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Bi uclear cobalt (II) complexes of biacet lazinedihydrazone (BAADH) , CO2(BAADHhX4 (X = Cl-,
Br-,' CN-, N03-) react with copper (II) halides to give tetranuclear bimetallic complexes
[Co(B ADHhX4][CuY2h(Y=Cl-, Br-). IR nd electronic spectra point to the presence of chromophores
(CoN 2) and (CuN~y2) implying coordin ion of terminal NH2 groups of BAADH with (;opper (II).
Electr hemical reduction of each complex oc urs in two steps. The first step is a two-electron transfer process
where ach terminal copper (II) is transforme to copper (I) state. The more cathodic second step involvesone
elect:r n where only one of the two inner core c bait (II) ions is reduced to cobalt (1)state. The redox pattern is
suppo ted by additional evidence gathered f om similar investigations on the linear trimeric [Cu(DMG)2l
(Cuel h species (DMG = dimethylglyoxim te ion) and related species.

Multinuc ar metal complexes have attracted much
attention 1- 5 in recent years. Dimeric structur of co­
pper (II) cetate, trimeric nickel (II) and tetr meric
cobalt (n acetylacetonate complexes: and th "rela­
ted tetra eric cubane type complexes of cob It (II)
and nick I (11)6- s, trimeric copper (II) co lexes
with pyri ine-2-carbaldoxime9'!o, dinuclear ompl­
exes ofp thalazine type ofligands1!.12, horn - and
hetero-m Itinuc1ear complexes derived fro schifl'
bases13,1 , imino-alcohols17.1s and
polyketo es1S-22 and several azine and oxi ate as
well as rei ted complexes23 - 26are some of the epres­
entativ{: omplexes in this field. Besides, bi uc1ear
macrocy ic complexes constitute a frontier rea of
current r search27 - 29.

The bi uc1ear metal complexes of 3,6-di ethyl­
2,7-dimet yl-2,7- dioxo-4,5-diazaocta-3,5-die e-2,7­
dihydraz ne (BAADH)23.24 were considered romi­
sing start g materials to prepare homo- and teron

tetranucl ar metal complexes ofBAADH. In t e pre­
sent stud we have successed in isolating tetra uc1ear
dicobalt II) and dlcopper (II) complexes of is lig­
and. The complexes can be termed as tetra uclear
bimetalli complexes because two kinds of me al ions
can be pi ced in two different ordered arrang ments.
A pair of balt (II) ions, in the inner core of th comp­
lex, bind the BAADH moieties in an anti-con gurat­
ion proje ting the terminal NH2 groups in ap ropri­
ate posit oins for further coordination with opper
(II) ions. lectron transfer reactions ofthese c mple­
xes have n also studied with the objective 0 furthe­
ring our nderstanding ofhetero multinuc1e r syst­
ems.
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Materials and Methods
Copper (II) chloride dihydrate was a BDH reagent

and copper (II) bromide was prepared by the literat­
ure method30. The ligand BAADH was prepared as
reported earlier24. The tetrathiocyanatoftetrahalo
and tetrani tra to- bis-( 3,6-dimeth yl-2, '7 ··dioxo-4, 5-di­
azaocta- 3,5-diene- 2,7-dihydrazone) dicobalt (II) co­
mplexes, CO2 (BAADHh~, were prepared as descri­
bed earlier24.

All the tetranuc1ear bimetallic complexes were syn­
thesized following similar procedure:s and a typical
preparation is described here.

Tetranitrato-bis-(3, 6-dime thyl- 2.7 -dioxo-4 ,5-di­

az aoc ta- 3,5-diene- 2,7 -dih ydraz one) dicobal t (Il)
tetrachlorodicopper (II) [Co2(BAADHh(N03)4
(CuChhl

A solution of CuCI2.2H20 (2.0 g; 0.012 mol) in
20-30 ml of methanol was added to Co2(BAADHM­
N03)4 (3.8 g; 0.005 mol) in 50 ml of methanol when the
colour changed rapidly from orange yellow to yellow­
ish green. After a few minutes, the resulting yellowish
green product was filtered, washed with methanol fol­
lowed by ether and dried in vacuo" Copper (II) was
estimated iodometrically and cobalt (II) was estima­
ted by oxinate method after removal of copper (II) as
sulphide.

