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ABSTRACT

The interaction of bivalent metal ions: Co*, Ni#, Cu*, Zr?*, Cd?®*, Sn?,
Hg?*and Pb?* with aspirin in mixed agueous solution (50% v/v water-etha-
nol medium) was studied by pH-potentiometry keeping fixed ionic strength
a0.1mol/l (KNO,) and T = 298K, 308K and 318K. Themetal-ligand stability
congtants of complexeswere evaluated using modified Irving-Rossotti tech-
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nigue. The corresponding thermodynamic parameters (free energy, enthal py
and entropy) have a so been evaluated to confirm the feasibility of complex

formation. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Aspirin (C,H,0,; chemically 2- acetyloxybenzoic
acid) M.W. 180.160 g/mol wasthefirst - discovered
member of the class of drugsknown asnon - steroidal
anti-inflammatory drugs (NSAIDs). Themedicina ef-
fectsof the plantswere discovered by peoplethrough
life experiences. Aspirin has many therapeutic effects.
At over-the-counter dosage (oneor two grams), it re-
lievesfever and minor achesand pains. At dosagesthree
or four timeshigher, available by prescription only, it
reduces swelling and isused totreat gout, rheumatoid
arthritis, andinflammeatory ailmentg.
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Agpirin (2- acetyloxybenzoic acid)
Many peopletakelow dosages (below 100 milli-

grams) daily for preventing recurrent stroke or heart
attack?. Recent studiesfound it effectivein reducing
risksfor colon and breast cancers®. Evidenceisaccu-
mulating for smilar effectsinAlzheimer and other dis-
easesd*9. A grest complaint against aspirinisthat itirri-
tates the stomach and in some cases cause ulcersand
internal bleeding. Datareveal ed that those who had
taken aspirin bleed longer andtheplatel etsintheir blood
aggregated | ess. Hawkey suggested that aspirin may
a so prevent artery blood clotg®l.

The process of complex formation of adrug with
bio-metals can be successfully studied by
potentiometry. A potentiometric sensor was reported
for theHg (1) detection, which uses substituted thio-
urea— functionalized nanoporoussilicaasthe sensi-
tivematerial™. The apparent dissociation constants of
four 2-hydroxy napthoquinones, differently substituted
at C-3weredetermined by pH-metric/ UV titration
methods. The possible effects of the measured pa-
rametersonthebiological activity werea so studied®.
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Potentiometric studies had also been carried on the
complexes of gabapentin, adrug widely used to re-
lieve neuropathic pain, with bivalent metal ionsin di-
oxane-water medium!®. The protonation constants of
somediaminesweredetermined onthebasisof Cavin
and Bjerrum method and the effects of solventswere
determined™?. The proton-ligand dissociation con-
stants and stepwise stability constants of various anti-
biotics metal complexeswere determined potentio-
metrically**1¢, Duringthelast few yearsvarious as-
pects concerning the absorption, transport, activity,
biological transformations, toxicity and excretion of
different biometalsisextensively studiedi*-2%,

Sincefor the epilepsy and neuropathic painin our
body, some of the metal ionssuch asLead and Copper
areresponsible. Thesemetal ions can be metabolized
inour biological system by forming complexeswith
somedrugs. Thepurpose of present paper isthedeter-
mination of the stability constants of the complexesand
thermodynamic parameters of Co?*, Ni%, Cu®, Zn*,
Cd*, Sn?*, Hg?*and P?* complexeswith aspirin using
potentiometric pH techniquein 50% v/v ethanol water
medium at threedifferent temperaturesand at anionic
strength of 0.1 mol/I (KNG,). The method of Calvin
and Bjerrum?-23 as adopted by Irving and Rossotti! >
has been employed to determinelog K values.

EXPERIMENTAL

Chemicadsandligand used wereof andytica grade.
Ligand solutionwas prepared in twicedistilled deion-
ized carbondioxidefreewater. Metd sdt solutionswere
prepared by dissolving the corresponding metal sdtin
twicedidtilled deionized water and Sandardized by stan-
dard volumetric methods. The potentiometrictitrations
were carried out in ajacketed cell. Thefree hydrogen
ion concentrationsweremeasured with acombined glass
electrode attached to aEl pH meter model 112. 50%
v/v ethanol-water medium isused at three tempera-
tures T = 298K, 308K and 318K and at an ionic
strength of 0.1 mol/l (KNO,). ThepH meter wascali-
brated with suitable buffersbeforeuse. Thethree solu-
tions (total volume50 mL in each case) were prepared
asfollows: (a) 5.0 ml of 0.005mol/l HNO, (b) 5.0ml
of 0.005 mol/I HNO, + 5.0 ml of 0.0025 moal/l ligand
(c) 5.0 ml of 0.005 mol/l HNO, + 5.0 ml of 0.0025
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mol/I Ligand + 5.0 ml of 0.005 mol/I meta ion solution.

