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ABSTRACT

Interactions of cadmium and |ead metal swith promazine wereinvestigated
by Differential pulse voltammetry. Measurements were performed in so-
dium acetate buffer at pH 6.00 in agueous solutions under physiological
ionic strength (0.15 mol dm®). The electrochemical behavior of complexes
of Cd (I1) and Pb (11) with promazine were studied for determination of the
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corresponding stability constants ([M 2*] = 9x10° mol dm3, pH = 6.00; total
concentration of promazinefrom 1x10°to 1x10“ mol dm3). It was observed
that promazineforms1:1 and 1:2 complexeswith Cd (I1) and Pb (11) respec-
tively. The stability constants of the Cd (I1)-promazine and Pb (I1)-pro-
mazine complexes were eval uated with the DeFord-Hume procedure at dif-
ferent ligand concentrations and they were cal culated from the dependence
of the shift of metal peak potential on the free promazineion concentration.
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INTRODUCTION

Phenothiazines, which were introduced in the
1950’s as antipsychotic drugs are still widely, used as
tranquillizers, antihistaminic, antiemetic, sedative, an-
algesics, and antiparkinson™. In view of their impor-
tance considerable methods have been reported for
their detectionand quantificationinbiologica fluidsas
well aspharmaceuticals and these methods have been
reviewed>4, Phenothiazinesexhibit certaininterest-
ing analytical propertiessuch asliability to oxidation
and formation of ion-pair associ ation complex owing
to the presence of chemically active sulfur and nitro-
gen atoms and al so protonated nitrogen on side sub-
dtitutionsinther structures. Therefore, therearemany
spectrophotometric procedures based on the oxida-

tion of these drugsto colored cation radicals using
various oxidizing agents such as iodic acid®,
cerium(1V)®, N-bromosuccinimide?, dichromate®,
iron(11N®, 2-iodobenzoate”, and al so extraction of
coloredion-association complex of phenothiazineswith
many acidic dyes into organic solvents such as
dichloromethane and chloroform™-3, Unfortunately,
moreof the oxidation methods suffer from severa dis-
advantages|ikeuse of long heating step, low sensitiv-
ity, very strong acid medium, low range of determina-
tionand critical working, and poor selectivity. Onthe
other hand, tedious and time consuming extraction
steps, use of organic solvents, strict pH control are
theimportant limitationsin the application of proce-
dures based on extraction-ion-associ ation complex
formation.


mailto:bansodeaditya@yahoo.co.in

280

Stability constants of cadmium and lead complexes with promazine

ACAIJ, 10(5) 2010

Full Peper ——

01m10°*

0
A0
mI0®

A0

i/ A

D4l
D310t

Dl

0710t — T T T T T T T T T T T T T
JX¥0 40 D40 0300 O%0 Le0 S0 470 A7

E/V
Figurel: DPP of 9x10°M Cadmium with increasing con-
centration of PromazineHCI (0.99x10°M t08.99x10°M)in
buffer solution of pH 6.00. a=9x10°M pureCadmiuml[-]in
buffer solution. Ligand: b = 0.99x10%, ¢ = 1.99x10°5, d =
2.9910°, e = 3.99x10°%, f = 4.99x10%, g = 5.9910° h =
6.99x10°, i = 7.99x10%, j =8.9910°M[_]

TABLE 1: Voltammetric measurementsof Cadmium[M] -
Promazinehydrochloride[L] complexesfor the deter mina-
tion of the stability constantsLog (K ,, ™) by shift in peak
potential

