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Abstract 

The work contained in this thesis describes the crystal structures of a number of tin(IV) and 

tellurium(IV) carboxylates and dithiocarbamates. The results show the regularity at which these 

types of compounds form secondary bonds (weak interactions), and the effect of the lone pair of 

tellurium(IV) on the geometries formed. The area has been studied through the determination of 

the following crystal structures: 

i) monocarboxylates: Ph3SnOCOCH2Cl, Ph3SnOCOCHCh, Ph3SnOCOCCh.MeOH. 

Ph3SnOCOCCh and Ph3TeOCOCCh. 

In addition to these, six hydrolysis products of Ph3SnOCOCCh are reponed. These com

pounds show the varied results that are obtained from the facile dearylation of the organotin com

pound by a strong organic acid in the presence of water. The following structures are reported: 

Ph2Sn(OH)(OCOCCh), {[Pb2Sn(OCOCCh)hOh (two isomers), [(PbSn))(Oh(OCOCCh)sh, 

[PhSn(O)(OCOCCh)]6 and [(Ph2Sn)2(OH)(OCOCCh)3h. 



CHAPTER 1 

Introduction 

1.1 General Chemistry and Geometry of Ol'lanoTln Complexes 

Tin is a group 14 metallic element. It has the electronic structure [Kr] 4d10 5s2 5p2, and thus 

has two main oxidation states, Sn'1 and SniV . The Snlll state is known for only one compound, 

[(Me3Si)~HhSn" the radical surviving due to shielding from the bulley organo groups. This 

thesis will be concerned with the +IV oxidation state only. 

Syntheses in organotin(lV) chemistry usually start from the corresponding organotin halide 

compound R,. Sn4,.. These can be formed by a metathesis reaction by mixing appropriate 

amounts of the tetraorganotin compound (formed from tin tetrahalide by reaction with excess 

Grignard reagent) and tin tetrahalide1• The diorganotin dihalide can also be simply prepared by 

reacting an organohalide with tin metal. This was first studied by Frankland2, who tenned it 

'Direct Synthesis'. The halides can then be replaced by a wide variety of substituents, including 

oxides, hydroxides, hydrides, amines or other organo groups. 

A funher route into organotin chemistry is by cleavage of the Sn-C bond in a tetraorganotin 

compound. This can be accomplished by a wide variety of compounds including halogens, to 

form R3SnX, R2SnX2 or RSnX3 depending on conditions, group I and III metal halides, e.g. 

AlCh, halides, e.g. VOCh, CuBr2 to form R3SnX, inorganic acids and, to a lesser extent, organic 

acids3-8. 

A major problem with organotin halides is their susceptibility to hydrolysis. This is due to 

the strength of the Sn-O bond9 and the drive to the formation of the stable SnP2 stannoxane ring 

unit Scheme 1.1 shows the hydrolysis pathways for R3SnX and R2SnX2. Structure types (1), (2), 

(3) and (4) can all dimerise to form Sn2~ rings, e.g. (6). The dihydroxide can not be isolated, due 

to very rapid loss of H20 to form R2SnO, but all the others have been identified structurally. 

There are four main routes for preparing organotin carboxylates. These are:-

(i) the reaction of the carboxylic acid with either the organotin oxide or hydroxide in refluxing 

toluene, with the use of a Dean-Stark separator to remove water from the reaction, 

(ii) from organotin halides (usually chlorides) by reaction with the metal salt of an acid (M=Ag, 

Na, K, 11), 
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Scheme 1 

(1 ) 

Scheme 2 

R3SnX2 -----! .. ~ R2SnX(OH) --~.. R2SnXOSnR2X ---i"~ R2Sn(OH)OSnR2X 

(2) 

R2Sn(OH)2 --~.. R2Sn(OH)OSnR2(OH) 

(5) (4) 

X 
1/ 

X----8n-
/ / '" I 

-5n-0. 0-/8n-
I '" / 

-Sn---X 
/1 

X 

(6) 

Scheme 1.1: Hydrolysis pathways of R3SnX and R2SnX2 

(3) 
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(iii) reaction of the organotin hydride with the carboxylic acid to produce the ester and liberate 

hydrogen gas or 

(iv) cleavage of the Sn-C bond in a tetraorganotin compound by a carboxylic acid. 

In this work variations of methods (i) and (ii) were generally used because (iii) and (iv) were 

found to give many side reactions with the strong acids used (halocarboxylates). 

Tin differs from its lower group members by its willingness to expand its coordination shell 

from four up to five. six and seven. Some eight coordinate complexes have also been 

reponedU~-12. This facile increase in coordination is for two reasons. Firstly. more groups can be 

accommodated around the Sn(IV) atom than around the Si(IV) or Ge(lV) centres. due to a large 

increase in the covalent radius (Si=1.17~, Ge=1.22~, Sn=1.40~)9, and. secondly, the Sn centre is 

a strong Lewis acid (R.Sn<<R]SnCI<RzSnCh<RSnCl]<SnC4). unlike Si and Ge which are nOL 

In fact, four coordination only occurs for tin compounds that either have no secondary coordinat

ing ability, i.e. Sn(C~s)", or have bulky groups preventing funher coordination I3.1". To achieve 

this extra coordinating ability the tin uses its d-orbitals to expand the valence shell from Sp3, for 

tetrahedral structures. to spld". for eight coordinate complexes. 

In triorganotin carboxylates the most common structure involves the carboxylate group 

bridging between two tin atoms, thus creating a linear chain with trigonal bipyramidal tin cen

treslS. No diorganotin carboxylates or organotin tricarboxylate structures had been reponed at the 

stan of this work. but three structures had been proposed on the basis of IR and Moessbauer data 

for the dicarboxylates. They are shown in Figure 1.1. Two dicarboxylate complexes are reponed 

here and show that the solution structure (I) is retained in the solid state. Tricarboxylates have 

been synthesisedl6 but are extremely sensitive to moisture, and have not been studied in any 

detail. 

R 

-<)""" I '0-"\\' "'Sn 

I 
R 

R A R 

---<>'1", I .... , h" I .. ,'\\'''"-
""Sn 'Sn~ 

!y! 
II III 

Fipre 1.1: Proposed structures for RzSn(OCOR)z 
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Triorganotin dithiocarbamates have a distorted tetrahedral geometry17-20, with the second 

sulphur fonning a secondary bond to the tin. Diorganotin dithiocarbamates have been reported as 

six coordinate. with the dithiocarbamates equatorial and bidentate I9.21.22. 

Impetus in the area of organotin carboxylate chemistry has come mainly from the pharma

ceutical and agricultural industries. Triorganotin and, to a lesser extent, diorganotin compounds 

have been found to be extremely toxic in small doses to such diverse systems as fungi and mam

mals. For instance. Et3SnOAC is very toxic to mammals and Ph3Sn compounds have been used in 

small doses as effective fungicides against Potato Blight since the early 1960's23. Organotin com

pounds are important biocides for three reasons. Firstly. the toxicity is dependent on the organo

tin moeity, not the tin itself. Secondly, they inhibit a fundamental biological process, namely the 

transportation of electrons in the cell. thus disrupting photosynthesis in plants. for example. 

Thirdly, the tin compounds are easily broken down in the environment, by either sunlight or soil 

microbes, to produce harmless inorganic compounds. unlike their mercury analogues. The depen

dency of the toxic effects on the organo groups in the compound is the most important of the 

three reasons, because this creates the possibility to synthesise many different compounds with 

varying organo groups to maximise the effect of the compound for specific situations. Tin com

pounds are also used for the stabilisation of polymers and act by trapping any free radicals or Hel 

produced by the action of sunlight on the polymer. 

1.2 General Chemistry and Geometry of Organotellurium Complexes 

Tellurium is a group 16 element. Unlike tin, tellurium was only discovered in the 18 .... Cen

tury24, and has been investigated to lesser extent. The main interest in tellurium compounds stems 

from their use as vulcanising agents in rubber. It has the electronic structure [Kr] 4d105s25p' and 

can have formal oxidation states of -2. +1. +2. +4 and +6. Tellurium is a borderline 

metallic/non-metallic element. With the formal oxidation state -2. tellurium acts like 02-, i.e. 

forms H2Te. The +1 oxidation state is known for many organo compounds, i.e. RTeTeR2.5. but the 

halo complexes are much less stable. The +6 state is only known for TeF60 The +2 and +4 states 

are the most stable. This thesis will only be concerned with the +4 oxidation state. using the 

telllurium as a metal centre. to compare with analogous tin compounds. 

Organotellurium chemistry, like tin, usually proceeds from the halide compound. The main 

methods of preparation are listed below. 
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(i) mono. di or triorganotellurium species can be formed by the reaction of the appropriate 

amounts of RMgX. RHgX or RLi compounds on TeCt.. 

(ii) triaryl compounds can be formed by the direct reaction of TeCL. on an activated aromatic 

compound. i.e. PhOEt to give p-EtOCJ14 TeCh. This is a facile reaction involving electro

philic attack of ChTe+. The reaction does not proceed past the trihalide. Bromo or iodo 

complexes do not react as well as chloro complexes. 

(iii) diorgano compounds can be specifically formed by the reaction of R2Hg on TeC4. the oxi-

dative addition of X2 on to R2Te or the action of a diazonium salt (ArN2)CI on Te metal. 

To form compounds with halides other than chloride. it is usually easier to synthesise the chloride 

then carry out a halide exchange reaction. The di and trihalide compounds are slightly susceptible 

to hydrolysis. The triorgano compounds. on the other hand. are completely stable. often being 

recrystallised from boiling water. The triorgano compounds are essentially ionic in nature and 

exist as R3Te+ X- in solution. 

Tellurium carboxylates have been synthesised in three ways. Firstly, the reaction of the 

chloride with a metal salt of the acid. usually Ag. Secondly. the disproportionation of an acid 

chloride with R2Te to form R2Te(acidh and R2TeCh. Thirdly. Te(acid)4 has been produced by the 

reaction of a carboxylic acid on TeC~ in benzene. 

Tellurium. in the +4 oxidation state. has a lone pair of electrons. Thus the expected struc

ture. from VSEPR theory. for a tetraallcyl tellurium compound is trigonal bipyramidal. with the 

lone pair in an equatorial position. and this has been proved to be the case. e.g. P~Te26. Tellu

rium though. like tin. is also prone to increasing its valence shell above four coordination. using 

secondary interactions. TeF6(NMe3h and Te(motc)4 (motc=N-(2-hydroxyethyl)-N-methyl

dithiocarbamate) have been reported as stable eight coordinate complexes27.28. A further possibil

ity in the geometry of tellurium compounds is that the lone pair may become stereochemically 

inert. for instance (Nf4hTeCI6 has an octahedral geometry29. This phenomenon has been dis

cussed by Urch30. 

1.3 Carboxylic Acids and Dithiocarbamates 

Carboxylic acids. RCOOH. have been used as coordination ligands from the 19"" Century 

onwards3
!. They make up a large and varied section of the coordination chemistry papers 
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reported. This is due to three reasons. Firstly. the carboxylic acids. and their derivative salts. are 

easy to handle and purify. and the physical properties of the carboxylates can be easily changed 

by altering the substituent groups. Secondly. they are readily available by a variety of methods. 

including oxidation of alcohols. insertion of C(h and hydrolysis of esters32• Finally. and perhaps 

most importantly. they have a very varied coordination behaviour. with ten types of coordination 

characterised (Table 1.1). 

The neutral carboxylic acid has. in a simplistic view. one single and one double C-O bond. 

From Paulings standard covalent radii. the bond lengths should be 1.45A. for the C-O. and 1.21A. 

for the C=<>. However these values are never achieved in reality. there is always some degree of 

delocalisation present. due to resonance behaviour. the average values for the neutral molecule 

being 1.23Aand 1.33A. In the anion the carboxylate becomes totally delocalised and the average 

C-O bond length has been reported as 1.26A 33. 

This delocalisation has been used to categorise the carboxylate complexes by infra-red 

spectroscopy34. In complexes where the carboxylate acts as a unidentate ligand. its should have a 

spectrum similar to a neutral carboxylate. Thus. there is a large difference between the strengths 

of the (nominal) C-O and C=O bonds. leading to a large difference (a) between the corresponding 

symmetric and anti symmetric stretches in the infra-red spectrum. Compounds that have chelating 

or bridging carboxylates will have similar strength C-O bonds and. therefore. a small difference 

(a) between the IR stretches. For acetate complexes it has been reported that compounds with 

~200cm-l. the carboxylate will be unidentate and below this level. either bidentate or chelat

ing34. Ranges were proposed to distinguish chelating and bidentate complexes. however these are 

not reliable3s• Care also has to be taken when comparing results from different carboxylic acids. 

since changes in the substituents can cause large changes in the position of the peaks in the IR 

spectrum. For instance changing from acetate to trifluoroacetate changes the limits. such that 

unidentate coordination takes place when ~26Ocm-l. The changes stem from the electronic 

effects of the substituent on the carboxylate group. Electron withdrawing substituents stablise the 

anion and can increase the acidity of the carboxylate quite markedly. For instance there is a 

change of pICa in RCDOH from 4.75 for R=CH3 to 0.65 for R=CCh. It was not until the use of 

X-ray diffraction techniques that the full range of bonding modes were realised. 
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Description 

Ionic 

Unidentate 

Chelating 

Bridging syn/syn 

Bridging syn/anti 

Bridging anti/anti 

Tridentate 

Monatomic 

Bridging/Chelating 

Bridging/Chelating 

Example* 

Na(HCOO) 
[Co(imidazole)6(02CMe)2H2C 
[TI(SC(NH2)2)4](02CPh) 

B(02CMe )2(acac) 
Ph3Sb(02CMe)2 

Zn(02CMe)2·2H20 
Sn(02CMe)4 

[Cr(02CMe )2H20 12 
[OS(02CMe)(COb12 

CU(02CH)2 
Me3Sn(02CMe) 

CU(02CH)2.4H 20 
Mn(02CMe)2(H20)4 

[CU(02CMe )Lh L=salicyald
dimine deriv. 

Hg(02CMe)2[(CsH" bP1 

Table 1.1: Coordination modes ofCarboxylates. (*= examples taken from references 31.32) 
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Of the three types of coordination, unidentate. chelating and bridging, the bridging modes 

are the most common and, of these. the syn/syn bridge is the largest group. This type of coordina

tion often occurs with metal-metal bonding (Figure 1.2). Unidentate coordination occurs usually 

only when there is no further bonding site available or sterle requirements preclude coordination. 

True chelating complexes are the least common group. This is probably explained by the steric 

strain generated by the four membered ring. 

Figure 1.2: Carboxylate bridging with metal-metal bonding. 

Dithiocarbamates, R2NCS2, also have a rich coordination chemistry. This is for three rea

sons, the complexes tend to be stable, the ligand itself is inen to attack and, in the transition 

metals, the dithiocarbamate also has some redox properties. They have two types of coordination. 

either chelating or unidentate. The chelating complexes all occur with either transition metals or 

f-block elements. where p1t-d(f)x overlap is possible between the ligand and metal. In the main 

group elements, where this is not possible. the bonding is all unidentate. Bonati and Ug036 sug

gested that infra-red could be used to distinguish the different coordination modes. This has since 

been discounted by Kellner et al3', who showed, from a study of X-ray structures, that the 

dithiocarbamate ligand always had C1 synunetry and, therefore, the infra-red spectra would be 

similar. 

Most work reponed in the literature centres on the transition element complexes, due to the 

chelating ability and the variations and redox propenies this brings. For instance. by using 

aromatic groups on the nitrogen, or having the nitrogen as pan of the aromatic system, the donat

ing ability of the dithiocarbamate can he greatly reduced. This is due to the lone pair of the nitro

gen being involved in the Jt-system, thus reducing the effectiveness of the resonance structure (c) 

(Figure 1.3)38. This can also be shown using infra-red spectra, where the CoN bond stretch is 

lowered by -300cm-1 when aromatic groups are present, indicating a weaker CoN bond. The 
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redox properties also stem from the resonance structure (c), where high oxidation state metal cen

tres can be stabilised by removal of positive charge from the metal to the nitrogen39• In main 

group complexes the resonance structures do not apply, since the ligands are unidenwe. 

(8) (b) (c) 

Fiaure 1.3: Resonance behaviour in Dithiocarbamates. 

1.4 Secondary Bonding 

Secondary bonding40 is an interaction between two atoms that do not have a primary bond 

between them, but are nevertheless affecting the geometry of eacb other. The tenn secondary 

bonding is usually used for interactions where relatively high coordination numbers are involved, 

Le. trigonal bipyramidal, octahedral and higher. Smaller systems, such as hydrogen bonding, are 

nonnally covered by the tenn donor-acceptor interactions. These two concepts are theoretically 

similar. 

The distance between the two atoms usually lies in the range between the sum of the 

covalent and the sum of the Van der Waals radii, though some have been reported at longer than 

this. For instance, Et2Snl2 is nearly tetrahedral in the gas phase. On crystallisation though, the 

molecule becomes almost octahedral, a change of approximately ISO in the bond angles. The 

length of the Sn-J interaction in this case is 4.28A, almost O.2A longer than the Van der Waal dis

tance4 l . The interactions fonn a continuous distribution from the standard bond length to longer 

than the Van der Waals distance42• 

The interactions must be approximately linear with a primary bond, i.e. X-A---Y where A-

-Y is the secondary bond, and the atom invoived in the secondary bond should occupy a Slel'eO

chemically significant position not already occupied by a primary bond or a lone pair. The secon

dary bond also causes a change in the trans primary bond as stated by Bent: 



- 10-

" .. a reciprocal relationship. the lengthening of an intramolecular interaction (r\) with a shor

tening of a trans-intermolecular interaction (r2)"43. 

The bond is suggested40 as fonning from the donation of a lone pair of electrons on Y into 

the a* orbital fonned from the A-X bond. Considering both primary and secondary bonds there 

are three molecular orbitals formed. containing two electron pairs. The primary bonding pair 

occupies the lowest orbital. the a-bonding. to form the strong bond. and the secondary bonding 

pair occupies the middle orbital. the a-non bonding. to fonn a weak interaction. This is similar to 

the scheme proposed for hydrogen bondingW. 

These effects can only be investigated by the use of X-ray diffraction. where the whole cell. 

and the interactions within it. can be studied. Moessbauer and n.m.r. may also be used to give an 

indication of the geometry of the complex. 

The strength of the interactions are difficult to determine quantitatively because it is 

difficult to detennine unambiguously what the relative Van der Waals and covalent radii should 

be for a given system. This is because other substituents in the system may affect the values. by 

withdrawing electron density off the central atom for instance. An estimate of the bond order of 

an interaction can be made by the use of Paulings equation41: 

where r= measured bond length 

ro = standard bond length 

c=constant 

n= measure of the bond strength. 

r = ro-clogn 

c and ro are constant for a particular pair of atoms. 

1.1 
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CHAPTER 2 

The Crystal Structures of Four Triphenyltin and One TriphenylteUurium 

Carboxylates 

2.1 Introduction 

Many triorganotin carboxylate compounds have been synthesised since 1860 when 

Cahours1 made the first R)SnOCOR complex. Initial studies using infra-red by Okawara2 indi

cated that the compounds existed as planar R3Sn groups with ionic carboxylates. However, Beat

tie and Gilson3 interpreted the spectra as having bridging carboxylate groups and this was sup

ported by Janssen et al4 with viscosity measurements. This has since been confirmed by 

Moessbauer5 and X-ray detenninations6• 

The first structure for a triorganotin carboxylate, CH3Sn02CH, was reported by Okawara 

and Wada' in 1967. Since this time many compounds have been studied, and most have been 

found to have the polymeric fonn. If a bulky carboxylate is present in the molecule8, then it is 

possible to break the chain. The carboxylate then usually chelates to the tin, thus preserving the 

five coordination of the tin. Only one structure has been reported thus far with a four coordinate 

tin centre, (4HllhSn~CCH2(C8~)8, which uses both bulky organo and carboxyl groups. Ford 

and Sams9 synthesised Ph3Sn02CCCh which, from infra-red and Moessbauer data, they charac

terised as a tetracoordinate monomer. Thus it was of interest to see if this was indeed the case. 

Interest in this area of chemistry is mostly stimulated by the agrochemical industry. R)Sn 

compounds are very efficient and safe biocides 10. With the exception of methyl and ethyl organo 

groups, the tin compounds are non-toxic to mammals. Ph3SnOCOCCH3 (marketed under the 

trade name Brestan by Hoechst A.G.) has been used against Potato Blightll . Their safety comes 

from their simple break down pathway to non-toxic inorganic tin compounds in the environment, 

unlike their organoarsenic and mercury analogues which fonn volatile toxic methylated com

pounds 12. 

In contrast to the tin carboxylates, the tellurium analogues have not been studied in any 

detail. These are of interest for three reasons. Firstly, with the lone pair, the tellurium compounds 

should fonn different geometries, secondly, they should fonn secondary bonds of the type nonced 

by Alcock et al. B , and thirdly, no triorganotellurium carboxylates have so far been structurally 
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characterised. 

This chapter describes the preparation and crystal study of a series of ttiphenyltin carboxy

latest [1]-[4]. and one ttiphenyltellurium carboxylate. [5]. This carboxylic acids used were mono

chloroacetic. for [1]. dichloroacetic. for [2]. and ttichloroacetic. for [3]. [4] and [S]. These acids 

were chosen to investigate the effects of the strength and the change in steric bulk: of the acid. 

Compound [4] has a methanol molecule adducted to the tin. Views of the molecules are in Fig

ures 2.1-2.8. Ph3SnOCOCH2CI. [2]. was reported by Ngl4 in 1989 at the 6111 ICOCC ofOe. Sn and 

Pb. The structure reported was identical to that discussed below. 

2.2 Results 

From Infra-red studies made by Deacon and Phillips 1.5 on carboxylate complexes a value of 

greater than 200-26Ocm-1 for v/IIlI_ -Vsy_ in halocarboxylates indicated a unidentate carboxylate 

(the lower limit for the acetate. the higher for the trihalo derivatives). From Table 2.12 it can be 

seen that both the trichloroacetate complexes are greater than the limit as are the adducts with 

MeCN and MeOH. Thus it was expected that the trichloroacetate structures [3]. [4]. [5] and the 

MeCN complex would have unidentate and the mono and dichloroacetate complexes [1], [2] and 

the tellurium acetate complex would have bidentate carboxylates. This is bome out in the struc

tural studies. 

Compounds [1] and [2], Ph3SnOCOCH2CI and Ph3SnOCOCHCh (Figures 2.1 and 2.3). are 

five coordinate. trigonal bipyramidal complexes. The tin fonns a strong bond to the neighbouring 

carbonyl oxygen in the carboxylate and increases its coordination from four to five. thus creating 

an infinite chain in the solid state (Figures 2.2 and 2.4). With [3], Ph3SnOCOCCh.MeOH (Figure 

2.5), the tin atom forms an adduct with the oxygen in the methanol solvent. This also forms an 

infinite chain via a hydrogen bond between the carboxyl oxygen and the methoxy hydrogen (02-

03=2.705..\) (Figure 2.6). The chains propagate in the b. c and b directions for [1]. [2] and [3] 

respectively. In [1] and [2] there is also a weak interaction between Sn1 and the carbonyl oxygen. 

This is indicated by the fact that although the difference in the C-O bond lengths is small (dC· 

0=0.009, O.013A for [1]. [2]), the difference in Sn-O distances is large (ASn-O=O.169. 0.130A). 

Thus there must be an extra interaction from the carboxylate to the tin to reduce the electron den

sity in the carbonyl group. Therefore the carboxylate also has a small chelating effect. The Sn-
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0(2) distances are 3.232 and 3.536A for [1] and [2]. which are approaching the Van der Waals 

distance at 3.62A. However. this interaction does cause significant widening of the C-Sn-C angle 

from the trigonal bipyramidal 1200 to 135.1 and 124.6° for [1] and [2] respectively. The phenyl 

groups take up the equatorial positions of the complex and the oxygens the axial. This is expected 

since it is known that the more electronegative elements/groups take up the axial positions!6. The 

carboxylates all adopt the syn/anti conformation in the bridge. The phenyl rings adopt the usual 

'paddle wheel' formation to reduce the steric hindrance between them. The tin atom sits slightly 

above the plane of Cll,C2l and C31. For [2] the effect is very small. 0.0268A. but [1] and [3]. 

have significant deviations out of plane, toward the carboxylate, of 0.0996 and 0.1293A. In [1] 

the chelation effect causes the tin to be drawn out of the plane. In [3] the effect is due to more 

weakly interacting MeOH causing the geometry to be somewhere between trigonal bipyramidal 

and tetrahedral. 

Compounds of the type fonned by [1] and [2] are well known in tin carboxylate chemistry, 

and many have been studied structurally. Generally the more sterically hindered the carboxylate 

and the organo groups on the tin. the greater the asymmetry of the Sn-O bond lengths!7. Thus [2] 

would be expected to be more asymmetric than [1]. This is not the case though (Table 2.13) and 

the most likely reason for this is the chelating effect in [1] withdrawing electron density from the 

acyl oxygen, and so reducing the donating ability. The repeat distance of [2] is much larger than 

[1] (5.557 to 5.086A for Sn-Sn') and outside the average found by Ng et ailS at 5.19 +/-0.2A.1t is, 

therefore, a borderline polymeric carboxylate. This is also indicated by its high &v value from the 

infra-red studies (Table 2.12), which is approaching the unidentate/bidentate limiL Two other 

compounds have been classified as being on the borderline. (C~5CH2hSn02CCH3!9 and 

(C~l1hSnO~CF320. These are presumably nearly monomeric due to the bulkiness of the 

cyclohexyl groups. 

[4]. Ph]SnOCOCCh. forms a distorted tetrahedral monomeric unit (Figure 2.7). The distor

tion arises from a long interaction from the acyl oxygen to the tin to form a chelated ring. The 

distance is 2.955A. which is much shorter than the Van der Waals distance of 3.62A. The 

interaction also causes the Cll-Snl-C21 angle to open up from the tetrahedral 109.6° to 

117.9(2)°. The difference in C-O bond lengths is quite marked, at O.084A, as would be expected 

from a predominantly unidentate carboxylate. The nearest intermolecular contact is at 5.048A. 

With [4] the chain has been broken to produce a monomeric unit. This is due to the large 

steric effects of the CCh and phenyl groups. Molloy et alB claimed the first four coordinate trior

ganotin carboxylate in 1986. This has bulky cyclohexyl organo groups and also contains an 
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intermolecular hydrogen bond to tie up the acyl oxygen. He claims that, although the distance 

between the tin and the oxygen is only 2.929..\, the interaction is not electronic, but steric. This is 

based on the pattern of angular and bond length changes, which do not show a systematic move 

towards a trigonal bipyramidal geometry. The same argument can be used for [4], where the C

Sn-C angles all increase from the expected 109.6° to 117.9(2), 112.0(1) and 113.8(2)°, instead of 

two of the angles decreasing towards 90° and one increasing to 120° as would be expected in the 

tbp geometry. Also the asymmetry in the CoO bond lengths in the carboxylate is large (0.084..\), 

indicating single/double bond character, rather than delocalised bidentate bonding. 

[5], Ph3TeOCOCCh, forms a dimer in the solid state (Figure 2.8). The geometry at the tellu

rium centre is a distorted octahedron. There are three primary Te-C bonds, two secondary Te-O 

bonds in cis formation and a lone pair opposite one of the Te-C bonds. The dimer is held 

together by two bidentate bridging carboxylates. The Te-O bond lengths (2.735, 3.225A) are 

longer than the expected covalent bond length (2.11A) and in solution the complex would be 

expected to break up into Ph3 Te+ ~CCCh as is the case with Ph3 TeC}21. The plane of the car

boxylates is at an angle of 55.9° with respect to the plane formed by Tel,Cl,TelA,CIA. They 

form an eight membered ring which has a chair type conformation. 

There are two compounds with similar structures to [5]. They are Ph3Te(NCO)22 and 

Ph3 Te(SCN)23. The thiocyanate complex forms dimers and tetramers in the solid state, while the 

cyanate only forms tetramers. Et3 TeBr24 also adopts a tetrameric structure based on cubane. That 

the carboxylate only forms dimers is probably due to the steric effect of the CCh group. Another 

compound which may have been expected to dimerise is acetonylphenoxatellurine nitrate2S, but 

this is present as discrete ionic monomers in the solid state. In all structures of the type R3 TeX the 

compounds are predominantly ionic, with long interactions holding the structures together. 

Comparing the tin and tellurium monocarboxylates reponed, it is obvious that both prefer to 

increase their coordination sphere via the use of secondary interactions. In the case of tin, the 

coordination is increased to five, with the creation of an infinite chain in the solid state. With tel

lurium the coordination is increased to six, including the lone pair, by the formation of a dimer. 

In both cases the secondary interaction is with the acyl oxygen of the carboxylate, i.e. the car

boxylate forms a bidentate bridge. The tellurium system is essentially ionic and, due to the dis

tance from the tellurium centre, the bulkiness of the carboxylate does not affect the geometry of 
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the molecule. In the tin system this is not the case. with the increasing bulk of the carboxylate 

leading to the breaking of the polymeric chain with trichloroacetate. 

2.3 Experimental 

2.3.1 Synthesis of Compounds 

Ph3SnOH was prepared from Ph3SnCI by the method of Kushlefsky et al.26. 

Trlpbenyltln Carboxylates 

Ph3Sn~CCH2CI. [1]. Ph3Sn02CCHCh. [2]. and Ph3Sn02CCCh.MeOH. [3]. were prepared 

by stirring Ph3SnOH and the appropriate acid (1: 1) in aqueous methanol (3Ocm3) for 3hrs. An 

adduct with MeCN was made similarly by stirring in MeCN. The solvent was removed and the 

white product recrystallised from MeCN. EtOH and MeOH respectively. Ph3Sn02CCCh. [4]. was 

prepared from [3] by the method of Ford et al2'. [4] was also prepared by the method of Srivas

tava et al. 28. Crystals from the former method were used for the structure determination. 

Tripbenyltellurium Carboxylates 

Ph3 TeCI. prepared from TeC4 and PhLi (1 :3) at -77°C. was stirred with the silver salt of the 

respective acid in dry CH2Ch. The precipitated AgCI was filtered off and the solvent reduced to a 

minimum. Crystals of Ph3T~CCCh. [5]. were grown by the liquid diffusion method using 

petroleum ether (30/4()Obpt.) as the precipitating solvent. Crystals of Ph3Te02CCH3 were grown 

in the same manner but were very platy and structure determination was not attempted. 

2.3.2 Spectroscopic Data 

Infra-red data was recorded on a Perkin-Elmer 580B spectrophotometer in the range 4000-

400cm-1 using KBr discs with Nujol Mull. IH-n.m.r. spectra in the range O-lOppm were recorded 

on a Perkin-Elmer R34. Results are listed in Table 2.12. 

2.3.3 X-Ray Crystallography 
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All data sets were recorded at 293K with Mo-Ka radiation at 0.71069..\ except for [5] which 

was recorded at 298K with 0.71073..\ radiation. Standard reflections were measured every 200 

reflections and showed slight changes during the data collection (1,3,5,3 and 4% for [1], [2], [3]. 

[4] and [5] respectively). The data was processed using profile analysis and corrected for Lorentz. 

polarisation and absorption effects, the last by the Gaussian method. The cell parameters were 

calculated from 15 reflections with 26 between 20 and 22°. All non-hydrogen atoms were refined 

anisotropically. Hydrogen atoms were inserted at calculated positions and not refined. Their tem

perature factors were fixed at 0.07..\2. The methyl group in [3] was treated as a rigid CH3 unit, its 

initial orientation taken from the strongest H-atom peaks on a difference Fourier synthesis. Com

puting was with SHELXTL29 on a Data General 0030 for [1], [2] and [3] and with SHELXTL 

PLUS30 on a DEC MicroVax II for [4] and [5]. Scattering factors in the analytical form and 

anomalous dispersion factors taken from International Tables3l • Data collection parameters are 

listed in Table 2.1. Atomic coordinates are in Tables 2.2-2.6 and bond lengths and angles in 

Tables 2.7-2.11 for [1]. [2]. [3]. [4] and [5] respectively. Selected bond lengths are in Table 2.13. 

Trlpbenyltin Monoc:hloroacetate [1] 

Analysis of the systematic absences gave the space group as P2t/c. The tin atom was 

located using the Patterson routine and the remaining non-hydrogen atoms were located using 

difference Fourier syntheses. The residual electron density was located around the tin atom. 

Tripbenyltin Dicbloroacetate [2] 

The systematic absences gave the space group as P2t/c. The tin atom was found using the 

Patterson interpretation section of SHELX11.. and the remaining non-hydrogen atoms were 

located on successive Fourier syntheses. The residual electron denSity, approximately 1.2 elec

trons, was located in the rotation cone of the dichloro group indicating a small amount of 

disorder, though not enough to warrant refinement with partial occupancy of the chlorine posi

tions. 

Tripbenyltin Tricbloroacetate Methanol Adduct [3] 
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The space group was determined to be P2dc by analysis of the systematic absences. All 

hydrogen atoms were inserted at calculated positions except for H3, the methoxy hydrogen. This 

was located on a difference Fourier map and allowed to refine its position. Its isotropic tempera

ture factor was fixed at 0.07 A 2. 

Triphenyltin Trichloroacetate [4] 

Two crystals were used for this structure determination. The cell parameters were calculated 

from the first. but during the data collection the crystal decomposed to approximately 50% of the 

original intensity with a sharp cut-off after 25hrs. Thus the data was retaken with a second crystal 

at high speed, 12°min-1, to ensure little decomposition, the mean drop in intensity being only 3%. 

No systematic absences in the data proved the space group to be either PI or Pl. Analysis of the 

E-statistics indicated a non-centrosymmetric space group, but density calculations indicated the 

number of molecules in the unit cell to be 2. Thus PI was initially chosen and excellent 

refinement showed this to be the correct choice. Residual electron density lies in the rotation cone 

of the trichloro group. showing there is a small amount of rotational disorder, and also near the 

tin atom. 

Triphenyltellurium Trichloroacetate [5] 

Initial analysis of a small part of the data (20<28<22°) showed the cell was C-centred and 

the data was collected accordingly. Study of the systematic absences gave the space group as Cc 

or C2/c. The E-statistics indicated a centrosymmetric space group and the density calculations 

required 8 molecules per unit cell. Therefore C2/c was initially chosen and proven correct by 

good refinement. Most of the residual electron density lies close to the tellurium atom. 
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FIGURE 2.1 View of the molecule of [11, showing atomic nwnbering scheme. 
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FIGURE 1.1 View of the polymeric chain of (1]. 



-...--u 

-(V) 
.--

- 22-

-N 

-

-C 
(.f) 

-,...-
cry 

---~ Uf) 
-o 
N -o 

-CD ,...-

-If) 
,...--U 

FIGURE 2.3 View of the molecule of [2]. showing atomic numbering scheme. 
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FIGURE 2.4 View of the polymeric chain of [2]. 
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FIGURE 2.5 View of the molecule of [3], showing atomic numbering scheme. 
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FIGURE 2.6 View of the Hydrogen Bonded chain of [3]. , 
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FIGURE 2.7 View of the molecule of [4], showing atomic numbering scheme. 
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FIGURE 2.8 View of the dimer of [5]. showing atomic numbering scheme. 



T.1IIe 1.1: C..,.... o. ... nd 0. .. ~ PanaMten 

Compound III 121 (ll 141 (51 

Formula C~110,cISn C,.,H,.O,Cl,Sn C,.,H,;O.CI,Sn.CH,OH C,.,H ,}O,Ci,Sn CJi,;O,C!,Te 

Mass 443.45 478.05 544.48 512.44 521.44 

D_(gcm- ') 1.63 1.62 1.56 1.62 1.75 

Z 4 4 4 2 8 

Cry5lal System Monoclinic Monoclinic Monoclinic Triclinic Monoclinic 

SystellUlic A~nas hOI 1=2n+1 hOII=2n+1 hOII=2n+1 none hid h+I=2n+ I 

OkO k=2n+1 OkO k=2n+1 OkO k=2n+1 holl=2n+1 

Space Group ndc nJc P2 ,/c PI C2/e 

a(A} 9.004(3) 15.127(2) 10. 196(2) 9.783(5) 21.374(\3) 

b(A) 10.171(4) 12.537(2) 12.612(2) 9.810(5) 8.509(S) 

c(A) 19.748(4) 11 . 11 5(2) 17.913(3) 11.845(5) 21.797(16) 

0(") 101.90(4) tv 
00 

11(") 92.37(2) 111.75(1) 91.59(2) 98.26(4) 93.42(6) 

")(") 104.84(4) 

U(A') 1807.0( 1.0) 1957.7(0.6) 2313.6(0.8) 1051.7(0.9) 3957.7(4.2) 

j&(cnr') 15.75 15.94 14.74 16.10 17.2 

f(OOO) 880 944 1076 504 2016 

Crystal Size 0.SxQ.8xQ.8 0.2xQ.2><O.4 0.2xO.2xQ.4 0.4>dl.3>dl.6 

Mu. Trans . 0.9276 0.8548 0.7915 0.9805 0.8412 

MiD. Trans. 0.8773 0.7814 0.7464 0.9515 0.6821 

Scan Range(") +/- \.0 +/· 1.0 .{).95,t{).95 +/.{).8 ·1.0,+1.1 

Scan ltate(°min- I} 2.0 2.0 4 12 3 

Mu. 29(°) 50 50 50 50 50 

Refs. Collected 3486 3444 2258 3726 3«9 

Refs . Observed 2513 2622 1770 )453 2%6 

R(tinal) 0.0297 0.0404 0.00041 0.00270 0.OO\)9 

IL 0.0295 0.0430 0.0296 0.0368 Om05 

I 0.00027 0.00073 0.0327 0.0428 0.0364 

Mu. on fi nal Founer +/· 0.6 +/. 1.2 +0.3.·0 .25 +/ .{).8 +O.55,.{).42 

Mu. 61o 0.004 0.004 0.105 0.004 0.001 

No. of !'v.melen 217 226 103 235 235 
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TABLE 1.1 

Atomic coordinates (xlO') for [1] (with standard deviations in parentheses). 

