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Molecular Dynamics of Adducts of Organotin(iv) and Tin(iv) Chlorides 
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Lattice dynamics studies have been carried out on the solid-state polymers (SnR,Cl,-,,*H,salen), (H,salen = 
NN'-ethylenebis(salicylideneimine) ; n = 2, R = M e  or Ph; n = 1, R = Me, Bun, n-octyl, or Ph; n = 0), as well 
as on the monomeric complex SnMe,(salen), by temperature-dependent Mossbauer spectroscopy. The functions 
In A(T) ,  In f , (T),  and <x2>(T)  are linear for adducts with n = 0-2 and R = M e  or Ph, but are perceptibly non- 
linear for the remaining compounds, suggesting motional anharmonicity of lrBSn atoms in the latter. Compounds 
characterized by linear functions form two distinct homologous series ( n  = 2, n = 0 or 1 ) where a general decrease 
of the parameters 8 ,  and 5fD takes place in parallel to an increase of the vibrating mass. The results are discussed 
in relation to the vibrating mass model, and to previous investigations. The characteristics of the anharmonic 
derivatives are tentatively interpreted in terms of progressive structural changes to form monomers. 

WE have previously investigated, by temperature- 
dependent lx9Sn Mossbauer spectroscopy, the solid-state 
polymers SnRCl,*pyz (R = Me, Bun, n-octyl, Ph, or 
C1; pyz = pyrazine) and SnRC1,Ddppe [R = Me or 
Ph ; dppe = 1,2-bis(diphenyIphosphino)ethane], and 
observed that the slopes dlnA/dT, where A is the total 
area under the resonant peaks, increase with increasing 
molecular mass within each homologous series.lP2 This 
effect was attributed to a steady diminution of the 
Debye temperature, OD, as well as of the Debye cut-off 
frequency, vD, in parallel to the increase of mass (taken 
as the effective vibrating mass).2 In fact, the cal- 
culation of these parameters (from the slopes, see 
Experimental section) shows that, for SnRCl,*pyz, 
8~ continuously decreases from 100.1 to 70.9 K, and 
?D from 70.2 to 49.2 cm-l, on going from R = Me to 
n-octyl; analogously, in the case of SnRCl,*dppe, 
OD = 49.2 and 46.4 K and v,, = 34.2 and 32.2 cm-l, for 
R = Me and Ph, respectively. A similar trend is also 
detected when vibrating masses differing from the mole- 
cular weights are selected (e.g. M of SnRCl, or SnCl,). 
I t  was suggested that a given member of the homolo- 
gous series, characterized by a substantially different 
solid-state structure, could be identified by its 8D and 
FD values, since these would not fit the correlation above. 

These results seem to be important in the context of 
employing temperature-dependent Mossbauer spectro- 
scopy to study the interaction of tin compounds with 
biological molecules. There is growing interest in the 
role of tin in biochemical processes, and conventional 
Mossbauer spectroscopy has been successfully employed 
to examine t h k 3  Mossbauer structural investigations 
on organotin( rv) derivatives of adenine, adenosine, and 
glycylglycine have recently been published,, and inter- 
esting temperature-dependent Mossbauer studies have 
been carried out on tin(r1)-crown ether derivatives.6 
The SnRCl,*pyz adducts can be considered to be repre- 
sentatives of systems where tin(1v) atoms are inserted 
into a polymer backbone and co-ordinated by hetero- 

cyclic nitrogens embedded in a bulky molecule, e.g. they 
could mimic systems where tin is bound to the nitrogen 
bases of nucleic acids. If the correlation between the 
molecular mass (or the effective vibrating mass) and the 
Debye parameters, observed for SnRCl,*pyz, were to 
hold generally in homologous systems, it could be an 
additional powerful tool in structural work. 

