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A  pink coloured cobalt(Il) complex viz., [Co(Imi)4(H20)2]Cl2 was prepared by mixing cobalt(II) chloride with imidazole in 1:4 molar 
ratio in acetone. The complex was characterized by UV, IR, T G -D T A  and single crystal X R D  studies. The ERR spectrum o f the complex 
proved its paramagnetic nature which was further analyzed by magnetic susceptibility studies. Susceptibility measurements showed the 
presence o f three unpaired electrons accounting for the high spin nature o f the complex.
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INTRODUCTION

Cobalt complexes have been widely studied. Cobalt atom, 
depending on its coordinating environment, exhibits +2 or +3 
oxidation states. Magnetic studies are generally helpful in 
exploring the spin nature o f  the complexes and consequently 
their oxidation states. Cobalt(IT) forms complexes o f  both 
octahedral and tetrahedral geometries'"^. Octahedral complexes 
are common with halides, pseudo halides and O-donors’ . The 
interaction o f  cobalt(II) and cobalt(III) with ligands containing 
oxygen and nitrogen donor atoms have been studied thoroughly^ 
Cobaltfll) adducts are found be excellent catalysts^Imidazole 
and its derivatives play a key role in pharmacology^"* *. Hence, 
an attempt was made to bind cobalt(II) with imidazole and 
study its structural and magnetic behaviour.

EXPERIMENTAI.

The complex was prepared by mixing cobalt(II) chloride 
hexahydrate with imidazole in 1:4 molar ratio in acetone. The 
mixture was refluxed, with stirring, for ca. 6 h. The resulting 
purple coloured complex was filtered and dried in vacuum 
desiccator. The complex was grown into moderately bigger 
size crystals by slow evaporation method in methanol. The 
complex was characterized by FABMS (CDRI, Lucknow), 
thermal analysis, UV-visible, TR, EPR and magnetic studies. 
The UV-visible spectrum was recorded on LAM BDA-25 spec­
trophotometer in ethanol using matched quartz cells o f  path 
length I cm, IR spectrum in KBr pellet on Perkin-Elmer IR 
Spectrum-1 spectrophotometer. The thermograms (TG/ DTA) 
were recorded on Perkin Elmer Model Pyris Diamond at a 
heating rale o f  10 “C min ' with argon gas purged at the rate o f

12 L h '. EPR measurements o f  the complex was done at CLRl 
with EM X-80 EPR spectrometer operating at X  band with 
100 KHz field modulation. Recordings at 77 K were done 
using a cold finger Dewar got from Wilmad Company. The 
magnetic susceptibility study o f  the complex was done using 
300 Series Lewis Coil Force Magnetometer, George Associate, 
Berkeley, IISC Bangalore. The X  -ray diffraction studies were 
carried out using Bruker Axs kappa Apex II single crystal 
X-ray diffractometer equipped with graphite mono chromated 
MoKa (X = 0.7107 A ) radiation and CCD detector, at SAIF, 
IIT, Madras, Chennai-36.

RESULTS AND DISCUSSION

E lectron ic spectrum : The electronic spectrum o f  the 
complex showed an high intense absorption band at 220 nm 
(En.ax = 15,000-30,00 M"' cm"') and moderately intense band 
around 240 nm, (Emax = 35,000-50,000 M"' cm"'), which may 
be attributed to ti-ti* transition o f  imidazole. A  shoulder at 
350 nm = 1500-3600 M  ' cm ') may be due to the ligand 
to metal charge transfer (LM CT) transition'.

IR  spectrum : In the IR spectrum o f  the complex, the 
C-N stretching was ob.served around 1300 cm"' and the Co-N 
stretching at 540 cm"'. The C=N stretching was shifted to higher 
frequency compared to the other cobalt complexes in the same 
environment. There was only a minimum shift in frequency 
for the N-H (3250 cm"') stretching vibration o f  the complex. 
The O-H stretching, due to the axial water molecule, was 
shifted to higher frequency (3125 cm ') " ’.

M ass spectrum : The mass spectrum o f  the complex 
showed molecular ion peak at z = 438.The fragmentation 
patleni was further confirmed by thermal analysis.
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Hg. I. Thermogram of lCo(Imih(H30h]Cl2

EPR spectrum : The coball complex with four imidazole 
ligands forms a tetragonaily distorted square planar system 
while the two water molecules form an axially elongated set 
o f  ligands. The EPR spectrum o f  the complex (Fig. 2) gave 
two signals, one strong signal with a g = 4.177 and a weak 
signal at g = 2.039. Normally, S = 3/2 systems with strong 
tetragonal distortion give an EPR signal at g i 4 (strong line) 
and a weak line al gj. 2 '’

rlcpr'iidcnci.' i>i ilic molar macnclR suscepubi Iimcn m ihc 
icmpcralurc range of 2-.'lll) K revealed dial die magiielic 
inieraelions between the eoball(l l) ions are weak.

fhe magnelie moment ealetilaled al room temperature for 
the complex under studx is 3.S BM. T his value vai v from the 
previously reported"'experimental values in the range 4.70- 
.X.20 HM for high spin octahedral cobalt complexes which niav 
he attributed lo the mieraelive response of the complex in the 
magnetic field. The magnetic moment studies revealed the 
presence ol three unpaired electrons and conser|uentlv the high 
spin iKiliire ol the eoniplex' 'k T he same complex ion with a 
different counter ion was re()orled to be oclaheilral with low 
spin nature possessing one unpaired electron.

