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Reactions of Antimony(III) Chloride Adducts with
Potassium Thiocyanate
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A number of adducts of antimony trichloride have been prepared
with O, N, S-donor atoms. These adducts have been treated with
KCNS in THF when substitution of the chlorine atoms in the adduct
occurs with SCN group resulting in the formation of antimony
trithiocyanate adducts. The ambidentate SCN group attaches to
antimony through nitrogen in some complexes (naphthalene,
anthracene, phenanthrene, pyridine, bipyridyl, 1,10-phenanthroline,
methylcyanide) and through sulphur in the other adducts (for-
mamide, dimethylformamide, acetamide, benzamide, acetanilide,
triethylamine, aniline, o-, m-, p-toluidine, dimethyl aniline, urea,
thiourea, DMSO). -

INTRODUCTION

Literature survey reveals the formation of few stable adducts by antimony
trichloride which is hygroscopic and unstable.'"2 Anhydrous antimony trichloride
is soluble in benzene, chloroform, DMF, DMSO, THF etc. On careful evaporation
of the amide solutions adducts of antimony trichloride are obtained. The solution
of antimony trichloride react with O-, N-, S- donor Lewis bases to give adducts.
These adducts on treatment with KCNS in THF form the trithiocyanato adducts
of antimony(III). All the adducts of SbCl; are either white or light coloured solids
and stable in dry atmosphere. The study is important from the point of view of
the catalytic activity of antimony trichloride in a number of organic reactions.

Preparation of (antimony trithiocyanate) naphthalene adduct

1.50 g antimony trichloride-naphthalene adduct was dissolved in 50 mL dry
THF and 1.50 g KCNS was added to it with shaking. The reaction mixture was
kept for two days. The orange mother liquor was decanted off and evaporated to
dryness leaving behind an orange solid. The solid was recrystallised from
THF-ether mixture. Its analysis corresponded to 2Sb(NCS);-C;oHg.

If the thiocyanate reagent is taken in half the above amount and the reaction
mixture is refluxed for 5 h, a deep orange mother liquor is obtained. The mother
liquor on evaporation to dryness gave an orange red solid which was recrystallized
with THF-ether mixture. The analysis of the solid corresponded to
Sb(SCN);-C;oHs.

The same procedures were used for other Lewis base adducts. N, N’-Dimethyl
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aniline, DMF, bipyridyl, 1,10-phenanthroline, and methyl cyanide formed 1 : 1
adduct, while others formed 1 : 2 adducts. With aniline adduct in hot solution the
thiocyanate reaction produces 1 : 1 adduct, one molecule of aniline is knocked
out.

The sulphur bonded thiocyanate adducts are darker in colour (deep orange to
brown), while the nitrogen bonded thiocyanate adducts are lighter in colour (off
white to yellow). The isothiocyanate adducts slowly change into thiocyanato ones
on keeping (ca. 15 days) indicating more stability of the latter ones. The
compounds decompose on heating, are hydrolysed by hot dilute acids and alkalies.
Their analytical data and other physical characteristics are given in Table-1.

RESULTS AND DISCUSSIONS

The magnetic susceptibilities were measured by Guoy’s method at 292 K using
hydrated copper sulphate as the calibrant. The values are low (ca. 0.02-0.03 BM)
indicating that they are all diamagnetic. The molar conductance measured on
Leeds and Northrup type 4959 electrolytic conductivity bridge are very low
(0.30-1.5 ohm™ cm? mol™") indicating that they are essentially non-ionic. Cryos-
copically determined molecular weights of the compounds pointed to their
monomeric nature. .

The IR absorption peaks in the aromatic hydrocarbon adducts are assigned as:*
v(C—H) at ca. 3100 and 2900 cm™'; ©(C—H) in the region 850-730 cm™’
(naphthalene), two bands at 875 and 730 cm™' (anthracene) and in the range
900-640 cm™' (phenanthrene); 8 C—H) in the region 1250-950 cm™ (naph-
thalene), two bands at 1150 and 1050 cm™ (anthracene) and in the range
1500-900 cm™' (phenanthrene). The peaks at ca. 1650, 1430 and 1380 cm™' along
with the decrease in C—C skeletal mode suggest that the bonding between
antimony and the hydrocarbon molecule is through n-electrons’®. The
v(C—N) appears“ at ca. 2040 cm™', vV(C—S) in the rc.’.gions'7 850-770 cm™!,
S(NCS) at ca. 475 cm™!, v(Sb—N )8 at ca. 450 cm™'. Absence of bands for (Sb—S)
bond, the high intensities of the band at ca. 2050 cm”! and above observations
suggest that all the thiocyanate groups are nitrogen bonded.

The assignment of bands in the aniline, 0—, m—, and p-toluidine compounds are:
Vasym(N—H) ca. 3400, vy, (N—H) ca. 3360, (N—H) ca. 1600, p(N—H) ca.
1060 and p,(N—H) ca. 520 cm™'. V(C—N) bands appear at ca. 1320 and
1210 cm™ somewhat lowered due to (Sb—N) bonding®. A strong band at ca. 2090
cm™ and medium to weak bands at ca. 710 and 420 cm™' are assigned to
v(C—N), v(C—S) and 8(NCS) respectively indicating sulphur bonded thiocyanate
group to antimonym. The v(Sb—-S) are assigned at ca. 400 and 190 cm_'.'