Atom x y z U 

Sn (1 ) 887.0(3) 7006.4(3) 7369.1(1) 30(1)* 
Cl(1) 3720.6(13) 10387.7(13) 6046.2(6) 58 ( 1 ) * 
0(1) 2068.9(29) 8673.3(25) 6934.7(14) 39(1)· 
0(2) 456.5(30) 10156.2(26) 7268.2(13) 39 ( 1 ) * 
C ( 1 ) 1488(4) 9787(4) 6903(2) 33(1)· 
C(2) 1979(5) 10745(4) 6373(2) 53(2)* 
C(11) 2423(4) 5678(4) 6960(2) 32 (1) • 
C(12) 2155(5) 5070(4) 6341(2) 43(1)· 
C(13) 3163(5) 4199(5) 6085(2) 56(2)* 
C(14) 4473(5) 3930(5) 6444(3) 58(2)* 
C(lS) 4758(5) 4506(5) 7064(3) 64(2)* 
C(16) 3747(5) 5382(5) 7307(2) 51(2)* 
C (21 ) 1429(4) 7409(4) 8410(2) 34 ( 1 ) • 
C(22) 1873(5) 6365(4) 8821(2) 46(2)· 
C(23) 2344(5) 6513(5) 9485(2) 53(2)· 
C(24) 2385(5) 7816(5) 9753(2) 53(2)· 
C(25) 1952(5) 8859(5) 9351(2) 53(2)· 
C(26) 1490(5) 8661(4) 8681(2) 44(1)· 
C(31) -971(4) 7399(4) 6694(2) 35(1)· 
C(32) -672(5) 1634(4) 6019(2) 45(1)· 
C(33) -1802(5) 7858(5) 5544(2) 57(2)· 
C(34) -3253(6) 7842(5) 5725(3) 63(2)· 
C(35) -3574(5) 7625(5) 6378(3) 67(2)· 
C(36) -2442(5) 7404(5) 6872(2) 53(2)· 

• Equivalent isotropic U defined as one third of the trace of the 

orthogonalised Ulj tensor. 
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TABLEZ.3 

Atomic coordinates (xla') for [1] (with standard deviations in parentheses). 

atom x y z U 

Sn(1) 2780.0(2) 6989.6(3) 7303.8(3) 34(1)· 
Cl(1) 2424(2) 4229(2) 3590(3) 124(1)· 
Cl(2) 782(2) 5291(3) 3686(3) 124(1)· 
0(1) 2701(3) 5955(3) 5645(3) 40(1)· 
0(2) 2741(3) 7055(3) 4104(4) 45(2)· 
C(1) 2488(4) 6227(4) 4489(5) 37(2)· 
C(2) 1866(5) 5443(5) 3481(6) 55(3)* 
C(11) 2788(4) 5575(4) 8347(5) 39(2)· 
C(12) 2094(4) 4802(5) 7816(6) 51(3)-
C(13) 2097(5) 3874(5) 8494(7) 71(3)-
C(l4) 2807(6) 3727(6) 9698(7) 78(4)· 
C(l5) 3476(6) 4468(6) 10227(7) 75(3)· 
C(l6) 3479(5) 5409(5) 9559(6) 54(3)· 
C(2l) 1435(4) 7626(4) 6140(5) 38(2)· 
C(22) 615(4) 7202(5) 6226(7) 59(3)· 
C(23) -252(5) 7592(7) 5440(8) 77(4)-
C(24) -330(5) 8381(7) 4572(8) 90(4)· 
C(25) 469(6) 8816(6) 4494(7) 76(4)· 
C(26) 1348(5) 8448(5) 5260(6) 53(2)· 
C(31) 4106(4) 7705(4) 7549(5) 41(2)· 
C(32) 4450(5) 8581(6) 8305(7) 71(3)· 
C(33) 5326(6) 9016(6) 8453(9) 91(4)-
C(34) 5849(5) 8581(7) 7830(8) 80(4)· 
C(35) 5524(5) 7707(7) 7059(8) 76(3)· 
C(36) 4654(4) 7274(5) 6917(7) 57(3)· 

• Equivalent isotropic U defined as one third of the trace of the 

onhogonalised Vi} tensor. 
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TABLE 2.4 

Atomic coordinates (xlO") for [3] (standard deviations in parentheses). 

afom x y z U 

Sn( 1) 1712.3(3'> 737:2.2(;2 ) 7467.4LO 36( 1): 
C 1 ( 1 ) 3389.6(16) 1143:2. 6( 10) 6369. i( 13) 8t'( 1 .>; 
Cl( 2) 584l~ . 8< 13'> 9671. 1( 13) 6248.0(14) 83( 1 )t 
C1(3.J 2665(2) 9769( :2'> 5347(:2 .> 9tl( 1 )t 
O( 1 .> 2888(3) 8479(:2 .> 6845(2'> 44(2'>: 
0(2) 1733( 3) 99tl7( 3'> 7145( 3) 55(2'>: 
C( 1) 3389(5) 1 tltt54 ( 4.> 62:27(4) 44(3'>; 
C(2) :2574( 4.> 9461(4) 6811(4) 33(3)t 
C(4 .> 1478(4) 8948(3) 8756(4) 82(2) 
C(5) 177tl 9381 9456 113( 6.>t 
C(6'> :2711 8983 99:25 114( 6)t 
C(7) 3351 ~QQ::' 

( ....... q "Q-•. tI.· ..... 93(6)* 
C(8) 3050 7559 8993 58(5'>* 
C(3) 2110 8t'37 8525 41 (3); 
(X It''> 4282(3) 6356(3) 7t't'1 ( J) 64(3); 
C( 11) 5088 557t' 6719 98(4'>* 
C(12) 4576 4572 6559 1 06( 5): 
C(13) 3256 4361:1 6681 99(5'>: 
C( 14'> 2450 5146 6963 67( 4.>: 
C(9.> 2963 6144 7123 38( 3.>: 
C(18) -1236(4) 7669(3'> 7t174( J) 55(3): 
C( 19) -2348 7746 661:11:1 67(5); 
C(28) -22l:tl 7715 5827 72(6)* 
C(21 .> -958 7688 5538 89(3) 
C( 22) 146 7531 61:'1:15 58(2 ) 
C(17) 7 7562 67?7' 36(4): 
1)(3'> 399(3) 6113( 3'> 8117(3) 50(2'>* 
C( 16'> 841 (6) 5523(5) 8761:1( 4 -' (,5( 4.>: 

• Equivalent isotropic U defined as one third of the trace of the 

onhogonalised Uij tensor. 
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TABLE 2.S 

Atomic coordinates (xl04) for [4] (standard deviations in parentheses). 

x y z U(eq) 

Sn{ 1) 8560.7(2) 6224.7(2) 7439.0(2) 40.5(1) 
Cl(l) 6563(2) 1001(2) 7335(2) 117(1) 
Cl(2) 9602(2) 1828(3) 8078(3) 155(1) 
Cl(3) 8319(4) 493(2) 5674(3) 169(2) 
0(1) 8037(3) 4083(3) 7571(3) 54(1) 
0(2) 8839(5) 3546(4) 5934(3) 71 (2 ) 
C(l) 8374(4) 3229(4) 6756(4) 48(1) 
C(2) 8192(5) 1687(5) 6951(5) 59(2) 
C(ll) 10851(4) 6892(4) 7752(3) 46(1) 
C(12) 11637(6) 6730(6) 8761(5) 70(2) 
C(13) 13104(6) 7195(6) 8997(6) 81(3) 
C(14) 13820(6) 7852(7) 8258(6) 81 ( 2 ) 

C(15) 13081(6) 8001(7) 7261(5) 82(2) 

C(16) 11573(5) 7537(6) 6999(4) 63(2) 
C(21) 7417(4) 6403(4) 5846(3) 44(1) 
C(22) 7881(5) 6100(6) 4799(4) 61(2) 
C(23) 7112(6) 6253(7) 3773(4) 73(2) 
C(24) 5883(6) 6688(6) 3793(4) 68(2) 
C(25) 5423(5) 6977(5) 4824(4) 61(2) 
C(26) 6179(5) 6834(5) 5850(4) 52(2) 
C(31) 7780(4) 7018(4) 8954(3) 43(1) 
C(32) 7053(5) 6093(5) 9554(3) 52(2) 
C(33) 6599(5) 6660(6) 10552(4) 64(2) 
C(34) 6845(6) 8117(6) 10964(4) 66(2) 
C(35) 7563(6) 9052(5) 10391(5) 69(2) 
C(36) 8039(5) 8500(5) 9386(4) 58(2) 

• Equivalent isotropic U defined as one third of the trace of the 

orthogonalised Uij tensor. 
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TABLE 2.6 

Atomic coordinates (dO') for [5] (standard deviations in parentheses). 

x y z U(eq) 

Te{l) 1916.1(1) -751.8(3) 5467.6(1) 37.7(1) 
C 1 ( 1 ) 1435.2(6) -1716.1(1.6) 2791.9(5) 66.8(4) 
Cl(2) 595.7(7) -154.4(1.9) 3559.1(7) 85.9(5) 
Cl(3) 563.2(7) -3512.1(1.9) 3431.3(6) 88.5(5) 
o ( 1 ) 1267(1) -2324(4) 4538(1) 61 (1 ) 
0(2) 2071(1) -1729(4) 3984(2) 67(1) 
C{l) 1525(2) -1992(4) 4065(2) 46(1) 
C ( 2 ) 1057(2) -1861(5) 3482(2) 47 ( 1 ) 
C(11) 1337(2) -2065(4) 6024(2) 43(1) 
C(12) 1246(2) -3632(5) 5890(2) 55(1) 
C(13) 905(2) -4529(5) 6277(2) 62(2) 
C(14) 659(2) -3876(6) 6784(2) 65(2) 
C(15) 745(2) -2303(6) 6908(2) 61(2) 
C(16) 1089(2) -1383(5) 6526(2) 52(1) 
C(21) 2259(2) 744(4) 6194(2) 43(1) 
C(22) 2158(2) 2350(5) 6185(2) 50(1) 
C(23) 2459(2) 3277(5) 6629(2) 58(2) 
C(24) 2841(2) 2626(6) 7075(2) 65(2) 
C(25) 2930(2) 1033(6) 7091(2) 61 (2 ) 
C(26) 2648(2) 91 (5) 6649(2) 53(1) 
C(31) 1278(2) 949(4) 5112(2) 42(1) 
C(32) 1515(2) 1995(6) 4697(2) 61 ( 2 ) 
C(33) 1139(2) 3215(6) 4483(2) 69(2) 
C(34) 550(2) 3376(6) 4660(2) 64(2) 
C(35) 311(2) 2315(5) 5063(2) 59(2) 
C(36) 680(2) 1093(5) 5296(2) 49(1) 

• Equivalent isotropic U defined as one third of the trace of the 

orthogonalised Uij tensor. 
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TABLE 1.7 

Bond lengths (J\) and angles (0) for [1] 

(standard deviations in parentheses). 

a) Bond lengths 

Sn(l)-O(l) 
Sn(1)-C(21) 
Sn(l)-O(2a) 
O(l)-C(l) 
0(2)-Sn(la) 
C(11)-C(12} 
C(l2)-C(13) 
C(14)-C(15) 
C(21)-C(22) 
C(22)-C(23) 
C(24)-C(25) 
C(31)-C(32) 
C(32)-C(33) 
C(34)-C(35) 

2.195(3) 
2.134(4) 
2.364(3) 
1.248(5) 
2.364(3) 
1.383(5) 
1.378(6) 
1.371(7) 
1.385(6) 
1.378(6) 
1.372(6) 
1.391(6) 
1.374(6) 
1.351(8) 

b) Bond angles 

0(1)-Sn(1)-C(11) 
C(11)-Sn(1)-C(21) 
C(11)-Sn(1)-C(31) 
O(1)-Sn(1)-O(2a) 
C(21)-Sn(1)-0(2a) 
Sn ( 1 ) -0 ( 1 ) -C ( 1 ) 
o ( 1 ) -C ( 1 ) -0 ( 2 ) 
0(2}-C(l}-C(2) 
Sn(1)-C(11)-C(12) 
C(12)-C(11)-C(16) 
C(12)-C(13)-C(14) 
C(14)-C(15)-C(16) 
Sn(1)-C(21)-C(22) 
C(22}-C(21)-C(26} 
C(22)-C(23}-C(24) 
C(24)-C(25)-C(26) 
Sn(1}-C(31)-C(32) 
C(32)-C(31)-C(36) 
C(32)-C(33)-C(34) 
CC34l-C(35)-C(36) 

90;:5 (1) 
111.3(l} 
112.9(1) 
174.6(1) 
87.7(1) 

120.8(2) 
124.1(4) 
116.7(3) 
122.0(3) 
117.2(4} 
120.1(4) 
119.1(4) 
117.8(3) 
118.4(4) 
120.8(4} 
120.5(4) 
116.9(3) 
117.9(4) 
120.4(4} 
120.8(5) 

Sn(l)-C(ll) 
Sn(1}-C(31) 
Cl(1)-C(2) 
0(2)-C(1) 
C(1)-C(2) 
C(11)-C(16) 
C(13)-C(14) 
C(15)-C(16) 
C(21)-C(26) 
C(23)-C(24) 
C(25)-C(26) 
C(31)-C(36) 
C(33)-C(34) 
C(35)-C(36) 

2.117(4) 
2.134(4) 
1.758(5) 
1.257(5) 
1.509(6) 
1.384(6) 
1.378(7) 
1.375(7) 
1.381(6) 
1.370(7) 
1.386(6) 
1.384(6) 
1.369(7) 
1. 400 (7) 

O(1)-Sn(1)-C(21) 
0(1)-Sn(1)-C(31) 
C(21)-Sn(1)-C(31) 
C(11)-Sn(1)-O(2a) 
C(31)-Sn(1)-O(2a) 
C(1)-0(2)-Sn(la) 
0(1)-C(1)-C(2) 
Cl(1)-C(2)-C(l) 
Sn(1)-C(11)-C(16) 
C(11)-C(l2)-C(13) 
C(13)-C(14)-C(15) 
C(11)-C(16)-C(15) 
Sn(1)-C(21)-C(26) 
C(21)-C(22)-C(23) 
C(23)-C(24)-C(25) 
C(21)-C(26)-C(25) 
Sn(1)-C(31)-C(36) 
C(31)-C(32)-C(33) 
C(33)-C(34)-C(35) 
C(31)-C(36)-C(35) 

97.6( 
89.S( 

135.1( 
87.6( 
86.6( 

144.2('ll 
119.1(4 l 

114.3(9; 
120.8(3; 
121.2(4 ; 
120.0(+[ 
122.5(4 I 

123.6(3 . 
120.6(" I 

119.2(4 ; 
120.6(4 . 
125.2(3 ; 
121.0(~ ; 
119.8(~ ; 
120. 1 (4 ' 



a) BoDd .eoaths 
Sn(1)-O(1) 
So(I)-C(21) 
So(1)-O(2a) 
Cl(2)-C(2) 
0(2)-C(1) 
C(1)-C(2) 
C(11)-C(l6) 
C(13)-C(14) 
C(15)-C(16) 
C(21)-C(26) 
C(23)-C(24) 
C(25)-C(26) 
C(31)-C(36) 
C(33)-C(34) 
C(35)-C(36) 

b) Bond angles 
0(1)-So(I)-C(11 ) 
C( 11 )-So( 1 )-C(21 ) 
C(11)-Sn(1)-C(31) 
0( 1 )-Sn( 1 )-O(2a) 
C(21 )-Sn( 1 )-0(2a) 
Sn( 1 )-0(1 )-C(I) 
0( I)-C(1 )-0(2) 
0(2)-C( 1 )-C(2) 
Cl( 1 )-C(2)-C( 1) 
Sn(l )-C(ll)-C(l2) 
C(12)-C(lI)-C(16) 
C(12)-C(l3)-C(14) 
C(l4)-C(15)-C(16) 
So( 1 )-C(21 )-C(22) 
C(22)-C(21 )-C(26) 
C(22)-C(23)-C(24 ) 
C(24)-C(25)-C(26) 
So( 1 )-C(31 )-C(32) 
C(32)-C(31)-C(36) 
C(32)-C(33)-C(34) 
C(34 )-C(35)-C(36) 
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TABLE 2.8 

Bond lengths (ft.) and anates (0) for [2] 

(standard deviations in parentheses). 

2.221(4) Sn(1 )-C(11) 
2.121(5) So( 1 )-C(31) 
2.351(4) Cl(I)-C(2) 
1.747(8) O(1)-C(1) 
1.237(7) 0(2)-So(18) 
1.525(7) C(ll )-C(12) 
1.381(7) C(12)-C(13) 
1.383(10) C(14)-C(l5) 
1.395(10) C(2l )-C(22) 
1.394(9) C(22)-C(23) 
1.355(13) C(24 )-C(25) 
1.366(9) C(31 )-C(32) 
1.379(10) C(32)-C(33) 
1.345(14) C(34)-C(35) 
1.378(10) 

87.3(2) 0( 1 )-So( 1 )-C(21) 
117.3(2) 0( 1 )-Sn( 1 )-C(31) 
118.1(2) C(21 )-So( 1 )-C(31 ) 
173.4(1) C( 11 )-Sn( 1 )-0(2a) 
90.4(2) C(31 )-Sn( 1 )-O(2a) 
127.4(3) C( 1 )-0(2)-Sn( 1 a) 
126.1(4) ()(I)-C(I)-C(2) 
118.2(5) C1( 1 )-C(2)-CI(2) 
111.4( 4) Cl(2)-C(2)-C( 1) 
120.1 (4) Sn(l )-C( 11 )-C(l6) 
119.3(5) C(11)-C(12)-C(13) 
118.9(6) C(13)-C( 14)-C(15) 
120.3(6) COl )-C(16)-C(15) 
119.7(4) Sn(1 )-C(21 )-C(26) 
118.6(5) C(21 )-C(22)-C(23) 
121.7(8) C(23 )-C(24 )-C(25) 
120.5(7) C(21 )-C(26)-C(25) 
123.1(6) Sn( 1 )-C(31 )-C(36) 
117.7(6) C(31 )-C(32)-C(33) 
119.8(8) C(33)-C(34)-C(35) 
119.6(8) C(31 )-C(36)-C(35) 

2.116(6) 
2.121(6) 
1.723(7) 
1.2!i0(6) 
2.351(4) 
1.389(8) 
1.386(10 
1.339(11 
1.385(10 
1.369(9) 
1.359(13 
1.364(9) 
1.385(12 
1.365(11 

88.2(2) 
96.3(2) 
124.6(2 
87.6(2) 
89.8(2) 
146.2(3 
115.7(5 
110.7(4 
109.1(5 
120.6(4' 
120.4(5: 
121.5(7: 
119.7(6) 
121.7(5) 
119.3(7) 
119.6(7) 
120.3(7) 
119.1(4) 
121.4(8) 
120.4(8) 
121.1(6) 



a) Bond lengths 
Sn( 1 .i-D( 1 ) 
Sn( 1 '>-C( 9 ) 
Sn( 1 .i-O( J .> 
C 1 ( :2 .i-C( 1 ) 
O( 1 )-C(:2'> 
C<'1)-C(:2) 
C(4'>-C(J) 
C( 6 .>-C( 7 .> 
C( 8 )-C( J) 
C( 1 t1)-C( 9 .> 
C( 12 )-LX 13 .> 
C( 14 .>-C( 9 .> 
C( 18 )-C( 1 7) 
C( 21;1 )-C( 21 .> 
C( 22 '>-C( 1 7 .> 

b) Bond angles 

O( 1 )-Sn(" 1 .>-C( 3'> 
C( 3 )-Sn( 1 )-C( 9) 
C(J)-Sn(1'>-C(17) 
O( 1 '>-Sn( 1 .!-O( J .> 
C( 9 )-Sn( 1 .!-O( J .> 
Sn( 1 )-O( 1 '>-C( 2 .> 
Cl(l)-C(I)-Cl(J) 
C 1 ( 1 )-C( 1 )-C( 2 .> 
C 1 ( J )-C( 1 )-C( 2 .> 
O( 1 )-C( 2 )-C( 1 .> 
C( 5 )-C( 4 )-C( J'> 
C(5)-C(6)-C(7) 
C( 7 )-LX 8 )-(X J) 
Sn( 1 )-C( J )-C( 8 ) 
C(11)-C(10)-C(S) 
C( 11 )-C( 12 )-C( 1 J) 
C(IJ)-C(14)-C(9) 
Sn( 1 )-(X 9 )-C( 1 4 ) 
C(19)-C(18)-C(17) 
C(19)-C(20)-C<'21) 
C(21.!-C(22)-C(17) 
Sn(1)-C(17)-C(22) 
Sn( 1 )-O( J )-CC 16'> 
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TABLE 2.9 

Bond lengths (A) and angles (0) for [3] 

(standard deviations in parentheses). 

2 .168( J.> 
2.11 S( 3'> 
2.4l14(4) 
1 . 751 (5'> 
1 . 28J( 5'> 
1 .548<' 8 .> 
1.395 
1.395 
1.395 
1.395 
1.395 
1.395 
1.395 
1.395 
1.395 

96. 2( 2) 
117.1(2'> 
127.9(2) 
178. O( 2'> 

91;1. 1 <' 1 .> 
121.0(3) 
H18. 2( J.! 
111:1. 8( 4 ) 
!t16.6(4) 
111.6<'5) 
120. 1;1 
128.0 
120.1;1 
118. 7( 1 .> 
121:1.1;1 
12t1. t1 
121:1.1:1 
121:1. 1 <" 1 .> 
121:1. t1 
121:1. 1:1 
121:1. t1 
118.1(1) 
124.6(3) 

Sn(I)-C(J) 
Sn( 1 )-C( 17) 
Cl( 1 )-C( 1 .) 
C1<'3)-C(I) 
0(2)-C(2) 
C(4)-C(5) 
C( 5 )-C( 6'> 
C(7)-C(8) 
C( It1)-C( 11'> 
C<' 11 )-C( 12 .> 
C(13)-C(14) 
C(18)-C(19) 
C(19)-C(:21:1) 
C(21)-C(22) 
0(3)-C( 16) 

:2.1 f32( 6'> 
2. 12tl( 4.> 
1 . ?68( 5) 
1.761f7.> 
1 . 21;1t1( 7 .> 
1.395 
1.395 
1.395 
1.395 
1.395 
1.395 
1.395 
1.395 
1.395 
1.435(8) 

O(1'>-Sn(1)-C(9) 
O(1)-Sn(1)-C(17) 
C(9)-Sn(1)-C(17'> 
C(3)-Sn(1)-O(J) 
C( 1 7 )-$n( 1 .>-O( J'> 
C1( 1 )-C( 1 )-C1(2) 
C 1 (' 2 )-C( 1 )-C 1 <' 3 .> 
C1 (2 )-C( 1 )-C( 2) 
O( 1 )-C( 2 )-o( 2'> 
o( 2 )-C( 2 )-C( 1 .> 
C( 4 )-C( 5 .>-C( 6'> 
C(6)-C(7'>-C(8) 
Sn( 1 )-C( 3 )-C( 4) 
C( 4 )-C( 3 )-C( 8 ) 
C(18)-C(11)-C(12) 
C(12)-C(13)-C(14) 
Sn(1)-C(9)-C(1tl.> 
C( 1 t1 )-C( 9 )-C( 14 .> 
C(18)-C(19)-C(29) 
C(29)-C(21)-C(22) 
Sn(I)-C(17)-C(18) 
C(18)-C(17)-C(22) 

89. tl( 1 ) 
94. 6( 1 .> 

113. 9( 2'> 
85.8(2) 
84. 2( 1 .> 

It18.6(J.> 
1 t19. 9( 4.> 
112. 7( 4) 
127.5(5) 
121:1. 8( 4 .> 
121:1.0 
12l:1. t:1 
121 . J( 1 .> 
12t1.1:1 
128.1:1 
12t1. t1 
119. 7( 1 .> 
l2t1. t:1 
121:1. t:1 
120.0 
121 . S( 1 .> 
12t1.1;1 



a) Bond lengths 

Sn(l)-O(l) 
Sn(l)-C(21) 
Cl(l)-C(2) 
Cl(3)-C(2) 
O(2)-C(l) 
C(11)-C(12) 
C(12)-C(13) 
C(14)-C(15) 
C(21)-C(22) 
C(22)-C(23) 
C(24)-C(25) 
C(31)-C(32) 
C(32)-C(33) 
C(34)-C(35) 

b) Bond angles 

O(l)-Sn(l)-C(ll) 
C(11)-Sn(l)-C(21) 
C(11)-Sn(1)-C(31) 
Sn ( 1 ) -0 ( 1 ) -C ( 1 ) 
O(1)-C(1)-C(2) 
Cl(1)-C(2)-Cl(2) 
Cl(2)-C(2)-Cl(3) 
Cl(2)-C(2)-C(1) 
Sn(1)-C(11)-C(12) 
C(12)-C(11)-C(16) 
C(12)-C(13)-C(14) 
C(14)-C(15)-C(16) 
Sn(I)-C(21)-C(22) 
C(22)-C(21)-C(26) 
C(22)-C(23)-C(24) 
C(24)-C(25)-C(26) 
Sn(I)-C(31)-C(32) 
C(32)-C(31)-C(36) 
C(32)-C(33)-C(34) 
C(34)-C(35)-C(36) 

·37· 

TABLE 2.10 

Bond lengths (A) and angles (0) for [4] 

(standard deviations in parentheses). 

2.076 ( 3 ) Sn ( 1 ) -C ( 11 ) 
2.11!s (4 ) Sn(1)-C(31) 
1.128 (6 ) Cl(2)-C(2) 
1.153 (6) O(l)-C(l) 
1.191 (6) C(1)-C(2) 
1.381 (1) C(11)-C(16) 
1.351 (1) C(13)-C(14) 
1. 348 (9 ) C(15)-C(16) 
1.383 (6 ) C(21)-C(26) 
1.392 (8) C(23)-C(24) 
1. 363 (1) C(25)-C(26) 
1.384 (6) C(31)-C(36) 
1.382 (1) C(33)-C(3.) 
1.364 ( 8 ) C(3!S)-C(36) 

103.9(2) 0(1)-Sn(1)-C(21) 
111.9(2) 0(1)-Sn(1)-C(31) 
112.0(1) C(21)-Sn(1)-C(31) 
113.0(3) 0(1)-C(I)-O(2) 
113.1(4) 0(2)-C(1)-C(2) 
109.5(3) Cl(1)-C(2)-Cl(3) 
108.4(3) Cl(1)-C(2)-C(1) 
101.2(3) Cl(3)-C(2)-C(I) 
119.5(3) Sn(I)-C(11)-C(16) 
119.2(4) C(11)-C(12)-C(13) 
120.4(6) C(13)-C(14)-C(15) 
120.5(6) C(11)-C(16)-C(I!S) 
121.5(3) Sn(I)-C(21)-C(26) 
119.2(4) C(21)-C(22)-C(23) 
120.3(5) C(23)-C(24)-C(25) 
120.5(5) C(21)-C(26)-C(25) 
122.0(3) Sn(1)-C(31)-C(36) 
118.2(4) C(31)-C(32)-C(33) 
121.5(5) C(33)-C(34)-C(35) 
119.6(5) C(31)-C(36)-C(35) 

2.120 ( 4 ) 
2.129 (4 ) 
1.733 (6 ) 
1.281 ( !S ) 
1.541 (1) 
1. 311 ( 1 ) 
1.361 ( 10) 
1.395 ( 1 ) 
1.381 ( 1 ) 
1.316 (9 ) 
1.382 ( 1 ) 
1. 381 (6 ) 
1.351 (1 ) 
1.391 (8 ) 

111.!S(l) 
94.8(1) 

113.8(2) 
126.1(4) 
120.7(4) 
109.!S(2) 
111.9(4) 
110.2(4) 
121.2(3) 
120 .• (6) 
120.3(5) 
119.2(5) 
119.3(3) 
119.8(5) 
119.8(!S) 
120.4(4) 
119.8(3) 
120.0(4) 
119.1(5) 
121.0(!S) 



a) Bond leqtbs 

Te ( 1 ) -0 ( 11 ) 
Te(1)-C(11) 
Te(1)-C(31) 
Cl(2)-C(2) 
0(1) -C ( 1 ) 
C (1) -C (2) 
C(11)-C(16) 
C(13)-C(14) 
C(15)-C(16) 
C(21)-C(26) 
C(23)-C(24) 
C(25)-C(26) 
C(31)-C(36) 
C(33)-C(34) 
C(35)-C(36) 

b) Bond angles 

C( 11)-Te ( 1)-C(21) 
C(21)-Te(1)-C(31) 
0(1)-C(1)-C(2) 
Cl(1)-C(2)-Cl(2) 
Cl(2)-C(2)-Cl(3) 
Cl(2)-C(2)-C(1) 
Te(1)-C(11)-C(12 ) 
C ( 12 ) - C : J 1 ) - c ( 1 b ; 
C(12)-C(13)-C(14) 
C(14)-C(15)-C(16) 
Te(1)-C(21)-C(22) 
C(22)-C(21)-C(26) 
C(22)-C(23)-C{24) 
C(24)-C(25)-C(26) 
Te(1)-C(31)-C{32) 
C(32)-C(31)-C(36) 
C(32)-C(33)-C(34) 
C(34)-C(35)-C(36) 

- 38 -

TABLE 2.11 

Bond lengths (A) and angles (0) (or [5] 

(standard deviations in parentheses). 

2.735 (4 ) Te(1)-0(2a) 
2.106 ( 4 ) Te(1)-C(21) 
2.104 (4 ) Cl(1)-C(2) 
1.769 (4 ) Cl(3)-C(2) 
1.231 ( 5 ) 0(2)-C(1) 
1.574 (5 ) C(11)-C(12) 
1.371 (6 ) C(12)-C(13) 
1.370 (7 ) C(14)-C(15) 
2..387 (6 ) C(21)-C(22) 
1.372 (6 ) C(22)-C(23) 
1.352 (7 ) C(24)-C(25) 
1.366 ( 6 ) C(31)-C(32) 
1.367 ( 6 ) C(32)-C(33) 
l . .3 46 ( 7 ) C(3 4 )-C(3 5 ) 
: . 383 (6 ) 

94.4(2) C(11)-Te(1)-C(31) 
92.9 ( 1 J 0(1)-C(1)-0(2) 

113.5(4) o ( 2 ) -C ( 1 ) -C ( 2 ) 
108.2(2) Cl(1)-C(2)-Cl(3) 
109.1 ( 2) Cl(1)-C (2)-C(1) 
:'08.2(3) C l ( 3 ) -C ( 2 ) -C ( 1 ) 
·~18.1(:3) ~e(1)-C(11)-C(16) 
~ 21 . f.. t ; : C ( 11 ) -C ( 12 ) -C ( 13 ) 
120.8 (4) C(13)-C( 14)-C(15 ) 
120.0(4) C(11)-C(16)-C(15) 
122.3(3 ) Te(1)-C(21)-C(26) 
119.8(4) C(21)-C(22)-C(23) 
120.6(4) C(23)-C(24)-C(25) 
120.6(4) C(21)-C(26)-C(25) 
115.4(3 j Te(1)-C(31)-C(36) 
121.2(4 ) C(31)-C(32)-C(33) 
121.1(5) C(33)-C(3 4 )-C(35) 
120.1(4) C(31)-C(36)-C(35) 

3.225 (4 ) 
2.127 ( 4 ) 
1.753 ( 4 ) 
1.757 (4 ) 
1. 211 (5 ) 
1.377 (6 ) 
1.377 (7 ) 
1.376 ( 7 ) 
1.384 (5 ) 
1.377 ( 6) 
1.369 ( 7 ) 
1.386 ( 6 ) 
1.376 (7 ) 
1.378 (7 ) 

:00.8( : 
130.2(4 
116.2 (:: 
108.0(~ 

113.2( ~ 

110.1( ~ 

120.2 (:; 
118.7 '.:'. 
120.0(~ 

119.0(4 
117.5(2 
119.4(4 
120.0(4 
119.7(4 
123.3(2 
118.5(4 
120.3(4 
118.8(4 
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Table 2.12: Infra-red(cm-l) and lH-n.m.r.(ppm) data 

M.R vlU)/_ v~ tlv InL S 

Sn.CH]I! 1548 1420 128 

Sn.CH2CI [1] 1575 1400 155 15,1.9 7.5-8.0,4.2 

Sn.CHCh [2] 1595 1330 195 15.0.8 7.5-8.0.6.05 

Sn.CCh [4] 1680 1330 350 7.5-8.0 

Te.CH3 164O(b) 1370 270 

1290 350 

Te.CCh [5] 1660 1305 355 7.5-8.0 

Table 2.13: Selected bond lengths for tin carboxylates. 

Compound [1] [2] [4] 

R CH)lI CH2CI CHCh CCh 

Sn-Ol 2.219(6) 2.195(3) 2.221(3) 2.076(3) 

Sn-02 2.349(3) 2.364(3) 2.351(4) 

~Sn-O 0.130 0.169 0.130 

C-Ol 1.263(5) 1.248(5) 1.250(6) 1.281(5) 

C-02 1.251(5) 1.257(5) 1.237(7) 1.197(6) 

~C-O 0.012 0.009 0.013 0.084 

repeat dist. 5.488 5.086 5.557 
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CHAPTER 3 

The Crystal Structure of Two Dlphenyltin 

Dicarboxylates and One Diphenyltellurlum Dicarboxylate 

Diorganotin biscarboxylates have been known for many years, the first preparations being 

by Cahours1 and Kulmiz2 in 1860. Since then many studies have taken place using IR3, 

Moessbauer4, \3C- and 119Sn-n.m.r.s.6.7. Many of the compounds prepared used alkyl organo 

groups, since these have proved more industrially useful. These types of compound tend to be 

highly hygroscopic and do not show sharp melting points. Biscarboxylates are used extensively in 

industry for the light stabilisation of PVC sheeting and there is also interest in their structure due 

to their catalytic use in the isocyanate/hydroxyl reactions. Until 1987, when Lockhart et al.9 pub

lished the structure of Me2Sn(OAc)z, no structures were known. The data collected from the other 

techniques supported a monomeric structure (I) in solution, but three structures had been pro

posed for the solid state (I, II and UI). Lockhart found structure (I) in the solid state as well. Very 

recently. a further compound was structurally characterised, (n-BuhSn(0-NH2CJl4COOHo. This 

is reported as being a bicapped tetrahedron or a very distorted octahedron. In addition to the long 

interactions to the acyl oxygens, there are also intermolecular interactions distorting the structure. 

R 

-<)'1"'" I '~"\\\ 
"Sn 

I 
R 

R A R 

-<>ll" I." 1/,,1 .. ,\\\',-
""Sn 'sn'~ 

!y! 
II III 

The first diorganoteUurium biscarboxylates were prepared by Vernonll in 1920 when he 

synthesised the dimeihyltellurium bisbenzoate and picrate complexes by the use of silver car

boxylates. In 1926, Drewl2 prepared a diacetate with the tellurium as part of a cyclic organic 

moeity. Although these, unlike the tin complexes, were stable, moderately high melting point 
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crystals, the first structure was not undenaken until 1984 when Bulgarevich et alll and Alcock et 

al 14 examined the diphenyltellurium bistrifluoroacetate and bis-p-methoxyphenyltellurium 

bistrifluoroacetate respectively. 

It was of interest to extend the range of structures known, especially in the case of tin where 

different possibilities were available for the structure, and compare the tin and tellurium com

plexes to study the differences the lone pair on the tellurium produces. Of further interest was the 

secondary bonding that tin and tellurium complexes have already been shown to adopt to increase 

the electron density on the metal. To this end three structures have been characterised, diphenyl

tin bisacetate [6], diphenyltin bismonochloroacetate [7] and diphenyltellurium bistrichloroacetate 

[8]. 

3.2 Results 

From Infra-red studies (Table 3.8) it can be seen that all the carboxylate stretches have a flv 

greater than 200cm-1• As stated earlier in Chapter 2, Deacon and PhillipslS proposed that a value 

greater than 200-26Ocm-1 for halocarboxylate complexes indicated unidentate behaviour. This is 

proved correct in all of the structures, which have primarily unidentate carboxylates, the secon

dary bonds being quite long. The increasing value for flv down the table is expected due to the 

increased acidity of the carboxylate. The exception, Ph2Sn(~CCHChh, is probably due to the 

mull being of the crude, uncrystallised product. 

The structure of [6], Ph2Sn(02CCH3h (Figure 3.1), is based on a very distorted tetrahedron. 

The distortion arises from long interactions between the Sn and the carbonyl oxygens (average 

distance=2.SSSA). This forces the phenyl carbon atoms apart, opening the angle between them to 

131.4(2)°, and closing the angle between the primary bonded oxygens, 02 and 03, to 82.0(2)°. 

The angle between the planes CII-Snl-C21 and 02-Snl-03 is only altered slightly, with a 3.9° 

deviation from the expected 90.00 position. The molecule forms discrete monomeric units in the 

solid state as is shown in the packing diagram (Figure 3.2). 

The structure of [7], Ph2Sn(OCOCH2Clh (Figure 3.3), is similar to that of [6] except that 

the CII-Snl-C21 angle opens out funher to 147.2(2)°, the 02-Snl-03 angle staying close to that 

of [6] at 82.3(2)°. The angle between the planes is again 93.9°. However, in the solid state the 

molecules are ordered along the c-axis, instead of being discrete, by means of Van der Waals 
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interactions between the tin bonded oxygens, 02 and 03, and the neighbouring tin atom (Figure 

3.4). These interactions, 3.461(6)A and 3.552(6)A respectively, are approaching, but less than 

the sum of the Van der Waals radii16, and clearly have a large effect in the packing of the 

molecule in the lattice. In contrast. the nearest intermolecular contact for [6] is 5.396A. 

Structure [6] is similar to two compounds already reported, Me2Sn(OAch and 

Me2Sn(N~)2' with the bidentate ligands bonding to the primary tin atom only, giving monomeric 

units9.17• [7], which would also be expected to adopt this structure fonns two extra secondary 

bonds to a neighbouring tin atom forming a chain structure in the solid state. This is reflected in 

the increased density of this compound over [6] due to the more ordered packing. These long 

interactions are presumably due to the more electronegative carboxylate removing electron den

sity from the tin atom, requiring it to make extra bonds to be stable. EtzSnh also adopts this type 

of packing. raising the coordination of the tin from four to six to assuage the Lewis acidity of the 

tiniB. Et2SnCh and Et2SnBr2 also increase their coordination from four to six. though the structure 

adopted is slightly different since the halogens bond to two different neighbouring tin atoms lB
• In 

this way a better octahedral geometry is fonned, presumably this is not possible for [7] or the 

iodo-compound due to steric reasons. Interestingly Ph2SnCl:l9 fonns discrete monomeric units. 

Since the phenyl moeity is more electronegative than the ethyl this must be a consequence of the 

inereased sterie bulk of the phenyl group. 

The asymmetric unit for [8]. Ph2Te(OCOCChh. consists of two half molecules. the other 

halves being generated by the 2-fold axis. The molecules sit close together in the solid state. with 

the phenyl rings pointing out from the centre of the dimer. while the carboxylates point in (Figure 

3.5). The carbonyl oxygens are bonded to both tellurium atoms by long range interactions which 

are shorter than the sum of the Van der Waals radii at 3.60A (range=3.032-3.250A). The 

geometry of the tellurium atoms can be thought of in two ways. Firstly. considering only the pri

mary bonds the molecules are based on distorted trigonal bipyramids. as expected from VSEPR 

theory20.the bond angles 03-Tel-03A and C5-Tel-C5A being reduced from 180 and 120" to 

167.3(2) and 98.9(3)0 respectively due to the effect of the lone pair which sits on the axis between 

the tellurium atoms. Secondly. it is possible for the lone pair to be non-sterically active2l • If this 

is the case then the structure is a distorted octahedral complex. 03 and 03A are the axial groups. 

with C5.C5A.02 and 02A making up the equatorial plane. The angles are all near 180" at 

167.3(2). 161.4(2) and 161.4(2)0 respectively. The distonions arise from the two secondary bonds 
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from 02 and 02A not being in the primary coordination sphere. This is perhaps the most plausi

ble explanation because with the Tel-Te2 distance beina 3.793(4)A, shoner than the sum of the 

Van der Waals radii (4.40A) the lone pair/lone pair repulsion would be expected to be quite large. 

The actual answer probably lies somewhere between these two extremes. The trichloroacetates 

themselves are skewed with respect to each other by an angle of 53.3°. The packing diagram (Fig

ure 3.6) shows the molecules lying in planes bounded by chlorines. The closest intermolecular 

distance between these planes is CI(6)-CI(6)=3.376A. The tellurium compound, [8], increases its 

coordination by forming a dimer rather than a chain. This has been noted for two previous struc

tures, Ph2Te(~CCF3);P and (p-Me04H.nTe(02CCF3H". In both these structures, though, only 

one carboxylate is participating in secondary bonding, the other hangs free. In this geometry there 

is a vacant site left for the lone pair, trans to one of the aryl groups, pointing out of the dimer, and 

therefore the lone pair is sterically active. In [8] the shon Tel-Te2 bond distance and four bridg

ing carboxylates precludes the possibility of the lone pair being totally sterically active. Non

sterically, or partially, active lone pairs have been witnessed previously by Drew et al22 and 

Schmidt et al23 and discussed by Shustorovich and Dobosh21 as "quasi lone pairs" (QLP's). 

The comparison of the tin and tellurium dicarboxylate systems is simplified by the fact that 

the lone pair of the tellurium is sterically inactive. Both systems form four primary and two 

secondary bonds. The average primary Sn-O bond (2.087A) and average primary Te-O bond 

(2.156A) show a difference of -0.07A, which is compatible with the difference in size of the SnIV 

and TeN covalent centres. The difference between the two systems arises from the secondary 

bonds. In the case of tin, the secondary bonds are formed to the acyl oxygen of the bound car

boxylate, thus forming a monomeric unit. In the tellurium system a dimer is formed and the 

secondary bonds are to a neighbouring acyl oxygen. 

3.3 Experimental 

3.3.1 Synthesis of Compounds 

Ph2SnCh was purchased from Aldrich and used as received. 

Silver Carboxylates 
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Ag20 and the appropriate acid were stirred in distilled water. The water was reduced using a 

rotary evaporator until crystallisation occurred. The flask was cooled in a refrigerator and the 

product filtered off. Repeated reduction of the solvent volume and filtration gave a good yield of 

white crystals. These were used immediately or stored wrapped in foil in a dessicator. Infra-red 

spectra show that these compounds are anhydrous. 

Diphenyltin dicarboxylates 

Ph2SnCh and A~CMe (1:2) were refluxed in dry hexane for 3hrs. The hot solution was 

filtered to remove AgCl and then removed on a rotary evaporator. The product was recrystallised 

from hot petroleum ether (30-4()0bpt.). For the mono-chloroacetate compound CH2Ch was used 

as the solvent. Crystals were obtained by liquid diffusion using CH2Cl2lpetroieum ether (30-

4<rbpt.). Suitable crystals could not be isolated for the di~hloroacetate complex. most solvents 

giving very thin platy crystals, and the spectroscopic data recorded is from the crude product The 

bistrichloroacetate complex was not isolated. Hydrolysis of the product is suspected here, from 

comparison with the monocarboxylates. 

Dlpbenyltellurlum dlcarboxylates 

Ph2TeCh and the sodium salt of the respective acid (acetic and trichloroacetic) (1:2) were 

stirred in dry benzene (3Ocm3) for 24hrs. The solution was filtered through Celite to remove the 

NaCI and the solvent removed by rotary evaporation. The white product was recrystallised from 

CC!JHexane by liquid diffusion. 

3.J.l Spectroscopic Data 

Infra-red data was recorded on a Perkin-Elmer 580B spectrophotometer in the range 4000-

400cm-1 using KBr discs with Nujol Mull. IH-n.m.r. spectra in the range O-lOppm were recorded 

on a Perkin-Elmer R34. Results are listed in Table 3.8. 

