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Bin4 19 Mossbauer Spectra of Organotin Oxines in Applied Magnetic 
Fields 
By John N. R.  Ruddickand John R. Sarns,* Department of Chemistry, Universityof British Columbia,Vancouver 8, 

Signs of the llOSn quadrupole coupling constants and magnitudes of the asymmetry parameters for several mono-, 
di-, and tri-organotin oxines and two organotin Schiff base complexes have been determined from magnetically 
perturbed Mossbauer spectra. These results are used to deduce the probable structures of the compounds. Two 
of the triphenyltin derivatives are shown to be examples of less common structural types. 

B.C., Canada 

THE ability of organotin moieties to react with potenti- 
ally chelating ligands to form stable complexes with 
high co-ordinations is well established. The S-hydroxy- 
quinoline (Hox) derivatives are classical e~amples , l -~  
with five-, six-, and seven-co-ordinate organotin 
oxines being reported. Although most of the con- 
veiitional techniques, namely M o ~ s b a u e r , ~ ~ ~  i.r. ,1,2 ab- 
sorption,6 and n.m.~- .~” spectroscopies, have been 
employed as aids in structural investigations, the 
geometry of certain of these oxines is still in doubt. 
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The present work examines several organotin oxines 
and some related compounds formed by the potentially 
terdentate Schiff base N-(2-hydroxyphenyl)salicylaldi- 
mine [Hsal-N-(2-HOC6H,)] (I), by use of magnetically 
perturbed l19Sn Mossbauer spectra. It was hoped that 
this technique, from which one can deduce the sign of 
the quadrupole coupling constant, e2qQ, and magnitude 
of the asymmetry parameter, q,  would provide useful 
information on the structures of these complexes. 
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In the usual lI9Sn Mossbauer studies the spectrum 
consists of a simple doublet with lines of equal intensity. 
When the sample is subjected to  a large magnetic field, 

Q 
0 1-l PN 

(I) 

tile degeneracy of the iizI sub-levels is removed and a 
six-line pattern observed. More detailed treat- 
incnts *-lo have shown that the signs of e2qQ and IT,, 
(tlie principal component of the electric field gradient; 
e.f.g.) are opposite, and that for a positive e2qQ the 
four G transitions appear at lower energy than the 
two x transitions. We have computed spectra foi- 
selected c2qQ and 3 (the asymmetry parameter) in 
magnetic fields perpendicular and parallel to  the y-ray 
axis, and these agree with those reported by Gibb.l0 

IZESULTS AND DISCUSSION 

Three types of compound have been investigated, 
containing one, two, or three organic groups bonded 
to the central tin atom. Within each type examples 
with different co-ordinations and geometry ale to be 
found. All the hiossbauer data are given in the Table, 
while some representative spectra are shown in Figure 1, 
together with the corresponding computed spectra. 
With one exception the sign of e2qQ could be determined 
unambiguously by a visual inspection. 

Complexes with O m  Tin-Carbon Bond.-Earlier it 
was suggested that BuSnCl(ox), and PhSnCl(ox), 
;ire six-co-ordinate. The quadrupole interaction of the 
inonobutyl adduct is certainly similar to those observed l1 

for the 2,2’-bipyridyl and phenanthroline complexes of 
HuSnC1,. The small isomer shift is also consistent with 
a six-co-ordinate structure, while the stronger electron- 
withdrawing power of the oxygen than of chlorine 
appears to remove primarily more ‘ s ’-electron density 
from the tin atom. This may be shown since the 
quadrupole interact ions of BuSnC1, (2,2'-bip yrid yl) and 
HuSnCl(ox), are identical while the isomer shift (6) of 
the latter is smaller. Since 6 is proportional to the 
effective s-electron density a t  tlie tin nucleus, the lower 8 
corresponds to a reduction in the effective s-electron 
density. The somewhat smaller [AEQl and 6 values 
observed for the phenyl derivative are not unexpected, 
arid similar differences between corresponding a1 kyl- 
and aryl-tin compounds have been reported in a number 
of cases.12 
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In applied longitudinal magnetic fields of 40-50 
kG (1 G = lOP4T), both RSnCl(ox), derivatives are 
found to have positive quadrupole coupling constants 
and moderate asymmetry parameters [q = ca. 0.5- 
0.6, see Figure l(a)]. The positive e2qQ indicates an 
excess of electron density a t  the tin nucleuc, along the 
z-axis (Sn-R bond direction) as expected. If, as in the 
usual additive field gradient m ~ d e l , ~ ~ * l ~  we treat these 
compounds as RSnXY, systems [Y = $(ox)] then 
there are two possible structures corresponding to either 
cis- or trans-R and -X  groups. A simple point-charge 
calculation 8714 predicts c2qQ > 0 for both >)tructures, 
but r )  + 0 only €or the cis-KSnX arrangement. The 
experimental results therefore seem more compatible 
m7ith a cis-octahedral structure for these dcrivatives, 
since it is unlikely that distortions o f  the bond angles 
in a tmns-RSnXY, structure would product. 3 values 
as large as those observed. 

