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SPECTRAL PROPERTIES OF SOME
OXOVANADIUM(IV) B-DIKETONATES

KANTILAL S. PATEL and GABRIEL A. KOLAWOLE?

Department of Chemistry, University of Ibadan, Ibadan, Nigeria
(Received November 27, 1985)

The vibrational and electronic spectra of fifteen oxovanadium(IV) B-diketonates have been investigated.
Although all the complexes are five-coordinate, substitution at - and B-positions in these 8-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(IV) has enjoyed a considerable attention from researchers!:? because of
its unique configuration (d?), high nuclear spin (7/2) and isotopic purity. Among the
oxovandium(IV) complexes, oxovanadium(IV) B-diketonates have received reason-
able attention’~® 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. study® 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-diketonates’ %, I, 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 elsewhere.” 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 +2 cm™. 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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RESULTS AND DISCUSSION

Infrared spectra

The major assignments are given in Table I. Itis now generally agreed® ' that the band
at 1560-1620 cm™! is attributable to the v,(C===0) frequencies whereas the band at
1510-1580 cm™! is due to v,((C===C) frequencies. The bands between 1300 and
1400 cm™! and between 1200 and 1250 cm™' are assigned to vy(C===Q) and
v(C===C) respectively.!®** The former band couples slightly to the C-H bonding
mode. It is also observed that fluorination of the methyl group raises C===0 and
C===C stretching modes in those cases where the ligands are fluorinated exceptin (5)
where no change is observed in v,((C===C). These changes are due to the strong
negative inductive effect of the trifluoromethyl group which strengthens the C===
and C===C bonds. Moreover, phenyl substitution in M(acac), shifts C===
stretches to higher frequencies and C===0 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===0 and C===C are practically
unaffected by the introduction of the second phenyl ring (3) when compared with (1),
whereas v{(C===0) for (1) is greater than in (3) while the second phenyl is replaced by
naphthyl (8), v,((C===0) and v{(C===0) and v,(C===C) increase. However,
v,(C===0) and v, (C===C) are lower in furyl and thienyl derivatives whereas in the
pyridyl cases v,4(C===0) is higher. On the other hand, v{(C===0) 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===0 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=0) frequencies are normal® for five-coordinate square-pyramidal
complexes. Generally the fluorinated B-diketonates have lower frequencies than the
nonfluorinated complexes except, unexpectedly, in the pyridyl complexes where
v(V=0) for the non-fluorinated species is higher. The general lowering of v(V=0) is
expected because of the fluorine atoms. The highest frequency recorded for (14) might
be due to the electron-releasing methoxy group attached (at the para position) to the
substituent. The unusual behaviour of (12) and (13) suggests that the hetero-¥ atom may
be participating in bonding with the metal atom.** The w(V=0) 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-N atom
in preference to perturbing the V=0 bond; consequently the V--—-N interaction is
weaker and hence v(V=0) is greater. The proposed structure for the pyridyl complexes
is given in Figure 1.

Electronic spectra

The electronic spectral data are presented in Table II. 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 ez(dyy,
d,,)** splitting.'® However, it is well documented that in most oxovanadium(lV)
complexes these four bands are not normally observed at room temperature except in
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FIGURE 1 Proposed structure for VO(pybd), and VO(tfpybd),.

some low-symmetry complexes.'” In a few six-coordinate complexes'®" two bands
have been reported. Apart from the splitting of the e} level the possibility of the
inversion of the e and bj(dy._y:) levels has been reported.”*-*~2! For the purposes of
interpreting our data, therefore, we have adopted the energy levels proposed by Selbin
et al,»* incorporating the modification of Kuska and Yang'® 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 I1I,
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



KS. PATEL and G.A. KOLAWOLE

142

JBIIOA0 panuUNUOd [] 3qBL

(01'¢)LS8T (95°0)us £9'91 (€5°0)L0°€T Ad
(£8°0)L991
(0L €167 (S6'0)UST90T (8L°0)6T b1 (0v'0)usEL 0] IOHD
9791
[4 2 Y4 0007 wU SOll pios {p)OA
(85°0)us1891
(00'€)ST 1€ (00)SL1T (85°0)91°¢I (orousirt Ad
(0016891
(9L 1USEL'TT (88°0)1S°€1 (S OMSOLTT IDOHD
6£91
e STl 9€1] pijos Ypxup)oA
(O£ 1USS6'91
(A raardd T DL Tl (o'Dusitl Ad
(88°0)5691 .
(oLDusLIss oz nol'v (8801961 (Z80ILP (8t°0)US16°11 IDHD
(99
60'St 1989'9¢ 199.°67 199467 el 6Tv1 LLTT pros “(PXY)OA
(P OUSLYS)
0T I8LLT (OF 0oz (60'0)91°¢1 (ogoluste11 Ad
(SO'DET9I
(08°€)LS'8T (R80°TYSEROT (86°0)6bF1 P ONSEY T ‘OHD
9091
444 9WrLE vy 81°LT LR 274 80T 9Lp! 4s9L (1 plos H(wqp)OA
(P€)66'8T (R9°0)USE1 91 (96°0)1S°E1 Ad
Q1'DL99l
0L 90g 08 (91208717 (SO DPOS1 (99 0ysét'11 SIOHD
199L°9¢ 9L°67 4sg9'1z Ysg9'L1 601 pljog Horzqp)OA
W L0 (09°0)98°L1 ($$°0)66C1 Ad
F6' 06591
W9 eLLog RI'DELTT (Z6' 06T LLTL OHD
17y 90°'8¢ 81p¢ WL 65T 6517 9l a4l pYyos (ovzq)OA
H/R Wi — I MR 1D LD LR wei -
1A pued [iA pueg IA pueg Apueg Al pueg 111 pueg 11 pueg I pueg wnipapy punodwo)

