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ABSTRACT

Stability constant of metal complexes of gallacetophenone phenylhydrazone
(GPPH) are determined using spectrophotometric method. Stability constant
of complexes are determined at 30°C, by maintaining the ionic strength con-
stant using 0.1M NaNO,. The stoichiometry of the complexesisdetermined
by Job’s method. It has been verified thoroughly by Asmus method. For the
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metals, the order of stability constantisfoundtobeFe(ll) > Ti (1V) >Mo (V1)
>Al (111). Thelog k values of the complexesof Fe(I1), Ti (IV), Mo (V1) and Al
(111 are calculated to be 8.84, 8.44, 7.17 and 3.50 respectively by Asmus

method. © 2011 TradeSciencelnc. - INDIA

INTRODUCTION

Thetransition metals have tendency to form coor-
dination compoundswith Lewisbaseswith groupswhich
areableto donate an e ectron pair. Many hydrazones
and phenylhydrazonesshow physiologica activity. These
act asherbicides", insecticides?, acaricides®, nema-
tocidesand plant growth regulatorg®. They show spas-
molytic activity, antibacterid activity™, hypertensive
actionand activity againgt leukemia, sarcomasand other
maignant neoplasmg“. Thephysologica activity seems
to bedueto chelation. The metal complexes of GPPH
reved that theligand can be used aspotentid and ytica
reagent’©. In order toinvestigatemetd chelating ability
of theligand, stability constant determinationisdonein
the present work. The stability constant depends on
severd parameterssuch aseectronegativity, hardness

or softness of the donor atoms in ligand structure,
tropology of ligand and theionicradial charge, hard-
ness or softnessof themetal ion and itsatomic num-
ber™. Gallacetophenone phenylhydrazone may behave
asapoly dentate ligand and despite various metal —
GPPH complexesare studied, no study hasbeen made
to determinetheir stability constants. Inthe present in-
vestigation, the stability constants of chelates of the
above mentioned ligand with Fe(l1), Ti(1V), Mo(V1)
andAl(111) haven been determined spectrophotometri-
cally at room temperature 30+1°C and 0.1M NaNO,
ionic strength.

EXPERIMENTAL

Reagents
All thechemica sused were of Anaytical Reagent
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grade and their solutions were prepared in distilled
water. Lower concentrationsof the solutionswerepre-
pared by suitable dilution of the stock solutions.
Gallacetophenone phenylhydrazonewas prepared as
per thestandard procedure given by Blat'® and Curniss
et a.l'% Themolecular formulaof thecompoundis
C.,H.,N.O,andit meltsat 146-147°C. An ethanolic

14 14 7273
solution of the reagent was employed.

Apparatus

Recording spectrophotometer modd SHIMADZU
UV-240and Elicodigital ;H meter model LI-120were
usedinthe present investigation.

Procedure

Preparation of stock solution of metal salt

Fresh stock solutions of 2.5X10°M of metal salt
(Ti*, 8.87g/l ; Al**, 11.3360/ ; Mo, 4.412g/ ; Fe*,
9.8 g/l) were prepared by dissolving accurate amount
of metal satsinappropriate volume of water or acid.

Buffer solutions

Buffer solutionsof different H rangeswere pre-
pared by mixing appropriaevolumesof 0.5M sulphuric
acid and 10% sodium acetate (;H 2.5), 0.5M formic
acidand 0.5M sodiumformate (_H 3.5) and 0.5M acetic
acidand 0.5M sodium acetate (H 4.5).

Preparation of stock solution of ligand

Fresh stock solution of 2.5x 102M of GPPH was
prepared by dissolving the accurately wei ghed amount
of GPPH (6.45 g/l) in 95% ethanoal.

Prepar ation of working solution

Dilute solutionsof metal ionsand ligand solution
under study were obtained by appropriate dilution of
the stock solution. Thesearefreshly prepared just be-
foreuse.