3.J.J X-Ray Crystallography 
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All data sets were recorded at 293K with Mo-Ka radiation at 0.71069A. Standard 

reflections were measured every 200 reflections and showed slight changes during the data coHec

tion(1, 1 and 10% for [6],[7] and [8] respectively). The data was processed using profile analysis 

and corrected for Lorentz, polarisation and absorption effects, the last by the Gaussian method. 

The cell parameters were calculated from 15 reflections with 29 between 20 and 22°. All non

hydrogen atoms were refined anisotropically. Hydrogen atoms were insened at calculated posi

tions and not refined. Their temperature factors were fixed at 0.07.1.2• Methyl groups in [6] were 

treated as rigid CH3 units, their initial orientation taken from the strongest H-atom peaks on a 

difference Fourier synthesis. Computing was with SHELXTL2A on a Data General 0030. Scatter

ing factors in the analytical form and anomalous dispersion factors were taken from International 

Tables2!i. Data collection parameters are listed in Table 3.1. Atomic coordinates are in Tables 

3.2-3.4 and bond lengths and angles in Tables 3.S-3.7 for [6], [7] and [8] respectively. Views of 

the molecules and packing diagrams are shown in Figures 3.1-3.6. 

Diphenyltin Diacetate [6] 

Systematic absences hOO,h=2n+1, OkO,k=2n+l, 00I,I=2n+1 gave the space group as P212121. 

The Panerson synthesis gave the heavy atom at 0.855,0.500,0.604. P212121 has no special posi

tions and so the y coordinate was not fixed. This finally refined to 0.48369(4). The remaining 

non-hydrogen atoms were located by difference Fourier synthesis. 

Dipbenyltin Bis-monocbloroacetate [7] 

Systematic absences hOl,I=2n+ 1 and hkO,h=2n+ 1 indicate space groups P21ca or Pmca. 

These are non-standard settings of Pea2 t and Pbcm respectively. From density calculations the 

expected number of molecules per unit cell was 4, giving p-1.81. Pea21 was therefore initially 

chosen for the refinement but did not give encouraging results. The space group was changed to 

Pbcm with the condition that the heavy atom must lie on Z= 1/4. The Patterson synthesis gave the 

heavy atom at 0/4,1/4,1/4). Since x and y are not tied to 1/4 they were given initial values of 

0.246 and 0.254. Refinement then proceeded smoothly. 

Dipbenyltellurium Bis-tricbloroacetate [8] 
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The data was taken as an I-<:entred monoclinic cell (original cell 21.2173.1., 11.2422.1., 

19.2085.1.,900, 103.61°, 9()0). After the data collection this was transfonned to give a C-centred 

monoclinic cell using the cell transfonnation program ·CRYSTAL'. Analysis of the systematic 

absences for the l-centted cell gave probable space groups of la or 12/a. From density calculations 

eight molecules were expected. This gave 12/a as the most likely choice. On transformation of the 

cell this gives the standard space group C2/c. This choice was proved correct by good refinement. 

Two heavy atoms were found by the Patterson synthesis, with half occupancy at Q,y,3/4. These 

positions were used and gave good refinement. Residual electron density is located in the rotation 

circles of the CCh groups. 
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0(1) 

FIGURE 3.1 View of the molecule of [6]. showing atomic numbering scheme. 
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FIGURE J.l Packing diagram for [6]. 



- 52-

FIGURE 3.3 View of one molecule of [7], showing atomic numbering scheme. 



- 53-

FIGURE 3.4 View of the packing of [7J. 
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FIGURE 3.5 View of the dimer of [8], showing atomic numbering scheme. 
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FIGURE 3.6 Packing diagram for [8]. 
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Table 3.1: Crystal data and data collection parameters 

Compound [6] [7] [8] 

Fonnula Cl~1604Sn Cl~1404ChSn CI~lo04C161re 

Mass(gmol-I) 390.99 459.88 606.85 

DeGlc. (gcm-3) 1.58 1.81 1.81 

Z 4 4 8 

Crystal System Orthorhombic Orthorhombic Monoclinic 

Systematic Absences hOOh=2n+l hOll=2n+l hk1 h+k=2n+ 1 

OkOk=2n+l hkOh=2n+l hOI h,I=2n+ 1 

0011=2n+l 

Space Group P212121 Pbcm (rot) C2/e (trans) 

a(A) 8.512(2) 9.909(6) 25.047(9) 

b(A) 9.038(2) 17.782(11) 11.242(8) 

C(A) 21.309(6) 9.599(7) 19.208(6) 

a(0) 

pea) 124.58(3) 

)(O) 
U(A3) 1639.2(0.7) 1691.5(1.7) 4453.2(4.3) 

J.L{cm-l) 15.7 18.5 21.3 

F(OOO) 776 904 2336 

Crystal Size(mm) 0.SXO.3xO.l 0.6XO.4XO.4 0.2XO.4XO.2 

Max. Trans. 0.8739 0.6318 0.6887 

Min. Trans. 0.6942 0.5511 0.5201 

Scan Rangee) +1- 1.0 +1.2,-1.0 +1.2,-1.0 

Scan Rateemin-I) 2.0 2.0 3.0 

Max. 29CO) SO 50 SO 

Refs. Collected 1704 1596 3937 

Refs. Observed 1575 1409 2916 

R(final) 0.0283 0.0462 0.0424 

R ... 0.0311 0.0493 0.0475 

g 0.00074 0.03656 0.00044 

Max. on final Fourier +0.3,-0.8 +0.6,-2.3 +0.5,-0.6 

Max. ala 0.013 0.011 0.019 

No. of Parameters .196 207 100 

rot - rotated from Pmca, trans - transformed from I2/a 
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TABLE 3.1 

Atomic: coordiDates (xU)') for [6] (with standard deviations in parentheses). 

atom x y z U 

Sn(1) 8567.0(4) 4836.9(4) 6040.1(2) 41(1)* 
0(1) 8681(5) 7517(5) 6458(2) 61(1)* 
0(2) 10163(5) 5624(4) 6697(2) 55(1)· 
0(3) 9975(5) 2963(4) 6100(2) 57(1)* 
0(4) 8062(6) 2444(5) 5460(2) 70(2)· 
C(1) 9797(7) 7033(7) 6750(3) 51(2)-

C(2) 10782(10) 7933(10) 7181(3) 81(3)· 
C(3) 9270(9) 2049(7) 5717(3) 59(2)· 
C(4) 10043(13) 611(8) 5617(4) 93(3)· 
C(ll) 9039(6) 5746(5) 5143(2) 42(2)-

CO2) 10115(7) 5084(7) 4760(3) 53(2)· 
C(3) 10366(8) 5659(8) 4166(3) 65(2)-

C(14) 9537(9) 6850(8) 3957(3) 74(3)· 

C(5) 8452(9) 7525(8) 4346(3) 69(2)· 
C(16) 8196(8) 6976(6) 4940(3) 56(2)· 
C(21) 6438(7) 4512(7) 6528(3) 53(2)-
C(22) 6183(7) 5256(8) 7104(3) 62(2)-
C(23) 4796(9) 5098(12) 7407(4) 89(3)-

C(24) 3618(10) 4266(11) 7156(5) 109(4)-
C(25) 3831(9) 3581(11) 6611(5) 105(4)* 
C(26) 5257(9) 3685(8) 6283(4) 75(3)* 

- Equivalent isob"Opic U deftned as one third of the traCe of the 

onhogonalised Uij tensor. 
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TABLE 3.3 

Atomic coordinates (xlO") for [7] (with standard deviations in parentheses). 

Atom x Y z U 

Sn(l) 2423.8(4) 2526.8(2) 2500.0 30(1)· 
Cl(l) -2550(2) 3510(2) 1591(5) 62(1)· 
Cl(2) 7310(2) 1494(2) 1316(5) 63(1)· 
o ( 1) 4825(4) 2054(3) 2131(5) 41(1)· 
0(2) 3160(6) 2310(3) 825(7) 36(1)· 
0(3) 1049(5) 2118(4) 881(6) 40(1)· 
0(4) 12 (4 ) 2991(3) 2844(5) 43(1)* 
C(21) 4181(6) 2084(4) 1468(6) 38(2)· 
C(22) 5883(1) 1816(5) 489(8) 53(2)· 
C(23) 24(6) 2986(4) 1513(6) 38(2)· 
C(24) -1102(7) 3256(5) 660(8) 53(2)* 
C(l) 1842(5) 1434(3) 3092(1) 30(2)· 
C(2) 704(5) 1118(3) 2562(7) 39(2)· 
C(3) 318(1) 390(4) 2883(1) 55(2)* 
C(4) 1043(7) -10(3) 3811(7) 50(2)* 
C(5) 2190(7) 283(4) 4314(8) 60(3)* 
C(6) 2611(7) 1002(4) 4019(9) 54(3)* 
C(1) 3028(5) 3614(3) 3151(1) 30(2)· 
C(8) 4083(5) 3967(3) 2467(7) 39(2)· 
C(9) 4482(6) 4668(4) 2895(6) 41(2)* 
C(lO) 3834(1) 5024(3) 3915(7) 54(2)* 
C(11) 2803(7) 4691(5) 4644(9) 51(3)* 
C(12) 2351(6) 3994(4) 4251(8) 48(2)· 

• Equivalent isotropic U defined as one third of the trace of the 

the onhogonalised V ij tensor. 
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TABLEJ.4 

Atomic coordinates (xIO') for [8] (with standard deviations in parentheses). 
Atoll x Y z U 

Te(l) 00.0 1724.4(5) 7500.0 53(1)· 
Te(2) 00.0 -1649.7(5) 7500.0 53(1)· 
Cl(l) 413(2) -1787(3) 10363(2) 149(2)· 
Cl(2) 1352.0(14) 44.8(20) 10823.8(13) 118(2)· 
Cl(3) 1607.0(13) -2322.3(27) 10563.8(15) 151(2)· 
Cl(4) -2336.2(11) -72.6(20) 6844.9(17) 117(2)* 
C1(5) -2209.9(13) 2388.9(2&) 6929.0(26) 175(3)· 
Cl(6) -2293.3(11) 1153.6(45) 5596.2(14) 194(2)* 
0(1) 361(2) -1886(4) 8815(2) 65(2)* 
0(2) 816(3) -108(4) 9057(3) 93(3)· 
0(3) -999(2) 1936(4) 7052(3) 62(2)* 
0(4) -959(2) 177(4) 7601(3) 74(3)* 
C(l) 703(3) -1020(6) 9277(3) 63(3)· 
C(2) 986(3) -1250(7) 10214(4) 81(4)· 
C(3) -1247(3) 1028(5) 7167(3) 57(3)· 
C(4) -1997(3) 1109(6) 6661(4) 73(4)· 
C(5) 242(3) 2942(5) 8471(4) 53(3)· 
C(6) 805(3) 2774(6) 9262(4) 68(4)· 
C(7) 966(4) 3576(7) 9897(4) 81(4)· 
C(8) 576(5) 4521(8) 9743(5) 89(6)· 
C(9) 8(4) 4676(6) 8956(5) 81(5)· 
C(10) -157(3) 3888(6) 8323(4) 69(4)· 
C(11) -735(3) -2844(5) 7272(4) 57(3)· 
C(12) -1028(3) -2653(6) 7696(4) 77(4)· 
C(13) -1534(4) -3389(7) 7500(6) 104(7)· 
C(14) -1739(4) -4264(8) 6916(6) 111(6)· 
C(15) -1448(4) -4458(7) 6512(5) 96(5)· 
C(16) -937(3) -3730(6) 6686(4) 72(4)· 

• Equivalent isotropic U defined as one third of the trace of the 

onhogonalised Vij tensor. 



a) Bondlengtbs 

Sn(1)-O(1) 
Sn(1)-O(3) 
Sn(I)-C(11) 
0(l)-C(1) 
0(3)-C(3) 
C(1)-C(2) 
C(1l)-C(12) 
C(12)-C(13) 
C(14)-C(15) 
C(21)-C(22) 
C(22)-C(23) 
C(24)-C(25) 

b) Bond angles 

0(1)-Sn(1)-O(2) 
0(2)-Sn( 1)-0(3) 
0(2)-Sn( 1)-0(4) 
0(1)-Sn(1)-C(11) 
0(3)-Sn( 1 )-C( 11) 
O(I)-Sn( 1)-C(21) 
0(3)-Sn( 1 )-C(21) 
C( 11 )-Sn( 1 )-C(21 ) 
Sn(l )-0(2)-C(1) 
Sn(1)-0(4)-C(3) 
0(1 )-C( 1 )-C(2) 
0(3)-C(3)-O(4) 
0(4)-C(3)-C(4) 
Sn(1 )-C(11 )-C( 16) 
C(l1)-C(12)-C(13) 
C(13)-C(14)-C(15) 
C(ll)-C(16)-C(15) 
Sn( 1 )-C(21 )-C(26) 
C(21 )-C(22)-C(23) 
C(23)-C(24 )-C(25) 
C(21 )-C(26)-C(25) 
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TABLE3.! 

Bond leDltbs (..t) and anal. (0) for [6] 

(standard deviations in parentheses). 

2.583(4) 
2.079(4) 
2.119(5) 
1.216(8) 
1.307(8) 
1.487(10) 
1.365(8) 
1.386(8) 
1.382(10) 
1.417(9) 
1.353(10) 
1.329(15) 

54.7(1) 
82.0(2) 
137.2(2) 
86.6(2) 
105.2(2) 
89.6(2) 
110.6(2) 
131.4(2) 
103.5(3) 
83.5(4) 
124.0(6) 
118.9(6) 
124.8(7) 
119.5(4) 
119.0(6) 
120.0(6) 
119.5(6) 
121.6(5) 
119.8(6) 
119.9(8) 
119.1(8) 

So(1)-O(2) 
Sn(1)-O(4) 
Sn(1 )-C(21) 
0(2)-C(1) 
0(4)-C(3) 
C(3)-C(4) 
C(11)-C(16) 
C(13)-C(14) 
C(15)-C(16) 
C(21 )-C(26) 
C(23)-C(24) 
C(25)-C(26) 

0(1)-Sn(1)-O(3) 
0(1)-Sn(1)-O(4) 
0(3)-Sn(I)-O(4) 
0(2)-Sn(I)-C(11) 
0(4)-Sn(l)-COl) 
0(2)-Sn(1 )-C(21) 
O( 4)-Sn(1 )-C(21) 
Sn(1 )-0(1 )-C(1) 
Sn( 1 )-O(3)-C(3) 
O( 1 )-C( 1)-0(2) 
0(2)-C( 1 )-C(2) 
0(3)-C(3)-C(4) 
Sn(1 )-C(11)-C(12) 
C(l2)-C(11)-C(16) 
C(l2)-C(13)-C(14) 
C( 14 )-C(15)-C( 16) 
Sn(1 )-C(21)-C(22) 
C(22)-C(21 )-C(26) 
C(22)-C(23)-C(24) 
C(24 )-C(25)-C(26) 



a) Bond lengths 

Sn(1)-0(2) 
Sn(l)-C(l) 
Cl(1)-C(24) 
0(l)-C(21) 
0(3)-C(23) 
C(21)-C(22) 
C(1)-C(2) 
C(2)-C(3) 
C(4)-C(5) 
C(7)-C(8) 
C(8)-C(9) 
C(10)-C(11) 

b) Bond angles 

0(2)-Sn(1)-0(3) 
0(3)-Sn(1)-C(1) 
0(3)-Sn(1)-C(7) 
Sn(1)-0(2)-C(21) 
0(1)-C(21)-0(2) 
0(2)-C(21)-C(22) 
0(3)-C(23)-0(4) 
0(4)-C(23)-C(24) 
Sn(1)-C(1)-C(2) 
C(2)-C(1)-C(6) 
C(2)-C(3)-C(4) 
C(4)-C(5)-C(6) 
Sn(1)-C(7)-C(8) 
C(8)-C(7)-C(12) 
C(8)-C(9)-C(10) 
C(10)-C(11)-C(12) 
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TABLE 3.6 

Bond lengths (A) and angles (0) for [7] 

(standard deviations in parentheses). 

2.101(6) 
2.105(6) 
1.753(8) 
1.214(8) 
1.301(8) 
1.514(10) 
1.359(7) 
1.385(9) 
1.361(10) 
1.385(8) 
1.370(8) 
1.344(10) 

82.3(2) 
99.9(2) 

104.8(2) 
100.5(5) 
121.2(6) 
113.1(6) 
121.0(6) 
125.2(6) 
120.5(4) 
117.5(6) 
119.6(6) 
120.5(7) 
119.2(4) 
119.5(5) 
120.7(6) 
121.0(7) 

Sn(1)-0(3) 
Sn(1)-C(7) 
Cl(2)-C(22) 
0(2)-C(21) 
0(4)-C(23) 
C(23)-C(24) 
C(1)-C(6) 
C(3)-C(4) 
C(5)-C(6) 
C(7)-C(12) 
C(9)-C(10) 
C(11)-C(12) 

2.090(6) 
2.118(6) 
1.747(8) 
1.294(8) 
1.220(7) 
1.498(10) 
1. 401 (10) 
1.351(9) 
1.387(11) 
1.421(9) 
1.374(9) 
1.371(11) 

0(2)-Sn(1)-C(1) 
0(2)-Sn(1)-C(7) 
C(1)-Sn(1)-C(7) 
Sn(1)-0(3)-C(23) 
0(1)-C(21)-C(22) 
Cl(2)-C(22)-C(21) 
0(3)-C(23)-C(24) 
Cl(1)-C(24)-C(23) 
Sn(1)-C(1)-C(6) 
C(1)-C(2)-C(3) 
C(3)-C(4)-C(5) 
C(1)-C(6)-C(5) 
Sn(1)-C(7)-C(12) 
C(7)-C(8)-C(9) 
C(9)-C(10)-C(11) 
C(7)-C(12)-C(11) 

104.9(2) 
99.7(2) 

147.2(2) 
101.2(4) 
125.7(6) 
112.4(5) 
113.8(5) 
113.1(5) 
121.9(4) 
122.2(6) 
120.2(6) 
119.9(7) 
121.3(4) 
119.2(6) 
120.8(6) 
118.7(6) 



a) Bond leqtbl 

Te(I)-0(3) 
Te(2)-0(1) 
Cl(1)-C(2) 
Cl(3)-C(2) 
Cl(5)-C(4) 
O(l)-C(l) 
0(3)-C(3) 
C(1)-C(2) 
C(5)-C(6) 
C(6)-C(7) 
C(8)-C(9) 
COl)-C(l2) 
C(I2)-C(l3) 
C(14)-C(15) 

b) Bond angles 

0(3)-Te(1)-C(5) 
C(5)-Te( 1 )-0(3a) 
0(1)-Te(2)-C(11) 
C(11)-Te(2)-0(Ia) 
Te(2)-O( 1 )-C( 1) 
0(1)-C(1)-O(2) 
0(2)-C( 1 )-C(2) 
CI(l )-C(2)-CI(3) 
Cl(1 )-C(2)-C( 1) 
Cl(3 )-C(2)-C( 1 ) 
0(3)-C(3)-C(4) 
Cl(4)-C(4)-Cl(5) 
Cl(5)-C( 4 )-Cl(6) 
Cl(5)-C( 4 )-C(3) 
Te(l )-C(5)-C(6) 
C(6)-C(S)-C(1O) 
C(6)-C(7)-C(8) 
C(8)-C(9)-C( 1 0) 
Te(2)-C( 11 )-C( 12) 
C(I2)-C(ll)-C(16) 
C(12)-C(13)-C(14) 
C(14)-C(15)-C(16) 
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TABLE 3.7 

Bond lenatbs (A) and anales (0) for [8J 

(standard deviations in parentheses). 

2.149(4) Te(1)-C(5) 
2.163(4) Te(2)-C(11) 
1.724(10) C1(2)-C(2) 
1.771(8) Cl(4)-C(4) 
1.112(9) Cl(6)-C(4) 
1.267(7) O(2)-C(l) 
1.218(8) 0(4)-C(3) 
1.535(9) C(3)-C(4) 
1.378(7) C(5)-C(lO) 
l.381 (11) C(7)-C(8) 
1.378(10) C(9)-C(I0) 
1.388(13) C(11 )-C(16) 
1.375( 12) C(13)-C(l4) 
1.350(17) C(15)-C(16) 

88.1(2) 0(3)-Te( 1 )-O(3a) 
83.6(2) C(5)-Te(1)-C(5a) 
84.3(2) 0( 1)-Te(2)-O( 1 a) 
86.7(2) C(11)-Te(2)-C(lla) 
113.1(4) Te( 1 )-0(3)-C(3) 
127.5(6) O(1)-C(1)-C(2) 
120.7(5) Cl( 1 )-C(2)-Cl(2) 
109.4(4) CI(2)-C(2)-CI(3) 
112.2(4) Cl(2)-C(2)-C( 1) 
106.4(6) O(3)-C(3)-O(4) 
112.2(5) O(4)-C(3)-C(4) 
108.2(5) Cl(4)-C(4)-Cl(6) 
109.4(4) Cl(4)-C(4)-C(3) 
109.5(4) Cl(6)-C(4)-C(3) 
119.2(5) Te( 1 )-C(5)-C( 1 0) 
120.2(6) C(5)-C(6)-C(7) 
120.4(6) C(7)-C(8)-C(9) 
119.8(8) C(5)-C( 10)-C(9) 
117.9(4) Te(2)-C( 11 )-C( 16) 
121.6(7) C(11)-C(l2)-C(l3) 
121.4(12) C(l3)-C(14)-C(15) 
119.3(8) C(11)-C(16)-C(l5) 

2.106(6) 
2.114(7) 
1.164(1) 
1.119(9) 
1.735(8) 
1.204(9) 
1.202(7) 
1.551(8) 
1.376(9) 
1.357(13: 
1.364(11~ 
1.366(9) 
1.154(l4~ 

1.391(12) 

167.3(2) 
98.9(3) 
165.9(2) 
101.2(3) 
114.3(3) 
111.8(6) 
110.2(5) 
107.3(3) 
111.1 (5) 
126.6(6) 
121.2(6) 
109.5(4) 
112.9(5) 
107.3(6) 
120.7(4) 
119.2(7) 
120.4(8) 
120.1(5) 
120.3(6) 
117.3(8) 
121.3(9) 
119.1(9) 
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Table 3.8: Infra-red (em-I) and IH-n.m.r. (ppm) data 

M,R varytfI vsyffflft ~V Int a 
Sn,CH) [6] 1610 1335 265 10,5.8 7.5-8.0,2.0 

Sn,CH2Cl [7] 1620 1240 380 10,3.8 7.5-8.0,4.2 

Sn,CHCh 1670 1330 340 10,1.7 7.5-8.0,6.1 

Te,CH) 1640a 1290a 350 10,6.0 7.5-8.0,2.0 

Te,CHCh 1660a 1310a 350 10,2.0 7.5-8.0,5.9 

Te,CCh [8] 1705 1270a 435 7.5-8.0 

a - average 
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CHAPTER 4 

The Crystal Structure of Three Diphenylteliurium(IV) Bisdithiocarbamates 

4.1 Introduction 

Relatively few complexes have been studied with Te(IV) and S-donor ligands, though much 

has been done with Te(lI) dithiocarbamates and related compounds due to their use industrially 

for the stabilisation of rubberl. The first diorgano tellurium bis-dithiocarbamate was synthesised 

in 1979 by Srivastava et aJ.2. Structurally only eighteen Te(lV) compounds have been character

ised with bidentate sulphur ligands and of these only two, MezTe(S~OMeh 3 and 

Ph2Te(SzP(OMeh)2 ., are diorgano compounds. The xanthate complex forms a pentagonal bipy

ramidal structure around the central tellurium via a secondary bond to a neighbouring sulphur. 

This is similar in structure to its halo analogues, hTe(S2CN(EtOHh)2 !I and Br2Te(S2CNErzh 6. 

which also form seven coordinate systems. The phosphinate complex is a monomeric six coordi

nate structure. probably due to the more bulky ligands. One aryl tellurium dithiocarbamate com

plex has been reported, PhTe(S2CNEt2)3 7 which exists in the solid state as a pentagonal bipyram

idal structure with a non-sterically active lone pair. The phenyl group has a very strong trans 

effect. Several diorganotin bis-dithiocarbamates structures have been published8-11, these all hav

ing distorted octahedral geometries, with the sulphur atoms in the equatorial plane. Thus, it was 

of interest to extend the knowledge about RzTe(dithiocarbamate)2 complexes and compare them 

with their tin analogues and. to this end, three diphenyltellurium bisdithiocarbamates have been 

synthesised and characterised. They include the N,N-diethyl. [9], the N-ethyl-N-phenyl. [10] and 

the N,N-diphenyl, [11]. dithiocarbamate complexes. 

4.2 Results and Discussion 

Structures [9], [10] and [11] all have the same geometry around the tellurium. Their struc

tures are very similar to that of [8], Ph2 Te(OCOCChh (Chapter 3),but these complexes form 

monomers (Figures 4.1. 4.3 and 4.5). The geometry can be thought of in two ways. Firstly. as in 

[8], as a distorted octahedral complex. where the lone pair is sterically inactive and the dithiocar

bamates are bidentate, or secondly. as a distorted trigonal bipyramid with a lone pair and 
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unidentate dithiocarbamates. In [8] the former description was preferred due to the fact that 

dimerisation prevented the lone pair from being active. Here this restriction no longer holds, the 

nearest intennolecular Te-S contact being 5.459..\ for [9], and the geometry is probably best 

described as a mixture of both possibilities, i.e. a partially active lone pair. 

If the lone pair were present and the complex five coordinate, the C-Te-C angle would be 

expected to be near 1200, since the sulphur atoms should take up the axial positions of the trigo

nal bipyramidal geometry. In fact the angles are near 900 (89.0(1), 95.1(2) and 96.7(8) for [9], 

[10] and [11] respectively). Also the lone pair would be expected to push the secondary bonded 

sulphurs funher away from the tellurium center, due to repulsive electronic effects. The furthest 

away though (3.214..\, Table 4.8) is still well below the Van der Waals distance (Te-S=3.86A)12. 

If the former explanation is closer to the truth, i.e. the lone pair is non-stereo active, then the 

second sulphur would be expected to be trans to a phenyl group. This is indeed the case, with the 

maximum mean deviation from the plane S-C-S-Te-C (Table 4.9) being just under O.lA in [9]. 

In the absence of electronic interactions, then there would be no reason for the sulphur to lie on or 

near this plane. The distortion from octahedral geometry arises purely from the secondary 

bonded sulphur atoms not being in the equatorial plane, which is a consequence of the small bite 

angle of a four membered chelate ring. A further indication of the lack of lone pair involvement 

comes from the fact that the tellurium compounds would be expected to adopt a similar geometry 

to their tin analogues if the lone pair were not sterically active. This is indeed the case with the tin 

compounds forming distorted octahedral complexes, but with the S-atoms in the equatorial plane 

and the R-groups axial. 

The dithiocarbamate ligands are anisobidentate, with the difference in e-s bond lengths 

ranging between 0.058A for [10] to 0.105A for [11]. This indicates that the ligand C-S Jt-electron 

density is not fully delocalised but has some modest single and double bond character. This is 

usual for main group compounds, with the shoner M-S bond being associated with the longer e-s 
bond, and vice versa. Transition and f-block complexes tend to have isobidentate chelation of the 

dithiocarbamates. The bonding in the ligand can be thought of in terms of a simple valence bond 

descriptionI3•14• This accounts for the shon C-N bond usually seen in the dithiocarbamates. 



- 68-

The partial double bond character between the C and N should also keep the NCSz group planar, 

and the maximum deviation found is only O.OO9IA for [11] (Table 4.9). The largest deviation is 

expected in [11] since electronegative groups attached to the N will cause the lone pair on the N 

to become less available. This is supported by the CoN bond lengths where the distances for [9] 

and [10] are approximately equal, and both are shorter than for [11] (Table 4.8). The CoS 1 and 

C-S2 bond lengths are within the ranges reported by Holt et a1. 15 for a variety of dithiocarbamate • 

complexes. 

Figures 4.2, 4.4 and 4.6 show the packing diagrams for [9], [10] and [11]. Figures 4.4 and 

4.6 show the disordered solvent in the lattice and also the phenyl-phenyl interactions in the cell. 

4.3 Experimental 

4.3.1 Preparation or Compounds 

Diphenyl Tellurium Dichloride 

TeC4 (3.8g, 0.OI4moles) and PhzHg (5.08, 0.OI4moles) were reftuxed in dry benzene 

(IOOcm3) for 24hrs. After this time the solution was hot filtered and removed by rotary evapora

tion. The product was recrystallised from hot ethanol. 

Diethylditbiocarbamate, Potassium salt for [9] 

K[SzCNEtz] was prepared by the method of Graziani et al16• To a mixture of CS2 (7.6g, 0.1 

moles) and Hz{) (25cm3) containing KOH (5.6g, 0.1 moles) was added dropwise, with cooling 

and stirring, Et2NH (7.3g, 0.1 moles). The solution was left stirring for I.5hrs during which time 

it turned yellow. The solvent was then removed and the product dried in vacuo. 

Ethylphenylditbiocarbamate, Potassium salt for [10] 

The above preparation was followed substituting EtPhNH for ElzNH. The solution turned a 

pale orange. H20 2 was added dropwise until no further reaction was visible. A yellow precipitate 

formed. The solvent was removed under reduced pressure and the solid dried in vacuo. 
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Dipbenylditbiocarbamate, Litbium salt for [11] 

Ph2NH (1.69g, O.01moles) was stirred, under N2, in dry hexane (25cm3) until dissolved. The 

solution was cooled in a dry ice/acetone bath and BuLi (6.25cm3, 0.01 moles, 1.6M in hexanes) 

was added dropwise via a syringe. The solution was allowed to warm up to room temperature to 

react then cooled to -78° again. CS2 (O.6cm\ 0.01 moles) was added slowly and the solution 

allowed to warm up again. The solution turned yellow. The solvent was removed and the product 

stored under N2• 

Dlpbenyl TeUurlum Dltblocarbamate 

Ph2TeCh (3.52g, 0.01 moles) and the respective dithiocarbamate (0.02 moles) were stirred 

in acetone for 3hrs. The yellow precipitate was filtered off and recrystallised from hot toluene. 

The needle crystals were used directly for structure determination. 

4.3.2 X-Ray Crystallograpby 

All data sets were recorded at 293K with Mo-Ka radiation at 0.71069.1.. Standard 

reflections were recorded every 200 reflections and showed slight changes (1,4 and 10% for [9], 

[10] and [11] respectively). The data sets were processed using profile analysis and corrected for 

Lorentz, polarisation and absorption effects, the last by the Gaussian method. The cell parameters 

were calculated from 15 reflections with 28 between 20 and 22°. Hydrogen atoms were inserted at 

calculated positions and not refined, their temperature factors fixed at 0.07.1.2• Methyl groups 

were treated as rigid CH] units, their initial orientation taken from the strongest peaks on a differ

ence Fourier synthesis. Computing was with SHELXnp on a Data General 0030 for [9] and 

[10]. [11] was initially refined using SHELXTL then finished using SHELXTL PLUS18 on a DEC 

MicroVax n. Scattering factors in the analytical form were taken from International Tables 19. 

Crystallographic parameters are in Table 4.1. Atomic coordinates are in Tables 4.2-4.4 and bond 

lengths and angles in Tables 4.5-4.7 for [9], [10] and [11] respectively. Views of the molecules 

and packing diagrams are in Fi~ 4.~-4.6. 

Dipbenyl Tellurium Bis-ciiethylditbiocarbamate 
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Systematic absences. hkl; h+k=2n+ 1 and hoI; h.I=2n+ 1. gave the space group as either Cc 

or C2/c. Analysis of the E-statistics indicated a centrosymmetric space group. the density calcula

tion gave 4 molecules per unit cell and the Patterson synthesis gave the heavy atom position at 

O.y.l/2. Thus C2/c was chosen. and proved correct by good refinement. All non-hydrogen atoms 

were refined anisotropic ally. 

Dipbenyl Tellurium Bis-ethylphenylditbiocarbamate 

Analysis of the data gave no systematic absences indicating the space group to be PI or PI. 

PI was chosen on the basis of density calculations and proved correct. All the non-hydrogen 

atoms were refined anisotropic ally except for those in the solvent toluene. This was very disor

dered and was refined at half occupancy. It is centred around (1/2. 1/2. 1/2). The remaining elec

tron density is all located around the solvent. 

Diphenyl Tellurium Bls-dlphenyldithlocarbamate 

Systematic absences hOI; 1=2n+ 1 and OkO; k=2n+ 1 gave the space group as P2dc. All the 

non-hydrogen atoms except C31 and solvent molecules were refined anisotropically. The solvent 

toluenes were disordered and were refined as rigid hexagons. The methyl group on the toluene 

was not located. Residual electron density is located close to the tellurium and the solvent. The 

high R-factor is probably a consequence of the presence of disordered solvent. 



, 

- 71 -

, , , 

S(1) 

Te(1) ---~ 
, , , , 

C(S) 
C(6} C(9) 

C(11) 
C(10} 

FIGURE 4.1 View of the molecule of [9], showing atomic numbering scheme. 
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FIGURE 4.2 Packing diagram for [9]. 
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FIGURE 4.3 View of the molecule of [10], showing atontic numbering scheme. 
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FIGURE 4.4 Packing diagram for [10]. 
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C(111) 
C(13)C(112) 

C{16} C(17) 

5(22) 

_~~~C(28) C(213) 

C(212) 
,,~.,"u""""-

C(23) C(211) 

FIGURE 4.5 View of the molecule of [11]. showing atomic numbering scheme. 
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FIGURE 4.6 Packing diagram for [11]. 
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Table 4.1: Crystal data and data collection parameters 

Compound [9] [10] [11] 

Fonnula C22li~2CIS4Jre C:JOIi~2S4Jre.0.5C:7li8 C:38li~2S4Jre.2C:7lis 

Mass 578.34 720.49 954.79 

Deale. (gcm-3) 1.56 1.42 1.37 

Z 4 2 4 

C:rystal System Monoclinic Jrriclinic Monoclinic 

Systematic Absences hkl h+k=2n+ 1 none hOIl=2n+l 

hOI h,l=2n+ 1 OkOk=2n+l 

Space Group C2/c PI P2t/c 
a(A) 16.538(5) 9.804(2) 9.613(2) 

b(A) 14.380(4) 11.156(3) 22.453(7) 

C(A) 12.169(3) 16.274(5) 21.552(7) 

ae) 79.33(2) 

~(O) 121.57(2) 74.46(2) 93.92(2) 

){O) 84.48(2) 

U(A3) 2465.6(1.3) 1683.2(0.7) 4637.5(2.4) 

J,L(cm- l ) 15.8 11.7 8.7 

F(OOO) 1168 716 1952 

C:rystal Size 0.2><O.2xO.6 0.4><0.2><0.2 0.4><0.2><0.2 

Max. Jrrans. 0.8272 0.9313 0.9361 

Min. Jrrans. 0.7618 0.8622 0.8845 

Scan Range(°) +/-1.0 +/- 1.1 +/- 1.1 

Scan Rate(Omin-1) 4.0 3.0 3.0 

Max. 29(0) 50 50 50 

Refs. C:ollected 2350 5972 6179 

Refs. Observed 1854 4014 2863 

R(final) 0.0255 0.0454 0.0908 

Rw 0.0277 0.0459 0.0939 

g 0.00039 0.00083 0.00284 

Max. on final Fourier +/- 0.35 +/- 0.5 +/- 1.5 

Max. a/a 0.001 0.006 0.006 

No. of Parameters 138 352 421 
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TABLE 4.1 

Atomic coordinates (xl()4) for [9] (with standard deviations in parcndleses). 

atom x y z U 

Te(1) 00.0 5529.4(2) 7500.0 32(1)* 

S(1) -1589.c)(6) 5545.0(6) 7480.2(8) 40(1)* 

S(2) -1667.6(7) 4268.9(7) 5493.1(9) 51(1)· 

NO) -2727(2) 4075(2) 6525(3) 46(1)-

CO) -2061(2) 4565(2) 6470(3) 38(1)* 

C(2) -2998(3) 4234(3) 7491(4) 61(2)* 

C(3) -3999(3) 4505(3) 6906(6) 85(3)* 

C(4) -3156(3) 3247(3) 5699(4) 55(2)* 

C(5) -3895(3) 3487(3) 4314(4) 77(2)-

C(6) 515(2) 6547(2) 9006(3) 37(1)-

C(7) 379(2) 6396(2) 10021(3) 44(2)* 

C(8) 767(3) 7015(3) 11047(3) 52(2)* 

C(9) 1288(3) 7764(3) 11061(4) 55(2)· 

COO) 1418(3) 7916(3) 10049(4) 57(2)* 

COl) 1032(2) 7301(2) 9019(3) 47(2)* 

• Equivalent isotropic U defined as one third of dle trace of the 

onhogonalised Uij tensor. 
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TABLE4.J 

Atomic coordiaates (xlO') for [10] (with standard deviations in parentheses). 

810m 

Te(I) 
SOl) 
S(12) 
S(21) 
S(22) 
N(1) 
N(2l) 
CO) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(101) 
C(102) 
COl) 
C(12) 
C(13) 
C(14) 
COS) 
C(16) 
C(7) 
C(18) 
C(19) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 
C(OOl) 

. C(002) 
C(003) 
C(004) 
C(OOS) 
C(006) 

x y z 

2057.6(4) 2062.3(3) 2134.6(2) 
2530.9(20) 1340.6(14) 3643.9(10) 
778.7(24) 3685.7(16) 3618.l(12) 
1958.3(16) 2634.2(14) 496.5(9) 
-386.3(21) 1030.6(17) 1565.4(11) 

1492(6) 2398(4) 4995(3) 
-159(5) 2127(5) -54(3) 
3308(7) 439(5) 1857(4) 
4512(7) 445(5) 1190(4) 
5339(8) -621(6) 1074(5) 
4944(8) -1685(6) 1614(5) 
3731(9) -1719(6) 2266(5) 
2894(8) -644(5) 2397(4) 
3808(6) 3214(5) 1748(4) 
3614(7) 4410(5) 1354(4) 
4741(8) 5179(6) 1094(5) 
6025(8) 4784(6) 1252(5) 
6210(8) 3608(6) 1650(5) 
5102(7) 2814(6) 1902(4) 
1546(7) 2504(5) 4155(4) 
829(9) 3355(6) 5515(4) 

-436(10) 2950(8) 6170(7) 
2112(7) 1337(6) 5445(4) 
1404(9) 295(6) 5725(4) 

1984(11) -728(7) 6160(5) 
3254(11) -666(8) 6325(5) 
3922(10) 382(9) 6065(5) 
3379(8) 1441(7) 5615(5) 
390(6) 1920(5) 629(4) 

-1402(9) 1476(8) -63(6) 
-2352(11) 2054(11) -463(7) 

472(7) 2894(5) -848(4) 
1351(7) 2390(6) -1520(4) 
1883(8) 3141(8) -2301(4) 
1538(9) 4375(8) -2401(5) 
672(8) 4857(7) -1728(5) 
129(7) 4132(5) -950(4) 

6087(15) 4231(15) 5005(11) 
5199(15) 5099(15) 5434(11) 
4058(15) 5662(15) 5126(11) 
3805(15) 5357(15) 4388(11) 
4692(15) 4489(15) 3959(11) 
5833(15) 3926(15) 4268(11) 

• Equivalent isotropic U defined as one third of the trace of 

the onhogonalised Uij tensor. 