Other relevant studies carried out on individual tin- 
containing solid-state polymers concern thiol sulphur g-8 

and quinone oxygen as donor atoms in the bulky 
bridging moiety. Considering the wide occurrence of 
OH groups in biological molecules, we have investigated 
the lattice dynamics of model systems characterized by 
donation to tin by three-co-ordinated OH oxygens, and 
report the results for the homologous series formed by 
1 : 1 adducts of tin(rv) derivatives with the ligand NN'- 
ethylenebis(salicy1ideneimine) , SnR,Cl,,*H,salen (R = 
Me or Ph, n = 2; R = Me, Bun, n-octyl or Ph, n = 1 ;  
n = 0). These compounds are very probably solid- 
state polymers where the ligand acts as a bis(unidentate) 
unit bridging tin(1v) atoms through OH oxygens 1 0 ~ 1  

(Figure 1). 

EXPERIMENTAL 

The compounds were prepared according to the liter- 
ature.1° Organotin derivatives were a gift from Schering 
A.G., Bergkamen. 

Mossbauer spectra were recorded independently in both 
our laboratories, in duplicate or even triplicate runs, using 
CallBSnO, sources (10 mCi; R.C., Amersham) at room 
temperature, with constant acceleration and triangular 
waveform ; the apparatus and techniques were as described 
elsewhere.', 2, lo* l2 Temperature-dependent spectra were 
determined on Oxford equipment, or by using an insert- 
T.C.-cryostat arrangement from A.E.R.E. Harwell (MVTIN 
200, CTC 200). Temperatures were constant within 
k0.5' during the accumulation of each spectrum. Data 
reduction was effected by our usual computer pro - 
grams,'. 2 9  10, l2 fitting experimental lines to Lorentzian 
lineshapes. The experimental functions A (T) ( A  being 
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the total area under the resonant peaks) are available on 
request, including sets employed in calculating absolute 
recoil-free fractions, faabs, and related parameters (see text 
and Table). A t  least seven data points were determined 
for each compound, about twice this amount being available 
in the majority of cases. SampIe thicknesses were generally 
in the range 0.49-0.51 (mg lleSn) cm-2, except for the Sn- 
Me2C12 derivative (0.83). Measurements were usually 
carried out between 77.3 and ca. 170 K (see Figure 2). 

'0' 

Ib) 
FIGURE 1 Idealized configurations of (SnR,Cl, .H,salen), 

(a) and SnMe,(salen) (b)  in the solid state 

The monomeric complex ' trans ' -SnMe,(salen) l3 (Figure 1) 
has been reinvestigated for comparison purposes. 

Experimental plots of ln(A * / A  77.3) us. T (normalization 
being effected in order to compare data obtained in inde- 
pendent runs on samples from different batches, using two 
sets of instruments), not shown here, gave linear correlations 
with the exception of compounds (6)-(8) (see Table) for 
which a perceptible curvature was observed. 

The A ( T )  data were treated as usual in lattice dynamics 
studies; the procedures used here are now briefly sketched. 
In the Debye approximation, the absorber recoil-free 
fraction fa, in the high T limit (>8~/2) ,  is expressed as in 
equation (l),'* where E, is the energy of the Mossbauer 

f a  = exp( - 3EY2T/&fC2keD2) (1) 
transition, A4 is the effective vibrating mass of the Moss- 
bailer atom, k is the Boltzmann constant, and OD the 
Debye temperature. From the relationship between A and 
fa,16 for a ' thin ' absorber one obtains 8 equation (2). 

Experimental dlnAtot/dT slopes are employed to get 
' relative ' l6 values of fa(T), i.e. faml, using equation ( l ) ,  
from which mean-square displacements of the Mossbauer 
nucleus, ( x 2 )  ( T )  , are calculated 7* l4 using equation (3), 

fa = exp( - K ~ ( Z , ) )  (3) 

where K is the wavevector of y-rays. Debye temperatures, 
assumed to be independent of T (which in principle would 
not be the case in the high T range 14), are calculated from 
equation (2), and Debye cut-off frequencies VD from equ- 
ation (4),14 h being the Planck constant. 

VU = kOD/h (4) 
In addition to the known limitations of the above pro- 

cedure, our data also suffer from the fact that absorber 
samples are not ' thin ', the product o,N being greater 
than unity l4 (go = resonant absorption cross section of 
IleSn, N = number of absorber resonant atoms per cm2). 

