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Reaction o f 3-fonnylsa li cy lic acid with d iethylenetriamine yields the Schiff base { N,N' - 2,2'-bis(aminoethyl)methyl­
aminebi s(3-carboxysa licy lidimine) }(H4fsad ien) . The interact ion o f H4fsadi en with CoC12·6H20 produces [( Hlsad ien)Coil] 

and s ilylati on and lithiation o f which, hav ing two free - COOH groups with Me3SiCI or trimethyls il yl N,N'-diphenylurea 
(TDPU ) and LiOH , y ie lds di s ily lated and dilithiated products, [{ (Me3S ih(fsadien) }Coil] and [ { (Lih(fsadien) }Coil] , in good 

yie ld. Thi s disi lylated or dilithiated product smoothly reacts with (n -C5H5h TiCI2, (n -C5H5h ZrCI2, Me2SnCI2, Ph2SnCI 2 and 

MX2.nH 20 (where M=N i2+, Cu2+, Co2+. Pd2+, V02+and X=CI- or C H3COO- ) affording some new homo- and hetero­
binuclear complexes, including some organa-derivatives. The reactions of H4fsadien with FeCI3.6H20 and Co(N03h.6H20 
in access of oxygen also yield di -iron(III ) and di -coba lt (lll ) complexes. T he complexes are characte ri sed by elemental 
analyses. molecul ar weights, magnetic moment values, mo lar conductance values and spectroscopic data (IR and e lectronic) 
data. In all these complexes, the Schiff base, H4fsadi en, functions as tetrabas ic bridging hexadentate/heptadentate li gand 
using inner compartment of N20 2 or N30 2 donor set and outer compartment of 0 20 2 donor set. 

IPC Code: Int. C l. 7 C07F 15/06; C07C25 1/02 

In recent years, much attention has been given to the 
synthesis and characterization of multimetallic 
complexes in connection with the ir potentia l 
relevance to bioinorganic chemistry'. The polydentate 
and compartmental li gands can form such multi­
metallic cluste rs by binding two or more metal centres 
in close proximit/ -'6 The magnetic inte ractions and 
coupling between the meta l ions present in such 
o li gometalli c clusters play key role in both natura l 
and syntheti c catalysts. Recently , some perovskite­
intercalated montmorillo nite have been obtained by 
the introduction o f cationic form of such binuclear 
complexes between the c lay sheets of nanospecies via 
an exchange process and their catalytic activity was 
evaluated 17

. In view of these facts, efforts have been 
made for the synthesi s of such compartmental ligands 
and the ir multimetallic complexes by controlling the 
appropriate modificatio n of molecular topology. One 
such li gand, which can satisfy the conditions of 
generating multimeta l sys te ms, is the present Schiff 
base ligand (H4fsadi en) derived by the condensatio n 
of 3-formylsalicylic acid and diethy lenetriamine. The 
ligand (H4fsad ien) can utili ze all the donor sites to 

function as a compartmental li gand, the in ner 
compartment being N20 2 or N30 2 donor li gand and 
outer compartment being 0 20 2 donor li gand, 
affording homo- and hetero-bimetallic complexes. In 
continuation of our earlier work 18

"
19 on the mono 

nuclear complexes of H4fsadien , we synthes ized di­
trimethyl silylated and dilithi ated products of 
mono nuclear complex, [(H2fsadi en)Co 11

] , namely , 
[{ (Me3Si)ifsadien) }Co 11

] and [ { (Li Mfsadien) }Co 11
]. 

These new products smoothly react with (n­

CsHshTiCI2, (n -Cs HshZrCI2, Me2SnCI2, Ph2SnC I:! and 
MX 2. nH20 (where M=N i2

+, C u2
+, Co2

+, Pd2
+, V02

+ 

and X=CI- or CH3COO-) leadi ng to many new 
binuc lear complexes. The reactions of H4fsadien with 
FeCh.6H20 and Co(N03h.6 H20 have a lso been 
studied y ie lding di-iron(III ) and di-cobalt(lll 
complexes. The present paper reports the results of 
these investigatio ns. 

