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ABSTRACT : The synthesis of SmCly(THF )3 from SmCly, 6H0 is des-
cribed. The reaction of SmCly(THF) with NaBH, in dry THF gave white
microcrystalline tris (tetrahydroborato) tris (tetrahydrofuran)samarium
(I11), Sm(BH,)3(THF)3 The vibrational and magnetic properties of
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INTRODUCTION :

The tetrahydroborate anion, BH, ™, forms
alkali metal tetrahydroborates (also known as
borohydrides) and a large variety of covalent
complexes with transition metal, lanthanide and
actinide ions [1-4]. The tetrahydroborate ligand

has three potential modes of coordination toa
metal ion and classified as mono-, bi-, or
tridentate ligand [structures (1), (2), and (3)].
Few monodentate and tridentate complexes
are known, but bidentate complexes aré most
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common [5-8]. The different modes of bonding
of tetrahydroborates give rise to distinct and
characteristic patterns of vibrational frequencies
[1, 9, 10}.

In this article preparation and characteriza-

tion of SmCl3(THF); and Sm(BH,)3(THF); from
SmCl.6HO are reported.

EXPERIMENTAL :

'Owing to the air and moisture sensitivity of
the complexes, all operations were carried out
under an oxygen- free dry nitrogen atmosphere
in a dry box using standard Schlenk techniques.
Solvents were dried and distilled by standard
methods before using. Elemental analyses were
performed with an Elemental Analyzer CHN-O-
RAPID, Heraeus. Infrared spectra were recorded
on a Perkin- Elmer 393 spectrophotometer from
Nujol mulls prepared in a dry box.

Preparation :
1 ) Prepamtion Of SMCIg( M)3

50g (13.7x10"2mol) SmCl;. 6H,O was trans-
ferred into a 2L three necked flask and 800mL
thionyl chioride (SOCIl,) was added. The suspen-
sion was refluxed under a dry nitrogen atmos-
phere until the evolution of HCI and SO; had
ceased, and the thionyl chloride was distilled off.
The residue was washed with three 50 mL por-
tions of THF and dried in vacuum. The product
obtained was free from water (IR spectrum), but
contained some residual SOCI; which could
casily be removed in the THF complexation
reaction.

The white solid, SmCly(SOCIl,), , was trans-
ferred into a 2L three necked flask and 800mL
THF was added. The suspension was refluxed
under a dry nitrogen atmosphere for two days.
The white suspension was filtered and the solid
was dried in vacuum and extracted with 800mL
THF. The white microcrystalline compound was
filtered and the solid was dried and stored under
nitrogen in a sealed ampoules (yield =80%).

Analytical data, confirms the formula
SmCly(THF)3; (H20 and SOCI; were shown to
be absent).
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IR (Nujol mull, KBr, cm™!): [Nujol: 3000- 2860
(v8), 1455 (s), 1375 (5), 1345 (w, sh)].
SmCl3(THF)3: 1295 (w), 1248 (w), 1180 (w),
1010 (vs), 915 (s), 860 (vs), 720 (m), 662 (m).

To a stirred 200 mL THF solution of
SmCly(THF); (4.00g, 8.46 x 10~mol) was added
excess of sodium tetrahydroborate. The
suspension was stirred for four days. After
filteration the solution was taken to dryness and
residue was dissolved in toluene, the precipitated
sodium chloride being removed before the
solution was again taken to dryness. Again the
residue was dissolved in THF. After additon of
hexane by syringe as a layer, white microcrystal-
line compound was crystallized during a few days
at room temperature. The white microcrystalline
compound was filtered and the solid was dried
and stored under nitrogen in a sealed ampoules
(vield =65%). Analytical data, confirms the
formula Sm(BH,)sy(THF),.

IR (Nujol mull, KBr, cm™'): [Nujol : 3000- 2850
(vs), 1455 (s), 1375 (8), 1345 (w, sh)].
Sm(BH,)3(THF)3 :

(BH, , tetrahydroborate group) : 2460 (s), 2440 -
2400 (s, doublet), 2140 (s), 2200- 2260 (s,
doublet), 1160 (s), 1090 (s).

(THF group) : 1295 (w), 1248 (w), 1180 (w),
1010 (vs), 915 (8), 860 (vs), 720 (m), 662(m).
Magnetic measurement : g = 1.53 BM.

RESULTS AND DISCUSSION :

The different modes of bonding of tetra-
hydroborates give rise to distinct and chara-
cteristic patterns of vibrational frequencies. BH,
group belongs to Ty symmetry, therefore, defor-
mation of BH, group is also characteristic, and it
is possible to ascertain the number of bridges in
tetrahydroborate in a new compound, simply by
consideration of infrared and Raman spectra.
Structure (1) (asingly bridged group) has two
stretches of terminal bonds (4; + ¢) and one of
the bridge (a;) , at 2500- 2450 and = 2000 cm ™},
respectively. Structure (2) (a doubly- bridged
group) has four stretching modes, two of the ter-
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minal bonds (a,+by) (typically between 2400 and
2600 cm™ )and two of the bridges' (a,+b3) (1950
to 2150 cm™!). Structure (3) (a triply bridged
group) has one terminal (a;} and two bridge
stretching modes (a, + ¢), at 2450-2600 and
2100-2200 cm ™, respectively [9,10]. At lower
frequencies, structure (1) shows a strong band,
possibly with a weaker one at slightly higher
frequency at 1000-1150 cm™! (a, + e)which
could be assigned to BH, deformation; structure
(2) shows a strong broad band at 1300-1500
cm™! (a;) and a strong band at 1100-1200 cm ™!
(b2} which could be assigned to bridge stretching
and BH; deformation, respectively; structure (3)
shows one strong band at 1150-1250 (e)which
could be assigned to bridge deformation [9,10].
Sm(BH,)3;(THF)3 shows one strong band at
2460cm ™, a strong doublet at 2200-2260cm ™!
and a strong band at 1160 cm™', which is charac-
teristic of tridentate BH, group. In addition, a
strong doublet at 2400-2440 cm ™!, a strong band
at 2140cm ! and another strong band at 1090
cm™! (bridge stretching at 1300- 1500 cm™*
which is not seen very easily, could be hidden
under Nujol band) which is characteristic of
bidentate BH, group.

Infrared spectra of Sm(BH,)3;(THF); and
Y(BH,)3(THF); are very similar. The molecular
structure of Y(BH4)3(THF); has been dcter-
mined by a single X-ray diffraction method. In
this complex, one of three tetrahydroborate
groups is bidentate and the other two are tri-
dentate, therefore, because of strong similarity
between the infrared spectra of these two
tetrahydroborate complexes, we can conclude
Sm(BH,)3(THF}, has a similar structure to
Y(BHy)3(THF)3 complex. -

'Magnetic measurement of Sm(BH,)s(THF);
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complex shows the complex is paramagnetic
(#etr= 1.53 B.M.) which is reasonable for
Sm>*(4f* electronic configuration) at room
temperature.
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