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ABSTRACT

The stability constants of 1-(2'-Hydroxy-5'-Bromepil)-3-(4'Chlorophenyl)-1,3-Propanedione [HB4CR)) (with
Cr(1l1) metal ion in different percentage of Diox@mwater, DMF-water and DMSO-water mixtures havirgying
dielectric constants have been determined pH nadlyicThe ionic strengthy(= 0.1 moI.drﬁ3) was maintained
constant. The stability constants (log k) of bingtyl) systems found to increase with increasedrcentage of

Dioxane, DMF and DMSO. The studies of effect ofeditec constants of medium on the stability conttaof
(HB4CP) and Cr(lll) metal ion have also been stddie
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INTRODUCTION

Substituted hydroxy-1,3-propanedion@sdiketones) are important as potential antimicrbfig antiviral [2], anti-
inflammatory, antibacterial agents [3], Diketones found to possess biological activity. In additto fungicidal
activity, diketones specially chlorodiketones avarfd to possess antihelminthic activities [4]sltéported that the
substituted diketones which are different in nata@ as insecticidals, bactericidals, pharmacesti@nd
fungicidals.

The lanthanide compounds have remarkable importanewery day life [5, 6]. More explicitly in ther@vious
decades their use in various organic technicalge®es led to a rapid growth especially in the fidldomplexes. In
recent years the luminescence properties of rath seetal complexes with differefitdiketones have been widely
studied due to their use in fabrication of polyrtight emitting diodes to enable low cost, full cotpflat panel
display.

The dielectric constant is one of the charactesstif liquid. The proton-ligand and metal-ligandtslity constants
are strongly affected by the dielectric constanthef medium because of the fact that at least btieeaconstituents
is charged and other is either changed or has @eadipariations in the relative strengths of aciagl bases with
changing solvents should be a function of the ahatge radius of the ion and the dielectric cortstarf the
medium. It has been reported that an acid in stdvehsimilar dielectric constants exhibits diffetestrengths e.g.
dissociation of substituted benzoic acids in altfghalcohols and aqueous dioxane with identicalledigic

constants, is different.

The determination of pK and log K values in varigpescentages of dioxane-water and other organieetwater

mixtures have been made by a number of worker2]7Reddy et al [13] have studied the effect oflaliric
constant on the stability of Co(ll) and Ni(ll) with-mercaptoethyl benzimidazole, glycine, ethyler@amine and
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salicylic acid in various proportions of ethyl-wataixtures at 3dc and pa = 0.1 M (NaClQ), Influence of

dielectric constants on stability constants of Qu¢bmplexes with substituted isoxazoline have bsemlied by
Patil et al [14]. Speciation of binary complexesG#(ll), Mg(ll) and Zn(ll) with L-glutamic acid iDMSOwater
Mixtures has been studied [15].Recently Thakurd[@6al7] have studied in influence of ionic strémgf medium
on the complexequilibria of substituted hydoxy-pr®pandiones with Cr(lll) andLa(lll) metal ions ahketal-
ligand stability constants of Th(lll), Sm(lll), Nd) and Pr(lll) metalion complexes with 2-mercagtesubstituted
phenyl-6-substituted phenyl pyrimidines at 0.1 Midstrength pH metrically Nageswara Rao et al[18,19] have
studied influence of dielectric constant on ProtmmaEquilibria of LMethionine in aqueous solut®aof propylene
glycol and acetonitrile & on Complex Equilibria bf dopa Complexes of Toxic Metal iordarwade et al[20] have
investigated the Metal-ligand Stability Constaot<Cu(ll) Complexes and Measurement of ViscositgfrRctivity
Index with some substituted Pyrazoles and Diket@ies 1M StrengthShivaraj et al [21] have studied formation
constants and thermodynamic parameters of bivaktainion complexes with 3-amino-5-ethyl isoxazolkehi
basesand N, N; N, O and O, O donor ligands in siut

The present paper describe the complexation oflIr(hetal ion with 1-(2'-Hydroxy-5'-Bromophenyl)-3-
(4'Chlorophenyl)-1,3-Propanedione [HB4CP] (L) dtt fhole.dms ionic strength in various percentages of Dioxane,

DMF and DMSO in water mixtures by Calvin-Bjerrum mhetric technique at (28 0.1)OC. It also deals with the
study of the effect of dielectric constants of nuedion proton-ligand and metal-ligand stability damnss of Cr(lll)
with [HB4CP] (L).

EXPERIMENTAL SECTION

The ligands [HB4CP] L was synthesized in the latmsa by known literature method. The purity of thes
compounds exceeds 99.5% and structures were cadfiby NMR, IR and melting points. The stock solnsiamf
the ligand was prepared by dissolving required @arhof ligand in a minimum volume of dioxane suhsautly
diluted to final volume. Metal ion solution was peged by dissolving metal nitrate (Sigma - Aldricind
standardized by EDTA titration method as discusseliterature. Carbonate free sodium hydroxide soiuwas
prepared by dissolving the Analar pellets in dedediwater and solution was standardized . The stolckion of
percholric acid was prepared and used after stdizddion .