Materials and Methods 
All the chemical s used were of AR grade. Th e 

solvents and chemica ls were purified and dried before 
use by standard procedures. 3-Formylsalicylic acid 
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was synthes ized according to Duff and Bills20
. 

Diethylenetriamine was purchased from BDH and 
used as such. The ligand H4fsadien was prepared by 
our previously reported method 19• The mononuclear 
complex [(H2fsadien)Co 11

] was prepared as reported 
by Dey et al 18

• 

The elemental analyses were canied out on 
Elementar Vario EL Ill , Carlo Erba I 108 elemental 
analyzers at the Sophisticated Analytical Instrument 
Facility, Central Drug Research Institute, Lucknow. 
The e lectron ic spectra were recorded o n a Hitachi 
200-20 and Shimadzu UV-2401PC spectrophoto­
meters and infrared spectra (KBr or Nujol or hexa­
ch lorobutadi ene; more than o ne media were used for 
some compounds) on a Perkin-Elmer 1330 and LI 20-
000A FflR spectrophotometers. The molar conduc­
tance was measured using an Elico conductivity 
bridge. The magnetic susceptibility was determined 
by the Guoy method. Molecular weights were dete r­
mined by Rast's method and os mometrica lly . 

Preparation of the precursor complexes, 
l{ (Me3Si)2fsadien} Co 11

] (1) and [{ (Li)zfsadien}Co11
] (2)21 

The complex [(HJsadien)Co 11
] (0.456 g, 0.00 I mo l) 

wa · refluxed with Me3SiCI (0.217 g, 0 .002 mol) in 
THF-hexane mixture (50 mL) in presence of 
stoichi ometric amount of Et3N for 3 h to yield this 
light-brown compound . The complex is soluble in 
many organic solvents. It can also be synthes ized by 
refluxing a mi xture of the complex [(H2fsadien)Co 11

] 

and tri methylsily l N,N'-diphenylurea (TDPU) ( I :2 
molar ratio in THF). Jt can also be prepared by 
refl ux ing (2 h) a mixture of the lithiated complex 
[ { (Lihfsad ien }Co11

] (I mol) with Me3SiCl (2 mol ) in 
THF-hexane mi xture. Lithi ation of the mononuclear 
complex [(H2fsadien)Co 11

] was carried out by 
refluxing a suspension of the .::omplex with LiOH ( I :2 
molar ratio) in methanol or ethanol for 3 h. Colour: 
light-brown; m.pt. : 169-171 °C (d); AM (10"3 M in 

DMSO, Q"1cm2 mol" 1
): 7.8; 1-lcrr (BM): 4.52. 

Preparation of the complexes 
[{(u-C5H 5hM}Co11(fsadien )j {when M=Ti, (3) and M=Zr, (4)} 

A mixture of complex (1) (0.456 g, 0.00 I mo l) and 
(n-C5H5h MC I2 (M=Ti or Zr) (I: I molar ratio) in 
THF- to luene (70 mL, 50:50, vlv) was heated under 
aentle reflux for 5 h and fi ltered. T he vo lume of the 
b 

fi ltrate was reduced under low pressure and cooled to 
about soc with the production of (3) and (4) as yellow 
brown solid. The compounds were washed with THF­
Petroleum ether (40-50°C) (20: 80, vlv) and dried in 

vacuo. Compound (3): Colour: ye llow-brown; m.pt. 
190°C (d); AM ( 10"3 M in DMSO, Q "1cm2 mol" 1

): 8.7 ; 

!-len (BM): 4.4 (total); compound (4 ): Co lou r: yellow­
brown; m.pt. 208°C (d); AM (10.3 M in DMSO, 

Q "1cm2 mol" 1
): 8.9; ).lc1r (BM): 4.5 (total ) . 