Concentration Concentration

[M]x10°5 M [Lxi05m  EPV)  1p(A)
9.00 - -0551  -7.17x10 7’
9.00 0.99 -0.553  -7.02x10 7
9.00 1.99 -0.555  -5.53x10
9.00 2.99 -0.558  -2.51x10
9.00 3.99 -0.560  -1.38x10
9.00 4.99 -0.562  -9.39x10°®
9.00 5.99 -0.565 -6.49x10°®
9.00 6.99 -0.567  -8.98x10°
9.00 7.99 -0570  -7.08x10°°
9.00 8.99 -0572  -6.40x10°
9.00 9.99 - -
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Figure2: DPPof 9x 10°M L ead with incr easing concentra-
tion of PromazineHCI (0.99x10°M t017.99x10° M) in buffer
solution of pH 6.00. a=9x10 %M pure Lead[-] in buffer
solution. Ligand: b =1.99x10%, ¢=3.99x107%, d = 5.99x10°,
e=7.99x10°, f =9.99x10%, g=11.99x10%, h = 13.99x1075, i
=15.99x107%, ] = 17.99x10°M[_]

TABLE 2: Voltammetric measurementsof Lead[M] — Pro-
mazinehydrochloride]L] complexesfor thedeter mination of
thestability constantsLog (K, ™) by shiftin peak potential

Concentration

Concentration

[M]x105 M [L]x10°5 M Ep (V) P (A)
9.00 - -0.397  -7.52x10°77
9.00 1.99 -0.397  -7.52x10°7
9.00 3.99 -0.405  -7.04x10°7
9.00 5.99 -0409  -6.43x10°77
9.00 7.99 -0413  -5.91x107
9.00 9.99 -0417  -5.09x10 7
9.00 11.99 0421  -4.63x10°77
9.00 13.99 0423  -4.02x10°7
9.00 15.99 0428 -3.88x10°7
9.00 17.99 -0430  -3.65x1077
9.00 19.99 -0430 -3.63x1077
9.00 21.99 -0430  -3.64x10°7

In the present work the formation of complexes
have been examined by differtial pulsevoltammetric
study. Theoverdl stability constant of the cadmium
(1) and lead (1) complex of promazine in aqueous
medium was determined by shift in peak potential.

EXPERIMENTAL

Chemicalsand solutions

Thefollowing chemica reagentswereusedfor all
voltammetric experiments: CH,COOH (Merk),
CH,COONa(Merk), Promazine.HCI (Aldrich), Cd
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(NO3), and Pb (NO3), (Merk). All the chemicalsused
involtammetric measurementswereof andytica grade.
Doubledistilled, deionized water was used for prepa-
rationsof al solutions. Thestock solutionsof promazine
(10% mol dm), Cd (NO3), (9x10° mol dm) and
Pb(NO3), (9x10° mol dm®) were prepared in sodium
acetate buffer at pH =6.00, The solutionswerekeptin
darkness at 4°C and were found to be stable over a
period of severad weeks. Diluted solutionsof promazine
were prepared from the stock just prior to analysis.
Pure nitrogen (99.99 %) was used to deaerate the so-
lutions
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Appar atusand measur ements

Electrochemical measurementswere carried out
using acomputerized multi purpose system consisting
of AUTOLAB (EcoChemie, Utrecht, The Nether-
lands), a personal computer (486 DX2-80 MHz 32
MbRAM) and aStatic Mercury Drop ElectrodeAs-
sembly (SMDE) PAR 303A (Princeton Applied Re-
search, Princeton, USA) with ahomemade holder of
electrode components The three- electrode system
comprising saturated calomel electrode asareference
electrode, carbon electrode as acounter el ectrode and
multimode mercury el ectrode asaworking was used.
Theéelectrochemical instrument was controlled by a
computer with thefollowing software packages. EAS
(ElectroAnalytical System) and GPES 4.5 (General
PurposeElectrochemica System). Thecapillary of drop
size 04 with the surface area of 0.04mm? was used.
Before each measurementsa stream of pure nitrogen
deareated the solution. Thetime of purging was 180s
and thetimeof equilibrationswas 20s.

