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Synthetic and Structural Studies of Dioxouranium(VI)
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A series of dioxouranium(VI) complexes has been synthesised
with an ester ligand, namely pyridine-2,6-dicarboxylic acid
dimethyl ester (PDA). They are characterized by elemental analyses,
conductivity measurements, molecular weight measurements and
IR studies, to have the general composition UO,X;-(PDA);
(X=Br", I, NCS", ClOz and NOj). The infrared spectral studies
indicate that the ligand is coordinating to the metal ion through
carbonyl oxygen atoms and Pyridine ring nitrogen atom. NMR
spectral studies of the ligand and one of the representative complexes
has also been studied.

- INTRODUCTION

Actinide metal ions specially thorium(IV) and dioxouranium(VI) are of great
interest for most of the workers because of their large size and high positive
charge.! In the recent past studies on these metals with various oxygen donor
ligands®~® and with N-donor ligands including Schiff bases® have been reported.
In this present paper we wish to report the investigations on high co-ordination
compounds with an ester ligand namely pyridine-2,6-dicarboxylic acid dimethyl
ester (PDA) ().
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The ligand was found to act as neutral tridentate (O, N, O) ligand which leads
to the formation of high co-ordination compounds having the general composition
UO,X, (PDA), (X =Br", I', NCS~, ClO; or NO3). These complexes are generally
soluble in common organic solvents and are quite stable and can be stored at
room temperature except iodide complex which decomposes slowly at room
temperature with evolution of iodine vapours.
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EXPERIMENTAL

All the reagents were used as supplied by B.D.H. and Merck. Uranyl nitrate
was obtained commercially and all other salts were prepared by respective
reported metheds.!*"?

IR spectra were recorded on a Perkin-Elmer (4000-200 cm™) spectrophoto-
meter using KBr/CslI pallets. NMR spectral studies were carried out on a 90 MHz
Cw NMR spectrophotometer. Nitrogen was estimated in the laboratory by
Kjeldahl’s method. All other physico-chemical measurements were done accord-
ing to the reported method® and metal was estimated as U;0.'*

Preparation of ligand

The ligand was prepared by condensing pyridine-2,6-dicarboxylic acid with
dimethyl sulfide resulting in the crystallization of pyridine-2,6-dicarboxylic acid
ester which was recrystallized in pure ethanol.'’ Pyridine-2,6-dicarboxylic acid
was dissolved in absolute ethanol. 25 mL of the acid solution (1 mmol) was mixed
with 10 mL solution of dimethyl sulfide (1 mmol) in the same solvent. The
mixture was refluxed for about 6 h at ca. 30°C. Then, the contents were cooled
in freezing mixture, resulting in the formation of crystals of the ester. The product
was filtered, washed with ethanol followed by ether and dried in vacuo over
anhydrous CaCl,.

Synthesis of adducts

Bis (pyridine-2,6-dicarboxylic acide dimethyl ester) dioxouranium(VI) nitrate,
UO4(NOs),-(PDA),: This complex was prepared by treating isopropanolic
solution (25 mL) of the metal salt (1 mmol) with the solution of ester ligand
(2.1 mmol, ca. 0.41 g) in the same solvent (40 mL). The mixture was refluxed
for 2 h at ca. 75°C. The complex was obtained after cooling the reaction mixture
in ice. The product was then filtered and washed with ethanol first and then with
ether and dried in vacuo over P,O.

Bis (pyridine-2,6-dicarboxylic acid dimethyl ester) dioxouranium(VI) halides,
UO,X,-(PDA), (X=Br", I", or NCS™): The corresponding metal salt (1 mmol)
was dissolved in absolute ethanol (30 mL) and was treated with the ester ligand
(2.2 mmol, ca. 0.43 g) and on refluxing the resulting mixture for 1 h and on
cooling, the desired products crystallized out. These were the filtered and washed
with ethanol and dried in vacuo over P,O.