U 

46(1)· 
59(1)· 
77(1)-
47(1)-
69(1). 
59(2)-
62(2)-
49(2)-
55(3)-
69(3)-
71(3)-
86(4)· 
69(3)· 
48(2)-
66(3)-
79(4)· 
74(3)· 
74(3)· 
62(3)· 
53(2)-
77(3)-
125(5)-
63(3)-
77(3)· 
105(4)· 
120(5)· 
119(5)· 
83(4)· 
49(2)· 
103(5)· 
152(7)· 
52(2)· 
67(3)-
83(4)-
79(4)-
73(3)-
60(3)-
190(19) 
106(6) 

129(12) 
143(8) 
111(6) 
142(8) 
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TABLE 4.4 

Atomic coordinates (xlO") for [11] (with standard deviations in parentheses). 

x y z U(eq) 

Ie 4501.1(1.4) 6938.5(6) 6953.5(6) 59.6(5) 
5 ( 11 ) 2726(6) 7575(3) 7536(3) 7 1 ( 2 ) 
5(12) 4697(6) 8356(3~ 6909(3) 76(2) 
5(21) 6350(5) 6236(2) 6512(2) 60(2) 
5(22) 3868(5) 6326(3) 5612(2) 63 (2) 
N(ll) 2301(18) 8708(8) 7312(8) 64(7) 
N(21) 6350(14) 5968(6) 5330(6) 47(6) 
e (11 ) 3226(23) 8259(9) 7238(9) 71 (9) 
e(12) 2341(22) 9272(12) 7032(13) 80 (11) 
e(13) 2311(20) 9787(11) 7328(11) 67(9) 
e(14} 2277(27) 10322(13) 7058(15) 100(13) 
e(l5) 2228(36) 10338(13) 6430(19) 142(18) 
e(l6) 2247(46) 9857(17) 6083(15) 195(24) 
e(l7) 2321(33) 9292(13) 6385(15) 132(16) 
e(l8) 1137(24) 8653(10) 7691(12) 71(10) 
e(l9) 1418(24) 8590(11) 8314(12) 88(11) 
e(llO) 265(30) 8568(11) 8676(14) 114113) 
C(lll) -1073(32) 8571(13) 8466(18) 132(17) 
e(112) -1287(26) 8659(13) 7819(18) 130(16) 
e(l13) -198(26) 8676(10) 7445(14) 98(12) 
e(21) 5526(18) 6176(8) 5771(8) 51 (7) 
e(22) 5908(17) 5929(10) 4686(8) 46(7) 
e(23) 5914(18) 5382(9) 4395(9) 52 (8) 
C(24) 5602(20) 5319(11) 3764(11) 68(9) 
C(25) 5296(21) 5841(13) 3454(9) 72(10) 
C(26) 5236(18) 6392(10) 3728(10) 60(8) 
e(27) 5583(19) 6437(9) 4350(9) 54 (8) 
C(28) 7814(20) 5806(10) 5489(8) 55(8) 
e(29) 8873(21) 6143(11) 5300(9) 79(10) 
e(210) 10225(22) 5961(16) 5433(11) 98(13) 
e(211) 10541(23) 5449(17) 5753(12) 102(15) 
e(212) 9488(31) 5103(12) 5915(11) 95(12) 
C(213) 8069(25) 5256(11) 5791(10) 77(10) 
e(31) 3392(22) 6184(9) 7289(9) 49(5) 
C(32) 4016(24) 5758(10) 7582(10) 71 (9) 
C(33) 3339(43) 5284(16) 7794(17) 131(18) 
C(34) 1946(63) 5252(16) 7667(19) 175(28) 
e(35) 1302(36) 5714(19) 7383(:6) 142(19) 
C(36) 1954(32) 6187(15) 7139(10) 108(14) 
C(41) 6020(24: 7003(9) 7731(:0) 70(9) 
C(42) 5589(25) 6904(10) 8331(10) 80(9) 
C(43) 6619(31) 6963(1:) 8810(10) 79(10} 
e(44) 7966(36) 7061(11) 8710(17) 108(15) 
C(45) 8367(29) 7145(12) 8119(14) 102(13) 
C(46) 7360(23~ 7!l!(9) 7637(11) 7: (9) 



C(61) 
C(62) 
C(63) 
C(64) 
C(65) 
C(66) 
C(71) 
C(72) 
C(73) 
C(74: 
C(75) 
C(76) 
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TABLE 4.4 coot. 

6244(36) 1933(24) 4980(:3) 232(:9) 
7162 227~ 5363 237(20) 
7952 2005 5853 226(19) 
7824 1395 5960 206(17) 
6905 1054 5578 278(25) 
6115 1323 5087 341(32) 

37(50) 2168(25) 4320(22) 283(25) 
1260 2336 4053 292(27) 
2403 1951 4081 276(24) 
2323 1400 4374 415(39) 
1100 1232 4641 299(27) 

-43 1616 4613 25~(22) 

• Equivalent isottopic U defined as one third of the trace of the 

onhogonalised Uij tensor. 



a) Bond leDltbs 

Te(1)-S(1) 
Te(1)-C(6) 
S(2)-C(1) 
N(1)-C(2) 
C(2)-C(3) 
C(6)-C(7) 
C(7)-C(8) 
C(9)-C(10) 

b) Bond anales 

S(1)-Te(1 )-S(2) 
S(2)-Te( 1 )-C(6) 
S(2)-Te(1 )-S(1 a) 
S(2)-Te( 1 )-S(2a) 
C(6)-Te(l )-C(6a) 
Te(1 )-S(2)-C(l) 
C(1)-N(l)-C(4) 
S(1 )-C( 1 )-S(2) 
S(2)-C( 1 )-N( 1) 
N(1)-C(4)-C(5) 
Te(1)-C(6)-C(11) 
C(6)-C(7)-C(8) 
C(8)-C(9)-C( 1 0) 
C( 6 )-C(11 )-C(l 0) 

- 82-

TABLE4.S 

Bond lengths (A) and angles (0) for [9] 

(sWldard deviations in parentheses). 

2.165(1) Te(1)-S(2) 
2.143(3) S(1)-CO) 
1.682(4) N(1)-C(1) 
1.478(7) N(l)-C(4) 
1.473(7) C(4)-C(5) 
1.383(6) C(6)-C(11) 
1.387(5) C(8)-C(9) 
1.374(7) C( 1O)-C(11) 

61.8(1) S(l)-Te(1)-C(6) 
148.9(1) S( 1 )-Te( 1 )-S(la) 
118.8(1) C(6)-Te(1 )-S( 1 a) 
109.2(1) C( 6)-Te( 1 )-S(2a) 
93.9(2) Te( 1 )-S( 1 )-C( 1) 
79.1.(1) C(l )-N(1)-C(2) 
120.3(4) C(2)-N(l)-C(4) 
120.1(2) S(l )-C(1 )-NO) 
122.4(3) N(1 )-C(2)-C(3) 
113.1(3) TeO )-C(6)-C(7) 
120.9(3) C(7)-C(6)-C(11) 
119.3(3) C(7)-C(8)-C(9) 
120.3(3) C(9)-C( 1 O)-C( 11) 
120.1(4) 

3.130(1) 
1.761(3) 
1.338(5) 
1.479(4) 
1.515(5) 
1.376(5) 
1.374(6) 
1.386(5) 

87.1(1) 
179.0(1) 
92.3(1) 
86.3(1) 
94.3(1) 
123.9(3) 
115.3(3) 
117.5(3) 
113.0(4) 
118.6(2) 
120.3(3) 
120.3(4) 
119.7(4) 





a) Bond leqtbs 

Te(1)-S(1I) 
Te(1)-C(1) 
S(11 )-C(11 ) 
S(21 )-C(21 ) 
N(1l)-C(1l) 
N(11)-C(14) 
N(21)-C(22) 
C(1)-C(2) 
C(2)-C(3) 
C(4)-C(5) 
C(7)-C(8) 
C(8)-C(9) 
C(10)-C(101) 
C(12)-C(13) 
C(14)-C(19) 
C(16)-C(17) 
C(18)-C(19) 
C(24)-C(25) 
C(25)-C(26) 
C(27)-C(28) 

b) Bond angles 
S( 11)-Te( 1 )-S(21) 
S(21)-Te(l )-C( I) 
S(21)-Te( 1 )-C(7) 
Te( 1)-S(11 )-C(11 ) 
C(1I)-N(11)-C(12) 
C(12)-N(11)-C(14) 
C(21)-N(21 )-C(24) 
Te(1 )-C( 1)-C(2) 
C(2)-C(1)-C(6) 
C(2)-C(3)-C(4) 
C(4)-C(5)-C(6) 
Te(1 )-C(7)-C(8) 
C(8)-C(7)-C( 1 02) 
C(8)-C(9)-C( I 0) 
C(1O)-C(101)-C(102) 
S(11 )-C(11)-S(12) 
S(12)-C(11)-N(11) 
N (11)-C(14 )-C( 15) 
C(1S)-C(14 )-C(19) 
C(lS)-C(l6)-C(17) 
C(17)-C( 18)-C(l9) 
S(21 )-C(21 )-S(22) 
S(22)-C(21 )-N(21) 
N (21 )-C(24 )-C( 25) 
C(25)-C(24 )-C(29) 
C(25)-C(26 )-C(27) 
C(27)-C(28)-C(29) 
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TABLE 4.6 

Bond lengths (ft.) and angles (0) for [10] 

(standard deviations in parentheses). 

2.588(2) Te(1 )-S(21) 
2.137(6) Te(1)-C(7) 
1.744(6) S(12 )-C( 11 ) 
1.743(7) S(22)-C(21 ) 
1.337(8) N(11)-C(12) 
1.444(8) N(21)-C(21) 
1.482(11) N(21)-C(24) 
1.372(8) C(1)-C(6) 
1.387(9) C(3)-C(4) 
1.364(10) C(5)-C(6) 
1.388(8) C(7)-C(I02) 
1.391(10) C(9)-C(10) 
1.370(9) C(101 )-C(102) 
1.449(11) C(14 )-C(15) 
1.363(12) C05 )-C(16) 
1.352(15) C(17)-C(18) 
1.408(12) C(22)-C(23) 
1.372(9) C(24 )-C(29) 
1.387(9) C(26)-C(27) 
1.357(11) C(28)-C(29) 

171.2(1 ) S( II )-Te( 1 )-C( 1) 
90.0(2) S(11)-TeO )-C(7) 
84.9(2) C( I )-Te( I )-C(7) 
97.9(2) Te( 1 )-S(21 )-C(21) 
122.7(5) C(11)-N(11)-C(14) 
116.0(5) C(21 )-N(21 )-C(22) 
123.0(6) C(22)-N(21)-C(24) 
122.7(4) TeO )-C(1 )-C(6) 
119.6(5) C(l )-C(2)-C(3) 
119.9(6) C(3)-C(4)-C(S) 
120.0(6) C(1)-C(6)-C(5) 
118.6(5) Te( 1 )-C(7)-C( 1 02) 
119.5(6) C(7)-C(8)-C(9) 
120.7(6) C(9)-C( 1 O)-C( 101) 
120.7(7) C(7)-C(102)-C(101 ) 
122.0(4) S(11)-C(11 )-N(11) 
123.0(5) N(11)-C(12)-C(13) 
120.1(7) N(11)-C(14)-C(19) 
121.7(7) C( 14 )-C( lS)-C(16) 
119.3(8) C( 16 )-C(l7)-C( 18) 

123.4(10) C( 14 )-C(19)-C( 18) 
122.0(4) S(21 )-C(21 )-N(21) 
122.2(5) N(21 )-C(22)-C(23) 
120.1(5) N(21 )-C(24)-C(29) 
120.3(5) C(24 )-C(25 )-C(26) 
120.5(7) C( 26 )-C(27)-C(28) 
121.0(7) C(24 )-C(29)-C(28) 

2.649(2) 
2.130(6) 
1.673(6) 
1.687(5) 
1.478(9) 
1.334(9) 
1.431(7) 
1.381(8) 
1.360(9) 
1.402(9) 
1.374(10) 
1.367(12) 
1.394(10) 
1.353(10) 
1.384(11 ) 
1.339(14) 
1.328(15) 
1.380(8) 
1.376(12) 
1.372(9) 

82.4(2) 
91.3(2) 
95.0(2) 
96.1 (2) 
121.3(5) 
121.4(5) 
115.4(6) 
117.6(4) 
120.5(5) 
120.6(6) 
119.3(6) 
121.8(4) 
119.7(7) 
119.5(7) 
119.8(6) 
115.()(4) 
111.9(7) 
118.2(6) 
120.6(8) 
119.3(9) 
115.6(8) 
115.8(4) 
119.5(8) 
119.6(5) 
119.1(7) 
119.6(7) 
119.6(6) 



a) Bond lengths 

Te-S(II) 
Te-C (31 ) 
S(ll)-C(11) 
S(2l)-C(21) 
N ( 11 ) -C ( 11 ) 
N(11)-C(18) 
N(21)-C(22} 
C ( 1 2 ) -C ( 1 3 ) 
C(13)-C(14) 
C(15)-C(16) 
C(18)-C(19) 
C(19)-C(110) 
C(111)-C(112) 
C(22)-C(23) 
C(23)-C(24) 
C(25)-C(26) 
C(28)-C(29) 
C(29)-C(210) 
C(211)-C(212) 
C(31)-C(32) 
C(32)-C(33) 
C(34)-C(35) 
C(41)-C(42) 
C(42)-C(43) 
C(44)-C(45) 

b) Bond angles 

S(11)-Te-S(21) 
S(21)-Te-C(31) 
S(21)-Te-C(41) 
Te-S(ll)-C(ll) 
C(11)-N(11)-C(12) 
C(12)-N(11)-C(18) 
C(21)-N(21)-C(28) 
S(11)-C(1l)-S(12) 
S(12)-C(11)-N(11) 
N(1l)-C(12)-C(17) 
C(12)-C(13)-C(14) 
C(14)-C(15)-C(16) 
C(12)-C(17)-C(16) 
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TABLE 4.7 

Bond lengths (A) and angles (0) for [11] 

(standard deviations in parentheses). 

2.612 (6 ) Te-S(21) 
2.152 ( 20 ) Te-C(41) 
1.744 ( 21) S(12)-C(11) 
1.739 ( 17) S(22)-C(21) 
1.361 ( 28 ) N(11)-C(12) 
1.435 ( 30 ) N(2l)-C(21) 
1.426 ( 22) N(21)-C(28) 
1.323 ( 36 ) C ( 12) -C ( 17) 
1.332 (39 ) C(14)-C(15) 
1.313 (48 ) C(16)-C(17) 
1.357 (37 ) C(18)-C(113) 
1.400 ( 39 ) C(110)-C(111) 
1.409 (55) C(1l2)-C(113) 
1.377 ( 29) C(22)-C(27) 
1.380 ( 29 ) C(24)-C(25) 
1.373 (35 ) C(26)-C(27) 
1.354 ( 30) C(28)-C(213) 
1.375 ( 31) C(210)-C(211) 
1.341 (41 ) C(212)-C(213) 
1.272 ( 29 ) C(31)-C(36) 
1.343 ( 43) C(33)-C(34) 
1.335 (56 ) C(35)-C(36) 
1.402 ( 31) C(4l)-C(46) 
1.387 (33 ) C(43)-C(44) 
1.368 (47) C(45)-C(46) 

172.5(2) S(1l)-Te-C(31) 
90.7(6) S(11)-Te-C(41) 
83.2(6) C(31)-Te-C(41) 
95.6(8) Te-S(2l)-C(21) 

125.4(18) C(11)-N(11)-C(18) 
111.7(18) C(2l)-N(21)-C(22) 
121 . 1 ( 14) C(22)-N(21)-C(28) 
123.0(13) S(1l)-C(11)-N(11) 
122.8(16) N(11)-C(12)-C(13) 
117.5(23) C(13)-C(12)-C(17) 
125.2(26) C(13)-C(14)-C(15) 
123.2(31) C(15)-C(16)-C(17) 
118.9(27) N(11)-C(18)-C(19) 

2.603 ( 5) 
2.151 ( 21) 
1.639 ( 23) 
1.642 ( 18 ) 
1.403 (32 ) 
1.361 ( 23) 
1.470 ( 24) 
1.393 ( 42) 
1.351 ( 53 ) 
1.424 ( 47) 
1.356 (34) 
1.334 ( 42) 
1.366 (43 ) 
1.376 (28 ) 
1.369 ( 36) 
1.362 ( 27 ) 
1.409 (33 ) 
1.364 (47) 
1.415 (37 ) 
1.398 (37 ) 
1.350 (72 ) 
1.356 (50) 
1.340 (32 : 
1.345 (46) 
1.374 (36) 

85.1 (6) 
91.1(6) 
96.7(8) 
95.9(6) 

122.9(18) 
123.5(14) 
115.3(14) 
114.2(16) 
125.3(24) 
117.0(25) 
117.4(28) 
118.3(30) 
117.5(20) 



N(11)-C(18)-C(113) 
C(18)-C(19)-C(110) 
C(110)-C(111)-C(112) 
C(18)-C(113)-C(112) 
S(21)-C(21)-N(21) 
N(21)-C(22)-C(23) 
C(23)-C(22)-C(27) 
C(23)-C(24)-C(25) 
C(25)-C(26)-C(27) 
N(21)-C(28)-C(29) 
C(29)-C(28)-C(213) 
C(29)-C(210)-C(211) 
C(211)-C(212)-C(213) 
Te-C(31)-C(32) 
C(32)-C(31)-C(36) 
C(32)-C(33)-C(34) 
C(34)-C(35)-C(36) 
Te-C(41)-C(42) 
C(42)-C(41)-C(46) 
C(42)-C(43)-C(44) 
C(44)-C(45)-C(46) 
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TABLE 4.7 cont. 

121.8(23) 
116.4(22) 
114.1(30) 
120.8(28) 
114.7(12) 
119.3(17) 
120.3(16) 
114.7(21) 
118.3(20) 
:2:.3(19) 
121.2(20) 
122.1(24) 
123.0(25) 
122.0(17) 
122.9(22) 
118.0(32) 
125.0(38) 
118.7(16) 
121.1(20) 
122.8(24) 
117.9(26) 

C(19)-C(18)-C(113) 
C(19)-C(110)-C(111) 
C(111)-C(112)-C(113) 
S(21)-C(21)-S(22) 
S(22)-C(21)-N(21) 
N(21)-C(22)-C(27) 
C(22)-C(23)-C(24) 
C(24)-C(25)-C(26) 
C(22)-C(27)-C(26) 
~(21)-C(28)-C(213) 

~(28)-C(29)-C(210) 

C(210)-C(211)-C(212) 
C(28)-C(213)-C(212) 
Te-C(31)-C(36) 
C(31)-C(32)-C(33) 
C(33)-C(34)-C(35) 
C(31)-C(36)-C(35) 
Te-C(41)-C(46) 
C(41)-C(42)-C(43) 
C(43)-C(44)-C(45) 
C(41)-C(46)-C(45) 

120.6(24 
126.3(30 
121.5(26 
123.4(11 
121.9(13 
120.3(17 
122.3(19 
125.1(20 
119.3(19 
:':'7.2(:'8 
::'9.4(23 
118.3(23 
115.8(2: 
115.0(17 
122.7(26 
118.3(39 
112.5(26 
120.1(16 
115.5(22 
120.5(29 
122.0(23 
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Table 4.8: Selected bond lengths 

Compound [9] 

Te1-S11 2.615(1) 

Te1-S12 3.130(1) 

Te1-S21 

Te1-S22 

Cll-Sll 1.761(3) 

Cll-SI2 1.682(4) 

C21-S21 

C21-S22 

C11-Nl1 1.338(5) 

C21-N21 

Table 4.9: Deviations from mean planes 

Compound 

Plane 1 

Plane 1 

Angle 

between 1,2 

Plane 3 

Plane 4 

[9] 

0.0982 

0.0982 

76.7 

0.0014 

0.0014 

[10] 

2.589(2) 

3.200(2) 

2.650(2) 

3.168(2) 

1.743(6) 

1.673(6) 

1.744(7) 

1.686(5) 

1.339(8) 

1.335(9) 

[10] 

0.0455 

0.0202 

93.6 

0.0060 

0.0012 

[11] 

2.612(6) 

3.189(6) 

2.603(5) 

3.214(6) 

1.744(21) 

1.639(23) 

1.739(17) 

1.642(18) 

1.361(28) 

1.361(23) 

[11] 

0.0687 

0.0776 

96.7 

0.0091 

0.0085 
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CHAPTERS 

The Crystal Structures of Six Hydrolysis Products of OraaDOtin Compounds 

5.1 Introduction 

Organotin compounds have been known to fonn cluster compounds, or organostannoxanes, 

based on Sn-O-Sn bonding since the work of Lamboume1.2, who reported condensation products 

from alkylstannoic acids and carboxylic acids of the form [MeSn(OCOR)(O)h, where R=Me, 

CHChand [MeSn(OCOR)(O)]6, where R=Et.Pr,iPr. Little work was carried out in this area until 

the early 1970's when interest picked up again. mainly due to new methods of investigation 

becoming available. including X-ray diffraction and 1!9Sn-n.m.r. The first structure reported was 

a tetrameric stannoxane from Graziani et al in 19773• Several tetrameric stannoxanes have been 

determined since then4-11 and also Holmes et al have synthesised and characterised a range of 

linear and cyclic hexameric compoundsI2•13• These compounds are usually formed from reactions 

involving organostannoic acids and organic acids, though tin-carbon cleavage has been men

tioned by Peruzzo et all4 and Poller et al15. Holmes et al have also recently studied the structures 

formed with phosphorus based acids l6. Interest has also been shown in the correlation of these 

compounds with AI-N and Pe-S clusters, which has been reviewed by Holmes!7. 

During our investigations into tin chemistry, structures similar to the above mentioned 

tetramers and hexamers were synthesised. All the compounds shown below were synthesised by 

dearylation reactions rather from the parent organotin compound. except for [17]. a hyclroxy

bridged linear tetramer. [12] is the initial dearylation product of Ph)SnOCOCCh, where a phenyl 

group has been replaced by a hydroxy group. [13] and [14] are tetrameric structural isomers, 

formed from the condensation of two molecules of [12], followed by dimerisation. [15] and [16] 

are hexameric tin structures, [15] is linear, while [16] is cyclic. They are formed from further con

densation from the tetramers. 

Structures [12] to [16] were all formed via a dearylation reaction from the parent tri- or di

phenyl tin. Tin-carbon bond cleavage has been noted before25.26 and even used by Tagliavini 14 to 

produce organostannoxanes via the cleavage of the weak tin-vinyl bond. Aryl-tin bonds. though 

stronger than vinyl-tin, are also susceptible to cleavage, as shown by Ingham25 and Peruzzol5. 

Cleavage of the bond is normally assumed to occur due to a strong organic acid present, and this 
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is probably true for the fonnation of [14] (Scheme 5.1). In the case of [12] the cleavage is most 

likely due to the action of H20 (Scheme 5.2), though it is possible to account for it by means of 

acid attack (Scheme 5.3). [13] and [16] can also be shown to fonn easily by the use of hydroxide 

or water attack rather than acid cleavage (Schemes 5.4 and 5.5), and [15] has been shown to fonn 

with [13] in solution. This may also explain why [13] and [14] have different structures. i.e. they 

were fonned by different reaction pathways. 

5.2 Results and Discullion 

[12] is a dimeric unit in the solid state (Figure 5.1), the bridges fonned by the hydroxy 

groups, to fonn a planar four-centre ring. The geometry of the tin atom is based on a trigonal 

bipyramid. The distortion arises from the small 011-Sn1-011A angle (70.7°) in the four mem

bered ring, which also opens up the C-Sn-C angle from 1200 to 134.1°. The difference in the Sn-

011 bond lengths is 0.135A, showing the bridges are almost symmetrical. The acyl oxygen in the 

carboxylate is involved in a hydrogen bond to the hydroxy hydrogen (02-Hl1=1.872A), to fonn 

a six membered ring, with a mean deviation from planarity of 0.11 A. This plane is at an angle of 

8.60 to the central four membered ring. The difference in the C-O bond lengths in the carboxylate 

is small, at only O.017A, indicating delocalisation of the double bond. 

Several R2Sn(X)(y) structures have been determined. Those containing OH as a ligand 18-21 

all crystallised as hydroxy-bridged dimers. Work carried out by Chapman et al22 on 

[XR2Sn(OMe)b also suggests bridging through the MeO moeity. [Me;zSn(OH)(N<lJ)H8, the only 

one to contain a possible bidentate ligand in addition to the hydroxide, does not fonn hydrogen 

bonds from the ligand to the hydroxide, as in [12]. Me2Sn(Cl)(S2NMe2)23 and 

Me2Sn(Cl)(OCOCH3)34 do not fonn bridges with the Cl ligands. The fonner exists as a 

monomeric species in the solid state and the latter as linear chains with bridging carboxylates. 

similar to [1] and [2] (Chapter 2). 

[13] is also a dimer. The asymmetric unit contains two tin atoms joined by a Jl3-oxygen. The 

geometry of both is based on the trigonal bipyramidal structure (Figure 5.2). There are two car

boxylates. one unidentate and the other bidentate. 

Around Sn1 the axial groups are the carboxylate oxygen. 022, and the Jl3-bridging oxygen. 

01A, and the equatorial groups are the two phenyl groups and the remaining Jl3-oxygen. 01. 

There is also a long interaction between the tin and the carboxylate attached to Sn2 (Sn 1-
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011A=2.886A). which is shorter than the sum of the Van der Waals radii (3.52A). This causes 

the C-Sn-C angle. between which 011 approaches. to open up to 149.6°. indicating quite a strong 

interaction. 

The geometry around Sn2 is closer to trigonal bipyramidal than for Snl. The two carboxy

late oxygens. 011 and 021. fonn the axial groups. and the phenyl rings and the 1l3-oxygen. 01. 

fonn the equatorial groups. Distortion arises from a long interaction between Sn2 and the acyl 

oxygen. 012. fonning a weak bond (Sn2-012=2.902A). This causes the C-Sn-C angle to widen 

to 145.5° to accommodate it. 

The bridging carboxylate is isobidentate. the difference in C-O bond lengths being only 

0.003(11)A and in Sn-O lengths. 0.073(5)A. The unidentate carboxylate shows a much greater 

C-O difference (O.OS(11)A). as would be expected. There are no intermolecular contacts to the 

unidentate carboxylate. 

[13] has the most common structure found for the tetrameric stannoxanes. comprising of 

two bidentate and two unidentate carboxylates. In some cases4.5 this structure is stabilised by the 

fonnation of intennolecular bonds from the unidentate carboxylate to the neighbouring tetramer. 

creating an infinite linear chain in the solid state. [13] lacks this interaction, as do a number of 

other StruCtures3,7. 

[14] is a structural isomer of [13]. Here both carboxylates in the asymmetric unit are biden

tate, bridging between Snl and Sn2. This creates six primary bonds around Snl. to give it a dis

torted octahedral geometry. and five around Sn2. as before, giving it a trigonal bipyramidal 

geometry (Figure 5.5). 

Distortions from octahedral geometry around Sn 1 arise for two reasons. Firstly, the stan

noxane unit. Sn2~. at the centre of the tetramer, has small O-Snl-O angles (76.1(4)0) and, 

secondly, the phenyl/phenyl interactions across the ring force the C-Snl-C angle to close to 

153.4(5)°. The distortion around Sn2 also arises from phenyl/phenyl interactions, here from 

phenyl groups on the same tin. causing the C-Sn2-C angle to open from 120° to 134.2(6)°. The 

angle between the axial groups is also slightly reduced from 1800 to 171.6(5)°. due to the car

boxylates being bidentate. 

Unlike [13]. the f.L3-oxygen. OS. has almost equal length bonds in the stannoxane ring 

(2.138(10) and 2.131(8)A for Snl-05 and SnlA-05) indicating that the tetramer is likely to exist 

in solution. The four bidentate carboxylates should confer greater stability on this structure over 



- 93-

[13], due to the greater delocalisation. 

The carboxylates are isobidentate with respect to the C-O bond lengths, the differences 

being 0.004(22) and 0.008(24) for Cl and C3 respectively. The Sn-O bond lengths show a much 

greater variation, though, the differences being 0.225(14) and 0.201(14)A for CI and C3. Thus, 

from comparison with [2], one would expect to find another interaction to the carboxylate, possi

bly intermolecular, but the nearest contact is at 6.085A from 02-Sn2'. 

No other compounds have been reported to date with all four carboxylates being bidentate, 

as in [14], the closest being {[Me2Sn(OAc)]~h8, which has three bidentate and one unidentate 

carboxylate. 

The structure of [15] is also dimeric, situated around an inversion centre. The asymmetric 

unit comprises three phenyltin groups, bound together by two J.Ll-oxygens and five carboxylates, 

one of which is unidentate (Figure 5.8). At the centre of the molecule is a chain of three stannox

ane units, forming a ladder like structure. 

Each tin atom is octahedrally coordinated. Sn 1 and Sn3 are coordinated to two carboxy

lates, one phenyl ring and three J.Ll-oxygens. Sn2 is bonded to one phenyl, one ~l-oxygen and four 

carboxylates. The distortions from octahedral geometry are again due to the small O-Sn-O angle 

in the stannoxane rings. Snl, which is pan of two rings, is the most distorted, the Oll-Snl-012 

angle being only 147.3(4)° instead of 1800. Sn2, which does not belong to any stannoxane rings, 

is the least distorted. 

The four bidentate carboxylate groups all have small C-O bond length differences, the larg

est being 0.047(20)..{ for Cl (Table 5.14). The differences in Sn-O bonds is small for Cl,C3 and 

C5, at 0.057(11), 0.046(11) and 0.023(11)A respectively, though larger for C7, at 0.16O(11)..{. 

There appears to be no correlation between AC-O and ASn-O bond lengths. 

[16] is a hexameric molecule in the shape of a drum (Figure 5.10). There is an S6 axis pass

ing through the centre of the molecule. The asymmetric unit contains one tin atom with one 

phenyl, one carboxylate and one J.Ll-oxygen. The drum has top and bottom faces constructed of 

SnlO:J rings. The sides are made from stannoxane units. The carboxylate groups are bidentate, 

bridging the tin atoms. 

The geometry around the tin is nearly octahedral. Distortion arises from a large O-Sn-O 

angle in the Sn3DJ plane (104.6(1)°) and a small O-Sn-O angle between the bridging carboxylates 
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(76.7(1 )0). In the six membered ring the tin and oxygen atoms are staggered around the mean 

plane of the ring (+/- 0.1431.8.), with the oxygens between the top and bottom faces and the tin 

atoms outside the faces (Figure 5.11). 

The carboxylate is isobidentate, the differences in C-O and Sn-O bond lengths being both 

less than O.oos.8.. 

[17] is also dimeric around an inversion centre (Figure 5.12). The asymmetric unit contains 

two tin atoms, three carboxylates, four phenyl groups and a hydroxide. Snl and Sn2 have six and 

five coordination respectively. Distortion around Sn2 arises due to phenyl/phenyl interactions 

opening the C-Sn-C angle to 136.3(4)°. 

The independent carboxylates in the molecule all have different bonding modes. The Cl 

carboxylate, joining the dimer together, is bidentate in a syn/anti fashion, as with [1] and [2]. The 

large ASn-O (0.156(7).8.) indicating anisobidentate behaviour. The C5 carboxylate is bridging in a 

syn/syn fashion with smaller AC-O and ASn-O bond lengths indicating a closer approach to iso

bidentate behaviour. The C3 carboxylate is unidentate with a hydrogen bond from the acyl oxy

gen to the hydroxide. The AC-O length is the largest for the three bonding types, at 0.052(11).8., 

as would be expected from a unidentate carboxylate. 

There are no reported analogues of [17] in the literature. 

5.3 Experimental 

5.3.1 Preparation of compounds 

Dlmeric J,l-OH-tricbloroacetato-dlpbenyltln [12] 

[12] was prepared from [3] by recrystallisation from CCL.:hexane by the liquid diffusion 

method. Crystals fanned at the interface after 12hrs and were used directly for structure detenni-

nation. 

Dimerlc 1l3-oXO-J,l -trichloroacetato-trichloroacetato-bisdiphenyltin [13] 
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Ph3SnCI (1.094g,2.84mmol) in CHCh was shaken with NaOH (O.205g,5.12mmol) in H20 

(Scml). The resulting organic layer was separated and the solvent removed under reduced pres

sure. The product, (PhlSn)20, was stirred with CI)CCOOH (O.2195g,1.34mmol) in aqueous 

MeOH (3Ocm3) for 3hrs. The solvent was removed and the product recrystallised from 

CH~h:Pet. Ether (30/4QObpt). The crystals produced were used directly for structure detennina-

tion. 

Dimeric ~3 -oxo-bis(p.-tricbloroacetato)-bisdlpbenyltln [14] 

[14] was prepared from [3] by recrystallisation from CC4:Hexane solution by the liquid dif

fusion method. Clear crystals appeared at the interface after 12hrs. These were used directly for 

structure refinement 

Dimeric bis-J,l3-oxo-(tetrall -tricbIoroacetato)-tricbloroacetato-trisphenyltln benzene solvate 

[IS] 

Ph3SnOH (1.0S6g,2.88mmol) and CI,CCOOH (O.49g.3mmol) were reftuxed in benzene 

(SOcml) with a Dean-Stark separator attached. After 24hrs the solution was filtered and reduced 

to 2Ocm3. Hexane was added until precipitation started to occur. The product was redissolved by 

gentle wanning. then the solution was left at OOC for 24hrs. whereupon crystals fonned. Examina

tion under a microscope revealed two distinct crystal types - small clear rhomboids and larger 

cloudier cubes. The fonner proved to be identical to [13] by analysis of the unit cell dimensions. 

A full structure determination was carried out on the latter only. 

Heumeric ~3-oxo-tJ.-triddoroacetato-phenyltln benzene solvate [16] 

(Ph2SnO)" (l.6g,5.Smmol) and ChCCOOH (1.87g.l1.5mmol) were reftuxed in benzene 

(l00cm3) fitted with a Dean-Stark separator. for 12hrs. Well fonned rhombohedral crystals suit

able for structure elucidation grew on the side of the reaction vessel. [16] was also obtained by a 

repetition of the reaction originally used for [14]; crystals grown from CC4:hexane solution by 

liquid diffusion proved to be rhombohedral (a=lS.6A. a=91.4°, unrefined). They are believed to 

be an unsolvated fonn of [6], as recrystallisation from hot benzene gave rhombohedral crystals 

(a=21.3.t a=43.2°. unrefined) clearly identical to [16]. 
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Dimeric J,l-OH-bis-J,l-trichloroacetato-trichloroacetato-bis-diphenyltin (17] 

(Ph2SnO)" (4.33g,15mmol) and ChCCOOH (5g,3Ommol) were stirred in hexane (3Ocml) 

for 3hrs. The solvent was removed under reduced pressure and the product recrystallised from 

Dichloromethane:Pet Ether solution. Large colourless blocks fonned after 12hrs. These were used 

directly for structure determination. [17] was also fonned by recrystallising [3] in CH2CI,} pet 

ether (3()-4()0 bpl). 

5.3.1 X-ray Crystallography 

Accurate unit cell dimensions were determined by least squares fits to 15 high angle 

reflections (200<9<22°) except for [13] where the reflections were measured between 25 and 29°. 

Data for [13]. [14]. [15], [16] and [17] were measured on a Syntex P21 4-circle diffractometer, 

while the data for [12] was recorded on a Nicolet R3m. Intensities were measured using Mo-Ka 

radiation (graphite crystal monochromator, A.--o.71069A). Three check reflections were moni

tored every 200 reflections, the data being rescaled to account for any variation, 1.4.25,54,5 and 

5% for [12] to [17] respectively. These arc insignificant for [12], [13]. [16] and [17], but serious 

for [14] and [15]. Intensities were corrected for Lorentz. polarisation and absorption effects. the 

last by the Gaussian method. Crystal data and a summary of the data collection parameters are 

given in Table 5.1. 

All structures were solved using the heavy atom method, the positions of the tin atoms 

being determined from Patterson maps. The remaining non-hydrogen atoms were determined 

from successive difference Fourier syntheses. Hydrogen atoms were included at calculated posi

tions (C-H = O.96A, U=O.07A2). A weighting scheme of the fonn W=l!(<J2(F)+gFl) was used. All 

calculations for [13] to [17] were made using SHELXTL2' on a Data General 0030. the structure 

of [12] was determined USing SHELXlL PLUS28 on a DEC MicroVax D. Scattering factors were 

taken from International Tables29. Final atomic coordinates are listed in Tables 5.2-5.7. Bond 

lengths and angles are listed in Tables 5.8-5.13. Structures are shown in Figures 5.1-5.13. 

otmeric J,l-OH-trichloroacetato-dlphenyltln [12] 

Systematic absences. hOl;I=2n+l and OkO;k=2n+l, indicated the space group P2de 

uniquely. The hydroxy hydrogen. HII. was located on a difference Fourier map. Its position was 
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allowed to refine but the bond length was fixed at 0.85A. All non-hydrogen atoms were refined 

anisotropic ally . The residual electron density is all located in the rotation cone of the trichloro 

groups. 

Dimeric J.13-ox.,..... -trichloroacetato-trkhloroacetato-bisdiphenyltin [13] 

The systematic absences, hOl;h+I=2n+l and OkO;k=2n+l, indicate space group n 1/n. The 

Patterson synthesis showed two heavy atom positions. These were both insened and refinement 

proceeded smoothly. All non-hydrogen atoms were refined anisotropically. Residual electron 

density is mostly located around the tin atoms. 

Dimeric J.13-oxo-bis{J.1-trkhioroacetato)-bis-diphenyltin [14] 

The space group was detennined as P21/c from the systematic absences. Two heavy atom 

positions were located from the Patterson synthesis and used for refinement All non-hydrogen 

atoms were refined anisotropically. One trichloro group was refined as disordered over six sites 

with half occupancy chlorine atoms. The group was fixed as two staggered tetrahedral groups 

with the C-CI distances fixed at 1.74..\. The residual electron density is mostly associated with 

this group. The high R-factor is probably a consequence of the decomposition C25%) of the crys

tal in the X-ray beam. 

Dimerk bis-J.13-oxo-(tetra-J.L-trichloroacetato)- trichloroacetato-trisphenyltin benzene solvate 

[15] 

The space group was detennined uniquely as nt/a from the systematic absences. This was 

rotated to the standard P2t/c for the structure determination. One tin was located using the Patter

son synthesis and the two others were found on funher difference Fourier maps. One trichloroace

tale group was very disordered with its acyl carbon, acyl oxygen and trichloro group all having 

alternative positions. The occupancy of the acyl carbon and oxygen atoms were refined to nearly 

0.5. The trichloro group was refined as half occupancy over six sites as for [14]. All non

hydrogen atoms except C9, C9A, CIO, 09,010 and OIOA, from the disordered carboxylate, and 

Cl2, C23, C33 and C44, from the phenyl rings, were refined anisotropically. The remaining elec

tron density was mainly associated with the trichloro groups, the highest peaks being associated 
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with the disordered group. The high R-factor is probably due to the disorder in the crystal, since 

the decomposition of the crystal C54%) appears not to have affected the structure solution. 

Hexamerie 1l3-oXo-ll-trichloroaeetato-phenyltin benzene solvate [16] 

The data was collected for a monoclinic cell and the systematic absences, hkl;h+k=2n+ 1, 

hOl;h,l=2n+ I, indicated space groups Cc or C2/c. From density calculations C2/c was chosen and 

the structure refined to R=O.0365. It was then noticed that the structure had an S6 axis, which 

indicated that the space group should have been rhombohedral. The cell and data were 

transformed, giving the new space group as R3c. The structure was re-refined, giving R=O.0296, 

indicating this was the correct setting. Anisotropic thermal parameters were used for all non

hydrogen atoms. The highest peak left in the final difference Fourier was located on a special 

position, the rest was located in the rotation circle of the trichloro group. 

Dimeric Il-OH-bis-Il-tricbloroacetato-triebloroacetato-bis-dipbenyltin [17] 

No systematic absences indicated space groups PI or pi PI was chosen from density calcu

lations. All non-hydrogen atoms were refined anisotropically. The residual electron density lies in 

the rotation circles of the three trichloro groups and also near the tin atoms. 
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1(3 

FIGURE 5.1 View of the dimer formed by [12]. 
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FIGURE 5.2 View of the dimer formed by (13]. 
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C1(11) 
Cl(12)~ 

C(17) 
C(11) 

0(12) 

C(213) 
C1(21) 

FIGURE 5.3 View of [13]. phenyl groups removed. showing atomic numbering scheme. 
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FIGURE 5.4 Packing diagram for [13], 
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FIGURE 5.5 View of the dimer fonned by [14] . 
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FIGURE 5.6 View of [141. phenyl groups removed. showing atomic numbering scheme. 
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FIGURE 5.7 Packing diagram for [141 · 
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FIGURE 5.8 View of the dimer formed by [15]. 
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FIGURE 5.9 View of [15], phenyl groups removed, showing atomic numbering scheme. 
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FIGURE S.10 Top view of hexamer fonned by [16]. showing atomic numbering scheme. 



- 109 -

FIGURE S.11 Side view ofhexamer fonned by [16], showing atomic numbering scheme. 
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FIGURE 5.12 View of the dimer fonned by [17]. 
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FIGURE 5.13 View of [17]. phenyl groups removed. showing atomic numbering scheme. 



T.bk 5.1: Cry ..... thla.net d.1a mlledlon pIlnmeten 

Compound (12) [Il) (I.) (lS) 116) \17) 

Fonnula C..,H"o,cl,Sn.CH,OH C~,oClJlSn. CWi JOP,..CI,.,s no. 2C.H. C,.H..,O ,aCi ,,s n. C""H.,O .. CI "Sn. C .. H~,.cI"Sn.. 3C.H. 

