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Potentiometric studies on Co(lI), Ni(II), Cu(II), Zn(II), Cd(II),
UO~ + and V02 + chelates with N-o-hydroxyacetophenoneimine-o
aminophenol (H2AP) have been carried out using Calvin's extension
of Bjerrum's method in aqueous medium (Ii =0.1,0.05 and 0.01 M
NaCI04) at 25, 35 and 45°C. Related thermodynamic parameters,
e.g., liGo, !!.Ho and!!.S' have been evaluated. Magnetic, conductance
and spectral data of the solid chelates have been used to characterise
them.

The dissociation constants of N-o-hydroxy
acetophenoneimine-o-aminophenol (HzAP) and stabi
lity constants of its chelates with Co(II), Ni(II), Cu(II),
Zn(I1), Cd(II), UO~ + and VOZ+ have been determined
by Calvin's extension of Bjerrum's method I. The
results are presented in this note.

H2AP was synthesised by the condensation of 0
hydroxyacetophenone with o-aminophenol in pre
sence of piperidine. After refluxing equimolar
alcoholic solutions of these compounds for 2-3 hr, the
light yellow solution obtained was filtered hot,
concentrated and cooled when yellow crystals were
obtained. These were purified by recrystallisation from
ethanol. A quantitative yield of HzAP was obtained,
m.p. 187°C [Found: C, 73.78; H, 5.59; N, 6.03. Calc.
for CI4H130zN: C, 74.0; H, 5.73; N, 6.17%].

for potentiometric study, the following mixtures
(total volume 40 ml) were prepared and titrated against
0.1 M NaOH solution (at 250, 35° and 45°C) when
titration curves of usual shapes were obtained. (i) 10.0
ml O.OlM HzAP+4.0ml 1.0M NaCI04 +26.0 ml
HzO; (ii) 10.0 ml O.OIM HzAP+4.0 ml1.0M NaCl04
+ 10.0 ml metal ion solution + 16.0 ml HzO; (iii) 20.0
ml O.OlM HzAP+4.0 ml 1.0M NaCl04 + 10.0 ml
O.OlM metal ion solution + 6 ml HzO.

pKl and pKz of HzA.P were found to be 5.14 and
9.23 at 25°; 4.96 and 9.00 at 35°; 4.64 and 8.70 at 45°,
respectively. These values indicate the biprotic nature
of the ligand. By plotting ii vs -log[AZ-], the
formation curves of the metal-ligand systems were
obtained. The values of stability constants derived
from the formation curves were refined by different
computational methodsz. The order of thermody
namic stabilities was found to be: VOH > UO~+
:> Cu(II) > Ni(II)>Co(II) >Zn(lI) >Cd(II)' which is in
a.ccordance with the Irving-Williams rule3.

Thermodynamic parameters
The thermodynamilc parameters, e.g., AGo, AHO and

fj,SO have been evaluated using Gibbs-Helmholtz
equation. I1G" values of all the chelates are more
negative at higher temperatures. AHO values are
positive in all the cases indicating endothermic nature
of reactions. The positive values of ASO for all the
chelates suggest that the entropy term is favourable for
their formation.

In terms of Harned equation4, the plots of pf(ll- etZ

vs t were found to be linear. Values of slope ( - 2ee) and
intercept (pK~ + c(JZ) were obtained from the plot.
Values of e, pKH and pK~ are given in Table 1.

Table I-Thermodynamic Parameters of Bivalent Metal Chelates of N-o-Hydroxyacetophenoneimine-o-aminophenol
(HzAP)

Metal log /30Thermodynamic parameters at 35°C
ion 25°

35°45°_AGO!!.Jr!!.SO

(kJ mol-I)
(kJ mol-I)(kJ deg -I mol -I)

Co(II)

15.8416.2316.7295.7279.840.57
Ni(lD

16.5216.9917.44100.2083.470.60

Cu(II)

17.9318.4818.74108.9973.490.59

Zn(1ij

7.637.918.0546.6538.110.28

Cd(II)

7.257.427.5843.7629.940.24
uo~+

19.9720.5921.12121.43104.330.73
V02+

21.9422.7523.27134.17120.660.83

In terms of Harned's equation: pKH at 35° is 13.94;pK~ = 1.84 and WC) = 525.6
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Table 2- Yield, Elemental Analysi"i,Molecular Weight and Magnetic Moments of HzAP and Its Bivalent Metal Chelates
Ligand/Chelate

Molec.Found (Calc.), %#l.ff .
(Yield, '1,)

wt (8.M.)
C

HNMetalat 308°K

Found (Calc.)HzAP

22572.985.596.03

(100)
(227)(74.00)(5.73)(6.17)

[Co(C14HII0ZN)(HzOh]
33549.494.984.0516.694.88

(72)

(338)(49.70)(5.03)(4.14)(17.46)

[Ni(CI4HII0ZN)(HzOh]
33649.374.964.0816.772.93

(66)
(338)(49.70)(5.03)(4.14)(17.46)

