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SPECTRAL PROPERTIES OF SOME 
OXOVANADIUM(1V) &DIKETONATES 

KANTILAL S. PATEL and GABRIEL A. KOLAWOLET 
Department of Chemistry, University of Ibadan, Ibadan. Nigeria 

(Received November 27, 1985) 

The vibrational and electronic spectra of fifteen oxovanadium(1V) 8-diketonates have been investigated. 
Although all the complexes are five-coordinate, substitution at a- and 8-positions in these j-diketonates give 
rise to some measurable effects. The spectral behaviour of VO(pybd), and VO(tfpybd), suggests that the pyridyl 
group might be interacting very weakly with the metal centre but without exerting any noticeable changes in 
stereochemistry. 

Keywords: Diketones, vanadium (IV), spectra, stereochemistry, properties 

INTRODUCTION 

Oxovanadium(1V) has enjoyed a considerable attention from researchers'** because of 
its unique configuration (dl), high nuclear spin (7/2) and isotopic purity. Among the 
oxovandium(1V) complexes, oxovanadium(IV) B-diketonates have received reason- 
able a t t en t i~n .~ -~  Recently we reported' the magnetic properties of a series of 
oxovanadium(IV) B-diketonates and found that the substitution of heterocyclic rings in 
a B-diketone exerts a small but noticeable effect on magnetic moments down to liquid 
nitrogen temperature. Besides this fact it was observed that fluoromethyl substitution in 
a particular B-diketonate gives an effective magnetic moment independent of 
temperature. The e.s.r. studyS of some of these complexes showed that they exhibited the 
normal eight-line spectrum characteristic of oxovanadium(IV) except in the case of 
VO(tfpybd), which displayed some line-broadening in chloroform in which it was 
found to be tetrameric. 

In this study we report the spectral properties of the B-diket~nated.~, 1,with the view 
to highlighting the effect of substitution and solvent dependence on their stereo- 
chemistry. 

EXPERIMENTAL 

The preparation of the complexes has been reported el~ewhere.~ The i.r. spectra were 
recorded on a Perkin-Elmer 457 spectrometer in the range 250-4000 cm-' using 
pressed KBr discs. The calibration of the instrument was checked against a polystyrene 
film and is believed to be accurate to within f 2  cm-I. The diffuse reflectance and 
solution spectra of the complexes in the range 10.0-32.0 kK were recorded on a Unicam 
SP 500 spectrophotometer except in some cases where the reflectance spectra were 
recorded on a Unicam SP 700 spectrophotometer with an SP 735 diffuse reflectance 
attachment in the range 5.0-50.0 kK. 
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Compound 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

Abbreviation 

VO( bzac 12 

VO(tfbzac 12 

V O (  dbrn12 

VO (hxd 12 

VO( tf hxd 12 

VO(f  bd 12 

VO( tff bd12 

VO(dnpd 12 

VO(tfnpd 12 

VO(tbd 12 

VO(tftbd12 

VO (pybd 12 

VO(tfpybd 12 

VO ( md bm 12 

VO (tf mhxd 12 
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Infrared spectra 

The major assignments are given in Table I. It is now generally agreed9-" that the band 
at 1560-1620 cm-' is attributable to the v,,(C===O) frequencies whereas the band at 
1510-1580 cm-' is due to vas(C===Cj frequencies. The bands between 1300 and 
1400 cm-' and between 1200 and 1250 cm-I are assigned to v,(C===O) and 
vs(C===C) The former band couples slightly to the C-H bonding 
mode. It is also observed that fluorination of the methyl group raises C===O and 
C===C stretching modes in those cases where the ligands are fluorinated except in (5) 
where no change is observed in vas(C===C). These changes are due to the strong 
negative inductive effect of the trifluoromethyl group which strengthens the C===O 
and C===C bonds. Moreover, phenyl substitution in M(acac), shifts C===C 
stretches to higher frequencies and C===O to lower frequencies due to the mesomeric 
interactions of the phenyl group with the pseudo-aromatic metal chelate ring.'* Our 
results indicate that the asymmetric stretches for C===O and C===C are practically 
unaffected by the introduction of the second phenyl ring (3) when compared with (1 j, 
whereas v,(C===O) for (1) is greater than in (3) while the second phenyl is replaced by 
naphthyl (8), vas(C===O) and vs(C===O) and vs(C===C) increase. However, 
v,,(C===O) andv, (C===Cj are lower in furyl and thienyl derivatives whereas in the 
pyridyl cases v,,(C===O) is higher. On the other hand, vs(C===O) and v,(C===C) 
are higher in furyl, thienyl and pyridyl complexes than in the phenyl. Thus it seems that 
aromatic (phenyl and heterocyclic) substitution shifts the symmetric stretches for both 
C===C and C===O to higher energy whereas the asymmetric stretches tend to 
respond to changes in the aromatic substituents. The factors responsible for such an 
observation could be electronegativity, mesomeric and inductive effects depending on 
the position of the heteroatom in the aromatic ring. 