The other mono-organotin complex studied liere is 
BuSn(ox), [Figure l(b)]. On tlic basis of i.r. data, 
which indicate that all tlirec oxines are equivalent 
and appear to have the same bonding as in Me,Sn(ox),, 
i t  has been suggested1.3 that in this compound the tin 
atom is seven-co-ordinate. The decrease in isomer 
shift from BuSnCl(ox), to  BUSII(OX), is consistent with 
an increase in d-electron screening which would be 
expected to  accompany an increase in the co-ordination 
number at tin. 

It is interesting to  consider the AEQ and 71 values 
expected for a seven-co-ordinate tin species. To do this 
we have made approximate point-charge calculations, 
choosing a partial quadrupole splitting (pc1.s.) value 
for the butyl group of [Bu] = -1.0 mm s-l as suggested 
by Clark et aZ.13 for an alkyl group in octahedral co- 
ordination. We have also assumed that the p.9.s. 
value for *(ox) lies in the range 0.0 &- 0.1 nim s-I, 
consistent with values tabulated l4 for similar ligands 
(e.g., $[B,Z’-bipyridyl] = -0.08 mm s-l and 4:picolinatej 
= +@06 mm s-l). There are two well-established 
geometries for seven-~o-ordination.~~ An X-ray crystal- 
lographic study of RleSn(NO,), has shown that this 
inolecule has a distorted pentagonal bipyramidal 
structure.16 The diagonal elements of the c.f.g. tensor 
for a pentagonal bipyramidal RSnX, species with R 
and one X in apical positions are given by equations 

(1) 

(2) 

(3) 

Vs5 = 2.60[X]PBE - [XjPBA - [RjPBdL 

V,, == 2.40[XIPBE - [XIPBA - LR]’’‘ 

VZz = 2[RIPB* + 2[X]P”A - 5[X]PBE 

(1)-(3) where PBA and PBE specify apical and equa- 
torial ligands, respectively, in the pentagonal bipyramid. 
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From these expressions and the above p.q.s. values 
for (Bu) and &(ox) (with the assumption that [oxIPBF2 = 
[oxlPBA), we find that AEQ for BuSn(ox), based on this 
structure is predicted to  be in the range +2.0 -& 0.3 
mm s-l with -4 in the range 0.00-0.01. Of course 
distortions from ideal geometry would be expected to 
render -q somewhat larger. 

The other seven-co-ordinate structure is of the TaF,,- 
type, derived from a trigonal prism by the addition of a 

J.C.S. Dalton 
it  is clear that Mossbauer spectroscopy is unlikely to be 
capable of distinguishing between different seven-co- 
ordinate geometries. 

Complexes uith T w o  Tifz-Cavboit Bonds.-The di- 
organotin complexes 4-6 (Table) have been assigned 
fiv-e-co-ordinate structures in previous studies.l?l7 
The lack of definitive crystallographic work in this 
area of organotin chemistry is a severe handicap. The 
sole structure known is that of the RIe,SnCI,-- anion 18 

I el / 
0 0  

I f )  

7- / /  
I I I I / /  1 I I I I I I 

- 6.0 0.0 6.0 - 6.0 0-0 6.0 

V e l o c i t y / m m  s-' 
FIGURE 1 Representative lI9Sn Mijssbauer spectra in longitudinal applied magnetic fields a t  4.2 K. The solid lines are theoreti- 

cally computed spectra. (a) BnSnCl(ox),: Happ = 50 kG, AEQ = +1.67 mm s-l, q = 0.5; (b) BuSn(ox),: Happ = 50 kG, AEQ = 
+1*82 mm s-l, q = 0.2; (c) Me,SnCl(ox): Happ = 40 kG, AEQ = -3.12 mm s-l, q = 0.7; (d) Ph,SnCl(ox): Haap = 40 kG, 
AEQ = +2-40 mm s-l, q = 0-8; (e )  Ph3Sn(sal-N-2-HOC,H,) : HaDp = 50 kG, AEQ -- -2.88 mm s 1 , q  = 0.9; (f) Ph,Sn(ox) : Happ 7 
50 kG, AEQ = -1.75 mm s-l, q = 0.7 