[{(R2Sn)z}Co11(fsadien)j {where R=Me, (5) and R=Ph, (6) j 

Similarly, the complex [ { Me2Snh }Co11 (fsad ien)] 
(5) and [{(Ph2Sn)}Co 11 (fsadien)] (6) were prepared by 
the reaction of (1) with Me2SnCh and Ph2SnCI2, 
respectively as light ye llow solid. The rest of the 
procedures were same as described above. Compound 
(5): Colour: yellow; m.pt. 21 ooc (d); /\M (l 0"3 M in 

DMSO, Q "1cm2 mol" 1
): 9.5 ; 1-lerr (BM): 4 .5 (tota l); 

compound (6): Colour: ye llow; m.pt. 228°C (d); AM 
( 10"3 Min DMSO, Q "1cm2 mol" 1

): 9.2; ~tc 11 (BM): 4.62 
(total) . 

[M(fsadien ) Co11
] n/-120. where M=Ni(/1), 11 =2, (7); M=Cu(/1 ), 

11=3, (8); M=Pd(/1 ), 11=2, (9); M=Z11(1l), 11=l, (10); M=Co(/1), 
n=3, (11); M=Vd+, 11=2, (12); M=VO/+, 11=2, (13) 

To a refl uxed mi xture of [(H2fsad ien)Co 11
] (0.456 

g, 0.001 mo l) in THF- to luene (80 mL) was added 
M(OAch.nl-1 20 (0.001 mol) in 30 mL of ethano l and 
stirred while hot for 30 min . The precipi tated coloured 
compounds were filtered off, washed with aqueous 
ethanol and then with petroleum ether (40-60°C) and 
dried in vacuo. 

The same compl exes were also isolated by the 
reactio n of [ { (Me3Sihfsadi en }Co11

] (1) with 
MCb.nl-1 20 . The products were found to be c leaner, 
prov ided better y ield in this method. T he comp lexes 
are stable and solubl e in coord inating so lvents. 

All these complexes could be i. o lated by the 
reactio n of [ { (Lihfsadien }Co11

] (2) wi th the appro­
priate metal salts in right sto ichi ometric rati os. 
Compound (7): Colour: brown ; m.pt. 278°C (d) ; AM 
(10"3 Min DMSO, n·1cm2 mor 1

) : 8.88 ; 1-lc~r (BM ): 4.9 
(tota l); compound (8): Colour: light-brown ; m.pl. 
262°C (d); AM ( 10"3 M in DMSO, Q "1cm2 mol" 1

) : 9.2; 

1-lcrr (BM): 6.2 (total) ; compo und (9): Colour: brown; 
m.pt. 298°C (d); AM (10"3 Min DMSO, Q "1cm2 mor 1

) : 

8.9; 1-le~-r (BM): 4.8 (total); compound (1 0): Colou r: 
brown ; m.pt. 272°C (d); AM (10"3 M in DMSO, ~X 
1cm2 mor 1

): 5.9; 1-lc~r (BM): 4.45 (tota l); compou nd 
(11): Colour: redd ish-brown; m.pt. 262°C (d) ; AM (I o· 
3 M in DMSO, Q "1cm2 mor 1

) : 7.9; ~te~r (BM ): 4 .4 (per 
atom); compound (12): Colour: ligh t-brown: m.pt. 
258°C (d); i \ M (1 0-3 M in DMSO, Q 

1c m2 mol" 1 
: R.8; 

!-len (BM) : 6. 1 (to tal) ; compound (13): Colour: ye llow; 
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Scheme 1 

m.pt. 290°C (d); /\M (10-3 M in DMSO, Q -
1cm2 mor 1

): 

9.4; 1-lcn (BM): 4.49 (total). 

[(Cl)(py)F e111(fsadien)Fe111(py )(Cl)j ( 14) 

The Schiff base, H4fsadien (1.824 g, 0.004 mol) 
was dissolved in mixed solvent of methanol-pyridine 
(SO mL, 50:50, vlv) and this solution was added 
immediately to the hot solution of FeCI 1.6H20 
(2.16 g, 0.008 mol) in pyridine (25 mL). The mixture 
was heated under gentle reflux for 8 h and filtered 
while hot. On cooling to room temperature , a reddish­
pink solid compound separated out. It was filtered off, 
washed with ethanol and dried in vacuo. 