The v(V=O) frequencies are normalI3 for five-coordinate square-pyramidal 
complexes. Generally the fluorinated p-diketonates have lower frequencies than the 
nonfluorinated complexes except, unexpectedly, in the pyridyl complexes where 
v(V=O) for the non-fluorinated species is higher. The general lowering of v(V=O) is 
expected because of the fluorine atoms. The highest frequency recorded for (14) might 
be due to the electron-releasing methoxy group attached (at thepara position) to the 
substituent. The unusual behaviour of (12) and (13) suggests that the hetero-Natom may 
be participating in bonding with the metal atom.14 The v(V=O) frequency suggests that the 
V----N interaction in the complexes is weak. The interaction is much weaker in (13) 
because the presence of CF, seems to reduce the electron-density on the pyridyl-Natom 
in preference to perturbing the V=O bond; consequently the V----N interaction is 
weaker and hence v(V=O) is greater. The proposed structure for the pyridyl complexes 
is given in Figure 1. 

Electronic spectra 
The electronic spectral data are presented in Table 11. Except for (1) and (2), which gave 
three bands in the region 10-22 kK in the reflectance spectra, all the complexes gave 
four d-d transitions, in both the solid state and in chloroform solution, suggesting no 
fundamental structural changes in either medium. However, in pyridine solutions only 
(3), (4) and (5) gave four bands; (12), (13) and (15) gave three bands while the other 
complexes gave two bands. 

It therefore seems that all the complexes have C,, symmetry in the solid and in 
chloroform solution. Under C,, symmetry four transitions are expected, with e;(dxy, 
dJ5 splitting.I6 However, it is well documented that in most oxovanadium(1V) 
complexes these four bands are not normally observed at room temperature except in 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
B

LE
 I 

R
el

ev
an

t v
ib

ra
tio

na
l 

fr
eq

ue
nc

ie
s 

(c
m

-'
)a

 o
f 

th
e 

ox
ov

an
ad

iu
m

(1
V

) c
om

pl
ex

es
 

V
O

( b
za

c)
, 

V
O

(t
lb

za
c)

, 

V
O

(d
bm

),
 

V
O

(h
xd

), 

V
O

(t
lh

xd
) 

V
O

(f
id

)2
 

V
O

(t
ff

id
),

 

V
O

(d
np

d)
, 

V
O

(t
ft

bd
), 

V
O

(t
bd

), 

V
O

(P
Y

bd
), 

V
O

(t
f~

~
bd

),
 

V
O

( m
db

m
),

 

V
O

(tf
m

 hx
d)

, 

15
85

s 

16
00

s 

15
68

s 

15
73

~s
. br

 

16
12

vs
 

15
82

sh
 

1
5

9
0

~
) 

15
75

s)
 

16
05

1x
1 

15
88

sh
 

16
00

s)
 

15
88

s 

16
02

~s
. br

 
15

66
11

1 
16

00
s)

 
15

84
~)

" 
1

6
1

9
~

) 
15

96
~s

)"
 

I5
18

vs
. b

r 

15
74

11
1 

I5
22

vs
 

15
31

~s
. br

 

15
30

s 

15
15

vs
 

15
40

11
1 

1
5

2
8

~
~

 
15

3O
vs

. b
r 

15
45

s 
15

8O
vs

) 
15

10
s 

15
35

s 

15
3O

vs
, b

r 

15
46

11
1 

I5
20

m
 

13
70

s 
I3

08
m

 
13

23
11

1) 
12

94
11

1) 
13

66
s 

13
20

s 
13

98
s 

13
68

~
. sh

 
13

56
11

1 

13
89

m
 

13
66

s 
13

87
s 

13
12

vs
 

13
89

s 
13

82
m

) 
I3

48
m

) 
13

55
s 

13
21

vs
 

13
8O

vs
 

13
25

w
m

 
13

35
w

 
13

08
vs

 
13

65
s 

13
24

11
1 

13
07

vs
 

12
08

11
1 

12
55

11
1 

12
30

s 

12
58

11
1 

12
80

s 

I2
30

m
 

12
66

s 

12
40

11
1 

12
36

11
1 

12
60

m
 

12
36

11
1 

12
96

s 

12
58

s 

12
62

s 
12

30
s 

12
54

s 
12

28
w

m
 

99
9 

94
91

11
,8

96
s 

99
8~

s.
 94
71

11
 

1o
oo
Vs
. 9

63
11

1 

92
1v

s 

99
7v

s. 
96

2m
 

95
0s

. 9
17

s 

98
7m

.9
70

w
m

 
Io
OO
s,
 96

4m
 

90
1s

 

