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ABSTRACT

Proton ligand and Metal ligand formation constant of ternary complexes of
the type MLB [Where L =) L,= 3-chloro,2-hydroxypropiophenone (3-Cl-
2HP) ii) L, = 2-hydroxypropiophenone (2-HP)] and B = [B,= Hippuric(hip)
acid, B, = Glutamic acid (glu) B,=Histidine (hist), B,= Aspartic acid (Asp)]
And M = Cu (" have been determined by potentiometrically in biologically
relevant conditions at ionic strength u = 0.1M NaClO, the overall stability
constant have been evaluated using SCOGS computer program. The com-
plexation equilibria have been derived on the basis of concentration species
distribution curve and percentage distribution curve. In al cases primary
ligands and secondary ligands are found to be compatible ligands. And
there by proving greater stability of ternary complexes as compared to bi-
nary ones. The stability of ternary complexes expressed in terms of thermo-
dynamic parameter Alog k. and Negative values of Alog k suggest that, the
formations of ternary complexes are favorable. And the order of stability
congtant of ternary system with amino acids for respective primary ligands
isL,=B>B,>B,>B,andL,=B,>B,>B,>B,.
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INTRODUCTION

TheCumeta complexesof hydroxyl and thiocom-
pound have been reported to bebiologically active.l™
Intrace amount copper isessentid for life, about 98%
of the Cuin normal human blood plasmaispresent as
ceruloplasmin, ablue colored copper containing en-
zymes. The deficiency of Ceruloplasminisassociated
withWilson’s disease caused by accumulation of Cu in
brain and liver. Mixed ligand complexesplay animpor-
tant rolein numerouschemica andbiological system?.
And such complexes are significancein the study of

bi o-fluids particularly when hyper accumul ated metal
ionsarepresentsfor physiologica and pathologica na
ture’® mixed coordination by protein and rel ated sub-
stances hasbeen subject of investigation of many work-
erd>7. in the present paper, the formation has been
studied potentiometrically by Irving-Rossotti tech-
niques® in 60 % (v/v) ethanol-water medium.

EXPERIMENTAL

Primary ligands (2-HP and 3CI-2HP) prepared by
Fries-migration reactions. By using s mpleand haogen
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substituted phenol and characterized by |.R. spectra. |
.R bands of the ligandsin KBr phase, [>C=0 and -
OH groups were identified] due to >C=0 group at
(1650-1670). And -OH group at (3650-3531). All the
other chemicdsareA.R. grade and were obtained from
S.D. Finechemicasitd. AnElicomodd LI-120digita
pH meter with combined glass el ectrodewas used for
measurement of pH va ue and experimenta procedure
involvespotentiometrictitrationof (1) 2ml of freeHCIO4
[0.5M]; (2Mixt(i)+10mI0.01M.(L) ; (S)Mixt.(ii)+2ml-
0.0IMCu(ll); (4) Mixt. (i) + 20ml 0.01 M Sec.lig.(ii);
(5)Mixt(iv)+2ml0.01IM Cu(ll); (6) Mixt (ii) + 10 ml
0.01M sec. lig+2ml 0.01M

Cu( against standard 0.2M NaOH solution the
initid volume of each solutionwastakenas50ml. The
ionic strength of above sol utionswasmaintained 0.1M
withthehelp of 1M [NaClQ,] solution.

RESULT AND DISCUSSION

Stability constant of theseligands are determined
by Irving-Rossotti techniques® at constant tempera
ture 25+ 0.1°Cin 60 % (v/v) ethanol -water medium.

Composite Curve For A+B1+L1+Cu(ll)
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Primary ligandscontain onehydroxyl groupandone
carbonyl group. Only-onerepl aceableprotonisavail-
able, thereforeonly-onepK vaue(i.e. protonligand
stability constant) isobtained .and Amino-acidsarebi-
dentateligand having carboxylic group and amino group,
two replaceable protonsare avail able, thereforetwo
pK valuesare obtained.

Proton-ligand and meta -ligand stability constants

—= Fyll Poper

of primary ligandswith Cu (" are calculated by Irving-
Rossotti titration method.® And represented inTABLE
1. Primary ligandsform 1:1and 1:2 complexeswith Cu
MinthepH range. Stability constant of bivalent metal
complexesderived from similar typeof ligands, gener-
dlyfollow theorder of stability as. L, =Mn>Cu>Zn
>Ni>Co.L,=Cu>Ni>Co>Zn>Mn.

TABLE 1: Proton ligand and metal ligand stability constant

of 2-HP and 3-Cl, 2-HPin 60% (v/v) ethanol-water medium at
250¢c+ 0.10¢

(pK)  Stability

Ligands constant Mn Co Ni cu Zn
8.3838 Logk; 7.2903 6.8166 6.9963 7.1222 7.1544
L1 Logk, 5.8608 5.3957 5.3925 57171 5.6283
Logp 13.1111 12.2123 12.3888 12.8394 12.7827
8.6969  LogK; 8.0937 82227 8.1182 8.1200 .8.1508
L2 LogK, 7.3798 7.3205 7.4531 7.4840 7.3705

Logp 15.4735 15.5432 15.5713 15.6040 15.5213

2] Ternary complexes
(A) Cu" - L*-B!system

Theformation equilibriaof mixed ligand complexes
withtheligandsand Cu'" are 1:1:1 ternary complexes
and formed by s multaneousequilibrium.

