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ABSTRACT

Reactions of stannane or methylstannanes (CH3), o SAH (n = 1-4)

in fluorosulphuric acid at Tow temperatures (-85°C) prdduce'[(CH3)3_nSan]+

1, 13 119

(where n = 0+3) and 'H, '°C and Sn NMR spectroscopy have been used in

119

theirrcha}acterizatidn. Hydrogen evolution, Sn NMR and Méssbauer

spectroscopic evidence is presented to show that at higher temperatures

2+ 2+ 5 2+ .
. Sn° plus (CHS)zsn and (CHS)ZSn

Y

: ) : 2+
these species decompose to Sn

‘ dedendiﬁg on the starting hydride. Tin-119 MR spectra of dialkylitin
cationicrspecieé in strong acid solutions are field dependent. Relaxation
time measurements at three différént magnetic fields have established that
the dbminant spin-Tattice reTagation mechanism for these species at higher
magnetic field is shieiding anisotropy. \A comparison of spin-lattice and
spin-spin relaxation rates indicates that at ambiept temperature a rapid
“chemical exchange process is occuring. In the case of the (CH3)25n(SOSF)2-
HSO F syvstem, variable temperature ]195n NMR spectra reveals the presence
of three tin species which are 1nv;1ved in this exchange process.

Tin-119 NMR data for a sepies of tin(II) and tin(IV) gc1d derivatives
have been determined. |1n(11) compounds exhibit a wide range of chemical
shifts varving from 61/ ppm to -1628 ppm, whereas tin{IV) derivatives
cover z narrow range around -800 ppm. toichiometric mixtures of tin(Il)}

1€,

and tin(IV) derivatives of the same acid have been analysed by 'Sn NMR

and Méssbauer spectroscopy. Reaction occurs only between Sn(0COCF3), and

Sn{bCOCF3)4 to form a mixed valence tin{II), tin(IV) compound. Partial

oxidation of Sn(OCOCF3)2 resul:s in the formation of a2 mixed valence %in



-

]

et
e

éampound whose structu;e has been determined-by X-ray crysta1fbgraphy

to be [Sn(II)QSn(IV)OZ(OZCCPE?SJ. This gtructure cﬁnsists;of digcré;g
noncentrosymﬁetric units with point group 84, the cgnfri? %eature of
which is & Sn(II)4Sn(iV)O2 unit conta{ning two ;3 oxygen atoms which
each form a bridge.between a Sn(IV) atom and two symmetry related Sn(II)
atems. Among the twb pairs of Sn(II) atoms, each,pé{r is bridged‘by two -
trifluoroacetates. . |

. A systematié route has been established in the preparation of

mixed valence tin compounds by the reaction of SnF2 with tin(IV) carboxy-

lates. These reactions have been followed by 1

aQ .
9F and H‘Sn NMR spectro-
scopv. In one case an X-ray crystal structure determination?showéd the
compound to be [Sn(II)zsn(IV)2r4(02CCF3}S-ZCF3€02H]. This consists of
eight membered rings with glternating Sn{II) and Sn{IV} atoms bridged

by fluorine and trifluoroacetate groups.
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CHAPTER 1
INTRODUCTION

The primary aim of this work was to investigate the 501v01y51§
of tin compounds in both strong and weak acids. . These soTvnyses inﬁ1ude
reactions involving Sn-H, Sn-C, Sn-F, and Sn-Sn bonds. All reactions
have been studied under anhydrous conditions employing éhe acid-as_the
reactant as well as the solvent. It has been established that, in
certain ditin compounds, c1éavage of the tin-tin bond occurs to form
cbmpounds containing two different ogidatién states of tin, namely tin(II)
and tin{IV} within theg same mo'iecu]e.T Therefore a secondary objective
of this study was to investigate other possible routes for the preparatién
of mixed oxidation state tin(Il), tin{IV) compounds. The products from
the reactioné have been characterised using NMR, Mossbauer and vibrational
spectroscopic techniques and in two cases by single crystal X-ray
ditfraction studies. Iﬁ tst introduction the reactions of the tin
compounds which prompted these experiments are‘outlined. Furtﬁer
introductory details are given in the relevant chapters.

Birchall et a1.2 followed the reaction of tetramethyltin
[(CH3)4Sn] with sulphuric acid by proton NMR‘specEroscopy. \They showed

that initially a solvated (CH3)3Sn+‘species was formed which was found to

decompose to give the stable (CH3)ZSn2+ species according to equations

(1.1) and (1.2).



——

-- : ' + -
(CH3)4Sn + H2504 —_— (CH3)3Sn +_HSO4 + CH4 (1.1)

It has Tong géen known that the dialkyltin(IV) jons, R25n2+, occur in
aqueous.501ution3’and apparently this catjén has a very high affinity for
water molecules. This is an impo;tant factor in the high solubility of
dimethyltin dihalides in water. The solution process involves 2 chan?e

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

Lid

destribed by equation (1.3).% . | 3

- 2+ X
' CH,

¢l 3

O H0—_ |/OH2 '
4 C,,,,Sn\ t4H,0 = sn\ +o2cCI” (1.3)
s ¢l H 0% | TOH,
\ '(3H3
L o ]

Four water mo1ecb1es are coordinated in thg first hydration sphere of the
tin atom.5 Raman, infrared, and NMR spectroscopic studies on aqueous
solutions of dimetﬁ§1tig compounds have shown that the 1ineér CH3-SnTCH3
arrangement exists in tﬁesé:“so]utions6 and that four water oxygens are
cdordinaféd to the tin atom %n a plane to give an octahedral arrangement
around tin. It is convenient to picture the dimethyltin species in
solution as simple aquated cations, since the tin-oxygen bonds are so

polar that no Sn-0 vibration was observed in the Raman spect'rum.6 However,

-



in strongly alkaline solutions the water molecules are repiaced by’
hydroxo'groups which are considerably better donors than water, and a
- Raman Tine due to tin-oxygén bond stretching has been observed. The ;

species in solution can be best répresented by structure (II).

- Clis -
HO\Sn/OH
HO— ~~on
Clis J-

i

NMR and Mossbauer paraméters of the dimethyltin(IV) cationic
spe;ies in sulphuric acid are congﬁstent with an octahedral coordination
for tin, formulated as a Tinear [CH3-Sn-CH3]2+ cation interacting with
four sulphuric acid molecules in the equatorial plane. The favoured

_structure of the solvated ion can.be written as an anionic species (III).



-r 2=
O OH i
\ / AN
S CH\3 S\

The solvated trimethyltin(IV) cation, (CH3)3Sn+, has been found
to exist in sulphuric acid2 and in derbsu]phuric acid soTutions.7 In
the absence of strong covélent boriding froﬁ the solvent, cations of the
type R33Qf, would be expected to adopt a planar configuration to‘minimiZf
‘repu1$jon”between the bonding paiés of the metal-carbon bonds. On the
basis-of proton NMR and-Mﬁssbauer data, the (CH3)5n+ is considered to be
solvated in sulphuric acid and to have a trigona? bfpyramidal.étructure
with planar (CH3)3Sn+ cations with the axial Bbsitions fiTjed by solvent

molecules. Like the dimethyltin species, the solvated trimethyltin

species can be written as an anionic species (IV).



Throughout this thesis the alkyltin species present in solution are, for
convenience, referred toi;;‘cations. However, it is recognized that
these are solvated tin species with coordination numbers of five and six
for thé'dia1ky1tin species aﬁd trialkyltin species, respectively.

Webster and Jo]lys have studied the reaction of stannane (SnHa)
in strong acid solutions. They have observed the formation of the

stannonium ion (SnH3+) at low temperatures according to equation (1.4).
SnH, + H SnHy + H (1.4)
n4 ——3 n3 2 .

That the existence of SnH3+ and (CH3}3Sn+ in solution are well documented,
suggests the possibiiity of cationic species with one or two methy]
groups substituted for hydrogen in the stannonium cation (SnH3+). An
obvicus choice of starting materials to prepare such species would be
-methylstannanes [(CH3)nSnH4_n; n = 1-3].

Methylstannanes are derivates of stannane (SnH4} in which at

least one hydrogen is repiaced by a methyl group. Stannane (San)_was



first prepared by Paneth and FOrth in trace amounts.9 It 15 therma]]y

unstable and readily decomposes to tin and hydrogen. The stability of
the methyltin hydrides of the type (CH3)nSnH4_n increases as n increases.
Tin. hydrides are sensitive tb oxygen and silicone grease, metallic tin
and aluminium halides. Therefore, they have to be handled in clean
gTastare under aa inert atmosphere 5;-on a vacuum line and stored in
sealed veésels at -196°C.

F]uorosﬁlphuric acid is -a very sirong acid as well as Héving a
Tow melting point (-87°t) and therefore it can be emploved for Tow
temperature solution studies. In this thesis, it was used in the
preparation of cationic s?ecies of the type E(CHS)nS”HS-n]+’ where
n s i-3. This acid also oxidizes alkanes to carbonium ions and a
number of stable cations have been prepared in this solvent svstem at
Tow temperatures.TO The studies carried out on the_methy]stannane-f]uoro-
sulphuric acid system are presented in the first section of Chapter 3.

NMR spectroscopy was used as the main ool to follow these reactions.

The reactions of organotin compounds (R,Sn) with organic acids

4
HA, have been shown to give only the mono- and disubstituted derivatives
RESnA and RZSnA2 for a wide range of acids.]] It has been reported that

in the reaction with acids, vinyl croups bonded *o %in are cleaved more.

-

readily from the tin than are saturated alkyl groups. In the reaction
of tetravinyltin with certain carboxylic acids, all the vinyl groups

were cleaved to give tin tetracarboxyvlates {Sn(GCOR);] according o

equation ('1.5).‘]2 ‘ T

Sn(CH=CH2)4 + & RCOOH ——— Sn(OCOR)4 + & CH2=CH2 (1.3}



This study iqdicated that cérboxy1ic acids of high acidity were less
effective for complete cTeavaﬁe. For example, although formic acid
effects complete cleavage at 110°C, only two vihyT groups were removed
at ordinary temperatures. Moreover, trifluoroacetic acid only removes
three vinyl groups. In tetraallyltin, the high reactivity of the tin-

allyl bond prevents controllied stepwise cleavage of one, two or more

-

allylic groups.1° The cleavage reactions of compounds RZSn(CH=CH2)
(R = alkyl or phenyl groups) indicate that phenyl groups are more
easily cleaved than vinyl groups. The reaction between tetraphenyltin

[(CGHS) Snl and haloacetic acids (RCOOH; where R = CHC1,, CH,CI, CCls,

A
-
=
13

) resulted in the cleavage of all phenyl groups at room

(CGHS)an + 4 RCOOH ——> Sn(OCOR)4 + 4 C6H6 (1.6)

Later Sawyer prepared tin(IV)acetate [Sn(0COCH,;},] by refluxing

.. ] ., 14
tetraphenvitin in acetic acid.

The solvolysis of hexamethylditin [(CH;)-Sn,] by haloacetic
)

<
ay 15 o
) Snz(OCOn)?. These

-t
3w

acids vield tetramethvlditin carboxvlates (CH
compounds were shown to contain & tetramethviditin moiety with a2 tin-tin

hond as im (V).

N 2
O
]
I _CH
R . :
- >Sn S_n<
HE T | TCH,
o
Oxe”



This result indicateé that the substitution reaction predominated over
the cleavage of the tin-tin bond. The reaction of hexamethylditin with .
fluorosquhuric acid cleaves the tin-tin bond to produce the stable

d%methy?tin(IV)fiuorosquhateaccording to equation (1.757_
(CHg)3Sn-Sn(CHg) 3 + 4 HSO4F ——s 2 {CH3),Sn(SO04F), + 2 CHy + Hy (1.7)

In solution, dimethyltin(IV} fluorosulphate is considered as a‘soivateﬁ
(CH3)25n2+ species which is in fact an anionic species represented by
[(CH3)2§6(803F)4]2' with a structure similar to (III).
The solvolysis of hexaphenylditin with a series of carboxy]ic
- acids gives compounds of empirical fo?ﬁu1a Sn(OCOR)13. These were shown
" to be miiéd valence tin compounds which have been formulated as
[Sn(II)Sn(IV)O(OCOR)4O(OCR)2]2. This reaction has been postulated by

-

Johnson to proceed according to the following sequence. !

(CgHg)eSn, + RCOOH —_ SnZ(C(JCOF;}s + 6 CcHe (1.8)
VI
SnZ(OCOR)S — Sn(IV}(OCGR)4-Sn(II)(OCOR)2 (1.9)
(VII)
Sn(0COR) 4-Sn(0COR), ——>  Sn(TI)Sn{IV)0(OCOR),0(0CR), (1.10)
(viily - -
'2[Sn(II)Sn(IV)D(OZCR)4O(OCR)2] — [Sn(II)Sn(IV)O(OZCR)4O(OCR)2]2 (1.11)
(1X)

Initially a1l tin-czrbon bonds are cleaved to produce an unstable ditin
species (VI). This is followed by the asymmetric cleavage of the tin-tin
bond in.(VI) to produce a tin(II) and a tin(IV) carboxylate (VII) which
is perhaps associated vid the briBging carooxylate ligands. The
~production of anhydride by_e]imination of 02' would produce (VIII), the

A

monomeric oxo-bridged tin complex. Oimerization would produce (IX), the = 'y



oxo-bridged mixed oxidation state tin compound as the final product.

There is‘no experimental evidence fﬁr the reaction sequence proposed

above. Kinetic studies carried out on the,aceéonsis of the analogous

hexaphenyldiiead shows that initial cleavage of phenyl groups occurs

which is followed by rupture of the Pb-Pb bond to give Pb(IIE and

Pb(fV) compounds.]6 The complete reaction is given by equation (1.12).
(CGHS)GPbZ + 3CH3C02H — .3C6H6 + Pb(OCOCH3)2 + (C6H5)3Pb(OCUCH3) {1.12)

—

Since the above reaction sequences (1.8) to (1.11) purport to
“involve the format%on of tin{II) and tin(IV) carboxylates at an
intermediate stage which results in-the subsequent formation of a
compound of empirical formula Sn(OCOR)3, the reaction given by the

equation (1.13) is a possible route to such compounq?h
Sn(OCOR)2 + Sn(OCOR)4 — tSn(OCOR)3]2 (1.13)

Therefore, it would be interesting to compare the product from reaction
(1.13) with that of the product (IX) isolated by the acidolysis ﬁf
hexaphenylditin, With the above purpogse in miﬁd, it was decided to
study the reactions between simple tin(II) and tin{IV) carbox}]ates.
The general synthetic'route for the preparation of tin{IV) carboxylate
is by the cleavage of tetraphenyltin with acid accord{ng to equation
(1.6) and tin(II) carboxylates are produced by the reaction of stannéus

oxide with the appropriate acid according to egquation (1.14).]7

SnC + RCOOH ———» Sn(OCOR)2 + H20 (1.14)
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There have been no tin-119 NMR measurements on solutions of
"Ejn(II) and tin(IV) carboxylates reported. Therefore, it was necessary
to measure the tin-119 chemical s@ifts of these compounds before .
investjgating the changes that occur in the soTutions obtained by

mixing the tin(II) and tin(IV) derivatives of the carboxylic acids.

These studies are,presented'ih Chapter 4 together with the crystal
structure of a mixed valence tin compound obtained from golution of
tin(II) trifluoroacetate in trifluoroacetic acid/anhydride mixture.

“

There are very few mixed valence tin compounds reported-in the

1itera§ure.1’18'26

Most of these were obtained unexpectedly and the
reaction pathways are not known.  Therefore interest iies in establish-
ing new systematic routes f;r the preparation of mixed valence tin
compounds. It is well established that stannous fluoride (SnFZ) acts

28 Reactions

as a fluoride ion donor27 as well as fluoride ion acceptor.
were carried out between SnF2 and tiﬁ tetracarboxylates. It was found
that these reactioﬁs produced compounds which were quite soluble in the
parent acid. This.made possible the study of their structures in
solutiom by NMR spectroscopy and in the solid state by Mossbauer
spectroscopy. The reaction between SnF2 and Sn(OCOCF3)4 produced 2
crystalline material énd its structure has been determined by single
¢rystal X-ray diffraction é&udies. These studies are discussed in '
Chapter 5 of this thesis. |

At this stage it is appropriate to take stock of the commonly
available techniques to study the structural aspects of tin(IIl) and

tin(IV) compounds. X-ray crystallography is the most powerful technique

for providing unambiguous structural information in the solid state.
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It is limited by the need to grow suitable crystals and in the handiing
of moisture and air sensitive crystals, since in certain instances,
crystals rapidly Tose their crystallinity in the absence of solvent
vapour, or may decompose in the X-ray beam. A secqu technique, tin-119
Mossbauer spectroscopy is a powerful tool for investﬁgating théugtereo-
chemistry of, and bonding'in, tin compounds. It reédi]y gives
information about the oxidation state and coordihafion around the tin
-nucleus end crystalline materials are not required. The initial
identification of mixed oxidafiﬁn state.compounds was established on the
basis of Mossbauer effect measurements. .

Solution studjes have begn mainly carried out by NMR spectroscopy.
fhe compounds studied in this work contain a number_éf NMR active nuclei

1., 13 i 19 ]195

namely H, "~C F and n. Recently, with the advent of puised Fourier

Transform NMR techniques, high quality spectra of low natural abundant

13 1195n can be recorded on a routine basis. Tin-119

nuclei such as ~C and
NMR spectroscopy which usually exhibiﬁs resonances over a iarge range of
chemical shifts has been widely used in this study. The tin-119
chemical shifé is ver; sensitive to the changes in the tin environment.
The spin-spin coupling constants between tin-119 and a variety of other
nuclei-have been measured. The most detailed studies have been carried
out on coup]ings.invo1ving tin and hydrogen, and tin and carbon.29’30’3]
Correlations between the magnitudes of the coupling cbnstants provide,
information about the stereochemistry at the tin nuc]éus. During the
tin-119 NMR measurements of the dialkyltin cationic species in strong
acids, it was realised that‘the Tinewidth of the NMR signals increased

dramatically with the magnetic field being employed to observe the



Cam

resonance. This led into the measurement of'NMR relaxation times at
different magnetic fields. These results and their implications are

‘discussdd in the -second section of Chapter 3.



CHAPTER 2 o -

EXPERIMENTAL -

2.1 Preparative Techniques énd Apparatus
24.1 Vacuum System

Most preparative work p?esented in this thesis was.carried out
using a Pyrex vacuum system with'all ground-glass high vacuum stopcocks.
The volumes of hydrogen evelved in the reactions were measured with a
Toepler pump. Reaction vessels and NMR tubes were connected to the
vacuum 1ine through @ mm i.d. ball-and-socket ground-glass joints.
Joiﬁts and valves were Eubrqﬁated with Apiezon N high vacuum grease.
The high vacuum was obtained by a Welch Duo-Seal vacuum pump and was

enhanced by & mercury diffusion pump. The vacuum was monitored by a

Vacustat Gauge (Edward High Vacuum Ltd.) which was accurate to 1x107% mm

Hg.

2.1.2 Inert Atmosphere System

All of the samples or reagents which were sensitive to moisture
or to air oxidation were handled in a dry nitrogen Labconco glove box
%itted with a constant mirculation liquid nitrogen cooled dryiné system.
Materials were transferred to the glove box via an evacuable port. The
atmesphere in the glove box was supplied from Iiguid nitrogen reservoir
boil-off or from cylinders of "extra dry nitrogen” provided by Speéia]ity
Gases, and three trays of phosphorous pentoxide were maintained in the

glove box to ensure a dry atmosphere.