seventh ligand along the normal to one face.15 In  this 
case we have taken R to occupy the unique position. 
The appropriate bond angles and p.q.s. values were 
read into a computer programme which then diagonal- 
ised the e.f.g. tensor to  yield the predicted values AEQ = 
+2.0 & 0-2 rnm s-l and y = 0-0-0.2. Thus both 
seven-co-ordinate structures would be expected to give 
AEQ and q values similar to those observed (Table). 
We feel this lends further support to  the assignment 
of such a structure to BuSn(ox),, but on the other hand 

l7 J. N. R. Ruddick and J.  R. Sams, J .  Ovganometallic Chem., 
1973, 60, 233. 

where the methyl groups occupy equatorial positions 
of a trigonal bipyramid, and it seems likely that most 
five-co-ordinate diorganotin compounds will possess 
this basic geometry. 

values 
are observed for Me,SnCl,-, Me,Sn( sal-N-2-OC6H,), and 
Ph,SnCl(ox). However, for Me,SnCl(ox) e2qQ is nega- 
tive [see Figure l(c), (d)]. This is reminiscent of the 

As for Me,SnBr,-,19 positive e2qQ and large 

l8 F. W. B. Einstein and B. R. Penfold, J .  Chem. SOC. (i2), 

l9 R. V. Parish and C. E. Johnson, J .  Clzem. SOC. ( r l ) ,  1971, 
1968, 3019. 

1906. 
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situation with the cis-octahedral 2o compound Me,Sn(ox),, 
where the observed l9 positive coupling constant is 
opposite in sign to that expected on the basis of point- 
charge calculations. This was rationalised in terms 
of variations in the C-Sn-C bond angle by Parish and 
Johnson,lg who showed that a negative e2qQ should 

l19Sn Mossbauer data 
81 AEQl 

C"lnpoll11'l a mni s-1 b mm s-1 c r, 
1 .  BuSnCl(ox), 0.85 +1.67 0.5 
2. PhSnCl(ox), 0.64 +la48 0.6 
3.  BuSn(ox), 0.70 +1.82 0.2 
4 Sle,SnCl(ox) 1.22 -3.12 0.7 
5. Ph,SnCl(ox) 1.07 +2*40 0.S 
6 .  Me,Sn (sal-N-S-OC,H,) 1.13 +3*04 0.7 
7. (Et,K)+(,lIe,SnCl,)- 1.44 +3.76 0-fi 
8. Me,SnOCOMe 1.30 -3.68 0.0 
9 .  Ph3Sn(sal-N-2-HOC,H,) 1.21 -2.88 0.9 

10. Ph,Sn(ox) 1.04 -1.75 0.7 
a I-Tox - 8-Hydroxyquinoline ; Hsal-N-2-HOC6H, = 

b Isomer shift relative 
The sign given is that  of the quadrupole coupling 

N- (2-h ytlroxyphenyl) salicylaldimine. 
to  BaSnO,. 
constant e2qQ. 

only be observed if LC-Sn-C lay between the tetra- 
hedral angle and its supplement. The large asymmetry 
parameters for compounds 4-7 suggest that the struc- 
tures of these derivatives are such that fairly small 
variations in LC-Sn-C would be sufficient to cause a 
reversal in the sign of e2qQ. However, in view of the 
fact that LC-Sn-C is ca. 140" in Me2SnC1,- l8 it seemed 
unlikely that this angle would be less than 109.5" in 
Me,SnCl(ox). In their calculations Parish and Johnson19 
considered only the K,Sn fragment, but the nature of 
the remaining groups in the compound would be ex- 
pected to exert some influence on the precise value of 
LC-Sn-C at which the z-axis of the e.f.g. tensor flips 
direction. 

To show that this is indeed the case, we have per- 
formed a simple point-charge treatment on Me,SnCl,-. 
It has been pointed out 13914 that in trigonal bipyramidal 
co-ordination, different p.9.s. values should be used 
for a given ligand X depending upon whether the ligand 
occupies an apical ([XITBA) or equatorial ( [XITBE) 
position. To obtain the necessary p.q.s. values we 
have chosen the Me,SnCl,- anion as a model compound. 
Both Mossbauer 1 9 p 2 1  and far i.r.,, data are consistent 
with a trigonal bipyramidal structure with axial chlorines 
and a planar iCIe,Sn moiety. We follow the method 
of  Clark ct nZ.13 for tetrahedral and octahedral complexes 
of tin, and arbitrarily assign [C1ITBii = 0.0 mm s-I. 