Mas. 544.48 1773.33 3019.66 1773.33 2100.38 2402.12 

D_ 1.563 1.850 1.932 1.895 1.787 1.88 I 

Z 4 2 2 2 2 

Cry>lal Syslt:m Monoclinic Monoclinic Monoclinic Monoclinic Triclimc Trigonal 

Systematic Absences hOIl=2n+I hOll=2n+I hOi I=2n+1 hOi h+I=2n+ I none hklh+k=2n+1 

01<0 k=2n+1 01<0 k=2n+1 01<0 kz2n+1 01<0 k=2n+1 hOI h.l=2n+I 

SplICe Group n,/c P2,/c n,/c n,/n PI R3c 

10.196(2) 13.172(3) 15.714(4) 12.818(3) 10.008(4) 21.770(4) 

b 12.672(2) 12.697(5) 14.054(4) 18.241(4) 10.696(4) 

c 17.913(3) 19.561(5) 23.575(4) 13.651(3) 18.878(7) 

Q 80.71(3) 42.33( I) 

~ 91.59(2) 103.32(2) 94.59(2) 103.24(2) 78.30(3) --
85.89(3) 

N 
T 

u 23136(8) 3183.S( \.7) 5189.8(2.3) 3107.0( 1.1 ) 1951.3(1.3) 4240.0( 1.8) 

1& 1 • . 74 21.19) 22.69 21.71 19.4K 23.81 

F«()(Xl) 1076 Ino 2896 1720 1018 23KH 

Crystal SIze 0 .2><0.2><0.4 01..0 2..0.' 0. 1..0.3..0.2 0 .)..0.3><0.) 02..0 I..oJ 02..02><04 

Mu Tnns. 0.7915 0 .8120 0.7971 0 .78 08653 0.6914 

Min. Tnns. 0.7464 0.6115 0.7540 0.66 0.7109 0 .5486 

Scan Range +1· 0.95 +1' 1.0 +1·1.1 +1· 1.0 +1·1.5 +1.{).9S 

Scan RUe 4.0" 2.0" 3.5· 3.0" 2.0" 20" 

Mu. 28 50" SO" 45· SO'" 45· 50" 

Refs. Collected 4440 5353 7301 5925 5140 8449 

Refs. Obse.rved 1770 3185 2556 3132 3111 1921 

Weight 0 .00041 000235 0.00114 0.00072 000049 0.00057 

R(fin.<1) 0.0296 0.0918 0.0521 0 .0379 00454 0.0296 

IL 0.0327 0.1017 0.0509 00385 0.0451 00330 

Max on final Fourier +1· 0.3 +/·3.2 +/.{).8 +/·0.5 +/·0.7 +1·0.7 

MuOio O.IOS 0.08 0075 O.OIJ 0030 0003 

No of Paramclc~ 259 382 SSS 370 433 160C 
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TABLE 5.1 

Atomic coordinates ()(10') for [11] (with standard deviations in parentheses). 

x y z U(eq) 

Sn(l) 4378.5(4) 1262.7(5) 550.0(2) 48(1) 
CI(l) -221(4) 1200(5) 936(3) 184(3) 
CI(2) -123(3) -1993(4) 1302(2) 127(2) 
Cl(3) 1337(3) 145(6) 2221(2) 146(2) 
0(11) 5945(5) 818(6) -28(3) 53(2) 
o ( 1 ) 2600(5) 846(6) 956(3) 63(2) 
0(2) 2195(6) -1677(7) 711(4) 75(2) 
C ( 1 ) 1971(6) -395(8) 954(3) 48(2) 
C(2) 186(7) -251(8) 1351(4) 58(2) 
C(ll) 5514(1) 1046(8) 1564(4) 53(2) 
C(12) 6651(1) 202(8) 1676(4) 59(2) 
C(13) 7374(8) 97(11) 2346(5) 78(3) 
C(14) 6956(10) 855(11) 2896(5) 77(3) 
C(15) 5840(11) 1697(13) 2191(5) 88(4) 
C(16) 5101(9) 1805(10) 2124(4) 67(3) 
C(17) 3560(7) 3194(8) -70(3) 48(2) 
C(18) 4084(10) 3685(8) -645(5) 69(3) 
C(19) 3536(10) 4887(11) -1055(5) 84(4) 
C(110) 2475(10) 5652(10) -906(6) 87(4) 
C(111) 1944(9) 5234(10) -319(5) 83(4) 
C(112) 2502(9) 3991(9) 104(5) 66(3) 

• Equivalent isotropic U defined as one third of the trace of the 

onhogonalised Uij tensor. 
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TABLES.3 

Atomic coordiDatea (xlO') tor [13] (with standard deviations in parentheses). 
atom x y z 

Sn(l) 4S6O(1) 171(1) 3783(1) 
Sn(2) 7431(1) 514(1) 4787(1) 
Cl(ll) 7361(3) 1415(2) 952(2) 
Cl(12) 5294(2) 1071(2) 1263(2) 
Cl(13) 6719(3) -76(2) 1001(2) 
Cl(21) 10072(2) 485(2) 7990(2) 
Cl(22) 8601(2) 151 (2) 9216(2) 
Cl(23) 9296(2) -973(1 ) 8042(2) 
0(1) 5981(4) 183(3) 4986(3) 
C(11) 4200(6) 1304(4) 3719(5) 
C(12) 4895(8) 1848(5) 3617(7) 
C(13) 4632(10) 2580(6) 3688(9) 
C(14) 3668(10) 2764(6) 3883(9) 
C(15) 2956(8) 2229(5) 4023(7) 
C(l6) 3220(7) 1509(5) 3937(6) 
C(17) 4823(7) -805(4) 3049(5) 
C(8) 5202(9) -1399(5) 3581(7) 
C(19) 5352(9) -2058(6) 3142(8) 
COlO) 5113(8) -2132(6) 2150(7) 
COIl) 4704(10) -1551(6) 1569(7) 
C(112) 4558(9) -893(6) 2012(7) 
C(113) 7124(7) 743(4) 2658(6) 
0(11) 6497(4) 579(3) 3212(4) 
0(12) 8074(5) 862(4) 2937(4) 
C(l14) 6632(7) 806(5) 1508(6) 
C(21) 7530(6) 1667(4) 5029(6) 
C(22) 7426(8) 1938(5) 5934(7) 
C(23) 7481(10) 2680(6) 6138(8) 
C(24) 7620(9) 3159(5) 5412(9) 
C(25) 7756(9) 2903(5) 4514(8) 
C(26) 7722(7) 2182(5) 4337(7) 
C(27) 8272(6) -441(4) 4546(6) 
e(28) 9196(7) -656(5) 5223(7) 
C(29) 9704(7) -1300(5) 5070(7) 
C(210) 9317(8) -1717(5) 4262(8) 
C(21I) 8428(8) -1524(5) 3594(8) 
C(212) 7899(7) -879(5) 3711(7) 
C(213) 7997(7) 99(4) 7183(6) 
0(21) 8190(5) 388(3) 6437(4) 
0(22) 7127(5) -107(4) 7294(4) 
C(214) 8963(7) -36(4) 8080(5) 

• Equivalent isotropic U defined as one third of the trace of 

the onhogonalised Uij tensor. 
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TABLE 5.4 

Atomic coordinates (xl&') for [14] (with standard deviations in parentheses). 

atoll x ':I Z U 

Sn(1) 5946.0(8) 5331. 6( 7'> 4176.2(4) 40( 1 .>.t 
Sn(2'> 2415. 1 <" 9'> 5271. 9( 7'> 4582. 7( 5) 44( 1 .>.t 
C(2) 2233(5) 5336(6) 2261(3) 68( 7'>t. 
Cl(11) 1997(5) 4l:113( 6'> Ef!.153( 3) 1 3Sf 8 .>.t 
Cl(12) 3838(5) 5857( 6'> 1755( 3) 182( 13)t 
Cl(13) 1857( 5) 6828(6'> 289tl( 3'> 433(31'>* 
Cl(14) 896( 5'> 5523(6'> 2149(3) 176( 12)t 
Cl (15) 2467( 5'> 4ft87( 6) 1966(3'> 371(27)t 
Cl(16) 2729(5'> 6281(6) 1782( 3) 592(35)t 
Cl(21) 2759(6) 5572(8) 7575(3'> 146(4.>t 
Cl(22'> 1772( 7'> 3688(S'> 6998(4'> 15S( 5.>t 
Cl(23) 848(5'> 56S6( 7.> 6542(3) 124( 3.>* 
O( 1) 2297( 18'> 5875( 8'> 3446( 5'> 61 (' 4.>t 
0(2'> 3642(9) 582ft( 9) 3184(5) 61 (4 .>t 
0(3) 2286(11) 5598( 1 l:1.> 56 7 "'( .-' ... I..... b.l 74( 5.>i 
0(4) 3511 ( 11 ) 4556(9) 6378(6) 61(5.>:t 
0(5) 3989( 7'> 5117(7) 4839(4) 41( 3)t 
C(l) 2783( 15) 5434( 12'> JeStl( 8) 59(6)t 
C(3) 2676(17) S85S( 14 ,> 6241 (9'> 63( 7.>t 
C(4) 2839( 19) 5881 ( 18) 681 tl( 9'> 86(9)* 
C( 11 .> 4849(14) 3848( 1 f!.1) 3657(7) 59(6.>i 
C(12'> 4558(17) 2977( 11 ) 3987( 8'> 71 (' 8)t 
C(13) 4376(22) 2tl1 tl( 14'> 3642(11'> 1 02( 11 )i 
C( 14'> 4493( 18'> 1918( 18'> 2966(11) 1 t12( 1 tl.>t 
C(15) 4786( Ell) 2891(15) 2623(11) 1 f.,=t9( 11 .>* 
C(16'> 4927(18) 3787( 14) 2988(10) 81 ('9)* 
C(21) 5251 ( 12) 6987( 11 .> 4210(7'> 48(6)* 
C(22) 6294( 14,> 7425( 12'> 4367( 8'> 57( 6.>* 
C(23) 6384(16) 8491(11) 4425( 8'> 65( 7)* 
C( 24.> S585( 16'> 9129(12'> 4354( Hl) 69(7)* 
C(25) 4572(16) 8741(13) 42f!.11 ( 1 tl) 69(7)* 
C(26'> 4485( 14) 7679( 11 .> 4129(S) 52(6.>t 
C( 31 .> 15S1( 13'> 3777( 12) 4545( 8,) 53(6'>t 
C(32) 1758( 18) 3t136( 14) 4833(10) 78(9.>t 
C(33) 1253( 19) 2119( 14,) 48t'16( 12'> 91 ( Hl.>* 
C(34) 614(19) 19l:15( 15) 4497( 14'> 99(11'>t 
C( 35) 588( 16) 2627( 15'> 4959(1J'> 85(9)* 
C(36'> 1888( 14'> 3581 ( 14'> 4983( 1 tl) 64( 7.>* 
C(41 .> 1943( 14'> 68 ltl( 12'> 4416(9'> 58(6)* 
C( 42'> 1323( 15'> 7155( 14'> J754( ttl) 71 (' 8)i 
C( 43.> H131(21 .> 8155( 1~) 364'3( 12) 1 1;14 ( 12'>~ 
C( 44.> 1319(25) 8916(19'> 4138(16) 131;1(16'>* 
C(45) 1985(25) 86ltl( 19 .> 4794<'16'> 126( 16.>:t 
C(46) 2284(17) 76fJ7( 13'> 4917(13) 81(9 ):t 

• Equivalent isotropic U defined as one third of the trace of the 

onhogonalised Uij tensor. 
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TABLE 5.5 

Atomic coordinates (xlO") for [IS] (standard deviations in parentheses). 

atom x y z 

Sn(l) 4586.4(7) 5942.8(8) 4664.7(6) 
Sn(2) 2410.8(8) 6378.8(9) 3993.0(7) 
Sn(3) 3037.9(7) 4966.9(9) 5283.2(6) 
CI(11) 4756(4) 8367(4) 6184(3) 
Cl(12) 3402(4) 7521(5) 6753(3) 
Cl(13) 3044(4) 8401(4) 5670(4) 
Cl(21) 4837(4) 3864(4) 2979(3) 
CI(22) 4806(5) 5726(5) 2553(3) 
Cl(23) 3283(4) 4622(6) 2453(3) 
Cl(31) -31S(3) 6411(5) 4883(4) 
Cl(32) 726(4) 7764(4) 5520(3) 
Cl(33) 441(5) 5947(5) 5958(4) 
Cl(41) 1664(4) 2253(4) 4236(4) 
Cl(42) 1434(4) 3341(5) 3204(3) 
Cl(43) 3115(4) 2802(4) 3652(3) 
C(10) 3105(5) 9344(5) 3911(5) 
Cl(51) 4029(5) 9403(5) 4376(5) 
Cl(52) 2217(5) 9640(5) 4279(5) 
Cl(53) 3190(5) 10145(5) 3350(5) 
C1(54) 2338(5) 10247(5) 3830(5) 
Cl(55) 3653(5) 9268(5) 3295(5) 
Cl(56) 3828(5) 9603(5) 4494(5) 
0(1) 3312(7) 6195(7) 5815(5) 
0(2) 4516(6) 6740(7) 5469(5) 
0(3) 4500(6) 5145(7) 3878(5) 
0(4) 3360(7) 5833(8) 3433(5) 
0(5) 1761(6) 5520(8) 5271(6) 
0(6) 1526(8) 6621 (9) 4614(6) 
0(7) 2004(7) 4817(9) 3957(6) 
0(8) 26Ub(7) 3941(7) 4663(5) 
0(9) 2995(9) 7705(10) 4065(7) 
0(10) 2300(26) 8320(32) 4236(22) 
O(lOa) 3107(25) 8190(29) 3257(20) 
0(11) 3231 (6) 5920(7) 4622(5) 
0(12) 5730(6) 5219(6) 4886(5) 
C(l) 3898(10) 6792(11) 5749(8) 
C(2) 3803(13) 7695(12) 6095(10) 
C(3) 3985(10) 5304(12) 3469(8) 
C(4) 4209(11 ) 4872(14) 2904(9) 
C(5) 1367(10) 6231(14) 5057(9) 
C(6) 598(12) 6593(12) 5326(9) 
C(7) 2226(10) 4051 (12) 4199(10) 
C(8) 2106(11) 3132(15) 3818(10) 
C(9) 2950(28) 8403(32) 3846(24) 
C(9a) 3303(44) 7950(51) 3590(36) 
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TABLE 5.5 cont. 

C(11) 5156(10) 7171(11) 4345(8) 
C(12) 5105(11) 7403(14) 3798(10) 
C(13) 5565(16) 8205(20) 3619(13) 
C(14) 6029(20) 8724(18) 3959(13) 
C(l5) 6144(12) 8452(14) 4536(11) 
C(16) 5699(12) 7690(14) 4738(10) 
C(21) 1482(12) 6575(14) 3324(9) 
C(22) 1738(13) 6909(17) 2823(12) 

C(24) 364(25) 6847(26) 2386(16) 
C(25) 55(21) 6465(26) 2855(16) 
C(26) 644(13) 6359(18) 3352(13) 
C(31) 2779(10) 4148(12) 5990(8) 
C(32) 2981(17) 4437(16) 6537(11) 
C(33) 2793(16) 3850(18) 6976(14) 
C(34) 2370(13) 3049(16) 6887(11) 
C(35) 2131(16) 2755( 18) 6375(11) 
C(36) 2367(12) 3302(14) 5911(11) 
C(41) 1470(21) 4875(32) 1287(20) 
C(42) 1239(26) 4726(37) 767(22) 
C(43) 592(15) 4252(18) 631(14) 
C(44) 111(17) 4086(30) 1046(22) 
C(45) 117(30) 4116(25) 1587(26) 
C(46) 919(28) 4653(25) 1658(22) 

• Equivalent isotropic U defined as one third of the trace of the 

onhogonalised Uij tensor. 
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TABLE 5.6 

Atomic coordinates (xlO") for [16] (standard deviations in parentheses). 

a~om 

Sn( 1 .> 
Cl(l'> 
C 1 (2) 
C1(3'> 
O( 1 .> 
O( 2'> 
0(3'> 
C( 1 ) 
C(2) 
C(3'> 
C( 4.> 
C(5) 
C(6'> 
C( 1'> 
C( 8'> 
C(9) 
C( 10'> 
C(ll'> 

x 4.! Z 

36"13.1 ('2'> 5519.0(2) 64t14. 4( 2'> 
1676.2·:15) 4t186. O( 16) H1t131 . 8( 12'> 
2641 . 2';' 1 "1 .> 2237.5(13) 1 Ot137. "1( 12) 
1 t125. O( 14 .> 3887.1(20) 9455.3(16) 
4878( 2'> 411:.11(2'> 6473('2) 
3316(3'> 3384(3) 10974(2) 
2767( 2,) 4722(3) 7919(2'> 
288t1( 3'> 3913(4) 8291(4'> 
2812( 4 ) 3539( 4.> 9416(4) 
3883(4 -' 5837( 4.> 1t1tl3f 4.> 
3?43( 6-' 5198(6'> 79?4<' 5'> 
3882( 7.> 5370(7'> 8357(6) 
3986( 7) 6222(7) 7813(7'> 
407H 9'> 6813(8) 6889(8'> 
3982( 7) 6623(6) 6470(6) 
-216( 9-' 5552(9) 2559(9'> 

586( 9'> 4969(9.> 2624(7) 
111 ?( 10'> 4143( 11 .> 2573( 14'> 

• Equivalent isotropic U defined as one third of the trace of the 

orthogonalised Uij tensor. 

U 

35( 1 .>t 
88(3.>t 

1 t13<" 3.>:#: 
1 06( 4 .>* 

36(4):t: 
48(5):t: 
46( 5)t 
41:.1( 6 '>:1: 
51 (7)t 
4?(?'>* 
86( 13.>* 

111(18):1: 
1 08( 18):t 
160( 28.>t 
111 (' 18 ).t 
169(27):t' 
136( 25 ):1: 
20t( 38 .>.t 
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TABLES.7 

Atomic coordinates (xIO") for [17] (standard deviations in parentheses). 
afom x ~ z U 

Sn( 1'> 9508.8(7) 347.8('6) 6332.9(3) 46( 1 )* 
Sn(2) 9122. H7) -638.9(6) 8440.7<'3) 48( 1 )* 
Cl <' 1 .> 8t159( 5) 3694( 3'> 5347(2) 131 <' 2.>t 
Cl(2'> 9576<' 5) 4147(3) 3896(3) 149( 2 J.t 
Cl(3'> 6947( 4.> 3191(4) 418t1( 3'> 134<'2)* 
Cl(4'> 11 619( 4) -4493( 3'> 941:.16( 2'> 92( 1 ).t 
Cl(5) 1l:J569(5) -5182( 3) 8244<'3) 139(2)* 
Cl(6) 13J61 (4'> -4596( 4.> 8t131:.1( 2'> 145(2)t 
Cl( 1) 6164( 5) 3t166( 4.> 8644(2) 138(2.>t 
Cl(8) 7792(5'> 4431( 3'> 14t19<' 3'> 1 7'6( 3):t 
Cl( 9) 5683( 4.> 3112( 5'> 7'251(3'> 171 (3 >t 
O( 1) 9423(7) 1399( 6'> 3911:.1<' :3'> 6t1( 3.>t 
0(2 .> 9871(7'> 1197(6) 5164<'4) 68(3)t 
O( 3'> 1 t1299( 7'> -2392( 6'> 8612(4) 62(3.>t 
O( 4.> 118J3( 8) -2326<' 7'> 7586(4) 91 (4.>t 
O( 5) 7899(7) 1 t187( 6'> 8118(]) 65(3.>t 
0(6'> 8453( 7'> 1923(6) 6948(3) 57( 3 J.t. 
O( 1'> 9944(6) -581(5) 7366(3) 50(2)1 
C( 1) 9839(9) 1787(9) 4568(5) 44(4)t 
C(2) 8466( 1 e.> 3161(9'> 45t13(5) 56(4.>t 
C(3) 11266(113'> -2832(9) 8175(5) 54<'4.>t 
C( 4.> 11739( 11 ) -421 J( 1 t1) 8456(6'> 7't1(5)1 
C(5'> 7856(9) 19t1t1(.9 .> 7588(5) 49(4.>t 
C( 6'> 6928(11) 3893<'.9 .> 7735<'5'> 64(5'>1 
C( 7) 7577<' 1 t1) -413( 9'> 6492(5) 55(4.>t 
C( 8.1 ?438( 11 .> -1674<' 1 t1) 6828(6) 7'2(5.>t 
C( 9'> 61.65(12'> -2189(11) 699t1(? ) 94(6)t 
C( 10'> 5t133<' 12'> -1472<' 12) 6834(7) 9t1<' 6.>t 
C( 11) 52t16(13) -268<' 12'> 65t1J( 7'> 1 t12( 7.>* 
C( 12 .i 6436( 11 .> 261 ( 11 .> 63J6(6) 75(5'>1 
C( 13'> 11251<1t1.> 1449('9'> 6t148( 5 .> 56(,4.>t 
C( 14) 12112( 12'> 1496( 12) 5383(6) 82(6'>t 
C<'15'> 13225(13'> 2231( 12) 52t1t1( 7'> 109(7'>1 
C(16'> 135l=t8( 14 .> 2931( 12) 5685(8'> 98( 7.>t 
C( 17'> 12693( 12'> 2893( 11 .> 6359<'8'> 87<' 6.>* 
C( 18'> 11557( 11 .> 2159( 1 t1.> 6549(6'> 68(5'>1 
C( 19'> 1l:J37'4 ( 12 .> 458<' 8'> 8828(5'> 52(4'>t 
C<'2e.> 11788('15 ) 423( 11 .> 8553<'7'> 84(6'>t 
C( 21 .> 12643( 15) 1128( 13'> 877?.;' 8'> 1 05( 7.>t 
C(22'> 12144(18'> 19f:.17( 13'> 9252(8) 89( 7.>t 
C<'23) lll811< 18'> 2001 ( 11 .> 9543( 6'> 85( 6.>* 
C( 24,) 9914(12'> 1275<' 1tl) 9311(5) 68<'5)* 
C(25) 7286( 11 .> -1581:'( 1 (f ,; 8868(5'> 63(5)* 
C(26) 7253( 12'> -2S73( 11 ) 8957( 7) 93(6'>* 
C(2?) 6t169( 16'> -3476( 14) 9242(S) 115(8)t 
C(28) 49t11(15'> -278H 14) 9452(S) 111(8'>* 
C(29) 4898(15) -1532( 17'> 9382(8) 12tl( 8.>t 
(~( 30.> 611:.14(12) -912(11) 90?6( 7) 94( 6 .I.t: 

• Equivalent isotropic V defined as one third of the trace of the 

onhogonalised Vij tensor. 
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TABLES.S 

Bond lengths (A) 

and angles (0) for [ll] (standard deviations in parentheses). 

a) Bond lengtbs 

Sn(l)-O(ll) 2.162 ( 5 ) Sn(l)-O(l) 2.162 ( 5 ) 
Sn(l)-C(ll) 2.106 ( 7 ) Sn(1)-C(17) 2.115 ( 7 ) 
C1(l)-C(2) 1.721 (7 ) C1(2)-C(2) 1.748 (8 ) 
C1(3)-C(2) 1.101 ( 8 ) 0(1) -C (l) 1.239 (8 ) 
0(2)-C(1) 1. 222 (9) C(1)-C(2) 1.564 (9 ) 
C(11)-C(12) 1.315 (10 ) C(11)-C(16) 1.385 ( 10) 
C(12)-C(13) 1.376 (11 ) C(13)-C(14) 1.372 ( 12 ) 
C(14)-C(15) 1. 350 (14) C(15)-C(16) 1.380 ( 13) 
C(17)-C(18) 1.319 ( 11) C(11)-C(112) 1.383 ( 11) 
C(18)-C(19) 1.353 ( 11) C(19)-C(110) 1. 355 ( 13 ) 
C(110)-C(111) 1. 385 (14) C(111)-C(112) 1.395 ( 11) 

b) Bond angles 

O(1)-Sn(1)-0(11) 158.2(2) C(ll)-Sn(l)-O(ll) 96.1(2) 
C(11)-Sn(1)-0(1) 91.8(2) C(11)-Sn(1)-0(11) 96.4(2) 
C(11)-Sn(1)-0(1) 92.4(2) C(11)-Sn(1)-C(11) 134.1(3) 
C(l)-O(l)-Sn(l) 128.7(4) 0(2)-C(1)-0(1) 128.2(6) 
C(2)-C(1)-0(1) 113.3(6) C(2)-C(1)-0(2) 118.4(6) 
C1(2)-C(2)-C1(1) 107.2(4) C1(3)-C(2)-C1(1) 112.9(5) 
C1(3)-C(2)-C1(2) 107.8(4) C(1)-C(2)-C1(1) 107.5(5) 
C(1)-C(2)-C1(2) 112.0(5) C(1)-C(2)-C1(3) 109.5(5) 
C(12)-C(11)-Sn(1) 121.6(5) C(16)-C(11)-Sn(1) 118.6(6) 
C(16)-C(11)-C(12) 119.8(1) C(13)-C(12)-C(11) 119.8(7) 
C(14)-C(13)-C(12) 119.9(8) C(15)-C(14)-C(13) 120.8(9) 
C(16)-C(15)-C(14) 120.1(9) C(15)-C(16)-C(11) 119.6(9) 
C(18)-C(17)-Sn(1) 120.5(5) C(112)-C(17)-Sn(1) 120.2(5) 
C(112)-C(17)-C(18) 119.3(7) C(19)-C(18)-C(17) 120.6(8) 
C(110)-C(19)-C(18) 121.0(8) C(111)-C(110)-C(19) 120.4(1) 
C(112)-C(111)-C(110) 118.9(8) C(111)-C(112)-C(11) 119.8(8) 



a) Bond leqtbl 

Sn(1)-O(I) 
Sn( 1 )-C( 17) 
Sn(1 )-0(22&) 
Sn(2)-0(1I) 
Sn(2)-C(27) 
Cl(11)-C(114) 
CI(13)-C(114) 
CI(22)-C(214) 
0( 1 )-Sn( 1 a) 
C(11 )-C(16) 
C(13)-C(14) 
C(15)-C(16) 
C(17)-C( 112) 
C( 19)-C(110) 
C(111)-C(112) 
C(113)-0(12) 
C(21)-C(22) 
C(22)-C(23) 
C(24)-C(25) 
C(27)-C(28) 
C(28)-C(29) 
C(21 0)-C(211 ) 
C(213)-0(21) 
C(213)-C(214 ) 

b) Bond angles 

0( 1 )-Sn(1 )-C(1l) 
C( 11 )-Sn(1 )-C( 17) 
C( 11 )-Sn( 1 )-0( 1 a) 
0( 1 )-Sn( 1 )-O(22a) 
C( 17)-Sn(1 )-0(22a) 
0( 1 )-Sn(2)-C(21 ) 
0( 1 )-Sn(2)-C(27) 
C(21 )-Sn(2)-C(27) 
0( 11 )-Sn(2)-O(21) 
C(27)-Sn(2)-0(21 ) 
Sn( 1 )-O( 1 )-Sn( 1 a) 
Sn(l)-C(11)-C(l2) 
C(12)-C(11)-C(16) 
C(l2)-C(13)-C(l4) 
C( 14 )-C( 15)-C( 16) 
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TABLE 5.9 

Bond lenathl (A) and .... n (0) for [13] 

(standard deviations in parentheses). 

2.154(4) Sn(1 )-C(11 ) 
2.107(8) Sn(1)-O(la) 
2.323(6) Sn(2)-O(I) 
2.212(5) Sn(2)-C(21 ) 
2.113(8) Sn(2)-O(21) 
1.735(10) Cl(12)-C(114) 
1.765(9) Cl(21 )-C(214) 
1.752(9) Cl(23 )-C( 214 ) 
2.063(5) C(l1)-C(l2) 
1.408(13) C( 12)-C( 13) 
1.364(19) C(l4)-C(15) 
1.368(13) C(l7)-C(18) 
1.388(12) C( 18)-C( 19) 
1.325(14) C( 11 O)-C( III ) 
1.376(15) C(113 )-0(11) 
1.209(10) C(113)-C(114) 
1.365(13) C(21 )-C(26) 
1.380(14) C(23)-C(24) 
1.361(17) C(25)-C(26) 
1.381(11) C(27)-C(212) 
1.382(13) C(29)-C(210) 
1.334(13) C(211 )-C(212) 
1.222(11 ) C(213)-O(22) 
1.548(10) 

99.2(2) 0(1)-Sn(I)-C(17) 
149.6(3) 0( 1 )-Sn( 1)-0( 1 a) 
103.2(3) C( 17)-Sn( 1 )-O( 1 a) 
170.0(2) C( 11 )-Sn( 1 )-0(22a) 
83.3(3) 0( 1 )-Sn(2)-O( 11) 
107.3(3) O( 11 )-Sn(2)-C(21) 
106.9(3) O( 11 )-Sn(2)-C(27) 
145.5(3) 0( 1 )-Sn(2)-0(21) 
172.7(2) C(21 )-Sn(2)-0(21) 
87.3(3) Sn( 1)-0( 1 )-Sn(2) 
103.6(2) Sn(2)-O( 1 )-Sn( 1 a) 
125.1(7) Sn( 1 )-C( 11 )-C( 16) 
117.6(8) C(ll)-C(l2)-C(13) 
119.7(11) C(13)-C{14)-C(15) 
118.9(10) CO H-C(16)-C(15) 

2.115(8) 
2.062(5) 
2.031(5) 
2.129(7) 
2.250(5) 
1.740(10) 
1.738(9) 
1.766(9) 
1.362(13) 
1.386(15) 
1.378(16) 
1.332(11) 
1.376(14) 
1.355(14) 
1.259(11 ) 
1.556(10) 
1.393(12) 
1.363(16) 
1.336(13) 
1.384(12) 
1.338(14) 
1.385(14) 
1.219(11) 

99.9(2) 
76.4(2) 
104.1(3) 
82.0(2) 
80.7(2) 
95.6(2) 
94.3(2) 
92.0(2) 
87.1(2) 
122.8(2) 
133.7(2) 
116.7(6) 

121.4(10) 
120.7(10) 
121.6(9) 
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TABLE 5.9 cont. 

Sn(1 )-C(17)-C(l8) 120.4(6) Sn(l )-C( 17)-C(112) 123.7(6) 
C(18)-C(17)-C(112) 115.8(8) C(17)-C(18)-C(19) 122.9(9) 
C(18)-C(19)-C(11O) 120.8(10) C(19)-C(11 0)-C(111) 119.1(10) 
C(11 0)-C(111 )-C(112) 119.9(9) C(17)-C(112)-C(111) 121.5(9) 
0(11)-C(113)-O(12) 126.1(7) 0( 11 )-C(113)-C(114) 117.2(7) 
O(12)-C(I13)-C(114) 116.8(8) Sn(2)-O(11)-C(113) 108.6(4) 
Cl(11)-C(l14)-Cl(12) 110.1(5) Cl(11)-C(114)-Cl(13) 108.9(5) 
Cl(l2)-C(114)-CI(13) 109.0(5) Cl(11)-C(l14)-C(113) 110.7(6) 
Cl(12)-C(114)-C(113) 111.6(6) CI(13)-C(114)-C(113) 106.4(5) 
Sn(2)-C(21 )-C(22) 118.9(6) Sn(2)-C(21)-C(26) 125.0(6) 
C(22)-C(21 )-C(26) 116.0(8) C(21 )-C(22)-C(23) 121.8(9) 
C(22)-C(23 )-C(24) 119.4(10) C(23)-C(24)-C(25) 120.0(10) 
C(24 )-C(25)-C(26) 119.7(10) C(21)-C(26)~2S) 123.0(9) 
Sn(2)-C(27)-C(28) 121.3(6) Sn(2)-C(27)-C(212) 120.8(6) 

C(28)-C(27)-C(2I2) 118.0(8) C(27)-C(28)-C(29) 120.1(8) 
C(28)-C(29)-C(2IO) 120.6(8) C(29)-C(21 0)-C(2II ) 120.8(10) 
C(21 0)-C(211 )-C(212) 120.6(9) C(27)-C(212 )-C(21I ) 120.0(8) 
0(21 )-C(213)-O(22) 127.0(7) O(21)-C(213)-C(214) 116.8(8) 
0(22)-C(213)-C(214 ) 116.2(7) So(2)-O(21 )-C(213) 139.0(6) 
C(213 )-O(22)-So( 1 a) 133.0(5) Cl(21 )-C(214 )-Cl(22) 110.1(4) 
CI(21 )-C(214 )-Cl(23) 108.7(5) CI(22)-C(214 )-CI(23) 109.2(4) 
CI(21 )-C(214 )-C(213) 112.1(6) CI(22)-C(214 )-C(213) 110.1(6) 
Cl(23 )-C(214 )-C(213) 106.6(5) 



a) Bood leDltbs 

Sn(1)-O(2) 
Sn(1 )-C(11 ) 
Sn(1)..Q( 4a) 
Sn(2)-0(1) 
Sn(2)-O(5) 
So(2)-C(41) 
C(2)-Cl(12) 
C(2)-Cl( 14) 
C(2)-CI( 16) 
CI(21)-C(4) 
Cl(23)-C(4) 
0(2)-C(1) 
0(4)-C(3) 
C(1)-C(12) 
C(12)-C(13) 
C(14)-C(15) 
C(21)-C(22) 
C(22)-C(23) 
C(24)-C(25) 
C(31)-C(32) 
C(32)-C(33) 
C(34)-C(35) 
C(4l)-C(42) 
C(42)-C(43) 
C(44)-C(45) 

b) Bond 8IIIIes 
0(2)-So( 1 )-0(5) 
0(5)-So( 1 )-C( 11) 
0(5)-So( 1 )-C(21) 
0(2)-So( 1 )-O( 4a) 
C( 11 )-Sn( 1 )-0( 4a) 
0(2)-So(1 )-O(5a) 
C(11)-SnO )-0(5a) 
0( 4a)-Sn( 1 )-0(5a) 
0( 1 )-So(2)-O(5) 
0(1 )-Sn(2)-C(31) 
0(5)-Sn(2)-C(31 ) 
0(3)-5n(2 )-C( 41 ) 
C(31 )-5n(2)-C(41) 
Cl(11 )-C(2)-Cl(13) 
Cl(14 )-C(2)-CI(15) 
CI(5)-C(2)-CI(l6) 
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TABLES.tO 

Bond lengths (A) and angles (0) for (14] 

(standard deviations in parentheses). 

2.432(10) Sn(1)-O(5) 
2.127(13) Sn( 1 )-C(21 ) 
2.400(14) Sn( 1 )-0(5 a) 
2.207(11) Sn(2)-0(3) 
2.015(9) So(2)-C(31) 
2.126(16) C(2)-Cl(11) 
1.740 C(2)-Cl( 13) 
1.740 C(2)-Cl(15) 
1.740 C(2)-C(1) 
1.697(20) CI(22)-C( 4) 
1.700(24) O(l)-C(1) 
1.206(22) 0(3)-C(3) 
1.243(24) C(3)-C(4) 
1.378(22) C(11)-C(16) 
1.394(24) C(13)-C(14 ) 
1.406(32) C( 15)-C(16) 
1.448(24) C(21)-C(26) 
1.361(21) C(23)-C(24) 
1.294(28) C(25)-C(26) 
1.428(26) C(31)-C(36 ) 
1.331(28) C(33)-C(34 ) 
1.319(34) C(35)-C(36) 
1.394(24) C(41)-C(46) 
1.332(30) C( 43)-C( 44) 
1.412(40) C(45)-C(46) 

91.8(4) 0(2)-Sn(1 )-C(11) 
98.7(5) 0(2)-So( 1 )-C(21) 
101.8(5) C( 11 )-Sn( 1 )-C(21 ) 
99.2(4) 0(5)-So(1 )-0(4a) 
81.9(6) C(21 )-Sn( 1 )-0( 4a) 
168.0(4) 0(5)-Sn(1)-0(5a) 
100.2(4) C(21)-Sn(1 )-0(5a) 
92.8(4) 0( 1 )-Sn(2)-O(3) 
94.1(4) 0(3 )-Sn(2)-O( 5) 
87.1(5) 0(3)-So(2)-C(31 ) 
113.6(5) O( 1 )-Sn(2)-C( 41) 
86.2(6) 0(5)-Sn(2)-C(41) 
134.2(6) CI(11 )-C(2)-CI02) 

109.5 Cl(12)-C(2)-Cl(13) 
109.5 Cl(14)-C(2)-Cl( 16) 
109.5 Cl( II )-C(2)-C( 1) 

2.138(10) 
2.118(14) 
2.131(8) 
2.199(12) 
2.186(16) 
1.740 
1.740 
1.740 
1.552(15) 
1.856(25) 
1.202(22) 
1.251(20) 
1.540(32) 
1.338(25) 
1.373(34) 
1.432(27) 
1.399(22) 
1.394(27) 
1.369(22) 
1.290(27) 
1.442(39) 
1.380(26) 
1.355(26) 
1.358(36\ 
1.410(24) 

81.9(5) 
80.8(4) 
153.4(5) 
168.9(3) 
81.2(5) 
76.1(4) 
101.0(4) 
171.6(5) 
94.3(4) 
90.0(5) 
90.2(6) 
112.2(5) 

109.5 
109.5 
109.5 

109.1(6) 
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TABLE 5.10 coot. 

Cl(12)-C(2)-C(l) 109.3(8) Cl(l3)-C(2)-C(1 ) 110.0(7) 
CI(14)-C(2)-C(I) 109.9(8) CI(1S)-C(2)-C(1 ) 109.0(6) 
CI( 16)-C(2 )-C( 1 ) 109.S(7) Sn(2)-0( 1 )-C( 1) 133.0(10) 
Sn(1 )-O(2)-C(l) 124.9(10) Sn(2)-0(3)-C(3) 133.7(13) 
C(3)-O(4)-Sn(1a) 128.7(12) Sn(1 )-O(S)-Sn(2) 127.8(4) 
Sn(1)-O(S)-Sn{1 a) 103.9(4) Sn(2)-O(S)-Sn( 1 a) 128.3(S) 
C(2)-C(1 )-0{1) 114.S(14) C(2)-C(1 )-0(2) 116.6(14) 
0( 1 )-C(1 )-0(2) 128.8(14) 0(3)-C(3)-O(4) 126.0(20) 
0(3)-C(3)-C(4) 116.7(18) 0(4)-C(3)-C(4) 117.2(15) 
Cl(21 )-C( 4 )-CI(22) 10S.S(10) Cl(21 )-C( 4 )-Cl(23) 113.8(13) 
Cl(22)-C( 4 )-Cl(23) lOS.S(13) CI(21 )-C( 4 )-C(3) 111.0(16) 
CI(22)-C(4)-C(3) 106.4(14) CI(23)-C(4)-C(3) 113.9(13) 

Sn(1)-C(11)-C(12) 120.2(11) Sn(1)-C(11)-C(16) 119.3(11) 
C(12)-C(11 )-C(16) 120.2(14) C(11)-C(12)-C(13) 121.0(17) 
C(12}-C(13)-C(14 ) 119.7(20) C(13)-C(14)-C(1S) 119.8(20) 
C(14)-C(1S)-C(16) 118.S(20) C(11 )-C(16 )-C(15) 120.6(18) 
Sn( 1 )-C(21 )-C(22) 119.7(11) Sn( 1 )-C(21 )-C(26) 121.8(11) 
C(22)-C(21 )-C(26) 118.3(13) C(21 )-C(22)-C(23) 117.4(16) 
C(22)-C(23 )-C(24) 121.0(18) C(23 )-C(24 )-C(25) 121.7(15) 
C(24 )-C(25)-C(26) 121.4(18) C(21 )-C(26)-C(25) 120.2(16) 
Sn(2)-C(31 )-C(32) 11S.9(13) Sn(2)-C(31 )-C(36) 120.7(12) 
C(32)-C(31 )-C(36) 123.3(17) C(31)-C(32)-C(33) 116.7(22) 
C(32)-C(33)-C(34) 119.8(20) C(33)-C(34)-C(35) 120.0(20) 
C(34 )-C(3S)-C(36) 120.2(23) C(31 )-C(36)-C(35) 119.9(19) 
Sn(2)-C( 41 )-C( 42) 118.S(12) Sn(2)-C(41)-C(46) 120.8(13) 
C( 42)-C(41 )-C( 46) 120.6(16) C(41 )-C(42)-C(43) 119.6(18) 
C(42)-C(43)-C(44) 122.0(22) C(43)-C(44)-C(45) 120.2(23) 
C(44)-C(4S)-C(46) 117.2(23) C(41)-C(46)-C(4S) 120.3(21) 



a) Bond lengths 

Sn(1)-O(2) 
Sn(1 )-0( 11 ) 
Sn(1 )-C(ll) 
Sn(2)-O(4) 
Sn(2)-O(7) 
Sn(2)-0(11) 
Sn(3)-0(1) 
Sn(3)-0(8) 
Sn(3 )-C(31 ) 
Cl(11)-C(2) 
CI(13)-C(2) 
Cl(22)-C(4) 
Ct(31 )-C( 6) 
Cl(33)-C(6) 
Cl(42)-C(8) 
C( 1 0)-Cl(51) 
C(10)-Cl(53) 
C( 10)-Cl(55) 
C(10)-C(9) 
0(2)-C(1) 
()(A) -C(3 ) 
0(6)-C(S) 
0(8)-C(7) 
0(9)-C(9a) 
O( 1 Oa)-C(9) 
C( 1 )-C(2) 
C(5)-C(6) 
C(1l)-C(12) 
C(12)-C(13) 
C(14)-C(IS) 
C(21)-C(22) 
C(22)-C(23) 
C(24)-C(25) 
C(31)-C(32) 
C(32)-C(33) 
C(34)-C(35) 
C(41)-C(42) 
C(42)-C(43) 
C(44)-C(45) 
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TABLE 5.11 

Bond lenathi (A) and anales (0) for [15] 

(standard deviations in parentheses). 

