of association (AG,, AH,, AS,) were calculated and discussed. The
results show the decrease in limiting molar conductance with decreasein
dielectric constant and the K_was found to increase. These computed
values have been used to discuss the solvation behaviour of Sulfaceta-

KEYWORDS

Sulfacetamide sodium;
Electrical conductivity;
Limiting molar conductance;
Association constant;
lon solvation;
Bornmode.

mide sodiuminwater + DM SO.

INTRODUCTION

Mixed solvent systemsare used in awide range of
gpplications, and understanding the effect of changesin
solvent compositionremainsacentrd probleminphys-
ca chemigtry. Thedectricad conductivity study of elec-
trolytein solvent mixturesisof great importanceasit
giveswedthy information’s especially behaviour of ions
insolution, ion sol vent interaction and sol vent structura
effectd’. Thestudy of eectrolytesin solvent mixtures
isfoundto be useful for various e ectrochemical and
technica investigationd®8. Study of solvationbehaviour
of medicinal compoundsunder varying biologica con-
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ditionsisanimportant field of studiesrevealsagreat
dedl of informationto medicina chemist®9, Moreover,
these studieswould enableusto derive useful informa-
tionsregarding theion-solvent interactions of the drug
molecules. lon-solvent interactionsarethe controlling
forcesindilute solutionswhereion-ioninteractionis
minimum and these studies may be of great importance
indeterminingthepharmacol ogicd propertiesof thedrug
molecules. The conductance val ues may beuseful to
have an appropriateidearegarding drug diffusonand
changeinthevauesof hydrophobicinteractionsof drug
cationsingoing from water to non aqueous sol vents™

Sulfonamideisadrug, extensvely used for thetrest-
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ment of infections caused by gram- positiveand gram-—
negative microorganisms, somefungi, and certain pro-
tozoa. Thetherapeutic uses of sulfonamidesarealso
found on diuretic and hypoglycemic agents. Sulfaceta-
mide sodiumisasulfonamide®? antibacterial andis
appliedininfectionsor injuriesof theeyes. Itisaso
used inthetopical treatment of acne vulgaris, sebor-
rheic dermatitisand various bacterial infections caused
by susceptible organisms. Thedectricd conductivity of
Sulfacetamidesodium or didectric effect onitin aque-
ous, non agueousand partid agqueousmediaisnot avail-
ableinliterature. Thishas prompted usto investigate
the solvation behaviour of Sulfacetamidesodiuminwater
+ DM SO inthetemperaturerange of 283to 313K.

MATERIALSAND METHODS

Sulfacetamide sodium (Sigma-Aldrich make) was
used assuch, without further purificationwhile prepar-
ing solution. Triply distilled water and purified*® sol-
vent-dimethyl sulphoxideof conductivity (10%S*cm™?)
were used in the entirework. Conductance measure-
mentsweremadewith adigital conductivity meter (CM
180 Elico make) and acalibrated dip type conductivity
cell (cel constant = 0.999 cm?). Theinstrument was
calibrated asreported*4. The solution of known con-
centrationwastaken in adoublewa led vessd and kept
in athermostat / cryostat maintained at desired tem-
perature+ 0.1°C for approximately 20-30 minutes and
itsspecific conductivity was noted.

RESULTSAND DISCUSSION

Limiting molar conductance

M easured specific conductance of solutionsof the
el ectrolyte under investigation in water, 10, 20, 40, 60
and 80 % DM SO at 283, 293, 303 and 313K has
been corrected™ for solvent conductance and used to
calculatemolar conductance, A using equation (1).

1000k
M= @
where C istheconcentration and kisthe specific con-
ductance of Sulfacetamide sodium solution. Themolar
conductance, A, of thedlectrolytewasandyzedinitidly

by using Kraus—Bray equation!*€l.
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whereaplot of 1/&_vsk_waslinear, proposing that
thedectrolyteformsion-pairsinequilibriumwithions.
Thevaluesof iy, and K obtained from theintercept
and dopeof the above plot. However, thismodel does
not includeany correction for inter-ionic effectsor for
the activities of theions. We, therefore, preferred to
adopt Shedlovsky!* relation, which not only solve
above limitation but a so enablesoneto evaluatethe
absol utelimiting molar conductance and association
constant K .

