J. Chem. Soc. Pak. Vol. 3, No. 2, 1981

57

Spectrophotometric Study on Nickel (II) and Cobalt (II)
o-Carboxyphenylhydrazo-diethylmalonate complexes.

B.A. EL-SHETARY*, M.F. EL-SHAHAT** AND W.H. MAHMOUD**

*Chemistry Department, Faculty of Education.
**Department of Chemistry, Faculty of Science.
Ain Shams University, Cairo, Egypt.

(Received 8th January, 1981)

Summary: The stability constants for the formation of type I:I complex between Ni(II) and
Co(ll) ions and o-Carboxyphenylthydrazo-diethylmalonate in aqueous medium at pH’s 8.6 and 8.8 are
3.43 and 4.08 respectively. The solid complexes were prepared and studied by infrared spectra and

ultraviolet to propose their structures.

Introduction

The azo compounds and diethylmalonate were used
widely as complexing agents with transition metals.!
The coupling product, 3-phenylhydrazo-diethylmalo-
nate?>3 and carboxyphenyl hydrazo*? derivative, were
prepared and used as complexing agents4b. Also, the
complexing ability for similar compounds were
studies.> 7

In this connection, the composition and the forma-
tion constant of nickel (II) and Cobalt (II) ions with
o-carboxyphenylhydrazodiethylmalonate  abbreviated
by (o-CPHM) complexes were studied in aqueous and in
solid states.

Experimental

Measurements: The infrared spectra for the isola-
ted solid complexes and the ligand were taken in KBr
technique in the range 2004000 cm’! using Perkin
Elmer model 437 Spectrometer. The absorption spectra
were carried out using recording Pye Unicam SP 1800
Spectrometer against the blank, The pH-measurements
were carried out using Pye Unicam — 290 pH-meter con-
necting with a combined electrode. Also Varian atomic
absorption was used to determine the percentage of
metal in solid complexes.

Materials: Nickel (II) and Cobalt (II) nitrates AR
grade were used in preparation of solutions which stan-

dardized using disodium salt of EDTA in presence of
suitable in dicator.® All other reagents were purified as
recommended method for purification. The potassium-
salt solution of tne ligand 2 x 102 M was prepared by
mixing the approptiate weight in equivalent amount of
KOH and stirred for about 5 hours till the solid was
dissolved. The solid complexes were prepared as men-
tioned before.*®

Results and Discusstion
1 Absorption spectra in solution

On adding of o-CPHM (potassium salt) ligand solu-
tion, to that of nickel nitrate solution, a greenish-yellow
color is produced accompanied by the appearance of a
new characteristic band at 419 nm. In o-CPHM — Co(II)
complex, a reddish-yellow colour is produced, and a
new band at 402 nm. was appeareed. The absorption
characteristic bands are not shifted by increasing the pH
of the solution indicating the formation of the only
one absorbing species in solution. Also the intensity of
the bands begin to increase at pH more than 6.0 and
reached its maximum values at 8.4 and 8.8 for Ni(II)
and Co(II) respectively Fig. L. In case of Co-complex Fig.
1.b a decrease in absorption band above pH 9.0, this
may be attributed to the decomposition of such com-



B.A. EL-SHETARY, M.F. EL-SHAHAT & W.H. MAHMOUD

o
0
1=
<
Q
o
1<}
0
a
<
0 310 430 450 470 390 410 430 450 470 490 510
Wave length nm.
Fig. 1. Effect of the pH on the absorption spectra 3& 2 4

A: Ni-0-CPHM complex [o-CPHM] = 4.0x10 3M. ,[Ni 2"_] =2.0x10 ) M.

B: Co-0-CPHM complex [o-CPHM] = 2.0x10°M. ,[Co” '] = 1.0x10 M.
plex. A+B=AB
11. The composition of the complex CAB

Kap = ()]

The composition of the complexes for Ni(II) and
Co(II) with o-CPHM at pH's 8.6 and 8.8 respectively
were determined spectrophotometrically: continuous
variation,’ slope. ratio method!® and the limiting logari-
thmic method.!! Measurements were carried out in
ammonia buffer, at constant ionic strength 0.1 and at
30°C. All the methods are confirmed that the complex
have 1:1 composition in solution.

111. Stability Constants of Complexes

Spectrophotometric methods are commonly used in
the determination of the composition as well as stability
constant for complexes. However, such methods are
approximate since one usually assumes that the activity
coefficients of both component of the complex do not
deviate from unity.

Following Haymann’s12 method, the stability cons-
tant of the 1:1 nickel or cobalt and o-CPHM complexes
can be calculated using the following relations. If:

(Cpo —cap)— Cp—cap

Where ¢ AB is the comcentration of the complex,
C, Cg are the original concentration of A and B. For
small concentrations of A and B, and assuming that the
absorbance “D” at specific wave length 424 nm and 430
nm are only due to the NI(II) and Co{II) complexes res-
pectively, then:

D = €\p CaB @
CaCB_ 1 ,Ca+CB
D KAB EAB GAB
KaBCaCB 3
€AB

Equation (3) is the Scotts'? form of the Benesi —
Hildebrand'# relation. If C, = Cy, and both are small
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Fig. 2 Haymann’s method for determination of stoichimoetry of:
1-Ni-o-CPHM complex at pH 8.6 and 424 nm.
2-Co-0-CPHM complex at pH 8.8 and 430 nm. in solution.

then the last term in equation (3) can be neglected.