2.213(12) Sn(1)-0(3) 
2.124(9) Sn(1)-O(12) 
2.111(16) Sn(1)-O( 12a) 
2.208(12) Sn(2)-O(6) 
2.285(12) Sn(2)-0(9) 
1.994(10) Sn(2)-C(2l) 
2.156(11) Sn(3)-O(5) 
2.125(11) Sn(3)-0(11 ) 
2.092(19) Sn(3)-0(12a) 
1.768(20) Cl( 12)-C(2) 
1.795(21) Cl(21 )-C( 4 ) 
1.768(21) CI(23)-C(4) 
1.725(20) Ct(32)-C(6) 
1.779(23) Cl( 41)-C(8) 
1.748(22) Cl(43)-C(8) 
1.750 C( 1 0)-Cl(52) 
1.749 C( 1 O)-Cl( 54) 
1.751 C(10)-Cl(56) 
1.352(46) 0(1)-C(l) 
1.218(20) 0(3)-C(3) 
1.228(20) 0(5)-C(5) 
1.223(25) 0(7)-C(7) 
1.212(24) Q(9)-C(9) 
1.301 (85) 0(10)-C(9) 
1.460(74 ) O( 1 Oa)-C(9a) 
1.523(26) C(3)-C(4) 
1.498(27) C(7)-C(8) 
1.327(30) C(11 )-C(l6) 
1.420(34) C(13)-C(14) 
1.410(39) C(15)-C(16) 
1.362(35) C(21 )-C(26) 
1.363(38) C(23)-C(24) 
1.355(54) C(25)-C(26) 
1.366(31) C(31)-C(36) 
1.374(40) C(33)-C(34) 
1.303(35) C(35)-C(36) 
1.268(68) C(41)-C(46) 
1.236(49) C(43)-C(44) 
1.274(81) C( 45 )-C( 46) 

2.162(12) 
2.094(9) 
2.030(10) 
2.126(14) 
2.080(14) 
2.080(20) 
2.149(10) 
2.095(11) 
2.024(10) 
1.738(25) 
1.728(20) 
1.768(19) 
1.715(19) 
1.756(23) 
1.726(20) 
1.749 
1.749 
1.750 
1.265(19) 
1.227(20) 
1.260(22) 
1.255(22) 
1.109(50) 
1.433(72) 
0.887(91 ) 
1.531(28 ) 
1.576(29) 
1.412(26) 
1.269(39) 
1.385(29) 
1.358(28) 
1.257(47) 
1.440(44) 
1.358(25) 
1.316(34) 
1.411(35) 
1.316(65) 
1.305(54) 
1.468(60) 
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TABLE 5.11 cont. 

b) BoDd aJIIIes 
0(2)-Sn( 1 )-0(3) 173.5(4) 0(2)-Sn( 1)-0( 11) 85.9(4) 
0(3)-Sn(1)-O(11) 87.6(4) 0(2)-Sn(1)-O(12) 97.7(4) 
0(3 )-Sn( 1 )-0( 12) 87.5(4) 0(11)-Sn(1)-O(12) 147.3(4) 
0(2)-Sn(1 )-C( 11) 86.8(6) 0(3)-Sn(1)-C(11) 96.7(6) 
0(11)-Sn(1)-C(11) , 116.6(5) O( 12)-Sn(1 )-C(1l) 96.1(5) 
0(2)-Sn( 1)-0( 12a) 85.9(4) 0(3)-Sn(1)-O(I2a) 91.7(4) 
0(11)-Sn(1)-0(12a) 74.1(4) 0(12)-Sn(1)-0(12a) 73.8(4) 

C(11 )-Sn(1 )-O(12a) 166.6(5) 0(4 )-Sn(2)-0( 6) 168.0(5) 
0( 4)-Sn(2)-0( 6) 168.0(5) 0(4 )-Sn(2)-0(7) 81.1(4) 
0(6)-Sn(2)-0(7) 89.0(5) 0(4)-Sn(2)-O(9) 92.6(5) 
0(6)-Sn(2)-0(9) 96.2(6) 0(7)-Sn(2)-O(9) 169.9(5) 
0(4)-Sn(2)-O(I1) 84.6(4) 0(6)-Sn(2)-O( 11) 87.6(5) 

0(7)-Sn(2)-0(11 ) 83.0(4) 0(9)-Sn(2)-O( 11) 88.5(5) 

0( 4)-Sn(2)-C(21) 93.4(7) 0(6 )-Sn(2)-C(21) 92.5(7) 

0(7)-Sn(2)-C(21 ) 85.6(6) 0(9)-Sn(2)-C(21 ) 102.8(7) 
O( 11 )-Sn(2)-C(21) 168.6(6) 0(1 )-So(3)-0(5) 82.0(4) 
0(1)-Sn(3)-0(8) 168.7(4) 0(5)-So(3)-O(8) 89.4(4) 
0(1)-Sn(3)-0(11) 83.5(4) 0(5)-Sn(3)-0( 11) 87.1(4) 
0(8)-Sn(3)-O(II) 88.8(4) O( 1 )-Sn(3)-C(31) 91.2(6) 
0(5)-Sn(3)-C(31 ) 88.2(6) 0(8)-Sn(3)-C(31 ) 95.9(6) 
0(11)-Sn(3)-C(31) 173.3(6) O( 1 )-Sn(3)-0( 12a) 93.9(4) 
0(5)-So(3)-0( 12a) 161.9(4) 0(8)-Sn(3)-0( 12a) 92.0(4) 
0(11)-Sn(3)-0(12a) 74.8(4) C(31 )-Sn(3)-0( 12a) 109.6(5) 
CI(51 )-C( 1 0)-Cl(52) 109.5 Cl(51 )-C(1 0)-CI(53) 109.5 
Cl(52)-C( 1 0)-CI(53) 109.5 CI(54 )-C( 10)-Cl(55) 109.5 
Cl(54)-C(10)-CI(56) 109.5 Cl(55)-C( 1 0)-Cl(56) 109.5 
Cl(51 )-C( 10)-C(9) 104.5(20) C1(52)-C( 1 0)-C(9) 98.4(21) 
CI(53 )-C( 10)-C(9) 124.5(24) Cl(54 )-C( 1 0)-C(9) 125.5(19) 
Cl(55)-C( 10)-C(9) 86.6(24) Cl(56 )-C( 10)-C(9) 113.1(22) 
So(3)-0( 1 )-C( 1) 125.0(12) Sn( 1 )-0(2)-C( 1) 126.2(10) 
Sn(1 )-0(3)-C(3) 124.8(11 ) Sn(2)-0(4)-C(3) 138.0(12) 
Sn(3)-0(5)-C(5) 136.1 (11) Sn(2)-0(6)-C(5) D4.9(12) 
Sn(2)-0(7)-C(7) 137.8(11) Sn(3)-0(8)-C(7) 129.9(11) 
Sn(2)-0(9)-0(10) 102.4(19) Sn(2)-0(9)-C(9) 138.0(27) 
0( 1 O)-0(9)-C(9) 65.7(33) Sn(2)-0(9)-C(9a) 111.0(34) 
O( 1 0)-0(9)-C(9a) 114.5(39) Sn(l )-0(11)-Sn(2) 128.0(6) 
Sn(1 )-0( 11 )-Sn(3) 100.3(4) Sn(2)-0(11)-Sn(3) 129.6(5) 
Sn( 1 )-0( 12)-Sn( 1 a) 106.2(4) Sn( 1 )-0( 12)-So(3a) 146.0(6) 
Sn( 1 a)-O( 12)-Sn(3a) 106.1(4) 0(1 )-C(1 )-0(2) 130.3(15) 
0(1)-C(1)-C(2) 112.5(16) O(2)-C( 1 )-C(2) 117.2(14) 
Cl( 11 )-C(2)-Cl( 12) 109.5(12) Cl( 11 )-C(2)-Cl( 13) 106.9(10) 
Cl(12)-C(2)-Cl( 13) 107.6(11) Cl01 )-C(2)-C(1) 113.0(14) 
Cl(12)-C(2)-C(1) 114.8(13) Cl( 13 )-C(2)-C( 1) 104.5(14) 
0(3)-C(3)-0( 4) 129.6(18) 0(3)-C(3)-C(4) 115.4(15) 
0(4)-C(3)-C(4) 114.6(16) Cl(21 )-C(4)-CI(22) 106.5(10) 
Cl(21 )-C(4)-C1(23) 109.6(11 ) Cl(22)-C(4)-Cl(23) 107.2(11) 
Cl(21 )-C(4)-C(3) 113.9(14) Cl(22)-C(4)-C(3) 107.8(13) 
CI(23)-C(4)-C(3) 111.6(13) O(5)-C(5)-0(6) 124.7(17) 
0(5)-C(5)-C(6) 119.2(18) 0(6)-C(5)-C(6) 115.8(16) 
CI(31 )-C(6)-CI(32) 112.201 ) CIQ 1 )-C(6)-Cl(33) 105.5(11) 
Cl(32)-C(6)-Cl(33) 106.7(12) Cl(31 )-C(6)-C(5) 110.7(15) 
Cl(32 )-C( 6)-C(5) 110.9(13) Cl(33)-C(6)-C(5) 110.5(13) 
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TABLE S.ll cont. 

0(7)-C(7)-0(8) 128.1(17) O(7)-C(7)-C(8) 115.3(18) 
0(8)-C(7)-C(8) 116.0(15) Cl( 41 )-C(8)-Cl( 42) 110.1(10) 
CI( 41 )-C(8)-C1( 43) 110.5(12) CI( 42)-C(8)-CI( 43) 111.2(13) 
CI(41)-C(8)-C(7) 106.9(15) Cl( 42)-C(8)-C(7) 111.8(14) 
Cl(43)-C(8)-C(7) 106.2(12) C( 10)-C(9)-O(9) 143.9(49) 
C( 1 0)·C(9)-0( 10) 97.9(36) 0(9)-C(9)-O( 1 0) 69.5(34) 
C(10)-C(9)-0(10a) 105.5(38) O(9)-C(9)-0( 1 Oa) 104.7(39) 
0(9)-C(9a)-O( lOs) 137.4(79) Sn(1)-C(11)-C(12) 123.6(13) 
Sn(1 )-C(11)-C(16) 116.0(14) C(12)-C(lI)-C(16) 119.9(17) 
C(11)-C(12)-C(13) 119.3(20) C(12)-C(13)-C(l4) 123.3(27) 
C(13)-C(14)-C(15) 118.4(26) C(14)-C(15)-C(16) 120.9(21) 
C(11)-C(16)-C(15) 117.9(20) Sn(2)-C(21)-C(22) 117.7(14) 
Sn(2)-C(21 )-C(26) 124.0(18) C(22)-C(21 )-C(26) 118.3(21) 
C(21 )-C(22)-C(23) 119.0(21) C(22)-C(23)-C(24 ) 124.4(32) 
C(23)-C(24)-C(25) 121.0(35) C(24 )-C(25)-C(26) 117.1(30) 
C(21)-C(26)-C(25) 120.1(27) Sn(3)-C(31 )-C(32) 122.9(14) 
Sn(3)-C(31)-C(36) 119.6(15) C(32)-C(31 )-C(36) 117.5(20) 

C(31 )-C(32)-C(33) 119.0(22) C(32)-C(33)-C(34 ) 122.1(28) 
C(33)-C(34)-C(35) 121.5(26) C(34 )-C(35)-C(36) 118.1(22) 
C(31)-C(36)-C(35) 121.6(22) C(42)-C(41)-C(46) 116.9(38) 
C(41)-C(42)-C(43) 120.4(45) C(42)-C(43)-C(44) 114.5(38) 
C(43)-C(44)-C(45) 141.8(36) C( 44 )-C( 45)-C(46) 94.0(41) 
C(41)-C(46)-C(45) 130.5(47) 



a) Boadlenpbs 

Sn(1)-O(I) 
Sn(1)-C(3) 
Sn(1)-O( 1 b) 
Cl(1)-C(2) 
Cl(3)-C(2) 
0( l)-Sn(l c) 
0(2)-So(1c) 
C(1)-C(2) 
C(3)-C(8) 
C(5)-C(6) 
C(7)-C(8) 
C(9)-C(9a) 
C(l1)-C(11 a) 

b) Bond angles 

0( 1 )-So( 1 )-0( 3 ) 
0(3)-So(l)-C(3) 
0(3)-So( 1 )-0( 1 a) 
O(I)-So(I)-O(I b) 
C(3)-Sn(1 )-0(1 b) 
O( 1 )-Sn( 1 )-0(2a) 
C(3)-Sn( 1 )-0(2a) 
O( 1 b)-Sn( 1 )-0(2a) 
Sn( 1 )-o( 1 )-Sn( 1 c) 
C( 1)-0(2)-Sn( Ie) 
0(2)-C(l)-0(3) 
0(3)-C( 1 )-C(2) 
Cl(1 )-C(2)-Cl(3) 
Cl(l )-C(2)-C(1) 
Cl(3)-C(2)-C(1 ) 
Sn(1)-C(3)-C(8) 
C(3)-C(4)-C(5) 
C(5)-C( 6)-C(7) 
C(3)-C(8)-C(7) 
C(9)-C( 1 O)-C( 11) 
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TABLES.12 

Bond lenatbs (A) and angles (0) for [16J 

(standard deviations in parentheses). 

2.089(3) Sn(1)-O(3) 
2.104(13) Sn( 1 )-0( 1 a) 
2.075(3) Sn( 1 )-0(2a) 
1.757(12) Cl(2)-C(2) 
1.744(11) 0( 1 )-Sn( 1 a) 
2.095(7) 0(2)-C(1) 
2.190(3) 0(3)-C(1) 
1.549(6) C(3)-C(4) 
1.343(17) C(4)-C(5) 
1.368(21) C(6)-C(7) 
1.406(35) C(9)-C(10) 
1.332(60) C(1O)-C(1l) 
1.326(80) 

86.6(1) 0( 1 )-So(l )-C(3) 
90.4(2) 0( 1 )-So( 1)-0( 1 a) 
86.2(2) C(3)-Sn(I)-0(1a) 
104.6(1) 0(3)-So(1)-O(1 b) 
106.2(2) 0( 1 a)-Sn( 1 )-0( 1 b) 
158.1(2) 0( 3 )-So( 1 )-O(2a) 
93.3(3) O( 1 a)-SoC 1 )-0(2a) 
87.0(1) So( 1 )-O( 1 )-So( 1 a) 
100.6(2) Sn( 1 a)-O( 1 )-Sn( 1 c) 
127.7(4) Sn( 1 )-0(3)-C( 1) 
128.6(4) O(2)-C(1)-C(2) 
115.5(7) Cl( 1 )-C(2)-Cl(2) 
108.9(3) Cl(2)-C(2)-Cl(3 ) 
112.0(7) Cl(2)-C(2)-C( 1) 
106.9(6) So( 1 )-C(3)-C( 4) 
122.6(9) C(4)-C(3)-C(8) 

120.4(11) C(4)-C(5)-C(6) 
120.0(21) C(6)-C(7)-C(8) 
121.3(10) C( 10)-C(9)-C(9a) 
116.1(29) C( 1 O)-C( 11 )-C( 11 a) 

2.183(3) 
2.095(7) 
2.191(3) 
1.736(5) 
2.076(3) 
1.240(11) 
1.244(10) 
1.391(11) 
1.387(29) 
1.308(17) 
1.327(25) 
1.269(31 ) 

101.0(2) 
77.3(2) 
176.2(1) 
157.4(2) 
77.5(2) 
76.7(1) 
87.4(2) 
131.5(2) 
101.2(:!) 
129.4(4) 
115.8(7) 
108.8(5) 
109.5(6) 
110.6(3) 
119.9(9) 
117.5(14) 
119.7(11) 
120.7(17) 
121.1(16) 
122.7(19) 



a)Bond~ 

Sn(1)-O(2) 
Sn(I)-O(7) 
Sn(1 )-C(13) 
Sn(2)-O(3) 
Sn(2)-O(7) 
Sn(2)-C(25) 
CI(2)-C(2) 
Cl(4)-C(4) 
Cl(6)-C(4) 
Cl(8)-C(6) 
0(1)-C(1) 
0(2)-C(1) 
0(4)-C(3) 
0(6)-C(5) 
C(3)-C(4) 
C(7)-C(8) 
C(8)-C(9) 
C(1 0)-C(11) 
C(13)-C(l4) 
C(14)-C(15) 
C(16)-C(17) 
C( 19)-C(20) 
C(20)-C(21 ) 
C(22)-C(23) 
C(25)-C(26) 
C(26)-C(27) 
C(28)-C(29) 

b) Bond anaIes 

0(2)-Sn( 1)-0(6) 
0( 6)-Sn( 1)-0(7) 
0( 6)-Sn( 1 )-C(7) 
0(2)-Sn(1)-C(13) 
0(7)-Sn(I)-C(13) 
0(2)-Sn(1)-O(la) 
0(7)-Sn(1 )-O( 1 a) 
C(13)-Sn(1 )-0(1 a) 
0(3)-Sn(2)-O(7) 
0(3)-Sn(2)-C(19) 
0(7)-Sn(2)-C(19) 
0(5)-Sn(2)-C(25) 
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TABLE 5.13 

Bond lenatbs (A) and anales (0) for [17] 

(standard deviations in parentheses). 

2.361(7) Sn(1)-O(6) 
2.155(6) Sn(1)-C(7) 
2.104(10) Sn(1)-O(la) 
2.157(6) Sn(2)-0(5) 
2.021(5) Sn(2)-C( 19) 
2.108(11) Cl(1)-C(2) 
1.709(10) Cl(3)-C(2) 
1.750(11) Cl(5)-C(4) 
1.712(11) Cl(7)-C(6) 
1.698(11) Cl(9)-C(6) 
1.244(12) 0( 1 )-Sn( 1 a) 
1.204(11) 0(3)-C(3) 
1.203(11) O(5)-C(5) 
1.232(10) C(1 )-C(2) 
1.561(14) C(5)-C(6) 
1.399(14) C(7)-C(12) 
1.381(16) C(9)-C(10) 
1.344(17) C(1)-C(12) 
1.367(14) C(13)-C(18) 
1.364(18) C(15)-C(16) 
1.358(19) C(17)-C(18 ) 
1.405(18) C( 19)-C(24) 
1.349(22) C(21 )-C(22) 
1.339(23) C(23)-C(24) 
1.368(16) C(25)-C(30) 
1.359(19) C(27)-C(28) 
1.321(23) C(29)-C(30) 

98.0(2) O(2)-Sn( 1 )-0(7) 
86.6(2) 0(2)-Sn( 1 )-C(7) 
86.9(3) 0(7)-Sn( 1 )-C(7) 
86.1(3) 0(6)-Sn( 1 )-C(13) 
95.7(3) C(7)-Sn( 1 )-e( 13) 
96.9(2) 0( 6 )-Sn( 1 )-0( 1 a) 
78.4(2) C(7)-Sn( 1 )-0( 1 a) 
95.5(3) 0(3 )-Sn(2)-0(5) 
86.3(2) 0(5)-Sn(2)-0(7) 
95.9(3) 0(5)-Sn(2)-C( 19) 
104.8(3) 0(3)-Sn(2)-C(25) 
88.6(3) 0(7)-Sn(2)-C(25) 

2.277(6) 
2.098(10) 
2.18.5(6) 
2.212(6) 
2.083(12) 
1.739(10) 
1.746(12) 
1.762(13) 
1.725(10) 
1.747(13) 
2.185(6) 
1.255(11) 
1.220(11) 
1.535(13) 
1.556(13) 
1.364(15) 
1.377(17) 
1.349(18) 
1.396(17) 
1.351 (21) 
1.382(16) 
1.355(14) 
1.321(20) 
1.404(21 ) 
1.359(16) 
1.363(21 ) 
1.391(19) 

175.1 (2) 
84.0(3) 
94.8(3) 
87.1(3) 
167.6(4) 
165.0(2) 
93.1(3) 
172.1(3) 
86.9(2) 
89.8(3) 
91.0(3) 
118.7(3) 
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TABLE 5.13 cont. 

C( 1 )-0( 1 )-So( 1 a) 132.5(6) So(1 )-0(2)-C( 1) 167.5(7) 
So(2)-O(3)-C(3) 128.3(6) So(2)-0(5)-C(5) 139.6(6) 
So(1 )-O(6)-C(5) 131.1(6) So( 1 )-O(7)-So(2) 137.8(3) 
0( 1 )-C(1 )-0(2) 126.8(9) D( 1 )-C( 1 )-C(2) 113.9(8) 
0(2)-C(1 )-C(2) 119.4(9) Cl( 1 )-C(2)-Cl(2) 110.6(6) 
Cl( 1 )-C(2)-Cl(3) 107.0(5) Cl(2)-C(2)-Cl(3) 108.8(5) 
Cl( 1 )-C(2)-C( 1) 112.1(7) Cl(2)-C(2)-C( 1) 111.0(6) 

Cl(3 )-C(2)-C( 1 ) 107.2(7) 0(3)-C(3)-0(4) 128.0(9) 

0(3)-C(3)-C(4) 113.4(8) D(4)-C(3)-C(4) 118.5(9) 
Cl(4)-C(4)-Cl(5) 107.6(5) Cl(4)-C(4)-Cl(6) 109.8(7) 
Cl(5)-C(4)-Cl(6) 109.8(6) Cl(4)-C(4)-C(3) 112.5(7) 
Cl(5)-C(4)-C(3) 104.6(8) Cl(6)-C(4)-C(3) 112.3(7) 
0(5)-C(5)-O(6) 129.6(9) 0(5)-C(5)-C(6) 116.0(8) 

0(6)-C(5)-C(6) 114.5(7) Cl(7)-C(6)-Cl(8) 110.8(6) 
Cl(7)-C(6)-Cl(9) 106.9(6) Cl(8)-C(6)-CI(9) 107.7(6) 
Cl(7)-C(6)-C(5) 113.4(6) Cl(8)-C(6)-C(5) 110.7(7) 
Cl(9)-C(6)-C(5) 107.0(8) So(1 )-C(7)-C(8) 117.3(7) 
So( 1 )-C(7)-C( 12) 124.5(8) C(8)-C(7)-C( 12) 118.1(10) 
C(7)-C(S)-C(9) 119.4(10) C(8)-C(9)-C(10) 120.9(11) 
C(9)-C(10)-C(lI) 118.2(12) C(10)-C(11)-C(12) 122.3(12) 
C(7)-C(12)-C(lI) 121.2(11) So(l )-C(13)-C(14) 122.2(9) 
So( 1 )-C( 13)-C( IS) 119.7(7) C(14)-C(13)-C(18) 118.1(10) 
C( 13)-C(14)-C(15~ 121.6(12) C( 14)-C( 15)-C(16) 119.S(11 ) 
C(15)-C( 16)-C(17) 120.7(12) C(l6)-C(I7)-C(18) 120.0(14) 
C( 13 )-C( 18)-C( 17) 119.7(10) So(2)-C( 19)-C(20) 119.5(8) 
Sn(2)-C( 19)-C(24) 124.4(9) C(20)-C( 19)-C(24) 116.0(11) 
C( 19)-C(20)-C(21) 121.9(12) C(20)-C(21 )-C(22) 119.7(14) 
C(21 )-C(22)-C(23) 122.5(16) C(22)-C(23 )-C(24) 118.2(12) 
C(19)-C(24)-C(23) 121.6(11) Sn(2)-C(25)-C(26) 121.3(8) 
Sn(2)-C(25)-C(30) 120.5(9) C(26)-C(25)-C(30) 118.2( 10) 
C(25)-C(26)-C(27) 121.0(11) C(26 )-C(27)-C(28) 119.4(13) 
C(27 )-C(28)-C(29) 121.2(14) C(2S)-C(29)-C(30) 119.4( 14) 
C(25)-C(30)-C(29) 120.7(12) 
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Scheme 5.1 

[phT~; J 0 ---- Ph~n(TCA)OSnPh3 _TC_A ___ Ph~n(TCA)OSn(TCA)Ph2 
~t 2 ~~ ~ 

H - 0 0 I dimerise 

\''£b 
[13] 

Scheme 5.2 

Ph2 
P~ Sn(TCA).MeOH --- Ph2Sn(TCA)(OH) + C6H6 + MeOH 

H ( OH I dimeli.e 

[12] 

Scheme 5.3 
Ph2 

- ,-St"0H + TCAH + MeOH 

H-~~ '" 
dimerise 

Ph2Sn(TCA)(OH) .. [12] 

Scheme 5.4 

/H 
Ph2(TCA)Sn - (j) ~Ph 

Scheme 5.5 

Sn(TCA).MeOH 
Ph2 

---- Ph~n(TCA)OSn(TCA)Ph2 (I} + C6~ 

! dimerise 

[14J 

(I} + Ph~n(OH)(TCA) - Ph2(TCA)SnOSn(TCA)PhOSn(TCA)Ph2 + C6Hs 

H20 -_a Ph(OH)(TCA)SnOSnPh(TCA)OSn(TCA)Ph2 

internal dimerise 
--- cyclic trimer - [16] 
dearylation 

Schemes 5.1-5.5: Hydrolysis pathways for [12] to [16]. 
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CHAPTER 6 

Experimental Sedlon 

6.1 Choice or Crystal 

It is most important that a good crystal be chosen to measure the data on. This is simply 

due to the fact that a poor crystal will give a poor diffraction pattern and hence will not give good 

results. There are two main criteria for the choice of a crystal, the first being that it should be sin

gle, and seoondly, that it should be of appropriate size. 

A simple method for deducing whether a crystal is single or not is by the use of a polarising 

microscope. If a crystal is rotated on an axis perpendicular to the plane of a polarising filter then 

the crystal should appear continuously dark, for any rotation, or be bright and extinguish to dark

ness every 9()0. Crystals that have bright and dark patches at the same time are not single and thus 

should not be used. 

The size of a crystal is also important and is dependent on a number of factors. On modem 

diffractometers there is a plareau of unifonn X-ray intensity, of approximately 0.8 by 0.8mm. For 

best results the crystal sbould not move out of this region and so, allowing for difficulties in 

centering the crystal perfectly, this sets an upper limit of about 0.6mm in any dimension of the 

crystal. Another factor is the absorption of the X-rays by the crystal itself. In any absorption pro

cess the intensity is reduced according to the Beer-Lambert Law: 

6.1 

where J1 is the linear absorption coefficient, and is dependent on the atoms in the crystal. and 't' is 

the thickness of the crystal. Thus a small crystal would be expected to be chosen, to minimise the 

absorption effects. However a third factor is also present. The intensity of the diffracted X-rays 

are dependent on the amount of material present to diffract the primary beam, i.e. on the volume 

of the crystal. and thus, there would be an advantage in having as large a crystal as possible. 

There is an opIimwn thickness that arises from the combination of these two conflicting factors. 

given by: 

6.2 



-136 -

In practice, crystals of dimensions between 0.3 and 0.5mm are generally used. 

6.2 Crystal Mounting And Data Collection Procedure 

A suitable crystal, as outlined above, is chosen and mounted on a fibre. This is most easily 

done with the use of a high power stereo microscope. The crystal is positioned at the edge of a 

glass slide and glued on to the end of a quartz fibre, which is mounted in a grub screw with wax, 

by the use of Araldite glue. Quartz and Araldite are used because they are both amorphous 

materials, and so will not affect the diffraction pattern. 

The grub screw is screwed into a goniometer head (Figure 6.1) and the unit is transferred to 

the diffractometer l . The position of the crystal on the head is adjusted in three dimensions, by 

means of adjusting screws 1.2 and 3, until the crystal is centted in the X-ray beam and does not 

move away from this point when rotated in any of the three circles (a), • and X (Figure 6.2)2. This 

is achieved with the aid of a microscope that has been pre-aligned and focused on the centre 

point 

Once the crystal has been centred a rotation photograph is recorded. The crystal is moved 

to 0" on all the circles, and then rotated in (0 while the beam is on and the photograph is exposed. 

An example of the diffraction pattern observed is shown in Figure 6.3. A series of six to eight 

points (2x.2y) are measured from the photograph and input to the control program. X and 2& can 

then be calculated for each point by the following equations: 

6.3 

where d is the distance from the crystal to the centre of the photograph. The crystal is then moved 

to the calculated X and 28 position and rotated in (0 until the reflection is found. The program then 

centreS on the reflection by the iterative half-height method. 

Once all the reflections have been centred the smallest primitive triclinic cell that is compa

tible with the data is found. Thus the more data points used, the greater the confidence that can be 

anached to the result The minimum number of reflections needed is three, to define the three 

axes of the cell. 

The cell thus produced is then checked to see if there is a higher symmetry cell available. If 

this is the case, then the data is ttansformed to the new cell, since higher symmetry cells usually 

involve less data collection. Photographs are then taken of each axis of the cell. These are used to 
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check three points. FllSdy. that the cell has the required symmetry, i.e. for a monoclinic cell the 

b-axis photograph should show mirror sYDUlletry, secondly, to check that there is no twinning, 

evidenced by double spotS on the photograph where one spot is not on the layer line, and thirdly, 

to check for doubling of the cell dimensions, a problem which occurs if the original points taken 

from the rotation photograph fonn a consistent subset of the actual diffraction panern. 

TIle indices (hJcI) of the reflections collected are then calculated in a least squares program. 

which also calculates the cell parameters and the orientation matrix3• More accurate cell parame

ters are calculated by using reflections with higher 28 values. To achieve this a rapid data collec

tion is run in the region 20<28<22°. From the output fifteen of the most intense points are chosen 

and centred on as before. The final cell parameters. error margins and the orientation matrix are 

calculated from these reflections. The rapid data scan is also useful for checking whether the cell 

is centred or not prior to the full data collection. 

At this point the crystal is removed from the diffractometer to be measured. This is done by 

the method of Alcock". Accurate measurement of the crystal shape is important for calculating 

the padllengtb of any particular beam through the crystal, and thus the extent to which absorption 

may affect its intensity. This is especially important for needle and plate crystals which can have 

very different path lengths through them. It is useful to measure the crystal before the data collec

tion. because during the data collection the edges may become less distinct. due to solvent loss 

for example. 

1be crystal is the replaced on the diffractometer and the full data collection started. Using 

the infonnation obtained from the least squares program, the angles at which any reflection will 

occur can be calculated. The program systematically measures each reflection. The geometry 

used is a 0>/28 scan, where the 0) ciIcle. which rotates the crystal. moves at half the angular rate of 

the detector. localed on the 28 ciIcle. A pre-scan estimates the intensity of each reflection and 

determines the scan speed for each. fast for a strong reflection and slow for a weak one. Intensity 

measurements are taken at either side of the reflection to determine the background accurately. 

Three standard reflections are measured every 200 reflections. These are used to detennine if any 

systematic decrease in diffracted intensity occurs over the data collection time, if so the data can 

be scaled to account for it. The data is ttansferred directly to the MicroVax II for structure solu-

tion. 

1be ambient temperature around the crystal is held at 18°C by means of an air conditioning 

unit If cooler temperatures are required, to counteract thennal vibration for instance. the crystal 

can be bathed in a stream of cold, dry nitrogen. The temperature of the stream can be adjusted to 
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access any temperature down to approximately 150K. by means of stream heaters. 

StrUCture solution was carried out using the SHELXTI.. PLUS5 suite of programs on the 

DEC MicroVax II. In all cases the Patterson routines were used to find the heavy atoms in the 

molecules. though Dim:t Methods strategies have been used in the solution of other structures. 

notably organic compounds. 
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CHAPTER 7 

CODdusioDs and Areas of Further Study 

7.1 Conclusions 

In Chapter 2 it was noted that bulky groups were needed to force triorgano carboxylates to 

be four coordinate. This bas been demonstrated by the increase in the sterie bulk from the mono

chlorocarboxylate to the tticblorocarboxylate. where the mono and dichloro complexes are five 

coordinate polymeric compounds and the tricbloro complex is a monomeric four coordinate unit. 

Also reponed were two dicarboxylate complexes. showing these to be monomeric in the crystal 

as well as in solution and not polymeric as suggested by infra-red evidence. 

The compounds reported in Chapter 5. which are mostly hydrolysis and dearylation pro

ducts. show how moisture sensitive the tin compounds are in the presence of a strong acid. A 

point worth noting from this ChapIer is the difference in structure of the isomers [13] and [14], 

which can only be ascribed to differences in crystallisation due to the solvent This highlights the 

fact that some lattice effects are due to the solvent, whether or not it is present in the lattice. 

The diorgano tenurium ditbiocarbamate structures all show the absence of a sterically 

active lone pair in the coordination sphere and thus their geometry is similar to that of analogous 

tin compounds. The non-sterically active lone pair is a characteristic of the lower right hand 

comer of the periodic table. Systematic changes in the dithiocarbamate ligands, from the diethyl 

to the dipbenyl, do not show any systematic cbanges in the bond lengths around the tellurium that 

may have been expected from electronic effects. The lone pair is also absent in the dicarboxylate 

complex allowing two molecules to dimerise. In the case of the monocarboxylate the lone pair is 

active though. two molecules dimerising as edge-edge octahedra. The differences here may be 

due to the fact thll the triOl'lanotenurium complex is predominantly ionic. 

From studying the bond lengths (Table 7.1). it is clear that the Te-C bond lengths are longer 

in the dithiocarbafTI8ae complexes than the carboxylates. This is probably due to the steric bulk of 

the coordina&ed sulphur atoms. The Te-O bond lengths are longer than the Sn-O bond lengths in 

the dicarboxylllC complexes. which is probably due to the carboxylates being bidentate bridging 

in this case. 
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7.2 Area for Further Study 

In our knowledge of structural tin carboxylate chemistry there is still a large hole in relation 

to the tricarboxylales. This is mainly due to difficulties in crystallisation of the compounds. These 

should show seven coordination. from comparison with PhSn(S2CNEt2)3. Further work also 

needs to be carried out on the dicarboxylates to investigate under what circumstances, if any, they 

fonn polymeric units rather than monomers. 

The bydrolysis/dearylation reactions also need to be studied in greater detail to pinpoint the 

conditions required for the reactions to occur. Especially in respect to the amount of water present 

in the solvent. the sttength of the carboxylic acid used and the temperature of the reaction, to see 

if it occun durin, the symthesis or the recrystallisation. 

Fmally. the effect of varying the ligands in the tin and tellurium analogues could be further 

investigated by the use of monotbiocarboxylates (ReDS) and monothiocarbamates (R2NCOS). 
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Table 7.1: Selected 80Dd Lengths 

CompouDd M-C M-O 

Pb)So(OCOR) 2.117(4) 2.195(3) 

2.134(4) 

2.134(4) 

2.116(6) 2.221(4) 

2.121(5) 

2.121(6) 

2.102(6) 2.168(3) 

2.115(3) 

2.120(4) 

average 2.12(1) 2.19(2) 

Pb)Te(OCOR) 2.106(4) 

2.127(4) 

2.104(4) 

average 2.11(1) 

Pb~D(OCOR)2 2.119(5) 2.079(4) 

2.110(6) 2.076(4) 

2.105(6) 2.101(6) 

2.118(6) 2.090(6) 

average 2.113(6) 2.09(1) 

PbzTe(OCORh 2.106(6) 2.149(4) 
2.114(7) 2.163(4) 

average 2.11(1) 2.156(7) 

Pb2Te(dU:)2 2.143(3) 

2.137(6) 

2.130(6) 

2.152(20) 

2.151(21) 

average 2.143(8) 
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APPENDIX A 

Crystallographic Theory and Structure Solution 

.1 D ffraction of X-rays 

A crystal is a three dimensional array of repeating units. When struck by X-rays, which 

have a w velengtb comparable to the interatomic spacing in the crystal, the crystal acts as a three 

dimenslonal diffraction grating and diffracts the X -rays. This was first noted by Laue in 19121. In 

the arne year Bragg noted the similarity to reflection from a plane and deduced a simple equation 

to e plain ill. With reference to Figure A.I. incident beams 1 and 2. which are parallel and in 

phase. pas through the planes PI and Pl. The electromagnetic field of the X-rays force the elec-

0'"005 in the planes to vibrate and. as vibrating charges. to re-radiate the energy in a spherical 

wavefonn. 

.1 Diffr bon of X-ray from crystal planes. 

For the partIcular direction where the parallel secondary waves are emitted (1' and 2') at 

angle e. a 

AC8=n 

AC=dsm6. 

of Int n ity will occur if the rays are in phase. This will be true if the distance 

From the con trU tion AC=CB and so diffraction occurs if 2AC=n)., and since 
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2dsin9=n A A.I 

This is tenned Braggs Law. In the construction outlined above this proces w envi d 

as having a fixed set of planes and varying the angle of the incident radiation until diffr tion 

occurs. The general experimental set up, though mathematically identical. h the diffr ti n 

occurring by moving the set of planes. i.e. the crystal. through a stationary beam. 

In the derivation the assumption is made that the electrons that scatter the r y at in th 

planes. This is clearly not the case. but the derivation is still valid because it can 

waves scattered from electrons not lying in the plane can be added to give a r sultant. if fr m 

the plane. It is the variation of these resultants, since electrons will be different di lanC aw y 

from different planes, that gives rise to the different intensities of reflection. 

The family of planes that give rise to a reftection are descibed by their Mill r indic (Ilk!). 

This plane intersects the a.b and c axes of the cell at alh, blk and cll respectively (Figure A.2)4. 

A 

h parts - ... I 

I 
a 

B 

Figure A.2 Derivation of Miller Indices for any plane of reflection 

Crystals have a virtually infinite periodic array of diffracting planes. when con id rin th 

relation of the bulk size of the CTYstal versus the distance between the plan . Thi would b 

expected to result in infinitely narrow diffraction peaks. by simple analo y with diffracti n rat. 

ings. The peaks observed have a finite breadth, though. due to the mosaic Slru lure f th ry t I . 

All 'perfect' CTYstals are constructed of slightly misaligned microcTYstal , this i call the 

mosaic structure. This is a desirable quality since it enhances the diffraction intensi ty au 

there is less primary extinction (section A.S). 

A.2 Symmetry and Space Groups 
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The first step in the detennination of the structure of a crystal is to determine the space 

group it belongs 10. In the first instance, the crystal system needs to be found. This can be one of 

a possible lleven (Table A.I)5, and is detennined by the diffraction synunetry of the cell. 

No. ind~p~nd~nt Lattiu 
CryslQI system PQrQmel~rS rarQm~IUS symm~try 

Triclinic 6 a * b * c; IX * {J "# i' T 
Monoclinic 4 a "# b #- c; IX = Y = 90· 21m 
Orthorhombic 3 a "# b 'F- c; IX = {J = y = 90° mmm 

Tctrqonal :2 a = b ~ c; IX = {J = y = 90' 4/mmm 
Rhombohedral 2 a=b=c;IX={J=y ~m 
Hexqonal 2 a = b ~ c; IX ... {J = 90°: i' = 120· 61mmm 
Cubic a=b""c; 1X=={J=y=90- m3m 

Table A.l The seven crystal systems. 

When these systems have lattice centering included, i.e. more than one lattice point per cell, a 

possible fourteen lattices can be constructed (Figure A.3)6. These were first recognised by Bra

vais and consist of seven primitive lattices with one lattice point per cell and seven non-primitive 

lattices which have more than one lattice point per cell. The centering, either A. B, C. lor F, can 

be deduced from the systematic absences in the data collection; 

P= no absence 

C= h+k=2n+l 

1= h+k+I=2n+ I 

F= h+k=2n+1. k+I=2n+1. h+I=2n+l 

Convention dictates that A- or B-centred lattices are rotated to be C-cenued, except for 

orthorhombic space groups 38-41 inclusive, for which the standard setting is A-centred. It should 

be noted thaI a B-centred monoclinic lattice can always be reduced to a primitive cell of half the 

volume. In addition to the centering. each space group contains a unique set of symmetry ele

ments. These can be split into two groups, those which do not cause systematic absences to occur 

and those which do. The former group include mirror planes, rotation axes and rotation inversion 

axes and are collected under the term point symmetry elements. The latter group, called transla

tional symmetry elements. includes screw axes and glide planes. Combining these symmetry ele

ments with the founeen Bravais lattices creates a total of 230 space groups, many of which can be 
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Figure A.3 The fourteen Bravais lattices. 
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detennined uniquely by the systematic absences they produce. 

A screw axis (M,.) describes the positions of a set of atoms around an axis. The net transla

tion in the direction of the axis is given by n/M and the clockwise rotation about the axis by 

360M. Thus after M translations. the point is in its original position, displaced by one unit cell. 

For instance a 21 screw axis rotates a point by 1800 while translating it along the axis by 1/2 of 

the axis length. It would be recognised by absences produced in either hOOt OleO or 001, depending 

on the axis involved. 

A glide plane is a combination of a mirror plane and a translation parallel to the reftecting 

plane. Usually the translation is one half the cell length. The glide plane is designated a, b or c. 

The systematic absence produced by a c-glide nonnal to the b-axis would be hOI, 1=2n+ 1. 

