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Complexes of Oxovanadium(IV), Dioxouranium(VI) and
Zirconium(I1V) with Schiff Bases Derived from
2,2’-Diamino-Diphenyl-Disulphide
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Six complexes of vanadium, uranium and zirconium have been
synthesised using Schiff bases derived from 5-nitro-salicylaldehyde,
2-hydroxy-1-naphthaldehyde and 2,2’-diamino-diphenyl-disul-
phide. The complexes are chracterized by elemental analysis, mag-
netic measurements, UV/visible absorption spectra, . infrared
spectral, diffused reflectance spectra and conductance measure-
ments. Thermogravimetric analysis played a supporting role to pic-
turise the geometrical structures of the complexes.

INTRODUCTION

A drastic development has taken place in the field of Schiff base ligands and
their complexes with transition metals because of the flexible nature of structures
of Schiff bases which depends upon the nature of aldehydes and amines' 2. In
the recent years a great deal of work has been reported on the synthesis and
characterisation of complexes of oxovanadium(IV)?, dioxouranium (VI)4 and
ziroconium(IV)’. :

However, little work appears to have been done on metal complexes of ligands
having nitrogen-sulphur and nitrogen-oxygen-sulphur donor systems. The present
investigation was undertaken since Schiff bases in particular derived from
2,2’-diamino-diphenyl-disulphide and aldehydes like 5-nitro-salicylaldehyde,
2-hydroxy- 1-naphthaldehyde are not reported. The correlation between presence
and location of different functional groups and chromophores with structural
features and absorption properties of complexes has been studied in detail. A
detailed systematic data related to the transition metal UO,(II), VO(I), Zr(IV)
complexes with different substituted Schiff bases was obtained by using analytical
techniques.

EXPERIMENTAL

2-Hydroxy- 1-napthaldehyde, 5-nitro-salicylaldehyde, and all the metal salts
viz. vanadyl sulphate monohydrate, uranyl acetate and zirconium(IV) oxo-
chloride of A.R. grade were used to prepare the Schiff bases and respective
metal complexes. The amine viz. 2,2’-diamino-diphenyl-disulphide was prepared
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according to the method suggested by Gialdi®. Schiff base ligands have been
synthesised involving condensation reactions of the aldehydes and the amines in
ethanolic solution in 1:2 molar ratio of amine and aldehyde.

Synthesis of the complexes: A mixture of aldehyde (2 M) and amine (1 M)
in alcohol was added to the respective metal salt (1 M) in alcohol. This mixture
was refluxed for 3—4 h on a hot water bath. The pH of the reaction mixture was
recorded and subsequently adjusted to 6 using dilute ammonia solution with
vigorous stirring. A good amount of solid complexes separated out which were
filtered, washed with alcohol and hot water, and dried at 60°C.

RESULTS AND DISCUSSION

The Schiff bases and the repective metal complexes were analysed for the
various physical parameters. The analytical data of these experiments are
summarized in Table-1.

TABLE-1
ANALYTICAL AND PHYSICAL DATA OF COMPLEXES
% Analysis, Found (Calcd.) Molar
Ligand/ Conductance Mest
Compl x 107 mhos. M.
OmpIexes ¢ H N S Metl ), Mot BM
cm” mole
L1 5791 2.46 9.27 12.14 — 1.010 —
(57.149) (3.30) (1026) (11.72)
L2 7151 3.13 445 13.00 — 1.056 —
(73.38) (432) (5.04) (1151
VO-LI1 46.06 3.18 7.11 10.23 6.79 8.225 1.69
(4568 (351) (8.19) (937 (7.46)
VO-L2 7151 3.13 445 1141 7.07 6.461 1.89
(73.38) (4.32) (5.04) (1151) (7.35)
UO, L1 3344 3.26 6.79 7.36 24.71 7.023 Dia
(3257) (334) (585 (6.68) (2484
UOz2L2 46.19 443 2.72 7.88 26.74 5.819 Dia
(4554) (3.35) (3.13) (7.14) (26.56)
Zr-L1 50.08 3.19 7.63 10.29 14.05 4.049 Dia
4921) (2.52) (8.83) (1090) (14.19)
Zr-L2 64.08 4.38 2.71 10.03 1431 6.981 Dia

(63.35) (341) (434 (993) (1397

The molar conductance of the present ligands and complexes was measured
in nitrobenzene solvent. The extreme low value (~x 107® mhos. cm? mole™)
suggests non-electrolytic nature of these samples.

The isothermal heating experiments of the samples indicate that these com-
plexes are crystalline in nature. Oxovanadium(IV) and dioxouranium(VI) com-
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plexes suggest major loss during heating at about 110°C. This indicates the
presence of water of crystallisation. However such loss was not indicated by
zirconium(IV) complexes indicating their anhydrous nature. On further heating
to higher temperature, the appearance and colour of the complexes are changed
indicating probable decomposition of the. complexes.

The magnetic susceptibility measurements indicate that the complexes of
oxovanadium(IV) are paramagnetic in the range 1.69 to 1.89 B.M. at room
temperature while the complexes of dioxouranium(VI) and zirconium(IV) ob-
tained from the present Schiff base ligands are diamagnetic in nature.