The complex is soluble in pyridine. DMSO, DMF 
but insoluble in water, benzene, ether and chloroform. 
Colour: reddi sh-pink; m.pt. l29-132°C (d) ; /\M oo-:l 
Min DMSO, Q -

1cm2 mor 1
): 9 .2; !lc~r (BM): 3. 14 (per 

atom). 

{(N03)2Co111(fsadien)Co 111(H20h} (I 5) 

3-Formylsalicylic acid (0 .66 g, 0.004 mol ) was 
dissolved in ethanol (30 mL) to which diethyl ene­
triamine (0.2 g, 0.002 mol) in 15 mL of aqueous 
ethanol was added dropwise while stirring. The 
mixture turned yellow and heated under re flux o n 
water bath for 2 h. A so lution of Co(N03h.6H20 
( 1.16 g, 0 .004 mol ) in ethanol (20 mL) was then 
added to the hot solution of the ligand H~fsadi en drop­
wise while stirring followed by heating under gentle 
retlux for 3 h in the presence of oxygen . During re tlux 
J. orown microcrysta lline co mplex was ~ eparated out , 
which was filtered off, washed with ethanol and ether 
and d ri ed in air. 

The compound is slightly soluble in water but 
highly soluble in coordinating solvents. Colour: 
brown; m.pt. 210-212° C(d) ; /\M ( 10-J Min DMSO, 

Q -1cm2 mor 1
): 9.5; diamagnetic. 

Results and Discussion 
The ligand H4fsadien can function as a 

compartmental li gand , the inner compartment be ing 
N20 2 or N30 2 donor ligand and outer compartment 
being 0 20 2 donor ligand, affording homo- and hetero­
bimetallic complexes. The chemical composi tion of 
the isolated complexes depends to some exten t on the 
nature of the reactants, solvents, temperature. the pH 
of the solutions and the other conditi o ns o f the 

reactions. The two free -COOH groups presen t in the 
mononuclear complex [(H 2fsadien)Co 11

] cr.n eas il y be 
silylated or lithiated leading to the isolatio n of di (tri­
methylsi lylated) product, [ { (Me3Si)2fsacli cn }Co 11

] (1) 
and dilithiated product [ { (Lihfsadi en )Co11

] (2) 
(Scheme I). These are very efficient prec w..;ors fo r 
the synthesis of differenr types of ho mo- and hetero­
bimetallic complexes including new organo deri va­
tives of titanium(IV), zirconium(JV) and tin(IV) ions. 

All the reactions were carried o ut under dinitrogen 
atmosphere. The reactivity of the "O-Si Me3" bond in 
the complex I { (Me3Si)Jsadien }Co 11j (1) and "0-Li" 
bond in the complex [ { (Li hfsad ien} Co 11 l (2) with 
different substrates was studi ed leading to the 
synthesis of many new organotitanium(IV ), organo­
zirconium(IV). nrganotin(IV) and also many new 
ho mo- am.l hetero-b inuclear co mpiexes involv ing Ni­
Co. C u-Co, Pd-Co, Zn-Co .. Co-Co. YO-Co and YO"­
c~l Da irs. S ince the byproduct. Me1SiCI is a inw-
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Table !--Characteri sa tion data of the complexes 

Mol. wt Found (Calcd.), % Solvent Electronic spectra 
Comp. Found c H N M 

- . J 
Arn..~ x. crn 

(Ca lcd .) 

f { (Me3Sih(fsadicn) }Co11 ] (1) 582 52.00 5.92 6.92 9.86 
C26H35Np6Si2Co (600.69) (5 1. 99) (5.87) (6.99) (9.8 1) 

l { (n- C,Hih Ti( fsad ien) }Co11 J (3) 639 57.00 4.26 6.69 T i=7.76 
C30H27 N p 6 TiCo (632 .37) (56.98) (4.30) (6.64) (7 .57) 

Co=9.46 
(9.32) 

I { (n- C, H5)2Zr(fsadien) }Co11 ] (4) 705 53.29 4. 11 6.1 8 Zr= l 3.62 
C30H27Np6ZrCo (675.72) (53.33) (4.03) (6.22) ( 13.50) 

Co=8.90 
(8.72) 