A.3 Data Reduction 

Data reduction is the term used for the manipulation of the raw intensity data, l(hlel), col

lected from the diffractometer, to usable structure factors, F(hlc.l). The structure factor is propor

tional to the square root of the intensity and the relationship between them is dependent on a 

number of factors. The structure factor is given as 

I F .. I= [ 'ftt 
where L= Lorentz factor and p= polarisation factor such that 

L - 1 
-~ 

= [/[ 1 +cos 228", cos
2
26c J + (1-f) [ 1 +cos 26", cos226c J 1 

p l+cosZ26", 1+cosZ28". 

where m and c refer to the monochromator and the crystal respectively. 

A.2 

A.3 

A.4 

le depends on the crystal size and beam intensity and thus is a constant for any particular set 

of measurements. This is tenned the scaling factor. 

The polarisation factor arises due to the fact that the diffracted X-ray beam will be partially 

polarised. In the primary beam. which is unpolarised. the electric vectors of the photons can point 

in any direction. Wben diffracting from a crystal though. those with their electric vectors parallel 

to the reftecting plane are reftected indtpendent of 26, whereas those with vectors perpendicular 

to the plane depend on 28 and at 900 their intensity reduces to zero. Thus the photons with 



-150 -

parallel vectors will be represented in greater intensity than those perpendicular vectors. If a gra

phite crystal is used to monocbromate the X-ray beam then this effect is enhanced by reflection 

from the monochromator and must be accounted for. 

The Lorentz factor arises because the time that a plane is in the reflecting position is not 

constant. All points on the Ewald sphere rotate with the same angular velocity, but the further a 

point is from the origin (29=0") the greater linear velocity it will have. The greater linear velocity 

a point has, the less time it spends in the reflecting position and thus the weaker the intensity 

from that point 

During the data collection the beam often causes slight decay in the crystal. This can be 

followed by recording several standard reflections throughout the data collection. The decay can 

then be accounted for by scaling the data such that the standard reflections have the same inten

sity throughout 

The data reduction program also checks for any weak reflections. Those with intensity 

110(1)<2.0 are eliminated from the data file. Reflections with bad background counts, i.e. one side 

much larger than the other, are also discarded. These are calculated by 

A.S 

where B, and Br are the backgrounds measured either side of the peak, P. 

One funher correction that is applied to the data is the absorption correction. This is nor

mally accounted for near the end of the refinement procedure, once the structure has been eluci

dated since it depends on the material in the crystal. It is most important for needle or platy crys

tals, where there may be a large path length difference, and hence absorption, between two 

reflections, and for crystals containing heavy atoms. which absorb strongly. This correction is 

performed using the Gaussian integration method in SHELXTL PLUS. The attenuation of the 

incident radiation is given by 

where 

J.1 = :t(a;"; )X~ 

where aj = the mass absorption coefficient and 

nj = the number of such atoms in the unit cell. 

A.6 

A.7 
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A.4 The Structure Fac:tor and Pattenon Function 

The X-ray beam scattered in the direction hkl by the j atoms of the unit cell is a combina

tion of an amplitude and a phase and is particular to the reflection hkl. It is known as the Struc

ture Factor. F(hld). It is the Fourier transfonn of the electron density at the point hkl and can be 

written as 

A.8 

where fj is the atomic scattering factor for the atom j and aJ is the phase of the scattered 

wave. which can be shown to be 2a(bx+ky+lz) radians, relative to the phase of the wave scattered 

from the origin 7• 

In order to calculate the electron density distribution in three dimensions a three dimen

sional Fourier summation must be carried out The electron density at a given point (xyz) is then 

given by 

P<.lYZ)= ~ ~ ~ 'f F(W)exp[-2Ki(Iax+ky+lz)1 "c,,_*_I_ A.9 

Thus if the strUCture factor is known. then the electron density at any point in the cell can be 

calculated and the structure solved. However. although the amplitude can be measured directly 

from the experiment. the phase cannot be. This is called the Phase Problem. The phase. a. must 

be derived. either from uial structures or by purely analytical methods. 

One such analytical method. the Patterson FunctionS, has been used throughout this thesis. 

All the compounds studied in the thesis have <at least) one heavy atom in them, either tin or tellu

rium. The Patterson Function is able to calculate the positions of the heavy atoms without the 

need for phase infonnation. Since the heavy atoms dominate the scattering of the X-rays, location 

of these usually allows the structure to be solved. The Patterson method consists of evaluating a 

Fourier series using only the indices (hid) and the I FP value of each diffracted beam. No phase 

information is needed since I FP is independent of phase. The Patterson function is given by 

P(UVW) = * ~ ~ 'f I FPc0s2K(hU +kV +lW) c"_._I_ A.to 

A peak (UVW) in the resultant map corresponds to the vector between a pair of atoms in 

the unit cell. with U=xrxt. V=YrYI and W-Z2-Z1. The height of the peaks is dependent on the 

product of the number of electrons in the atoms between which the vector occurs. Thus the 
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highest peaks will correspond to the vectors between the heaviest atoms. Since there is a vector 

between every pair of atoms in the unit cell the Patterson diagram rapidly becomes very cong

ested and uninformative. This situation can be improved in two ways. Firstly by the use of a shar

pened Patterson function. In a nonnal Patterson synthesis the width of the vector peaks are large, 

since they are dependent on the sum of the widths of the atom peaks in the cell. In the sharpened 

Patterson all the scattering power is placed at the nucleus, thus producing much narrower peaks in 

the Patterson diagram. Secondly, the results can be made more clear by the removal of the origin 

peak in the Patterson map. This tends to be a very intense and very broad peak which is generated 

by each atom having a vector to itself. 

The heavy atom can be located by the use of Harker lines and planes9• For instance, if there 

is a mirror plane perpendicular to the b-axis in a cell then every atom x,y,z will have a partner x,

y,Z. Thus there will be Dumber of vecton (O,2y.O) in the Patterson. The most intense peak with 

this vector corresponds to the heavy atom. Therefore the y-coordinate for the heavy atom can be 

found. This can also be done to find the x and z coordinates using other symmetry elements. 

A.5 Structure Solution and Reftaement 

Since the heavy atoms dominate the scattering, a set of calculBled structure factors, Fe, 

based on the heavy atoms alone will be useful as a starting model for the structure. The lighter 

atoms can then be found by calculating a difference Fourier map. 4F, from the observed and cal

culated structure factors 

A.ll 

This will produce a map with peaks corresponding to the positions of the remaining lighter 

elements. These are then included in the model and the process repeated until all atoms have been 

located. 

Refinement of the structure is carried out by least squares methods to minimise a function 

Q, given by 

A.12 

where w(hkl) is a weighting factor for each reflection hkl. The closeness of the agreement 

between the model structure and reality is indicated by the difference between the observed nod 

calculated structure factors. the smaller the difference the greater the agreement. This is followed 
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by calculating the Residual factor R. given by 

A.13 

A major effect that needs to be allowed for is the thennal motion of the atoms in the crystal. 

Since the atoms are thermally vibrating the electron clouds associated with each atom become 

more diffuse than they would be for an atom at rest. This has the effect of increasing the rate at 

which scattering from the atom falls off by a factor which is proportional to the amplitude of 

vibration. In the early stages of refinement each atom is treated as if the thermal motion is spheri

cal. Thus f.,. the proper scattering factor for the atom at rest. is replaced by 

A.14 

where BUo is related to the mean square amplitude of vibration, U1 by 

A.l~ 

A more precise description of the thermal motion is introduced towards the end of the 

refinemenL This is the anisotropic temperature factor. B...,. where the thennal motion is 

modeled by an ellipsoid rather than a sphere. Thus 

where the Uii terms describes the three principal axes of the ellipsoid and the Uij tenns describe 

the orientation of the ellipsoid to the crystallographic axes. 

One effect that may need to be corrected for is extinction. There are two fonns of this. pri

mary and secondary. Primary extinction relates to a destructive interference effect that reduces 

the intensity of the incident beam as it travels through the crystal. From Figure A.4IO, it is clear 

that reftected rays are in a position to reflect once more, to finish pointing in the same direction as 

the incident beam. but with a phase difference of K. Thus destructive interference can occur. This 

is only a major effect in near perfect crystals, with the normal mosaic spread of crysUlllites usu

ally encountered this effect becomes negligible. 

Figure A.4 Primary extinction in a crystal. 

ReflectinQ 
planes 
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Secondary extinction, on the other hand. can be quite imponant for normal crystals. It arises 

when reflection from the first few planes the incident beuns strikes is very strong. This causes a 

noticable reduction in the intensity of the incident beun and thus reflections from deeper in the 

crystal are weaker. This effect is more pronounced for low angle reflections and leads to intensi

ties which are smaller than would be expected. 
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APPENDIX B 

Anisotropic Displacement Parameters 
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Table B.1: Anisotropic displacement parameters for (1] 

(A ~)(l()l) 

Atom U, , U
22 

U " U U 
33 '"'23 : 3 ' ,., .. . .... 

Sn(l) 31.9(2) 27. e (1 ) 31 .6 ( 2) -0.2(1) -0.0(1) 2 . 2 ( :. : 
Cl ( 1 ) 52.0(7) 67.3(8) 54 . 8 (7) 9.6(6) : 3.5 (6) -: .7 (6) 
0(1 ) 35.2(15) 29.5(15) 51.5(17) 3.1(13) 1.7(13) 2.2 ( :. 2 
0(2) 44.8(l6) 33.2(l5) 38.1(l6) -0.6(13) 4.8 ( 13 ) 3.9 ( :. 3 
C ( 1 ) 39 ( 2 ) 28 (2) 33(2) -3(2) - 5 ( 2 ) -4 ( 2 : 
C ( 2 ) 57 ( 3) 49 (3) 54(3) ~ :. ( 2 ) :. 9 ( 2 ) 6 (2 ) 
C(ll) 34(2) 25 (2) 37 ( 2 ) 4 ( 2 ) 4 ( 2 ) -1 ( 2 ) 
C(12) 4 2 ( 2 ) 47(3) 39(2) -'3(2) - 2 ( 2 ) 4 ( 2 ) 
C(13) 64(3) 52(3) 52 ( 3) -20(2) 7 ( 2 ) 5 ( 3 ) 
C(14) 46 (3) 49(3) 82 (4) - 2 ( 3) 21 ( 3 ) 9 (:2 ) 
C(15) 41 ( 3) 73(4) 77(4) -14(3) -8 ( 3) 1 7 ( 3 ) 
C(16) 40(3) 56(3) 56 ( 3) -12(2) - : 0 ~ 2 ! • " I ') \ 

• ~ \ ... I 

C ( 21 ) 29 (2) 38(2) 34 (2) - 2 (2) - 3 ( 2 ) - 2 ( 2 ~ 

C(22) 57(3) 40(2) 40(2) 4 (2) - 5 \ :2 i :. ( 2 ) 
C ( 23) 58 (3) 60(3) 4:' (3) 1:2 ( 2 ) - 3 ( ~ ; ._ .. I " , ... \ ..... , 
C (24) 52 (3) 74 (4) 3 3 ( 2 ) - 6 (2) 3 ( 2 ) - :2 ( 3 ) 
C(25) 66(3) 46(3) 46(3) -17(2) ! ( :2 : 0(:' ) 
C (26) 52(3) 36(2) 44 (3) 1( 2) - ~ ( 2 ) 8 ( 2 ) 
C(31) 39 (2) 28 ( 2) 38 ( 2) 4 (2: - :. ( 2 : : ( 2 ) 
C(32) 49(3) 44(3) ~ 2 ( 2 ) - :. ( 2 ) -3~2) , 1'1, 

... , .;;. I 

C (33) 7:. (3) 54(3) 45 ( 3 ) 3 ( 2 ) - 1 a ( :2 \ 6 I -. \ 
\ ~ , 

C(34) 64(3) 55(3) :.';/ ( 3) ~ ( 3 ) - 29: 3 ) : ~ 3 } 
C(35) 37(3) 75(4) 87 (4) :. 9 (3) -9(3~ 3 ( 3 ) 
C(36) 40(2) 65(3) 54(3) 13 (2) :. ( :2 ) 4 ( :2 ) 

-2ft~h~Qe,U 11+ .... + Vaka e be U 12) 

The anisotropic displacement exponent takes the fonn: 
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Table B-2: Anisotropic displacement parameters for [lJ 

(A3xIOl) 

atom UII Un U1J U11 U,\ U,'t 

Sn(1) 35.0(2) 34.6(2) 30.4(2) 2.2(2) 9.6(2) -1.0(2) 
Cl(1) 130(2) 70(1) 129(2) -S 1(1) ·2(2) 18( 1) 
Cl(2) 79(1 ) 167(3) 123(2) -61(2) 33(2) -63(2) 
0(1) 51(2) 42(2) 27(2) -1 (2) 12(2) -3(2) 
0(2) S~(2) 44(2) 32(2) S(2) 12(2) -6(2) 

C(1) 47(3) 32(3) 36(3) 1(2) 19(3) 2(2) 

C(2) 80(5) 44(3) 34(3) .... (3) 14(3) -11(3) 

C(1I) 45(3) 36(3) 42(3) 3(3) 24(3) 6(2) 

C(12) 46(3) 47(3) 60(4) S(3) 19(3) 0(3) 
C(13) 79(5) 54(4) 89(6) 6(4) 40(4) -16(4) 

C(14) 117(7) 52(4) 76(5) 22(4) 48(5) 6(5) 

C(1S) 89(5) 81(5) 45(4) 21(4) 11(4) 19(4) 

C(16) 67(4) 49(4) 40(3) S(3) 13(3) 8(3) 

C(21) 40(3) 43(3) 29(3) ·3(2) 11 (2) 4(3) 
C(22) 46(4) 60(4) 71(~) 11(3) 23(3) 6(3) 
C(23) 39(4) 95(6) 98(6) 7(5) 25(4) 8(4) 
C(24) 54(4) 121 (7) 79(6) 14(5) 7(4) 48(S) 
C(2S) 87(6) 89(6) S4(4) 30(4) 29(4) 48(5) 

C(26) 56(4) S7(4) 47(4) 7(3) 22(3) 11(3) 

C(31) 38(3) 42(3) 39(3) 8(3) 9(3) ·1(2) 

C(32) 64(4) 66(5) 88(6) ·33(4) 33(4) .30(4) 

C(33) 78(5) 73(5) 117(7) -23(S) 32(5) -40(4) 

C(34) 45(4) 87(6) 97(6) 28(5) 15(4) -21(4) 
C(3S) 45(4) 104(6) 85(6) 9(5) 32(4) ·2(4) 
C(36) 46(3) 61(4) 63(4) -2(3) 19(3) -4(3) 

The anisotropic displacement exponent takes the fonn: 

-21t~( h 2a ·'ll II -t .... + 2hJc.a· ". U 12) 
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Sn(l) 
C 1 ( J ,:. 
C 1 (:2) 
C!( :0 
O( 1 .> 
0('2,) 
C( 1 ,) 
C(Z) 
C(5'> 
C( 6'> 
C( (' .> 
C(8.i 
C(3) 
C(ltl.i 
C( 11 .> 
C( 12'> 
C(13) 
C( 14':' 
C(9) 
C( 1 $) 
C(19.i 
CC?tl,) 
C( 1 ('.> 
O( 3') 
C( 16.1 
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Table 8.3: ADiIOllOpic dilplllCelMftt paruneaen for (3) 

(,(2x10') 

til' Ll2.:L. U~'l U:L.l 

34.4(2'> 33. 9( 2 .> 41. 1<' 9'> .:- 2<' 2) .. 
102. 5( 11 .> 36. ('( 7'> 1tlt1. t1( :2 (' ) - t( Itl) :. 

5t1. 3( 8'> ('5. ('(' 1 t1) 125. 1': 3tl,) 1 ~ J( 12,) 
1:2 5. ll(' 15 ) 98. 1(13'> 46. 1(32 ) :- (I( 14 . ~ .. 
46. (:1(J8) 39.6(17) 46. 6( 54,) ... 0(Z2) , 

5HZ) 5(,( 2 .> ~ .-( 6 ) .. tI . 4(3) 
53('3'> 31( 2'> 41<8'> 2(3) 
40(3) 4tl( 2'> J 8(' 9'> H 3) 

1 ('O( 9'> 91(6) 8t1<' 15'> 2<' 8,) 
184(,H3'> 131<9'> 3t1( 12 .> -25('9,) 
J t1$(, 6'> 12t1( '? .> 49( J 5 ,) 1;"($) 
~1('4) 81('4) 21<' 12'> 1 ?( !i .> 
55('3'> 44<' 3'> 24( 8 ,) 1 (4 ... 
47( 3) 7Z( 4.> 73( 9 ) -1'; 4 ... 
71<'4) 1 03( 6) 121(11) 51,' 6) 

132( 7'> 85( 5'> H13( 12'> 21(6) 
169( $'> 48<'3) 91<'12) -;"( 5'> 
:?J(4) 4t1( 3'> (,2( 14:1 :. -1\'4) 
52(3) 46( 3) 1 e:( S'> "I'" , ,. \ .. ~ .. ' 
46(3) ?3( 4 ,) 4S( 9'> $( 4) 
44(3) 99(5) S8< J 5) 30( 6,) 
t56'; 4.' ?9( 4.> ?11( 16,) 34( 6) 
43<'3) :;8<' 2 .'1 26( 1 t1 ,) ....... " 

... ~'\ .... ..' 
53( 2'> 5S( 2'> 40(6) 2J-:' 3) 
68(4) 64<' 4.> 9'3( Itl.> 1 ~(5.~ 

The aniSOU'Opic displacement exponent takes the form: 

-2ft2(h 2a e ,U 11 ....... + 2hka e h· U 12) 

till U,2.. 

1 1 (:2-' ., J(l \ .. 
14 11( 12 " -5 11t;' 7' .', 
.3'0. H J 1." 1 (I" ;:- ., 

... t1( l!i ., -:1 0';' 11 -... ~ 
10.9(21) -0 1 (13 

14C2 .> 1·H2.~ 
-J( 3,) -H2." 
~" ... ~ -,", .. '" " 

'\ ...... ' 
-..:, I, ..:. .' 

34( 8.~ -211','6 ) 
2(,( 9':' - 911( 7 :' 

-18U:7 ) -5S( 6 " 
-16(':') ",\-'-' -.;.,", .... , 

8(4 -' -11' . .2 " 
1 t1( 4 ) 1 ·S,~ 'J \ , 
29( 5.1 3S'~ -I,' 
46( 7'> 61(:' " 
55( 7,) 1;"(4.', 
::t1( 5 ) 1 ~. '3 ' , 
-:2( 3 ,) 15( 2 ~, 

-'3( 4.> 8(2', 
-14( 5 ,:. .- ..... ~ 

t't', .. ~ .' 
-J9( e:) -6( '3 ) 

2(4 -' ... ,'.""\ ' 
~"', ~ .j 

-lt1( 2) -1 JC2':' 
-1.3'(5) -14('3', 
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Table B.4: Anisoll'Opic displacement parameters for [at] 

(A 2)(1 (3) 

0 11 0 22 U33 U23 U13 U12 

Sn(l) 40(1) 45(1) 39(1) 14 ( 1 ) 12 ( 1 ) 11 ( 1 
Cl(1) 79(1) 79(1) 217(2) 71(1) 63(1) 18(1 
Cl(2) 99(1) 139(2) 228(3) 117(2) -40(2) 19(1 
Cl(3) 293(4) 62(1) 171(2) 17 ( 1 ) 123(3) 55(2 
O( 1) 63(2) 48(1) 57(2) 17(1) 24 ( 1 ) 17(1 
0(2 ) 96(3) 64(2) 67(2) 25(2) 41 ( 2 ) 28(2 
C (1 ) 42(2) 47(2) 53(2) 13(2) 6 ( 2 ) 11(2 
C(2) 56(3) 47(2) 78(3) 26(2) 19(2) 14(2 
C(11) 44(2) 44(2) 49(2) 7 (2 ) 15 ( 2 ) 13(2 
C( 12) 59(3) 75(3) 79(3) 33(3) 3 ( 2 ) 18(2 
C(13) 55(3) 83(4) 110(5) 29(3) 7 ( 3) 30(3 
C(l") 44(3) 90(4) 96(4) -4(3) 6 (3) 25(3 
C(15) 56(3) 106(4) 70(3) 6 ( 3 ) 34 (3) 5(3 
C(l6) 52(2) 81(3) 46(2) 7 (2 ) 14 ( 2 ) 7(2 
C(21) 45(2) 46(2) 40(2) 14 ( 2 ) 10(2) 10(2 
C(22) 54(2) 90(3) 45(2) 19(2) 16 ( 2 ) 28(2 
C(23) 75(3) 107(4) 46(2) 28(3) 20(2) 32(3 
C(24) 68(3) 84(3) 49(2) 24(2) -3(2) 22(3 
C(25) 53(2) 70(3) 63(3) 18 ( 2 ) 5 ( 2 ) 26(2 
C(26) 50(2) 57(2) 52(2) 13 (2 ) 14 ( 2 ) 19(2 
C(31) 38(2) 48(2) 41(2) 1 4 ( 2 ) 7 ( 1 ) 9(2 
C(32) 57(2) 53(2) 46(2) 14(2) 17(2) 10(2 
C(33) 62(3) 76(3) 51(2) 18 ( 2 ) 21 ( 2 ) 8(2 
C(34) 66(3) 77(3) 54(3) 5(2) 21 ( 2 ) 26(2 
C(35) 87(4) 57(3) 64(3) 3 ( 2) 18 ( 3 ) 32(3 
C(36) 67(3) 47(2) 63(3) 15(2) 22(2) 16(2 

The anisotropic displacement exponent takes the fonn: 

-2n2(h 2a o ,U II + .... + 2hJca0 bO U 12) 
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Table 80S: Anisotropic displacement parameters for [5] 

(A1XI03) 

U 11 U
22 

U
33 

l.1 23 
U13 U12 

Te(l) 37.7(2} 41.2 ( 2 ) 34.5 ( 2) - 2 . 4 ( 1 ) 5.5 (1 ) 0.2(1 
Cl(1 ) 75.7(8) 82. 9 (8) 43.0(6 ) 10.9(5) 13.3 (5 ) 8.4(6 
Cl (2) 91.6(1.0) 92.8(1.0 ) 73.5 (8) 3.6 (8) 5.6 (7) 43.4(8 
Cl(3 ) 97.2(1.0) 96.1(1.0 ) 69.6(8) 1:.3(6) . :E'· .0 (7) -49.5( 8 
o ( 1 ) 63(2) 80(2) 4 1 ( 2 ) 9 ( 1 ) 3 ( 1 ) - 1 1 ( 2 ) 
0(2) 53 (2) 90(2) 59 (2) 3 (2) 2 ( 1 ) -1 0(2 ) 
C ( 1) 56(2) 41 (2) 42(2 ) -5(2) 4 ( 2 ) -3(2} 
C (2 ) 51 (2) 52(2 ) 39(2) 3 (2) 4 ( 2 ) -3(2) 
C ( 11 ) 43(2) 45(2 ) 42 (2 ) 4 ( 2 ) o ( 2 ) -5(2 ) 
C ( 12 ) 55 (2 ) 47(2 ) 62(3) 2 (2) 1 ( 2 ) -1 ( 2 ) 
C(13 ) 67 (3) 47(2 ) 72 (3) 11 ( 2 ) -2(2) -1 4(2 ) 
C(14 ) 58 (3) 80(3 ) 57(3 ) 15 ( 2 . o ( 2 ) -26(2 ) 
C ( 15 ) 54(2 ) 79 ( 3 ) 49(2 ; 01'2\ :- ( 2 ) - 1 2 ( 2 ) 
C(16 ) 54(2 ) 57(2 ) 45 (2: - <=. I ::> 

V\_ 7 ( 2 ) -2(2) 
C(21) 43 (2) 44(2 ) 42(2 ) -2 (2) 7 ( 2 ) -4 (2) 
C(22 ) 55 (2 ) 41 ( 2 ) 54(2 ) 0 (2 ! 5 (2 ; -1(2) 
C ( 23 ) 71 (3) 45 (2) 59 ( 3 ) -10(2 ) 9 ( 2 ) -9 (2 ) 
C(24 ) 61(3 ) 77(3) 56 (3 .' -16(2 ) o ( 2 ) - 1 5 ( 2 ) 
C ( 25 ) 60(3) 70(3) 50 ( 3 ) - ~ ( 2 ) - d ( 2 ) 2 ( 2 ) 
C(26 ) 53 (2) 52(2 ) 54 (2 ) 2 ( 2 ) -4(2 ) 2 ( 2 ) 
C (31) 45 (2 ) 45 (2) 2E ( 2 ) -1 ( 2 ) 5 ( 2 ) -3(2) 
C(32 ) 54(3 ) 69 (3) 60(3) 18 (2 ) 1 3 ( 2 ) 1 ( 2 ) 
C(33 ) 74 (3) 70 (3) 63(3) 26 ( 2 ) 3 ( 2 ) - 5 ( 2 ) 
C(34) 71(3) 61 ( 3 ) 59(3) 8 (2 ) - 4 ( 2 ) 9 ( 2 ) 
C(35} 53 (2) 66 (3) 58(3) -2 (2 ; 7 ( 2 ) 9 ( 2 ) 
C(36) 44(2 ) 54 (2) 50(2 ) 4 ( 2 ; 7 ( 2 ) -4(2) 

The anisotropic displacement exponent takes the form: 

-2n2(h 2a"'U 11 + .... + 2hka" b" Ul2) 



aiom 

Sn(1 .> 
O( 1 .> 
0(2) 
0(3'> 
O( 4.> 
C( 1 ) 

C(2) 
(:('3) 
C(4 ) 
C(1 1 ) 
C( 12'> 
l~( 1 J'> 
C( 14 '> 
C( 15 ) 
C(16 ) 
CC~1 ) 

l~(22 
L~ ( 2J 
C(24 
C(25 
C,. ' "\ ,-.. .:::b 

41 
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Table 8.6: Anisotropic displacement parameters for [6] 

(A2X lOl) 

UII Un. L~ L~ 

8( 2'> 43.9(2) ... .., ... ~,. , 8( 2) 1 6( 2,) 
6?( J) 58(2) 58( 2 .! _.' . .., \ 

- (', .:: .J 
54(2) 6tl( 2) 50(2 ) .- " ."'\ \ -tt', a::'} 

60(2) 5tl( 2'> 60'; 2) -!;l ( 2) 
~.., .' ~, 

" ,. { ... '" ..' 58(2) ... ,- ,' .... , 
,.. b', ... "' .! -8<" 2 .! 

53( 4.> 61( 4) 38(]) -1 O( "3) 
82(5.1 91<"5) ?t1( 4 ) -J?( 4.> 
7tl( 4.> 44("3) 64( 4 ) 6( ... J ... ~ , 

129(7) 49(4 ) 101(6) -1 O( 4) 
51(J) J8(2) JS( J) _i,I( 2 ,) 
c::".'-\ ,' ... , 59(4 ) 48( J) -7( ... , 
\o.f~'\ \o.'\.J \00.1 ..' 

68( 4,) 78( 4 ) 4?( J) .. . ... , 
-(I, \.0"\ ..' 

96(6) 8J(4 .> 43(3) 12( 4) 
87( 5) 51( 3 ) 62( 4) 1 .-.' ... , 

tt', l..J. ,.I 

66(4) 52(J ) 50< 
... , -1.; J . i .... 1 . .1 

:39(3) 6tl( J ) 60( J) .""\ . ., .. -\ 

.:..::'\ ,.,""..' 

5?(4 .> 18(4 .> 51( J) 14(J) 
69(5) 125(? ) ?4( 5) 4t:l( 5) 
62(5) 131<'8 ) 1 J6( 8 ) 6tl ,;' ? ./ 
47t;' 4) 111(7 ) 15?.;' 9) " Q( -::' 

~_. \ I 
., 

53<' 4.> 8tl(' 5'> 92(5 ) 6( 4 ':' 

The anisotropic displacement exponent takes the fonn: 

-21t2(h 2ao,U 1I + .... + 2hka° bO U 12) 

Lh Ull. 

1 tl( 2) -4 , . .., .' .... , 
':", ,;;, J 

-0(2 4< 3 .: -q,.. :' 1 " ."\ . -' \ '-" - '\':' " 
0(2 4 .' '"\ . ',,:: " 

-7(3 -18( 2,: 
2{" J -5(3 .' 

-5(4 -14( 5 .. 
8(4 -11(J : 

IJ(6 2(5 . 
1 .' ' ... " .::.: 

Q ' ."\ . - , .-
_ ' \ - o· 

5(J 1 (J . 
1S( J -8( 4 .' 
8(4 -26(4 . 

-6(4 -4(4 , 
2(3 S( 3. 

-J( J 4( J , 
1" 

... 5(4 , 1..' ... ~ 
32 4 20'; 6 . 
"39 5 21 (' 6 , 

1 r: , ... 4 ... ' -C' 

~1 4 -1"3 4 
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Table D.7: Anisotropic displacement parameters for [7] 

(A2x l()3) 

Atom U
11 

U
22 

U
33 

U
23 

U
13 

U
12 

Sn ( 1 ) 30.2(3) 31.4(4) 28.3(4) -0.4(2) 0.1 (3) 2.0 ( 1 ) 
C 1 ( 1 ) 37.1(11) 57.2(16) 92.5(24) 8.7(15) -2.6(8) 11 . 1 (7 ) 
Cl(2) 41.8(10) 55.6(15) 92.0(22) -7.3(14) -1.8(13) 13.3(10 
0(1 ) 41 ( 2 ) 54 ( 3 ) 47 (3) -1 (2) 3 ( 2 ) 10 (2) 
O(2) 33(3) 41 (2) 36 (3) -6(2) 7 ( 2 ) 2 (2 ) 
0(3) 29(2) 47 ( 2 ) 44(3 ) 10(3) -7 (2) o (2) 
0(4) 44 (2) 50(3) 34 ( 2 ) -0 ( 2) -3 ( 2) 1 2 ( 2 ) 
C(21) 26 (3) 41 ( 4 ) 48 (4 ) -14(3) 2 (3) -3(2) 
C(22) 44(4) 55 (4) 61 (4) -23(3) -1 (3) 2 (3 ) 
C(23) 30(3) 47 (4) 37 (3) 1 5 ( 2 ) -3(2) 1 ( 3 ) 
C(24) 40(4) 55(4) 65 (5) 23 (4) 1 (3) 9(3 ) 
C ( 1 ) 26 (3) 34 (3) 29 (3) -1 (2) 6 ( 2 ) -1 ( 2 ) 
C (2) 23(2) 55 (3) 38 (3 ) 7 ( 3 ) 12 (3) -4(2 ) 
C(3) 53 ( 4 ) 55 (4) 56(4) -11 (3) 2 ( 3 ) -12(3) 
C(4) 62(4) 30(4) 58 (4) 8 (3) 13 (4 ) o (3) 
C (5) 54 ( 4 ) 43 ( 4 ) 84 (6) 15 ( 4 ) -21 (4) -4 (3) 
C(6) 54 (4) 48(5) 62 ( 4 ) 4 (4 ) -15(3) o (3) 
C(7) 26 (3) 31 (3) 34 (3) -3 (2) -12(2) 3 ( 2 ) 
C(8) 35 (3) 47(3) 35 (3) -6(3) -10(3) -4(2) 
C(9) 4 8 ( 3 ) 56 (4) 38 (3) 8 ( 3 ) -1 (3) -11(3) 
C(lO) 80 (5) 25 (4) 57(4 ) -1 (3) -26(4) -11 (3) 
C ( 11 ) 58 (4) 44 (4 ) 69(5) -22 (4) 18(4) -0(4) 
C (12) 29 ( 3 ) 53(5) 62 (5) -1 ( 4 ) 7 ( 3 ) 9(3) 

The anisotropic displacement exponent takes the form: 

-2rc2(h 2a ·'U II + .... + 2hlw· b· u 12) 
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Table 8.8: Anisotropic displacement parameters for [8] 

(A2X I03) 

Atoll U11 U22 U33 U23 U13 U12 

Te(l) 37.0(3) 61.4(4) ~7.0(3) 0.0 24.2(3) 0.0 
Te(2) 47.3(3) 61.0(4) ~1.2(3) 0.0 28.3(3) 0.0 
Cl(l) 161(3) 223(3) 96(2) -18(2) 93(2) -71(2) 
Cl(2) 131.9(21) 129.9(19) 69.0(12) -28.3(12) 42.3(13) -24,8(15 
Cl(3) 121.6(21) 1~0.4(23) 92.1(16) 16.9(16) 7.5(15) 42.9(19 
Cl(4) 68.&(12) 127.3(19) 140.4(20) 14.8(15) 49.6(13) -30.8(13 
Cl(&) 9&(2) 120(2) 341(4) -43(2) 142(2) -6(2) 
Cl(6) 60.1(13) 421.7(56) 65.7(13) 3~.7(23) 14.9(11) -33.4(23 
0(1) 63(3) 77(3) 49(2) -1(2) 29(2) -9(2) 
0(2) 10&(4) 96(4) 58(3) -5(2) 33(3) -36(3) 
0(3) 35(2) 70(3) 76(3) 12(2) 28(2) 3(2) 
0(4) 61(3) 83(3) 85(3) 23(2) 46(3) 6(2) 
C ( 1 ) 48(3) 88(5) 47(3) -3(3) 23 ( 3 ) 1 (3) 
C(2) 80(5) 92(5} 60(4) -2(4) 34 (4) -10(4) 
C(3) 44(3) 81(4) 48(3) -2(3) 28 ( 3 ) -4(3) 
C(4) 48(4} 97(5} 71 (4) 6(4} 33(3) -6(4) 
C(5) 47(3) 58(3) 61(3) -0(3) 36(3) -1(3) 
C(6) 48(4) 91(5) 64(4) -10(4) 31(3) -2(3) 
C(7) 59(4) 117(6) 69(4) -21(4) 37(4) -12(4; 
C(8) 115(7) 98(5) 92(6) -27(5) 81 ( 6) -22(~) 

C(9) 105(6) 71(5} 99(6} 5(4) 77(6) 15(4: 
C(10) 74(4) 79(~) 67(4) 13(3) 48(4) 14(4: 
C(11) 44(3) 60(4) 65(4) 11(3) 30(3) 3 (3' 
C(12) 66(4) 77(5) 104(5) -5(4) 58(4) -3 (4' 
C(13) 89(6) 101(6) 168(9) 7(6) 102(7) 4(5 
C(14) 53(5) 99(6) 166(9) 10(6) 53(6) -10(5 
C(15) 70(~) 77(5) 100(6) -9(5) 23(4) -16(4 
C(16) 54(4} 79(4) 76(4) -4(4) 32(3) -3(4 

The anisotropic displacement exponent takes the fonn: 

-2n2(h 2Q"U II + .... + 2hJca' b' U 12) 
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Table D.9: Anisotropic displacement parameters for [9] 

(A1XIOl) 

afom U,I L~ L'-33 U2~ Lh lilt-

T e( 1 .> 28.8(2) 33.8(2) 34.9(2'> !:1 . 1:1 17 . S( 1 o. 1:1 
S( 1 .> 35 . 2( 4) 42 . 1(4) 47 . 4(4) -3 . 3(4) 25 . 5(4 -1 7( 4 .:0 
S(2) 51 . 5( 5) 65.3(6) 46 . 6(5) -12 . 7(4 . :, 33.5(4 -14 . 5(4 . ) 
N( 1) 42 . 2(16) 54 . 5(17) 50 . 9( 16) -6. I:l( 1 4 ) 31 . 3( 14 -10.3(14 
C( 1 ) 28 . 9(15) 46.3(18) 37 . 3(16) -0 . 5( 14.:0 15. 9 ( 13 -1 . 4(14 
C("2 .> 55(2 ) 11(3'> 72( 3'> -12( 2.1 44( 2) -1 ?( 2'> 
C( 3'> 72( 3'> 94(4 .> 114( 4.> -14(3) 6·-" .... \ ~' .... ~ .! 2 ( 3) 
C( 4.> 5S( 2'> 52( 2'> 64( 2'> -1 J( 2.1 38( 2 .I -1 7( 2) 
C( 5'> 58(3) 92(3'> 69( 3'> -25( 2) 26( 2'> -24( 2) 
C( 6'> 32 . 5( 16'> 40.2(17) 36 . 4(16) -0 . 7( 14'> 17 . 6( 13 4 . 6( 14 .: 
C(? .> 44. 9( 19) 44 . 5(19) 41 . 2( 18) 2.3(15) 22 . 3(16 6. 3( 15 '-
C( 8) 53(2 ) 59(2) 42( 2 ) -{;1( 2'> 25(2 .> 1 3( 2) 
C( 9 ) 55(2 ) 51(2'> 49( 2) -16(2) 20 2) 5(;~ .> 
C( 10 ) 53(2) 50( 2'> 6 ·' {·' ~ -1 J( 2 ) ."-\,,;, .-, .. -1 J( 2 I 

'- \ ~ " Lf .:: I 

C( 11 ) 4 7( 2 .> 49( 2) 52(2 .> -8(2) 30 i: :; -S( 2 '> 

The anisotropic displacement exponent takes the form: 



atom 

Te( 1 
'3( 11 
S(12 
S( 21 
."" ," ''''''1''''''1 
,.:.'\ .:..:: 
N{ 11 
NC 21 
l~ ( 1 I 
l~{ i,1 ) 
[>~ J) 
C( 4 ) 
l-:(:; ) 
l~( 6 i 

c:( ? ) 
L~( :3 ) 
C:/~ ~~ " 
C(10) 
C(101 " 
C{l~l?' 
C:.;' 1 1 " 
t~(12', 

L~(l~,'t 

l~'~ 14 '> 
I.~{ 1:; " 

,--:;~ 1 f I 

'-~( 1 S ., 
C': 1~:) '. 
I.>; 21 " 
I..~< 22 \1 

"'~ , 
r_, '\ L. ... " ,.' 
• -" .~ ,J" 

1_ ' .. .:: l.f ' 

L~( 25 
L""":( 26 
c>~ 21 
L-:( 2 .'3 
I~'" :=''1 -" --' 
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Table B.I0: Anisottopic displacement parameters for [10] 

(.,t 2x 1 ()1) 

53 , 0(:;) 
i6 4< 12 " 

111 6( 1 7 I 
47 1{' 9) 
;/;2 9( 1.'1 j 

?6( 4 .! 
62( 4 ) 
55.;' 4 ! 
·5J( 4 ! 
57( 5) 
72(5) 

1 19( ,.. , 
82(5) 
S6( 4 ) 
:;S( 5 .\' 
88(6) 
82(5) 
72( 5) 
77( :=;) 

..... Ii· . - .. 
_-1c '\ b .l 

119(':) " 
73( 5 ~ 

1'3 6(6.1 

7:3< 6 " 
52{ 4 .., 
8.SI.. ?' " 
.S.5(;, , 
5t1( 4 J 

6S(:; " 
69( 5 " 
.'3 J{ 6 i 
73(5) 
59( 4 ) 

44 9( 2) 
57 , 9{' 9 J 

62 J( 11 ) 
57 . 3(9 ) 
77 5(12) 

59(3) 
73(4 ) 
4S( J! 
52(4 ~ 
70( 4'} 
55( 4 ) 
45('4 ) 
53(4 ) 
46(3 ) 
50(4 " 
4 7( 4 .! 
56(4 ) 
?tl( 5 ..1 
50(4 ) 
.57( 4 .> 
76(5 ) 
~~2( t7 .1 
80( 4 ) 
80.; 5 " 
80{ 5', 

125( ,.. ) 
l{J(:~'j 

1 DS( 6 ~ 
46( ,-' ) 

j .jll( 8 } 
2 .. ?1', 14 'I 

70( 4 ! 
7S( 5 ) 

1 J2( 7 J 
94<'6) 
t72( 4 :' 
63( 4.> 

4 '''''\ .""\ ,.,,,,\, ... ,-' .-' _. "'-'I.'" 

41 9( 8 ) 
66 2.;' 11 ) 
414<'8) 
56 , 8< 10 ! 

40(:;) 
60(:;) 
51 ( J \, 
53( 4 ) 
84 ( 5 ) 

H1!;1( 6 ) 
85(5) 

115.; 6 ) 
96(6) 
~~ 7( 6 :. 
6~~( 4 I 

4j~(3'! 

55( 4 " 

J 1', J ~, 

56( 4 ! 
t:74(S) 
7 .::/~ b 'I 
~~t:( J' .., 

t7S",' 5) 
52( 4 i 

106(7', 
16j( 11 'I., 

44(:3 ) 
62(4 ) 
52( 4 .> 

~~2( 6 ) 
6?( 4 ! 

