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Reaction of VOS0 4 with three tridentate dibasic ONO donor azo ligands (H 2L1- 3 , 1) separately in aqueous alcoholic me

dium produces complexes 2-4 of the type [VO(L)(H 20),Iy• where x = 1, y = l for H2L 1 : complex 2; x = 0, y = 2 for H2L2 

and 112L3 : complexes 3 and 4 respectively. Complex 2 shows normal magnetic moment for a d1 system while 3 and 4 show 
subnormal behaviour. This behaviour is explained in terms of metal-metal bonding, and the magnetic moment order, 2 > 3 
> 4 is correlated with the basicity of the donor atoms. One bonded water molecule is present only in complex 2. Among the 

three complexes only 2 shows two ligand field transitions. All the three complexes exhibit one LMCT transition and two intra
ligand transitions characteristic for azo group. They display either irreversible or quasireversible one-electron oxidation peaks 

in DMF. The electrochemical behaviour has been rationalised on the basis of basicity of the coordinating atoms. 

The good affinity of oxovanadium(Iv) ion towards tridentate 
dibasic ONO donor ligands is the principal cause for its 
rich chemistry with such donor atoms. The complexes with 
such donor atoms, either in simple l-IO or in mixed
ligand3·11·12 systems are mainly with Schiff bases. There 
are also examples with simple molecules containing this 
type of donor moieties 13•14, but such type of complexes with 
azo ligands have received little attention 15 . Though a sig
nificant amount of work has been done by Chakravorty et 
al 15 either in mixed-ligand or simple oxovanadium(v) sys
tem with H2L 1- 2 type of ligands but to our knowledge no 
systematic study has been done with oxovanadium(lv) ion 
so far. With this idea in mind, we carried out a systematic 
study of such complexes with three tridentate dibasic ONO 
donor azo ligands (H2L I-J, I) as a part of our programme 
on oxovanadium(Iv/v) chemistry11 •16. The main reason for 
utilising such types ofligands is to know how the magnetic 
moment and redox potential values of the complexes vary 
with the basicity of the third donor site, the other two rc;
maining invariant of a tridentate dibasic ligand. The com
plexes are ofthe type [VO(L)(H20)x1y (forL1 : x= I,y= 1, 
complex 2; for L2 and L3 : x = 0 andy= 2, complexes 3 and 
4 respectively). Their redox behaviour is also discussed. 
Trends in the V02+ -V03+ oxidation potentials and the mag
netic moment values are correlated with the basicity of the 
donor sites of the ligand. Studies of such compleKes are 
important because oftheir chemical and biochemical sig
nificance17·18 

Results and Discussion 

Three tridentate ONO donor azo ligands, H2L1-H2L3 
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(general abbreviation H2L, I) have been used. Treatment of 
equimolar mixture ofV02+ with the respective H2L inaque
ous ethanolic solution, produced complex [VOL(H20)x1~ 
in nearly quantitative yield. The H2L ligands bind to V02 

in a dinegative tridentate fashion. The compositions of the 
complexes have been confirmed by elemental analysis and 
infrared spectra. The room temperature magnetic moment 
values also support it. 

The magnetically dilute oxovanadium(IV) complexes (d1 

system) should exhibit magnetic moment very close to the 
spin-only moment and so complex 2 (1.88 B.M.) belongs 
to this category. The room temperature magnetic moment 
values of complexes 3 and 4 (1.23 and 1.16 B.M. 
respectively) are significantly less than the spin-only mo
ment, which indicates that antiferromagnetic exchange 
process is operating in these two complexes. As the ligands 
are tridentate in nature, so these I : 1 metal : ligand com-
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plexes must either take up one or more solvent molecules 
(for the formation of mononuclear complex) or must be in
volved in the formation of bridges (forming dinuclear spe
cies), so that the metal can satisfy its usual coordination 
number. An analysis ofir spectra of the complexes reveals 
that H20 molecule is present only in complex 2. The ther
mal analysis of 2 indicates that a weight-loss occurs 
endothermally (DTA curve) at 190° and TGA data confirm 
the mass-loss of only one water molecule (Fig. 1 ). The loss 
of water molecule at this temperature is also confirmed from 
their spectrum of2 after heating it at ca 200°, which shows 
no band for water but for carboxylate group (vide infra). 
The high temperature required for water-loss indicates that 
water molecule is strongly bonded to vanadium and also H-

Exothermic 

1 

70 230 

Fig. 1. TGA (---)and DTA (-)curves for complex 2. 