[ { (Me2Sn)Co 11 (fsad ien) j (5) 740 38.37 3.9 1 5.63 Sn=3 1.64 
C24H29 N30 6Sn2Co (75 1.87) (38.34) (3 .89) (5.59) (31.58) 

Co=7.9 1 
(7 .84) 

f { (Ph2Sn)Co 11 (fsadi en)] (6) 52.82 3.78 4.1 7 Sn=23.88 
C_,..Hn N30 6Sn2Co ( 1000. 15) (52.84) (3.73) (4.20) (23.74) 

Co=5 .96 
(5 .89) 

[Ni 11 (fsadien)Co 11]2H20 (7) 538 43.72 3.8 1 7.7 1 Ni= l0.92 Nujol 16500; 19500;25000 
C20I-1 21N30 8NiCo (549 .04) (43 .75) (3.86) (7.65) ( 10.69) 

Co= l0.58 
( 10.73) 

[Cu11(fsadien)Co11]3I-120 (8) 552 4 1.96 4. 1 I 7.38 Cu= l l.70 Nujol I 6200; !6800 
C20 I-1 23N 30 9CuCo (571.90) (42.00) (4.05) (7.35) ( ! 1.1 1) 

Co= l0.62 
(I 0.30) 

tpd 11 (fsad ien)Co 11 j2H20 (9) 569 40.3 1 3 58 7.06 Pd= l7.92 Nujol !6600; 20800;24800 
C20H21Np8PdCo (596.76) (40.25) (3.55) (7 .04) ( 17.83) 

Co=9.62 
(9.88) 

[Zn 11 ( fsadien)Co 11
] I-1 20 (HI) 530 4.71 3.61 7.86 Zn= l2.21 

C20H 19N30 7ZnCo (537.72) (44.67) (3.56) (7 .8 1) ( !2 .1 6) 
Co=l0.83 

( 10.96) 

[Co11(fsadien)Co 11 13H20 ( II ) 548 42.37 4.11 7.47 Co=20.98 Nujol 18000; 2 1000 

C2oH 23 N309Co2 (567.29) (42 .34) (4.09) (7.4 1) (20.78) 

[VO(fsadien)Co11]2H20 (12) 538 43. 15 3.76 7.56 V=9.28 Nujol 14000: 17000; .1 9000 
C20H21Np9VCo (557.28) (43 . 11 ) (3 .80) (7.54) (9. 14) 

Co= l0.28 
(10.57) 

[U02(fsadien)Co 11 ]2H20 (13 ) 742 3 1.63 2.82 5.56 U=31.72 
C20H21N30 10UCo (760.37 ) (3 1.59) (2.78) (5.53) (31.30) 

Co=7.66 
(7.75) 

I Cl(py)Fe111 (fsad ien)Fe111(py)CI] (14) 720 49 .0 1 3.69 9.57 15.62 Nujo l 12500; 13 158; 15 150(sh); 

C,0H27 N50 6CI2Fe2 (736. 18) (48.95) (3.70) (9.5 1) ( 15. 17) 16400 (sh); 17240 (sh): 18867: 
19600; 20800 (sh); 24400: 
25640 

l( 0 3) 2Co111(fsadien)Co(I-1 20)1 (15) 693 35.72 3.11 10.46 17.76 Nujol 11 100 (br); 12500; 15600 (sh); 
C20 H21N50 1.1Co2 (673.29) (35 .68 ) (3. 14) ( I 0.40) ( 17.5 1) !6600 (sh); 17400 (sh): 26000 
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[{ (Mc.lSi)/sadicn! Co i (I ) or 

I{ (Li)/sadien !Col (2) 

R = R' = n-C5H5 ; M = Ti. n = 0 (2) 

R = R' = n-C5H5; M = Zr. n = 0 (3) 

R = R' = Me; M = Sn. n = 0 (4) 

R = R' = Ph; M = Sn. n = 0 (5) 
R = R' = nothing; M = Ni, n = 2 (6) 
R = R' = nothing; M = Cu. n = 3 (7) 

R = R' = nothing; M = Pd. n = 2 (8) 

