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Synthesis and spectral studies of some oxovanadium(IV) and vanadium(IV)
complexes
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Complexes of oxovanadium(lV) with N,N' -ethylene-bis-(2-aminobenzamide) [EBAB], N,N ' -propylene-bis-(2ami nobenzamide) [PBAB], N.N ' -(o-phenylene)-bis-(2-aminobenzamide) [PhBAB] , N,N' -ethylene-bis-(3-carboxypropenamide) [EBCP], N,N ' -propylene-bis-(3-carboxypropenamide) [PBCP]- and 1-(2'-hydroxyphenyl)-3-phenyl-I ,3-propanedione
[HPPPD] ha ve bee n prepared and characterized by chemical analyses, molar conductivity, magnetic susceptibility measurements. thermal studies, IR. electronic and ESR spectra. Further, de-oxygenation react ions of these complexes with
thi onyl ch loride yie ld vanadium(lV) complexes. The spectral data reveal that oxovanadium(lV) complexes are square pyramidal while the va nadium(lV ) complexes are octahedral.

The chemistry of oxocations I has been very
interesting because the metal-oxygen multiple bond in
them could be used as an internal molec ular probe to
understand more about the nature of the metal ligand
bonds as the M-L bonds perturb the more sensitive
(M=O) double bonds . Further, the information is
useful to know about the chemical environment
around the metal ion. One of the coordination sites
aro und vanadium ion is occupied by oxygen atom and
the complexes of this species, VO(lV) are interesting,
because it may utilize either three, four or five
coordination positions resulting in trigo nal pyramidal,
square pyramidal or distorted octahedral complexes.
The quadrivalency of vanadium is important mainly
in vanadyl ion 2. The VO(JV) is a more stable diatomic
cation known. The VO(lV) complexes with oxygen
donors are more stable than those of Cu(II) that
exhibits some important similarities through hole
for mali sm (i vs d\ The ligands selected for the
present study have different electron pair donors; N,
N; N, O' and 0 ', O' and are capable of forming 5 and
6 member chelate rings. Therefore, in continuation of
our work on complexes of oxocations 3.4, we have
undertaken detailed investigation of the complexes of
oxovanadium(lV), 1-6, with quadridentate and tridentate ligands like N,N' -ethylene-bis-(2-aminobenzamide) [EBAB],
N,N' -propylene-bis-(2-aminobenzamide) [PBAB], N,
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N' -(0-phenylene)-bis-(2-amino-benzamide) [PhBAB] ,
N,N' -ethylene-bis-(3-carboxypropenamide) [EBCP] ,
N,N' -propylene-bis-(3-carboxypropenamide) [PBCP]
and 1-(2' -hydroxyphenyl)-3-phenyl-1 ,3-propanedione
[HPPPD]. Further, the de-oxygenation reactions of
these complexes and characterization of the resulting
vanadium(IV) complexes, 7-11, are also reported.

Materials and Methods
All the chemicals used were of AR grade. The
ligands were prepared by the methods reported
elsewhere5- 7 . The purity of these co mpounds was
checked by TLC and melting point determination. All
the solvents were purified before use by standard
methods.

Preparation of oxovanadium( IV) complexes:
Each of the ligand (2.36 mmol) was di ssolved in
30 ml of methanol. The pH of the solution was
adjusted to 6.0 by adding methanolic solution of
NaOH in the case of EBCP, PBCP and HPPPD.
Vanadyl sulphate trihydratc (6.0 mmol) di ssolved in
10 ml of methanol was added slowly with constant
stirring and then refluxed for 2-3 h at 70 c C. The
microcrystalline complexes formed were suction
filtered and washed with hot methanol several times.
The products were dried in vacuo over anhydrous
calcium chloride. The yield of the complexes was
found to be 70--90% with respect to the metal salt.
Preparation of vanadium( IV) complexei :
Complexes 1-5 (0.5 g, each), were suspended in 20
ml of dry benzene. 0.4 g of freshly distilled SOCI 2
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solid state at room temperature and liquid nitrogen
temperature were recorded on a Varian E-112
spectrometer at RSIC, IITM, Chennai, India.