13
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2.1.3 Reaction Vessels

Solutions of cationic species were prepared in thick wail NMR

tubes each equipped with a Rotaflc valve. Volatile organotin compounds

were distilled into the tube containing strong acid which was frozen in a
Tiquid nitrogen bath. The reaction between the two components was allowed
to proceed at specific tempefatures by using low temperature slush baths.
Standard Dean32 }eaction vessels with NMthubeg,attached were_used for

various other preparations reguiring exclusion of air.

2.2‘—Euzification and Preparation o? Starting Materials
2.2.1 Solvents
Benzene - d

Benzene (J. T. Baker Chemical Co.) was dried and Stored over
1ithium aluminium hydride. When required, it was directly condensed into
the reaction vessel. Benzene-d6 was dried over lithium aluminium-hydride
and distilled directly inte the NMR tube.
Sulfur Dioxide

Sulfur diéxide (Matheson Co.), was dried and stored over 940]0
before use. When required, it was vacuum condensed directly intc the
reactioﬁ vessel,
Fluorotrichlorcmethane

CFCIB'(CanéQian Liquid Air Ltd.), was dried and stored over PaCq0

befcre use. When required it was vacuum condensed directly into the

reaction vessel.
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2.2.2 Reageﬁts - ) -

Tin Hydrides
Stannane, methylstannane and dimethylstannane were prepared‘by

standard literature methods.33_35

Their purity was checked by vapour
pressure measurements at fixed temperatures, and by gas phqée I.R.
spectroscopy. Their NMR spectra were recorded in organic solvents by
condensing the hydrides into tﬁe degassed soivent in the correct sized
- NMR tubes which were attached to the vacuum line. All of the hydrides-
were stored in sealeﬁ vessels under vacuuﬁ at -196°C and occasionally
deéassed.

Tetramethyltin and Tetraethyf%fn :

Tetramethyltin and tetraethyltin {(Alfa products), were used
without further purification. When required, they were distilled
directly into MMR tubes. ‘

Dimethyltin- and Diethyltin Dichloride

Dimethyl- and diethyltin dichloride (Alfa Products) were used
without further purification. | ol
Tetraphenyltin

Tetraphenyltin (Aldrich Co. Ltd.) was purified by recrystalli-
zation from chloroform.

Stanno&g Oxide o

Stannous oxide (Blue black) was freshly prepared according to the
metﬁod given in reference (36).

Stannous Fluoride ' :

Stannous fluoride (Sigma Chemical Company, St. Louis, U.S.A.)

was used without further purifitation.
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Acids and Anhydrides

The following reageﬁts were used without further purification:
trifluoroacetic acid, tr{fluoroaceti; anhydride, dichloroacetic acid,
dich]onoacetic.anhydride, heptafluorobutyric acid, heptafluorobutyric
anhydride and triqubromethyTsquhonic acid were obtained from Aldrich
Chemical Co: Inc.. Acetic acid and acetic anhydride (Certified A.C.S.)
were obtained from Fisher Scientific Co.. Methanesulphonic acid and
ethanesulphonic acid, obtained from Matheson, Coleman and Bell Manu-
facturing Chemical Company, were also used.

100 % Sulphdric acid was prepared as previously described37

and fluorosulphuric acid was purified-by double distiTTatfon,BB

2.3 Preparations

.2.3.1 A]éyltin Cations in Strong Acids

A1l cationic species were prepared either in sulphuric acid or
in fluorosulphuric acid solutions. Theée fluorosulphuric acid solutions
were manipulated in sealed vessels under vacuum as they are very sensitive
to oxidationiand hydrolysis. NMR samples of these cations were sealed
under dynamic vacuum at -196°C. Sulphuric acid solutions were prepared
in a dry N2 atmosphere gnd deoxygenated by bubbling dry N2 through the
solutions. ‘ B
(1) (CH3)3_nSan+ Species in Fluorosulphuric Acid
' Solutions of the hydrides were prepared by condensing the hydride
into the appropriate quaptity of frozen degassed §cid, in the cérrgzt
sized NMS tube which was connected to a vaéuum 1fne. The NMR tubes were

seaied and the temperature of the acid solution was maintained at -20°C



until NMR spectra could be recorded.

Hydrogen evolution experiments were carried:out on the‘E1as§- '
vacuum Tine equipped with a Toepler pump. The tin hydridei/}<0.3 mmo1e§,
was condensed at -196°C into a glass vessel containing/BSfb mmb1e HSO3F
which had been previous]y degassed. This so1utidﬁ'§;; warmed to -78°C
(Acetone-solid CO2 bath) and thersuantity of hydrogen evolved was'
measured. The temperature of the;so1ution was raised to 25°C and the
hydrogen that was subsequently evolved was measyred.A These measurements

are given below:

Amount of Tin Hydride Temp. Amount of Hydrogen Total Amount of
{mmoles) {°C) Evolved Hydrogen Evolved
(mmoles) (mmoTes)
(a) CH3SnH3 '
{i) 0.305 -78 - 0.285 .
' 25 0.344 0.629
(ii)  0.258 ~78 0.252
. 25 0.246 (.498

(5)  (CHy),SniH, |
0.293 -78 0.292
25 0.008 0.300

A1l of the hydrides liberated one mole of hydrogen for every mole of
hydride dissolved in fluorosulphuric acid at -78°C. Webster and Jol1yS
have aiready demonstrated this for solutions of stannane. On warming to
room temperature no more hydfogen was evolved in the case-of stannane

and dimethyl stannane, whereas another mole of hydrogen was evolved from
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the methylstannane solution.-
(1) Dialkyl- and Trialkyltin Species in Sulphuric and Fluorosulphuric
Acids
: DimetHyI and diethyltin species in sulphuric acid were prgpared by
the dissolution of dimethyl or diéthy]tin dichloride in 100% sulphuric
acid at room temperature.2 The dibutyltin species was obtained by
reacting hexabutylditin with 100% sulphuric acid at room temperature.
Trimetﬁy?- or triefhyltin Species in fluorosulphuric acid were prepared

by the reaction of tetramethyl- or tetraethyltin in fluorosulphuric acid

at -30°g.

2.3.2 Tin{II) and Tin(IV) Carboxylates

(1) Sn(COZEF3)2

- Freshly prepared blue-black tin(II) oxide (3.4 g, 0.025 moles)
was placed in one side oF a2 Dean type,32 two bulb reaction ;esse1 fitted
with a glass frit. "A mixture of:?ajé em (0.74 moles) trifluoroacetic
acid and 3.5 cm3 (0.025 moles) tr#f?uoroacetic anhydride was distilled
into it. The solid and the ac%d-anhydride mixture was stirred at rooﬁ
temperature for 18 hours. The resulting solution was filtered into the
other side of the vésse1 £o give a clear colourless solution. The remain-
ing acid was slowly removed by distillation to give a white crystalline
material. This was dried overnight on the vacuum Tine. A total of 3:5 g
of product was obtained (Analytical data, see Table 2.1).

(11) Sn(C02C3F7)2

Freshly prepared blue-black tin(II}oxide (1.96 g, 0.014 mol) was

placed in oﬁe side,of a Dean type two bulb reacfion vessel fitted with a



19

TABLE 2.1
. ANALYTICAL DATA FOR THE COMPOUNDS PREPARED

Empirical Formula

28.78

or Composition %Sn %C %H ~ %Halogen M.pt(°C) syield
1. Sn(CO,CF,), calcd. 34.43  13.90 0.00 33.04 103 40.6
found 34.21 14,18 0.46 33.77
2. Sn(CO,C4F,), caled. 21,79 17.62 0.0  48.83 72-75 45.9
.. found 22.71 .7 16.95 0.16 48.03 e
3. Sn(CO,CHC1,), caled. 18.83  15.23 0.63  44.42 125 - 127 65.7
found 18.48 15.32 0.84 44.17
4. Sn(C02C3F7)4 caled. 12.23 19.78 0.0  54.81 - -
found 19.29 17.81 0.30 54.46
5. Sn(CO,CF5); caled. 25.93  15.74 0.0 37.34 181 - 184 83.3
found 26.28 14.92 0.20 36.99
6. Sn50,6C0,CF4)g calcd.38.80 © 12.54 0.00  29.70 - -
found (i) 39.87 13.98 0.20 20.52
(i) -  12.55 0.00 19.88
7. Sn,F,(CO,CF),-
~CF5COLH caled. 28.25 14.28 0.12 21.48 133 - 135 67.3
found 13.52 0.36 21.50
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glass frit. To this a mixture of 6.5 ems (0.05 moles) heptafluorobutyric
acid and-6.0 cm3 (0.024 moles) héptaf]uorobutyric anhydride were added in
- the dry box and degassed on a vacuum line. The mixture was stirred at
room tqmperafure for 18 hours and the resulting solution was filtered to
the other side of the bulb to give a clear colourless solution. The acid
was slowly removed by distillation to give a white crystalline material.
The solid was pumped to dryness overnight yielding 3.5 g of product.
(Analytical data, see Table 2.1). <
(111) Sn(COZCHC12)4

Tetraphenyltin (2.061 g, 4.83 mmoles) was added to one side of a
two bulb reaction vessel and dry benzene (10 Em3) was. condensed into ‘it.
The vessel was taken into the drybox and to the other bulb, 10 cm3 .
(121.2 mmo?és) of dichloroacetic acid and 1 e (6.56 mmoles) of dichloro-
acetic ‘anhydride were added. This was degassed and the acid-anhydride
‘mixture was poJ;ed onto tetraphenyltin in benzene and stirred at room
temperature for 15 hours to give a'pa]e yellow coloured solution. Néen
the benzene was slowly removed bydistillation a crystalline material
separated and the supernatant solution was decanted to the'qtber bulb.
The yellow impurities were removéd by washing with small amounts of
beniene to yield a white crystalline material. This was pumped to drvness
to give 2.0g of‘compound. (Analytical data, see Table 2.1).
{iv) Sn(C02C3F7)4 . _

1.76 g (4.12 mmoles) of tetraphenyltin was added o one side of
the bulb of a two bulb reaction vessel. This vessel was taken into the
drybox and an excess of heptafluorobutyric acid (12 cm3, 02.2 mmoles) was

added to the other bulb and degassed under vacuum. The acid was poured

onto the tetraphenyltin and stirred at room temperature for 15 hoqu.
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Acid and the benzene produced in the reaction were removed by distillation
to give a dark red coloured syrup. CFC13 was Edﬁdensed into this vessel
and the syrup dissolved to give a clear solution. On cooling this -
solution in an ice bath, some white §o1id precipitated andithe supernatant
solution was decanted to the other bulp by keeping both buﬁbs cold in the
ice bath in an attempt to remove'the coloured impurities., The resultant
white solid was pumped to dryness. The yield of this preparation was very
low, but enough to chéracteri:é the compound. (Analytical data, see
Table 2.1).
(v} Sn{C0,CF,) 4

1.285 g (3.70 mmoles) of tin(II) trifluoroacetate and 2.08€ g
(3.60 mmoTés) of tin{IV) trifluoroacetate were added ta one side of a Dean
tvpe two bulb reaction vessel fitted with a glass frit. A mixture of
10 e (129.8 mmoles) trifluoroacetic acid and 2 cm3 trifluoroacetic

anhydride weré‘gisti11ed onto the solid mixture and stirred at

reom temperature. Initially, all of fhe solid dissolved to give a cTearA
solution, After approximatelv 15 minutes, a solid precipitated from the
soclution and this mixture was stirred for 10 hours %o ensure complete
precipitation. The solid was removed by filtering the supernatant to
the other buib. The acid was recondensed on to the solid and the
resultant sojution was filtered. This process was repeated a few times
to remove the small amounts of yellow impurities. The solvent side of
the vessel was sealed and the white solid was pumped to drvness over-
night. A total of 2.80 ¢ of product was cbtained. (Analvtical data,

see Table 2.1).
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{vi) SnSOZ(OZCCF3)8 o= - o _

0.58 g of Sn(COZCF3)2>y3§ dissolved in a mixture of 2.5 ml of
tri%luoroacetic acid and 0.5 ml of_t;ifluoroacetié anhydride ﬁnder a
dry-Nz,atmosphere and ptaced in a tube ;apped with a valve via-a "
swagelock fitting. After one month, pyramidal shaped crystals had
formed. Crystals were isolated by Eeeanting thé acid solution. On
pumping to dryness under h%gh vacuum, the crystais lost their crystal-
linity to give 2 white pow&ered materiai: (Analyticai data, see

‘Table 2.1).
(vif)  SnF,-Sn(CO, 4CO,H

0.935'g (1.60 mmoles) of Sn(COZCF3)4

of SnF2 were placed in one side of a Dean type two bulb reaction vessel

CF3),4-CF '_ |
and 0.254 g {(1.60 mmoles)

fitted with a glass frit. Into this a mixture of 7.0 cm® (90.86 mmoles)
trifluoroacetic acid and 1.5 cm3 (10.62 mmoles) trifluoroacetic anhydride
were condenséd. The resulting mixture was stirred at room temperatuée.
After 30'minufés, most of the solid hsd dissolved to give a pale 'yellow
'so]utfon. -Sma11 émountS“of so]id‘partic1es were stiil present in the
q/h;golution aﬁd these were presumab]y th? impurities from the_San used.x
The solution was filtere@ to the other side of the bulb and the acid
was remaved by distillation to give a white crystalline material. Small
amounts of yellow coloured impurities present in this material were |
removed by washing.witﬁ-smajl amouh@s of acid. The solid was pumped to
dryness yielding 0.8 g ofrproductE}.(Aua]ytical data, see Table 2.1).

,



2.4 Analytical Techniques and Apparatus
2.4.1 NMR Spectroscopy

~

(i) Proton NMR

Samples for TH NMR were prepared by ﬁea1ing so1ution§.under vacuum -
at -196%C in 5 mm NMR tubes. The spectra were recorded at ?56?13 MHz
using a Bruker WM-250 Fourier transform spectrometer without a lock sub-
stance. The spectra were accumulated in 16 K of memory at a spectral
widt% of 10,000 Hz (1.22 Hz/data pt.) and with a pulse width of 3.0 micro
sec.. Chémica] shifts were measured relative to neat tetramethylsilane as
an extérnaT reference.
(1) Fluo}ine-lg NMR | N

Samples for 13

F NMR were prepared in the same manner as the proton
NMR samples. The spectra were recorded at 235.36 MHz using the Bruker
WM-250 Fourier transform speetrometer without a Tock substance. The spectra
were accumulated in 16 K memory at a spectral width of 25,000 Hzi(3.05 Hz/-
data poinf) and with a pu]ﬁe width of 3.0 micro seés..
(i11) Carbon-13 NMR

Samples for ]3C NMR were prepared by sealing soluticns in 10 mm
0.d. NMR tubes at -196°C under dynamic vacuum. The ]3C NMR spectra were
recorded without a lock substance, at either 62.89 or 100.62 MHz
respectively on a Bruker WM-250 or WH-400 Four{er‘transform spectrometer.
In both'cases, spectra accumu]afed in 16 K of memory‘using a spectral
width of 15,000 Hz (1.85 Hz/data point) and pulse width 25 micro secs. (on
the HM;Q@Q)_and 30 micro secs. (on the WM-400). Chemical shifts were

measured relative to neat tetramethylsiiane (TMS) as an external reference.

In general, the spectra were broad band decoupied in the proton region.
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(iv) Tin-119 NMR

Samples for 13

Sn NMR were prepared either in 10 mm o.d. round
bottomed tubes or'in 8 mm o.d. round bottomed tubes. Tin-119 NMR specfra
were recorded at operéting frequencies of 33.56, 93.27 and 149.21 MHz on
Bruker WH-90, WM-250 and WH-400 spectrometers fespectiveTy. Sampies were
contained in 10 mm tubes without a lock substance on the WM-250 and WH;400
instruments. For spectra recorded on the NH-QO, samples were contained
in 8 mm o.d. tubes.which were placed concgntrica11y inte 2 10 mm o.d. tube-
containing 0,0 or (C03)2C0 as the lock substance. Cﬁémica1lsh1fts were
measured relative to an external ‘reference of neat tetramethyitin. The
spectra were accumulated in 8 K memory on the WH-90 and in 16 K memory on

 the WM-250 and WH—400~spectrometers. Initially spectra were récorded using
a large sweep width (approx. 50,000-75,000 Hz.) to locate the signa]é and
then the spectra1’wiﬁdow wWas narfowed down to 10,00Q-25,000 Hz (1.2-3:0 Hz/=~
data pqint) and the spectra were accumulated such that the sign§1s appeared
close to resonance. The;puTge widths used were 15, 25 and 35 micro
seconds for WH-90, NH—ZSO and WH-400 respectively. |

Tin-119 NMR spin-lattice relaxation times (TT) were measured using
the inversion recovery_technique and this operation time diagram is shown

lbe]ow.39
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‘This can be described pictorally as shown below.
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Initially, a 180° pulse ig applied which inverts the magnetisation vector
from +Mo to -M0 and is then a11pwed to recover for & secs.. After fhis
period the sampie is subjected to a 90° pulse and the resulting Free
Induction Decay (FID) is processéd. A delay time of at least 4TI is left,
to allow the magnetisation vector to return to equilibrium before the
sequence can be repeated. This experiment is repedted with a series of
variable t values and the resultant spectral intensity (Af) 1s measured.

Frori this, T, can be calculdted using the equation (2.7).

J=ama2A_ -1 . (2.1)

(A - A i—

t

A value for.T] was obtained using a’three parameter fitting procedure.ao

The lengths of 90° pulse used were 18 us {WH-90), 28us (WM-250), 29 us

(WH-400). The estimated errors in T, measurements are less than 10%,
The nuclear Overhauser enhancement (NOE) measurements were

carried out in two ways by comparing the signal intensities of:
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(a) Spin coupled spectra with and without NOE

(b) Spin decoupled spectra with and without NOE

Operation time diagrams for such experiments are given beTow.39 .

-(a) Sp%n'coup1ed'spgctra with NOE
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" The above sequente_ré§u1ted in a coupled spectrum with NOE and this can be

compared with 2 normal coupled spectrum which was recorded by turning the

~decoupler off throughout the experiment.

(b) Spin decoupled spectra without NOE
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The abovg sequence resulted in 2 decoupied spectrum without NOE and its
intensity is tompared with that of the spectrum obtained by continuous
decoup]ing.. The intensity ratios obtained by the two methods (a) and

(b) were the same within experimental errors.

. Table 2.2 summarizes the NMR instruments employed and the

-
conditions at which spectra were recorded.
TABLE 2.2
) \
NMR instrument Field Ambient = Operating Frequencies {MHz)
_Manufactured by strength Temp. 1H ]3C ]gF ]]9Sn
Bruker (T) (°C)
Wi-90 2.114 24 - - - 33.56
WM-250 5.872 24 250.13  62.85 235.36 93.27
WH-400 1 9.395 22 - 100.62 - 149,21

The chemical shifts that are at higher frequency compared to the reference
compound are considered to be positive while those at lower frequency to

the reference compound are considered to be negative. The estimated

errors on the chemical shifts of ]H'are less than 0.C1 ppm, ]JC and 19F
are less than 0.1 ppm and ]]9Sn are-less than 1 ppm. The errors on

coupling constants are given in the corresponding Tables. .

.2.4.2 Mdssbauer Spectroscopy

The Mossbauer spéctroheter and the details involved in obtaining
]195n gamma resonance spectra have been previously describedy, except that
@ Promeca multi channel analyzer was used. Samples containing approximately

15 mérof natural tin per cm2 were prepared. The compounds ysed in this study
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were air-sensitive and samples Qere prepared undér a dry nitrogen
atmosphere. These samples were packed in a 20 mm i.d. threaded Xel-F
sample holder and sealed with teflon tape.