R = R' =nothing; M = Zn. n = I (9) 

R = R' = nothing: M =Co, n = 3 (10) 
R = R' =nothing; M =YO. n = 2 ( II ) 
R = R' = nothing; M = YO, . n = 2 ( 12) 

Scheme 2 

bo iling liquid and misci b le w ith com mo n o rganic 
solvents, it is eas il y re moved by low-pressure 
di still a tio n. In the case o f (2), the byproduct LiC l can 
eas ily be removed . He nce, the new o rgano metalli c 
compo unds and ho mo- and hetero-bimeta lli c 
compl exes were o bta ined in ve ry pure fo rm and good 
y ield (Sche me 2). 

E le mental analyses a nd o ther characteri sati o n data 
are sho wn in Table I , which suppo rt the ir fo rmul a­
ti o ns. The mo lecular weig hts are a lso in good agree­
ment w ith the theoretica l va lues . 

The complexes (1) and (3) to (15) are no n-co nduc­

ting in DMSO solvent (AM=5- 10 Q -
1 cm2 mo r 1

)
22

• It 

is inte resting to note that the value of J\M (in DMS O 
solutio n) of the co mplex (14) inc reases o n pro lo nged 
standing, which after abo ut 4 days attains a va lue of 

59. 5 Q -1 cm2 mo r ' Thi s may be rationa lized by the 
fo llowing equatio n, which shows the formati o n of l :2 
e lectro lyte in so lu tio n: 

[Cl(py) Fe 111 (fsadien)Fe 111 (py)C l]+DMSO 4 

[( DMSO )(py )Fe111 (fsadie n)Fe 111 (py)(D MSO ) f + +2Cr 

The general tre nd of the infrared spec tra o f the 
present me tal co mplexes are comparable w ith those 
publi shed prev io us ly w ith s imilar ty pes o f ligands 19

• 

T he N-H stre tch in the compl exes (1) and (3) to (1 5) 
observed as mediu m-weak broad/o r sharp peak in the 

region 15
· '

6 3300-3 100 c m-1
. he v(C=N ) in the 

complexes is observed around 1645- 1630 c m-1 (which 

is l0±5 em 1 lower than that observed 111 free lig~nd ) 
and lend suoport fo r the coordination of •mine 

. ~1-'2 6 mtrogen-· . 
The anti symmetric stretching vibration of ~he 

carboxy late grou p of i(Me3Si h fsad ien }Co11 j (1) was 

fo und at 1550 e n,- ' and pheno lic v(C-0) a t 1538 em· ' . 
which suggest a structure shown in Sche me 2 above. 
Similarly , carboxy la te vibrat ion of the compl exes (3) 

to (15) o bserved at 1550 c m-1 a nd phe no li c v(C-0) a t 
a round 1560 em· ' sugges ting binuc lear structure w ith 
bridg ing phe no li c o xygen27 as sho wn in Sche me 2. 
Band ass ignments in the regio n 3 100-3400 e m· ' and 
aro und 1600 c m-1 a re co mpli cated by the presence of 
seco ndary ami de and C=N chro mo pho ri c groups in 
the present complexes. B es ides , abso rption of water 
a lso appears in 3 100-3500 e rn· ' ra nge. A ll these 
co mpli cate the pro pe r inte rpre tati o n o f the bands in 
thi s regio n. 

T he infrared band fo r v (V=O) of the comp lex (12) 
is o bserved at 978 c m-1

, whi ch in a ll probability to 
suppo rt mono meri c V=O unit in thi s che late"' . The 
in frared spectrum of the dioxouranium(Vl) complex 
(13) sho ws an inte nse absorptio n at 898 c m-

1 

attributable to the Va,(U02) mode2 t.2') T he vJUO:- ) 

vi bratio ns in the co mpl ex is expected to be we<:k in 
in tens ity, the ir presence could not be establ ished 
unequi voca lly s ince the ligand abso rbs in this reg io n. 