was added through a syringe and stirred at 40°C for
about 2 h. The products were filtered and washed with
dry benzene till they are free from traces of SOCh.
The yield of the complexes was 90-9:;% based on the
weight of the parent oxovanadium(lV) complex.
The C, Hand N analysis were performed on
Perkin-Elmer CHN-analyzer 2400 at the Institut fijr
Anorganische
und
Analytische
Chemie
der
Technischen Universitat Berlin, Germany. Vanadium
content in the complexes was determined by
spectrophotometric method 9 after the decomposition
of the organic moiety.
The magnetic susceptibility measurements were
made at room temperature (25 °C) on a vibrating
sample magnetometer, EG & G Model 155, available
at RSIC, lITM , Chennai, India. Molar conductivities
of the complexes in DMF were measured using a
Digisun Digital Conductivity Meter Model DJ-909.
The thermal data of the complexes were recorded
using a Stanton Thermobalance. IR spectra in KBr
pellets or in nujol mulls (using CsI plates i'n the far-IR
region) were recorded on Perkin-Elmer-283
spectrometer. The electronic spectra of the complexes
in DMSO were obtained using the Shimadzu 160A
spectrophotometer. ESR spectra of the complexes, in

SI.

Results and Discussion
All the complexes of VO(IV) and V(IV) are stable,
crystalline and non-hygroscopic. They are insoluble in
common organic solvents, but soluble in DMF and
DMSO without undergoing any solvolysis reactions.
On the basis of analytical data (Table 1), the metal
chelates were found to have 1: 1 (metal : ligand)
stoichiometry. The molar conductance values of the
complexes in DMSO at 10-3 M concentration are
recorded in Table 1. The molar conductance values of
complexes, 1,2 and 3 are in the range of 46-59 ohm' l
cm2 mor l indicating that they are 1: 1 electrolytes 10.
The molar conductance values of the complexes 4, 5
and 6 are low, in the range of 10-12 ohm-I cm 2 mor l ,
suggesting that they are non-electrolytes? The
reactions of the vanadyl complexes, 1-5, with SOCh
resulted in new products that gave positive test for
chloride ions and showed no characteristic absorption
of v(V=O) at 900-960 cm-I in the IR spectra.
Therefore, a detailed investigation was carried out.
The analytical data presented in the Table 1, indicate

V

mho cm 2 mor l

10.89
(11.05)

55.2

10.96
( 10.72)

58.6

1.7

10.35
(10.00)

49.7

1.7

8.46
(8.72

15.48
( 15.87)

13.6

1.8

8.05
(8.35)

14.87
(15.2 1)

12.8

1.8

15.41
(15 .77)

17.2

i.7

13.48*
( 13.76)

10.13
(09 .87)

46.3

1.6

10.36
( 10.56)

13.63*
(13.40)

9.43
(9.61 )

5 1.2

1.7

3.02
(3.1 9)

9.85
(9.93)

i 2.46*
(12.59)

9.38
(9.03)

48.5

1.6

3 1.46
(31.92)

2.51
(2.66)

7.38
(7.45)

18.43*
( 18.88)

13.76
( 13.55)

10.2

1.9

33.44
(33 .85)

2.86
0 .08)

6.94
(7. 18)

17.82*
(18.21)

12.84
( 13.06)

12.7

1.9

Complex

C

H

[VO(EBAB)]S04

40.86
(41.65)

3.72
(3.90)

12.07
(12.15)

2

[VO(PBAB)]S04

4179
(42.95)

4.25
(4.20)

11.48
( 11.79)

3

[VO(PhBAB)]S04

46 .83
(47. 17)

3.28
(3.53)

10.32
( 10.00)

4

[VO(EBCP)]

37.55
(37.39)

2.93
(3. 12)

5

[VO(PBCP)]

39.02
(39.4 1)

3.47
(3.58)

6

[VO(HPPPD)(H 2O)]

55.48
(55 .74)

3.56
(3 .71 )

7

[V(EBAB)C I21S04

36.85
07.21)

3.24
(3.49)

10.78
( 10.85)

8

[VO(PBAB )Cl 2]S04

37 .95
(38.49)

3.7 1
(3.77)

9

[VO(PhBAB)CI 2]S04

42 . 14
(42.56)

10

[ VO(EBCP)CI 2]

II

[VO(PBCP)CI 21

X = # Sulphur, * Chlorine

1167

N

X
6.45#
(6.94)

6.03#
(6.74)
5.94#
(6.29)

