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Complexes of Dioxouranium(VI) and Thorium(IV) with
Potential Bidentate Schiff Base

K.L. SAHOQ and H.N. MOHANTA*
Department of Chemistry
Government College, Angul-759 122, India

A series of complexes of dioxouranium(VI) and thorium(IV)
have been prepared using 2-amino benzoic furfuraldeneimine. The
complexes have been isolated in solid state and characterised on
the basis of elemental analysis, IR, UV, TGA, molecular weight
determination and conductivity measurements. The complexes
formed are of the type [UOy(HL);]1X; (X=NO;,CI, I,
SCNT™, CH3COO", %SO{), [UO2-HL-L;]); [Th(HL);X4]} (X=CI7,
I", SCN7) [Th(HL); (NO3);] (NO3),.

INTRODUCTION

The coordination compounds of f-block elements are less extensively
studied” 2 even though they present an excellent area of research because of the
possibility of forming compounds with coordination number greater than 6 and
hence attracted wide attention in recent years.™ * The Schiff base complexes for
the transition metals were well documented; those for uranium and other f-block
elements are not so frequent. Some recent reports show the formation of Schiff
base complexes with dioxouranium(VI) and thorium(IV)>6. This paper reports
the results of investigation of a series of uranyl(Il), thorium(IV) complexes with
a bidentate Schiff base (HL), 2-amino benzoic furfuraldeneimine (ABFF). The
complexes reported are characterised by elemental analysis, IR, UV, TGA and
conductivity measurements.

EXPERIMENTAL

Preparation of the ligand

1.38 g (1072 M) 2-amino-benzoic acid was dissolved in 10 mL ethanol and 1
mL (1072 M) furfural was mixed with constant stirring. The colour of the solution
was changed immediately to violet. On refluxing the above solution for about
%h, an amorphous light yellow compound was formed which was cooled, suction
filtered, washed with ethanol and dried in vacuum.

Preparation of complexes'
UO,(NOs),, UO,(CH;C00), UO,Cly, UO,S0,, Th(NO;), and ThCl, salts
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were either BDH or Fluka reagent grade. Thiocyanate and iodide salts were
prepared by the metathetic reactions of nitrate salts in absolute ethanol and
ethanolic solution of KSCN and KI respectively in stoichiometric proportions.
The KNO; precipitate was filtered off with a Whatmann No. 41 filter paper. The
filtrate containing the metal salt solution was used as such for complex prepara-
tion. In all cases the metal salt (1 mmol) solution in absolute ethanol was mixed
with 50 mL boiling ethanolic solution of the ligand (2 mmol) with constant
stirring. In case of UO3* complexes the colour of the solution immediately turned
deep violet which on refluxing for about 2 h a violet solid was separated out and
in case of Th4+ complexes immediately after the addition of ligand solution a red
solid was separated out. The solid compounds formed were suction filtered
washed in ethanol and dried in vacuum. The neutral UO3* complex was prepared
by adding (1 mmol) uranyl acetate to (2 mmol) ethanolic ligand solution in
presence of 1 g sodium acetate. In all cases the yield is about 40%.

Metal ions and anions are analysed by standard methods’. Carbon, hydrogen
and nitrogen analysis were done in CDRI, Lucknow. Conductance measurements
in MeOH and PhNO, were carried out at 25°C using an ELICO conductivity
bridge with a deep type cell having cell constant 0.50. IR. spectrum was measured
by Perkin-Elmer-781 instrument in KBr and UV was measured in Varian
Carry-2390 instrument. Molecular weights of the compounds were determined
by Rast’s camphor method.

RESULTS AND DISCUSSION

All the complexes prepared are given in Table-1 along with their analytical
and conductance data. The IR data is given in Table-2. All the complexes are very
much stable and have high m.p. and are sparingly soluble in common organic
slovents. The molar conductance in PhNO, and MeOH shows that the complexes
are ionic in nature.

In the IR spectra of the ligand, bands in the range 1660-1570 cm™ for
v(C=N) at 1300, 1255 cm™ for v(C—O) and at about 1210, 1165 cm™ for
V(C—N) and the phenyl ring vibrations multiplet around 1600-1400 cm™ are
obtained. The v(O—H) vibration appears as a band at 2780-2720cm™' suggesting
the coordination of a neutral ligand and not the anion of the ligand.® The neurtal
—COOH group is involved in bonding is evident from the presence of IR bands
at 1725, 1600, 1560, 1410, 1130, 864, 605 cm™ corresponding to vC=0,
Vasym(COO7), Vgym(COO"), Vyqym(C—C=0), V5ym(C—C==N) and §(COO") ab-
sorptions respectively,g‘ 19 The v(C==N) in the ligand at 1575 em™! is shifted to
near 1560 cm™ indicating that the imino nitrogen is involved in bonding. The
oxygen present in the ring is not involved in bonding due to resonance. Thus the
ligand behaves as a bidentate ligand.

