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Characterisation of Some Copper(II), Nickel(II) and
Cobalt(Il) Coordination Compounds with Schiff Bases
Derived from 1,2-Diphenyl-1-Hydroxyiminoethan-2-One and
Aromatic Amines’

H.C. RAI*, RAMESH KUMAR and SUNIL KUMAR
Deparmment of Chemistry
L.S. College, Muzaffarpur-842 001, India

A number of coordination compounds of the t};pes [M(Ll'7)z];
[M(HL"~7)2C12] [M =Co(II), Ni(II) or Cu(Ily] and [CuL.'~"Cl1], where HL""
= Schiff bases derived by condensing 1,2-diphenyl-1-hydroxyiminoethan-
2-one with aniline (HL!), 2-methylaniline gHLZ_), 3-methylaniline (HL>),
4-methylaniline (HL*), 2-nitroaniline (HL?), 3-nitroaniline (HLS) or 4
nitroaniline (HL) have been synfhesised and characterised on the basis of
elemental analyses, magnetic susceptibility, infrared and electronic spectral
data. : - - - -

INTRODUCTION

Transition metal complexes with Schiff bases derived from hydroxyimino-
alkanones and aromatic amines have been amongst the most widely studied
coordination compounds in the recent past1‘3. The hardness or softness of an
acidic or basic site is not an'inherent property of the particular atom at the site
but can be influenced by the substituent atoms®. The addition of electron donating
soft, polarisable substituents can soften an otherwise hard centre and the presence
of electron-withdrawing substituents can reduce the softness of a site. Accordingly
we have undertaken a programme of synthesising coordination compounds with
Schiff bases derived from hydroxyiminoalkanones and anilines with electron
donating substituent on it as in toluidines or electron-withdrawing substituents
on it as in nitroanilines. We have reported very recently characterisation of some
copper(Il), nickel(I) and cobalt(II) coordination compounds with Schiff bascs
derived from 3-hydroxyiminobutan-2-one with aniline and toluidines®. In con-
tinuation of our own work in the field, in the present communication we report
a series of compounds of the types [M(L!™"),], [M(HL!"7),Cl,], [M = Co(ll),
Ni(II) and Cu(II)] and [CuL1"7Cl] where HL7 are the Schiff bases derived from
1,2-diphenyl-1-hydroxyiminoethan-2-one and aniline, toluidines or nitroanilines.

EXPERIMENTAL

1,2-Diphenyl-1-hydroxyiminoethan-2-one was prepared starting from 1,2-
diphenylethan-1,2-dione (Loba) as reported in the literature®. Solid aromatic
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amines (BDH) such as nitroanilines and p-toluidines were recrystallised and liquid
aromatic amines such a ortho- and meta-toluidines were redistilled before use.
Metal salts were S. Merck reagents. ‘An ‘in situ’ ‘method-was adopted for the
preparation of the compounds. For the preparation of the coordination compounds
of the type [M(HL1'7)2C12_],.kctone,»am}ines_and“ metal chlorides were mixed
together in the molar ratio 2:2: 1 in a dry ethanolic medium and the mixture
was warmed. The compounds were separated as coloured crystalline products
immediately. All the compounds have been prepared under similar experimental
conditions. For preparing the coordination compounds of the type [M(L1'7)2],
metal acetates, ketone and amines were mixed together in an aqueous solution
intheratio 1 : 2 : 2 made slightly alkaline by adding sodium acetate to the solution.
Copper(Il) compounds of the type [Cu(L'"7),] were warmed in a dry ethanolic
medium with copper(Il) chlorides to give a series of binuclear or tetranuclear
coordination compounds.of the type [CuL'-"C1].This behaviour was found to be
absent in the nickel(Il) and cobalt(II) compounds.

The compounds were analysed by standard procedures’. Infrared spectra and
electronic spectra of the complexes were obtained from RSIC, CDRI, Lucknow.
Magnetic susceptibilities at room temperature were measured by a Guoy balance
using Hg[Co(CNS),] as the calibrant. The analytical data, colour and magnetic

moment data of the compounds obtained are listed in Table 1. The formula of
the compounds obtained on the basis of % composition are shown in the first
coloumn of Table 1.

RESULTS AND DISCUSSION

The broad bands of medium intehsity in the regions 3300-3200 em™! in the
spectra of ligands are assigned to vo_y of the oxime group. This band is almost
unperturbed in the spectra of the compounds [M(HL1_7)2C12] indicating ligands
to coordinate in an uncharged state. The position and nature is suggestive of
intermolecular hydrogen bonding supporting trans- structure for the compounds.
The spectra of compounds [M(L1'7)2]‘do not contain this band indicating ligands
to satisfy ptimary valencies of the metal ions in addition to secondary valencies.

The Schiff bases exhibit a sharp band in the region 1620-1635 cm™* which
have been assigned to the vc_y of the oxime group. This band shifts to a lower
frequency by 15-—25‘cm'1 on complexation due to the reduction of electron density
in the azomethine links.