1168
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that the complexes 7-11 are I : I (metal : ligand)
complexes. The complexes 7-9 analyzed for Cl and S
and the molar conductance was found between 46 and
51 ohm-I cm 2 mor l , indicating them 1: 1 electrolytes 10.
The complexes of EBCP and PBCP, 10 and 11, did
not give positive test for SO/" ion and the molar
conductance of these complexes was also found to be
less around 10 ohm-I cm2 mor l , confirming that they
are non-electrolytes 7 .
The decomposition temperatures of the complexes
determined in the laboratory are recorded in Table 1.
These values are close to those observed in the
thermo grams (Fig . 1). The absence of endothermic
peaks in DSC without mass loss in TG indicates that
the complexes do not have characteristic melting
point but decompose. The decomposition of
complexes, 1, 2 and 3 takes pl ace in two stages. The
percentage of mass loss in the temperature range of
225-310°C corresponds to the ligand and the weight
of the substance left accounts for VOS0 4 in these
co mplexes. The second stage of decomposition takes
place between 425 and 450°C. The mass of the
residue left corresponds to that of V 20S I I. The
thermal stability of the complexes, 1, 2 and 3, is in
the order EBAB < PBAB< PhBAB. The greater
stability of the complex 3, of PhBAB , as compared
to that of EBAB may be due to the difference in
sizes of the rings formed I2 .J3 • The ligand EBAB
form s one five-membered and two six-membered
ri ng complexes, while the PBAB forms three sixme mbered rings. The greater stability of PhBAB
complex as compared to that of EBAB and PBAB
complexes may be explained as follows. The ligand
PhBAB , consisting of a phenyl ring bridging the two
coordinating ends, that facilitates the delocalization
of the electron density and extends over the entire
complex through the oxocation, results in greater
stabi li ty I2-14.
The complexes of EBCP and PBCP (0, N donors)
are relatively more stable than the complexes of
EBAB , PBAB and PhBAB and exhibit a single stage
decomposition with the loss of the ligand. The amount
of the residue left corresponds to that of V20 S IS. The
vanadyl complex 6 of HPPPD, a tridentate ligand,
exhibits an endothermic peak at l20°C in the DSC
curve corresponding to the mass loss of 5.6%,
equivalent to one water molecule. This indicates that
one water molecule is coordinated to VO(IVl On
continuing heating, an exothermic peak in DSC and
weight loss curve in TG was found . The residue left
was about 27.7%, which is equal to that of V20 SIS ,
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calculated for the formula weight of the complex as[V O(HPPPD )(H 20)].
The magnetic susceptibility of the complexes was
recorded using vibrating sample magnetometer and
the magnetic moment was calculated after making the
corrections for diamagnetic susceptibilities. All the
complexes were found to be paramagnetic with
magnetic moment values in the range 1.6-1.9 B M,
confirming the presence of one unpaired electron and
also that the complexes are monomeric.
The infrared spectra of vanadyl and vanadium(lV)
complexes ofEBAB, PBAB. and PhBAB; 1,2,3,7,8,
and 9 are essentially same as far as the characteristic
absorptions of the ligands are concerned. The three NH stretching frequenc ies in the spectra of ligands
around 3460, 3360 and 3275 cm-I were shifted to low
frequency side by 25-50 cm-I. Further, amjde-II
absorption [v(C-N) + 8(N-H)] around 1500-1550 cm-I
in the ligand spectra is shifted by 20-55 cm- I. These
shifts are of considerable magnitude and confirm that
these ligands coordinate through amine and amide
nitrogen atoms 4-6.16. The high frequency shift of amide
carbonyl absorption, v(C=O), by 25-40 cm-I indicates
the non-coordination of carbonyl oxygen. This is
further confirmed by constructing molecular models
of the vanadyl complexes with these ligands. When
carbonyl oxygen atom was brought nearer to the
vanadium atom allowing bonding interactions along
with the amine nitrogen atom, the other half of the
ligand molecule that contains two more coordinating
atoms moves away and as a result, the ligands act as
bidentate ligands only. The analytical data and other
evidences support the formation of only 1: 1
complexes and thus the ligands are quadridentate,
coordinating through two amide ni trogen atoms and
two amine nitrogen atoms. The conductance data
(Table 1) shows that these complexes are ionic (1: I)