The source of Fhe gamma radiation was Ca 119m Sn03, obtained
from New England Nuclear Corporation and ﬁaintajned at room temperature.
Samples were rigidly held either in a 1iquid transfer Cryotip system
manufactured by_Air Products and Chemical Inc. or in a cryostat
manufactured By Cryo Technology Systems. Generally, samples were kept o,
at -196°C except for variable temperature studies.
: The velocity range was calibrated using a 57Co/Rh source and a
standard iron foil at room temperature. All isomer shifts were measured
relative to CaSnb3'as zero velocity at_room temperature. Spectra were

computer fitted ﬁs}ng programmes written‘by either Dr. A, J. Stone41

(modified by Dr. G. H. Grundy of McMaster University) or Dr. K. Rubenbauer-.42

The estimated error on the values quoted in the 118

Sn Mossbauer Tables in
standard deviation units is 0.03 to 0.04 mm s'l. ‘These values are based

on the statistics derived from the computer fitted spectra.

2.4.3 Infrared and Raman Spectroscopy

(i) The laser Raman spectrometer and the auki]iary instrumentation has
been fu]T} described prévious1;}43 Spectra were recorded at -196°C with
the saﬁp]e tube non-spinning.. The tubes were mounted vertically with the
ang]e between/;he incident radiation and the sampie at 45°. The Raman scattered
radiation wa§ observed at 45° to the incident beam or $0° to thé sampie

tube direction.

(i1) The infrared spectra were recorded ﬁsing a Perkin Etmer 283 spectro-

meter. The powdered samples were used as nujol, or hexachlorobutadiene,
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mulls with KBr windows. The gas phase i.r. spectra were obtained using
a ce11.with KBr w{ndows which was equipped for attachment to a vacuum

Tine.

2-.4.4 X-ray Crystallography

o Since the crystals examined in this thesis were highly moisture ;

sensitiQe, they were mounted in pre-dried Lindeman glass capillaries

which were sealed under an atmosphére of dry nitrogen. Mountea crystals

were examined gnder a microscope and the most suitaBTe crystal was -

attached to a standard goniometer head. A]iénment and full layer photo-

graphs {zero and firgt Téyer) of the ;rysta]s'were taken on a Buerger
precession camera when possib1é. The crystais were. then t}gnsferred ﬁo

a Nicolet P3 or a Syntex PZ] diffractcmeter for X-ray intensity measuremenfs.
Instrumentation and data aquisition techniques for ﬁrystaT structure

determinations have been extensively describeﬁ e1sewhere44. Intensity

measurements on the diffractometer were kindiy performed by R. Fagg1an1

of the Inst1tute for Material Research of this un1vers1ty.

Intensity data from the diffractometer were/;;eﬁed on magnetic
tapes and was transferred to computer files for fﬂ;%her plocessing.
Lorentz-polarizatioh corrections were carried out using thé DACTOS, DATRDN
packages from the X-ray 76 system.45 Neutral atom écattering fact0r546
and anomalous dispersion éonrection47 for Sn were taken from the
International Tab1és. Specific details related to each crystal structure
are discussed in the relevant sections of this thesis. All calculations
were performed on-a CDC-6400 or Cyber 170/730 computer using a series of

48

programmes in the X-ray 76 system45 and the programme SHELX. Plots of

atoms with thermal ellipsoids were generated using ORTEP 11.49
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2.4.5 Chemical Analysis ' )

The tin ané1yses were carried out by reacting a known amount of
compound, which was pre-weighed under a dry hit}ogeﬁ atmgsphere, with
conc. sulphuric acid in a platinum crucible. This was slowly heated to
dryness and then to red heat with a Meker burner. The crucible was
cooled to room temperature in a desiccatorand the amount of total tin
was determined as Snoz.50

" Carbon, hydrogen and halogen analyses were carried out by

Schwarzkopf Microanalytical Laboratory, New York.

/



CHAPTER 3
ALKYLTIN(IV) CATIONIC SPECIES IN STRONG ACIDS

3.1 Reactions of Methyltin Hydrides in Fluorosulphuric Acid
3.1.1 Introduction .
Stannane and the methylstannanes have been well studied by a
variety of épectroscopic techniques. Their proton magnetic resonance
data have been reported by Flitcroft and Kaesz.34 A linear reTationship-'

exists between'TJSn_H and the tin-hydrogen stretching frequency visnH).>!

Tin-119 MOssbauer spectra of stannane and some organotﬁn hydrides have
been recorded.52 May and-Spijkerman53 have made a correlation between

the Mdssbauer isomer shift and !

JSn-H for methyltin hydrides. A similar
relationship has been observed for ethyitin lnycir-icies.s--4

Sawyer and Kuivila have investigated the réaction of some
organotin hydrides with acidsr-ss-58 %hey found that di-n-butyltin
dihyﬁride reacts wifh acetic acid to give either one of two products as

shown in equations (3.1) and (3.2)136 ‘ -

. 2BuySnH, + 2HoAc —— Bu,Sn-SnBu, + 3H, (3.1)
Ac) DAc

BuZSnH2 + 2HoAc ——» Bu Sn(ORc)2 + 2H

2 (3.2)

2

1,1,2,2,-Tetra-n-butyl-1,2-diacetoxyditin is the main product when the

acid-hydride ratio is 1:1 and dibutyltin diacetate is the major product

31
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L3

when the acid to hydride ratic is 2:1. On the other hand diphenyltin
dihydride, irrespecti;e'of whether the acid-hydride ratio is 1.0 or .
2.0, reacts to give as the main product 1,1,2,2-tetraphenyl-1,2-diacetoxy-
ditin. Similar behaviour is observed when othe;'carboxyIic acids are
.allowed to react with these hﬁdrides.ss In addition, it was found that
éi-n-butyltin dihydride reaci; with HC1 in dioxane to produce di-n-butyl-

tin chilorohydride- and 1 mole of Hzﬁaccording to equation (3.3).57
- /H ‘ A
BUZSnH2_+ HCT:————a BuZSn\C‘l + H, ' (3.3)
-—— This tin chlorohydride : reacts further with excess acid to

. evolve another mole of H2 as given by equation (3.4).

P

It was also found that an exchange reaction (equation 3.5) between
, ' 5 :
'Bu25nH2 and Bu25nC12 gave BuZSnC1H. 8
Bu,SnH, + Bu,SnCl, —— 2Bu Sd/H (3.5)
27 Ay 2>’ -

Webstar and Jolly have foliowed the reaction of stannane (ShH4) witﬁ
strong aﬁids.8 Their measurements show that stannane reacts slowly
with aqueous acids at Tow temperature o evolve 1 mole of'H2 per-mole
of stannane. On warming to room temperature, an additional two moles
of H2 are evolved. In fluorosulphuric acid at -78°C however, reaction
.occurs relatively fast with the evolution of 1 moie of hydrogen and no
further hydrogen is gyo1ved.on—warﬁing to room temperature, The

reaction of stannane in HSO3F has been re-examined and the reactions
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_ of methylstannanes in HSO3F'have been studied for the first time, These

results are discussed in this chapter.

It has been shown that the reaction of excess (CH3)45n with

'HSOBF at -SG?C'fO;aS'(CH3)3SnSO3F with evolution of me_thane.59 When

excess HSO3$ is employed at 25°C the products formed are methane and
(CH3)2$n(503F)2.

.

N -80°C : a
(CH3)4Sn + HSO4F — (CH4) 4SnSO4F + ;H4 (3.6)

' o 25¢C ' .
(CH3)3SnSO3F + HSO.F === (;H3)25n(so3F)2 + CH, (3.7}

These two compounds have been isolated as pure solids and characterized
by Mossbauer and vibrational spectroscopy. The nature of these species

in solution prior to crystallization has been studied ‘by 1H NMR and

frozen so]ution‘]]gSn Mossbauer spectroscopy.2 Carbon-13 NMR and H98n

.NMR of these species in_HSO3F and HZSOq solutions were studied in order
to obtain additionzl information about their structures. These data are
alsc presented in this chapter.
3.1.2 NMR Studies
The NMR data of the parent hydrides and their reaction Qrdducts
in fluorosulphuric acid are proyvided in Table 3.1, Literature data.
have aTSo been included in this table. There is generally a good
agreemen£ between NMR data of this study and the literature data. Tin-119 .
NMR chemical shift of SnH, is reported here for the first time.
Firstly, the reaction of stannane with fluorosulphuric acid hag

1 - -

been followed by 'H NMR. This so1ution‘éxhibits a single Tine at 7.8 ppm

with tin satellites corresponding to the Sn-H coupling. Tin-119 NMR
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recorded at this temperature shows a quartet due to the three prOtonS

attached to tin with a coupling constant equal to that observed in. the -

TH NMR  (See Figure 3.1 (b)). This clearly establishes the Pormation

1 119

of the SnH3+ species at this temperature. The 'H and Sn resonances for

SnH3+ occur at higher frequency than those of SnH4 indicating consider-

T ang 118

able deshielding. Upon slowly warming to -30°C, the Sn NMR

recorded at this temperature still show the presence of the SnH3+
species. However, the intensity of the signals are decreased. At

ambient temperature, only 2 Weak signal was observed at 4.0 ppm in the

1H NMR spectrum. This peak consistently appeared in every 1H_NMR

_spectrhm recorded bétween -78°C and ambient temperature. The chemical
shift of the signal agrees with the value for thaf of hydrogen gas and
is presumably due to the dissolved hydrogen in HSO3F. The HgSn NMR
spectrum of the solution at room temperature shows 2 single Tine at

-1601 ppm which is close to the chemical shift of Sn(S0,F), in HSOLF.

372 3
The ''°Sn  Mgssbauer spectrum recorded -on this solution, after freezing

+

it to 77 K, shows only one signal dQe to a Sn(Il) species (Figure 3.2(a)).

The Mossbauer parameters of this-signal are very close to those of
Sn(S04F), (Figure 8.2, Table 3.2). The above observations establish the
.initial formation Lf Sn_H3+ species which reacts further to form Sn(SO3F)2.
 The Toepler pump measurement shows the evolution at -7é°C of one mole of

hydrogen pér mole of stannane with no more hydrogen being evolved on

warming to room.temperature. These results can be explained by

equations (3.8)land (3.9).
. / :

‘7 + _ ..
SnH, + HSO,F —— SnH3 + SO3F + H, {3.8)
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- : (b) SmH, in fluorosulphuric acid at -78°C.
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TABLE 3.2

40

“Sn Mossbauer Data for Solutions of Tin Hydrides in Fluorosulphuric

Acid ‘After Sfénding at Room femperature and then Recorded at 77 K

Compound

SnH4

CH SnH

3°M3

(CH3)2SnH2
(CH3{3SnH2
Sn(so3F}227

(CH4) ,Sn(SO04F

3F)s

F§9

3)2
(CH,),SnSO

3)3 3

2

x

Medium

HSO.F
HSO,F
HSO3F
HSO,F

SOLID
‘HSO3F

SOLID

Sn{Iv) Sn(I1)
& il T é A T
s Amms'wxv
5.33 0.58 0.88
1.86 5.22 0.95 4.42 0.60 0.95
1.81 5.25 1.07
1.61 4.95
4.18 0.68 1.33
1.8 5.4
1.52 4.61 0.9,
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+ 2+ : . -
SnHB + 5H503F —_—— SnT o+ 2H2504 f 2502 + 4HF + SO3F (3.9)

The colour of the room temperature solutions -are either pale blue or ‘
green_depending.on the concentration. This may be indirect evidence
for the formation of 50, since the reaction of SO, and HSO3F)§n the
presence of hydrogen produces polycations of sulphur, whose colour is

similar to these so1utions.8 The evidence for the presence of HF comes

19

from "7F NMR spectroscopy.  This shows a sharp single line at -160 ppm.

One might have expected this to be a doublet due to H-F éﬁup]ing but,
in HSO3F the protons of HSOBF and HF exchangé at a fastrate which

t ==
. eliminates this coupling. The 19F~NMR chemical shift of HF 1n

HSO. 50

3F has been reported to be -186 ppm. The difference in the two
chemical shifts is likely due to the differénce in their concentrations.
The solvoiysis of methy1stannahe (MeSnH3) in HSOaF was
monitored by NMR spectroscopy and hydrogen_evolution. The H95n NMR
spectrum of methylstannane in HSO3F, at -78°C, exhibits a triplet of
dﬁartets as shown in Figure 3.3(b}. The tin resonance is split inﬁo a
triplet with a }arge Sn-H coupling constant due to the two protons
directly attach;d to tin. This is further split into guartets by the
protons of the methyl group with a smaller coupling cbnstant. (Figure .
3.3(b)). This shows that the species in solution is CH3SnH2+. Like
the SnH3+ cation, the tin in CH3SnH2+ experiences a deshielding in the
HgSn resonance and a large increase in coupling constant on going from
the neutral hydride to the cationic species. As this solution is warmed
fd -60°C, the ]193n NMR shows, in addition fo the CH3SnH2+ species, -
another resonance at lower frequency (Figure 3.4(2)). Whgn this

solution is slowly warmed to -305C, the signal due to CHéSnHZ+ compietely
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disappears and a clearly resolved septet is observed at -222 ppm. The
ambient temperature spectrum of the resulting species (Figure 3.4(b))

is a sepfet having a chemical shift of -185 ppm and a coupling constant

gJ]19 of 88 Hz. Proton specfra are consistent with the above
Sn-H '

chéﬁges and the only proton species remaining at ambient temperature

shows a single 1ine at 1.24 ppm with tin satellites separated by 86 Hz.

2+

These NMR parametérs are characteristic of (CH3)ZSn » which has been

identified as the stable spééies when (CH3)4Sn is reacted with HSO.F 2

3
The Tow frequency region of the llgSn NMR spectrum reveals a secoig

peak at -1600 ppm which corresponds to Sn(SOsF)2 in HSO3F. The 119
Mossbauer spectrum recorded on this solution frozen at 77 K, is showh
in %igure 3.2(b).~f¥his spectrum has been fitted to two ovér]apping
doublets and its paréﬁetéré are given in Table 3.2. These parameters
agree with those for the frozen solution spectra of (CH 3)2 in,
HSOBF 2and solid Sn(SO3F)2.27 It was shown that one mole of h§3?3§€ﬁ_d
was produced at low temperature (-78°C) and another mole of hydrogen

on warming the solution to room temperature. These observations are

satisfied by equations (3.10) and (3.11).

CHySrH, + HSO.F ——> CHySnH * o S0.FT + H

S 44,50, S0, +2HF+2H,+250,F (ls_ﬁm

+
2CHLSNH, +4H§03F — (c 3)25n T+3n 990, +50, 2
19

The presence of HF 1in -this so1utjpn 1s evidernt from its “F NMR spectrum.

The mechanism of CH, transfer from CH3SnH2+ to produce (CH3)ZSn2+ is

not clear, but presumably occurs via a ditin intermediate. Organoditin

compounds are produced from organotin hydrides in acid so1ution.55'56.
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The solvolysis of dimethyltin dihydride in fluorosulphuric acid
produces a much ]éss stable species than the other hydrides discussed
previously. The |'5Sn NMR spectrum of (CHy),SnH, in HSOSF at -78°C
showé only one signal attributable to the .final reaction produtt, i.e., .
(CH3)ESQZ+. This reabtion‘was therefore attemﬁted at -85°C and the

. NMR sample was transferred to the NMR probe, also maintained at -85°C.
Nﬁ matter how rapidly the’ﬁamplé transferred, it was still not fast
enough to preveﬁf some decomposition. This llQSn NMR spectrum\(Figure
3.5(b)3 §hows two signals. The high frequency doublet corresponds to
the (6ﬁ3)2SnH+ species with the coupling being due to one hydrogen -

~ directly bonded to tin. One would e;;ect that each component would
” be split further intc a septet by the methyl protons. However,in order
to observe this, a bettqr-quality spectrum would be required with an

‘improved signal to noise ratio. It was found that with jonger
aécumu]atioq times, at -85°C, the doublet intensify slowly decreased
indicating that decomposition occured even at this temperature. The

" low frequency 115

1

Sn signal arises from the (CH3)25n2+ cation. The

H NMR spectrum at -85°C exhibits signals due to (CH3)ZSnH+ and

119

(CH3)ZSn2+. Proton and Sn MMR spectra of the rocm temperature

2+

solution exhibit well resoived signals for the (CH3)ZSn species.

The 119

. 2
//?}uF%zIE:\;;?(c) and the parameters are close to thase for (CHz)pSn(S05F), -

/,,-’j Dimet in/dihydride reacts with HSOBF to produce one mole of hydrogen

Sn Mossbauer spectrum of this solution frozen at 77 K, is shown

gas. Again,19F NMR spectrum provides evidence for HF in this solution.

- The above observations can be explained by equations 3.12 and 3.13.

¥
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(CH3),SnHy + HSOSF ——»  (CH3),SnH™ + SOLF + H, - (3.12)
+ ) 2+--' -
(CHy) SnH™ + BHSOSF ——> (CH3),Sn " + SO,F + H,yS50, + S0, + 2HF (3.13)

Trimethyltin hydride behaves in the same way as the other hydrides,

- producing (CH3)3Sn+ and H2 aE‘1ow femperature.f011owed by methane

+

. NMR data Fbr:R3Sn+

evolution at room temperature to give (CHé)ZSn?
and R25~n_2+ (where R = CHy, C,Hg) in HSOSF and H,S0, are also given in

Table 3.1 and were obtained by the acid solvolysis of Rasn and RZSnCT2
(where R = CHy, C,Hc) rgspective?y. | -

In any series of main group element hydrides MHX, replacement
of hydrogen by a methyl group results in a deshielding of the M

13 TSN 29 3

resonance. 1his effect has been observed in the , S and TP

61-63

¢,

NMR chemical shifts of their hydrides. 64

119

Methyl- and ethylstannanes

follow this trend and the Sn chemical shift of stannane'rehorted

here allows completion of thé correlation. The 11.95n chemical shifts
for (CH3)4_nSan-are plotted against n in Figure 3.6(a). The straight
1ine does not pass through the origin which is the value for (CH3)4Sn.
This is prebably because the stannane shifts were measured as dilute

solutions in organic. solvents whereas (CH3}4Sn was recdrded as a neat

liquid. The ]IQSn resonances of_(CH3)3“nSan+ (n =0-3) in HSO,F

3
appear at higher frequencies than their parent hydrides and follow

similar trends to those of the hydrides. This plot is also inc]udéd in
Figure 3.6{a). The increased shielding of the tin nucleus on substi--
tution of a methyl group is more pronounced in the cation than in the
hydrides. This reflects tighter C-Sn bonding in the cationic species

which suggests that the fluorosulphate anions interact weakly with



48

. L ) u u-
pLoe aranydinsodoniy ut mv_Luxs_nov ‘apiaphy jueaed (Q) : HUS ¢Am:uv ul u jsuiebe
. H,-uS
L

spueisuod buidnod mFFwPA ﬁau pue S3jLys [RILWBYD YN US., (e) Jo 30|d :9°¢ aunbi4

u
h £ 2 I
L L) | L
Joot
' .
oozt
Jooz
Joost -
. 4 oot P
s
{000t o
10 3
e n
Jowz E w
. g J 001~ z
= 3
10% = M
o SNI. x
40012
4 00f -
40082
J oon-
J 0062
: I




49

the organo;tin species in solution, although this interaction is
undoubtedly present. ' )

The‘direct Sn-H éoup1ing constant is more informative and one
notices a dramatic increase in the value. of this coupling on going from
the hydr1ae to the corresponding cat1on1c species. Rs béfore, the
subst1tut1on of a methyl group causes a greater increase in the
coup11ng consta;t of the cations compared to the hydr1des. If the
spin-spin coupling consgant is dominated by the Fermi contact
' interactions,65 the increase in the coupling constant is indicative of
incfeasea 's-character’ in the bonds. If the hybridization of tin in -
the hydride can be considered as sp3, one could attribute the above
incrégqg in the coup1ing constant to a change in hybridization at tin

from sp3 to spz. MitcheT]sI has observed large variations in ]J119

sn-13¢
for organotin'compodﬁds ranging from 240 to 1120 Hz and it is thought
that one bond coupling con;tants should give more precise information
on the hybridization at the tin atom-tﬁaﬁ the coupling ;onstants
opefating through two bonds. - The ]J1]9 13 's of (CHy )ﬁ T fatl
> K Sn-""C A

-~

in the_Fange usuaTTy‘shown by five coordinated trialkyltin compounds.
"Ttimethyltin fluoride has been shown to have a five coordinate
tin environmente6 and based on spectral data, Me3Sn(SO3X) has been .
Jinterpreted in terms of a five coordinate structure.59 On the basis
of frozen solution Mossbauer data, it is shown that the (CH3)3Sn+
species in strongly-acidic solutions show s1m11ar environments around

tin as they do in the solid state.z From the couphng constants reported

here, it can be seen that the [(CH3)3

_nSan] , (n=0~3) unit is planar
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-
o . . £

with'sz hybridization for the Sn-C bonds and the axial positions are

~ presumably occupied by fluorosulphate ions to form a trigonal bipyra-

-

midal environment around the tin.

g DiéIky1tin-cations R25n2+ (where R = CHS,'CZHS) show an increase

1 : 2

in—J ‘ and
1193n_13

J1i9 1 compared to the correspondind triaikyltin
C .