-6 1.; 2) 
- { S( ,7"', 

-16 ,8(9' 
-1 4<'7 " 

1 1 (9 " 
-10(2 ) 

1 (" J J 
-1 H 3 I 

-31 (4) 
-:3.'('t; 4 " 

2( 4 .., 
-4 ( J ~ 

- ,5( '_"' " 
_,:i , 7 , 

1 1 " .; , 

~ .' " \ 
- I 1 " __ , I 

- : ~II ...:. '/ 

C"" .-," - \ 
- ..... _;'i, CI i 

- =s( .... .1. ' 

• E'< :; 1 

-:::(1 < b I 
-1 fjl, 4 ) 
-1(:1<_, ', 

-2 ~"' I 

-14( 4- .., 
-2 .5/~ 4 ) 

18< 4 " 
6( 4 , 

The anisotropic displacement exponent takes the form: 

-20 , O( 2) 

-47 ,6(12) 
-20 1 ,; / :' 
-1 (' ,~(:3! 

-1 r( ,-i .., 

-35(]) 
-21 {' J j 

-10.; 3 i 

-1..f { .:; .I 

- J:~'~. 4 " 
-21 (5'" 

-5( ', 5 i 
-4~ {, 5 '. 
-~~( 4 ./ 

-3~~' 4 I . - ~ 

-1-"_~' 

- 1~' ,:' _ j 

- .5t;( t l " 

- 5:':', _~ I 

- 1 ~~.: .:. i 

- r: I ..: 

-. - ... 
-.:: ;" " j I 

- ::~I 4 ' 
-21 4 
-3::; 5 
-50 5 
-J3 4 

ll . Sf 2) 
20 , 9C~ ) 
"32 3( 11 ' 
- 9 4( 7 , 

12(J) 
-22( J) 

-1 (~f " 
-~< J "I 

3( ~ 'I., 

1 .j {' 4 I, 
4< 4 " 
0.;' 4 " 

-21 {' 4 ' 
-23(4 
-J( 4 I 

4 1, :3 I 

~~(,:-, i 

11,r:~ / 
1 J( 4 " 

;-::'( 4 J 
7( b " 

41';' ;:- , 

- .' - , 
,-'~' 1P"'- I 

- f .5<' E I 

-~ ( J ~t 

S",": " 

1 :;( 5.! 
-15( 5) 
-1/~ 4j 

-. ,. - , 
t.,1', t.,"1 .1 
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Table B.11: Anisotropic displacement parameters for [11] 

(AlXI03) 

U
11 

U22 
U

33 
U23 

U13 U12 

Te 60.4(9) 62.2(9) 57.8(8) -12.5(8) 15.1(6) 1.2(9) 
5(11) 76(4) 70(4) 72(4) -8(3) 28(3) 2 (3) 
5(12) 70(4) 86(4) 76(4) -9(4) 26(3} 5 ( 4 ) 
5(21) 49(3) 77(4) 55(3) -10(3) 4(3) 6 ( 3 ) 
5(22) 36(3) 83(4) 70(4) -8(3) 8 (3 ) 8 ( 3 ) 
N (11) 64(12) 63(13) 63 (12) 2(10) -8(10) 19(11) 
N(21) 38(9) 57(10) 48(10) 6(8) 7(8) -1 (9 ) 
C (11) 88(17) 58(15) 63(13) -25(11) -16(13) 36(13) 
C(12) 63(16) 72(19) 101(21) -7(17) -17(14) 30 (14) 
C{13) 48(14) 45 (14..) 111(19) -12(15) 13(13) 9 ( 13) 
C ('14 ) 87(20) 82(24) 132(26) -35(21) 14(20) -9(17) 
C(15) 206(37) 45(18) 176(35) 10(22) 29(32) -6(21) 
C(16) 381(62) 127(30) 72 (21) 0(23) -21(29) 42(39) 
C(17) 207(34) 77(20) 105(24 ) 12(19) -31(24) 7(22 ) 
C(18) 59(16) 68(16) 86(18) -26(14) 7(15) 23(14 ) 
C(19) 59(15) 105(21) 105(20) -33(17) 29(15) 3(15) 
C(l10) 102(22) 95(21) 155(26) -37(19) 72(22) -15(20) 
C(111) 88(24) 93(23) 227(39) -34(26) 113(29) -37(20) 
C(112) 38(16) 125(26) 235(39) 18(29) 62(24) 39(17) 

C (113) 72(19 ) 54(15) 167(26) 18(16) 1(19) 15(15) 

C(21) 4 1 ( 11) 62(13) 54(12) -14(10) 25(10) -19(10) 

C(22) 22 (10) 80(15) 37(11) -9(11) 14 (9) 9 ( 11 ) 
C(23} 48(13) 61 (14) 47 ( 13) -4(11} 6(10} -7(11) 
C(24 ) 48(14 ) 76(17) 79(18 ) -22(1 4) 2 ( 12 ) -16(14) 
C(25) 60 (15) 120(22) 36(12) -8(15) 1 1 ( :. 1 ) 3(16) 
C(26) 42(12 ) 77 ( 16) 61 (15) 16 (13) 6(11 ) 34 ( 12) 
C(27) 52(13) 68(15) 44 (13) o ( 11 ) 6 ( 11 ) :. ( 12 ) 
C (28 ) 40 ( 13 ) 81(16 ) 44 (12) -2 4(12 ) 8(10) 9(13) 
C(29) 38(13) 129 ( 21) 73(15) 18(14) 13(12) -13(15) 
C(210) 19 ( 14) 197(33 ' 75 ( 18 ) 10(20) -11(12) -11(17) 
C ( 211 ) 20(14) 222(39 ) 63 ( : 7) -40(20) -7(13) 6 (2:) 
C(212) 82(19 ) 111 ( 23 ) 90 ( 19) 7(15) -16(16) 54(20 ) 
C(213) 69(18) 77(18 ) 8 7 ( 1 7 ) -22(14} 26(14 } -2.1(15) 
C (32) 79(16) 50(14 ) 90{1?) 4 ( , ':\ , 

\ - """ , 36(14) 4 ( 14 ) 

C(33 ) :74:36 ) 87(27) 2.40(29) - 1 ( 21 ) 74 (31 ) -19(27 1 

C(34 ) 320(72. ) 55(23 ) 164(39 : -46:2~) 121(48) -100(39; 
C(35) 12.5(26) 137(32) 185(39 ) -54(30) 95(28) -58(29) 
C(36) 133(27 ) 144(28 ) 46(15 ) -2 7(16) 1(16) -1(23) 
C(41} 80(17 ) 54 (13 ) 74(15 } -37(13) -3(13) 14(14} 
C(42) 93(17 ) 93(18 ) 52(13) -8 ( 14) -4(14) 17(17) 
C(43) 113(21 ) 78(16 ) 46(13 ) o (1 4) -1(15) 9(20) 
C(44 ) 119(27) 63(18 ) 135(29 ) -39(19) -55(23) 20(19) 
C(45) 80(19) 126(26) 95(20) -21(18) -1 4(19 ) -30(17) 
C(46) 53(14) 82 (18) 81(16 ) -8(13} 17(14) 12(13) 

The anisotropic displacement exponent takes the fonn: 

_21t2(h 20 ·'V II + .... + 2hta' b· V 12) 
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Table B.ll: Anisotropic displacement parameters for [12] 

(A2xIOl) 

U11 U22 U33 U23 U13 U12 
Sn(l) SO.7(3) 49.7(4) 48.0(3) 0.6(2) 21.0(2) 8.3(2) 
Cl(l) 111(2) 200(4) 269(6) 149(4) 114(3) 106(3) 
Cl(2) 88(2) 117(2) 193(4) -22(2) 75(2) -28(2) 
Cl(3) 11S(2) 2S7(5) 77(2) -44(3) Sl(2) -42(3) 
0(11) S7(3) SO(2) 60(3) -6(2) 29(2) 0(2) 
0(1) S9(3) 62(3) 79(4) -10(3) 40(3) 0(2) 
0(2 ) 80(4) S7(3) 100(5) -7(3) 46(3) -2(3) 
C(1) 39(3) SS(4) 53(4) 9(3) 16(3) 6(3) 
C(2) S2(4) 60(4) 68(4) 12(3) 21(3) 6(3) 
C(11) 61(4) S7(4) 48(4) 4(3) 24(3) -4(3) 
C(12) 60(4) S9(4) S7(4) -S(3) 13(3) 10(3) 
C(13) 70(S) 89(6) 77(5) 11(5) 16(4) 15(4) 
C(14) 88(6) 85(S) 56(S) 10(4) 4(4) -24(5) 
C(lS) 95(7) 108(7) 68(6) -27(5) 34(5) -20(6: 
0(16) 79(5) 69(4) 60(5) -9(4) 33(4) 3 ( " ) 
C(17) S3(4) 41(3) 52(4) -5(3) 15(3) 3(3) 
C(18) 87(6) S5(4) 70(5) 13(4) 26(4) 10(4) 
C(19) 117(8) 76(5) 64(5) 19(5) 30(5) 9(5) 
C(110) 97(7) S6(4) 104(7) 31 (5) 6(6) 20(5) 
0(111) 84(5) S9(5) 107(7) 11(5) 21(5) 33(4: 
0(112) 81(5) Sl(4) 71(S) -1(4) 32(4) 8(3; 

The anisotropic displacement exponent takes the fonn: 

-2lt2(h 2a o·U II + .... + 2h/cQ" b" U 12) 



Sn 1) 
Sri :2) 
C 1', 11 
':1( 12 
CH 13 
C 1 (" 21 
C: 1 (22 
CH2J 
O( 1 .> 
C( 11 ) 
C( i 2) 
C( 1-:3) 
C( 14 ) 
C( 15 :. 
C <' 1 t: :. 
C( 1 (" ,:' 
C:(l ,S) 
C( 19 :' 
C( 118 .> 

': I~ ' 1 j 2 . 
C( 113 :. 
O( 11 ,:' 
O( 12 ,) 
C( 11 4,:' 

:~.( 2 ... : ) 
C< 23 ) 
C~· 24 ,) 
I:'." 2 .5,) 
C( 2r:7 . 

C( 23 ) 
,~ , ' ,,,,~ ) 
L, t, .:.:: _' " 

C(210'> 
C( 211 ,:. 
C:(21~') 

(:(213 .:' 
O( 21 ) 
O( 22.J 
C( 214 ) 
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Table B.13: Anisotropic displacement parameters for [13] 

(A lxl()3) 

Ull 
4 .5{' 1 .> 
~i:1( 1 ) 

1.31) ( J) 
3' r:7 (' ::.: ) 

, - - .' - .. .! ":-1';:.',,,:,,.1 

t7S( ::: ) 
S9( 2 . ~ 

.'37(2) --.' -', .:.~ .J '\ .,:, .-I 
46( 5'> 

• -'-/,' f -
1 .':,":", 1 &.:: 

148(1::' 

-'/ . ' -\ 
,. 1 '\ l ..' 

,56( 6':' 
13i':Hl) 
113(10) 

1-1h11) 

t:~6(6" 

t. tJ" 4 :' 
68( 4) 
81',' i " 
4("( 5 ,' 
~O l_··.t t:1 
-- ' ~-" ( \ .J .:. 

2t~ ( 11 
21.:1\: 1 f1 
," LI",' , 
~ t7 ' .. ' .s ~I 

. 5 r:7 I.: .-:7 .I 

.5':;(? ) 
~.-. " - ... 
" ,,:,:' .. ,.. ..' 

-- ,' .- '. ::).:.', t· .' 
:31(5) 
~ '-" ... ) 
\-'':':~. "t " 

61.;' 6,) 

U22 
41 ( 1 ,:; 
39( 1 ,) 

119( J) 
115( 2 ) 

:39( 2) 
,'"'1 .-,' ~ .. 
c,O' .. .:: ..' 

164(;2) 
6H2 ,:, 
39(3) 
4:~( 5 ) 
71 (?,) 

47(7 ) 
42( 6) 
64(? ,:. 
59(6) 
45(5) 
42(6) 
68(8 ) 
85( 8) 
,32( S'> 
c74( (") 
36(5 :. 

86(5) 
55(6) 
."34 ( 4 ) 
t:' - . ' ,- , __ 'c· t.. b .-I 

-_ .' -, 
.... i ," ', b ..' 
- .- .' .- \ .,:,t,', t,..' 

~6 '.· b J 

:32(:; :t 
5~(." t. ) 
5~~( ?) 
.55( (1) 
.51(6) 
66(6) 
32( 5'> 
65(4) 
89(5) 
52'; 6) 

U33 

J9( 1 . ~, 

SO( .; ." 
60( 2 ,:. 
(4( 2,) 
85(2) 
46( 1 ,) 
~~4(:2 ) ...... .. - .. 
~I ","\ ~ ..... 1 ..' 

31 (' 4) 
0'1(7) 

l ·S''1{ 13 :' 
14t7(11 > 

.... -.. - '. 
,.. ,-""' .. j' ... 

5~~(c7) 
3?( 4 ,) 
,- .- .' -, 
..... 't'" t. , ! 

,S5( E: ,) 
?S( f', 
c:"~ .' .- , 
•• ),.,,1\ b ,.' 
c;- -.- .' - , 
,,',-'" ~ b ./ 
4:2(5) 
41(3.> 
5J( 4,) 
J4( 4,) 
50(5) 
67( 6) 
ci2( 8 ,} 

13r5( 11 " 
511(::: ) 
t7t7(t: / 
31 (5 ~ 
59( 6 .. 
39(8) 

129(9) 
1!:10( S') 

t7i'(t7) 
52(5) 
44( 4 ,> 
49( 4,) 
J5( 4.> 

-- . -. ' 
_ .. , _"7' " . .:.. ,., 
~ - .' ... , 
1 ;:, ~ .:: ,,' 

-35( 2 .:, 
((~' ) 

-3( 1 " 
12,,: 1 ,:. 
-:3 (' :.' . ~, 
:~( 4 ) 

1 ,5( c7,) 
3';( -5 ) 
10.;' ? ,:. 

18( :5 ." 
-S( 4,) 

-1.](5) 
1,:t~) 

oJ I .... " , - , 

- "+ ':I~. t, .1 

-~I t:'l' 6 .:' 
-; 1 to,' 5 ) 

-,' -' -..:.' .. :. . ..' 
4( 4 ,:; 
1]( 4 ,:' 

-.I • - , 

- -: . : ' .. Ct ,I 

-I •• - • 
'-1- '. t , I 

I '. -.' -' 

1:; (.5 ) 
- .- " - \ .,,:. C'1 ', C, _! 

;:"( 15 ) 
-1 7( 6 ) 

i t:' .5 .> 
- i O( 4 ,:. 

'':;', ' -: " 
- - • ,_I " 

1 (4 ,) 

The anisotropic displacement exponent takes the fonn: 

:) 1 -: 
1':: .J • 

r l' i 

-, - .' .-. ..: ,", ..:: 

- .* I ' 

-- ~ j , 

_ .' .I ' ,. t. ~ I 

1 [i( 5 ,~, 

(_~ .... i ,] 
~~ ,:-;" 

.:.' .:: .' c:; 
1 '3( 4 I 

2. ::1 ( f :' 
~'i6f,' r .' 
, ,-, . - . 

.I .: . I, j' , 

.;:: ~' ~ ~ 
1 t1,,- ~ " 
J , - , . ' _ 

1 -. ',_ .• , ,f 

" -,." - . 
! ~-" , ~-I .. 

1 ( '~ ' .5 .1 

12'..:' 4 ) -- " - . .:.,' t. t I 

J. l l, ' .S " 
- <I ' -

t"' 1',~- ' -_ . -
~I)', " 

',=' :'! ' :-- " 
~ '- , , ' 

1 .5 (.5 ~ 

11 (' ..; > 

_7' ( .1 ', , , ' 

Lll ::: 
2.: 1 ... 

- ,:,':", ... : .' 

1 ::~ ( ~:' ~, 
-4( 2 ', 

-lci (Z) 

-.. ,- , 
-CI I .:.: " 

r:: ,-' 4 ) 
14( t~) 
1 t: ... f " 

-.:; ... J " -" , . 

-':: (' .:+ ,:' 
-:s ..... S' .' 
-(' ( J. > 

- -' - , 
-":" l '=, .1 

i ~~~I (~; • 

-i( ·5 
'- ' r: 1 " '" ,_, 
25(6 

15( .5 

-1 '" 3 
4,,' 4 
-I .' ~ 
j , ... 
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Table B.14: Anisotropic displacement parameters for [14] 

(AlXIOl) 

atom lit I till. U1,3 l~ U\~ U,2.. 

Sn(1) 57.5(7) 36 . 1<S) 26 . S(S) -(:1 .7< 4) 7 . J( 4) 1 . 1(S) 
Sn(2'> 52 . 1(7'> 45 . S(6) 33 . 1<5.> 2 . S( 4 .> 7 . 1<"4 ) 3.2(5) 
C(2) 77(13) 84( 13'> 40( 9) 3(S) 6( 9'> -7(11'> 
Cl(II'> 1 72( 16'> 118( 11 .> 120( 1 J.I -7t:1( 10) 28( 11 ) -42( 12'> 
Cl(12'> 18S(19) 324(3f.t) 59( 9'> -1;1( 14) ?t1( 12) -2S(21) 
Cl(13) 568(66) 585(59'> 66( 13) -6S( 21 . ) -S7( 22'> 47S(56) 
Cl(14) 50(7'> 37~( 32'> 86(12) -56( IS) -32(7) 9(13) 
Cl(15) 263(33'> 626( 71 .> 147( 2ft.> -254( 34'> -H17( 20'> 254(42) 
Cl(16) 67J( 7(0 6?S( 67'> 220( 29'> 349(41) -321<" 39) -596( 63'> 
Cl(21) 1 H1( 5'> 259(1ft.> 65( 4.> -58( 5) IS( 4 .> 29(6) 
Cl(22'> 158( 8'> 195( 8'> 14S(7'> 79( 6 ) 81(6) 8( 6 ) 
Cl(2:3) 95(5) 2t16( 8'> 75( 4 .> S( 4.> 30(3 '> 42( S) 
Of 1 .> S3( 9'> 57(6 ) 39(6 ) 2(5) S( 6'> -6( 6 ) 
O( 2'> 71<S'> 66( 7 ) 43(6 ) 5( 5 .! 6( 5'> -5( 6) 
O( 3'> 8?( ttl) 87(8) 39( 6) 8( 6 ) -1( 6) ~(-::' ' ~ \ , .J 
IJ( 4.> 11 (9) 6H 1'> 55(1) - H1( 5'> 21(6) 6( 6) 
O( 5) :31;1 ( 5 .> 55(5) 29(5) 14(4'> -1t;1( 4.1 IS( S ) 
C<' 1 .> 91(14) 4S( 8'> 39( 8'> 8( 6'> 8( S) 16( 9 '> 
C( :3'> 72(13) ?l;1( 11 .> 52( 11:1.> -34( 9'> 24( 11;1) -J( 10 ) 
C( 4.> 112( 1 S'> 111<IS'> 43( ttl'> 20( 1 t1 .> 33( 11 .> 2S( 13) 
C( 11 .> S4(12) 37( 7) 26( 7'> -17<S'> 9( 1 ) 16( 8'> 
C( 12) 128(17) 44(9) J8( 8) -4( 6'> 13( Ill ) 9( Ill) 
C(13) 185(27) 48( 11:1'> S1:1( 14 .> .-,.. Q ) b. _ .. ' 4 7( 16 '> 5( 1 J'> 
C( 14'> 1 t:18( 1 S .> H17( 16) SH 15'> -S4(12) -t1( 13) JJ( 15 ) 
C(,15) 172(25) 96( 15'> 63('13) -47(12) 3?( 15 ) -21(17) 
C(16'> 128(19) 5S( 11:1'> 76( 13'> -5(9.'; 6H 13 ) -16( 12 ) 
C(21) 66(11'> 52( 8) 29(1'> 1 1( 6 ) 15( 7 .> ?( S'> 
C(22) 71(12) 59(10) 44( 9'> 22(7) 20(S) 19( 9 ) 
C(23) 92(14) 41<S) 55( ttl,) ~(-::' ) '"' \ , " 4( 11:.1 .1 -1 O( 9'> 
C( 24 '> 91(15) 31( S .> 82( 12 ,) 1 O( 8 '> 4H 11 ) -o( 10 . 
C(25 ) S3( 14 .> 4S(9) 74( 12 '> 6( 8'> 1 S( 10 ) 1 J( 10 '-
C(26) 53(10) 45(S) 56( 9'> 1 ~1 ( 7 .> 1 HS ) 2( 8 ,' 
C( 31'> 4S<' 10) 5S(9) 46( 9 .> -2( 7'> -4( 1 .> 1(S'> 
C( 32) 116(18) 6S( 11 .> 65( 12) -8( 9) 44(12 .1 -2(12 .~ 
C(33) 131<21'> 39(10) 103(17'> -H1( 9) 25('15 ) 13(11 .: 
C( 34'> 98(18) 59( 12'> 143(22) 2( 12 .> 34( 1 1'> - 2 t: (' 1 ;;: .~ 
C(35'> 68(14'> 68( 12'> 122(IS'> -8( 12'> 2S( 13 ) -1~ ( 11 ; 
C(36) 57( 11 .> 63( 10'> ?7( 12 .> 4( 9'> 22(10 ) -2( 9 .1 
C( 41 .> 63(12) 52( 9) 66( Itl) 21<'S) 3~1( 9 ) 6( 9 ) 
C(42) 71<13'> 61< H.1.> ?8( 13'> 12( 9'> 11(10 '> 11(10 .: 
C(43'> 153(25'> S2( 15'> ?l:l( 1 4 .> 39( 12'> 1 J( 15'> 3~1( 1 7.: 
C( 44.> 1 73( 29'> 74( 15'> 1 73( 28'> 72( 1 7'> 1t11(25) St1( 11 .: 
C(45'> 1 ?tl( 3tJ.> 66( 14'> 15S(27) -1 €l( 16'> 68(25'> -27( 17 ; 
C(46) 89(15) 48(Hn 114( 16 .> -21<' H.1.> 4~1( 13'> 0 ( 10 ; 

The anisotropic displacement exponent takes the fonn: 

-27t2(h 2a ··V It + .... + 2hka· b· U \2) -



Sn(l 
Sn(Z 
Sn(J 
C1(11 
C1.;'12 
C~l(lJ 

C1(21 
L~1(22 
l~ 1 (23 
l~l(Jl 

l~ 1 (' J2 
L.~1<·3J 

C1(41 
C1(42 
C1(43 
C 1 <' 51 
C1<"52 
C' 1<' 53 
Cl(5'; 
C: 1 (55 
C1(56 
Cl( 1 .~ 
O( 2) 
O( :: , ~ 

Li( -4 ) 
i]( 5) 
l''-':' ~ I 

J( (' ,\ 
'"'\ " ,-I_ , \ .: ' 
~ , ' ~ J 

'_f J, .: .l " 

Ct( 12 ,' 
C:( 2) 
c-'( :;) 

C( 4) 
C( 5." 
C(6) 
l 
... " ... \ 
• • , .. " ,.I 

C( S.I 
C( 11 ,J 

C(13:' 
C~(14) 

(>: 15.1 
C(16) 
l~( 21 ) 
l~( 22) 
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Table B.15: Anisotropic displacement parameters for [15] 

(A 2xl()3) 

3:?3(7) 
45.9(8.1 
3Ig.~~(7) 

g9(4') 
137(6) 
1311( 6,) 
125( 5) 
162( (.1 
102(5) 
4~~( J) 
9j( 4) 

l:~~~(S.i 

140(6) 

90.;' 9) 
96{,11 

527(51 
462,,' ,54 
1 ?t~( 1,S 
5 4.'3 ':' 5~~ 

.- .- ,' ""'\ '\ 

oC', I.). ,.1 -, .. ,' - \ 

._' t"t', ;' ) 
J ~ " -. 

1' 1, , . ..' 

-. J .' - " 

_i.!\:-"i 

q '-" J ." _(:\/\10 

55(12 
66<'13 
28(11:;1) 
$"( 15) 
52(11) 
.57(13) 
62( 12 ) 

116( 23 .~ 

1 8S( 34 .> 
62(13) 
94(16) 
?1<' 14'> 
56';' 14 ,:. 

'"'\Q - - - , Co _' , ,j', ,.. .J 
44,3(S) 
35,9(7) 

67( 4) 
1 03( 5,) 

74( 4) 
11 O( 5 ) 
149<'7) 
1S~4( ?) 
1 ?4( ?) 

?Sf 4 .! 
1 27t1( 6 .> 

5S( 4 ) 
133( 6'> 
1 eJ( 5) 

'-Q'" 0 ~ b_, • _' " 

7tl( 9 .> 
59(12 

378(52 
358(33 
:::"22( 36 

44( 7') 
45(7) 
5tl(? ./ 
?1(:~) 

59(8 ) 
~~6( ttl) 
71,.. Q 'i 
I • , _ , " 

4[t( ? ,', -- .' .- \ ,_~"", b J 

24{' 6'> 
44(13) 
57( 12) 
82( 15) 

1t1S{,1?) 
54( 13) 
41(11 ) 

1l:1B(17) 
30(10) 
1~~5(34) 

79( 20) 
99(17) 

102(17) 
?H 14) 

2S, 5( Hl) 
40,8(11) 
35.:3<"9) 

Q'~'" ,- ., 
_' _' , b" 
91<'6) 

2!;16( 18) 
67( 5) 
76(6) 
75( 6) 

1 S?(:3) 
125("( ) 
159( 9 ) 
149(E:) --.' ,-, 

,.. "", C' ,.I 

114( 7) 
201 (2':;') 
534(48) 
442( 52) 
·S 7tl( 1 liS) 
2JS( 3[1) 
361(54) 

4?( 10) 
45( 1 [1 ) 
31(~~ ) 

J{,(lf1) 

?O( 12) 
5?'( 12 " 
6i( 12 , ~ 
..:t2 ( 111 ,'t 

2 _:; ( SI .> 

?7( 2[t.! 
J4( 15) 
51 (' 1 ?.1 
54( 17') 
5( 1 S.i 
?'?(19) 
?1(20) 
2S( 14 .I 

1 06( 33) 
135(2?) 
4((1S) 
53( 11,) 

148(31 ) 

2 , 8(8) 
J , 6( 9) 
1 , ;7( 9) 
-46( 4 ) 
-50( 5) 
-lS( 6) 
-17(' :;) 

26( 6) 
-?1(6.1 

-1l14( 7) 
-J7( 5,) 

-52( 5) 
-43(5) 
-5?( 1 J 

4(28 
_~ 1 (22 

27_Q( 62 
21t7(2S' 

-156<' ,:36 
-14<'3) 
-2tl( S ) 

Z( 8'> 

-10 .;' 10 :, 
-J'l' 1 f1 ~ 

-:.( S ) 
5·\ 7' ) 

- 5( 7'> 
-15{' 15 ) 

-..t1(15) 
- 9<' 14 ) 

-28 ( 16) 

,:72,: 2:; '> 
56( 22) 
2(l( 20 ,) 
-7( 16) 
4(15) 

-6( 24 ,) 

5 , f..: "1 ,' 
1 , fl( 8 " 

J2'("; ) 
6?( 5) 

-2S<"r) 
3(5) 

t7?'(b .J 
-J2( 5 ,1 

1 J( 5 ) 
2t7( 5 .! 

129< ,~ :' 
J~~I~' 6 .' 
, - , ..., .' J , 

-~ ..... "I\ "t ,i 

28<"5 ) 
-12( 12) 

-l~~(.:J.J " 
~1!:l1( 64 " 
~~L'( 2\ tl ,~. 

212'~' 4S ( 
JS( s .~ 

2tl( ;:- ,' 
-10 ( :::' ,.' 

- 1 ..t ,' :; , . - , 

J ' -
-1 \ :: ,' 

-1 ( 16 .· 
:::'I _~'( 12 ) 

4<' 1 J If 

19( 11 ,'i 

48<' 1 .5 ) 

12( 14 ) 

1?<' 2t) ) 
14(25) 

1,.. 1 7 ~ 
\ .. I ' 

26( 15) 
-4( 14 '> 

-2?( 18 ') 

" 1." '-

-:::t7(4 ) 
3;;: ( 4 ) 
t='- ,' " • 
_'\o.,i', ~ ..' 

51 (5 ) 

S=- ' - , \,,' " .... : .. ,.; 
~,::.,~ ,; ~. 

-,. "",\ ,' . , 
-..: C'. ', t.f ..' 

-1 ( 4. ., 

-2S( t-: " 
'3S, ,~' 8 I 

.. , -- ,,- \ 

...: ':1 ... "., ~ _" I 

- i [14 ,: ] r5 " 
.. - ,' - , 

-..: '-~, '. t · 

- j ' -.: • ..: I. / ' , 

c:" ,' - , 
_ ,,~ C' • 

- .. -~ - ~ - 'I -, , 

.: _ ,.. 10 'i 

. c of .l \ 

1 _, t" ~.! ; 

- l -; ,:" 1 : " 
-,::1 ( 1~! 

-4CI( 14) 
: <" l:7i 

-: : ',. 1;'; ! -_ . ... -



C(24 
C(25 
1::( 26 

C{· 32 ' 
L-:( 34 j 

l~ ( 35) 
L~( 36 ) 
C( 41 ., 
C(42 ) 
C( 43 ) 
C( 44) 
C( 45 .' 
C(46.1 

229(45 
101(22 
54( 14 
58(12 

23J( 31 
103(18' 
154(24 \1 

9B( 1 ? ) 
51<"17.' 

174(41) 
108(21 ) 
63( 19) 

J:3J( 14 j 
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Table B.15 cont 

17?( 38 ) 
1 7H 36) 
158(25) 

49< 11 .> 
t7S( 16 ) 

127(21 'I., 

118(23) 
S'1:1( 16 ) 

2G4( 51 :. 
194(31) 
49S( 6::n 
151:1(39) 
99( 31 ) 

11 tl( 38 ) 
169( 44 ) 
12?{'2S) 

29{ 14 . 

96(25) 
81 (22 I 

446(86) 
31;18( 71 ' 
159(3:3) 
686(11;14 
535(105 
169(55.1 

19 35 
46 25 
1~ . 1 J 
17'"1 18 
65\ 1~~', 

31 (' 17 
S~~( .55 

1~~?(54 

-1/:19(29 
t1<' 74 

11 t7( 52 
-41(36 

The anisotropic displacement exponent takes the fonn: 

-21t2(h 2a o ,U 11 + .... + 2hka· b O U d 

-'7.2( J2) 
-46(31) 
-25( 1 ~~ " 

~~,~ 11 ~ 
- I~ · -,_ ... 

- _, 1,:'14, ';:'.' , 

16( 1.S ) 
-4( 2E' 'I., 

17(1,-') 
-84( 36) 

-120( 39.! 
-2~1(23) 

6(41 
SS( ?'4 

-35(47 

5i.'( 3tr ) 
5~~( 2.5 .~ 

O( 16" 
1.;· 1 0) 

_"7 r:7< 1_0) 
-('( 16 ) 

-4'::( 1 ~~.1 
-1:3<'14) 
-10(20) 
-68(35) 
35(21) 



a+om 

Sn(I'> 
Cl (' 1 .> 
Cl ('2'> 
Cl(3) 
O( 1 .> 
O( 2) 
O( 3) 
C( 1 ) 
C( 2'> 
C(3) 
C( 4.> 
C(5'> 
C(6) 
C( 7'> 
C(S ) 
C(9) 
C( 11:1.> 
C( 11 .> 
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Table 8.16: Anisotropic displacement parameters for [16] 

(AlxlOl) 

34 . 4(2) 33 . ?( 2'> 31 . S( 2'> -14.9<' 2'> -13. ~1( 1 .> 
1 Hl. 7<' 14) 1 Hl . O( 14 '> 49 . 4(9) -39 . 9(9) -4 . 2(9) 
131 . 5( 18 '> 55 .8(10) 50 . 9( 9'> -0 . 5(S) -48.0(11 ) 

66 . ?( 11 ) 
.' 16S . 1( 22) 8S.9(13) -62 . 1( 14,) -6 . 9( un 

35.1:1<'17 .1 31 .2(16) 36 . 4(17) -14.8(14 . ) -16 . 5( 14'> 
4?( 2 .> 43(2) 4H2) -20<' 2.1 -9('2'> 
4?( 2) 44( 2) 36(2) -17( 2,) -lOr;' 2 .> 
36( 3) 40(3) 35(3) -11(2) -17( 2) 
49(3.1 56(3) 36(3) -1?(:2 ,) -1 O( 2,) 
51.;' 3) 44( 3) 5~1( 3'> -25( 2'> -21(2) 

127(7'> 99<' 5'> 65( 4) -14( 4.> -47<' 4.> 
169( 9) 158(S) 7!:1( 5) -36(5'> -4S(5) 
156( S'> 118f 7) 11((7) 'i'" " .- , 

-",. I, (:1.1 -70( 6'> 
J25(15) 139( 9'> 151 C=1) 15\' 6) -150(11 ) 

211(10.1 95( t;:7.> S7( 6) -o( 4 ) -S4<'6) 
226<'14) 144( Hl ) 155( 9) -S1(8) -112(' 10'> 
163( 11 .> 181<'11 ) 104(1) -51(8'> -50(7) 
130( 11 ) 2t19( 16 " J08( 19 ) -1 lS( 16 '> -127(12) 

The anisotropic displacement exponent takes the fonn: 

-13.3(;2 .> 
-72 . 4( 12 ) 
-43 . H 11) 
-70 . 4(14 .1 
-10 . 9(14) 

_;;:IJ( 2) 
-24(2) 
-1 7( 2 .> 
-30(3 ) 
-17('2) 
-71<'5) 

-1 tlt:T,: 7 ./ 
-5t7( 6 ,I 

-160( 1 t1 .' 
-98(7 ) 
-35(8) 
-99(9'> 
19(10) 



atom 

Sn( 1 .> 
Sn(2 ,) 
C1fl) 
C 1 <" 2) 
C1(3.1 
CH4) 
CH5) 
C1(6) 
CH7 > 
C1.;' 8.! 
C 1 (9,) 
O( 1 .> 
O( 2) 
0(3 ) 
O( 4.! 
O( 5.1 
O( 6) 
Ot;' 7'> 
C( 1 ) 
l~( 2'> 
C( 3) 
C( 4,) 
C( 5) 
C( 6) 
C( 7) 
C( 8) 
C( 9) 
C( 10 ) 
C( 11 ! 
l~( 12 \ 
l~(l-; 1 

C( 14 
C( 15 
C( 16 
C( 17 
'-~( 18 
C( 19 
C(20 
C( 21 
C(,22 
l~( 23 
C(24 
C(25 
C(26 
C(27 
C(,28 
C(29 
C( Jl;l 
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Table B.17: Anisotropic displacement parameters for [17] 

(A1XI03) 

59 , 1(5) 
60,9(5) 
2'33(5) 
167( 4 ,) 
114( 3) 
126( J) 
221(5} 
128(3) 
194(4) 
189(.5 ) 
1:33(4 " 
:~2( 5") 
ISJ~( 6! 
74(5 '> 
:~2( 6 ) 
78(.5 ) 
7l1( 5) 
62( 4 ' 
4t7( 6) 
82(8) 
56(? ) 
S1(S) 
51 (' 6 ) 
93(:~ ,) 
."- ~' ~ ', t,,-,,\', ", ..' 

60(8 ) 
8:3(1IJ) 
70 C:3 ) 
64 (9) 
62(E: ", 
65( i.", 
94(16 ) 

113(11 ) 
75(10) 
66(9 ) 
64(8 ) 
93(9 ,) 

111(12) 
1 t16( 11 ,) 
12S(14) 
15H 14,) 
96(9) 
75(S ) 
91.;' 11;1) 

150(15) 
oS 7( 11 .> 
76( 11 ) 
SO(9) 

38. 2( 4) 
40 , 1(4) 

79( 2) 
51 (' 2,) 

126( 3) 
71 (2) 
61(2') 

11:~(J ) 

ll12(3) 
4S( 2 ,! 

2J6( t7,) 
42( 4) 
t71<"5 ) 
4S' ( 4 ,> 
84( t7.> 
58<'5) 
4S( 4) 
4S( 4,) 
44(6) 
42(6) 
45U:: ) 
59( 7) 
45( 6) 

C" ..... ' .- \ 
'-' .... ~ { t· ..' 

6?( 9) 
92(10 

107( 11 
f79( S' ."I 

4 ('. t7 > 
SS(9 ) 

114(12) 
79( 1 1;1) 
75(9 ) 
77( 8) 
32(:; .> 
68(9 ) 

1 t11;1( 11 ) 
73( 10'> 
47<' S ) 
59( 7) 
7tl( S) 
51<'S) 
SH 11 ) 

1 32( 14 ) 
119( 14'> 
6H S ) 

U~ .. ~ 

35, 1( 4,) 
36, 7( 4) 

174(4) 
186(4) 

68( 2) 
161(4) 
135( .3 ) 

72(:::) 
246'( 6.i 
179(5) 
41(4) 
50( 5 J 
54 ( 4 '> 
t:t7( 5 ) 
4S( 4 ':' 
46( 4.> 
3J( J) 
44(6) 
42(6) 
55(? ) 
64( 7) 
4S( t7) 
49( 6 ':' 
45(6) 
76( ::~ ) 

124(12 
10S( 10 
13ft.;' 13 

.S4(9) 
54< 6 ':' 
56( S) 
S3( 10':' 

131(13) 
130( 12) 

5S( 7) 
28<'6) 
72( 9.1 

11 S( 12 .> 
7J( 11;1" 
52( 8) 
44( 6) 
35( 6) 

122( 11 ) 
107(12) 
Hl;::( 12) 
137(14) 
116(11) 

-4 , 3( 2:) 
-3 . 9 ( 3) 
-44( 2 ,~, 

.- ~, ' - '. -o{'\ \o.41 ,.J 

12( 2'> 
-1 J( 2 ,) 

-24( 2) 
-J 1 ( J .J 

-125(4) 
-1 J ( 3 ) 

1 ( 4 ... 
-1 (4' 
1 S( 4 ':-' 
-tl( '3) 

--. .' _ .. 
- ,-~ /\ .j ,.I 

-2( J ) 
-5( S ) 
-9(5 ) 

1 (' :; .> 
O( 6':' 

-11(5 ) 
-18( 5 ) 
-6( 5 ) 
-J( t7 ) 
-('( E: ~' 

-1 ?( 8'> 
-1 :3<' :~ "j 

-1 ((:' 
1 ( ,t:;i 

-1 t;( 7' ) 
-2!;l( S ') 

-Or' 0 " -' \ -' " 

-J8( 9) 
-13( 6) 
-J( 5) 

-16( 7.1 
-J?( 9) 
-2( S.I 
-4(6) 
-3( 6 ) 

4( 5 ) 
-2S( 7 ) 

-1ll.;' 9 .1 
-3(' 1 (;1) 

:3( 12) 
1}( t; ) 

The anisotropic displacement exponent takes the fonn: 

u'?~ 

-2 , tl(4) 
1;1 , 5( 4) 

69(3.1 
-?tl( J) 
-lS( 2'> 
-95( 4) -.... .. - , 

~ '" I -I I 
'1..1 'l..

l
, ' - ' , 

t7;:;(4) 
-80(3) 
-2( 4 ) 

-15.;' 4 .... 
13.;' 4'" 

19(4 ) 
1 ('4) 
1 (" J.1 
tl ( 3,) 

1 ,.., ,' ,- , 
- .:: 1\ t, ,.I 

-1 (6,) 
-11(6 ) 

0(6) 
-1 (":;) 
-4 (6) 

-14 (t:) 
-14 (::;', 
-12( 9) 

-.5( 7.' 
- 9( t: ) 
15(? ) 
4:2( ~3 ) 

4( 9,) 
-23( S'> 

-1 <' 6) 
-9( 6) 

-11(8) 
-2J( 9) 
-39( 9) 
-15( 9 '> .... . ' ,- \ 

-'l..~/\ t ", 
-0 ':' 5':' 

4( 11 ) 
.-.' . .:) \ 

tI', _' ... 
1 ?( 10 '> 
22';' S') 

'-'\1.. 

4 , 4( 4 :. 
4 5( 4 :. 

-6( "i' ., 
57( ~ . 
~'8';' ~I ~ 

-14 (:: I 

?4( 2" , 

-15( '3 ' 
11 7( 4 , 

14"'''; , 
14(..1 · 
1 i "'.1 , 

2:~'\ :; f 

22'( 4 .f 
:~( 4 ) 

1 O( t. ' 
-j( :; I 

~~( t7 ,/ 
2(:; j 

14.;' t. ,', 
-2(:; .I 

_ 1 :: ,.- ~-
- '1..

1 
\ '- , 

-4 ') ,' _ 

- J ..:'\ I I 

-1 4 ( ( , 

-11 ( 5 
-26( ::: ~j 

-43( :~ " 
-1 S'( S' ,) 
-5( i ,) 
-J( 7' \, 

-11( 8, 
-25( 9 'f 

-J2( 1 [1 ) 
1 ,.. :~ 'I 

-5( - I 

':1 t 
-14 ," 
-59 11 

1ft 
1 J ttl 
< --'t { 

.~ - \ 
-,::. .. I 
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APPENDIXC 

Final Structure Factor Tables 

The structure factor tables for structures [3]. [l3]. [14]. [15]. [16] and [17] have already 

been deposited. The tables for the remaining structures will deposited when they are published. 

All tables are available on request. 
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