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Complexes of Co(Il) and Ni(II) with acetophenone-
5(3)-methylpyrazole-3(5)-carbohydrazone  (AMPCH)
have been synthesised and characterised. Thes¢ comple-
xes have the general formula, M(AMPCH),X} . n H,O
(M=Co/Ni; X=Cl, Br, ClO,, BF,, NO;, | 1/280,
n=0/1/2/4). Magnetic moment and electroni¢ spectral
data indicate that most of the complex species are grossly
octahedral except the halo (X=Cl, Br) complexes of
Co(ll), which possibly exist as a mixture of octahedral
and tetrahedral species. The IR spectra indicate that the
ligand acts as a neutral tridentate (NON) one and the
counterion (X) retains its ionic character.

As a part of our programme to study the
coordination modes of pyrazole based carhohydra-
zides and the corresponding carbohydrazones with
transition metal ions!*2, we report here the isolation
and characterisation of the bis-complexes of
nickel(IT) and cobalt(IT) with the title ligand.

Experimental

Th ligand (AMPCH) was prepared by condens—
ing equimolar amounts of 5(3)-methylpyrazole-3(5-
)-carbohydrazide and acetophenone in ethapol ona
steam-bath as reported earlier’. Its purty was
checked by elemental analysis and melting point
determination. The complexes were prepared by
mixing ethanolic solutions of the metal salt,
MX, . n H,0(0.01 mol) and the ligand (0.02 mol)at
pH 3-5 and refluxing for an hour. The refluxate was
concentrated to a small volume by heating on a
water-bath and cooled to room temperature
(~27°C) when coloured complexes prec pitated.
The complexes were filtered, washed with ether or
benzene and dried in vacuo over fused |calcium
chloride. The carbon, hydrogen and nitrogen
contents of the ligand and the metal complexes were
estimated micro-analytically and the metal contents
by conventional methods of volumetry and
gravimetry. The halogen contents of the complexes
were determined as silver halides and the|sulphur
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contents as BaSO,; (Ref. 3). The equivalent
conductances, magentic susceptibilities and electro-
nic (d.r.s. and solution) and vibrational spectra of

the complexes were recorded as described
earlier!.

Results and discussion

The analytical and some other physicochemical
data are given in Table 1. Co(Il) and Ni(II) form
bis-species. The molar conductance (A,y) values in
DMF for the Co(Il) complexes and those of the
Ni(II) complexes in methanol classify them as 1:2
electrolytes*. The magnetic moment values of
Co(AMPCH),X, (X=Cl, Br, ClQ4, NO;) comple-
xes lie in the range 4.52-5.13 B.M. (25°C) and are
consistent with a six-coordinate pseudo-octahedral
geometry’®. The low p.g value (4.27 B.M.) for the
fluoborate complex may be qualitatively attributed .
to Incomplete quenching of the orbital contribution
to magetic moment>-®. The s values of the Ni(II)
bis-species lie in the range 2.98-3.07 B.M. which
indicate magnetically normal six-coordinate spin-f-
ree octahedral geometry®. The reflectance spectra of
the halo complexes (X =CI, Br) of Co(Il) exhibit
bands around 8.2-9.1, 15.3-15.4 and 20.5-21.0 kK
which can be assigned to v in Oy, v3in Tyand to v
in O, symmetries respectively. The halo-species
may, thus, be considered as mixtures of both
tetrahedral and pseudo-octahedral varieties” 7" in
the solid state. The rest of the bis-species of Co(1l)
(X=ClO4/BF4/NO;) exhibit reflectance spectral
bands in the regions 8.8-9.2 (v;) and 20.0-20.4 kK
(v3) in an overall octahedral symmetry’s. The
calculated values of Dg (1000-1044 cm™!), B
(798-850 cm™!') and B (0.82-0.87) for these
bis-species are consistent with those observed for
spin-free octahedral Co(II) complexes as reported
earlier®.

DMF solutions of all these Co(II) species exhibit
bands around 18.9-20.1 kK (v3) suggesting that the
halo derivatives are totally converted into octahed-
ral species on dissolution in the said solvent. The
lower molar extinction values (¢~ 10.6-39.8) are
also in good agreement with their octahedral
environment in solution.