Sn-C-'H

cation R3Sn+ (where R = CH3, CZHS) in both HSO3F and H2504 solutions.

This trend is in qua1ftative agreement with an increasing 's-character’

to the C-Sn bonds i.e., from sp2 in [R35n+], to sp in [RZSn}2+ in the

solvated cationic species. MeZSn(Sosx)2 conipounds havé been suggested
67 '

this to be the case.68' -

to be six coordinate®’ and the X-ray structure of Mezgn(SO3F)2 showed

Since the Mossbauer parameters of the frozen solutions of
dialkyltin ;pecies_in acids are gimifar to those of their goTids, it
had been concluded that these species are solvated and have.trans-
octahedral geometry in solutibn with alkyl groups occupying axial ’

positions and the'remaining coordination sites being filled by solvent

2 o 118

molecules.” Th Sn NMR chemical shifts of related organotin

complexes move to lower frequency as the coordination number increases

69 119

from 4 to 7 encompassing a range of 600 ppm. in this -study, Sn

2+

NMR chemical shifts of RZSn and-R35n+ species are in ag%eement with

their assigned coordination numbers. In simple terms, six coordinated

RZSn2+ species are msve shielded than.five coordinated RBSn+ species

and resonate at lower frequency.

Figure 3.7 shows a plot of "Jyyq 13 against "y for

Sn-""C

" the species listed in Table 3.0, Op]y the magnitude of the coupiing n

>
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constant can be obtained from a simp]e‘NMR spectrum and additional

experimefits are required to determine its sign. For most of the dimethyl-

- and trimethyltin compounds, 1JSn-C and 2JSn_H have been determined to be

negative and positive, respectively {SeeTables 27 and 38 of reference

(707). However, the sign of TJSn-C in (CH3)3SnLi was found to be

1

positive.71 In the plot shown in Figure 3.7, it is assumed that 'J

Sn-C
is negative and ZJSn-H is positive. There is a reasonable correiation
- between these two parameters with a correlation coefficient of 0,95.‘ A

71

similar correlation has been observed by Kennedy and McFarlane. This

aids in predicting the.magnitude of one coupling constant if the other

ore is known. ATtbough-there is an approximate.linear relationship
1, - 2 L ‘
~between 'J and ~J » the line does not pass through the
1195n_13c 119$n_1H - _ _

71,72 and

origin. This has been observed by the earlier workers,
~indicates that at least one of the coupling constants may involve
significant contributions from terms other than the Fermi contact

-interaction.
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3.2 NMR Relaxation Time Measurements and Chemical Exchange -

3.2.1 Introduction ' -

Frozen solution ]195h Mossbauer data and LT sﬁéctroscopy

r

of alkyltin cations in strong acids, suggests that ihe geometry around
tin is similar to that -in the solids crystallized from so'iution.2 The
Mossbauer isomer shift (§) is a function of the s e]ectqgn’density at

the tin nucleus. In the NMR experiﬁents, the direct 1195n-13t coupliing

v

constant, 1J , is sensitive to the s character in this bond if
: 1195n_13c :
the Fermi contact term is the dominant contributor. Therefore, there

1

" should be a relationship between § and.'Jyqq 13 - In order to cor-

Sn-""C

relate these values, initially it was decided to measure TJ
‘ . 1198n_13c
from 19

119

Sn NMR spectra. In so doing, it was observed that the

Sn signal line width increased dramatically with the field of the -
instrument used to make the méasurements. This led to a systematic
stﬁdy of the Ee]axation'process involved in this systeé.

There have been relatively few reports cdncerning relaxation

118

time measurements of the Sn nucleus available. Puskar et al were

the first to carry out a detailed spin-lattice relaxation study of
organotin compounds in the liquid state.73 The reported spin41attice

relaxation times (T])'fbr ]]QSn varied over a range 0.5 -5secs. 1in the

series R,Sn (R = Me, Et, Pr). It has been found that only in the case
of Me4Sn'is the relaxation behaviour due mainly to the spin-rotation
mechanism. For the other two larger molecuies, relaxation is dominated

. by spin-rotation at higher temperatures and by dipole-dipoie mechanism

at lower temperatures. It is established tﬁgf for Me3SnX (x = C1, Br),
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spin-rotation is the domiﬁant relaxation mechanism-and for Me3SnI,

scalar-relaxation makes a significant contribution.73

119

- La%signe:and
‘Wells have shown that the Sn spin-lattice relaxation rate 6f 1iquid
Me,Sn and its deutera}g@ modifications HenSn(CD3)4_n;(n = 0+4) are
dominated by the Spin-rot;tfon 'interactidn.74 Sharp and Tolan have

‘measured 113

Sn reiéxatibn times for .1iquid state SnC13I and SnI3CI and
found that spin-}attice relaxation arises from competing spin-rotation
and scalar interactions while spin-spin relaxation is comp@eteTy
dominafed by scalér re1;xgtion.75 Recently, Blunden.et al have
measured ' oSn spin-Tattice relaxation times (Tl) and nuclear Overhauser

76 A closer

enhancement (NOE)} factors (k) for some organotin compounds.
look at thgir data shows the ™ values for Bu25n(0Ac)2 are field
"dependent. This would indicate significant contribution from shielding
anisotropy (SA) to the spin-lattice relaxation medhaﬁism. However, the
auchors attributed this to an exchange process. The data discussed in
this section shows that for dialkyltin cations in strong ;Eids;

119

shielding anisotropy (SA) is the dominant relaxation mechanism in Sn

NMR at high magnetic field. In addition, it has been established that

2+

chemical exchange occurs and for (CH3)ZSn in fluorosulphuric acid,

--three tin species are present which are involved in an exchange process.

.3.2.2 Relaxation Studies

Tin-119 NMR spectra of dialkyltin cations in sulphuric acid
solutions recorded at 33.56 MHz (2.114T) showed the expected multipiet
pattern due to coupling with_the protons from the alkyl group. In an
attempt to improve the signal to noise ratio and to obtain higher re-

119

solution, Sn 'NMR of these solutions were recorded at higher magnetic



55

fields (5.872T'and 9.3957). Contrary to Expectation;, the ]198n NHR
Tines ﬂgre broadened so that the spin-spin coupling of the protons to
tin was}osscured (Figure.3.8). rTherefore, in order to understand this
behaviour, relaxation time studies on these solutions were carried out
at different fjeld.strengths.

The possible reTaxationlﬁechanisms which contribute to spin-

tattice relaxation (T1'1) are:
1

(i) dipole-dipole | , TI(DD)-

(iii spin-rofation_ s T](;R)’]
(i19) scalar relaxation R 71(353-1

and (iv) shielding anisotropy ) T](SA)-]

A dipole-diho]e relaxation mechanism is possible when two
magnetically active nuclei are present in a molecule. Such an %
1ntéraction is present between tin and %he protons of the alkyl groups
i;atﬁe R25n2+ species.‘ gpin-rotation interactions arise from ngctuations
of local magnetic fields produced by the rotation of a non-spherically
symmetric charge cloud during coliisions. This depends c¢n the period of
free rotation of the molecule and it is usually found that the larger
molecules have lower spin-rotation and higher dipolar relaxation rates.76
Since the solvated alkyltin cétions are effectively large in size due to
solvation and hydrogen bonding, the spin-rotation mechanism is likely
'to be a minor contributor. Another mechénism which contributes to

spin-lattice relaxation arises when the spin-spin coupling constant

between two nuclei becomes.time dependent as a result of chemical
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exchange. This is referred to as scalar relaxation of the first kind.77
In the case of alkyltin cations, -an gxchange process involving the
cleavage of an alkyl group is unlikely. Also, this mechanism does not
make significant contributions.to the spin-lattice relaxation.of tin
because of the large difference between the.resonance frequencies of
the tin and proton ﬁhbiei. The scalar relaxation of the secopd kind
usually occurs via interaction with a nucleus haQing a short relaxation
- time and is usually a quadrupolar nucleus. Thereforg, this mechanism
1s also unlikely to qﬁhtribute in the system under consideration. The
shielding at a nucleus, and therefore thé magnetic fieid acting on it,
varies with the molecular orientation except for sites of very high
symmetry. Mo{ecuTar tumbling therefore modulates the local magnetic
field, and can <cause relaxation. This mechanism is known as shielding
anisotropy (SA) and can be of importance at higher field strengths
for heavy nuclei in molecules with symmetry lower than cubic.77 In
summary, for alkyltin cations in strong acid, the main contributors to
the spin-lattice relaxation are thé dipole-dipoTe and SA mechanisﬁs.

The spin-lattice reiéxation rates due to different mechanisms, are

additive, hence equation (3.14) can be written.

S . (3.14)

Tiom) T1(sA)

The 119

Sn spin-Tattice relaxation times (T1) of dialkyltin cations in
100% HZSO4 were measured at three different magnetic fields and are
provided in Table 3.3. From this data, it is clear that the T]'s for

all three species are field dependent and decrease with increasing

-
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TABLE 3.3

Sn Line Widths and Relaxation Time Measdrements for

Dialkyltin Sulphates in 100% Sulphuric Acid

Compound ’ vOZ
| " (x10122)
a
(CH3)ZSn(SO4) 1126.3
0.8 M 17! 8699.3°
. 22263.6°

a
(CZHS)ZSn(SO4) 1126.3

1 b

1.20 M 17 86599.3

22263.6°

! . a
(C4H9)25n(504) 1126.3

1

0.4 M1 22263.6°

¥
T
(s}
0.054
0.009

0.0056
0.035

0.0087
0.0063

0.0038
0.0064

n

-0.20(3) .

-0.29(3)

-0.27(3)

_

-1 -1

T.I AW,

A1l measurements were made at room temperature.

*

These measurements were carried out at a concentration of 1.2 M 1.
Line widths are fitted using "Numarit: Iterative NMR Spectral Analysis
Program" K. M. Worvill and J. $. Martin (1975), a development of NUMAR:

1

A. R. Quirt and J. S. Martin, J. Mag. Res. 5, 318, 1971,

—-—

" Full width at half height.

%’

- Estimated error is less than 10%

a) Field strength of 2.1114T

b) Field strength of 5.872T

¢) Field strength of 9.395T

d) Estimated vaiues

1 Top - Isa o2

©{s-1)

18.5 2.7 15.8  85* 267
109.9 (o.z}d(109.7)d 450* 1414
178.5 (o;T}d(178.5)d 990* 3110
28,5 7.4 211 750 236
ns.9 - (114.9)% 670" 2105
158.7 - (158.7)% 7207 2262

26.3° - -
156.2 - -



-y

59

© field strength. It is-interesting to note that at 2.114T, the relaxation

time of the methyT'species is much longer than for either the ethyl or

butyl species, but as the fier strength increases, the difference

‘ decreases, until at 9.395T.the ethyl and butyl groups have longer

relaxatiqp times than the methyvl species.
In order to obtain an estimate of T](bD)-]’ nu;]ear Overhauser

effect (NOE) measurements were made. In this study, the double resonance

experiment was carried out by observing the ]TQSn resonance signal while

saturating'the protons. The integrated intensity of the ngSn signal
will differ from its value for a single resonance spectrum. The 'NOE
is defined as the ratio of the double resonance intensity to single

resonance intensity. Since 113

Sn has a negative magnetogyric ratio,
this results in diminution of signal intensity. The NOE operates by
cross relaxation between the two spin systems and the main contributor

is from dipole-dipole interactions, excepf when there can be scalar

.coupling modulated by chemical exchange.78 Since in these systems,

the alkyl groups are not directly involved in ény exchange process,
scalar coupling can be eliminated.

-

Figure 3.9 shows a piot of T] 1 VEersus voz, where v, is the

operating frequency of 117 -1

Sn NMR at field strength Bo‘ The T]
values at zero field (v = 0) are obtained by extrapolation. As the
strength of the field apporaches zerqj the SA contribution decreases
and at zero field the SA mechanism #; ineffective. Therefore, TT-1 at
ve = 0 is mainly due to dipolar interactions since the spin rotation

mechanism €an be neglected due to the large size of these solvated

cations. Thus, for the dimethyltin species at zero f{eld,
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1 4nd the corresponding value for the diethyltin

T -1 L 3.3 s

1 = T1i(op)
species is 15.0 S']. If we is the resonance angular frequency and T, is

the borré1ation time associated with mo]ecu1aritumbling, then rapid

molecular motions occur when m°21c2<<1.' This is referred to as the

motional narrowing'limit. Under these conditions, the relaxation rate
of spin I, due to intramolecular dipole-dipole interactions with spin §,
TT(DD)-T (intra) is independent 6?-?requency and is given by equation

(3.15).

2 2, 2 2
Ho Yp 'Y
Ti(DD)_T'(intra)\= L shslst) .. (3.15)

5 6 ¢
12*.7"}:‘ s,
i i

~

where ¢, is the permeability of a vacuum, h is Planks constant; T 2re
magnetogyricratio of nuclei with spin S and I, IS is the internuclear

3
distance between nucleus of spin I and Si’ and T, is the molecular

tumbling correlation time. If a fixed zig-zag orientation of the alkyl

groups is assumed i.e.,

II
N | ; \i\\§>ﬁ

the distance from tin to the a-protons can be calculated to be 275 pm
in agreement with Wallach's va’iue,79 and 325 pm to the s protons.
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Using the TT(ﬁD)-] value obtained from the -above plot (Figure 3.9) at

~—zero field and equation (3.15), one cah estimate T, to be 3.0 x 10'9 s

and 1.3 x 1078

s for the dimethyl and diethyltin species respectively. .
This caiculation assumes isotropic motion and a rigid geometry'around
the tin. With these = values; the magnitude of (morc)z at three
different Fields -are calculated to be (CH3)2§ﬁZf: 0.40, 3.09, 7.97;

+

(CZHS)ZSn2 : _7.50,'58.04, 148.50. These values clearly show that

these systems deviate from the extreme narrowing condition (wazTc2<<1)

1 must be calculated using the

even at 2.114T. Therefore, T1(DD)

“gﬁﬁéral equations. )
Rqunt1y,werbe1ow80hasderived an equation for the NOE factor

(n) for coupled nuclei with magnetogyric ratios of opposite sign.

Since the magnetogyric ratios of-~tin and proton are negative and

positive respectively, this equation is the appropriate one to use.in

the calculations. Accofding to kis equation, if spin I is Saturatea

and spin S is observed, the maximum fractional enhancement of the total

integrated intensity of the signal is given by the expression, -

— ] '
ZJ(uI-mS) - J(mI‘h.us) (3.15)

b
n = - L“‘l
S-{I} Y ZJ(mI_mS) + J(ws) + ]J(MI.‘E—US)

3

— - -

_where J(w) is given by

Yrvh ? T
J(w) = %U i 2 1 f
Y1s J 1 +-uJ Tc

Using the above egquation and the estimated rc_for the dimethyltin and

./I

diethyltin species, Mpax G20 be calculated at 2.174T. From this value
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and the experimentally measured NOE factors at 2.114T, Ty(ppy can be

calculated using equation (3.17).

T

NOE =1 +n3;n= nméx {3.17)

T1(o0) —
Note that T](DD) values at zero field are‘aifferent %rom tho§e at
2.114T (Table 3.3). This difference is expécted since these systems

are outside the extreme né}roﬁing condition.

- The marked increase in the dipolar contribution on going from
thé dimethyT to the diethyl species is due to lower mobi]ity; longer

Te and the contribution from additional protons. In the case of the
-di-n-butyl species, its effected solvated size may not be very
different from that of the.diethy] species in solution and'the increased
number of protons will have little additional effecg due to the r'6
dependence in equation (3.15). The dipole-dipole re]axétién can also-
occur die to intermolecular interactiongf This is possible between
dipoles of identical solute and solvent molecules. Relaxation due to
identicaf solute molecules can be reduced by keeping the sample concen-
tration low. In order to examine.the significance of dipolar effects
from solvent molecules, NOE measurements were carried out on a solution
of dimethyltin sulphate in 02594. If the dipolar interaction due to the
solvent is important, one would expect a marked decrease in the NOE
factor since the relaxation effect of deuterium (spin=1) is lower than
that of the proton by a factor % (YDZ/YHz) which is equal %o 0.06.°8

However, the spin-lattice relaxation time and NOE measurements, made

for dimethyltin species 1in DZSO4 solution, were found to be the same as



'in:H SO4 solution within eiper?menta] error, indicating that intermole-
cular d1po1e—d1pole relaxation 1s not s1gn1f1cant in this system.

At 9.395T, rio NOE was detec+ed Th1¢ indicates that the SA
mechanism is the dominant one at high magnet1c ‘1e[gs‘H\Therﬁfor , it

is reasonabTe to-assumeé at 5. 872T\and 9,.345T, that the measured T] -1

) o
is equal to T](SA) . Now, one can observe the large increase in the

l

SA’ contribution as the f1e]d q__)ncreased from 2.1147 through 5. 872T
to 9. 395T

This is the f1rst documented case of the effect of SA for‘éhe

]1‘Sn nucleus. This mechanism is also extremely efficient for several

other heavy metal nuclides such as 1955, 81 TQQHg,-82 ¥é§§;1 83 and

207, 88 Among "the compounds studied, SA is found to be the dominant

mechanism when the nucleus is in.an asymmetric environment. In the
case of dialkyltin species, the large asymmetry around the tin nucleus

1s evident from the Tg(ge quadrupole spl{tting of its frozen solution

118

M3ssbauer spectrum. <No spin-spin coupling is visible in the Sn NMR

spectrum of did@lkyltin species at high magnetic fields because of

broader signals. Howeuer,.the effect of SA is over shadowed by the

presence of chemical exchange in this system which is discussed in

119

detail in the next section. The ''-Sn NMR spectra of trialkyltin

H .., . LN ...»
cations in strong acids are expected to have smaller contribytions from

—— e, v

SA since the Mgssbauer spectrum shows a smallf;fquadrupo1e spY1tt1ng N
indicating Iess asymmnetry around tin than im-the dialkyltin species. _

.In fact, th1s is evident frtm the 118

Sn ﬂmR spectrum of triethy1tin o
1ca;10n 1n fTuorosquhur1c acid in wh1ch coup]1ng dug to the protons of

the ethyl groups are resolved at 5. 872T

‘0



of

Eor a nucleus with axial symmetry, the coﬁ%?ibution'from SA to

T1'] is given by equation (3.18)
. 2% : :
: -1 1" 2 C
: . T = — (y,B )%*(40)* [ ———— (3.18)
- 1(SA .15 Io 1 + MOZT 2

C

where Ac is the shielding anisotropy. -Using the above estimated value
-9 8

s for dimethyl species and 1.3 x 10~
119

of 7, (3.0 x 10 s for diethy

species) and the '1°Sn T, measured at 9.335T, for (CHy),Sn°" and

(CZHS)ZSn2+ im HyS0,, a value for'ac can be calculated. This works out
to be 2005 ppm and 4478 ppm for the dimethyl and diethyl species,

respectively. These values are not unreasonable compared-with the rapge

118

of chemical shifts observed in Sn_NMR. They may be compared with

the values obtained for other cases, for example, (CHa)ZHg:Ac = 6100 ppm,

199Hg_NMR spectra cover a much larger chemical

where one can note that
shift range. .However, care should be taken in considering this value
since the rotational correlation time may not be the same as that which
modulates the SA. In addition, the presence of chemical exchange in
these syétems might complicate the estimation of the correlation time.
It has been suggested that in some cobalt complexes this correlation
time is associated with the 1ife time of Hydrogen—bpnded second sphere

85

complexes. The presence of extensive hydrogen-bonding in these

systems between thé coordinated sulpnate groups an§ the solvent ls
highly Tikely. S

" From the theory of SA effect under‘extreme narrowing conditions,
one would hay;'expécted a 1%near.p1ot Of.Tl(SA)-1 against vo-. .However,

our experimental data do not. follow a straight line {Figure 3.9) since

82
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these systems deviate from the extreme narrowing condition at higher

magnetic fields.