Analytical data of the complexe:s are recorded in
Table 1.

Results and Discussion

The tetrahalo-, tetrathiocyanato- and tetranitrat­
o-bis-(BAADH)-dicobalt (II) comph:xes act with co-

, 11'1"111-1
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Table I-colour and analytical data of the Co(Il)-Cu(II) hetero bimetallic tetranucll::ar complexes

S. No. Complexes Colour Found (Calc.), %

R = CH3

X = CI~ B~-, NOj, stN-

Y = CI-, Br-

Magnetic moments and electronic spectra
The magnetic susceptibility values at room temper­

ature for the tetranuclearbimetallic complexes lie in

R R R R

H2 )-( H H2

Y N- N y. N-N :t. N- N IV\ / \f; ,1/ '\
Cu Co Co Cu

/ '\ /1' /1"- / "Y N- NX N- N X N-"" Y
H2 H )-( H2

R R R R

[I]

For the tetrathiocyanate complex a band is obser­
ved at '" 2100 cm - 1 implying coordination of SCN­
group through its nitrogen atom. In nitrato complex­
es, the coordination ofNOi ion through' one of its
oxygen atoms31 is indicated by the appearance of a
pair of characteristic bands at '" 1400 and", 1265
cm - 1 which is further supporteq by the presence of a
third band at '" 1025 cm -1. These spectral features
suggest tetranuclear bimetallic structures (I). Howe­
ver, the complexes can also exist in a more involved
polymeric structure (II), particularly in the solid sta­
te, since such structure are easily adopted by copper
(II) in similar chemical environment such as dichloro­
-bis-(ethylenediamine) copper (II).

\

8,400; 15,200; 23,300 sh; 30,300

8,300; 16,700 (as); 23,500; 30,800.

8,300; 16,200; 23,300; 30,200.

8,300; 15,800; 21,200; 30,200.

8,400; 15,400; 19,600; 30,800.

6.03

6.06

6.19

6.24

6.06

CobaltCopperHalideN

[Co2(BAADHMC4)

Dark brown12.3613.530.317.92

(CuChhl

(12.82)(13.69)(30;86)(18.26)

2

[Co2(BAADHMBr4) Chocolate brown9.589.9250.812.73

(CuBr2)21

(9.24)(9.87)(51.7)(13.1)

3

[CoiBAADHMN03)4 Yellowish green11.112.413.521.7

(CuCl2hl

(11.5)(12.28)(13.84)(21.83)

4

[Co2(BAADHMN03)4Yellowish brown10.110.426.118.48

(CuBr2)2]

(9.8)(10.46)(26.57)(18.6)

5

[Co2(BAADH)2(SCN)4Yellowish grey10.9812.5313.8621.1

(CuChhl

(11.68)(12.47)(14.05)(21.17)

7.7* (7.89)

*S value

Table 2-Magnetic and electronic spectral data of the Co(II)-
Cu(II) hetero bimetallic tetranudear complexes

Complexes !lefT. Amax (em - 1)

(No. as in (B.M.)
Table I)

I
2

3
4

5

nsiderable ease as coordinating ligands through their
terminal NH2 groups with CuCl2 or CuBr2 to give
tetranuclear bimetallic complexes. Complex format­
ion is completed within a few minutes and partial me­
tal ion exclusion, i.e., replacement of cobalt (II) ions
by copper (II) ions takes place when the reaction is
either carried out over a long period or copper (II)
ions are added in large excess.