The Schiff bases show a sharp and intense band in the region 1510-1500
em™! which can be assigned to vc.y of alkylimino group >C=N-R. In metal
compounds these bands show a red shift indicating involvement of nitrogen of
the group in coordination. The sharp and intense bands in the region 11001000

em™! in the spectra of ligands as well as metal compounds [M(HL1'7)2C12] and
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TABLE 1
ANALYTICAL AND PHYSICAL DATA OF METAL COORDINATION COMPOUNDS
OF THE TYPES [M(HL'~"),Cl], [ML}~7] AND [CuL!""C1].

Found (Calc.) %

Compounds Colour pett (B.M.)
M N

Ni(HL"),Cl, Violet 8.04 7.65 3.10
(8.05) (7.67)

Ni(HL3),Cl, Yellow 7.70 735 320
(7.73) (7137

Ni(HL3),C1, Pale Yellow 774 734 3.15
(7.73) (737

Ni(HL*),Cl, Grey 772 7.40 3.25
(71.73) (7.37)

Ni(HL3),Cl, Green 7.16 10.21 3.00
(7.15) (10.22)

Ni(HL®),Cl, Yellowish green 7.14 10.24 2.95
(7.15) (10.22)

Ni(HL"),Cl, Dark green 7.14 10.20 3.05
(7.15) (10.22)

Co(HLY),C1, Pink 8.11 7.65 4.80
(8.08) (7.69)

Co(HL?),Cl, Brown 772 737 4.90
(7.75) {1.37)

Co(HL?),Cl, Dark brown 777 7.40 4.86
(7.70) (7.37)

Co(HL*),Cl, Reddish brown 7.69 7.35 498
(1.76) (7.37)

Co(HL%),Cl, Pink 7.20 10.21 4.70
(7.17) (10.22)

Co(HLS),Cl, Orange red 7.15 10.25 475
‘ (7.17) (10.22)

Co(HL"),Cl, Reddish brown 7.20 10.22 4.65
(7.17) (10.22)

Cu(HLY),Cl, Grey 8.62 7.63 1.80
(8.64) (7.62)

Cu(HL?),Cl, Green 831 7.29 1.85
(8.30) (7.33)

Cu(HL?),Cl, Dark green \ 833 732 1.82
(8.30) (1.33)

Cu(HL*),Cl, Greenish yellow 835 7.34 1.90
(8.30) (7.32)

Cu(HL%),Cl, Blue 7.69 10.20 - 173
(7.68) (10.16)

Cu(HL®),Cl, Light green 7.70 10.15 175
(7.68) (10.16)
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Found (Calc.) %
Compounds Colour peft (B.M.)
M N
Cu(HL"),Cl, Bluish green 7.65 10.16 1.70
: (7.68) (10.16)
NiL} Pink 8.92 8.55 Diamagnetic
(8.94) (8.53)
NiL3 Red 8.50 821 "
(8.55) (8.15)
NiL3 Reddish brown 8.52 8.19 »
(8.55) (8.15)
NiL3 Grey 8.57 8.13 "
f (8.55) (8.15)
Nil3 Green 7.86 11.25 "
(7.84) (11.22)
NiLS Yellowish green 7.83 11.20 "
(7.84) (11.22)
NiL} Greyish green 7.80 11.24 -
(7.84) (11.22)
CoL} Blue 9.11 8.5 2.05
(8.97) (8.52)
CoL% Brown 8.60 8.00 2.15
(8.58) 8.15)
CoL} Brown 8.56 8.10 2.10
(8.58) (8.15)
CoL} Grey 8.55 8.19 2.20
(8.58) @8.15)
CoL3 Reddish brown 7.91 11.15 2.00
(7.86) (11.21)
Col$ Orange red 7.85 11.20 2.02
(7.86) (11.21)
Col} Brown 7.88 11.22 195
(7.86) (11.21)
Cul} Green 9.58 8.50 1.88
(9.60) (8.46) '
cul3 Blue 9.20 8.00 1.98
(9.19) (8.09)
CuL3 Yellowish green 9.15 810 1.90
(9.19) (8.09)
cuL} Brownish green 920 8.00 200
(©.19) (8.09)
cul3 Green 8.45 11,10 1.82
(843) (11,14)
cul$ Greyish green 8.47 1113 1.88
(8.43) (11.14)
Cul] Steel grey 8.44 11.15 1.80
(8.43) (11.14)
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Found (Calc.) %
Compounds Colour peft (B.M.)
M N
Cu,L;Clp Grey 16.00 721 1.60
(15.96) (7.03)
Cu,L3CL, Yellowish green 15.40 6.85 1.62
(15.38) (6.78)
Cu,L3CL, Greyish green 1535 6.75 1.67
(15.38) (6.78)
CupLich, Dark green 15.41 6.80 1.65
(15.38) (6.78)
Cul3C1, Steel grey 14.25 9.53 1.58
(14.31) (9.46)
CuylScCl, Sky blue 14.30 9.44 1.60
(14.31) (9.46)
CusLlCL, Dirty yellow 14.29 9.43 1.70
(14.31) (9.46)

[M(LY™),] are assigned to vy_o. In the spectra of compounds [CuL!Cl], this
band shows a significant blue shift indicating involvement of oxygen atoms of
N-O group also in coordination.