Hence a plot of C, Cy/D against (C, +Cp) will not be

completely linear and, according to-Scott, the best

straight line is drawn through the experimental points
after subjecting the data to a least quares analysis of an
individual run. From the slope and intercept €, 5 can be
computed. Fig. 2 showsthe straightline relation between

Ca CB/D vs. C, +Cy confirming the formation 1:1

complexes and from the slope and intercept, the stabi-

lity constant log K, p = 3.42 and 3.97 for Ni(II) and

Co(lI) complexes respectively.

The resulis were confirmed by Yoe and Jones!S
molar ratio method. The stability constant is calculated
by the relation

K= A/Am

(>-a A p) (LA ) @

where “a” and “b” are the original concentrations of
metal ion and o-CPHM Ligand respectively. “A” is
absorbance of the mixture for individual concentrations
of ligand, and A is the limiting absorbance of the
mixture.

The mean value of stability constant, K, calculated
for 1:1 complex are 343 £ 0.19 and 4.19 £ 0.15 for
Ni(II) and Co(Il) — o -CPHM complexes respectively.

Nothing is available in literature about the complex-
ing ability of o-carboxyphenylhydrozo-diethylmalonate.
The values of stability constants of Ni(II) and Co(Il)
with 0-CPHM complexes are nearly the same as those
obtained by Stock and Davies!® for Ni(I) malonate
complex. The studied ligand can behave as a tridentate
ligand. Thus, the depression may be attributed to the
presence of the ammonia buffer, which can act asa com-
plexing agent.

Solid complexes of Ni(Il and Co(Il) o-carboxyphenyl-
hydrazodiethylmalonate

1. Preparation and chemical analysis.

The solid complexes were prepared by mixing ligand
to metal ion in 2:1 ratio in absence of the ammonia
buffer at pH 5.5 as mentioned before*?. A faint green
and buff plates crystalls for Ni(II) and Co(IL) complexes
were obtained respectively. The elemental analysis, were
carried out for the solid complexes by standard method,
are fairly agree with the composition 2:1 (ligand to
metal).

The solid complexes are fairly soluble in most orga-
nic solvents, where as completely soluble in dimethyl-
formamide. The solid complexes are shrinked at 110°
while charred at 125°C. It decomposed by concentrated
mineral acids on heating.

1. Infrared spectra

The infrared spectra of the ligand and its Ni(Il) and
Co(IT) complexes Fig. 3 may help to identify the struc-
ture of the formed solid complexes inspite of that the
complex in solid state have 1:2 (metal: ligand) on con-
trary the formed complex in solution is 1:1 ratio. This is
attributed to the solid complexes prepared at pH 5.5 in
absence of the ammonia buffer, while the Spectrophoto-
metric studies are performed between pH 89 in am-
monia buffer.

The NH!7 vibration band is broad and weak in the
spectrum of the ligand at 2500 — 2700 cm’!, which dis-
appeared in their spectra of the complexes. At the same
tie a medium band was appeared at 450 cmL, This band
may be due toM-N bond!8 indicating that the hydrogen
atom of hydrazo group in the ligand is replaced by metal
upon complex formation. The observed 1680 em’?
strong band which is always attributed to vibration of
carbonyl gx'oup19 and other modes of vibration in spec-
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TABLE 1
Required Round
Complex C H N M C H N M
Ni(C, 4H1506N2)22H20 47.50 4.79 790 8.32 46.80 4.69 7.56 8.25
Co(Cy4H 1 506N2)22H20 47.50 4.70 790 8.32 47.10 4.73 7.63 8.40
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Fig. 3. Infrared Spectra of: 1-0-CPHM Ligand 2-Ni([l)-(o-CPHM)2 2H20 Complex 3-C0(]I)-(0-CPHM)2 2H20 Complex.

trum of ligand was disappeared in Ni(IT) complex. The
same band was shifted and became a weak at 1665 cm™!
in Co(II) complex. This shift indicated that oxygen atom
of carbonyl group is linked to metal ion, at the same
time a new band was appeared at 430 cm™! which was
assigned to M-O stretching frequency.?

The broad medium bands 3000 — 3429 cm’! in ir
spectrum of the ligand assigned to OH of carboxy and
ethyl! groups still appeared in the ir of the solid com-
plexes in the same position. This indicate that carboxy
group in the ligand may not be sharing in complexation
process. In addition a new strong band appeared at 3500
cm™ confirmed the presence of water crystallization!’
in solid Ni(II) and Co(IT) complexes.

In addition the electronic absorption spectra of
solid ligand and solid Ni (II) and Co(II) complexes in
DMF show that the absorption bands maxima at 258
nm, 356 nm for the ligand suffered a red shift to 266
nm, 368 nm. and 266 nm,, 362 nm. for Ni(Il) and
Co(II) respectively. This shift indicate that the car-
bonyl22 and hydrazo groups are sharing in coordination
process as show in Fig. 4.
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Fig. 4.
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