Determination of 2 __ of themetal —ligand solu-
tion

A number of solutionsweremadeby mixing differ-
ent volumesof 2.5x10*M solution of each of themetal
salt and 2.5 x 10°M of GPPH solution. In each mea-
surement ;H was adjusted suitably by adding appro-
priate buffer and ionic strength was maintained con-
stant using 0.1M NaNO, at room temperature. The
acohol concentrationwasmaintained at 25%v/v. Then
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theabsorption spectraof the complexeswererecorded

against thereagent blank.
Theabsorptionmaxima(h,__ ) of themixturesof the

different metd ionsandtheligand areshownin TABLE.

Deter mination of stiochiometry

Job’smethod of continuousvariationd™ wasused
to determine stiochiometry. 2.5 x 10*M solutions of
metd iong(m) and 2.5x 10°M of ligand were prepared
and aseriesof mixturescontaining ‘x” ml metal ion so-
lution and (50-x) ml of ligand sol ution were made upto
50 ml volumetricflask. Theabsorbance of solutionwas
takenat ) aswasdetermined previoudly.

A plot of absorbanceversus concentration of meta
ion/ metd inplusligand[(M) /(M) (L)] wasdrawnin
each case. Thecomposition of thecomplexesfrom Job’s
plot areshownin TABLE 1.

Deter mination of stability constant

The stability constant of metal ions (Ti*, Al*,
Mo® and Fe?*) with GPPH were determined spec-
trophotometrically usingAsmusmethod. The method
consists of determining the absorbances of solutions
containing fixed volume of the metal in solution (V)
of concentration (C ) and increasing volumes (v) of
the ligand solution of concentration (b ), the total
volume of solution (V) being kept constant. From
the absorbance, the extinction modulus, ‘m’ iscal-
culated by dividing absorbance by the cell width.
Then graphsare drawn between 1/m and 1/V"where
n=1,2,3 etc. Thevalue of ‘n’ corresponding to the
linear plot givesthe number of ligands attached to
themeta ion.

Theintercept of thestraight lineplot givesthesta:
bility congtant
Intercept =- (b /V)". Uk
where K isinstability constant.

Thedahility constantswhich areevd uated areshown
iINTABLE 1.

TABLE 1: Sability constant data of metal - GPPH systems

Metal — GPPH A max ML Stability
system (nm) constant (log k)
Fe (1) - GPPH 378 1.2 8.84
Ti(IV) — GPPH 375 1:2 8.44
Mo(VI) — GPPH 375 1:2 7.17
Al(lIT) — GPPH 375 11 3.50
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RESULTSAND DISCUSSION

Stoichiometry of the complexeswere determined
fromtheplot of absorbanceversus[M]/[M] [L].Asmus
method was used to confirm the composition of the
complexes. Theresultsfrom Asmus method showed
that except for duminium, themetal of ligand ratiois
1:2andforAland GPPH itis1:1

Furthermore, the stability of the complexeswere
evaluated. Thevaluesof the stability constant, log k
werecd culated usngAsmus method. Fromtheresults
of stability constants, the order of stability constant and
hencethereactivity of theligand towardsthe metals
followsthetrend Fe(1D>Ti(1IV)>Mo(VD>AI(lII). From
thesestudies, it isknown that thetransition complexes
of GPPH namely Fe(l1) - GPPH, Ti(1V) - GPPH and
Mo(V1)— GPPH arerelatively morestable, whilethe
non-trangition complex of Al(111) — GPPH islessstable.
Addition of fluorideionsto the less stable Al(111) —
GPPH complex resulted in aproportional decrease of
absorbance. Thebleaching action of fluoridehasbeen
utilized for itsindirect spectrophotometric determina:
tioninwater samplesby the sameauthor2.

Thusthe complexesof GPPH havebeen studied to
determinetheir stability. It isinteresting becausethese
dataare useful to understand therole of metal ionsin
theanaysisof water samplesand theroleof GPPH as
an analytical reagent.
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