1 1

1 Ca,StK,
Sk, A%

m e’

Required relative permittivity (g) and viscosity (1)
valueswere obtained from theliterature*®*. K _isthe
association constant and f, isthe meanionic activity
coefficient of theelectrolyte. A, and K_wereobtained
fromtheintercept and slopesof the plot of 1/Sk,_vs.
Ch, S#2. The calculated values of limiting molar
conductance’s using Kraus-Bray and Shedlovsky mod-
elsarepresentedin TABLE 1.

©)

TABLE 1: Limiting molar conductance %, for sulfaceta-
midesodiuminwater + DM SO from T =283t0 313K

0% 10% 20% 40% 60% 80%
DMSO DMSO DMSO DMSO DMSO DMSO

A (S em?*mol™)

Property

T=283K

A7 (KrausBray) 5207 4280 3921 2222 1420 1112

A0 (Shedlovsky) 5347 4301 4019 2482 1572 1331

T=293K

A% (KrausBray) 6451 5181 4694 2874 1856 14.11

A2 (Shedlovsky) 65.78 5198 4806 30.95 2009 16.09

T=303K

A? (KrausBray) 78.12 6289 57.14 3558 2369 17.86

A2 (Shediovsky) 80.00 6400 59.00 3840 2641 20.04

T=313K

A2 (KrausBray) 9259 7605 6896 4348 2024 22.87

Ay (Shediovsky) 95.20 77.80 69.71 46.60 3127 2571

Limiting molar conductanceisfoundtobehigherin
water and decreased sharply with the decreasein di-
electric constant on adding DM SO solvent toitirre-

A Tndéan W



52 Conductance and solvation behaviour of sulfacetamide sodium

PCAIJ, 5(2) 2010

Full Paper ==

spective of the solvent specific property. Theaddition
of DM SO towater resultsin decreasein thelimiting
molar conductance, dueto the diminishment of hydro-
gen bondswithincreasing DM SO concentration, indi-
cating that the water hydrogen bonding sites are be-
comingincreasingly lesshydrogen bonded withincress-
ing concentration of DM SO?Y, Inparticular, inthemix-
ing process, hydrogen bondingissmply transferred from
water-water interactionsto water-DM SO interactions,
and so reducestheions mobility. Thelimiting molar
conductance of thesoluteunder investigationincreased
with anincreasein temperaturefrom (283to 313) K
for all compositionsof DM SO dueto theincreasein
ionic mobility. Increaseintherma energy bresksmore
number of hydrogen bonding that of water decreasing
the solvated ionic Sze and henceincreasesthemobility
of the species.

Association constant

The computed val ues of association constant K
arepresented in TABLE 2. The extent of ion associa-
tion dependson the nature of ion-solvent interactionin
thesolutionrather than being dependent ontherdative
permittivity of themedium?. Greater hydrogen bond-
ing of water-DM SO mixtures probably fecilitatesthe
ion association®¥, Thissuggeststhefact that thevaues
of K, increased with the proportion of DMSO inwa-
ter. With increasing temperature, increased thermal
motion probably destroys the solvent structure and
hencethemobility if ionsshouldincrease. Thismay ac-
count for thefact that thevalues of K_ decreased asthe
temperatureincreased.

TABLE 2: Association constant K_ for sulfacetamide sodium
inwater + DM SO from T =283t0313K

TK 0% 10% 20% 40% 60% 80%

283 335 651 1216 2116 3581 5418

293 327 528 1083 10.82 26.36 45.60

303 315 442 940 940 2118 3530

313 311 362 607 607 1627 2235
Walden product

TheWalden product i n 1***'were cal cul ated for
Sulfacetamide sodium for al compositions of water +
DMSO from 283 to 313 K, and the results are de-
picted in Figure 1. Walden product val ues decreased
with increasing temperature. These negativetempera-

ture coefficients of Wal den product may beduetothe
increasein sizeof solvatedionsinthemixturesasthe
temperatureincrease. Thisisbecauseof thevariationin
thevolume of organic solvent and agueous molecules
inthe sheath of solvation at that temperature®!. The
two effective factors on the Walden product are the
limiting molar conductanceand viscosty, inwhich limit-
ing molar conductance A;, isdirectly proportional with
T, whilen isinversaly proportiond totemperature. This
observation leads usto say that the contribution of the
n vauesisthemost effectivefactor ontheinverse pro-
portional behaviour of Walden product with tempera-
ture. Thevariation of theWal den product with increase
inthe amount of DM SO reflectsthe change of solva
tion?, Themaximum val ues of Wal den product near
volume 40 % DM SO may be dueto the preferential
solvation of theions by both the sol vent mixtures.