--
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and that the sulphate ion is outside the coordination
sphere. In the JR spectra of the complexes, two
characteristic absorptions are observed, one at 11001200 and the other at 615-630 cm· l, which are
attributed to V3 and V4 modes of the uncoordinated
. 17
su Iphate IOn .
The ligands EBCPH 2 and PBCPH 2, having two
carboxylic acid groups deprotonate and coordinate to
the metal ion through carboxylate oxygen atoms. This
is confirmed by the absence of broad absorption
around 3600-3200 cm- I, characteristic of O-H group.
Further, two new absorptions at 1540-1570 and
1360-1390 cm-I are observed which are attributable
to symmetric and asymmetric stretching frequencies
of coordinated carboxylate groupl 8. The amide
carbonyl group stretching frequency in the ligands'
spectra at 1620 and 1630 cm-I are shifted to 1640 and
1645 cm· 1 respectively, indicating non-participation of
amide carbonyl oxygen atom in coordination ' 6 . These
two ligands are thus found to be quadridentate ligands
coordinating through two carboxylate oxygen atoms
and two nitrogen atoms. The IR spectra of all these
complexes exhibit a very strong and characteristic
absorption between 900 and 960 cm-I assignable to
v(V=O).
The IR spectra of V(lV) complexes, 7-11, obtained
by the reaction with SOCI 2, show the absorptions
characteristic of the ligands as discussed. The
conspicuous observation is the absence of the strong
absorption around 900 cm· l, due to v(V=O)
vibrations. The complexes, 7-9, exhibit absorptions
around 1100 and 630 cm-I that are due to the
uncoordinated sulphate ion present outside the
coordination sphere. No such bands are observed in
the spectra of complexes 10 and 11 , indicating that
the complexes are non-ionic . The far-lR spectra of all
the complexes show the characteristic absorptions of
v(M-N) and v(M-O) around 450 and 380 cm-I
respectively, while the complexes 7-11, in addition
show an absorption around 290 cm· l. This could be
attributed to the stretching vibration of V- CI bond.
The ligand HPPPO, in the enol form is an
interesting ligand. Vigato et ai.,' 9 have prepared the
vanadyl complex by a different procedure and
reported dimeri c and monomeric structures. Further, it
was proposed th at B-diketopheonols may form two
iso meric co mpl exes as shown in Scheme 1, and that
the structure B is the most probable one. In either case
(A or B), the li gand is a mono-negative bidentate one.
The complex prepared in the present investigation is
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Scheme I
Iso meric structures of ~-diketophenol complexes as proposed by
Vigato el al. 22

found to be non-ionic (/\ 17.2 ohm-I cm2 mOrl in
OMSO at 10-3 M concentration) and with a
coordinated water molecule (evident from the thermal
data). Further, to confirm this, a sample of the
complex was heated in an air oven at 130°C for about
6 h and cooled in a vacuum desiccator. Then IR
spectrum was recorded without allowing it to expose
to the atmosphere. No broad absorption was found ,
that excludes the hydrogen-bonded structures as
reported by Vigato et ai. 19 The comp Iex ex h'b'
1 Its
absorptions at 360 and 340 cm- I in the far-IR region
attributable to v(V-O) .
The electronic spectra of VO(1V) and V(lV), d '
ion, complexes are reported to be markedly
different 20. 21. The differences in the spectra of the
complexes reported in the present paper are mai nly
due to the difference in the geometry. The VO(rV)
complexes are square pyramidal, while V(IV )
complexes are octahedral/tetragonal (Fig. 2). The
absorptions in the UV -visible region by the
complexes in OMSO are presented in Table 2. The
VO(lV) complexes are expected to exhibit three
.
absorptions
due to 2E ~ 2B2, 2B I ~ 2B 2 an d 2A I ~
2B2 tran sitions. The complexes 1-5, showed only two
absorptions. In a majority of the VO(IV) complexes,
the third absorption is not observed as it is buri ed
beneath the high intensity charge tran sfer band.
The 20 term of V(IV) ion in cubic field splits into
2T and 2E terms resulting in one absorption peak in
the electronic spectra. But, due to the heterogeneity of
the chelating atoms (C1 2 N4 or CI 2N20 2), tetragonal
distortions are generally expected, that result in
further splitting of the above terms leading to th ree
absorptions. But all the five V(lV) complexes
reported now, exhibit only one absorption between
11350 and J 2820 cm-I. In the absence of finely
resolved electronic spectra, it is therefore, not
appropriate to judge the geometry of the complexes as
regular octahedral.
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Table 2 SI. No.