An gppropriate quantity of potassium nitrate solu-
tion (1.0 mol/l) wasadded to maintainthedesiredionic
srength (0.1 mol/l). Abovethree solutionsweretitrated
againg potassium hydroxide (0.05 mol/l). Thesolution
to betitrated wastakeninacell and immersed inthe
thermostat for half an hour beforethetitration sothat it
attained therequired temperature. After theaddition of
each portion of akali the highest pH readingwhichre-
mained steady wasrecorded inal cases.

Calculation of n,, n and pL

Thevauesof n, (thedegreeof formation of theproton
complex) was cal culated by empl oying thefollowing
equation (1):
— (V'=V")(N+E°)
M =Y e VT, (1)
WhereY = number of replaceable hydrogenion, Vo=
total volume50 ml, V’=volumeof akali used by acid
V>’ =Volume of alkali used by acid and ligand, N =
concentration of alkali, E°=tota strengthof acid, T °=
total concentration of ligand.

The proton ligand formation curve was obtained

by plotting the degree of formation (n, ) of the pro-
ton complex against pH values, The values of log
K™ were obtained from the curves corresponding
to n, valuesof 0.5. The stability constants at three
different temperatures were cal cul ated by various
computations methods?*?° and are summarized in
TABLE 1. Thevaluesof n (averagenumber of ligand
mol ecul es attached per metal ion) were calculated
using equation (2)

(V"=V")(N+E°)

(V°+V)n,T,,° @
whereV’=volumeof alkali used for acid + ligand +
metal ion, T, °=total concentration of the metal ion,
rest of term symbolsareasgiveninequation (1). The
freeligand exponent, pL was ca culated using equation
3asgivenbdow:

> B"n(1/antilogB)” VO 4y
= 0O —— O o (3)
T, ~-nT, \%

n=

pL =log,,

Theformation curvesobtained by plotting n, against
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pH vauesfor proton—ligand areshownin Figure 1 at
298K, 308K and 318K . From the proton—ligand for-
mation curvethe approximateval uesof thepk, " were

calculated by Bjerrum half integral methodat n, =0.5
or 1.5. The accurate valueswere cal cul ated by inter-

polation of various n, values®,
Thethermodynamic stability of aspeciesisthe
measure of extent of itsformation under aparticular
set of conditions. Inthelanguage of thermodynamics,
the equilibrium constant of areaction isthe measure
of the heat expelled from the reaction system and en-
tropy change during the reaction. The entropy of a
systemisthemeasure of theamount of disorder. The
greater the amount of disorder in the products of a
reaction relativeto the reactants, the greater will be
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Figurel: Proton-ligand for mation curvesat threedifferent
temperaturesfor aspirin.

theincreasein entropy during the reaction and higher
isthestability of products.

RESULTSAND DISCUSSION

Effect of pH

Thetitration dataindicatethat theligand curveis
dightly shifted totheleft of theacid titration curve at
lower pH value. The shift isdueto theinteraction of
protonwith theligand and then withthe metal ion.

Effect of temperature

The perusal of datain TABLE 1 showsthat the
valuesof stability constantsdecreaseswith anincrease
intemperature. So the degree of dissociation of ligand
increaseswith risein temperature but thereisdecrease
inthestability constantsof the complexesof thesemeta
ionswith ligand with temperature. The degree of ion-
ization dsoincreasesfor aligand with temperature.

Order of stability

Theorder of metal —ligand stability constants (log
K) has beenfound to be Cu* > Sre* > Hg* > Pb?* >
Co* ~Ni?* >Zn?* > Cd*. Thisorder isin accordance
withirving - Williamsorder of stability!?. Thestability
of Cu?* complexesismuch higher than what can be
expected fromitsionicradius, dueto Jahn—Teller sta
bilization.
Thermodynamicfunctions

Thevduesof freeenergiesof formation of thecom-
plexes becomes more negative with increasein tem-
perature. Thisshowsthat the complex formationisa

TABLE 1: Metal-ligand stability constantsof complexesat threetemper atures

Stability 1
: : -AG (KJ mol™) AH AS
Cation Cong?r"etni‘:)ter;tejrgfere”t ~2303R T log k (KImol)  (Imol deg?)

298K 308K 318K 298K 308K 318K 308K 308K

H* pK " 5.45 5.42 5.35 - - - - -
Co** logk, 255 251 247 14543 14795 15032 -7.026 25.2
Ni2* logk, 255 2.50 245 14543 14736  14.910 -8.782 19.3
cu®* logk,  2.86 2.81 280 16310 16563  17.040 -8.782 25.2
Zn* logk, 252 2.48 244 14372 14618  14.850 -7.026 24.6
Cd?** logk, 249 2.47 245 14201 14441  14.910 - 3513 355
Sn?* logk,  2.69 2.68 261 15341 15797 15.884 -1.76 455
Hg** logk,  2.66 2.61 251 15170 15384  15.275 -8.78 214
Pb?* logk, 258 2.52 246 14714 14854 14971 -10.539 14.0
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spontaneous process and spontaneity increases with
temperature. Theentropy changesarepositivefor the
system under study and thus the complexes of these
metd ionswithAspirinarestabilized by relaively large
positiveentropy changes.
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