96
O

vs
. 8

58
s 

98
O

vs
 

10
27

vs
. 9

89
s 

94
O

vs
 

59
11

11
 

O
m

 

58
6v

s 

61
6m

 

59
8s

 

61
2v

s 
59

0m
 

59
5m

 

61
91

11
 

61
9w

 
58

8m
 

60
2m

 

61
21

11
 

59
6s

 

56
21

11
 

60
5s

 

56
8v

s 

55
4m

 

55
1m

 

53
11

11
 

52
5w

 

55
2m

 
55

01
11

 

55
0w

 

55
4s

 

55
5s

 
52

31
11

 
53

71
11

 
51

.51
11

 
53

71
11

 

48
O

vs
 

47
4m

 

49
91

x1
 

45
4v

s 

46
8m
 

42
3w

 

44
6s

 

44
8s

 

44
OW

 

43
5w

 
44

21
11

 

42
0w

 

43
7v

s 

47
0w

 

48
4m

 

45
7w

 

38
1s

 

38
0m

 

37
5s

 

36
7 m

 

37
5m

 
31

0w
 

37
7m

 
35

7w
 

38
2m

 

37
21

11
 

37
5m

 

38
0m

 

35
0s

 

34
0s

 

37
5s

 

37
8x

11
 

aY
as

, v
s 
=

 
as

ym
m

et
ri

c 
an

d 
sy

m
m

et
ri

c 
st

re
tc

hi
ng

 f
re

qu
en

ci
es

 r
es

pe
ct

iv
el

y.
 v

s 
=

 v
er

y 
st

ro
ng

, 
s 
=

 s
tr

on
g,

 m
 =

 m
ed

iu
m

, 
w

m
 =

 w
ea

k 
m

ed
iu

m
, 

w
 =

 w
ea

k,
 

br
 =

 b
ro

ad
. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



VO*+-DIKETONATES 

I 
I 

141 

i 
I 

FIGURE 1 Proposed structure for Vqpybd), and Vqtfpybd),. 

some low-symmetry c~mplexes.'~ In a few six-coordinate c o m p l e ~ e s ' ~ ~ ~ ~  two bands 
have been reported. Apart from the splitting of the et  level the possibility of the 
inversion of the ez and b:(dXP-yP) levels has been r e p ~ r t e d . ~ ~ * ' ~ - ~ '  For the purposes of 
interpreting our data, therefore, we have adopted the energy levels proposed by Selbin 
et al.,I3 incorporating the modification of Kuska and YangI5 on the splitting of the e$ 
level. In those cases where two bands are observed in pyridine solution, the second 
band occurred below 17 kK which we consider somewhat low to be assigned to band 111, 
and therefore it is not clear whether those complexes can be regarded as octahedral in 
pyridine solution. It could be that band I11 is obscured by the adjoining charge-transfer 
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band or the energy of the d,z level had been lowered to form a degenerate transition with 
the dxz-yZ level, thus lowering the energy of band 111. 

Fluoro-substitution raises the energy of band I11 (in the solid) except in (10) and (1 1) 
where the substitution lowers the energy. It is practically unchanged in (12) and (13). 
However, in solution, and in bands I and I1 in the solid state no discernible trend can be 
perceived. It is also observed that on changing from one phenyl(1) to diphenyl(3) and 
then to dinaphthyl(8) substitution patterns, the positions of bands I1 and I11 shift to 
lower frequencies accompanied by a corresponding reduction in v(V=O), thus 
suggesting that these phenyl substituents make the complexes more planar.22 

In the reflectance spectra five bands are observed around 45,36-38,34-36,27-31 and 
24-26 kK. The spin-allowed transitions n3-n: and n3-n: lie in the 50 and 37-30 kK 
regions respectively.20i2' Phenyl substitution lowers the frequencies of these transitions 
to 45 and 38 kK.z1923 Similar effects are anticipated for pyridyl,'" furylZ4 and thienyl 
substituted B-diketonates since they possess basic a systems. The bands at about 45 and 
30-38 kK may therefore be assigned to a,-a: and respectively where the band at 
30-37 kK arises from the primary bands of aromatic and hetero-aromatic systems while 
the band at about 36-38 kKwhich is observed only when thep-diketone contains either 
aromatic or heteroaromic substituents has been assigned to a a-a* secondary 
transition of the aromatic ring.24J5 The bands at 24-28 kK are assigned to d-a or a-d 
metal-ligand or ligand-metal charge-transfer It is generally observed that 
aromatic substitution tends to lower frequencies of the UV bands while fluorination 
increases them. 
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