-

3.2.3 Chemical Exchapge
The gbserved linewidth of the signal (z.,) can be used to

estimate the spin-spin relaxation time (T2) using the equation,

I~
1]
o

—

, after allowance has been made for “J

1]95n—C—TH

Thus the TZ-T obtained values are given in Table 3.3 for comparison

with the T]'1 values. One can clearly observe a large difference

between T]-T and TE'I for the dimethyltin and diethyltin sulphates in

H2504 sotution. This difference can arise from three possible sources

wiiich are given below.

. N . s
(i}  Scalar relaxation, which is unlikely to contribute

-~

for the reasons stated in the previous section.

-1

, 1

and T2'1. Since these systems are outside the
-1 is

SA)

estimated using the general equation given in

b reference (77). This leads to values of 73.1 s']

1 and 1021.0 ™! for the dimethyltin

(i1)  SA, which would lead to differences between T

extreme narrowing condition, TE(

434.8 s~

species at 2.114T, 5.872T and 9.395T respectively.

The difference between T]"l and TZ'I are much

greater than can be accounted for by SA contribution.
This leaves,

Lo

(i31)  chemical exchange as the major source of line broadéning.

/"T*—"/'
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Tin-119 NMR spectra for‘the-dia1kyftin species in 100% H,S0,

solutions were recorded at two or three dif%erent concentrations.
-Their chemical shifts and linewidths are summarized in Table 3.4.

In the case of the dimethyl and diethyl species, the chemical shift
varies with concentration and their linewidths inerease with dilution.
However, in the dibutyltin 'case, there is no significant change in
chemical shift or linewidth with dilution. hThese changes suggest the
preéence of chemical exchange and its rate depends on the alkyl group.
The linewidth of the M3, resonances decrease with increasing size
of the alkyl group. S%nce only one signal is obéerved at ambient
temperature, the.?inewidtﬁs indicate that the exchange rate is féster
- for the dibutyl speci;; and slower for the dimethyl species.

In order to obtain further information about the exchange
process, variable temperature NMR studies are required. S%nce HZSO4
freezes at 10°C, it is not a suitable solvent for low temperature work.
The-low freezing point of HSO3F (-87°C) makes it the desired solvent
system. Alﬁo, the s1owef é%change rate of the dimethyltin species
makes the dimethy]tin species in HSO3F the best system to study by

119

variable temperature NMR spectrdscopy. Therefore, Sn NMR spectra

were recorded on this solution from ambient temperature to -90°C at
5.872T  (Figure 3.10, Tab?é 3.5). The ambient temperature spectrbm
showea a single broad signa11at -106 ppm. As the temperature was

lowered this signal shifted towards low frequency with increasing linef.
width. -At -70°C, an additional signal appeared around B.Q\ppm and the

| .
~intensity of this signal increased with further cooling. By -80°C, a

thifd broad resonance was clearly visible at around 5 pbm. Ouring the

—
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Concentration and Temperature Dependence of the 1195n Chemical Shifts

and Line Nidthé for Dialkyltinsulphonates in 100% HSO3X (X=0H,?)u

’

- Compound

A F
(CHy),Sn(50,)
< F
(C,Hg),Sn(S0,)
(CyHg) SN (50,

(CH

3)25n(503F)2

(Csz)zsn(SO3F)2

Concentration -  Temperature

M1

1.
0
0.

oo oo

—

0.

1

-1

20

.80

40

.20
.80
.40

.40
.20

.16

40

.40

°C

24
24
24

24
24
24

24
24

24
-80
24
-80

24
-80

)
ppm

-155
-156
-182

-267
-247
-263

-252
-252

-106
-218
-144
=225

-235
-264

Width at half height of the spectra recorded at 5.872T.

w*
%y
Hz

1160(990)"
1850
4100

720
1160
700

460
410

366
5829
414
2200

57.5
1150

T Because of the high. freezing point of 100% H,S0, (10.657°C) it was not

2774

possible to record spectra at low temperature.

“ Fitted linewidth.
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Figure 3.10: 1.]QSn NMR spectra of 1.16 ML'1 solution of (CH3)ZSn(SO3F)2 in

HSO,F at (a) 26°C, (b) -75°C and (c) -90°C at 2 field

strength of 5.872T.
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TABLE 3.5

ngSn HMR Chemical Shifts and Spin-Spin Coupling Constants for

Alkyltin Flugrosulphates iancid Solutions

-

- t+ 3
Compound Conc. Temp. 3 A, J
19, ; 17/119g, 13,
R “C ppm H2 Hz
WM I,SAS0.F Y, 1.3 Anp ot =253 . 32803,
“ - ) < . O - A _242 L
-20 -248
=30 -259 © o eS0 _
=30 -264 1189 340{g)
* -85 - -265 1825 .
iCH3],Sn{503F)ﬂ 1.16 Ams . -108 €3 S5£8:(3)
c ° =20 -i13 g46
(at 5.872T) -40 18 1720 571(3)
-80 -128 5070 - 573(3)
- =70 -158 8330
8.2 1600
=75 =201 6755
“~ =13 977
° 7.3 373
-80 -219 5330 S75{%;
~ 5 7960
6.2 810
\\\H”~ =30 =232 5360 Soo. 9,
: 38 353
. 2 - 4030
(CH3),Sn{SO4F ), -50 -isg 7§gg
(at 3.395T) /S Tesle 4990
-50 | 1.3 126
32.3 7130

T Uidth measured at half™hedght of spectra recorded at a3 field strength of 5.8727 or 9.3957.

* Measured fron the ]H decoupled JJC spectra. The 1]7Sn-and ]iQSn satellite peaks

were not resolved and this is the average coupling.

S x



cooiing, the intensity of the lTow frequency signal degreased as the
signals at higher frequency increased. Below -S0°C, the solution was
frozen and nb spectrum could be obtained. The spectra recorded at
9.395T exhibiteda similar behaviour except “that the spectrum at -90°C
showed the complete disappearance of the low frequency signal and only
the two high frequency peaks were observed with in;reased infehsity.
This study confirmed that at least three different tin species were
presenf in this solution and these are involved in exchange processes.
A similar study done on theldiethyltin species 1n HSO3F showed only
one signal whose linewidth increased as the temperature was lowered.
The failure to resolve additional signals from this solution was not
unexpected, since. the exchange rate for the diethyitin solution was
inferred earlier to be faster than in the dimethyl case and hence
much Tower temperatures would be required to stop the exchange.

The concentrztion and temperature dependence of 1J]3 119
' C- "5n

.13 >

was deduced by recording ~C NMR spectra (see Table 3.5). Although _ .

three species éan be observed in the H95n NMR spectrum, the

13C NMR spectrumexhibited only an average signal and hence the measured

1

J]lgsn_13c is the average value of all exchanging species. The change

in this coupling is only ~ 2.5% indicating that the exchanging tin

spgkies have similar geometries. It has.been discussed in the previous

119

section that the Sn chemical shifts and 1J119 13 values found for
. - ' Sn- ®

c
the dialkylitin species are consistent with the “ydea that these'spécies

are solvated and have trans-octakedral geomgtries ' solution. A]sd,

\ o .
it'was concluded earlier that the solid state geometry is preserved in
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- 7 -

so'lut-ion.2 .

~Since the presehce of three tin species is established by NMR,
the frozen solution M6§sbauer spectrum of dimethy1tin speciegrin HSOSF
was re-e#gmined. This showed two lines with slightly different intensiyy
and linewidth. There are several reasons possible for this, - Howeﬁer,

118

based on the evidence from Sn NMR, the Mdssbauer spectrum was fitted

to two overlapping doublets. The parameters of the two doublets are as

e

follows. 67
I IL (CHy),Sn(S047),
stmms™l) 1.84 ;. 1.73 1.82
a(mm s™Y)  5.51 3 5.08 5.54

hese parameters are similar to those of (CH;),Sn(S05F), in the solid

state.s7 These two overlapping spectra must arise from the two tin

119 ©

species which dominate the low temperature Sn NMR spectrum (Figure

7 s
3.10) and the species corresponding to the low frequency signal which
was present at higher temperature is presumably no longer present in-

the frozen solution. These species show large quadrupole splittings

which are characteristic of trans-octahedral geometry. around the tin. .

A comparison with the corresponding solid data suggests that the environ-

ment around tin in the lower temperature species is similar to that of

the solid crystallized from these solutions. The ]J119 13, values,
: Sn-

C
and the Mdssbauer parameters indicate that the exchanging species have

2 similar geometry around the tin.

Clearly there are at least three different tin species present

-—

in these strong acid solutions that are involved in equilibria which,

on the NMR time scale, averages the tin environments. It has been shown
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by JYeats et al.”” that dimethyltin sulphonates in their parent acid,

are not completely ionized according to equation (3.19) even in dilute

solution. ' ¢

. . 2+ -
(CH3)25n504 + HyS0, —-—=[(CH3)ZSn] + ‘2 HSO, (3.19)
' ' I

———

~Since the NMR and Mossbauer evidence indicates six coordinate tin for
these solvated species, the above egquation can be rewritten as

equation (3.20),
— 2+ ; -
(CH3)ZSn(HSO4)2(HZSO4)2 + .ZHZSOQ ‘—[(CH3?ZSn(H2304)4] + 2[H§04 ] (3.20)

11 L It

with the equiiibrium faQouréd to the left. . T,

The ambient temperature 1']?Sn NMR signal corresponds to the 3
average environment between (II) and (III). On cooling to low temper-
atures, the equilibrium is displaced towards (II) and hence the ]195n
NMR signal.shifts to lower frequency. This is expected since (II) has.
a more shielded tin atom than does (III). This would also be

1‘IQSn signals with

- consistent with the increased linewidth of the
dilution. As the temperature is lowered further the appearance of
high frequency signals indicates that the tin is becoming deshielded,

. 1
however, the value of J.ﬂgsn-]3

o, N .
shows" that the geometry around the
c .

tin still remains six coordinate. It'ishliké1y that (II) is an isolated
species linked to its other units or solvent through hydrogen bonding

with SO3X' or HSO,X ligands.
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At lower temperatures, these weak hydrogen-bonds must convert to strong
Tinkages via sulphonate bridges. This would result in deshielding of

1195n NMR

the tin as observed. Therefore, the signal of ~ 4 ppm in the
at Tower temperature, may correspond to a polymeric species such as IV

.while that at the highest frequenéy, n 2% ppm to a cross linked polymeric
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unit V. This is the structure observed in the solid state for

o 119

(CH3)ZSn(503F)2.68 Th Sn Mdssbauer doublets in the frozen solution

-

of‘(CH3)2Sn2+ in HSO3F can be attributed to species IV and V.



CHAPTER 4 -
TIN(II) AND TIN(IV) CARBOXYLATES, SULPHATES AND SULPHONATES

4.1 Introduction

The early work in the area of organotin carboxylates has been

reviewed by Okawara andOhara.86 There is a'large amount of spectro-

scopic and diffraction data available on the structures of these

compounds. Solid triorganotin{IV) carboxylates form either linear
polymers involving bridging carboxylate groups and planar or near -
planar R3Sn- moieties, or discrete molecules, with tin atems occupying

a distorted tetrahedral geometry." The polymeric triorganotin

carboxylates, in organic solvents, usually brdduce oligomeric and

finally monomeric species containing tetrahedral tin atoms.87 There

are so far no X-ray crystal structures of any diorganotin dicarboxylates
or monoorganotin tricarboxylates available. However, the structure of

68 and the structure is

dimethyltin bisfluorosulfate has been determined
N L. '

polymeric with intermolecularly bridging fluorosulphate groups and an

octahedral trans-MeZSnX4 geometry around the tin atom.. A similar

" structure is suggested for dialkyltin dicarboxylates on the basis of
88,89 86,90

compounds are monomeric and probably have octahedral structures with

Mossbauer and infrared spectroscopic data. In solution these

trans alkyl groups and the 'six coordination at tin is achieved by —

86,90

solvent coordination. Recent solution studies question the

-~ -
-

validity of regular cis or trans octzhedral structures and propose a

76
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skewed or irregular trapezoidal-bipyramidal configuration. A few

monoorganotin tricarboxylates were found to be monomeric in solution'.g2
Anong the tin ;étracarboxy1ates,the_onTy crystal structure determined .

93 which contains an eight coordinate tin

has been tin ;@t;'f s i : 5 L. .
atom with three symme ricai#y chelating bidentate carboxylates and one

unsymmetrically che1a£ing bidentate carboxylate.

- Many compounds of tin(1I) have baen investigated by Mﬁssbauer
spectroscopy. Donaldson has reported the Mdssbauer parameters of a
series of tin(II) carboxy‘la‘tés.g4 These parameters are not correlated
inlany obvious way. Tin(II) carboxylates exhibit relatively large
quadrupole splittings when conpaned with other tin(II) compounds. It
has been suggested that the geometry around the tin atom is that cf a
distorted pyramid with either inter or.in;:amoiecular carboxylate
bridges. The structures of K[Sn(0,CH),],% Ca;Sn(ozccn3)3]2,95 and
K[Sn(OZCHZC1)3j3 97 have been determined. These structures consist of
discrete anion units in which fhe tin atnm has three nearest neighbour
oxygen atoms forming a trigonél pyramidal coordination. In‘adnition,
the environment of tin(II) is completed by the three long Sn-0 bonds o
form a distorted octrahedral geometry. This is viewed as the most
common environment in tin(ILl) compounds and the 1onger Sn—O contacts

are due to the presence of a sterically active non- bondung e1eutr0n
98

- pair. A similar coordination is found in the malonato comp1ex -

KzanECH2(502)213fH20 99 but in the oxalato complex Na Sn(C204)2 100

~the tin(II) atom is in-a distorted pyramidal environment. -

-
.

The only structural information available for éinp]e tin(11)
y .

carboxylates is for tin{II) formate which'contatns he.tin(ll) atem
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in a distorted trigonal bipyramidal environment. There are several

examples cited in reviews of structural tin chemistry with tin{II)

compounds where the tin coordination varies from three to seven, when B

the lone pair is included. 027103 -

There are reiatively few compounds known to contain tin(II) and

£in{IV} in the same molecule. The structure of mixed valence tin

fluoride SniFq has been detemined.ZJ This consists of an octahedrally
coordinated tin(IV) atom which is bridged to two tin{Il) atoms through
trans fluorine atom§2 This cqmpound can be considered as [SnF+]2-
[SnFsz*]. A mixed vallence oxide of tin, Sn,05 has been prepared and

its MOssbauer spectrum is interpreted as due to an octrahedral Sn{IV)
- .

. . 19 - -
and & pyramidal Sn(ll) environment. The structure of mixed vaience

tin sulphide, Sn,)S3 has aisc been determined.‘o An interesting compound

[Phssn][Sn(Nos)] has been isolated and its structure determined.‘l This

was the first example of a compound containing a tin{lI)-tin(IV) bond

;

with tin(IV) and %in{II) in four and five coordinate environments. Also
the compound, [(CHT)SSnC:H 1,8n, contains organotin({Ill) and orcanotin(IV}
2 ’

moieties in one molecule. This has been characterized on the basis

ny fa

of its Mossbauer parameters. Ewings et al. have determined the structure

2e

of a mixed valence tin derivative 0f o-nitrg benzecic acid. This comsists

of a tetra nuclear cluster molecule containing tin{II) and tin(IV) atoms.

A similar structure with the trifluorcacetate g¢roup was determined by

18

S3irchall and Johnson. The same authors have alsc reperied 2 general

svnthetic procecure o obtain 2 series of mixed vaience tin compounds oy

the cleavage of hexaphenviditin by carboxylic acids.’
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There have been a large number of Sn NMR studies carried out

] » Q
on organotin compoufids which have been comprehensively reviewed.3o’6'

1§

There are several factors which influence ! Sn chemical shifts.

‘Coordination number, substituent and temperature are tﬁree important
influences. It has been observed in various systems that five and six
cogrdinate organotin compounds appear at lower frequencies than those
of four coordinate derivatives. The variation in coordination number
can arise from interactions with solvents and through the autoassoci-

ation of molecules. Polar, coordinating, solvents can produce iarge

118 1

variations in Sn chemical. shifts as the concentration of the solute

87

is varied. McFarlane and Wood™ have attributed a 100 ppm chemical

shift variaticn in trimethvitin formate in CDC13 to self-association
of monomeric tetrahedral trimethyltin formate molecules. This results

in oligomeric or polymeric species with five coordinated tin environ-

e

ments. These workers have also determined the Sn chemical shift

of a number of triphenvl- and trineophyltin carboxvlates. These
shifts have been correlated with the electiron withdrawing ability of
the carboxylate group. In the area of tin(IV) carboxylates, there are

119 . . . .
only & few 1 Sn NMR studies reported for di- and triorganotin

87,104-106

carboxylates. Among these, onlyv for the triphenyitin

carboxylates has a systematic study cf & series cf compecunds been

. 87,104 11¢

carried ou There have been no Sn NMR studies reported o

date on tin tetracarboxviates.

- . . 179 i .
There are relatively few reports available on '“sn NMR studies

5 .

of £in{II) compounds. Yeh anc Geanangel have investigated the behavicurs

of divalent tin halides in coordinating soTvents.TO{ They observec



1'TQSn chemical shifts with solvent, concentration )

119

marked variation of

and temperature. Dean has studied the Sn NMR spectra of tin(lI)

complexes of phospﬁcnus, sulphur and selenium containing Tigands.108‘109

They observed a wide range of 13

119

Sn chemical shifts for these complexes.

Recently, Sn NMR measurements were réported on monomeric tin(Il)

110

amides. The author compares the high TIQSn resonance_frequency'of

the tin{II) amides(+776 ppm to +100 ppm) with that of the dicvclopenta-
" dienyl tin{iI) derivative]1] which appears at the other extreme, that

is at low frequency (-2171 ppm).

2.2 Simple Tin(II) ¥nd Tin(IV) Carboxylates
4.2.1 Preparation

Although the preparation of tin(Il) compounds derived-from
halogen substituted carboxvlic acid; has, been reported17 on1yla few of
them have been isolated as pure compounds. The general syﬁthetic

procedure involves the reaction of tin{II) oxide with the carboxylic

acid in an agueous medium. The reaction proceeds according to eguation

(2.1).