The IR spectra of N, N’-dimethyl aniline and triethylamine compounds showed
no V(N—H) and §(N—H) bands. The v(C—N) appeared at 1330 and 1200
cm™! in N, N’-dimethylaniline compound and at 1190 and 1080 cm™! in
triethylamine compound. The lowering of this frequency indicates the amine
bonding through nitrogen. A strong band at ca. 2090 cm™' is assigned to
v(C—N) and at ca. 710 and 415 cm™" are due to v(C—S) and S(NCS) respectively
indicating sulphur bonded thiocyanate group to antimony in both these com-
pounds.
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The IR spectra of the thiocyanato compounds with formamide, acetamide,
benzamide, acetanilide and urea showed absorption bands at ca. 3410 and 3300
cm™ due to Vasym(N—H) and v, (N—H) respectively. The 8(N—H) band is
assigned at ca. 1610 cm™'. The dimethyl formamide compound IR spectra did
not show these bands. The v(C=0) band is assigned at ca. 1610 cm™'; the
lowering of this band as compared to the free ligands indicated that all the amides
are oxygen bonded to antimony''. A band at ca. 1390 cm™ is assigned to
V(C—N) but in acetanilide it appears at 1280 cm™ and is considered as a mixed
band due to V(CN), 8(N—H) and V(CH3—C).l2 The v(Sb—O) appeared in the
range 450-400 cm™' in the IR spectra of these compounds'.8 The presence of a
strong band at ca. 2080 em™! is due to V(CN), ca. 710 cm™ due to v(C—S) and
ca. 410 cm™ is due to S(NCS) which overlaps with v(Sb—O), v(Sb—N) and
V(Sb—S) appearing between the range 460400 cm™'. Sulphur bonded
thiocyanate groups are present in these compounds. In the thiourea-thiocyanate
complex the IR assignments are; V,,,n(N—H) at 3450, 3310 cm™, Veym(N—H)
at 3240 cm™, the bands at 1640, 1460, 1420 and 1010 cm™ may be composite
bands for 3(NH,), v(C—N) and v(C==S). The lowering of the last frequency from
1086 cm™ to 1010 cm™ indicated the coordination of thiourea to antimony
through sulphur atom'?. The band at 670 cm™' may be assigned to v(C=S) with
some contributions from S(NCS). The v(C—N) to 1380 cm™ and the lowering
of v(C==S) from 730 to 670 cm™' supports coordination of thiourea molecules
through sulphur'®. A strong band at 2085 cm™ is due to v(C—N), 710 cm™ due
to v(C—S) and 410 cm™ is due to 8(NCS) respectively which overlaps with
v(Sb—S) occurring in the range 390-170 cm™!. These observations indicate the
sulphur bonded thiocyanate group in the compounds.

The dimethylsulphoxide thiocyanate compound showed V,4,(C—H) at 2950
em™, Vm(C—H) at 2860 cm™, 8(CHj) at 1360 and 1320 cm™ and p(CHy) at
930 and 910 cm™'. The lowering of V(S=0) from 1100 cm™ to 960 cm™
indicated the coordination of the sulphoxide molecules through oxygen atom.
Presence of a strong band at 2085 em™ is assigned to V(C—N), a band at 715
cm™! to v(C—S) and at 410 cm™ to S(NCS) which overlaps with v(Sb—O) and
v(Sb—S) which are assigned at 390 and 180 cm™! respectively. This is indicative
of the sulphur bonded thiocyanate group in the compound.

The IR spectra of methyl cyanide compound showed Vum(C—H) at 2990
cm™, Vym(C—H) at 2870 cm™, v,q,n(CHs) at 1460 cm™, vy (CH;) at 1360
cm™, p,(CH;) at 960 and 910 cm™'. v(C—N) is assigned at 2290 cm™' which is
on the higher side pointing the nitrogen coordination of CH;CN to antimony. A
strong band at 2040 cm™' is due to v(C—N) of the NCS group, 830 cm™ due to
Veym(C—S) and a band at 460 cm™ is assigned to 3(NCS); while v(Sb—N)
appeared at 345 cm™.

The IR spectra of pyridine, 2-2’-bipyridyl and 1,10-phenanthroline compounds
showed a strong band at ca. 2040 cm™' assigned to V(C—N), at ca. 840 cm™
due to V(C—S) and at ca. 480 cm™' due to S(NCS) respectively suggesting the
nitrogen coordination of the thiocyanate group to antimony. The v(Sb—N)
appeared between 390-350 cm™', the 8-(ring) and n-(ring) are assigned at ca. 660
and 480 cm™' respectively which are on the higher side, indicating coordination
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of pyridine and others to antimony. The high frequency region frequencies for
v-(ring), v(C—H), 8 C—H) and n(C—H) are not shifted appreciably.

The electronic spectra of the compounds show two bands in the region ca. 315
and 260 nm with E,,, ca. 12100. These bands could be assigned to charge transfer

bands'”.
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