From the reported quadrupole splitting in Me,SnCl,- 
(AEQ = -3.31 mm s-l, -q = 0) we then obtain 
[Me]TB13 = --1.10 miii s-l. From these two p.4.s. 
values AEQ and -q for Me,SnCl,- were calculated for a 
range of [C1]T'3c values from the known crystallographic 
bond angles.1s Satisfactory agreement with the data 
in the Table was obtained for [C1ITBE = ca. -0.30 
mm %-I. We have then calculated AEQ and -q for 

*O E. 0. Schlcmpr, Inovg. Clzem., 1967, 6, 2012. 
21 R. V. Parish and  13. H. Platt, Ivzorg. Chim. Acta, 1970, 4, 65. 
22 M. K. Das. J. Buckle, and P. G. Harrison, Inoyg. Chim. 

Acta, 1072, 6, 17. 

Me,SnCl,- as a function of C-Sn-C angle, all other 
angles about tin being constrained to their strict trigonal 
bip yramidal values. 

The results are shown in Figure 2, from which one 
sees that a sign reversal in e2qQ is predicted for LC-Sn-C 
of ca. 120-125", well above the tetrahedral angle. It 
can also be seen from Figure 2 that an increase in the 
effective electronegativity of the axial substituents 
(i.e,, a more positive [XITB") also leads to an increase 
in LC-Sn-C for which the sign change occurs. Thus 
it appears that the negative e2qQ found for Me,SnCl(ox) 

0 . 4  
F 

4 * 5  3 - 5  1 

- 3 . 5  -", 
I 

I I I I I 
110" 120 '  130" 140" 1 5 0 "  

/. C-Sn-C 
FIGURE 2 Variations in quadrupole splitting (Q.S.) and asym- 

metry parameter (q), for a trigonal bipyramidal R,SnX,Y 
species as a function of C-Sn-C bond angle: (a) R = -1.1, 
X = 0.0, Y = -0.3; (b) R = -1.1, X = + O * l ,  Y = -0.3 

most probably results from a somewhat smaller 
LC-Sn-C than those in the other diorganotin com- 
pounds studied here rather than from a different basic 
structure, but it is still possible that this angle is greater 
than 120". 

Complexes with Three Tin-Carbon Bonds.-A number 
of triorganotin compounds have already been studied 
via magnetic perturbation Mossbauer spec t rosc~py ,~~~  23324 

all of which have large negative quadrupole splittings 
and small or zero asymmetry parameters. Typical 
of this type of compound is Me,SnOCOMe (Table). 
A recent X-ray study has shown this compound to be 
polymeric with bridging bidentate acetate groups.25 
The C,Sn fragment is essentially planar and the 0-Sn-0 

23 B. A. Goodman and N. N. Greenwood, J .  Chem. SOC. ( A ) ,  

24 B. A. Goodman, N. N. Greenwood, K. L. Jaura, anct I<. K. 

25 B. R. Penfold, personal communication. 

1971, 1862. 

Sharma, J .  Chewz. SOC. ( A ) ,  1971, 1865. 

http://dx.doi.org/10.1039/DT9740000470


474 J.C.S. Dalton 
(lAEQI > 2-6 mm s-1).21,w Both (111) and (IV) are 
expected to have a negative e2qQ as observed [Table 
and Figure l(f)], but the large asymmetry parameter 

gN 0 -\ Ph 
N, 0 

bond angle is 172O, so that there are only small de- 
partures from ideal trigonal bipyramidal geometry. 
The negative e2qQ and zero y1 are just as expected for 
such a structure. 

Ph,Sn(sal-N-2-HOC6H,) represents a more interest- 
ing case. The quadrupole splitting of -2.88 mm s-l is 
fully consistent with the usual trigonal bipyramidal 
co-ordination, and the magnitude compares well with 
those of Ph,SnCl(pyridine) (IAEQ~ = 3.15 inm s-l) 26 

and Ph,Sn(OC6H3C1,)(pyridine) ( ~ A E Q ~  = 2-90 mm s-~).~’ 
However the asymmetry parameter close to  unity 
[see Figure l(e)] is unexpected, and indeed rules out 
such a structure. Similarly, a tetrahedral structure 
with the Schiff base ligand being unidentate can be 
eliminated since here too q should be close to zero. 
Since this ligand appears to  have a strong tendency 
to be terdentate,l’ it seemed likely that it might adopt 
a mezer-octahedral configuration.* For a wzer-R,SnX, 
structure the e.f.g. tensor elements are 8914 given by 
equations (4) and (5). The p.9.s. value for a phenyl 