The conductivity measurement indicates that all the uranyl complexes are 1:2
electrolyte in nature except [UO,-HL-L,] which is non-electrolyte. Thus the
general formula of the compounds is [UO,(HL)3;]X; where X=CI", I", SCN",
NO;3, %SO‘%_, CH;COOQ". Thus the coordination number around UO0%* is 8 in all
cases with 6 (ligand N, O) in the equatorial plane and two oxygen (UO,) in the
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axial position. All the thorium complexes are non-electrolyte excepting
Th(NO5), complex which is found to be 1:2 electrolyte. The IR bands for different
anions indicate that thorium has a coordination number 8.

TABLE-1
ANALYTICAL AND CONDUCTANCE DATA ON COMPLEXES OF UO%" AND Th**
WITH 2-AMINOBENZOIC FURFURALDENEIMINE (HL)

mp. °C) Analyses % Found (Calcd.) Am
Compound C'p-l
olour M C H N MeOH PhNO,
HL 190 — 66.58 4.6l 7.01 — —
Light yellow (66.98) (4.19) (6.51)
[UO,(HL)3](NO3)2 >260 23.01 4105 249 6.35 158 i
Violet (22.91) (41.58) (2.60) (6.74)
[UO,(HL)3]SO4 >260 2405 4252 239 4.03 14.2 i
Violet (23.54) (42.73) (267) (4.15)
[UO,(HL)3]Cl, >260 2406 4293 235 4.01 148 6
Violet (24.14) (43.81) (274) (4.26)
[UOy(HL)3])I, >260 20.58 3648 233  3.01 162 42
Violet (20.36) (36.95) (231) (3.59)
[UO»(HL)3)(SCN), >260 23.15 4394 231 6.52 120 35
Violet (23.08) (44.23) (2.62) (6.79)
[UO,(HL);)(CH3CO0), >260 2285 4612 3.01 4.13 — —
Violet (23.04) (4647) (3.19) (4.07)
[UO,(HL)L;] >260 25.89 4682 245 421 125 i
Violet (26.10) (47.31) (2.73) (4.60)
[Th(HL)2(NO3);](NO3), >260 25.01 3115 181 9.01 162 51
Red (25.49) (31.65) (1.98) (9.23)
[Th(HL)2(SCN)4] >260 2555 3701 205 9.1l 225 12.5
Red (25.95) (37.58) (2.01) (9.40)
[Th(HL);Cl4] >260 2825 3553 209 3.07 154 112
, Red (28.86) (35.82) (2.24) (3.48)
[Th(HL),l4] >260 1942 2401 104 202 252 i
Red (19.83) (24.62) (1.54) (2.39)

i—insoluble

The v; bands at 1160, 1120, 1080, 1050 cm™ and v, at 670, 640 cm™" are
observed for ionic sulphate group, in uranyl sulphato complex.'?. In the thorium
thiocyanato complex. the IR bands at 2045, 810 cm™ corresponding to
Vsym(C=N) and v,,,(C—S) respectively of isothiocyanate group confirm coor-
dination through nitrogen atom'* and in uranyl thiocyanato complex IR bands
corresponding to ionic thiocyanate group are observed. The nitrate group in
UO,(NOs), complex is found to be ionic as bands are observed at 1380, 1275,
830 cm™' where the ionic nitrate vibrations were observed. Thus the coordination
number of uranium is 8 in this complex. For the thorium nitrate complex
[Th(HL),(NO3),J(NO»),, it is clear that.two different types of nitrate anions are
present, a set of 2 NO3 ions are coordinated in a bidentate manner and the other
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set of 2 NOj3 ions are present as ionic nitrate. Bands at 1510, 1280, 1020, 820,
790 and 755 cm™' corresponding to bidentate nitrate groups'! * are observed.
Tonic nitrate vibrations are observed at 1380, 1270, 1045 and 830 cm™'. Thus the
coordination number of thorium is 8 is suggested for Th(HL),(NO3),]J(NO3),
complex. A similar observation for thorium nitrate complex was observed earlier
by Molodkin et al."®

It is interesting to note that in the ligand the carboxylic group gets deprotonated
while reacting with uranyl acetate in presence of sodium acetate. This fact has
also been confirmed from the absence of IR band at 2720 cm™ in the neutral
complex. In the acetate complex IR bands at 1610, 1545, 1570, 1420, 955, 720,
665 cm™! indicate the presence of ionic acetate group.’® In all the complexes the
bands observed around 920 and 810 cm™ are due to Vasym(U=0), Voyn(U=0)
respectively of a linear O=U=0 moiety'’.

The electronic spectra of the ligand and the complexes exhibit bands at
330-440 nm due to the vibronic structure of the O=U=0 group which seem to
be overlapped by the fairly strong ligand-to-metal charge transfer bands.'® The
bands obtained below 330 nm corresponding to the ligand m-n* region and
provide no assistance in determining the environment of the metal atom in the
complexes.

The TGA analyses of the ligands and their complexes were carried out to get
information about the decomposition trend and relative volatility of the com-
plexes. It is found that the ligand is stable up to 200°C and then starts losing
weight and completely volatilises at about 500-550°C. It indicates that there is
no water molecule present as coordinated or as water of crystallisation. U;Og is
the final product for uranyl complexes and ThO, is the final product for the
thorium complexes. The complexes lose the ligands earlier than the anion and
finally form the stable oxides.
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