374

Current
Science

DIMETHYL SULPHOXIDE COMPLEXES OF RARE-EARTH BROMIDES

P. V. SIVAPULLAIAH anp S. SOUNDARARAJAN
Department of Inorganic and Physical Chemistry  Indian Institute of Science, Bangalore 560012

ABSTRACT

Dimethyl sulphoxide (DMSO) complexes of six rare-earth bromides of the composition
M(DMSO)qBr, where M = La, Pr, Nd, Sm, Ho and Y have been prepared and characterized.
Infrared studies of the complexes indicate that dimethyl sulphoxide coordinates to metal through

OoXygen.

Conductivity data show a coordination number of ten for all rare-eacths.

The relative

effect of halide ions on the coordination number of the rare-earth ions is discussed.

INTRODUCTION

D IMETHYL sulphoxide complexes of rare-earth
chiorides!, nitrates? and perchlorates® have
2cn reported from this laboratory. In all these
cases a coordination number of eight for the lighter
lanthanides and seven for the heawvier lanthanides
and yttrium has been suggested from the conduct-
ance data. But from the crystal and molecular
structure studies of dimethyl sulphoxide complexes
of lanthanum nitrate¢ and ytterbium nitrated, it has
been shown that the coordination numbers for
lanthanum and ytterbrum should be ten and nine
respectively. Rccently rare-carth i10dide complexes
of dimethyl sulphoxide have been prepared and
characterized in this laboratoryé, A coordination
number of nmne for all the rare-ecarths has been
suggested in these complexes from the conductivity
data. So far very little work has been carried out
on the effect of the bromide ion on the coordina-
tton number of the rare-earths. In the present
paper, for the first time, the isolation and character-
ization of rare-earth bromide c¢omplexes with
dimethyl sulphoxide are described.

EXPERIMENTAL

Marerials—~The hydrated rare-earth bromides
were prepared from pure (99:99%) rare-earth
oxides and hydrobromic acid.

Water white DMSO (Crown Zellerbach Co,,
US.A.) was used for the preparation of the com-
plexes.

The commerical dimethylformamide (DMF) was
shaken with KOH pellets for two hours and dis-
tilled under reduced pressure. The middle fraction
distilling at 70° C at 10 mm pressure was collected
and its spectfic conductance was 9-1 X 107 ohm-1
cml at 30° C,

Acetomtrile was purfied by the standard method?,
Its specific conductance was 2-63 X 106 ohm-1
cml,

Preparation of the Complexes—One gm. of the
hydrated bromide was dissolved in 2 mt of DMSO
and the excess of the ligand was removed under
reduced pressure. The solid crystalline product

was washed with dry benzene to free it from DMSO
and dned.

Analyses—The complexes were analysed for their
metal, bromide and DMSO parts. The metal
content was estimated by EDTA titrations using
xylenol orange as the indicator8. The bromide was
estimated by Volhard's method and the DMSO by
oxidation with excess of permanganate?, Since
bromide is also oxidised by permanganate, it was
removed as silver bromide by adding silver nitrate.

Infrared Spectra—The infrared spectra of the
complexes were taken in both nujol mulls and
KBr pellets employing a Carl Zeiss UR-10 infrared
spectrophotometer., The mull and KBr pellet
spectra of the complexes were almost identical.
The important absorption bands in the region 3600-
600 cm™1 and their assignments, similar to those
piven for other lanthanide-DMSO complexes, are
presented in Table II.

Conductivity Measurements,—~The molar conduct-
ances of the complexes in acetonitrile, dimethyl-
formamide and water were determined with a,
Siemen’'s conductivity bridge using an immersion
cell {(Cell constant 0-665). The concentration of
the solutions was ca. 0-001 M.

Molecular Weight Measurements—The molecular
weights for some representative complexes in water
were determined by the freezing point depression
method. However, molecular weight measurements
could not be carried out in organic solvents because
of their poor solubility in suitable solvents.
Molecular weight and conductance data are presented
in Table III.

RESULTS AND DISCUSSION

Analytical results (Table 1) show that the com-
plexes have the formula M(DMSO) Br; where
M = rare-earth metal. Unlike the corresponding
perch'orate complexes, the metal : ligand ratio is
eight for all the lanthanides and yttrium. However,
the composition is similar to that of the iodide
complexes,

The complexes are very hygroscopic, insoluble
in non-polar solvents and acetone, and soluble in
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TABLE I
Analytical data for the complexes
Metal (/) Bromide (27 ) DMSO (%)
Compound —_— —— e —_ -
calc, found calc. found calc, found
La (DMSO)Br; 13-87 13-74 23-93 23-89 62-23 62-05
Pr (DMSO);Br, 14-03 14-04 23+84 23-58 6210 62-50
Nd (DMSO):Br; 14-32 14-42 23-82 23-43 61-93 61-65
Sm (DMSO)¢Br, 14-84 14-77 23-67 23-39 61-58 61-16
Ho (DMSO)¢Br, 16:03 16-05 23-31 23:20 60- 66 6053
Y (DMSO)yBr; 9-43 9-42 24-33 24-22 6624 65-95
TABLE II
The principal absorption bands in the I.R. spectra of DMSO and its rare-earth bromide complexes
(1n cm™1)

b . P .

DMSO* 1042 vs
[a (DMSO)yBr. 1016 vs
Pr (DMSO),Br; 1016 vs

Nd (DMSO);Br; 1016 vs
Sm (DMSO)¢Br. 1018 vs
Ho (DMSO),Br, 1015 vs
Y (DMSO)Br, 1012 vs

S = O stretch CHa.rocking  Asym C— S stretch

962 s 695 m
905 w
966 s 720 m
014 w
064 s 718 m
209 w
966 s 718 m
910 w
064 s 720 m
012 w
965 s 720 m
916w
964 s 718 m
014 w

. e

* Spectrum of DMSO was taken ia the liquid phase. Spectra of the complexes taken

in nujol mulls are presented.
Abbreviations: vs = very strong:

polar solvents. The colours of the complexes are
similar to those of the corresponding salts.