Sn0 + 2RCOOH —— Sn(OZCR)2 + H,0 S ()

2o vield tin(Il) carboxylate. In the preparaticn of Sn(COZR)Z; where

R = -CFS, —CCTB, -CSrS, or -CI3 however, the attempted isolation of the‘
product resulted in syrups or decomposed materiais. This might be due

to the use of an aqueous reaction medium which coulid facilitate the
formation of undesired basic tin{Il) compounds. Therefore, in the

preparation of tin{Il) trifiuorcacetate the above procedure was modified,
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and Sn0 was reacted with a mixture of CF4COH and its anhydride ,

(CF3C02)20. The anhydride was.used fo remove the water produced in the _

reaction. This faci1itated.the isoTat%on of Sn{CD CF..)2 as a pure

crystalline material. Similarly, Sn(CO CQF )2 has been isolated as a

pure compound by the react1on of Sn0 with a m1xture of C F-COOH and

its anhydride. Tin{II) tr1f1uoroacetate is 2 Jery hygroscopic

compound and must be handled in an extremely dry atmosphere. It is

very soluble in its parent acid. Attempts were made to grow crystals

of Sn(CO,,CF-.)2 for single crystal X-ray diffraction studies, but

thev forﬂed long.- needle shaped crystals which were not suitable for

such 2 study. On sebl;m§e1on, Sn(COZCFS)2 gives a crystalline material

whose structure has been determined to be SnSOZ(OZCFs)S.H2 Th%e-was

found o have a polvmeric structure with six different tin(II)

environments. The tin(II) atoms are connected by oxo bridges and

bridging tr{fiuoreacetate groups. It has been reported that on attempting

the sublimation of tin(II) ph;ha]aee and tin(lI) oxalate, both compounds

decamposed, the former v1e1d1nq ph thalic anhydm’de.”3
Tin tetracarboxylates have been prepared by the solvolysis of

1,12,14

tetravinyltin or tetraphenyltin with acids. These are also

A

nrepared from the transacylation reaction of tin tetraacetate.T?f__Among
the tin tetracarboxyvlates of hatosubstituted acids, onﬁy trifluoro-
acetate was isolated as a2 pure compound whereas others were obtained as
SYrups cr;aark coloured materia‘ls.1 The reaction of tetraphenyltin with
carboxylic acids results in the cleavage of phenyl groups according tc

equation (1.6) to produce tin(IV) carboxyiate. Tin tetraacetate has

been prepared in nearly quantitative yield according to this reaction.
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However, this reaction {equation 1.6) with haloacetic acids usua11§
prqduces coloured materials whereas the desired product is expected to
be a white compound. The reason for the formation of co1oureﬁ progucts
“is not clear. In the case of the triquoroacetate,.the coloured
materials were removed-by washing the reaction product with liquid SO2
to yield a pure Qyite compound.], The reaction between tetraphenyltin
and dichIoroaceF;c acid was carried out with a s1ight'ﬁodification of
the reported pfocedure.? Dichloroacetic acid was added to a mixture of
tetraphenvltin in benzene. This reaction proceeds to give a clear pale
§e110w colution from which a white crystaliine material separates. fthe
direct reaction of tetraphenyltin with heptafiuorobutyric acid producgs
a dark coloured svrup. Several solvents sﬁch as 502, SOECIF, CFC13,Q.
'CGHSCHs and CGHG were employed in attempts %o remove the coloured
materials. In all cases, the syrup would either dissolve completely
or remain insoluble. This indicates that the impurities aTd the desired
~product have similar polarity and thuéJ;imi1ar solubilities. In CFC]3,
coo]iné’the solution %o lower temperatures, results in crvstallization,

However, further washings to remove traces of ccloured materials

resulted in poor vields.

4.2.2 NMR Data ?\\

Tin-119 NMR data of tin(II) and tin(IV) carboxylates, sulphcnates

and fluorosuiphates were recorded in the acids from which they are

] . e .
derived. Initially, 1 Sn NMR spectra were recorded on the solutions

obtained from the reaction of SnQ with carboxylic acids and from thes:

. . . . . 11¢ -
reaction of tfetraphenyltin with carboxylic acids. However, the Sn KMR
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chemical shifts of the above solutions were not reproducible. There- -

-

fore, it-was decided to 1soIate pure tin(II) and tin(LV) compéhnds and

-

these were then red1sso1ved intheir parent acids and Ehewr spectra were

Ao

recorded. ' . ' - ~

The tin(Il) acetate and tin(II) dichloroacetate'arelspafkng1y
soluble in their pure acidé"ﬁhefeas tin(Il) trif1uoro$§gtate a;d tin(II)
heptafluorobutyrate are quite soluble. Amdng the tin(II) deriv%fives
~of strong acids. the sulphate and the trifluoromethanesulphonate are
sparingiy soluble, but the fluorosulphate i's very soluble in the

acid. All of the.tin(IV) derivatives are reasonably soluble in their
i - .

parent acids.

i L : .
A1l of the above solutions exhibit single resonances in their
9 ‘ Q )
1],'Sn NMR spectra. The H'Sn NMR spectra of those compounds which are

reasonably solubie, were recorded at a number of different concentrations |

. . o . - 116 .
in order to study the effect of d11ut1on. The Sn chemical shifts,

the linewidths, and the concentrations of these solutions are summarizec
in Table &.1.

The chemical shifts of Sn(OAc)2 in pure acetic acid and in 2N
acetic acid differ by 46 ppm and this shift is probabiy the result of

water molecules being coordinated to tin, thus altering its environmen:

11¢

and hence its chemical shift. The “Sn chemical shifts of these

+in(1I) and tin(IV) compounds are not very concentration dependent at a

he 118

fixed temperature. T Sn NMR measurements carried out over & temp-

grature rangs on Sn(OZCCFs)2 and Sn(OZCC3F7)2 sclutions show azppreciable

changes in the chemical shifts and linewidths (Table 4.1). The line-
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~ TABLE 4.1

17950 NMR Data of Tin(II)and Tin(IV) Carboxylates, Sulphates and Sulphonates

Compounds in their Temp. Con?. 5(3195n) AWa
parent acid °C COMLT ppm HZ

(i) Tin(II) Compounds )

Sn(COECHS)2 in

{a) pure HoAc 24 0.05 617 ag?
(b} 2N HoAc 24 0.23 -663 85t
Sn(C0,CHCT,) 24 satd. solution  -786 10007
$n(€0,CF4), 24 0.6 . -948 22 ]

-5 . 0.c -863 59 |
-18 0.5 =870 189
24 0.4 -c48 65
-5 0.4 -985 59
-18 0.4 -a72 183
-5 0.2 -85 9z ja
15 0.2 -a74 Q5
[}
Sn{C0,C.F.) 24 0.4 -053 183
e s 0.4 -96¢ o0 |
-22 0.4 -84 877
24 0.2 -¢50 555
-5 0.2 -971 516
) =22 0.2 -Q87 80
Sn(s0,) 24 0.06 1584 20°
Sn(S04CF), 22 satd. solution -1576. 160°
o o] -
] ~0.03
$n(504F), 22 ©0.34 1628 125¢

Continued.....



TABLE (4.1) Continued _ by
(ii) Tin{IV) Compounds . Temp _Concentration 5(1195n)
: °C oMLl ppm
Sn(COZCHS)4 N 24 0.1 -857
24 %0.05, T -857
$n(CO,CHCT, ), 24 0.16 -855
24 0.08 -854
Sn(COZCF3)4 24 0.20 -821
24 0.10 - 821
24 0.05 -820
2 _ o
Sn(C0,C,F-), 24 0.03 =727
Sn(S0.CF.}, 24 0.03 . -S80
o J -
24 - 0.1 -850

Width measured at half height of peaks recorded at a field

strength of a) T2.118T

™
—

7

5) 5.

[¢7]

e

[73]
wn
—

c) o.

N F T
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1]95n NMR -signals of tin(Il) and tin(IV) compounds are broad

width of the
and in the case of Sn(COZCFs)2 and Sn(C02C3F7)2 the jinewidths increase
as the temperature is lowered together with changes in their chemical
shift;. This suggests the presence of fast exchange between different
tin environments on the NMR time scale. The tin atoms can have different
coordination numbers with carboxylate groups aéf?qg as éither mono- or
bidentate ligands. However, the concentration ranQestéhp]oyed did not
have any significant effect in shifting the equi]?brium processes. The
chemical shifts of a sertes of triphenyltin(IV) cg oxvlates have been
reported over a concentration range 0.1 = 0.5 moI/l,\snd they show. only
a2 very small conceqtré%ﬁon dependence.104 Receﬁt]y, tri-n-butvl- and

di-n-buty1tin{IV) carboxylates in solutions of non-coordinating solvents

17 113

were studied by "0 NMR. These workers, observed only one I’fO NMR

signal and this effect was interpreted as being due tc Tast exchange f the

P

oxygen atoms of the carboxylate groups bonded to the central tin atom.

.. . . - 119 . .
It is interesting to note the wide range of Sn chemical shifts

-
v

of the tin{Il) compounds compared to the narrow range shown by tin(IV)

compounds listed in Table 2.1. Tin(II) chemical shifis cover & range

of approximately 1000 ppm on going from the'acetate to the fluorcsulphate.
. AL

As the acidity of the parent acid increases, the R Sn chemical shift of

-
1

tin(1I) ccmpounds move to lower frequency. The chemical shifts of tin(IV)
X

-

ccmpounds change by approximately 130 ppm and there is no apparent trend
~

with aciditv of the ligand. For triphenyitin(IV) carboxyviates, 2 linear

.- Q. L . )
relationship between 1 Sn chemical shifts and the pkaucf the correspond-

. . . 7,104
ing carboxylic acid has been observed.S 10

!
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4,2.3 Mossbauer Déta -

Mossbauer parameters ofcphe newly isolated tin(II) carboxylates,
Sn(COZCFs)2 and Sn(C02C3F7)2 are provided in Table 4.2. The parameters
for S”(COZCFS)Z' isolatad as a pure material, are different.from the
reportaed vaIues'of the yellow syrup.94 Donaldson recorded the spectra of
some £in(II) ca%bﬁxyTates which were obtained as solids and also recorded
the spéctra of their frozen so‘lu_tion.g4 Since the parameters of the
solid and the frozen so]utibn were the same, he concluded that the

x

-parameters. of the frozen tin(IlI) carboxylates were the same as those of

the solid salt. However, the present study shows, in the case of
Sn(COECFS)Z,the frozen solution Mossbauer parameters %o be different from
those of the .dsolated so1id.(TabTe 4.2, Figure 4.1). In fact, {he TreIen
solution has a higher isomer shift énd a smaller ;uadrupOTe splitting

than that of the solid. This indicates that the tin environment is
relatively more symetrical in the frozen solution than in the solid
state. Tﬁis might have been expected since, in solution, trifluorcacetate
ligands can easily coordinafe the tin atom. The éo]id state and frozen
solution Mossbauer spectracf Sn{C02C3F7}2-were also recorded. These show
two lines in the tin(II) regicn with unequal linewidths. This is fitted
to two overlapping doublets. The Fitted parameters are inciuded in

Table &.2. The frozen solution parameters are merginally different from
those of the solid. This indicates that there is no.dramatic change in

-

the coordination of tin between the solic and solution state in this case.
- 119 ; R —
The solution Sn NMR spectrum however, shows oniyv 2 single line. .This
15_possible if a fast exchange process cccurs on the NMR time scale between

the two different tin sites observed in the frozen solution Mossbauer
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Compound Temp
[N
Ao Tin{ll) Compounds
Sn{0ac). " 77
Sn(Q.CCF.)a 77
- [ I
SnkO«CCr:)n 77
(Frozen Splution)
. - (Sl
anoﬁCCr:)ﬂ' 73
Sn(Q.CC.F-)A Iy
- O/ o
Sn(DﬁCCsF,)Q 77

(Frozen. Selution)

SniQA~CCHCTA) A T3
; - Ql e
Sn{0,CCHCTL) A" ;7
Sn{804CF )7 i
3. Tin{IV) Compounds
Sn(0ac) . - 37
:
sn(0,CCF.), ! 73
< “
Sn(0,CCHT1,Y, 77
. ] -
{ by 3 7
Sn{0,CCHCT, ), 7
Sn{0,CC.F-), ] 77

GRS

TABLE 4.2
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Q ..
]'Sn Mossbauer Data for Some Tin Carboxylates

. a . b
5 Relative
: area ™
- - ~ oAy -
oS R
&
3.3 1.77
3.53 2.9 1.01 1.06
304 1.56 0.684
3.10 1.70¢
3.02 i.68 1.03
4.J0 1.30 ., 1.03
375 .0l 0. 56
S04 1. 3¢ g, &
J.ed 1.¢0 1.18 1.24
3.48 1,64
S5 0.8% 0 0.s8
Q.78 0.5¢ 1.1
.04 1.558 Q.95
0.22 0.58 1.21
0.01  0.7¢  1.04 7
0.03 Q.68 1.08
Q.03 1.27 0.7
Continued.....
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~ *
- TABLE 4.2 (Continued)
Compound Temp § — A r® Relative Area
K s Sn(IV)/SmtTIy
C. Tin(ll), Tin{(IlV) Compounds
- ~ - Q jnd o ]
Sn(02CCF3)2 77 0.00 0.33 0.90 1.35{(2)
n(OZCCFS)4 3*94  1.16 0.97
. 77 Q.00 0.52 Q.88 1.28(2)
3.84 1.08 .49
el 0.1 0.53 1.01 1.00{2)
3.90  1.08 _1.03
n(OnCCFN)nI‘C 77 - 0.03 Q.52 Q.81 1.1706
< o
3.94 1.1 0.85
A -0.02 52 Q.91
P
3.83 1.20
Sn(S05CF4), ] ©
Sn(SO.CFq)q 77 4:28 0.58 Q.93
34
$n(S0.CF. )L "€ 77 -0.22 - 0.¢7 1.22
3 353 .
&. 39 0.4 1.01
a) Full width at half hezch,.

b} Relative area

under

the resonance cu“ues cf the hTGhE“ veiocity

signal to the lower velocity signal of the asvrmetric cdoublet.

¢) Compound isclated bv the soivolivsis of (C:H:}:Sn9 by CFLCCHE. It
is for mulabed as 'Sn(-.)Sn( V)C{C,CCF :}4O{OCCF3)QJ¢.

d) Selid iso]ated after washing the mixture with CF.SQOLH.

e} Compound iscleted by the sciveivsis cf (C;H:‘SS:Z av CF.SCLE.
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spectrum,

The tin(IV) carboxylates which were isolated as pure solids in
this studyrare tin{IV)- dichloroacetate and, fn small amounts, tin(IV)
heptafluorobutyrate. The Mdssbauer parameters .of these solids are
provided in Table 4.2 together with.thé previously reﬁorted values which
were obtained from coloured syrups.] The quadrupole splittings in the
. two solids are smaller than those of the syrups. Tin tetraacetate
fexhibitsha.singie line and has been fitted assuming a small quadrupole

splitting. This is consistent with its structure which contains an-

. - . . a3 .. .
eight coordinate dodecahedral tin atom. ° A similar non-polmeric

116

dodeczhedral structure has been observed for Sn(N03)4. Tin{IV}

——

dichloroacetate and tin(IV) heptafluorobutyrate both show small quadru-
poie sp]ittings indicating lower than cubic symmetry at the tin nucleus.
Thgse compounds could have a distorted four coordinated tin environment

' . . - .
with four monodentate carboxylate groups, six coordinaticn at tin

achieved by some carboxylates being bridged, or an eight coordinated

tin with four bidentate carboxylate groups as in the acetate c:ase.g‘3
Tin{IV} trifluoromethylsulphonate was isolated as a pure compound and
its MSssSauer spectrum exhibits a single line with no quadrupole
spTitting?s The tin envirenment appears to be cubic within the limits of
resclution of the Mgssbauer technique.

&.3 Stoichiometric Mixtures of Sn(II) and Sn{IV) Cempounds

j9
]?’Sn NMR data'of tin(II) and tin(IV]} compounds can be used
19

V%, MR spectra of solutions containing the

Q -
18 colution NMR and Mjssbauer

The
as 2 quide to interpret
two oxidation states of tin. Since

parameters of the simple solid tin(II) and tin{IV) carboxylates and

———— )
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suTphonates are well established (Table 4.1, 4.2), the reactions between
tin(I1) and tin(IV) compounds derived from the same acid can be monitored
by variations in their spectroscopic parameters. These reactions were
carried out in order to explore possible synfhetic routes to prepare new
mixed oxidation state tin compounds. This Study shows that no mixed
oxidation state tin compound is formed in the case of either the acetate
or the trifluoromethylsuiphonate. However, the reaction between
Sn(COZCFS)2 and Sn(COZCFS)4 appears to result in coﬁagund formation.
These data are discussed below.

Tin(II) acetate and tin(IV) acetate were mixed together in equi-
molar amounts in HOAc/Ac20 and refluxed to give a clear solution. Gn
ceoling to room temperature the solution staved cfear for a few days.

The 1195n NMR spe;trum of this clear solution was recorded at ambient
temperature and showed two single Tines of approximately equal intensity
(Table 4.3). One signal appeared at -625 ppm, shifted about § ppm from
that of Sn(OAc)2 and the other signal appeared at the same position as
that of Sn(OAc)4. The difference of 8 ppm mav not be significant when

the wide range of chemical shifts shown by tin(Il} compounds is considered.
t is concluded that the tin environments in this solution are similar

to the environments of the tin atoms in Snéeﬂc}z—and Sn(OAc)Q in their

acid soluticns. Some sclid did precipitate from the above solution after .

standing at room temperature for a fTew davs. This solid is presumably
Sn(OAc)z, since it is sparingly soluble in HOAc at room temperature.

The solid isclated from the filtrate by removing the acid by distillation

was shown by M@ssbauer and soiution NMR speciroscepy o be Sn(OAc)4.

Therefore, it is concluded that there is nco reaction between the two
k|



TABLE 4.3

1195n NMR Bata of Mixturesof Tin(1l) and Tin{lV) Acid Derivatives

o)

r3

Angd Reaction Products of Herxapherylditin With Acids

119

Mixtures of twn{lii and. Tin{1lV) Tenp i Sn)
ac1d derivalives in their {oc) ppm
parent acig )
Sn{C0,CH4)5/5n{C0,CH,) 2 - 625
- B55
Sn(COECFS)EfSn(COECF3);a 23 - 728
-1173
Sn{S3CF 1) ,/5n (50407 ), 23 - 879
‘ 1626
(CGHS)GsnS n ﬁcids HA
wherp A =
-0,0eH, ¢ 24 - 628
-1404
-ozccrsa 24 - 746
S1173
~0.5H° 24 - 885
-1103
-0.5C,H, 2 - 869
35 < 2
21248
-0.5CH.° ) 24 - 873
o -
-1408
-oascr3° 24 - 879
. ’ 1712
-035Fa I - 850
~1860

56
5000

800

156

500
90
S0

Width measured at half height. AN samples were recorded at 5.872T

except sample 1{a) which was recorded at 2.1147T.

Solid 1solated from the reaction and then redisolved in the parent

acid
Reaction gives a clear solution

Solad separated from the reaction and NMR was recorded of
solution.

the supernatant
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components. _

The attempted reaction between Sn(§03CF3)2 and Sn(SO3CF3)4 was.
carried out by adding an equimolar amount of Sn(SO3CF3)2 toa solution of
Sn(SOBCF3)4 in CF4S05H. Solid was present in the reaction medium even —
after it was refluxed Qﬁ a water-bath. Since Sn(SO3CF3)2 is sparingly
so?ub]e in the acid, it was difficult to say whether any reaction had
occured. Tin-119 NMR spectroscopy of the supernatant solution was
recorded which exhibited WO single lines (Tab1em4.3). The freguency of
one signal appeared at the same chemicail shift as that of Sn(COZCF3)4
and the.other signal was shifted by 50 ppm to lower frequency from thé
position of Sn(SO3CF3)2. A solid separated from this NMR solution and

HgSn Mdssbauer spectrum showed

this was washed with CF3503H and its
it to cohtain oniy a single absorpron with non-resolvable quadrupole
splitting in the tin(II) region (Table 4.2). The parameters of this -
signal agreed with those for Sn(SO3CF3)2. It is concluded that no
mixed oxidation state compound is formed on mixing Sn{II) and $n(IV)
trifluoromethylsulphonates. -

The reaction between Sn(COZCF3)2 and Sn(COZCFS)4 was carried . -

out by mixing equimolar amounts of the reactants in CF3C02H. It should

be noted that both Sn(COZCF3)2 and Sn(COZCF3)4 are soTub]é in the

pa;ent acid. The above mixture was stirred at room temperature. On
stirring, initially both components dissolved to give a clear sclution and
after a few minutes solid precipitated from the solution. This solid was
isolated by filtration and then washed & few times with the acid. .This

118

salid was redissolved in.CFSCOZH and its Sn NMR spectrum was recorded.