A known volumeof supporting electrolyte 0.15M
Kdl inbuffer solution pH 6.00 wastakenin samplecdll
and polarogramwasrun asablank. Tothissolution the
metal solutionswere prepared to get desired working
solution. A knownvolumeof working solutionwastaken
in cell and polarogram was run. Then astep by step
increasein concentration of phenothiazine drugswas
made using amicropipette thetotal concentration of
thedrug was approximately thrice the concentration of
metd. Thepotentid scanswererecorded using polaro-
graphic technique at scanrate of 10 mVs*and pulse
amplitude of 50 mV. The experimental data of
voltammetric measurement for the compl exation of pro-
mazinewith Cadmium and Lead ionsin agueous me-
diumaregivenin TABLE 1and 2 respectively.

RESULTSAND DISCUSSION

Thebehavior of cadmium andleadionsin agueous
solution can be affected by avariety of competing re-
actions, suchashydrolysis, complexation, precipitation/
dissol ution, oxidation/ reduction, and sorption/desorp-
tion at the surface of particles. Sincethesereactions
changethe speciation of thesemetal ions, they control
to alarge extent both their toxicity and mobility ina
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natural system. Speciation istherefore of central im-
portance when studying any metal ion behavior in natu-
ral aguatic environments, inwhich thesereactionscan
al occur smultaneoudy, but to highly different extents
under different conditiong?.

DPV technique has been used for the determina-
tionfor thedetermination of the stability constant inthe
present investigation. Thebasicobservationinclassica
d.c. polarography isthat the half wave potential of a
simpleion shifted by complexation. Heyrovsky and
Hkovie'" suggested thefirst theoretical treatment of
the effect of complexation agent upon the reduction
potentid of asmpleion. Thisre ation between theshift
in pesk potentid and the stability constant isasfollows.
AEp=(E),- (Ep).

=(0.05916/n) Log Bp + (0.05916 p/n) Log C, @
where, (EP)S: peak potential of thefreecation, (Ep),.=
peak potential of the complexed cation, Bp= stability
constant, C =total ligand concentration, P=ligandto
metd ratio.

Eq. (1) indicates that the plot of AEpVsLog C.
would providethevaueof (0.05916/n) Log Bp asin-
tercept and 0.05916 p/n asslope. Theseplotsare used
to calculatethe stability constants.

Sability constant of cadmium-promazine com-
plexes

The DPPfor the complexation of promazine HCI
with Cd (1) in purewater aregiveninfigure 1. Cd (I1)
showsasinglereduction peak at -0.551V. On gradu-
ally increasing the concentration of promazinefrom
1x10°to0 1x10*mol dm3inthecel containing 9x 10
>mol dm Cd (1) metal solution, resultintheshiftin
peak potentia towards more negeative sidewith smul-
taneous decreasein peak current. With continuous de-
creasein current, the peak di sappearscompletely when
ligand concentration isalmost equal to that of metal,
indicating that the complex has 1:1(metal: ligand)
gtiochiometry. Thestability congtant wasca culated from
shiftinpeak potential and wasfound 2.335.

Sability constant of lead -promazine complexes

Onother hand, complexation of promazineHC| with
Pb (I1) isdifferent. In case of Pb (1) asinglereduction
peak isobserved at -0.397V. On gradually increasing
the concentration of promazinefrom 1x10°to 1x10*

— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



282

Stability constants of cadmium and lead complexes with promazine

ACAIJ, 10(5) 2010

Full Peaper ==

mol dm2inthecell containing 9x10° mol dm=Pb (I1)
metd solution. Fromfigure2itisobservedthat asingle
reduction peak of Pb (I1) shifted towards more nega-
tive sidewith continuous decreasein current on addi-
tion promazineHCI. Thisdecreasein current and shift
inpeak potential iscontinuedtill [M]/2[L] =0.5indi-
catingthat complex has1:2 (metd: ligand) stiochiometry.
Thestability constant was ca culated from shift in peak
potential and wasfound 2.226.

CONCLUSION

Thecomplexation reaction occurring between meta
ions (i.e Cd (II) and Pb (I1)) and promazine can be
followed by using DPP, which alow theidentification
of complexesformed aswell asthe determination of
stability constant. Cd(I1) and Po(ll) ionswasfound to
form complexesof 1:1 and 1:2 complexeswith pro-

mazinerespectively.
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