bonded with the ligand molecule otherwise it would be re
moved at lower temperature 19. Fig. 1 also reveals that after 
the endothermic loss of H20 there is a phase transition (the 
exotherm at 21 oo is not accompanied by any weight-loss), 
indicating possibly a structural change from a discrete five
coordinate to a polymeric entity. The compound decomposes 
above 250°. The meridional disposition of(L1f- ion is well 
known 15 and assuming one basal position of H20, a dis
torted square-pyramidal geometry (I) with a vacant coordi
nation site trans to the V=O bond is reasonable for com
plex 2. The meridional disposition of(L2)2- ion is also well 
known 15 and extending this nature to (L3)2- ion, a dinuclear 
distorted square-pyramidal geometry (II) is proposed for 
complexes 3 and 4, the bases being constituted ofN and 0 
atoms of tridentate ligands and one phenolic oxygen3 and 
one alcoholic oxygen 7 atom of neighbouring molecule as 
bridging atom respectively. The bridging by phenolate and 
alcoholate oxygen atoms in 3 and 4 respectively, is sup
ported by the ir spectra. lt is also known that, for such square
pyramidal vo2+ complexes the unpaired electron will be in 
the 3dxy orbitaJ3,20 and because of appropriate symmetry of 

3dxy orbitals of metals in these dinuclear complexes for di-
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rect overlapping, it is reasonable to assume that a V-V a

bond will be the most favourable path for lowering the mag
netic susceptibility value. The extent of direct overlapping 
is expected to be inversely proportional to the effective 
nuclear charge on the metal which in turn depends directly 
on the basicity ofthe coordinating sites of the bonded ligand 
molecule. The ligand donor sites of the three complexes are : 
OPNazoc (2) OPNazop (3), QPNazoa ( 4), where superscripts 
p, az, c and a stand for phenolic, azo, carboxylic and alco
holic moieties respectively. Among the three donor sites the 
two are identical (i.e. OP and Naz) in all the three complexes 
and only the difference in the third oxygen donor sites i.e. 
oc, OP and oa and their basicity order is oc < QP < oa as is 

evident from their pK3 values (cf the pKa values of 
PhCOOH, PhOH and EtOH: 4.2, 10.0 and 15.90 respec
tively21·22) and this explains the observed magnetic moment 
order: 2 > 3 > 4. In the complex 2, due to the presence of 
very weak oc ion, the effective nuclear charge on V is so 
high that no effective metal-metal bonding takes place. So, 
it is monomeric in nature and assumes distorted square-py
ramidal geometry by taking up one water molecule in the 
coordination zone. Hence, it can be concluded that the third 
donor site (others remaining invariant) play vital roles in 
determining the structure and hence in the magnetic mo
ments by affecting the effective nuclear charge of metal atom 
through their basicity. 

Ir and electronic spectra : The complexes display 
a strong V=O stretch at 995-1000 cm-1 which is compa
tible with pentacoordination 1,3,? •8. The presence of one 
symmetric (1320 em - 1) and two asymmetric ( 1640 and 1620 
cm-1) stretching modes in complex 2 characterises 
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monodentate carboxylate binding23 • A relatively broad band 
around 3200 cm-1 present only in complex 2, indicates the 
presence of coordinated water molecule and suggesting its 
involvement in hydrogen bonding. The expected v N=N 
mode of the bonded ligands is observed24 at 13 75-1410 
cm-1 for all the three complexes. The band at 555-570 
cm-1 is assigned to V-0 (aryl} and 480-490 cm-1 to V-N 
bond. The v (C-O)@ band in complex 3 observed at 1565 
cm-1, is in the higher energy side by 25 cm-1 (cf the v 
(C-O)@ band of the ligand 1540 cm-1) indicating its in
volvement in bridge25 in the magnetically condensed com
plex 3. The appearence of v(C-0) alcoholic band at 1295 
cm-1 which is in the higher energy side by ca 30 cm-1, indi
cates its involvement in bridge and no significant change in 
v (C-O)@ band rules out the possibility of other alternate 
bridging medium in complex 4. So the proposed magneti
cally condensed dinuclear alcoholic oxygen bridge structure 
of complex 4 is expected to be correct. 

The DMF solutions ofthese complexes are orange-red 
to red-violet in colour. Among these three complexes, two 
ligand-field transitions are observed only in complex 2 at 
1025 and 880 nm due to dx2 ~ dxz> dyz ( e = 28) and dxy ~ 

dx2-y2 (e= 36) respectively 0. Strong absorptions at higher 
energies preclude observation of other possible ( dxy ~ dz2) 

ligand-field transition. All the complexes exhibit one in
tense transition in the region 483-492 nm (e= 5200) prob
ably due top~ d (LMCT) excitation (where p and d repre
sent phenolic oxygen and metal d orbital respectively). The 
transition characteristics for N=N group were observed at 
432 nm (e= 3500) and at 312-334 nm (e= 10000) due to 
n ~!!*and 1r~ !!*transitions respectively26. 

