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ABSTRACT

Reactions of stannane or methylstannenes (CH~)4' SnH (n = 1-4)
" -n n

in fluoro;ulPhu.ri~ acid at low temperatures (-B5°C) produce, [(CH3)3_nSnHnt .

(where' n = 0+3) and lH,. 13C and 119Sn NMR spectroscopy hav'e been used in
. . 119

their characterization. Hydrogen evolution, Sn NMR and Mossbauer

spectroscopic evidence is presented to show that at higher temperatures
. 2+ ?+. 2+ ?+

these species decompose to Sn ,Sn~ plus (CH~)?Sn and (CH")?Sn~
_.... .J ... .J ...

depending on the starting hydride. Tin-119 NMR spectra of dialkyltin

cationic.species in strong acid solutions are field dependent. Relaxation

time measurements at three different magnetic fields have established that

the dominant spin-lattice relaxation mechanism,for these species at higher,

magnetic field is shielding anisotropy. ~omparison of spin-lattice and

spin-5pin relaxation rates indicates that ac ambient temperature a rapid

'cnemical exchange process is occuring. In the case of the (CH3)2Sn(S03F)Z

11°HS03F system, variable temperature ·Sn NMR spectra reveals the presence

of three tin species which are invl1ved in this exchange process.

Tin-119 NMR data for a s~ies of tin(lI) and tin(IV) acid derivatives

have been determined. Tin(II) compounds exhibit a wide range of chemical

shi.fts varying from -617 ppm to -1628 ppm, whereas tin(IV) .derivatives

cover a narrow range around -800 ppm. Stoichiometric mixtures of tin(II)

and tin(lV) derivatives of the same acid have been analysed by ~4gSn NMR

Reaction occurs onlv between Sn(OCOCF~)2 and. "
Sn(OCOCF3)4 to form a mixed valence tin(II), tin(lV) compound. Partial

oxidation of Sn(OCOCF3)2 results in the formation of a mixed'valence tin
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compound whose structure has been determined by X-ray crystallography
, ,.

to be [Sn(II)4Sn(IV)02(02CC~3)8)' This structure consist~of discrete

noncentrosyrnmetric units with point group S4' the cen~r.al feature of

which is Q Sn(11)4Sn(lV)02 unit containing two ~3 oxygen atoms which

each form a bridge between a Sn(lV) atom and two symmetry related Snell)

atoms. Among the two pairs of Snell) atoms, each .pair is bridged by two

trifluoroacetates.
•

A systematic route has been established in the preparation. of

mixed valence tin compounds by the reaction of SnF2 with tin(lV) carboxy-
.. . 10 110 .

lates. These reactions nPve been.followed by -F and 'Sn NMR spectro-

scopy. In one case an X-ray crystal structure determination:show~d the
•

compound to be [Sn(lI)2Sn(lV)2F4(02CCF3)S·2CF3C02H). This consists of

eight membered rings with ~lternating.Sn(II) and Sn(IV) atoms bridged

by fluorine and trifluoroacetategroups.
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CHAPTER 1

,INTRODUCTION

The primary aim'of this work was to investigate the solvolysi~

-of tin compounds in both strong and weak acids. ' These solvolyses include

reactions involving Sn-H, Sn-C, Sn-F, and Sn-Sn bonds. All reactions

have been studied under anhydrous conditions employing the acid as. the

reactant as well as the solvent. It has been estpblished that, in

certain ditin compounds, cleavage of the tin-tin bond occurs to form
" .

compounds containing two different oxidation states of tin, namely tin(II)

and tin(IV) within th~ same molecule. l Therefore a secondary objective

of this study was to investigate other possible routes for the preparation

of mixed oxidation state tin(II), tin(IV) compounds. The products from

the reactions have been characterised using NMR, Mossbauer and vibrational

spectroscopic techniques and in two cases by single crystal X-ray

diffraction studies. In this introduction the reactions of the tin
"-

compounds which prompted these experiments are outlined. Further

introductory details are given in the relevant chapters.

Birchall et al. 2 foll owed the reaction of tetramethyltin

[(CH3)4Sn] with sulphuric acid by proton NMR spectroscopy. ,They showed

that initially a solvated (CH3)3Sn+,species was formep which was found to

decompose to give the stable (CH3)2Sn2+ species according to equations

(Ll) and (1.2).

1

r



-' - 2

--
---- (1.1 )

(1.2)

.~ ~

It has 10ng been known that the dialkyltin(lV) ions, R2Sn , occur in

aqueous' solution3~and apparently this cat~~n has a very high affinity for

water molecules. This is an important f~ctor in the high solubility of

dimethyl tin dihalides in water. The solution process involves a change

in the hybridisation of the tin atom, and this dissolution may be
4 ,

described by equation (1.3).

2+ ,

He /CI
3 ...........

H C.-Sn", +4 H20
3 CI

',.

+ 2 CI (1. 3)

"

Four water molecules are coordinated in the first hydration sphere of the

tin atom. S Raman, infrared, and NMR spectroscopic studies on aqueous

solutions of dimethYlti~ compounds have shown that the linear CH3-Sn-CH3
., 6

arrangement exists in these,solutions and that four water oxygens are
'.

However,

the t1n-oxygen bonds are so

. h R ,6ln t e aman spectrum.polar that no Sn-O vibration was observed

coordinated to the tin atom in a plane to give an octahedral arrangement

around tin. It is convenient to ~icture the dimethyl tin species in

solution as simple aquated cations, since

--'










































































































































































































































































































































































































































































































