-Infrared spectra
The IR spectra of tetranuclear bimetallic comple­

xes resemble one another but differ form those of the
parent BAADH complexes in respect ofNH2 stretch­
ing vibrations in the region 3300-3000 em -·1. The va,s
and Vs modes of NH2 vibrations are lowered by
60-100 em -1 in tetranuclear complexes compared to
the positions in the parent complexes. This lowering
is due to decrease in electron density in the N - H
bonds due to coordination with copper (II) ions. This
vC-'-' -' N mode in the tetranuclear complexes is also
lowered due to charge withdrawal arising from coor­
dination of copper (II) to the -NH2 groups.

•..

597



INDIAN J CHEM, SEC A, JULY 1991

id

(IlA)

2.3

2.9

2.4

2.9

2..1

X2

97

Slope I
(mY)

96

X6

65

-E',2
(V vs SCE)

1.66

1.64

1.43

1.44

1.42

id

IlA)
4.1

4.8

4.4

4.2

3.9

-E1'2
(V vs. SEC)

0.4

0.38

0.4

0.36

0.46

1

2

3

4

5

Table 3- -Polarographic data of the Co(I1)-qu(I1) hetero bimetallic tetranuclcar complexes in aqueous DMFComplexes First IWave Second Wave
(No. as in
Table 1)

the range 14,000-15,000 x 10 - 6e.g.s. units I' r mole
with ma etic moments varying from 6.03 0 6.24
B.M. (Ta Ie 2). The data could not be compar d with
those for ny hetero-nuclear complex contain ng co­
balt (II) a d copper ill) in the mole ratio 1: 1. owev­
er, comp rison of the magnetic data of the resent
complexe with those of several well establishe mag­
netically oncentrated homo- and hetero-nuel ar co­
mplexes c ntaining three to four metal atoms a d five
to eight npaired electrons32 - 35 indicated t at the
present c mplexes contain cobalt (II) ions in sin-free
states th gh the observed susceptibility val es are
relatively ower than the theoretically expecte spin-­
only susc ptibilities. Low values of susceptibil tyare,
however, ot unexpected. The conjugated sy tem of
the ligand BAADH is a powerful pathway for agne­
tic excha ge interactions through antiferrom gnetic
spin coup ing or through the halogen bridge b tween
two copp r ions as in structure (II).

Electr ic spectra of the complexes meas red in
solid stat are consistent with magnetic data (1' ble 2)
and exhi it features that arise due to ligan field

bands of u(l I) and Co(II) ions in 2Big and 4 Ig gro­
und state respectively. All of these complexes how a
broad ba d near 15,000 cm - I which resemb es the

general e vironment36. The asymmetry and w dth of
this band haracterize low symmetry ligand fie d aro­
und the c pper (II) ion with Jahn-Teller dist rtion.
The elect onic spectra of a series of complex s each
containin three cobalt (III) ions and one cop er (II)
ion have een reportedI7.18. In these compl xes a
band loca ed in the range 13,000-15,000 cm - I i assig-

[II]

ned chiefly to the 2 B '" ~ 2 £Ig transition of copper (II)
ionsl7.

Usually, cobalt (II) complexes s.how37.38 a band

near. 16,000 em-I due to the transition 41'1g ~ 4A2g. For
the present series of complexes this transition possi­
bly overlaps with Cu(II) transitions and further resol­
ution has not been possible. In the lower frequency
region all these complexes show a weak band near

8000 em -1 which can be attributed to 41'1g ~ 41'2g trans­
ition for cobalt (II) ion in an octahedral field. In the
higher frequency region the spectra are not well resol­
ved; but for other complexes a fairly intense band
appears near 23,000 cm - J • This band has been assig­

ned to the transition 41"g ~ 41"g (P). The intensity of
this band indicates considerable charge-transfer ass­
ociated with this transition or some intensity stealing
from the neighbouring higher intensity band at
30,000 cm - I.