Table 3 SI.

Fig. ~ESR
BAB)Clz(B)

spectra

of [YO(EBAB)]S04(A)

and

[YCE-

Electronic spectral absorptions of YO(lY) and Y(lY) complexes
Absorptions, cm· l

Complex

1

[YO(EBAB)]S04

11470

18300

2

[YO(PBAB)]S04

12480

17640

3

[YO(PhBAB)]S04

12470

17390

4

[YO(EBCP)]

11440

14730

5

[YO(PBCP)]

I 1600

14600

6

[YO(HPPPD)(H 2O)]

12970

16420

7

[Y(EBAB)CI 2]S04

12105

8

[YO(PBAB )CI 2]S04

12360

9

[YO(PhBAB)C1 2]S04

12820

10

[YO(EBCP)CI 2]

11780

II

[YO(PBCP)CI2]

11350

19880

ESR parameters, isotropic contact term and bonding coefficients of YO(lY) and Y(IY) com plexes

Complex

go

gil

gl.

Ao

All

A l.

K

~z '2

I

[YO(EBAB)]S04

2.00

1.93

2.04

121 .6

166.4

99.2

0.89

0.47

2

IYO(PBAB )]S04

2.02

1.94

2.06

118.5

157.5

99.0

0.89

0.40

3

[YO(PhBAB)]S04

1.98

1.89

2.02

115.4

145.2

100.5

0.80

0.46

4

[YO(EBCP)]

1.96

1.88

2.00

116.5

166.4

91.5

0.8 1

0.50

5

[YO(PBCP)]

1.98

1.87

2.03

116.6

174.9

87.5

0.83

0.58

6

[YO(HPPPD)(HzO)]

1.97

1.95

1.99

< 117. 1>

7

[Y(EBAB)C lz]S04

2.03

1.92

2.09

100.4

79.7

110.7

8

[YO(PBAB )CI 2]S04

2.02

1.92

2.07

90. 1

78.8

112.6

0.83

9

IYO(PhBAB)Cl z]S04

2.00

1.88

2.06

99.4

87.6

105.4

10

[ YO(EBCP)CI 2]

2.01

1.87

2.06

105.5

91.4

112.6

II

[YO(PBCP)C I2]

2.00

1.86

2.07

103.8

90.7

110.3

It is interesting to compare the electronic spectral
properties of the complex 6, with those reported by
Vigato et al,.19 They reported that the mononuclear
complex, obtained by the reaction between VOC1 2
( I mmol) and the ligand abbreviated as Hbap
(2 mmol) in methanol in the presence of 2 mmol of
LiOH under N 2 , was diamagnetic and does not exhibit
any absorptions in the visible region. In the present

investigations, the complex 6 was prepared by
dissolving 5 mmol of the ligand in methanol and the
pH was adjusted to 6.S with NaOH and then refluxed
after adding 5 mmol of VOS0 4 . 5H 20 dissolved in
methanol. The product is paramag netic (magnetic
moment 1.7 BM) and ESR spectrum of the complex
was also recorded. The electronic spectrum recorded
in DMSO exhibits three absorptions.

.~
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Structure - I

i, YO(IY) or Y(lY) ions with nearly 100%
51y (I = 712) isotope gives well resolved ESR spectra
The

(Fig. 3). The spectra are recorded at room temperature
and liquid nitrogen temperature from which the
bonding parameters have been evaluated 22 and the
values are presented in Table 3. The variation in
Fermie contact term, K, is in the range 0 .8 to 0.9, and
the plot of K vs I1~EI (EI is taken from the electronic
spectra) gave a straight line. This indicates that as the
in-plane ligand field increases, as measured by ~E"
the 45 bonding contribution to the isotropic contact
term decreases23. The values indicate that K is directly
proportional to Ao and also to ~2'2 (with small
correction). The 81. term does not vary to a great
extent from complex to complex. This quantity is
related mostly to the axial Y=O interaction and is not
directly related to the in-plane ligands. The 80 values
in the normal range indicate that the unpaired electron
is mai nly confined to the vanadium atom. Thus, based
on the analytical and spectral data, the tentative
structures of the complexes were proposed
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