" This exhibited two singie lines (Table 4.3). The chemical shifts of these
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signals were different from those of the parent components. The.high,s
frequency signal (-746 ppm) was shifted about 70 ppm to higher freguency.
from the position of Sn(CDZCF3)4. The low frequéncy signal (-1173 ppm)-
was shifted ﬁboUt 225 ppm to lower frequency from the position of

n95n NMR chemical shifts were found to change only by

Sn(COZCF3)2. The
a few ppm with concentration and the 1arge shifts observed for the above
solution showed that an interaction had océurred between these two

19Sn Mossbauer spectrum of the isolated solid from the

- componeﬁts. The
reaction of Sn(COZCF3)2 and Sn(COZCF3}4 showed a single absorption, with
a non-resolvable quadrupole splitting, near zero velocity and a doublet
in the tin(II) region (Figure 4.2, Table 4.2). This indicates that the
tin{IV) site of the product is in a near cubic environmgng‘jn contrast to
the tin environment in Sn(COZCF3)4 which shows a large quadrdho]e
splitting. The absorption due to the tin(II) species of the product
ghows a higher isomé;ishift and smalier quadrupo}erﬁT%tting than that of
Sn(COZCF3)2. Therefore, it is clear from the Mossbauer parameters that
the reaction product cannot be a simple mixture of Sn(CO CF3)2 and

Sn (COZCF3}4 The ratio of the areas of the tin(IV) signaI to the tin(II)
signal was 1.32(3) at 77 K and the spectrum recorded at 4 K showed that
their areas are equal. The magnitude of the Mossbauer resonance
absorption is related to the recoil free fradtion which depends on how
sf?ggély the tin nucleus is held in the lattice. The above observation
indicates that at higher temperatures, tin(II) is held Toosely compared

to tin(IV) and at 4 K one would expect both sets of nuclei to be held
tightly in the lattice, hence the area ratio at this temperature gives a

true measure of the relative amounts of the two oxidation states. Since
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Figure 4.2: 1198n Mossbauer spectrum of the solid isolated from the reaction

between Sn(C02CF3)2 and Sn(COZCF3)4 at 77 K.
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this value is close to one, the implication is that the compound contains
tin(II) and tin(IV) in equal amounts.- ‘

The spectroscopic data of the above product, (I}, can be compared
with that of the compound obtained by the cleavage éf hexaphenylditin with
CF3C02H (IT). These two compounds have the samg_gmpirifal formula _:
Sn{C0,CF4)5. Tin-119 NMR signals of (I) and (II) dissolved in CF3CO,H have
very similar NMR parameters (Table 4.3). “The '"9n Mgssbaver isomer shift
and quadrupole splitting of the two solids are the same within experimentai
error. This shows that (I) and (II) have very similar local tin environ-
ments in the golid and solution states. However, the ratio of the area ..
under the Mdssbauer resonance absorption of Sn(II) to Sn(IV) in the two
coémpounds are marginally different at 77 K and at 4 K (Table 4.2). This
indicates that the recoil free fraction of the Sn(II) and the Sn(IV) are '
slightly different in the twq compounds. In order to obtain further
information about how tightly Sn(II) and Sn(IV) atoms are bound in the
lattice, Mdssbauer measureﬁents at several intermediate temperatures
between 77 K and 4 K are required. The IR spectral data for the two
compounds (I) and (II) are given in Table 4.4 for comparison; they are
very similar. Solid (II) contains all of the bands shown by the solid (I).
(co,)

regions and in the region 400 crn__.l - 700 cm'1, where vibrations associated

In addition solid (II) shows a few extra bands in the usym(COZ), Vasym

with oxygen atoms bridging two or more tin atoms occur. The structure of
" the crystals obtained by the recrystallization of (II) from benzene has
been determined to be [Sn(II)Sn(IV)O(OECCE3)4]2-C6H6.18 This contains
centrosymmetric [Sn(II)Sn(IV)O(OCOCFa)gj units in which Sn(II) and Sn(IV)

atoms are bridged by oxygen atoms and bridging trifluoroacetate

3
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TABLE 4.4

Infrared Spectroscopic Dataa

b c

'I II Assignment
1770(m) 1765(s) ] -
(s) oo (0,)
1680 580(s c
1850(3) 1650(5) p Vasym 2
1615(s ) -1615(s)
1575(s) . 3
1480(m)
14530(m) }igsgs% (co,)
m . 0(s v Co
1435(m) 1433(s) P sym T2
1365(w) : 1370(s) N
1228Es% ‘ 1§2025% ]
1190(s 1190(s :
150(s) =~ 1150(s) b Vasym(CF3)s vg(CF3)
1130(s} 1130(s) |
869(w) -
855(m) 855(m) 5(C0,), v(C-C)
850(sh) - 850(m)
840(m)
789(m) _789(m) 1
785(m) .
778(m) L v(C0,), v(Sn-0-5n)
7304s) 725(s)
v _ 629(m)
620(m) . 619(m) ]
580(m) 585(m) ]
545(“1) | \)(Sn-O)
520(m} _ 525(m) CF, bend

Abbreviations: s = strong, m = medium, w = weak, sh = shoulder.

Solid isolated from the reaction of Sn(COZCFs)2 with Sn(COZCF3)4.

672
reference (1). *

Solid isolated from the solvolysis of (CGHS) Sn, by CF,C0,H=from
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groups. On the‘basis of the vibrational da?a, it is'ientativély suggested
that Eompound (I) might not have oxo bridges‘and that ‘the arrangement of
trif1uoroaéetates might be slightly different from the arrangemént in (II}.
A crystal. structure Hetermination of compound (I) would verify this if )
suitable crystals could be obtained.

The solvolysis of hexaphenylditin by a variety of inorganic acids
(HSOSX;-where X = F, CFy, OH, CHg, C2H5) leads to compound formation

according to the equation (4.2).7

(C6H5)65n2+6HSO3X —_— Sn2(303x)6 +6 CoHe (4.2)

1198n Mossbauer speg;roscopy‘that these compoynds can be

7

11; was shown by

formulated as Sn(II)Sn(IV)(SOjX)s. Solid products, free of exce§§\acids,

" were obtained with HSQ,X, where X = CF3 or F. When X = OH, CHs, or CoHg,
cgmpounds completely free of acid were not isolated even whgn the reaction
was carried out_almost stoichiometrica{Ty. In alil caées, Mossbauer

a;ﬁpectra were recorded as frozen solutions. The solid isolated from the .
reaction when X = SO3F, was tentatively given.the formula
Sn(II)Sn(IV)O--f_SO4)(SO3F)2 based on the analysis, yield and vibrational
data. The.product obtained when X = CF3, however, agreed with the expected

formulation Sn(S04CF,)5. In this thesis, the above compounds in their
119

parent acids have been.examined by Sn NMR spectroscopy. All of these
so]utions showeddtwo\rééonances'with no apparent spin-spin coupling -
between fhe nuclei (Table 4.3). One signal was dug to tin(IV) and the _
other signal was due to tin(II). It is difficult to differentiate
inmediately which signal corrggponds to which tin environment. Previous

data (Table 4.1) showed that thé-chemicaT shifts of tin(IV) derivatives

t
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-

B acids cover.a,small range at about -850 ppm, whereas tin(II) acid
derivatives covér a much w%der range. The signals due to strong acid
deriJatives of tin(lI) appeared at much lower frequency. On this Basis,
the signals exhibited from the solutions obtained by the reaction of
hexaphenylditin-with strong acids can be assignéd as follows: the high
frequency signal is due to tin(IV) and‘the Jower frequency signal due

to tin(II)._This assignment is also consistent with the assumption that
the tin(II), having a 155! electron pair, will be more shie1aed and hence
will resonate at Tower frequency. The linewidths of these tin signals
are much broader than are usually obtained and furthermore the linewidths

of the two signals in each spectrum are quite different. When compariﬁg

the series, the tin(II) signals are consistently broader than those from -

the tin({IV) and the linewidths of the tin(II) signals vary considerably
with the acid systems. There are several factors which affect the
linewidths. The contributors to the line broadening in this cas2 are
1ikely to be shielding anisotropy'(SA) and chemical exchange. Shielding
anisotropy can make significant contributions to the line width of the
tin(Il) signals at higher magnetic fields because of the possib1e'1arge‘
asymmetry in the environments. Also,chemical exchange is likely to
broaden the signals.' The effect of various acid ligands on the exchange
rates:is,significant for the tin{II) signals w%ereas the tin(IV) signals
appear to be unaffected.

' Tetraorgégédistannoxanes form a ladder structure, in which three

A 119

tin atoms are bridged by an oxygen. Sn NMR study on these systems

shows that the coupling between any two tin atoms, through oxygen, varies

117

in the rahge 60 - 200 Hz. Similariy,if the hexaphenylditin-acid

— T
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reaction products contain tfﬁtII) and tin{IV) atoms connected by oxo
bridges, and acid groups, as in the structure of

[Sn(II)Sn(IV)O(OZCCF§)4]2-CGH6,]8_then one would*expect tin(I1)-tin(IV}

coupling to be in the above range. If the coupling is at the lower end
of this range, it might be difficult to observe the satellites due to
tin{II)-tin(IV) coupling, because of the broadness of the signals. No

couplings were detected. L

- N N -

4.4 Comparison of Tin-119 NMR and MOssbauer Data

” The measured NMR chemical shfft gives information about the
electron cloud surrounding the nucleus through the consideration of
shieldiné. There ére several factors which-may contribute to the
shielding of a nucleus in a molecular environment and generally expressed

as,

o= % tag* c’n'-

Here, Up and cd-are the diamagnetic and paramagnetic contributions to the
shielding respectively. These arise from the local electron cloud and are com-
prised of all contributions from remote sources including other atoms in

the molecules, solvent molecules and ring currents. The chemical shifts

of the heavier nuclei such as tin, are generally assumed to be dominated

by the paramagnetic contribution which may be written approximately as:

oy = -_—%E [<r"3>5p P+ <r'§>Sd DI

where , AE is the mean electronic excitation term, the <r'3> terms are the

#
mean inverse cubes of the 5p and 5d electron-nuclear radii, and the P and
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D terms reflect the imbalance of the 5p- and 5d orbitals. Within a closely
related series of compounds, the AE terms may be taken as comparable and, if

the D term may be neglected, then the chemical shifts should show a

119

dependence on the P term. There are many factors which influence Sn NMR

chemical shifts, and therefore the above simplification is limited to a

qualitative explanation, for the observed trends.

——

fin-119 MSssbéUEr quadrupole splitting is related to the tensor of
the electric field gradient {eq) created at the nucleus. The p-electron

imbalance has an influence on the electric field gradient but the origin

o

of this can only be assessed if a determination of the sign of equ is

made. -Since the-NMR’EﬁémicaT shift (SNMR) and the Mdssbauer quadrupole
splitting (AMBSS) are both related to the imbalance in the p-electrons,
one would expect a correlation between these parameters. Such a corre-

lation can only be anticipated within a series of compounds of similar

-

structure and where the tin environment is similar throughout the series
in both the solid—s%ate-and solution. Jones has observed a linear

correlation for the series of compounds (Phssn)zE and (Me3Sn)2E where

£ =5, Se or Te.1]8

119

A plot of Sn NMR solution chemicai shifts (5NMR) and the

corresponding Mossbauer quadrupole splittings ( ) of the solids for

“Mgss

the tin{II) compounds listed in Table 4.1 is shown in Figure 4.3. It -

should be noted that both the solid and frozen solution Mossbauer spectra
were recorded for Sn(COZCFs)Z. The parameters in the two cases were found
to be different and their quadrupole splittings are plotted against the -
.solution NMR chemical shifts. In this case, tﬁe frozen sclution value

clearly fits the correlation better than the value for the solid. The
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Figure 4.3: Plot of solution 1T‘Sn NMR chemical shift against solid " “Sn

Mossbauer isomer shift for tin{II} acid derivatives, SnX,, where

X= (1) CH3C02- (2) CHC12C02- (3a} CFSCOZ-, solid (3b) CFBCOZ-,

frozen solution (4) HSO,  (5) CF.S0. (€) S0.F . The straight
3 2 2 _‘\

line represenzs the best linear fit to the data (excludinc points

32 and 3b).
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assumption that the other tin(II) compounds have similar tin environments

both in the solid and solution might not be valid. Most of_the tin(II)

compounds listed here are sparingly soluble in their parent acids. This

makes it di??ﬁcu]t to get the required amounts of tin into solution in

order to record a spectrum and furthermore;whiie freezing the saturated

soiutions, precipitation of crystalline material may occur. This would
P

defeat the purpose of the experiment, which is to obtain the solution

parameters,
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4.5 Mixed Valence Tin(II), Tin(IV) Compound Derived From Sn(COZCF3)2
4.5.1 Crysta1 Structure of Di—uaoxo-octakis-u-(trifluorbacetato)-

tetratin(II)tin(IV)

Crystals were formed from a solution of tin(II) trifluoroacetate
-~ESn(COZCF$}2] in_trif]uoro;cetic acid as describeq in the experimental
section. A suitable crystal of size 0.35x0.35x0.45 mm was sealed in a
Lfndémann g]ass‘capi11aryrtube and precession photographs were obtained.
~ Zero and first layer photbgraphs showed diffraction patterns consistent
with the tetragona1.system and systematic absences were consistent with
space groups either 142d or 141md. The same crystal was mounted on the
diffractometer and the cell previously found was accurately determined
from a least squares refinement of 15 well centred re%1ections; A full
set of iﬁtensities were measured on this unit cell on a Nicolet P3
diffractometer, The crystal data and other parameters associated with
the structure determination of this. compound are summarized in Table 4.5.
The structure was solved in the space group 142d as described below.

An empirical absorption correction was carried out on the
intensities (total of 7126 reflections) using the PSI programme, provided
by the diffracfometer manufacturer and modified locally for_the £oc
computer by Z. Tun and J. F. Britten. Equivalent reflections were then
averaged to give 2999.unique reflections of which 206 reflections with.
intensities less than or equal to zero were removed. The remaining 2793
refﬁections were used in the structure_defémmination. The positional_
parameters of the two tin atoms in the asymmetric unit were obtained
from’a three—dimensiona] Patterson synthesis, and were used to phasé the

initial structure factor caziculations. The position of fluorine, oxygen,



Compound

Formula weight
Crystal shape and size

Systematic absences

P

Space group

Unit cell parameters

" Volume
Z
dcach
Linear abs. coeff.
PSI scan 2theta Max/Min
Chi Max/Min
~No of refl. used
" Psi increment/range
Min. corr. factor

No. of refl. to determine
cell.

Limits 1in 2¢

Reflections measured
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TASLE 4.5

Crystal Data Table

SnSOZ(OZCCF3)8
1525.189

pyramidal, 0.35 x 0.35 x 0.45 mm

hkO; h+k = 2n+1 h00; h = 2n+
Okl; k+1 =-2n+1 0kG; k = 2n+]
hOT; h+1 = 2n+1 001; 1 = 4n+1

hhl: 2h+] = 4n+1
132¢

a=b = 12.448(3)A
¢ = 33.300(5)A

5161(2) AS
4

-

1.968-q cm™”
25.44 cm !
43.76, 4.88
114.79, 65.21
1 -
10

18.3%2 28 < 27.6°
0 = h,k =16, -43 < ¢ +43

Continued.....



TABLE 4.5 (Continued) -

Max. 2%, reflections
‘Standard reflections (e.s.d)
" Temp.
No. of reflections co]]ected
No. of unique reflections
No. with I > 0
No. with I <0

) a p b
F1na1-RT > 2

——

Final shift/error max {(av)

x (secondary extinction)

Final difference map \
highest peak (e-3'3);location
Jowest valley (e-i'3);10cation
weighting scheme

s, error in -an observation

of unit weight

No. of variables

2 . ZIFl-IF]
15—
1 zlR|
0
S AR
2
\‘wIF |¢.
where w =
c_Fo )2

" 107

55.1°
440 (1.09%); - 239 (1.05%)
23°%¢

7126 o
2999

2793

206 |

0.1508, 0.0987

0.017(.004)

0.00015

4.85 0.10, 0.38, 0.16

-3.1; 0.12, 0.08, 0.60

1/o(F,)°

.98

w

60

F ) being the error derived from the counting stat1s;1cs

Continued..... :
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TABLE 4.5 (Continued)

2

mw(|F |- |F |)2

, where NR = number of reflections and

Np =N

R '

NV = number of parameters varied during.

the refinemenfl )
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and carbon were located from a different Fourier synthesis and a least

squares refinement was carried out using SHELX.48

Some difficulties
were encountered in the refinement becaute the -CF3 groupS_were:
rotationdlly disordered. The final solution reported here, replaces
each —CF3 group with two partiaT?y.occupied -CF3 groups of fixed geometry
related by a rotation about the C-C bond. Thus only the f1uorine:atoms are
disordered. The scale factor and all variable positional and tﬁerma1
parameters were refined using SHELX*® with weights 6=1/6%(Fy) (where o(F,)
is the errof derived from counting statistics). Refinements were ter-
- minated when the maximuﬁ shift/error was less than 0.05. Finally refine-
ment was converged at Ry = 0.151 and R, = 0.089 (see Table 4.5 for the
definition of R-I and RZ). The final positional-coordinates and the~
’itemperature factors of the atoms in the asymmetric unit are given in
Table 4.6.- The relevant bond distance and bondAang1es are given in
Table 4.7.

The structure of the molecule is shown in Figure 4.4 and the
stereoscopic view of molecular packing in the cell is shown in Figure
4.5. Tt consists of noncentrosymmetric [Sn(II)QSn({V)OZ(OéCCF3}8]

molecules which belong to the point group 3,. The ;edtraT feature of the

molecule is shown below.

Sn2 na

AN

0O—Sn1—0

sSn2 Sn2
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| TABLE 4.6

Atomic Positional Parameters (xf04) and Temperature Factors (32x103) for
[Sn(II)4Sn(IV)02(OZCCF3)8]' (F atoms are disordered with F1, F2, F3 site
occupied by 65.0% of an atom; F4, F5, F6 site occupied by 35.0% of an

atom; F7, F8, FS site-occupied by 55.5% of an atom and F10, F11, F12 site
occupied by &4.5% of an atom).