0.75

0.70

0.65

0.60

0.55

Walden Product Agn,

0.50

0.45

040 (.J 2‘0 4.0 6.0 80 100
% of DM SO in water

Figure 1: Plots of Walden product 12 n /(S cm*mol™*-kg-

m=-s1) against per centage of DM SO for Sulfacetamide so-

diuminwater + DM SO at different temperatures(e, for 283

K; o,for 293K; A, for 303K; A, for 313K).

Thermodynamic parameters

Sincethe conductance can becorrelated to therate
process®®, thevariation of A;, withtemperatureisgiven
by theequation »° — ae™ E/RT. whereE istheactivar
tion energy, Risthe gasconstant, AistheArrhenius
factor and T isthe absol ute temperature. E, wascal cu-
|ated from the slope of the plot of 1og a2, vs. UT. E,
increased with decreasein did ectric constant of the sol-
vent mixture. Increaseinthevaueof E, isanindication
of thedecreaseinthevaueof 1;,.

From theslope of plot log K vs. /T, whichwas
linear, (AH,) wascaculated. Changein freeenergy was
calculated fromtheequation AG =-RT InK_andAS
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from (AH_- AG,) / T. The calcul ated values of these
thermodynamic parameters are presented in TABLE
3. AH_and AG, wasfound to be negativefor thesys-
tem and both increased with increasein theamount of
co- solvents. AG, wasnegativein all thestudied cases
proposing the spontaneity and feasibility of the exo-
thermic (AH, isnegative) behaviour inwater + DMSO
system. Thereforeit can be proposed that the associa-
tion processisfavored in the system by the negative
vaueof AG,. Theminimum valueof entha py of asso-
ciationmay beduetothepreferentid hydration of iong?!
or it may also bereferred to asthe formation of some
complexesfrom molecul esof organic co-solventsand
water with acation or with both cation and anion. The
small AS_ value has been considered due to the de-
creased orientation of water moleculeand alsofor the
formationof ionpairs.

TABLE 3: Thecomputed E_and thermodynamic par ameters

of association for sulfacetamide sodium in differ ent composi-
tionsof solvent mixtureat different temperature.

0%
13.98

10 %

14.48
-14.25
-4.41

-0.035
-4.06
-0.035
-3.75

20 %
15.72

40% 60% 80%
16.43 17.77 19.78
-16.2 -17.07 -24.27 -25.44
-5.88 -7.18 -8.67 -9.40
-0.036 -0.035 -0.055 -0.053
-580 -6.89 -7.97 -9.31
-0.035 -0.035 -0.056 -0.052
-5.65 -6.38 -7.69 -8.97
-0.035 -0.035 -0.055 -0.051
-469 -6.19 -6.92 -7.18
-0.367 -0.035 -0.055 -0.053

Parameters
Ea(kJ/mol)
AH, (kJmol) -1.98
AGa(kJ¥mol) -2.85
AS4(kJK ™ /mol) 0.003
AGa (kJmol) -2.89
AS4(kJK™Y mol) 0.004
AGa(kJmol) -2.89
ASa(kJK™/ mol) 0.003 -0.035
AGa(kJmol) -295 -3.35
ASa(kJK™/mol) 0.004 -0.035

T(K)

283

293

303

313

Thermodynamicsof solvation

Thechangeinfreeenergy (AG_ ), enthapy (AH, )
and entropy (AS_ ) of solute-solvent interaction result-
ing fromthetransfer of speciesfrom onesolvent to an-
other or from composition to other were cd culated us-
ing Born'® equation and theresult obtained for al the
casesaregiveninthe TABLE 4.