1102 Alenuer €z /2 :6T

11 4TdVL

soxodwod (A])WNIPRULAOXO Y} Jo eNdads d1uon}]

v pspeo jumog



fan)
<
—

VO**-DIKETONATES

JEe3I2A0 P3NUIIUOD [ S[qeL

[4:3 44 1gpTee
1966°LE

00°sy 199L9¢
voLe

vo'by Ly'9t
1q9L°L¢

8ISy 1979t
6TSY 1qzT°Le

194 1€
(€TOsTIE

Ysoo'ie

SE'CE

IL1€

19£5°0¢

(€TO6T
(86°7)L5'8T

88'LT

(61°€)€0°LT
us6T'LT
9€€)E0°LT
O¥'P)L58T
8L87

@S OLIST
09°9)65°LT
65LT
(89°€).5°8T

(26'966'8T

(TSO8L'LT

(S8°€)L5°8T

$9°6T

00°6T

139 44

(85" USO1'HT

Ysyese

(0T e)usLs T
VA%
09¢)L99¢
(28'€)L99T

ysg8'er

00T

(€5°0)usT61
W Diyor
£8°0C

(€' DUS00°0T
(oL0)usyL'1T

¥8°0¢C

(6b" DUs9T'¢T

Uysggol

9T'eT

000

(00'Us6Z 1T

ysiL:8l

F9DuseLTT

1¥°0C

0sOIsEl
(92°0)us6£'91
(6t°0)66'¢ 1
£1'91

LEET

(€5°0)usL991
arowzeLl
(LS0)68°¢1

LTl
OL'€ET

(€6'0)4s6£°91
(9€'1)2991
agpeLel

oLLl
60p1

(88°0)US6E LI
(96'0)£591
(88°0)60F1

9091
60t1

(PO 1)YS6£91
(1812991
(€L 166°€1

L9°91
el

(€£0'1)Us9¢ 91
002)sLST
(6 D6LTI

05°ST
9641

(08°0)usL9'91
(60'1)56'91
(T6'0)6T 1

9791
LTl

(69°0)us6y' 11
et
(05°0)66'T1
(F0'0)Us9E 11
9¢ 11
09°0)e€€l
(0T 1DUs0Z01
6801
(PLO)66'ET
(61°0)YsI8°01
Usy9°01
(oL'0)97°€1
o nLLn
€911
(ero)eeet
8 DUSIL L
At
(8s°0)¢E€T
(or0)9e' 11

Uysoe' 1l

Ad

DHO
piog
£d
‘IDHD
p1os
£d
TOHD
puos
£d
‘IDHD
pos
Ad
IDHD
pios
£d
‘IDHD
plOoS
£d
‘IOHD

plos

{(pahkdn)OA

paAd)OA

“payOA

YparOA

H(pdup)OA

‘(pdup)OA

HpaunoA

panunuos i dqeL

1102 Alenuer €z /2 :6T

v pspeo jumog



K.S. PATEL and G.A. KOLAWOLE

144

WO A Ul 3 (3 F0f) Yy ul BWIXEW puRy,

(Credysseie (Cral Vadrad (8L°0)L991 WL OIS EL Ad
#91)$691
(TLoussie (80°0)18°€C oo NoL €l @ isLtL ‘IDHD
1991
61'8T 97T £eel LUl puos  (pxywpp)OA
0LE)TE9T (88°0)Ys£9'91 (zs0)Z8°T1 Ad
P 1)L991
95 E)E0°LT (138 Drarad (G AV a4l @1 1)Ys6601 ‘IDHD
€591
1997 6€'vT £8°07 (544! #9°01 plos Hwqpw)OA

panunuod [f 3{qel

1102 Alenuer €z /Z:6T @I Papeo |uwog



19: 27 23 January 2011

Downl oaded At:

VO**-DIKETONATES 145

band orthe energy of the d,: level had been lowered to form a degenerate transition with
the d,._.: level, thus lowering the energy of band IIL

Fluoro-substitution raises the energy of band III (in the solid) exceptin (10) and (11)
where the substitution lowers the energy. It is practically unchanged in (12) and (13).
However, in solution, and in bands I and Il 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 II and III shift to
lower frequencies accompanied by a corresponding reduction in v(V=0), thus
suggesting that these phenyl substituents make the complexes more planar.?

In the reflectance spectra five bands are observed around 45, 36-38, 34-36,27-31 and
24-26 kK. The spin-allowed transitions m,-m¥ and m;-7§ lie in the 50 and 37-30 kK
regions respectively.?®-2! Phenyl substitution lowers the frequencies of these transitions
to 45 and 38 kK.2!»2* Similar effects are anticipated for pyridyl,'* furyl** and thienyl
substituted B-diketonates since they possess basic  systems. The bands at about 45 and
30-38 kK may therefore be assigned to m,-wf and m,-m¥ 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 kK which is observed only when the -diketone contains either
aromatic or heteroaromic substituents has been assigned to a w-m* secondary
transition of the aromatic ring,2*-?* The bands at 24-28 kK are assigned to d-m or 7-d
metal-ligand or ligand-metal charge-transfer bands.® It is generally observed that
aromatic substitution tends to lower frequencies of the UV bands while fluorination
increases them.
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