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A series of neutral adducts of tin(W) chloride with 
various nitrogen donor ligands of general formula, 
SnCr,*L and SnC14-L2 (where L = azines, semi- and 
thiosemi-carbazones) have been synthesized. The 
bonding in these compounds is discussed in terms of 
their i.r., n.m.r. and l19Sn Mossbauer spectroscopic 
data. These data suggest that the ligands are func- 
tioning as mono- and b&dentate ligands towards the 
metal atoms, which have coordination numbers of 
six in both the SnCI,,*L and SnCl~*L2 complexes. 
The changes in Mossbauer parameters reflect the 
electronegative nature of the donor atoms. 

Introduction 

Azures, semi- and thiosemicarbazones, are prob- 
ably the most intriguing nitrogen donor ligands. 
Depending on reaction conditions, these compounds 
may act as ionic or neutral ligands [l] . A plethora of 
literature is available on their complexes with transi- 
tion metals, whereas there has been almost no work 
on the corresponding neutral SnC14 adducts, notable 
exceptions being the SnC14 adduct of azine [2] and 
certain tin(W) complexes with derivatives of these 
ligands [3, 41. In view of the scanty information 
available on the addition complexes of tin(IV) 
halides and our interest in the coordination chem- 
istry of tin(IV) complexes, a detailed study was 
carried out and our results are reported here. 

Experimental 

AlI the chemicals were dried and distilled before 
use. All the ligands were prepared according to 
literature methods [4, 51. Metal complexes were 
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prepared by mixing the calculated amounts of SnC14 
and ligand in a medium of dry benzene. The prod- 
ucts separated immediately as coloured solids but 
reaction mixtures were stirred for 1 h for com- 
pletion of reaction. The solids were filtered and 
washed with solvents and dried in vacua. They were 
analysed by methods similar to those reported in 
our earlier publication [6]. 

Infra red spectra were recorded as Nujol mulls, 
in KBr optics and in solution on a Perkin-Elmer 
577 grating spectrophotometer in the range, 4000 - 
200 cm-‘. ‘H n.m.r. spectra were recorded on a 
Perkin-Elmer RB-12 spectrometer operating at 
90 MHz in DMSOd6 solutions using TMS as internal 
standard. ‘19Sn Mossbauer spectra were obtained 
using a constant acceleration microprocessor spec- 
trometer (from Cryophysics Ltd., Oxford) with a 
512channel data store. A 15 mCi Ba119mSn0a 
source was used at room temperature and samples 
were packed in perspex discs and cooled to 80 K 
using a liquid nitrogen cryostat. The experimental 
error ina the measured values of isomer shift param- 
eter (8) was kO.05 mms-‘. X-ray powder diffracto- 
gram of the compound was obtained on a Philips 
PM 9929/05 diffractometer with a Fe& target. 
The structure was solved by Ito’s [7] method. 

Results and Discussion 

Reaction of tin tetrachloride with these ligands in 
1: 1 and 1:2 molar ratios in the medium of benzene 
can be represented by following equations: 

S&l., t SczH2 ----+ SnC14*SczH2 

SnC14 t TSczHz -+ SnC14*TSczH2 

SnC14 t r&Hz + SnC14nAzH2 

(where n = 1 or 2). 
The reactions are quite facile and the yields are 

almost quantitative. The products are sparingly 
soluble in common organic solvents and show con- 
siderable thermal stability, All these complexes are 
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monomeric in nature. Their physical characteristics 
are given in Table I. 

The structures of the resulting compounds may be 
represented as shown right. 

In the infra-red spectra of semi- and thiosemi- 
carbazone ligands, vOH and uNH vibrations are ob- 
served in the region 3350-2850 cm-‘, whereas in 
the solution spectra of the ligands vNH is absent and 
vSH appears at 2500 cm-‘, due to tautomerisation. 
In the addition complexes of SnC14, broad bands have 
been observed in the region 3300-2900 cm-‘. It ap- 
pears, therefore, that in these adducts the stretching 
vibrations of the vOH group overlap with the CH vi- 
brations in this region [8]. Similar observations have 
also been reported by Srivastava et al. [9]. The 
asymmetric and symmetric bands of NH1 appearing 
at -3440 and 3360 cm-’ remain unchanged in the 
adducts as compared to their position in the free 
ligands . 

In the case of azine ligands, a strong broad band 
due to vOH appears in the region, 3050-2650 cm-‘. 

TABLE I. 

Reactants (g) 

SnCl4 Ligand 

- 
1.16 C14H1202N2 

0.94 

0.63 C14H1202N2 

1.17 

1.57 CzzHl&N2 
1.98 

0.67 C22Hx&N2 
1.74 

0.58 C16H1602N2 

0.59 

0.97 C16H1602N2 

2.00 

2.53 Cd9N302 

1.73 

1.11 C~HIIN# 
0.75 

1.34 C8H9N30 

0.83 

1.15 C$I9N30S 

0.86 

2.33 C~HIIN&‘S 
1.86 

2.43 CsH9N3S 
1.65 

1.54 C~HIIN~S 
1.14 

C=N-NH-X-NH2 

k 

I/ 

c’ -,““c c’ 
Cl Cl 

C=N-NH-X-NH, 

k 

c’ rT c’ 
Cl Cl 

C=N-N=C 

k A 

(where: X = S or 0; I? = H or CH, ) 

Molar Yield 

Ratio % 
Product and characteristics M.P. ANALYSES % Mol.wt. 

(Colour and State) “C 

Sn N Cl S 
Found Found Found Found Found 

Calcd. Calcd. Calcd. Calcd. Calcd. 