The preferentia formation of ternary complexes
over binary complexes hasbeen discussed interms of
equilibrium constant .and on the basis of speciation
curvesasinFigure2.

200 Concentration Species of Cu(ll)-L1-B1
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The percentage distribution curvefreemeta (F,,)
decreaseswithincreasing pH. Percentage concentra-
tionof freeligandsF_and F, increasesand particularly
negligibleascompared withthat of F . all systemin-
vestigated in the present paper showssimilar behavior.
The plotsof concentration of variousspeciesVspHin
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thissysemareshowninfigure2and 3. fromfigure2it
isclear that the equilibrium curves C, and C, for the
formation of B and L shows continuous decreasesin
the concentration of B and L indicating theformation of
CuBL inthispH range by equilibriaCu+B + L <
CuBL

The concentration of CuB and CuL decreasescon-
tinuoudy withincreasing pH

Whichindicating theformation of CuBL isfavor-
ableby equilibria8. and thereisnegligible conc. Of
CuB and CuL the possibility of formation of CuBL by
theequilibriaCuB + CuL <> CuBL + Cu. --- (8). The
conc. Of B and L are very low, where as conc. Of
CuBL inthispH rangeismaximumwhichindicatethe
formation of CuBL inthispH range.

AndCu(ll) - L,-B, investigated inthe present pa-
per showssimilar behavior.

Thegability congtant of ternary complexesarecal-
culated by using ‘SCOGS’® computer programmeand

Concentration Species of Cufll}-L2-B1

Ceoncenfration

2 c1
s :\
PH

TABLE 2: Sability constant valuesof Cu (11)-L,-B

L.-B Bu B2o Bo2 Ki Kg K,
L-Hip  8.2806 5.8755 12.839 1.0582 5.1222 0.9097 2.0000
L-Glu  8.7375 5.2725 12.839 1.6151 6.6223 1.0737 0.4999
L - Hist 18.2335 24.114 12.839 11.111 5.6222 1.0737 1.5000
L-Asp 155662 20.979 12.839 8.3338 6.6200 0.8995 2.5000

-Alog k

TABLE 3: Sability constant valuesof Cu (11)-L -B

L.-B Bu B2o Boz Ki Ke Kr
L-Hip 87784 5.8755 15.604 0.6384 4.6200 0.8405 2.500
L-Glu  9.4852 5.2378 15.604 1.3652 7.3700 1.1029 0.7500
L - Hist 18.4810 24.114 15.604 10.361 5.7697 091585 1.2503
L-Asp 175640 20.979 15.604 9.444 6.6200 0.9423 1.5000

valuesobtained arerepresented in TABLE 2 and 3.
Thegtability constant of ternary complexesare con-
veniently characterized by twowaysbasedon (1) Dis-

proportion constant K .
Tnorganic CHEMISTRY Commm—

-Alog k

Kogrox [ML,+MB,=2MLB

Thedisproportion reactionisfor the system con-
taining ligandswhichforms1:1 and 1:2 complexesIn-
dividudly with Cu (1) and (2) Thedifferenceof stabil-
ity constant between binary and ternary complexesi.e.
Alogk

Alogk =logKML,-logKML

GenerdlylogK,, ,>logK,, , becausemoreco-or-
dination podtionsareavail ablefor bindingfirst ligandto
meta ion. Thansecondligandi.e. Alogk vauesarenega:
tive. Thenegativevauesof A10gk obtainedinthepresent
investigationindicatethat primary and secondary ligands
form ternary complexesrather than binary ones.

Thevaluesof Kr arepositive and about 1.0for al
ternary complexesindicatesextrastabilization over bi-
nary ones, similarly thevaluesof K _and K arealso
positive, which aso support that theternary complexes
are more stable than corresponding binary com-
plexes*% overal congtant B, B,,, B, ,, wereobtained
as computer outputs, from which the other constant
were cal culated using the appropriate reactions.

Theformation of mixed ligand chel ate was con-
firmed by comparing mixed ligand curveand compos-
itecurve™ Mixed ligand curvedid not coincidewith
either of theindividual metal complex curve, andthere
forel:1:1ternary complex isformed!

The order of stability of ternary complexeswith
respect to secondary ligands for respective primary
ligandsis.

L=B,>B,>B,>B,.
LZ: BB > B4> BZ> Bl.

The stability of metal chelates dependsupon the
total ringinthe complex and the number of atomsin
eachring. it al so observed that the higher the number of
chelateringsgreater isthe stability of complexes.?

Inthepresent investigation dl thesecomplexespro-
ducesfive membered ring on the onesidewith amino
acidsand six membered ring with primary ligands It
was observed by someworkersthat, thereisdecrease
inligand stability withtheincreasingring size3
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