Bis (pyridine-2,6-dicarboxylic acid dimethyl ester) dioxouranium(VI)
perchlorate UOy(ClOy4),-(PDA),.: The perchlorate salt of the metal (1 mmol) in
methahol (20 mL) was added to the ester ligand (1 mmol, ca. 0.41 g) in the same
solvent (20 mL). The product -was obtained after refluxing the reaction mixture
for about 1.5 h at ca. 70°C followed by cooling in ice. The complex was washed
with the solvent and dried in vacuo over P4Oy,.

RESULTS AND DISCUSSION

The reaction of dioxouranium(VI) metal salts with the ester ligand results in
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the formation of UO,X,:(PDA), (X =NOg3, Br', NCS", I" or ClOj) according to
the following general equations:

Isopropanol

UO,(NO3), + 2PDA —— 5 UO,(NO;),(PDA), @)
reflux; 2 h
Isopropanol

UO,X, + 2PDA —— 5 UO,X,(PDA), (ii)
(X=Br.I orNCs) refluxilh

MeGH

UO,(C10,), + 2PDA —— UO,(C1O,),(PDA), (iii)

reflux; 1.5 h

The elemental analyses of these complexes are given in Table-1. These
complexes are quite stable at room temperature (ca. 30°C) except the iodide one
which decomposes to a sticky mass after a few weeks. All are sufficiently soluble
in common organic solvents.

TABLE-1
ANALYTICAL, CNDUCTIVITY AND MOLECULAR WEIGHT DATA FOR

UO3*(VI) COMPLEXES OF PDA

Analysis, Found Am

Complexes Dec. Yield (Caled.) % ohm™! 2‘:11-:,%6

(Empirical formula) temp. (%) S o
U N Anion cm”mol (Formula wt.)

UO,(NO3),:2PDA 215 75 30.1 6.8 — 32 780
(UCygH,8016N4) (30.3) (7.1 (784)
UO;Br,2PDA 219 73 28.7 3.1 19.8 2.8 816
(UC]gH 18010N281'2) (29,0) (3.4) (19.5) (820)
UO;,1,-2PDA 220 72 25.5 2.6 28.2 42 908
(UC;8H30;0N2l,) (26.0) (3.00 (27.8) 914)
UO,(NCS),-2PDA 208 71 30.2 6.8 15.1 3.8 772
(UC0H8010N4S7) (30.6) (7.2) (149 (776)
UO,(Cl04),-2PDA 198 65 273 2.8 23.6 54.7 287
(UC;gH,8018N>Clp) 277 (3.2) (23] '(859)

Electrical conductivities of the complexes were determined in nitrobenzene and
the results are given in Table-1. The complexes UO,X,(PDA), (X =NOj3, Br, I~
or NCS") are essentially non-electrolyte in PhANO, medium. The conductivity of the
halo complexes is in general agreement with stability of U-halogen bond found
earlier.” The conductance value for perchlorato complex UO,(Cl104),-(PDA),
suggests the presence of ionic perchlorate groups. The ratio of the molecular
weights of UO,X,-(PDA), (X =Br~, I, NCS™ and NO3) to be caculated is ca. 0.98
which shows that these complexes are monomeric in solution. In case of
UO,(ClOy),-(PDA),, this ratio is found to be 0.33 indicating the formation of 3
species in the solution of this complex.

The complex compounds were found to be either diamagnetic or weakly
paramagnetic depending upon the diamagnetism of the other ions and the
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surrounding ligand fields.'® !” Their magnetic susceptibilities are independent of
field strength and temperature.'® The ground states of these compounds contain
no unpaired electrons. The compounds are, therefore, expected to be weakly
diamagnetic as observed.'” %2

Infrared spectra

The IR spectra were recorded in the range of 4000-200 cm™ using KBr pellets.
The IR spectra of the complexes, when compared with those of ligands show a
considerable shift of the carbonyl absorption v(C==0) to lower frequency
indicating a decrease in the stretching force constant of C==0 as a consequence
of coordination through the oxygen atom of the C==0 groups of ester. It is well
known?'~24 that as a result of coordination through carbonyl oxygen, the double
bond character between carbon and oxygen is reduced. The decrease in the bond
order causes a bathochromic shift in the carbonyl stretching frequency. The
C=aO stretching frequency which occurs at around 1700 cm™ in the free ligand
has been observed in the region of 1680-1660 cm™ in all the complexes. In the
far infrared region one absorption at ca. 630 cm™ has been assigned to in-plane
bending of the carbonyl group in the free ]igand.2§' 26 This shows a shift to higher