In the case of compounds showing non-linear In Atot (T) 
functions, and in some other instances for comparison 
purposes, ' absolute ' values of fa, i .e.  faah, were obtained as 
follows. Recoil-free fractions of sources, fa, were calculated 
from spectra a t  liquid-nitrogen temperature of white 
metallic p-Sn, 0.1 mm thick, fitted to Lorentzian lineshapes. 
Effective absorber thicknesses, ti, were determined from 
equation (5 )  7*17 where r N a t  is ll@Sn natural linewidth and 

ti = (x/g)rNat (6)  

publishedf, data were used.'* From ti, assuming a Lorentz- 
ian resonant absorption, the value of the corresponding 
saturation function L (ti) l7 was extrapolated from tabulated 
data,lg and fa obtained from relation (6).'*17 

Essentially the reverse of this procedure was employed 
to determine fa8b of H,salen adducts. Saturation functions 
L(t,, 2) were calculated from the areas A a corresponding 
to each peak of the doublet, using equation (6). From 
L(tl ,2),  t1,' was obtained by interpo1ation,l7 and then faaba 
was calculated from equation (7) .7 Reliable values of fa*bs 

are obtained by this procedure, which involves a ratio of 
areas, measured under the same conditions and with the 
same instrumentation, and implies eventual cancellation 
of experimental errors. From faab(T), sets of (xZ) (T) ,  
OD(T), and v D ( T )  values are calculated using equations ( 3 ) ,  
( l ) ,  and (4), assuming that (3) holds in the case of non- 
Debye solids. 

Parameters determined by these procedures are given in 
the Table; the functionsf,(T) and ( x 2 ) ( T )  are shown in 
Figure 2. 

DISCUSSION 

The absence of breaks in the functions A(T)  rules out 
any phase transition in the T range investigated. This 
is supported by the virtual invariance of parameters 
6 and AE (Table ; the data essentially agree with previous 
values l3) . 

The functions In fa( T )  are clearly linear for compounds 
(1)-(5) and are smoothly curved for (6)-(8) (Figure 2) ; 
cf. In A ( T ) .  The data pertaining to the last compounds 
have been tentatively treated under the constraint of 
linearity, in view of the acceptable magnitudes of the 
correlation coefficients (Table). The lines In faE'(T)  
obviously extrapolate to unity [equation (l)], while In 
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faabs(T) in some instances do not (Figure 2), as previously 
observed.16 Whenever both farel and faah are available 
for a given compound, differences at the same T are 
within ca. 0.01 for (l) ,  (2), and (5),16 while larger (ca. 

GD, extracted from area slopes and faabs, respectively, 
agree within 1.8-2.4% for (l), (2), and (5 ) ,  but deviate 
by up to 4.3--5.0y0 for (6) and (7) (Table). These 
results suggest that the assumption of linearity of 

Parameters of 1 : 1 adducts of tin(1v) derivatives with Hzsalen 
H,salen lo2 d In A/dT a 7 D b  - &sv.c =.,a - OD - Compound adduct of M K-1 K cm-1 mm s-l mm s-1 

SnMe,Cl, 487.98 - 1.353 (0.998) 56.8 39.4 1.327 f 0.003 3.979 f 0.009 

SnPh,Cl, 612.12 -1.268 (0.995) 52.4 36.4 1.233 f 0.002 3.838 f 0.008 

SnMeC1, 508.40 -1.629 (1.000) 50.7 35.2 0.751 f 0.005 1.920 f 0.006 

SnPhC1, 570.47 - 1.936 (0.995) 43.9 30.5 0.777 f 0.005 1.671 f 0.009 

SnBunC1, 550.48 -2.048 (0.998) f 43.5 f 30.2 f 0.905 f 0.005 1.839 f 0.006 

Sn(CsH,,)Cl, 606.59 -1.757 (0.993) f 44.7 f 31.1 f 0.910 & 0.003 1.858 f 0.006 

salen2- 

(55.8 f 0.3 

(53.2 f 0.2) 