The molar conductances of the complexes 1n
water and DMF are in good agreement with those
reported for 1:3 and 1:2 electrolytes respcce
tivelyl0-11,  The molar conductances i acctomtrile
however, show that the complexes behave as 1 : 1
electrolytesil which suggest the possibility of two
of the bromide jons being coordinated fo thc rare-
earth ions. Thus a coordination number of ten can
be postulated for all the rare-earth ions. This 18
the only example where a coordination number of

§ == strong;

m = mecdium; w = weak.

ten is suggested for a heavier lanthanmide and
yitrium w1 DMSO complexes, whereas for lighter
lanthanides and coordination number of 10 has
been postulated in rare-earth mitrate-DMSO com-
plexes from crystal structure studiesd,

The molecular weight data for the complexes in
water show the preseace of twelve specics thercby
sugeesting the compicte dissociation of the com-
plexes in waler,

The infrared speclra  of all the complexes are
stmilar showing no significant dependence on  the
central metal don,  The ntemse band ocviring ot
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Conductance and molecular weight data

Moaiar conductance
(ochm—! cm? mole—1) in

Molecular weight in water

Compound — -
Water DMF CH,;CN obtd. calc. No. of species

La (DMSO)Br, 159-7 91-88

Pt (DMSO):Brs 400- 2 160 6 95-00 80 83 1005 12

Nd (DMSO),Bry 410-0 1675 99-33

Sm (DMSO),Br, 403-4 163-6 94-71 84-14 1014 12

Ho (DMSO),Br, 411-4 164- 1 96- 00 8476 1029 12

Y (DMSO).Br, 164-7 92-94 .

e i

1045 cm~1 attributable to the S=0O stretchl2 jn free
DMSO shifts to about 1016 cm™? in the complexes,
demonstrating the involvement of oxygen 1n the
coordination. An enhancement 1n the C-S stretch-
ing fundamental (from 695 cm™! to about 718 cm™1)
further confirms the oxygen  coordination?,
Absence of a band at 1045 cm-! indicates that no
occluded or lattice held ligand i1s present in the
complexes.

The extent of S=0 shift, which is a measure
of the metal-oxygen bond strength in the complexes,
is less in bromide complexes (ca. 30 cm™1) than in
the corresponding rare-earth perchlorate complexes
of DMSO (ca. 50cm™1)3, These shifts in the
rare-earth chloride, bromide and iodide complexes
(ca. 33, 30 and 25 cm™!) indicate that the metal-
oxygen bond strength decreases as we go from
chloride o i10dide complexes. From the data
obtained, the rare-earth bromde-DMSQO complexes
may be represented as [M(DMSO).Br,]Br.

As pomnted out in literaturel3, the number of
hgands coordinated. to the metal ion is dependent
upon the anion in the complex. In the case of
rare-earth chloride-DMSO complexes the maximum
number of higands coordinated to the metal jon is
four, while 1n the case of the bromide complexes
it s eight. In the rare-earth iodide complexes,
however, the number of DMSO molecules coordi-
nated to the metal ion remains eight as in the case
of bromde complexes.

For the lanthanide jons, the coordination affinities
of halide ions lie in the sequence F 3> Cl > Br > 114,
Hence it is to be expected that rarec-earths will add
on more number of ligands in bromide complexes
than - in chloride ones. However, jn the case of
1odide complexes the number of ligands coordinated

L

- —

to the metal ion is not further enhanced, probably

due to the large ionic size of i1odide ion.

The

interesting feature of the bromide complexes is that
the lanthanides have a higher coordination number,
as (he number of anions coordinated to the metal
o1t iS two (compared to one in the case of the

wdide complexes)

and the number of ligands

coordinated is also the maximum.

ACKNOWLEDGEMENT

One of the authors (P, V., §) thanks CS.IR.,

India, for a fellowship.

1.
2.

S A

oo

11,
12.

13.
14,

Ramalingam, S. K, and Soundararajan, S., Z.
Anorg. Allgein. Chem., 1967, 353, 216.

~— and —, J. Inorg. Nucl. Chem., 1967 29,
1763.

Krishnamurthy, V. N. and Soundararajan, S.,
Ibid., 1967, 29, 517.

Krishna Bhandary, K. and Manohar, H., Aca
Crvst,, 1973, 29 B, 1093,

— and —, Cryst. Struct. Comm., 1973, 2, 99.

Koppikar, D. K. and Soundararajan, S., un-
published results.

Coetzee, J. F., Cunningham, C. P., McGuire,
D. K. and Padmanabhan, G. R., Analyt
Chem., 1962, 34, 1139,

Kinnunen, J. and Wennerstrand, B., Chemist
Analyst, 1957, 46, 92.

Douglas, T. B., J. Am. Chem. Soc., 1946,
68, 1072.

Weissberger, A., and Rosstter, B. W., Physical
Methods 1n Chenustry, Tech. of Chem.,
Vol. I, Part 1T A (W:iley-Interscience, 1971,
p. 199).

Geary, W. J., Coord. Chem. Rev., 1971, 7. 81.

Prago, R. S. and Meek, D. W., J. Physic.
Chem., 1961, 65, 1446.

Grandey, Robert C. and Moeller, Therald,
J. Inore. Nucl. Chem., 1970, 32, 333,
Ahrland, Sten.,, Chatt, J. and Davies, N. R,

Quart, Rev., 1958, p. 265,