M easurements :-

All measurements were carried out at £20.1) Oc. Systronic microprocessor based pH meter withnegg stirrer
and combined glass and calomel electrode assersbly for pH measurements. The sensitivity of pH mist.01
units. The instrument could read pH in the ran@® @ 14.00 in the steps of 0.005. The pH meterswaghed on
half an hour before starting the titration for iaitwarm up of the instrument. It was calibratedobe each titration

with an aqueous standard buffer solution of pH A6 9.20 at (22 0.1) Oc prepared from a 'Qualigens' buffer
tablets. The hydrogen ion concentration was medsuith combined glass electrode.

Procedure :-
The experimental procedure involved the titratiohs

i.  Free acid HCIQ (0.01 mol.dri)
ii. Free acid HCIQ (0.01 mol.dri®) and ligand (20 x 1¢ mol.dni®)
iii. Free acid HCIQ (0.01 mole dn'wg) and ligand (20 x 14 moI.dm'3) and metal ion (4 x 16 mol.drn'3) against

standard carbonate free sodium hydroxide (0.142 I.dmnbg) solution using Calvin-Bjerrum and Calvin-Wilson
pH titration techniques. The ionic strength of tié solutions were maintained constant by addingapiate
amount of NaClQ solution. All titrations were carried out in 60,775 and 80 percentages of Dioxane, DMF and

DMSO-water mixtures and reading were recorded &mhe0.1 ml addition. The curves of pH against vauoif
NaOH solution were plotted [22-24].

RESULTSAND DISCUSSION

The extent of deviation may be the dissociation-@H group. Substituted hydroxy-1,3-propanedione rbay
considered as a monobasic acid having one replm:bl'a"tjon from phenolic -OH group and can be represeated

HL HY + L
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The titration data were used to construct the cufaeid curve (A), acid + ligand curve (A+L) anddae ligand +
metal ion curve (A+L+M)] between volume of NaOH ags pH.

The proton-ligand formation numbep rwere calculated by Irving and Rossotti expresgiablel)

(B*N) (Vo-V9)
na = Y - (1)
M+ Vv T, °
wherey denotes the number of dissociable protons, Ndsctincentration of sodium hydroxide (0.142 mor.%m
(V5-V3) is the measure of displacement of the ligand €uelative to acid curve, where,\and V; are the volume

of alkali added to reach the same pH reading taagetirate values of §#V4): the titration curves were drawn on

0

an enlarged scale:%and T~ are the resultant concentration of perchloric ammll concentration of Ligand,

respectively. \j is the initial volume of reaction mixture (50 é)n Proton-Ligand stability constant pk values of
Ligand were calculated by algebraic method poirgtengalculation and also, estimated from formatioves
Vs pH (Hal integral method) by noting pH at whick & 0.5 [Bjerrum 1957].

Metal-Ligand stability constants (log k) were detered by the half integral method by plotting n ps. The
experimental n values determined using expression

(Vo + V) Ty 0

Where N, F, Vg and \, have same significance as in equation (k) js/the volume of NaOH added in the metal

ion titration to attain the given pH reading anooMT (4 x 104 mol dm'3) is the concentration of metal ion in
reaction mixture.

The thermodynamic dissociation constants (protgard stability constants) pK for the different syss are listed
in table 1. These values were calculated by usmgpgpropriate co-relation made to glass electrodednverting
the 'B' values (pH meter readings) into pH valugshe method of Van-Vitert and Fernedius [25]. Tdi¢ meter
reading B was converted into hydrogen ion concéintraising the equation.

-log H =B log 1/r + log lgH

It could be seen from table 1 that pK values ineesawith increase in percentage of Dioxane, DMFRKIEO in
mixtures. The variations in the values with thdefitric constants were investigated from the pbdtsK versus 1/D
and pK versus mole fraction of organic solvent.

Effect of Dielectric Constants:-

The proton-ligand (pK) and metal-ligand stabilignstants (log K) are strongly affected by the diele constants
of the medium because of the fact that at leastobiee constituents is charged and other is eitharged or has a
dipole moment.