Electrochemical studies

Polarographic data show (Table 3) two well-defin­

ed redox waves for each complex with £1/2 values in
the ranges - 0.36 to - 0.4 V and - 1.4 V to - 1.6 V.
The former redox process is accompani,~d by two-ele­
ctron transfer while the later is associated with one-el­

ectron transfer. Literature recorded39 EI /2 values for
a number of complexes show that cobalt (II) is redu­
ced in the range - 0.4 V to -. 1.4 V and copper ((II) in
the range - 0.2 to - 1.4 V.

The EI/2 values and the number ofellectrons transf­
erred in two successive steps for the tetranuelear bim­
etallic complexes show that the redox processes are
predominantly metal based. The most probable path­
way for the redox processes is given in Scheme 1. In the
first step, the terminal copper (II) ions are reduced to
copper (I) and in the second stage, one of the cobalt

(II) ions in the inner-core is reduced to cobalt (I).
The suggested pathway for reduction is supported

by the reported electrochemical behaviour of the trin­

uclear copper (II) complex, [Cu(DMGhl(CuCbh
(where DMG is dimethyl glyoximate ion)Z6. This tri­
mer has close structural analogy with the present ser-
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ies of complexes having the chromophores CuN4 and
Cu02Clz. The linear trimer is reduced quasi-reversi­
bly in a two-electron step at a substantially low catho­
dic potential (E1/2 = - 0.26 V) and no other wave
appears upto - 1.3 V beyond which an ill-defined
wave is observed. The results indicate that each termi­
nal copper (II) ion is reduced to copper (I) state in the
two-electron transfer step. Triangular copper (II) co­
mplexes [Cu3(HPL)30H]2 + (where HPL = pyridine­
-2-carbaldoxime) have been reported4G.41 to undergo
one-electron reduction at - 0.3 to - 0.45 V, stabilis­
ing the complex with metal ions in ambivalent oxidat­
ion states of + 1 and +2. The E1/2 values of these
complexes are found to coincide closely with the EI/2

values observed in the first step of reduction of the
present tetranuclear bimetallic complexes. The cop­
per (II) ions in the aforesaid trimers and those in the
present tetranuclear species have similar lignd envir­
onments. Thus, the structural factors as well as the
EI/2 values imply transfer of electrons to the copper
centres in the first step of reduction of the tetranuclear
bimetallic species.

Besides, electrochemical behaviour of other heter­
o-nuclear metal complexes is also found to exhibit a
similar pattern. The redo)\. behaviour of
[Ni(OtOh(SnX4)1,2F - (OtO = dithiooxalate, X =
Cl- , F - , Br - , 1- )42 and rhena-acetylacetonate com­
plexes43 [ciS-(OC)4 Re(CH3CO.CH2.COCH3h]n M
(whereM = Fe(III),n = 3;M = Cr(III),n = 3 or M =
Cu(II), n = 2) evince that the first redox process prefe­
rentially concerns the terminal metal ions M rather
than the inner-core metal centres. The redox reaction

of the tetranuclear bimetallic complexes on the whole
supports the mechanism suggested in Scheme I.

The second step of reduction is appreciably catho­
dic and EI/2 values are found to lie near - 1.5V (Table
3). This step involves the reduction of one of the inner-

+2e ~

Hz ~ ~ H2
Y N-N N-N N-N Y +e

'\ +V \ /"2 \ 1+2 '\ I., ~Cu Co Co Cu/" /\ /\ /'\Y N-N N-N N-N Y
H 2 '-..J '--'" H 2

H 2 ~ ,..... H2

Y . N- N ,N-N I.N-N IY,,+;'- \ /+ \ +2 '\ •.
Cu Co Co Cu

/'\ I\. /\ j\.Y N- N N- N N- N Y
H 2 \...J '\.../ H 2

SCHEME -1

-core cobalt (II) ions to cobalt (I) state. The high cath­
odic E1/2 values and stabilization of cobalt ions in
ambivalent states in the tetranuclear bimetallic com­

plexes are due to metallo-bridged thermodynamica­
lly stable macrocyclic structure [1].
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