Coordinatio n of pyridine in the complex (14) is 
de monstra ted by the infrared absorpt ion 

10 
band 

around 760 c m-1
. Unide nta te nature of NO,- (C2,) in 

the complex (15) is demo nstrated by the appearance 
of infrared bands3 t.:n at abo ut 1490, 1250, 1030, 850 
a nd 755 e m· ' . 

he mag neti c susceptibiliti es of al l the iso lated 
comple xes were measured in the sol ici s tat e at mom 
tcr1pcra!ure and the calculated magneiic mornent 
vaiues :1re recorded in f'ab!e l . The complexes (1 ~ ·t:ld 
(3) :o (14) a·e ara1 .agnetic .\h:ie the cc..'mp k"< (1~· ,.., 

diamagnetic. 
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The di-iron(JII) complex [CI(py)Fe11 \fsadien)­
Fe111(py )C l] (14) has the room temperature magnetic 
moment value of 3.1 4 B.M. (per iron atom), which is 
lower than 5 .2-6.0 B.M . expected for a iron( lll ) 
complex and suggestive of the presence of antiferro­
magnetic exchange interaction in the complex. Unfor­
tunately , we could not study the temperature depen­
dence of the magnetic suscept ibiliti es and also the 
Mossbauer spectra of the che lates due to non­
avai labi lity of such faci lities in our laboratory. 

Borer and Vanderbout33 have reported the sy nthesis 
and structural predictions o n the iron(III) triketonates 
having room temperature magnetic moments similar 
to those observed for the present di-iron(III) complex 
(14) under discussion . Kahn er al. 34 also studi ed the 
reactions of iron(lll) ion with bis(3-carboxy)sali­
cy lidine imine (a Schiff base derived from ethy lene­
diamine and 3-formylsalicylic acid) and their results 
are also comparable with the present resu lts. 
However, presence of mixed-spin state of iron cannot 
be ruled out on the basis of the present data, which 

might also help to account the lower f.!crr values. 
Nevertheless, the following tentative structure (I) may 
be proposed for the di-iron(lll) complex (14) 
following the work of Borer and Vanderbout33 and 
Kahn et a/'4 . 

The e lectronic absorption spectrum of the di-iron 
complex (14) in nujol mull shows bands at 25,640, 
24,400, 20,800 (sh) , 19,600, 18,867, 17,240 (sh), 
16,400 (sh), 15.150 (sh), 13, 158 and 12,500 cm·1. The 
absorption of the low-spin complexes occurs35 in the 

range l4xl03- I6xl01 cm·1, which are absent in the 
high spin complexes. The spectral data of the present 
iron(lll) comp lex (14) may be assigned fo llowing the 
wel l-known theoretical treatments on the subject36

·
37

. 

The low intensity bands in the region 12,000-
15,000 cm·1 may be ascribed to the spin forbidden d-d 
transitions. The bands appearing above 25,000 cm·1 

(with high intensity) may be assigned to charge 
transfer bandsn 35

·
3839 attributable to d-'>1T. • and 1T.-'>1T.* 

transitions. The e lectronic spectra of high and low­
spin iron(lll) complexes have been discussed 
thoroughly e lsewhere23

·
35

-4
1. The e lectroni c spectral 

data collected for the complex (14) support oxo­
bridged binuclear complex formation, which is in line 
with the interpretation of magnetic moment value and 
infrared spectral data . 

The d i-cobalt(Ill) complex [(N03hCo 111 (fsadien)­
Co111(H20hl (15) is found to be diamagnetic sugges­
ting the formation of cobalt(ll l) complex. The UV-vis 

(I) 

(II ) 

spectrum of the complex in nujol mu ll shows several 
bands at 26,000, 17,400 (sh), 16,600 (sh) , 15 ,600 
(sh), l 2,500, 11 , 100 (br) cm-1. Appearance of two 
bands in the range 15,000- 28,000 cm·1 is assignable 
to d is torted octahedral structure of cobalt(lll ) 
complex (15) and plausible structure for the com pl ex 
. h . (11)4

? 
4 ' IS s own 111 structure -· · . 