The VO(II) bond can be regarded as multiple with ‘T’ component arising from
electron density O(prt) — V(dn). It is quite possible that such pentacoordinate
complexes can take up sixth ligand quite rapidly to become octahedral, especially
with the ligand containing donor atoms like nitrogen’. Three spin allowed
transitions are expected for oxovanadium(IV) complexes as suggested by Syamal
and Kale® at around 13.00kK, 16.00 kK and 18.00 kK which were assigned as
d,y = d,,, dy;; dyy — d,? _? and d,y — d2. In the electronic absorption spectra of
the present oxovanadlum(IV) complexes three bands at around 12.05 kK,
15.38 kK and 17.86 kK which can be assigned to the above d-d transitions, while
the band appearing at around 25.58 kK is assigned to metal ligand charge transfer
transitions.

The electronic absorption spectra of actinide elements are generally similar
since majority of transitions takes place at inner f-f orbitals. However, some
characteristic absorption peaks are isolated for dioxouranium(VI) complexes and
it was found that position of such bands differs from that of corresponding ligands.
Based on the literature survey’, the bands appearing at 24.03 kK and 25.34 kK
in the solution spectra of the present dioxouranium(VI) complexes can be
assigned to charge transfer transition.

The electronic absorption bands in the UV and visible region for zirconium
complexes of the present ligands were characterised by few absorption bands in
the region 24.09 kK to 25.60 kK which were assigned to the charged transfer
transitions.

In the infrared spectrum of the samples the characteristic bands due to
v(C==N) with strong intensity were found in the region 1622-1616 cm™! for the
Schiff base ligands, whereas these bands were shifted to lower frequencies in the
spectra of the complexes in the region 1620-1614 cm™ respectively.

The infrared spectra of monomeric vanadyl complexes usually display a strong
band in the region 1000-950cm™ due to V=0 group while polymeric
oxovanadyl(IV) complexes containing the V—O—V—O bridges display
v(V=0) at much lower frequencies'®"'? usually in the range 900-850 cm™'. The
infrared spectra of present vanadyl complex contain strong peak at around
979 cm™', which may be assigned to stretching mode of non-bridging V=0
group. In the spectrum of the present oxovanadium(IV) complexes two bands
located at around 640 cm™ and 545 cm™ can be assigned to v(V—N) and
v(V—O) respectively.

The infrared spectrum of the dioxouranium(VI) complexes shows an intense
band in the region 937 cm™' which is attributable to the Vasym(UO;) mode whereas
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the V4, (UO,) mode in these complexes appears in the range 800-780 em™.
Infrated spectrum of the present dioxouranium(VI) complexes shows bands
pointed at around 580 cm™' and 460 cm™ which are assigned to V(U—N) and
v(U-—O) vibrations respectively.

Based on the literature survey'* ' the bands appearing in the range 580576
cm™' and 440-426 cm™ in the spectrum of the zirconium(IV) complexes can be
assigned to V(Zr—N) and v(Zr—O) respectively.

Similarly, all other major stretching vibrations like v(C=0), V,;,(NO,) and
Vasym(NO,) and 8(OH) bands appeared at the positions reported in literature. Some
of these vibrations show shifts from their positions in the ligands which is also
in accordance with the reported work. The absorption band pointed at 466 cm™
in all the complexes is assigned to the v(S—S) strectching vibrations.

Conclusively, at par with the literature reported in the past and various
scicntific footings all the six complexes of vanadyl, dioxouranium and zirconium
possess an octahedral geometry and their structures can be assigned at follows:

STRUCTURE OF VO-L1 COMPLEX

] 0 i
HC ¥, CH

- v NA
.L'—bo
NO, NOy

STRUCTURE OF VO-L2 COMPLEX

wn

Zz

@
O

©
le



Vol. 7, No. 3 (1995) VO(1V), UOx(VI) and Zr(IV) Complexes 555

Pl S M

©w

STRUCTURE OF UOzL2 COMPL

@2" @Q

§ b

OO0~

STRUCTURE OF Zr-L1 COMPLEX

©)

N
l
H /'C'H
/
N0
STRUCTURE OF Zr-2 COMPLEX
S S

REFERENCES

H. Krebs, H. Stract, and K. Pachalv, Z. Anorg. Allg. Chem., 38, 80 (1971).

Y. Nakao and Nakahara, Bull. Chem. Soc: (Japan), 46, 187 (1973).

Y. Kuge and S. Yamada, Bull Chem. Soc. (Japan), 45,799 (1972).

P.A. Vigato, M. Vidali, U. Casellato, R. Graziani and F. Benetolo, Inorge. Nucl. Chem. Letts.,
11, 595 (1975).

D.C. Bradley, M.B. Hursthouse and I.F. Randall, Chem. Comm., 368(1970).

F. Gialdi, R. Ponci and A. Baruffini, Rarmaco (Pavia) Ed. Sci. (University Pavia, Italy), 14,
216 (1959).

R.L. Carlin, and F.A. Walker, J. Am. Chem. Soc., 87, 2188 (1965).

A. Syamal and K.S. Kale, Indian J. Chem., 19A, 486 (1980).

R.J. Hill and C.E.F. Rickard. J. inorg. Nucl. Chein.. 40, 793 (1978).

D.M.L. Goodgame and S.V. Wagett, Inorg. Chim. Acta, 5, 155 (1971).

R.L. Farmer and R.L. Urbach, Inorg. Chem., 13, 587 (1974).

R. Mathew, A J. Carty and G.J. Palenik, J. Am. Chem. Soc., 92,3973 (1970).
D.R. Gray and C.H. Drabaker, Inorg. Chem., 10, 2143 (1971).

N.S. Biradar and A L. Locker, J. Inorg. Nucl. Chem., 36, 1915 (1974). -

(Received: 20 July 1994; Accepied: 15 December 1994) AJC-907