(38.8 f 0.2) 

(36.9 f 0.1) 

Ci) 
(2) 

(3) 
t 4) 
(5) 

(0) 

(7)  

SnC1, 528.82 - 1.648 (0.999) 49.4 34.3 0.340 f 0.0128 0.000 

(43.1 f 0.4) 

(45.7 f 0.1) 

(46.4 f 0.1) 

(29.9 f 0.3) 

(31.7 f 0.1) 

(32.2 f 0.1) 

complex of 
(8) SnMea2* 415.06 - 1.690 (0.997) J 55.1 38.3, 1.162 f 0.004 3.491 f 0.011 
a A = Total area under the resonant peaks, in min s-1; all data points, in the T interval shown in Figure 2, were employed in 

the least-squares determination of the slopes for each compound. Correlation coefficients are given in parentheses (see Experimental 
section). Debye temperature, OD, and cut-off frequency, FD, calculated for a given compound through the slope d In A/dT (first 
value) and faaba (value in parentheses), assuming the molecular mass of the adduct to be the effective vibrating mass. Data from faabs 
are quoted with standard errors. C Isomer shift with respect to CaSnO, (room temperature) averaged over the whole T range (Figure 
2) with standard error. f Approxi- 
mate data pertaining to linearly constrained In A (T) functions, strictly valid only for the whole experimental T range of Figure 2. 

0.03) for (6) and (7) (Figure 2); the slopes d Infare19abs//dT In A ( T )  for (6) and (7) is a gross approximation, so 
are essentially coincident, and correspond to d In A/dT that Onlyfaa”s and related functions can be considered for 
data in the Table, only for compounds ( l ) ,  (2), and (5 ) .  these two compounds. 
Lastly, Deb ye temperatures, en, and cut-off frequencies, The temperature dependence of the mean-square 

Nuclear quadrupole splitting, details as in footnote c. Shows a steady decrease with T. 

7l K 
m30 50 100 150 

‘ ’ I  I I I I ‘ - I  

FIGURE 2 Recoil-free fraction of absorber l%n nuclei, fa, and mean-square displacements of l%n, <x2>, as functions of T, fm 
Lines are fa=’( T )  and < x 2 )  ( T )  functions obtained from slopes d In A /dT, while data points are faaba and H2salen adducts (1)-( 8). 

related <xa) values (see text) and refer to compounds (1) (a), (2) (a), (5) (A),  (6) (A) ,  and (7) ( V )  

http://dx.doi.org/10.1039/DT9800001983


1986 J.C.S. Dalton 
displacements of l19Sn atoms yield (x2)(  T )  functions 
(Figure 2) lying typically in the zone of tin-containing 
monomers and one-dimensional polymers, the SnPh,Cl, 
derivative being approximately at  the borderline with 
multi-dimensional polymers.20 This is in accord with 
the previously determined or proposed one-dimensional 
polymeric structures of our adducts loll1 (see also Intro- 
duction). 

Turning now to the relationship between molecular 
mass and lattice parameters, from the data in the Table 
and Figure 2 it appears that compounds (1)-(5) may 
be subdivided into two classes: (i) the adducts of 
SnR,Cl,, (1) and (Z), where an increase of molecular 
mass (taken as the effective vibrating mass 21), leads to 
decreasing d In A/dT and ( x 2 ) ( T ) ,  while fa(T) in- 
creases; (;;) the adducts of SnRC1, (R = Me or Ph) 
and SnCl, (3)-(5), where the opposite trend occurs. 
Nevertheless, within both classes the parameters eD 
and FD constantly decrease on increasing the vibrating 
mass, whatever value is chosen for the latter, e.g. M of 
the adduct (Table) or of the organometallic and metal 
derivative.21, 22 