The plots of pK, log K versus 1/D shows non-lineglationship in our present investigations. Thedinrelationship
between pK versus 1/D holds good only for low petages of organic solvents. But at a higher peaggntthere is
a non-linear ship which is an agreement with thgeolmation of Aditya et al [26]. Ikhe [27] have alsvestigated
the similar type of study of different complex ddria. The plot of pK, log K versus mole fracti@xhibits linear
relationship for various percentage of organic sotv The slope values vary from 9.0 to 12.0. Theeoked slope
value from the plot of pK versus mole fraction ##B4CP (L) is 8.2532. The slope value is smallenthzat of
acetic acid and propionic acid. This may be dughéofact that acetic acid and propionic acids awnal molecules

while the ligand used in present investigationharged ions, when Hion is displaced from -OH group.
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Jahagirdar and Khanolkar (10) have investigatedftfeet of dielectric constants on pK and log Kuea of Cu (ll)-
3, 5-dibromosalicylic acid. Sondawale et al [11¥danvestigated the effect of dielectric constamitsnethanol-
water mixtures on stability constants of Cu (ll)iamacid peptide complexes. Khobragade [28 ]hasstigated the
effect of dielectric constants of non proteic solvand protetic solvent (ethanol) on dissociatind association of
Cu (II) Glycyl-Glycine. Gulwade [29] has reportduketeffect of dielectric constant of Co (Il) and Sinith 2-(5-
mercapto- [1-2-3]-oxadiazol-2-yl)-phenol in DMF-watmixture. Naik et al [30] have investigated ieflice of
dielectric constants on complex equiliria betweabstituted pyrazolines and lanthanides metal iondidoxane-
water mixture.

The thermodynamic stability constants (log K) ofITx-HB4CP (L) complexes in different percentagedioxane-
water, DMF-water and DMSO-water mixtures are debeedh and tabulated in table 2. It could be seemftable 2
that log K values increased with the increase ncgrgtage of organic solvents and that would betdibe effect of
bulky organic solvents.

The difference between log K4 and log K :-

The difference between log;kand K, values is calculated for representative systemisipdesented in table 3. It is
observed from table 3 that difference between IggaKd log K continuously decreases with the increase in
percentages of Dioxane, DMF and DMSO. This meaas éither log K is relatively decreasing or log K

relatively increasing as a dielectric constantrisréased. The increased dielectric constant woeltedse the
electrostatic forces of attraction between metal @nd negatively charged ligand to form 1:1 compl€ke
formation of 1:2 complexes on the other hand istdube reaction between similarly charged ions.

Table 1 Proton-ligand stability constants (pK) of HBACP (L) in different % of organic solvent-water mixture
at 0.1 mol.dm™3ionic strength

% of Dielectric Mole pK
Dioxane Constant(D) 1D Fraction
60 25.85 0.03868 0.2408 7.9825
70 17.69 0.05652 0.3308 8.8750
75 14.40 0.06944 0.3881 9.3062
80 10.90 0.09174 0.4582 9.8500
% of Dielectric Mole pK
DMF Constant(D) 1D Fraction
60 22.02 0.0454 0.2605 9.080
70 25.69 0.0389 0.3539 9.175
75 27.76 0.0360 0.4134 9.760
80 29.61 0.0337 0.4843 9.820
% of Dielectric Mole pK
DM SO Constant(D) 1/ D Fraction
60 72.10 0.0138 0.2756 8.5647
70 71.08 0.0140 0.3718 8.6575
75 70.40 0.0142 0.4322 8.8500
80 69.80 0.0143 0503 8.9921
Table 2 M etal-ligand stability constants (log K) of Cr(111) HB4CP (L) in different % of organic solvent-water
mixture at 0.1 mol.dm™3 ionic strength
% of Dielectric 1/D Mole log K¢ logK5 logK-log K5
Dioxane Constant(D) Fraction
60 25.85 0.03868 0.2408 7.0000 4.2510 2.749
70 17.69 0.05652 0.3308 7.6750 5.0240 2.651
75 14.40 0.06944 0.3881 8.7234 6.1729 2.550
80 10.90 0.09174 0.4582 9.6250 7.2750 2.350
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% of Dielectric 1/D Mole log K¢ logKo logK¢-log K5
Dioxane Constant(D) Fraction
60 22.02 0.0454 0.2605 7.5375 5.5495 1.9880
70 25.69 0.0389 0.3539 7.6880 5.7380 1.9500
75 27.76 0.0360 0.4134 8.3125 6.7279 1.7846
80 29.61 0.0337 0.4843 9.1861 7.5620 1.6241
% of Dielectric 1/D Mole log K¢ logK, logK4-log Ko
Dioxane Constant(D) Fraction
60 72.10 0.0138 0.2756 6.3875 4.1750 2.2125
70 71.08 0.0140 0.3718 6.5757 4.9625 1.6132
75 70.40 0.0142 0.4322 6.5968 5.1764 1.4204
80 69.80 0.0143 0.5037 7.5625 6.2875 1.2750

Table 3 System : Cr(I11) - HBACP (L)

% of % of % of
Dioxane- log K 1-logK » DM F- logK4 -logKo DM SO- logK 1-log Ko
Water Water Water
60 2.749 60 1.988 60 2.212
70 2.661 70 1.950 70 1.613
75 2.550 75 1.784 75 1.420
80 2.350 80 1.624 80 1.275
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