1:l 

1:2 

1:l 

1:2 

1:l 

1:2 

1:l 

1:l 

1:l 

1:l 

1:l 

1:l 

1:l 

93 

94 

90 

91 

87 

86 

90 

81 

85 

86 

91 

90 

87 

Sn~&&dWkJ 
Orange yellow solid 

SnCW&H1202N2)2 
Yellow solid 

SnCb(C22Hl&Nz) 
Maroon red solid 

SnO4(C22Hl602N2)2 

Orange red solid 

SnC14(Cl6Hl602N2) 

Yellow solid 

SnC14(ClcsHl602N2)2 

Yellow solid 

SnC14(WN302) 

Pinkish white solid 

SnCbGH$30) 
White solid 

SnWCsH9N30) 
White solid 

SnC14(CsH9N30S) 

Yellowish white solid 

SnCl&.&H11N30S) 

Canary yellow solid 

SnCWGH9N3S) 
White solid 

SnCl&#Id$3) 
Whitish yellow solid 

252 23.20 

23.75 

282 16.06 

16.07 

332 19.13 

19.77 

310 12.29 

12.63 

197 21.63 

22.48 

225 14.37 

14.93 

245* 25.71 
27.04 

206 26.59 

27.23 

211 27.65 

28.06 

- 25.38 

26.09 

210* 25.02 

25.37 

181 26.59 

27.23 

215 25.52 

26.21 

5.08 

5.58 

8.12 
7.75 

5.15 

4.65 

6.58 

5.94 

6.10 

5.29 

8.81 

7.02 

_ 

_ 

- 

_ 

_ 

_ 

- 

- 

_ 

_ 

_ 

_ 

- 

27.96 
28.36 

18.82 

19.16 

23.02 

23.61 

14.62 

15.08 

26.10 

26.84 

18.27 

17.81 

36.82 - 

39.09 - 

41.53 - 

39.27 - 

37.92 - 

40.56 - 

35.15 6.15 

37.72 7.01 

33.45 5.98 

30.27 6.82 

38.03 6.38 

39.27 7.30 

39.52 6.27 

37.88 7.04 

482.0 

439.98 

471.0 
437.98 

450.0 

423.98 

490.0 

455.98 

495.0 

468.98 

465.0 

437.98 

475.0 

453.98 

*Decomposition temperature. 
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However, in the spectra of adducts, two bands ap- 
pear in the region 3500-2750 cm-‘. The presence of 
two bands in this region suggests that only one of the 
two OH groups coordinates with the metal atom, 
while the other one probably remains hydrogen- 
bonded to the nitrogen. A strong band due to v(C=N) 
is observed in the ligands at - 1625 cm-‘. This band 
shifts to the lower frequency side in the spectra of 
semi- and thiosemicarbazone adducts, but in the case 
of azine adducts [lo] splits into two as only one of 
the two azomethine nitrogens can coordinate with 
metal ions. 

The semi- and thiosemicarbazone ligands show 
-OH proton signals at -6 12 .lO ppm (tridentate only), 
while all the ligands display NH proton signals at 
-6 10.09 ppm . The signal due 70 OH remains un- 
changed in the compounds showing its non-involve- 
ment in coordination. However, the signal due to the 
NH proton shifts downfield indicating the involve- 
ment of 0 or S in bonding with the Sn atom and as 
a result of which the NH proton becomes less 
shielded. The signals at -62.25 and 8.15 ppm are ob- 
served in the complexes due to -CHs and -H protons 
attached to a >C=N group. These signals are down- 
field in comparison with their original positions in 
the free ligands, thereby indicating the coordination 
of >C=N to the metal atom. 

Both the asymmetric and symmetric tin-chlorine 
vibrations appear at -315 and 285 cm-’ in semi- and 
thiosemicarbazone adducts, while only one Sn-Cl 
vibration is observed at -325 cm-’ in azine adducts 
[ 111. In the infra-red spectra of these adducts, new 
bands appear at -405, 370 and 310 cm-’ and 
these may be assigned to N + Sn, 0 + Sn and S + Sn 
vibrations respectively [ 121. 

Mossbauer parameters for these complexes are 
given in Table II. 

The isomer shift values lie in the range prescribed 
for t4 oxidation state of tin and these values are 
lower than that of SnC14. i.e. 0.80 mm set-‘. This 

reduction in isomer shift is due to the interaction 
between the tin and the donor atoms of the ligands. 
The thiosemi-carbazone adducts give the higher value, 
since their sulphur atoms possess a greater electron 
releasing tendency to the tin nucleus than do nitrogen 
or oxygen atoms. 

Since these adducts do not show any quadrupole 
splitting the spherical charge distribution around the 
tin nucleus is unaltered on complexation. This also 
indicates that there is no marked difference in the 
polarities of the tin-ligand bonds. Similar trends 
have been observed in the complexes of Schiff bases 
[13] and 8-hydroxy quinoline [14] (I.S. = 0.45 mm 
set-’ ; Q.S. = 0 mm set-‘). 

The X-ray powder diffraction study of the com- 
pound, SnCL,+(OHC1,,&CHNNCHC10H60H)z, has 
been carried out to find out the unit cell dimensions. 
The observed ‘d’ values along with the calculated 
(indexed) and observed ‘Q’ values are given in Table 
III. The compound adopts a ‘MONOCLINIC’ lattice 
with the unit cell dimensions as below: 

a = 17.37 A 
fl= 110’ 83’ 

b=11.87A 
z=4 

c = 10.25 A; 
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