All the bimetallic compl exes from (7 ) to (13) , 
synthesized in this study . are paramagnetic. It h;L 
been concl uded that cobalt( ll ) ion occupies the N30 " 
inner compartment attaining thereby a trigonal 
bipyramidal structure . In view ol the fact that for a 
given ligand, corresponding stability constant of 
complexes of a bivalent ion of the fi rs t trans iti on 
series are usuall y in the "Irving-Wil liams order". 
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Therefore, it may so happen that during the sy nthes is 
of hetero binuclear complexes (7) to (9), nickel(l l), 
copper(Jl) and palladium(ll) might take up the inner 
N20 2/N 30 2 compartment and cobalt(l I) change its 
position from inner N,0 2 compartment to outer 020~ 

compartment. Tn thi s situation nickel (ll ) complex (7), 
copper(ll) complex (8) and palladium(fl) complex (9) 
may attain square planar geometry using inner N20 2 

compartment. On the other hand , cobalt(! I) may attain 
a pseudo-octahedral geometry by the addition of 
water molecules (see infrared spectral discussion 
above) . Room temperature magnetic moment va lues 
(Table I) may be discussed accordingly . As sq uare 
planar nickel(Il) and palladium(JI ) are diamagnetic, 
the magnetic moment values observed for the 
complexes (7) and (9) account the presence of 
pseudo-octahedral cobalt(! !) ion ((/-system) in these 
complexes44

-
4c'_ The e lectronic spectra of the 

complexes (7) and (9 ) in nuj ol mul l show bands at 
16,500, 19,400 and 25 ,000 cm-1 (sh) fo· (7) and 
16,600, 20,800 and 24,800 cm-1 (sh) for (9). The band 
at 16,500 and 16,600 cm-1 may be attributed to the 
4A2g~ 4T1,. transi tion of cobalt(II ) in an octahedral 
geometri4-46. The bands at 19,400 and 25,000 cm-1 

assignable (tentatively) to 1 A 1 g~ 1B 1g and 1 A 1 g~ 1A2g 

transition in a square planar field47 .4~ fo r the nickel(fi) 
complex (7). A band at 20,800 cm-1 for the 

palladium(ll) complex (9) is assigned to the 1 A 1 g~ 
1A2g (dxy~ d,2_y2) transition in square planar geo­
metr/7.48. 

The magnetic moment value of 6.20 B.M . (total) 
for the complex (8) containing copper (TI ) and 
cobalt(II) ion suggest negligible metai-metal inter­
action44.45. The electronic spectrum of (8) possesses 
two bands (16,200 and 16,800 cm-1

) which can be 
assigned to the d-d transitions of the ' inside" 

copper(II) and the 4T1 g~ 4A2g transition of cobalt(ll) 
in an octahedral field4

.J-.Jn _ 

The complexes (10) and (13) show magnetic 
moment values of 4.45 and 4.49 B.M . respective ly 
which tentatively suggest the presence of octahedral 
cobalt(II) in these complexes. Zinc(ll) and dioxo­
uranium(VJ) being diamagnetic. Electronic spectral 
data also support thi s interpretation as discussed 
above. 

The complex (11 ) has two absorption bands, o ne at 
18,000 em -I and the other at 21 ,000 em-1

. These could 

be ass ' ,sned to 
4 Tig~4A2g and 4 T1g~ 4

T 1g (P) 
transitions respectively, in an octahedral field49

. 

Magnetic moment value (Table 1) per cobalt(! I) ion 
also supports il. 

The magnetic mome nt value of 6.1 B.M. (total) fo r 
the complex iYO(fsadien)Co11 ]2H20 (11 ) may be: 
considered as the presence of 5-coordinated d' -system 
and octahedral/five-coordinated d7 -system , 1 n absence 
of cryomagnetic data we are unab le to say about the 
poss ible antiferromagnetic interactions between the 
two metal centre~. Electronic spectral data also 
suggest the presence of square pyramidal50 oxo­
vanadium(IV) and trigonal bipyramidal or octahedra! 

cobalt(Il) ion in the complex (12) C.Amax fo r voc+: 
14,000; 17,000 and 19,000 em·' suggesting square 
pyramidal structure: lor electronic spec tral data of 
Co(ll) see above). 
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