Thechangein free energy wascal culated using,

2
AG&S=—NA(ZieO ) l_l (4)

r €
Thechangein entropy AS__of the systemwas calcu-
lated usingthefollowing relation,

N,(Z,e, )* 1 8¢
AS&S= A(2r. 0) 82 6T (5)

= Pyl Paper
AH_ =AG__+TAS_ (6)
Thefreeenergy changearising from solute-solvent
interactionisameasure of stability of thespeciesina
solution. Theobserved large negative AG,_ valueisan
indication of higher stability of the speciesin solvent
mediathan in vacuum and which issupported by the
exothermic character of thereaction indicated by nega-
tiveAH__ Thenegativesignof AG_ _asoindicatesthe
spontaneity of the process. TheAS__valuesarevery
small and suggest the requirement of stericrestriction
for theformation of ion pairsor ion-association.
TABLE 4: Computed ther modynamic parameter sof solvation

for sulfacetamidesodiuminwater + DM SO from T =283to
313K mixtureat different temperature

Property 0% 10% 20% 40% 60% 80%
T=283K

AGss(k¥mol)  -221.26 -214.08 -215.25 -207.08 -195.64 -199.55

ASss(kJK/mol) 0.0127 0.0100 0.0098 0.0107 0.0110 0.0138

AHss(k¥mol)  -217.67 -211.26 -212.48 -204.05 -192.51 -195.65
T=293K

AGss(k¥mol)  -219.94 -218.18 -228.00 -219.56 -210.67 -213.61

ASss(kJK/mol) 0.0126 0.0110 0.0114 0.0186 0.0161 0.0206

AHss(k¥mol)  -216.25 -214.96 -224.67 -214.11 -205.96 -207.58
T=303K

AGss(k¥mol)  -219.28 -220.93 -224.36 -212.97 -203.72 -204.61

ASss(kJK*/mol) 0.0138 0.0133 0.0133 0.0066 0.0109 0.0115

AHss(k¥mol)  -215.10 -216.91 -220.33 -210.98 -200.42 -201.12
T=313K

AGss(k¥mol)  -218.88 -230.14 -231.99 -210.79 -206.35 -228.23

ASss(kJK*/mol) 0.0152 0.0172 0.0151 0.0138 0.0153 0.0195

AHss(k¥mol)  -214.13 -224.76 -227.27 -206.48 -201.57 -222.14

Solvation number (S)

Solvation number of anionisthenumber of solvent
moleculesthat surroundsitstrandationd degreeof free-
dom and get associated to that central ion. Solvation
number reflectsthe magnitude of ion-sol vent interac-
tion of the system. Solvation number was cal culated
usingtherdation.

ds -,

Sp=r ()

Ml /50l mix

wherer, isthecorrected Stoke’s radius of the ion cal-
culated using thefollowing equation,

. _ 08202
LA

+0.0103¢ +r, (8
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wherer =0.85A°, for dipolar unassociated solvents

and .2 n, istheWal den product. Thecal cul ated values

of corrected Stoke’s Molecular radius r, are presented

inTABLES.

TABLE 5: Corrected Soke’s molecular radius r /A° for Sul-

facetamidesodiumin water + DM SO from T =283t0 313K

TIK 0% 10% 20% 40% 60% 80%

283K 3205 3239 3258 3111 3509 3.545
293K 3224 3227 3216 3.09 3450 3.612
303K 3231 3209 3225 3113 3472 3574
313K 3234 3210 3205 3.084 3483 3.688

The ca culated val ues of solvation number are pre-
sented in TABLE 6. The sol vation number wasfound
to bein between 2.1t02.9in purewater. Thevalues
increased withincreasein temperaturefor al compos-
tionsof water + DM SO. At agiventemperature, it re-
mained d most the samewithin the experimenta error
irrespectiveof variationintheamount of DM SO.

TABLE 6: Solvation number S for ion-pair formation of sul-
facetamidesodiuminwater + DM SO from T =283t0 313K

TIK 0% 10% 20% 40% 60% 80%
283K 21 1.2 1.2 1.2 11 11
293K 2.0 12 1.2 1.2 11 1.2
303K 23 14 14 13 13 13
313K 29 18 18 17 17 18
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