[Cu(CI4HIIOZN)]z
57457.953.734.6621.98l.58

(73)
(578)(58.13)(3.80)(4.84)(22.15)

[Zn(CI4HII0zN)(HzO)]

30454.284.154.2920.54

(64)
(308)(54.55)(4.22)(4.55)(21.10)

[Cd(CI4HII0ZN)(HzO)]
35147.093.523.7530.87

(68)
(355)(47.32)(3.66)(3.94)(31.55)

[UOz(CI4HII0ZN)(HzO)]

50832.312.312.6352.09

(71)

(513)(32.74)(2.53)(2.73)(52.63)

[VO(C14HII0ZN)(HzOh]

30653.884.594.4020.821.65

(59)
(310)(54.19)(4.84)(4.52)(21.61)

Synthesis of solid chelates

The metal chelates were obtained as crystalline
so.lids by refluxing ethano.lic so.lutio.no.fH2AP (0.02M)
with the metal nitrate (0.02M) solutio.n in 70% ethano.l.
After reflux, the mixture was stirred magnetically and
a few dro.ps o.f dilute ammo.nia (1:20) were added
gradually till the so.lid mass appeared. The mass was
filtered under suctio.n, washed with hat ethano.l, dried
and preserved. Analytical and mo.lecular weight data
o.fthe so.lidmetal chelates (Table 2) suggest 1:1(metal
ligand) sto.ichio.metry. Co.nductance (A M= 3.5 - 6.9
o.hm-1 cm2 mol-I) data suggest no.nelectrolytic
nature o.f the metal chelates. Excepting the Zn(II),
Cd(Il) and UO~ + chelates, which were fo.und to. be
diamagnetic as usual, the rest o.f the co.mplexes were
fo.und to. be paramagnetic. Ho.wever, Cu(II) chelate
sho.wed subno.rmal magnetic mo.ment o.f 1.58 B.M. at
308° which indicated its dimeric nature. On this basis
an o.ctahedral stereochemistry is suggested fo.r the
Ni(II), Co(II), UO~ + and VOZ+ chelates. The Cu(II)
chelate may po.ssess a dimeric bridged structure
invo.lving superexchange thro.ugh br:idged o.xygen
ato.ms. Zn(ll) and Cd(II) chelates are expected to. be
tetrahedral as is co.mmo.nwith these io.ns.

The electronic spectrum o.f the Co(II) chelate in
benzene sho.ws three bands at 8350, 17450 and 20500
cm -1 which can be assigned to. the transitio.ns 4T .Jf)
--44TJ..f), 4T.Jf)--44AJf) and 4 T.Jf)--44T.JP)
respectively. These bands indicate an o.ctahedral
geo.metry fo.r Co(II) chelates. In the case o.f Ni(II)
chelate, two. bands are o.btained at 13500 and 25800

cm -1 which may be assigned to. the transitio.ns 3A,.
--43£.Jf) and 3A,.--4 3T.JP), respectively. These bands
suggest an o.ctahedral stereo.chemistry far the Ni(II)
compound. The electronic absorptio.n spectrum of the
Cu(ll) chelate in benzene co.nsists o.f two. abso.rptio.n
bands at 24,600 and 14,200em -1. The band at 24,600
cm -1 is stronger than the ather and it may be due to.
intra-ligand charge-transfer. The band at 14,200cm -1
may be due to. the electro.nic transitio.n zE,--42T'J6' In
the case o.fV02 + chelate two.bands o.btained at 11600

cm -1 and20100cm -1 may be due to.the transitio.ns d,.I'
--4d,,,. dO': and d'l'--4d,,_ .•., respectively, suggesting
o.ctahedral stereo.chemistry far this chelate.

The IR spectrum o.f H2AP sho.ws three bands at
3640, 3450 and 1610 cm -1 which co.rrespond to. vO

-H, vOH---N(hydrogen banded -OH) and vC=N,
respectively. In all the metal chelates the bands at 3640
and 3450 cm -1 co.uld no.t be located indicating the
deproto.natio.n o.f bath the -OH groups due to.
chelatio.n. vC= N was lo.wered to. 1590 cm-I
suggesting participation o.f azo.methine nitro.gen in
co.mplexatio.n. The metal chelates also. sho.wed two.
bands in the regio.ns 550-580 and 480-500 cm-I
assignable to. vM - 0 and vM - N respectively.
Excepting the Cu(ll) co.mplex, all the chelates sho.wed
o.ne band in the range 3310-3320 cm -1 which may be
due to. vOH o.f water mo.lecule present. The lass o.f
water molecules at relatively high temperature (> 190°)
and a band in the regio.n 720-750 cm -1 indicate that
the H20 mo.lecules are co.o.rdinated and no.t lattice
held. Based an the abo.veevidences structure (I) may be
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assigned to the metal chelates. However, the Cu(II)
chelate, displaying subnormal magnetic moment, may
be represented by the dimeric bridged structure (II).
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