The spectra of the coordination compounds [M(HL'7),Cl,], [M(L!""),] and
[CuLY’Cl] differ significantly from each other in the far infrared region.
[Ml./}"7] compounds show a single significant band in the region, 550-520
em™! which is assigned to vy_y. [M(HL'7),Cl,] show two bands in the far
infrared region, one in the region 550-520 cm™ due to vy and another one in
the region 370-365 cm™! due to vp-c- These features suggest the ligands to
behave in a tetradentate manner. Compounds [CuL.}~’Cl] exhibit a group of three
bands in the far-infrared region, one in the range 550~520 cm™, another one in
the region 370-360 cm™! and third one in the region 325-307 cm™', which can
be assigned 10 Vcu-N> Veu-Cl and VCu-0-

On the basis of above discussions, [M(HL1‘7)2C12], [M(L1'7)2] and
[CuLl'7Cl] can be assigned structures I-1II which are supported by electronic
spectra as well as magnetic moment and conductivity data also, as described in
the forthcoming paragraphs.

The magnetic moment of the nickel(I) compounds of the type
[Ni(HL1'7)2C12] lies in the range 2.95 to 3.30 B.M. at 25°C and is indicative of
octahedral structure. The compounds exhibit three well resolved bands, one in
the region 12,400-14,100 cm ™, the next one in the vicinity of 17000 cm™ followed
by a strong intense band at 25500 cm™! attributed to 3A2g(F)-- 3ng(F)(v1),
3Azg(F) -37 15(FXv2) and 3A2g(F) -3T 1g(P)(v3) transitions respectively under
an octahedral environmental around Ni(II) ion. The cobalt(Il) compounds of the
type [Co(HL'"),Cl,] possess magnetic moment values in the range 4.65-4.98
B.M. at room temeperature which suggests octahedral arrangement of the ligands
around the central cobalt(Il) ion. The compounds exhibit two bands at
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15,100cm™ and 18,000 cm™ which may be assigned to the 'tmnsi§i0n
4'I'lg(F) - 4T2g(F)(v1) and 4"I'lg(F) - “Tlg(P)(vz) respectively in the octahedral
field. A charge transfer band is also observed at 24,500 cm™!. The copper(Il)
compounds of the type [Cu(HL!"),Cl,] have magnetic moment values in the
range 1.70-1.90 B.M. which is usually for octahedral copper(Il) compounds. They
show a broad band around 14,500 cm™ which can be assigned to the transition
ZEE-’Zng. All the coordination compounds of nickel(II), cobalt(II) and copper(IT)
of the type [M(HL!"7),Cl,] have non-equivalent axial and equatorial ligands
which suggests that the compounds possess an octahedral geometry with some

amount of tetragonal distortion. '
" The nickel(Il) compounds of the type [NiLﬁq] are diamagnetic indicating
- square planar environment around nickel(II) ion. The electronic spectrum consists
of a broad band centred at 18,600 cm™' which suggests a planar environment
around nickel(II) with the chromophore, NiNy.

The band is as§igned to the transition 1Alg—-lBlg for a%ge‘;b%g - a%geébégb}g.
The cobalt(II) complexes of the type [CoL}™’] have magnetic moment in the

range 2.0-2.2 B.M. with a broad band centred at 2100 cm ™ indicating the planar
environment around cobalt(Il) with the chromophore CoNj.
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The copper(Il) compounds of the type [CuL'"7] have magnetic moment in the
range 1.8 to0 2.0 B.M. and a single broad band at 14,000 cm™? suggesting a planar
environment around copper(Il) with the chromophore CuNj. The broad band
which shows considerable structure represents at least two superimposed absorp-
tions assignable to the transitions zBlg - 2B2g for a%gegb%gb%g - a%gcgb%gb%g and
2B1g - 2Eg for a%gegb%gb%g - a%gezbggb%g

The copper(Il) compounds of the type [CnL1'7C1] show two broad ligand field
bands in the region 12,000-11,000 em™! and 18,500-17,500 cm™ and have
magnetic moments in the region 1.5-1.7 B.M.

Both the electronic spectral bands seem to be due to the same d—d transition
differing in energy due to presence of different ligand fields® as shown in Fig.
(Illa). The high frequency band may be due to chromophore, CuN, in Dy
symmetry while the low frequency band may be due to the chromophore,
CuO,Cl, and a lower symmetry® such as C,. Alternatively, the two bands might
also be due to difference in coordination numbers of copper(II) ions and possibility

of complexes having a polymeric structure (IIIb) cannot be ruled out!®,
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