‘frequency in the complexes. The pyridine ring deformation bands appear at 610
cm™' (in-plane) and 430 cm™ (out-of-plane) in the spectrum of the ester ligand
(i.e. PDA).27 In the uranyl complexes of PDA ester these bands show positive

‘ shiftoga. 50-40 cm™' which confirms the role of pyridinyl nitrogen in complexa-
tion.”

Some new medium and weak bands are observed in the range of 380-360 cm™’
and 470-450 cm™ in the complexes where the ligand has no absorptions. These
new bands are tentatively assigned to v(M—O) stretching modes and v(M—N)
stretching modes and these are in agreement with v(M—O) and v(M—N)
stretching modes observed for serveral other dioxouranium(VI) complexes.zg' »

The occurrence of two strong bands at ca. 1070 cm™ and 615 cm™ in the
spectra of perchlorate complex attributed to v; and v,4 vibrations of the ionic
perchlorate groupsm'32 suggesting the perchlorato groups are present outside the
co-ordination sphere in complex.

NMR spectral studies

The NMR spectral study of one of the representative complexes was recorded
and was compared with that of ligand. The NMR spectra of the ligand contain
apparently NH and COOCH; signals and it is suggested that the compound
is a pyridine derivative. The NMR spectra of a compound of ester i.e.
UO,(NO3),(PDA), has been recorded either in CDCl3, or in DMSO dg. The
important NMR signals of the ligand are 5.44839(s), 4.28700-4.20733(qt),
3.92169(s), 3.85788-3.82109(t), 3.66954(s) and 3.32448-3.30814(pt) and that of
the complex UO,(NO,;),-:2PDA are 8.79150-8.77333(d), 8,62494-8.57219(t),
8.08198-8.03465(t), 7.30417(s), 4.73277(s), 3.38597-3.36620(d), 3.13081-
3.99744(pt), 2.89780(s), 2.82140(s) and 1.32574-1.26737(pt).
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TABLE-2
PARTIAL IR DATA (cm™') FOR UO}*(Vl) COMPLEXES OF PDA

V(C=0) Pyridipe ring
Compound V(CSTO) in-plane deformation bands V(M—0) V(M—N)
‘ bending In-plane  Out-of-plane
PDA 1700 s 630m 610 m 430 m - —
UO,(NO3),2PDA 1660s  640m  650sh 480 sh 360m  450m
UO;,Br,2PDA 1660 s 630 sh 660 w 480 sh 350 m 450 m
UO;1,-2PDA 1670 s | 630 sh 650 sh 480 w 350 m 430 m
UO,(NCS),2PDA 1680s  620m 660w 480 sh 360m 440 m
UO,(Cl04)2-2PDA 1660 s 620 sh 650 sh 480 w 360 m 450 m

Configuration of complexes

In halo and thiocyanato complexes both the anions are covalently bonded. In
these cases, a ten coordinated uranium atom may be be considered. The infrared
data of UO,(PDA),(NO3), suggests that nitrato groups are monodentate in it as
the separation of combination bands i.e. v, and v, appear to be 10 cm™' and
according to Lever et al.*, if this separation is 5-26 cm™' then nitrato group may
be monodentate and if it is 20-66 cm™, it attributes to bidentate nitrato group.
The spectral bands of the complex [UO,(PDA),(NO3),] studied here are,
1020 (v,), 800 (v¢), 750 (v3) and 705 cm™ (vs) which suggests the monodentate
nature of nitrate group. Thus it may be considered that this complex contains 10
coordinated uranium atom (4 oxygens and 2 nitrogens from two tridentate ester
ligands and 2 oxygens from two mondentate nitrate groups). In perchlorato
complex, conductance, molecular weight and infrared studies reveal that all the
perchlorato groups are present outside the coordination sphere and hence
suggesting the presence of 8 coordinated uranium in this complex.
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