Crystal structure of [Co(Imi)4(H:())2|CT;: T he complex 
crystallizes in monoclinic .system with a space group CT/t. The 
asymmetric unit contains half molecule and there are 4 
complex molecules pre.scnt per unit cell. The ORTEP repre­
sentation of the complex with the atom numbering scheme is 
presented in Fig. 3. Atoms are represented as 50 % probability 
ellipsoids. .Similarly, Fig. 4 gives packing of the molecules in 
the unit cell.

Fig. 3. ORTFP of [Co(Imi)4(H20)2]Cl2 asymmetric half only labeled

4.5308  3.3981 2.7185  2.2654 1.9418 1.6990
g-factor

F'ig. 2. EPR spectrum of [Co(Imi)4(H20)2]Cl2

M agnetic susceptibility studies: Magnetic susceptibility 
mea.suremenl o f  a paramagnetic substance is the measure o f  
number o f unpaired electrons in it. The diamagnetic corrections 
were made by using Pa,seal's con.stants. Applying this value 
molar susceptibility ( R ' M ) for the complex using the appro­
priate equations (for solid state and solution) was calculated'‘' 'k 
Finally using the curies equation magnetic moment (p) o f  the 
compound was calculated. Cobalt(ll) complexes pos.scssing 
i f  configuration exhibit three unpaired electron paramag­
netism that corresponds to high spin complexes. Temperature Fig. 4. Packing of [Co(lmi)4(H20)2]CI: doued lines indicate hydrogen bonds



1 lie eii inplc\ possesses a sliyliii) ij is luned oelalu'dl'al 
geoiiieliy v\ iili ('our iiilroyeii aloiiis of ihe imirla/.olc ligiiiul 
lorminr; ihe eqiuiuirial iieiwrirk. The bile angles ul ilie imiila/ole 
ligands. Nl I )#ICo( I )N(.s)#. Ni I )-Co( I )-N(.sl#l are 
and 9l.4.'s|.s)‘’. The water moleeules in ihe axial posilions are 
perpendienlar to the plane containing the iinida/ole ligand.

The erx slal parameters are presented in Table-1. The axial 
plane containing aqua ligand has an angle ol' 0 ( l)-C o(l) -  
0(1 )#I is ISO.00. The chloride ion exhibits N-H—( ’I and ()- 
II—Cl hydrogen boiuled interaction w ith iniida/ole and aqua 
ligamls. respectively '" lTable-2). The crystal stmeture ol'the 
complex w ilh a slightly dilTerem orientation was reported by 
1-ttrcnlid el cil.'".

TABLE-1
CRYSTAL DATA AND STRUCTURE REFINEMEKr OF [Co(Tmi)4(ITO);ia2

Empirical formula" CijHjnQ^CoNsO, .  2  > 1.
Formula weight 2 . 438.19
Temperature 2 93(2 )K 2_
Wavelength 0.71073 A
Crystal system, space group Momxtiinic, Cj*. 3.
Unit cell dimensions a =  12.3756(3) A; a  =  900

b =  10.9792(3) A ; P =  107.6450(10)“ 4.

c =  14.2856(4) A; y =9(T . 5.
Volume 1849.72(9) A-’ 6.
Z, Calculated density 4, 1 573 mg/in’  , 7.
Absoiption coefficient 1.241 min' 8.

F((KX)) 900 '-i
Cry stal .size 0,25 X 0.20 X 0.15 mm 9.

Theta range for data 2.53-36.14° " 10.

collection 1 1.
Limiting indices -20<=h<=20, -16<=k<=17, -16c=l<=23 12.

Reflections collected/ 14150/4234 [R,,„„ =  0.0260] 13.

unique
Completene.ss to theta = 25.00,100.0  %  ■ 'J;
Absorption correction ., Semi-empirical from equivalents ■3-.
Max. and min. transmission 0 8357 and 0.7467 '
Refinement method A  Full-matrix least-.squares on F2 f _
Data/restraint-s/paiameters 4234/3/131 .T
Goodnes.s-of-fit on F" 1.028 \R
Final R indices [I>2o(l)] R1 =  0,0313, wR2 =  0.0777ff |a. 19
R indices (all data) R L =  0 .0418, wR2 =  0.0829 20.
Largest diff. peak and hole 0.292 and-0.538 eA-^

» -Hm' ~ TABLE-2 ,
HYDROGEN BONDS [A ANDDEG-1 (Co(Tmi)4(H,0),lCl,

D-H...A :;"d(D-H) ; 'd ( H ..A )  d(D...A) <(DHi^0

(X 1 )H( 1B)...Cl(I 1 ' 0.897(9) ‘ 2.239(10)
0(l)H (IA )...a(1)#2 0.904(9) 2.236(10)
N (4)H (4A )...a(I)#3  0.84(2) 2.48(2)
N (2)H (2A )...g (l)#4  0.851(18) 2.433(18)-

3.1244(8) 169.0(14)
J; 3.1284(8) 169.0(16)

3.2943(11) 163(2)
(0.2307(11) 156.5(16)

( oiiclusion

The single crystal XRD data shows the +2 oxidation state 
ol'the complex. 'I he I PR tnul the magnetic susceptibility study 
lurlhcr conrii in the high spin nature of the complex.
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