V z z  == - V!,y = 3[R] - 3[X] (4) 

v-m = 0 (5) 

group in octahedral co-ordination suggested by Clark 
et aZ.13 is [Ph] = -0.95 mm s-l. If we make the 
reasonable assumption that Q[sal-N-Z-HOC,H,] = 0.0 & 
0.1 mm s-l, i .e.,  that the Schiff base ligand is similar to 
oxine, then one predicts AEQ = k3.28 & 0-35 mm s-l 
and q = 1. Although both ] A E Q ~  and q are somewhat 
larger than the observed values, it should be pointed 
out that any distortions from regular geometry will 
serve to reduce the magnitudes of both quantities. 
Note that the sign of the e.f.g. is not predicted by a 
point-charge calculation and will depend upon fine 
details of the electronic structure of the complex and 
the precise values of the bond angles a t  tin. However, 
it seems very likely that Ph,Sn(sal-N-2-HOC6H,) 
does indeed have a mer-octahedral configuration. This 
is the first time that Mossbauer studies have indicated 
this geometry, although similar structures have been 
suggested 28 for some MeSnCl, and Me3SnC1 adducts 
with NN’-ethylenebis(2-hydroxyacetophenoneimine) on 
the basis of complex i.r. spectra. 

There has been some disagreement concerning the 
structure of Ph,Sn(ox), both four- 29 and five-co-ordin- 
ate26 structures having been assigned from the magni- 
tude of the quadrupole splitting. There are four 
possible structures for Ph,Sn(ox), if we ignore permuta- 
tions of 0 and N, as shown in structures (11)-(V). 
The magnitude of AEQ eliminates (11) and (V), since 
much larger splittings are expected for these cases 

* A fac-octahedral structure can be ruled out since in this case 
AEQ should be approximately zero.8~14 

26 R. C. Poller and J. N. R. Ruddick, J .  Organometallic Chem., 
1972, 39, 121. 

27 A. N. Nesmeyanov, V. I. Gol’danskii, V. V. Khrapov, 
V. Ya. Rochev, D. N. Kravstov, and E. M. Rokhlina, Izvest. 
A k a d .  Nauk S.S.S.R., 1968, 793. 

28 R. Barbieri, R. Cefalli, S. C. Chandra, and R. H. Herber, 
J .  Organornetallic Chem., 1971, 32, 97. 

(It I cm, (El IY) 
is inconsistent with the tetrahedral structure (111) 
for which -q should be nearly zero. Thus we conclude 
that Ph,Sn(ox) is five-co-ordinate with a chelating 
oxine group, and has a structure based on 
Triphenyltin N-benzoyl-N-phenylhydroxamate has 
recently been shown 30 to have this geometry, and ha.; a 
quadrupole splitting [AEQ( = 1-94 mm s-1.31 

ESPERIMEXTAL 

The compounds were prepared by reported iiiethods : 
R S i ~ C l ( o s ) , , ~ ~ ~  R,Sn(Cl) (ox),ls2 Me2Sn(sal-N-20C,H,),32 
Ph3Sn(Hsal-N-2-HOC,H,) ,32 and Ph,Sn(ox) . l  The Moss- 
bauer spectra were determined from carefully ground 
samples to eliminate packing of the crystallites, which 
would lead to anomalous magnetically perturbed spectra. 
The source (10 mCi BaSnO,) and absorbers were cooled to 
4.2 K. The samples were located a t  the centre of the field 
of a Westinghouse superconducting solenoid mounted in a 
Janis Dewar vessel. The field axis was parallel to the 
y-ray axis. The source was mounted on the end of a long 
stainless steel drive rod, and vibrated by an Austin Science 
Associates model I23 linear motor. The drive unit was 
mounted vertically in an evacuated chamber located a t  the 
top of the cryostat. By having a common vacuum space 
the need for a bellows connection to the Dewar vessel 
was eliminated. The linearity of the velocity scale was 
checked by use of an iron foil. Care was taken to ensure 
that the source was outside the fringing field of the magnet, 
and fields of 40-50 kG were applied to the samples. 
Theoretical spectra were computed from a programme 
supplied by G. Lang 33 which allowed the applied field, 
liIren-idth, and asymmetry parameter to be varied in- 
dependently for any e2qQ. Determination of the best fit 
between theoretical and observed spectra was by visual 
inspection. For the parallel fields used in these experi- 
ments, the error in the asymmetry parameter y1 for the 
range 0 < 3 < 0-6 is quite large; ca.  k 0 . 2  due to the small 
changes in the simulated spectra. For y1 > 0.6, the error 
is j O . 1 .  
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