Electrochemzstry : The electrochemical properties of all 
the oxovanadium(IV) complexes were examined by cyclic 
voltammetry in DMF solution at aPt working electrode and 
they exhibited a well defined voltammetric response due to 
yiv _yv couple. While complex 3 showed quasireversible 

behaviour (E~ = 0.33 V and E 112 = 0.25 V), complexes 2 
and 4 showed irreversible V1v _yv process (E~ = 0.64 and 
0.22 V respectively; E~ being the anodic peak potential value 
and E 112 the average of anodic and cathodic peak potential 
values). Representative voltammogram of metal redox pro
cess for complex 3 is shown in Fig. 2. From the basicity 
point of view of the donor atoms, it is expected that the 
electron density on the vanadium centre will be in the 
order : 2 < 3 < 4, and hence the expected order of E~ values 
will be 2 > 3 > 4. In fact, this has been observed experimen
tally. So, from the comparison of E~ values, it is evident 
that this value gradually decreases with the increase in ba
sicity of the third donor atom (the others remaining invari-

1 
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Fig. 2 Cychc voltarnmogram (Pt-electrode, 298 K) of complex 3 m 
DMF (10-4 mol dm-3, Et4NC104 , scan rate 50 mY s-1) 

ant) and hence, the more basic atoms have tendency to 
stabilise vo3+ motif preferably than vo2+ motif and vice
versa. Two other distinct quasireversible reduction peaks 
were also observed for all the three complexes at high nega
tive potentials, near-0.5 and-1.10 V due to electron trans
fer at the azo group ( eqns. 1 and 2), 

[-N=N-] + e ~ [-N==- N-r 

[-N == N-]- + e ~ [-N- N-j2-

(l) 

(2) 

The reduced species does not appear to be stable enough to 
show the reversibility. 

Concluswn : The results reveal the important role of 
third donor site (the other two remaining invariant) m deter
mining the composition, structure, magnetic moment and 
redox potential values of the complex. A trend in the mag
netic moment and redox potential data has also been exam
ined. Due to the insoluble nature of such complexes in com
mon solvents no redox potential data are available for most 
ofthe complexes reported so far but because of sufficient 
solubility of the complexes reported here (the exception is 
complex 4, which is sparingly soluble) it has been possible 
to report their redox potential values. 

Experimental 

VOSO 4.5H20 (Loba), p-cresol, ,8-naphthol, anthramhc 
acid, o-nitrophenol and sodium acetate (all S.D. Chemicals) 
were used as received. o-Aminobenzyl alcohol was used. 
H2L1 and H2L3 ligands27 and H2L2 ligand28 were prepared 

375 



J. Indian Chern. Soc., Vol. 76, August 1999 

by the reported procedures. Electrochemical grade Et4NC10 4 
(TEAP) was prepared29. Dimethyl formamide was dried by 
distillation under reduced pressure over P 4 0 10 and then 
stored over Linde AW-500 molecular sieves. 

Electronic spectra (DMF) were recorded on a Hitachi 
330 spectrophotometer and ir spectra (KBr) on a Perkin
Elmer 783 spectrophotometer. Electrochemical measure
ments were performed on a PAR 370-4 electrochemistry 
system according to the reported procedure30. All poten
tials reported are uncorrected for junction contributions. A 
Perkin-Elmer 240C elemental analyser was used for C, H, 
N analyses. The thermal analyses (TG-DtA) were carried 
out using a Shimadzu DT -30 instrument in a dynamic 
atmosphere of nitrogen. Magnetic susceptibility was 
measured using a PAR 155 magnetometer using 
Hg[Co(SCN)4j as the calibrant. - -... 

The comp)exes were prepared by the -same general 
method. All the complexes gave satisfactory C, H and N 
analyses. 

(Aquo)(5-methy/azobenzene-2-o/ato-2 '-crboxy/ato)
oxovanadium(TV), (VO(L 1){H20)] : H2L1 {2 mmol) and 
sodium acetate (4 mmol) were dissolved in aqueous alcohol 
(25 cm3 ofethanul and 15 cm3 of water) by heating. A solu
tion ofVOS04.5H20 (2 mmol) in water (1 0 cm3) was added 
to it dropwise with continuous stirring. The reaction mix
ture was stirred at hot condition ( -80°) for 1 h and then 
cooled. The resulting brown-red complex was washed with 
water, alcoholic water ( 1 : .1) and finally with diethyl ether 
and dried oyer CaC12 (fused), (665 mg, 98%). 
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