The diffuse reflectance spectra of all the Ni(II)
species are characterised by two main bands around
9.9-10.3 (v;) and 16.3-16.7 kK (v,) in an idealised
octahedral symmetry®. The v; band in O, symmetry
appears around 27.9-29.4 kK often mixed up with
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Table 1—Analytical data and other physicochemical data of the complexes

Compound Colour Found (Calc.) % Hesr. (B.M.) Ay(0chm ™ ‘cm?mol ~1)
(302°K) (Solvent)
M N Anion C H
Co(AMPCH),Cl, Pink 9.70 18.12 11.93 51.20 4.66 4.76 175
(9.60)  (18.24)  (11.53) (50.82) (4.56) (DMF)
Co(AMPCH),Br, Brown 8.48 15.55 2290 4457 4.02 4.52 160
(8.38)  (15.93) (22.76) (44.39) (3.95) (DMF)
Co(AMPCH),(Cl10y), Reddish  8.03 15.52 9.76 4228 381 4.98 155 :
brown (7.94)  (15.03) (9.57)* (42.05) (3.70) (DMF)
Co(AMPCH),(BF,), Pink 8.12 15.39 — 4324 398 427 163
(8.22) (15.62) (43.53) (3.80) (DMF)
Co(AMPCH),(NO»), Reddish  8.91 21.20 — 4638 4.22 5.13 148
brown  (8.83)  (20.99)t (46.78) (4.10) (DMF)
Ni(AMPCH),Cl, ..2 H,O Green 9.23 17.54 11.21 48.58 4.82 3.03 180
9.03) (1724  (10.92) (48.02) (4.92) (Methanol)
Ni(AMPCH),Br, . 2 H,0 Light 8.03 15.01 2198 4243 430 2.98 176
(794) (15.16)  (21.66) (42.20) (4.33) (Methanol)
Ni{AMPCH),(ClO,), . H,O Green 7.80 14.62 9.43 41.27 3.83 3.07 143
(772)  (14.74)  (9.34)* (41.02) (3.94) (DMF)
Ni(AMPCH),(BF,), . 4 H,0O Sky blue  7.51 14.54 — 39.88 4.67 3.01 172
(7.44)  (14.20) (39.46) (4.56) (Methanol)
Ni(AMPCH)Z(Npl)z».A H,O** Green | 7.87 19.31 — 4253 495 30—
(794  (18.95)t 1 (42.03) (4.87) S

* Percentage of chlorine; T Including nitrogen present in nitrate; **A,, could not be measured due to the insolubility of the

complex.

C.T. absorption except for the chloride complex.
The v,/v; ratio (1.59-1.65) also supports an O,
environment suggesting strong T’ g term interactio-
ns!® The calculated vaues of Dg (997-1030cm™1!), B
(808-1035 cm ™) and B (0.74-0.95) give reasonable
support to the proposed 0, geometry!®® for these
Ni(II) species. Methanol or DMF solutions of the
Ni(IT) species exhibit spectral bands around
10.2-10.5 (v;) and 16.4-17.0 kK (v,) and their lower
molar extinction values (£~8.5-20.2) suggest the
bis-spcies to be pseudo-octahedral.

IR spectra

The ligand (AMPCH) shows strong bands at
3400-3415 (bs), and 3260-3280(bs) due to v N—H
(hydrogen bonded)! and at 1700 (vs) cm™! due
to amide-I (v. C=0)!1713, The absorption band
at 1610 (vs) may be attributed to v C=N!11713 of
the schiff base linkage while bands at 1570 (vs) and
1410(s) cm ™! may be ascribed to vC=N"2 of the
pyrazole ring. The band at 690(ms) cm ! may be
due to in-plane deformation of the pyrazole!-? ring.
The metal complexes show a negative shift
(Avx10-40 cm ™ ') of the amide-I (v C=0)?"13 band
suggesting the coordination of the carbonyl oxygen,
while a new band at 360-410 cm ™! in the far IR
spectra of some representative complexes may be

assigned to v M — O%14 of the hydrazone residue. A
positive shift (Ava10-30 cm™?) of the azomethine
band (v C=N) points out to the participation of the
azomethine!3 nitrogen in coordination. Such
increase in v C=N on complexation may be due to
the presence of electron repelling — CH; group on
the keto component, which increases the electron
density over the azomethine nitrogen. The
appearance of a new non-ligand band at 485-510
cm ™ ! may be due to v M — N (azomethine)'3 mode.
The positive shifts (Ava10-20 cm™ 1) of vC=N
(ring) and in-plane deformation (Ava5-15 cm™1)
modes of the pyrazole ring in these complexes
suggest that the tertiary (ring) nitrogen atom is one
of the bonding sites!4 16, In the far IR spectra of
some representative complexes, a band around
280-310 cm ™! further supports this conjecture; the
band is assigned to vM-—N (ring)>!”’. The
diagnostic IR band frequencies of the counterion
(X) indicate that the ClO; (bands ~ 1070-1100,
625-630 cm™! in T, symmetry)'8, BF; (band
~1030-1070in T;)'° and NOj3 (bands ~ 1350-1375,
830-835 cm ™! in D5,)?0 retain their ionic characters. -
It appears, therefore, that the ligand (AMPCH)
behaves as a neutral tridentate (NON) donor
coordinating through the tertiary ring nitrogen of
the pyrazole moiety, the ketonic oxygen and
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azomethine nitrogen of the hydrazone component.

Th anionic counterpart (X) retains it$

fonic

character in these Co(Il) and Ni(II) bis-chelates.
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