These trends in Debye parameters agree perfectly 
with previous observations on SnRCl,*pyz and SnRC1,- 
dppe (see Introduction). It is also worth examining 
preceding reports on the Debye-Waller-Mossbauer 
factors, f, of members of homologous series of diorgano- 
tin(rv) oxides. It appears that f values of SnR,O, 
measured at  77 K, decrease with increasing molecular 
mass in the series R = C,H,, C*HQ, CeH13, C8H17, but 
the reverse holds true tor R = CH,, C,H,, C,H,Cl, 
C,H,Br, C,H,I.23*24 Using tabulated f data,% we 
have calculated the following Debye parameters at 
77 K for the above four dialkyltin oxides, from ethyl 
to octyl respectively, taking the molecular mass as 
the effective vibrating mass: eD = 77.0, 61.0, 52.3, 
and 44.4 K ;  TD = 49.7, 39.4, 33.8, and 28.7 cm-l. 
For the second series, calculations have been made 
assunling that uf’ values reported in ref. 24 are linearly 
proportional to true f data, and evidence has been 
obtained for a steady decrease of both 0 D  and FD with 
increasing molecular mass. Sets of data for SnR,O are 
then fully consistent with those discussed above. 

The physical significance of the correlation between 
the vibrating mass and 0D,  TD is straightforward. The 
same crystal lattice is assumed to occur throughout each 
homologous series. For example, on the basis of 
intermolecular couplings, in the case of SnR,Cl,-,* 
H,salen, one can consider that differences between 
SnR,Cl, and SnRCl,, SnC1, adducts may arise from the 
Sn orbitals employed in accepting oxygen doublets, 
i.e. mainly 5fi in the first cases (sfi Sn hybrids being 
involved in C-Sn-C bonds) and containing a considerable 
5 s  contribution in the second.25 Assuming the effective 
vibrating mass model,,l the members of a given series 
would differ only in the masses of the vibrating hard 
spheres, e.g. in the masses of the repeating units of the 
polymer backbones. An increase of the vibrating mass 
is reasonably expected to provoke a decrease of GD, and 

0 D ;  the latter effect would reflect the decrease in inter- 
molecular interact ions .2, 

The lattice dynamics of the adducts of SnBunC1, 
and Sn(C,H,,)Cl,, (6) and (7), are compared with poly- 
mers (3)-(5) on the one hand and with the monomer (8 )  
on the other (Figure 1). As discussed above, the temper- 
ature-dependent lattice parameters of (6) and (7) have 
to be considered as non-linear; the same may be true 
of (€9, due to analogies between the A(T)  functions 
(Experimental section and ref. 13). This implies 
motional anharmonicity of l19Sn atoms in compounds 
(6)-(8); on the other hand, anharmonicity has been 
detected in polymeric as well as in monomeric 27 

solid-state species, so that the occurrence of this effect 
in different compounds cannot be taken as definite 
evidence of corresponding structures. 

In the temperature range explored here, the faab*((T) 
data, and derived (x2) (T) ,  0D,  and TD, of the SnBunC1, 
adduct (6) are in accord with the systematic mass-lattice 
parameters of compounds (3)-(5), while the data for the 
Sn(C8H17)C1, adduct (7) are definitely different (Table 
and Figure 2). This could be qualitatively interpreted 
by assuming the occurrence of gradual changes in the 
lattices of (6) and (7) (more pronounced) with respect to 
(3)-(5). Speculating on the trends in lattice para- 
meters and functions of (6)-(8) (Table and Figure 2), it 
could be argued that an increase of mass in the repeating 
units SnRCl,*H,salen weakens the intermolecular forces 
in such a way as to change the polymers, especially (7), 
to monomers. 

In  conclusion, we believe that the present work 
demonstrates the usefulness of investigations of lattice 
dynamics, by means of temperature-dependent Moss- 
bauer spectroscopy, to the study of the solid-state nature 
of homologous series of compounds. In particular, the 
possible use of the previously observed correlation 
between vibrating masses and 0D,FD in predicting struc- 
tural similarities has substantially been confirmed for 
adducts SnR,Cl,-,*H,salen. Further work on other 
series of compounds of this type is needed in order to 
test the extent of applicability of the relationship. 
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