Atom_ _ . x/a y/b z/c Uiso or Ueq
Sn(1} 0 0 0 48(2),
sn(2) 1058(2) 1099(2) _B898(1) 70(2)
0(1) 0 0 582(5) 54(5)
0(2) 604(11) 1512(11) 38(4) 53(4)
0(3) 2357(13) <, = 72(18). 443(4) 75(5)
0(4) -279(13) 1294(14) 1410(4) 75(5)
0(5) 1628(12) - 261(15) 1317(4) 86(6)
c(1) 2303(19) - 557(18) 145(6) 49(6)
g2} 3402(8) -1011{10) 56(3) 64(7)
C(3) 1182(10) -1134(8) 1477(3) 79(7)
c(4) 1757(11) -1633(11) 1809(3) 123(11)
F{1) 1104(10) 4027(8) -339(3) 107(5)
F(2) 590(10) 3822(8) 240(3) 107(5)
F(3) 1933(10) 3021(8) 39(3) 107(5)
£(4) 1202{(10) 3413(8) 316(3) 95(9)
F(5) 390(10)} 4124(8) -152(3) 95(9)
F(6) 1882(10) 3457(8) -247(3) 95(9)
F(7) -1470(11) 2598(11) 1853(3) 122(8)
F(8) -1636(11) - 1129(11) 2139(3) . 122(8)
F(3) -2742(11)" 1603(11) 1711(3) - 122(8)
F(10) -2466(11) 2174(11) 1626(3) 152(13)
F(11) -1274(11) 2246(11) 2054(3) 152(13)
F(12) -2199(11) 873(11) 2001(3) 152(13)
Upp 0 Uy U3 Uy Y3 Ups
*Sn(1) 50(1) 50(1)  43(2) - - -
*Sn(2) 81{2) 71(2) s56(1) 14(1) 10(1) (1)
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TABLE 4.7
Selected Bond Distances (R) and Bond Angles (°) for
[Sn(II)4Sn(1v)02(OZCCF3)gf* : ‘

Tin Co-ordination

)

{a) Lengths

Sn(1)-0(1) ~ 1.937(16) $n(2)-0{1) 2.172(8)

sn(1)-0(2) o 2.030(14) Sn(2)-0(2) 2.964(14)

— Sn(2)-0(3) 2.653(17)

Sn(2)-0(4) 2.395(14)
sn(2)-0(5) 2.306(37)

(b) Angles )

0(1)-Sn(1)-0(2 86.4(4) 0(1)-Sn(2)-0(2)  61.6(5)

0(1)-Sn(1)-0(2" . 93.6(4) 0(1)-5n(2)-0(3)  75.3(4)

0(2')-Sn(1)-0(2") 90.2(6) 0(1)-Sn{2}-0(4}  89.3(5)

0(2)=Sn{1)-0(2") 172.9(5) 0(1)-Sn(2)-0(5}  91.0(5)

' 0(2)-Sn(2)-0(3)  70.1(4)
0(2)-sn(2)-0(4) 122.6(5)
0(2)-5n(2)-0(5)  140.4(5)

. 0(3)-Sn(2)-0(4) 152.4(6)
Sn(2)-0(1)-Sn(2") 121.9(7) 0{3}-Sn(2)-0(5)  75.8(5).
sn{2)-0(1)-Sn(1) - 115.0(4) 0{4)-5n(1)-0(5)  81.8(5)
-1i) Trifluoroacetate Groups
(a) Lengths '
C(1)-0(2) 1.159(26) C(3)-0(4) 1.163(20)
c(1)-0(3) 1.164(26) c(3)-0(5) 1.332(21)
c(1)-c(2) 1.510(25) c(3)-c(4) 1.457(17)
{b) Angles
~— o%zg-cg{ﬁ-ggg% | 121.6%22% oa-e)-0s) - 117.7004)
0(2)-Cc(1}~ 130.4(18 .0{&)-c(3)-c(4 123.2(1
orEET -6 (2) 108.0(18) 0(5)-c(3)-c(8)  116.6(12)

= (') denotes symmetry equivalent position (-x,-y,z) and

(") denotes symmetry equivalent position (-y,x,-2).
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Figure 4.4: Molecular structure of Di—u3-oxo-octakis-u-(trifTuoroacetato}-
tetratin{II)tin(IV) viewed down the b axis. The labelling of

atoms as in Table 4.6. Fluorine atoms are omitted for clarity.
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Figure 4.5: lStereoscopic diagram of the packing of molecules of
[Sn(II)asn(IV)Oz(OZCCF3)8]. The view is down the b axis.

Of the malecules having their centres at the corners of

—

the cell only one is shown. - . =
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It consists of oxygen atoms which are bonded to a Sn{IV) and two Sn(II)
atoms in a pTahar three coordinate arrangement.- Such planar units are a

common feature in oxoorganotin compounds.18’26’]]9'121 The Sn{1I) atoms
at the ends of the group are bridged by two trifluorocacetate groups. In

addition, four trifluorcacetate groups bridge between the central-Sn(IV)

atom aﬁd the 3n(1I) atoms. -

-

The Sn{IV) atom (referred to as Sn(1) in Figure 4.4) is in a
Slightly distorted octahedral environment with the axiz] Sn-0 bond dis-
tances to the bridging oxygen atoms [1.94(2)33 being shorter than the
equatorial Sn-O‘distancé [2.03(1)3]. Similar six coordination was shown

. "y
by -the tin{IV) atoms in the other mixed valence tin compounds, whose

structures have been reported,]a'20 i1though in those cases, the bond

Tengths were more nearly equal. One pair of 0(2) atoms [0(2), 0(2'}]
_are 0.90A below the plane perpendicular to the Sa axis which passes .
through Sn{1). The other pair of 0(2) atoms are 0.90A above this plane.

The Sn{IL] atoms (referred to as Sn{2) in Figure 4.4) show a range

of Sn-0 bond-distances from 2.17A to 2.96A. The strength of these bonds

can be analysed using Brown's bond valence approach..lz2 This is based on

the fact that the length of a bond is inversely related to its bond

.valence and that the sum of the bond vaiences around each atom must equal

123

the atom valence. The bond valence {s) can be calculated in valence

units (v.u.) from the observed bond length (R) using the empirical
relationship:

-

: 5 = exp[Ro-R)/O.37]

with oniy one fitted parameter R;.124 This value has been estimated by

considering the bond lengths observed between Sn-0 atoms in & number of
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structures. The band valences for Sn{II)-oxygen bonds are calculated

125 The geometry of the Sn(2) atom is shown in

using a ﬁo value of 1;990 .
. Figure 4.6 with jts bond valencies. The strength of these bonds can be
classified as follows.

The shortest sn(2)-0 bond (0.61 v.u.) is t;at to oxygen 0(1),
which byidges'the three tin atoms. There are two other Sn-0 bénds‘of _
- intermed%éte strength [Sn{2)-0(4), 0.34 v.u.; Sn(é)-0(5), 0.42 v.u.]
formed by the trifluoroacetates bridging the two Sn(Z) atoms. Another
s1igﬁtly weaker Sn-0 bond [Sn(2)-0(3), 0.17 v.u.] is formed by those
trifluorcacetates bridging Sn(1) and Sn(2). An additional weaker inter-
action between Sn(2) and 0(2) is considered to be significant
[Sn(2)-0(2), 0.07 v.u.] and could account for’ghe distortion of the
Sn(2)-[0(2)]4 unit from planarity. . .
| ~ Since the ratios of jonic radii tr+/r-) for oxides and fluorides
of Sn(I1), Sb(III), Te(fV)t I{IV) and Xe(VI) lie in the range 0.5-0.7,
they should all be six coordinate. Therefore, Brown considers the
environment of the central atom to be octahedral which has been distorted

126 Gillespie has discussed in detail the drregularity

of coordination around atoms with stereoactive lone pairs.]27 The Tone

by the Tone pair.

pair blocks bonding on one side and forces the other bonds closer

together. It was shown by ccomparing the molecular’ volume per anion

2

between different Sn°" and Sn4+ containing structures for tin oxides,

fluorides and oxyfluorides that a lone pair requires a voiume comparable

with that of.an oxygen or fluoride anioh.128’]29

_ The effect of the lone pair on the coordination of Sn(II) is -

cleér1y seen by the presence of.a vacant space and the distortion of
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Figure 4.6: Geometry of Sn{2) atom. Bond valencées are given along

the.bonds in valence unit {v.u.).
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the angles between the Sn(2)-oxygen bonds. In the structure discussed
here, the environment of Sn(2) can be considered to be six coordinated
based on an octahedron with the Tone pair occupying one of the a2151
positions opposite to the short-Sn(2)-0(1) bond. This can be descripéd
as SnXSE coordination, where E represents the lone pair. Very few five
coordinate (pseudo-six coordinate) examples of tin(II) are known. They

130 131

are a-San, BaSnF4 and the mixed valence tin trifluorocacetate

Y

reported by Birchall and Johnson.]8 More usually, Snis considered to
adopt an SnXSE or SnX4E coordination.98
The asymmetry of the C-0 distances [C{3)-0(4), 1.16(2);
C(3)-0(5), 1.33(2)31, observed for the trif]uoroécetates Eridginé the
two Sn(II) atoms indicates bonding of the type Sn(II)-O-é=O*Sn(II).
This pattern has been observed for the carboxylates which bridge two

132 18,26 The difference®in

tin{IV) atoms or tin(II) and tin(IV} atoms.
the -0 bond Tengths causes a Aistortion in the C-C-0 angles. The short
C-0 bond is expected to have more doub1e_bond character ana bond
repulsion results in an increase in one C-C-0 angle at the expense of

_the other [0(4)-£(3)-C(4), 123.2(12); 0(5)-C(3)-C(4), 116.6(12)3.
Although the C-0 bond distance; in the other carboxylate group
{C(1)-0(2), 1.16(3); c(1)-0(3), 1.16(3)3] appear to be equal, large
errors are associated with them. However, previous structural studies' 0%

indicate that-the carboiylates bridging tin(II) and tin(IV) atoms show

bonding of the type Sn(IV)-0-C=0-Sn(II).
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s
4.5.2 MSssbauer Data

* The Mossbauer parameters of the crystal whose structure was
described in the preceeding section are summarized in Table 4.8 and the
spectrum of the powdered sample recorded at 77 K is shown in Figure 4.7.
This clearly shows the presence of two non-cubic environments, one dué‘h
to Sn{IV) and the other, more intense, due to Sn(iI). The data are
consistent with the X-ray crystaTTog%aphic resuits discussed in the
above section. The tin(IV) .site exhibits a well resolved quadrupole
doublet (a = 1=12 mm/s) which is in agreement with the distorted environ-
ment found 1i.e., Sn(IV)-0(1) = 1.937(16)A and Sn(IV)-0(2) = 2.030(14)A,
with the plane of the four $n(IV)-0(2) being buckled (see Figure 4.4) ‘
as described earlier. This distortion 1s more severe than in the two
previously reported X-ray crystal structures of mixed oxidation state

18,26

tin carboxylates. In both of the previous cases, no quadrupole

splitting was observed for the Sn(IV) atom. 1

The parameters of the doublet arising from the tin{lI) nuclei
is typical for tin(II} carboxy]ates.g4 X-ray crystallography shows that
the Sn{II) is in a distorted SnXSE environment, the short Sn(Ii)-O(l)
bond (0.61 v.u.) being opposite the space presumably occupied by the )
lone pair (Figure 4.6). The bond strengths range from 0.42 v.u. to
~ 0.34 v.u. for the short bonds, to 0.07 v.u. for the lgngest. The isomer
shift and the quadrupole splitting observed for these Sn(II) atoms is
similar to the values obtained for the simple tin(II) triflucrcacetate
(¢ = 3.53, & =2.29 mm/s). Therefore, it could be inferred that the

Sn(COZCF3)2 has 2 similar tin environment %o that of <he Sn(Il) atoms in

the crystal structure described above.

.
~
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% TABLE 4.8
Mossb?uer Data for [Sn4(II)Sn(IV)OZ(OZFCFaqs}

| o | - . - ASn(iI)
Compound Temp(“K) & A r A . A r. ASn(IvV)
' ' s~ - —
Sn0,(C0,CF3)g 4 0.10 1.11 1.01 3.66 1.85 1.09  2.75
g 0.17 0.97°1.15 3.36 1.8 . 1.12  2.98
~ .20 0.10 1.07 1.07 3.65. 1.84 1.08  2.77
- 34 0.09 1.04 1.25 3.60 1.82 1.11  2.73
55 0.09 1.03 1.19 3.52 1.78 1.08 2.7
77 0.09 1.12°0.84 3.59 1.78 0.92  2.82
125+ 0.06 1.14 1.00 3.58 1.78 1.00  2.58
150% 0.12 1.13 1.00 3.57 1.76 1.00  2.32
(1,0, (0, CH N0~ - -
ortho) ,(THF)1,%° 77 0.068 0.00 1.18  3.597 1.823 0.829
[Sn,0(0,CR) 0~ |
(O0CR),, 1, 77 -0.03 0.52 0.81 3.94 1.11 0.85  0.86

" * Amount of tin used in this measurement was 2 mg/cm2 and bcth source and
absorber were at 4K; in all other measurements the amount of tin used
was 15 mg/cm=<.

+ Linewidths were fixed to be 1.00 mms'] in order to obtain realistic fits
bécause of the poor statistics.
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The variable temperature Mossbauer data provides additional
information aboﬁt the Tattice structure. The recoil-free fract{én (f)
is related to the mean square vibrational amp]itude.of the MBssbguer
atom. Since the vibrational amplitude is temperature dependent, the
recoil-free fraction ifself is temperature dependent and through
- this, chemi¢al information can be extracted. Since for 2 thin absorber,
f is diTéctly related to the area‘LA(T}j under khe reﬁonanée curve of 3
Mossbauer spect}um, the temperature variation of f may be féi]owed by .
experimentally evaluating the parameter A(T). Semi-logarithmic plots
of resonance areas'(norma1fzed to 77 K) against temperature for the
tin{II}) and tin(1V) sites of the above mixed valence tin compoﬁna are
shown in Figuré 4.8. These are found to be linear in the temperature
range 4_5 T 150 K with cérre]ation coefficients0.994 [Sn{1l)3] and
0.986 [Sn(IV)].

The Debye model of solids can be expressed in the high temper-
ature 1imit, as in equation (4.2}.133
E'y 2

Mc*ksﬁb

PG

T enf o= -

T,.when T~ &y.,. (4.2)

Here, EY is the MBssQ3uer v-ray energy,M is the nuclear mass and ED is
the'Debye temperature’ of the 1apticé. In the Tow temperature limit,
(T - 0) £n_f becomes indepen&ent of temlerazture with ail atoms in the
zerpth Qﬁbrationa] state: Under these conditions;thelrecoi1-free

fraction is given by (4.3) and this reflects the zero point motion of

the atom in its. potential energy we11-133
inf = - SEY (4.3)
Mk,8 ..

B'D
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Figure 4.8(a):

) tehperature for the Sn{lI) site of [Sn(II)4Sn{IV)02(02CCF

. 4040 80.0 12040 160.0

TEMPERATURE (T/K)

Plot of the logarithim of the area under the Mossbauer
resonance curve (normalised to 77 K datum) against

J)gl-
The stfaight Tine represents the best linear fit to the

data.
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Figure 4.8(b): Plot of the logarithim of tﬁe area under the Mossbuaer
resonance curve. (normalised to 77 K datum) against

| 2(02CCF3)8].

The straight line represents the best linear fit to the

temperature for the Sn{IV) site of [Sn(II)QSn(IV)O

data.
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13450 their varidble temperature study (4 s T s 175K)

} Herber et al.
of cyclic dibutyldistannoxane have-observed a2 linear function in the high
teﬁperature 1imit (60 sTs 175 K) and then departure from linearity at
Tower temperatures which reflects the zero point motion. The plot shown
in Figure &¢.8(a) is ]jnéar in the range 4 < T < 150 K and no deviation is
observed. In Figure 4.8(b}, although a least square fitted line is drawn,

" there appears to be a deviation from linearity at temperatures\]owér than

20 K reflecting the zero point motion of Sn(IV) atoms. Hence, the lattice
vibrations of the tin{II) atoms in the temperature range,4K < T < 150 K e
-and tin(IV) atoms in the range, 20K < T < 150 K are in agreement with the
Debye model of solids at higher temperatures. The gradient of this plct

is-a useful guide to the lattice structure. The more tightly bound are

the tin atoms, the more gentle the slope. The temperature coefficients

{(gradients) of the Sn(II) and Sn(IV) atoms are 1.76 x 1072

1.66 x 10:2 K] respectively. These values can be compared with those

135

and -

reported for a number of orgamotin compounds of known structures,

The compounds which have lattices consisting of non-interacting moncmeric
p g8 ,

molecules have temperature coefficients of v 1.8 x 10'2 K—‘l irrespective

of coordination number. Strongly hydrogen bonded lattices exhibit

temperature coefficients of ~ 1.0 x 10'2 and tightly packed ionic lattices

2 1, The R

T — T

such as tin(II} oxide, exhibit values as Tlow as 0.23‘x 107
values for the two types of tin atoms in the mixed valence g-nitrobenzoate
prepared by Harrison et a1.26 are 1.71 x 10'2 for-the Sn{II) atoms and

1.30 x 1072 K7 for the Sn(Iv) atoms. The values obtained for the com-

pound -under discussion in this thesis are consistent with the monomeric

nature of the structure with the Sn(IV) atoms being slightly more tightly
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Stk

bound than the Sn(II) atoms in the lattice.

The relative areas of the Sn(II) and Sn(IV) resonances should reflect
the relative numbers of such nuc]e%.- It is clear that the relative areas
are not the 4:1 expected from the crystallographic results. The temperature
dependeﬁt study shows that the ratio‘vafies from 2.32 at 150 K to 2.98 at 4 K
(Table 4.8). The ratio never reacﬁes thesexpected value of 4 even by 4 K,
indicating that even at this temperature the tin sites are still."rather
soft". This is clear from Figure 4.8{a) which demonstrates that the Sn{JdI’)

" atoms are far from their zero point vibrational state even at 4 K.

4.5.3 Vibrational Data
Table 4.9 contains a summary of the I.R. and Raman data for both

Sn(COZCF3)2 and Sn(IV}Sn(II)402(C02CF3)8. No-vibﬁationai bandé were

1

detected at frequencies higher than ~ 1780 em”' confirming that free

trifluoroacetic acid is not present in either of these materials. There is

1ittle difference in the spectra of the two compounds in the range

1 1

1780 - 1100 cm™ to ~ 1400 cm”’ being

with the bands at ~ 1700 cm’
) : ' N . -1
associated with vsym(oco) and uasym(oco) while in the range 1200-11C0 cm
bands arising from vibrations due to TCF3 groups were found. In the
regions below 1100 cm'T,the spectra from the mixed oxidation state compound
are more-cohp1ex than those for the tin(II) trifluorcacetate. Tentative

—

assignments have been made in Table 4.9.

136 have pointed out the difficulties in deciding

Decon et al.
between the presence of unidentate, bridging or chelating carboxylates.
They conclude that when vasym(oco) is at higher frequency and when vsym(OCO)

is at a Tower frequency than in the ionic carboxylates, one can infer the
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TABLE 4.9
Vibrational Spectroscopic Data of Sn(II)(OZCCF3)2 and

[Sn(IV)Sn4(II)OZ(OZCCF3)8]
Sn(II)(OZCCFa)2 Sn(IV)Snd(II)OZ(OZCCF3)8
[R* Raman+ "~ IR Raman+ Assignment
1776(w)
1710(s) ‘ 1700(m)}
1690(s) : 1696(22) 1660{m) 1660{43) vasym(COZ)
1645(s) 1610(s) 1625(55}
1465(m) 1456(23) 1450(w) 1450(100) Vsym(C0.,)
1416(m) 1418(43) 1430(m) 1430(29) M
1225(s,b) 1224(m) 1200(12}
1200(s,b) . 1189(s) 1182(15) ® (CF4.CF,)
1170(s,b) ‘ 1154(m) 1118(3) 32
1039 (w) | '
970(w)
850(m) 853(100) 854(w) 850(34) ' 6(CO ) ,V(¢-C)
816(24) 794(m) 845(63) 27’
814(18)
©0(s) @ (s) (23
0(s 730(2 724(s 728(2 v
680(m) 71802), vggg_?_sn)'
620(sh) 636(13) ‘7610(4)\ 2
600(m) 604(m) 600(4) . " 0c0)
590(sh) T
236(19) , 290(32)
204(76) 271(12) ¥($n-0)
170(2) 205(11) _ Py
160(5) 150(13) § (05n0)
* Abbreviations:- s = strong, sh = shoulder, m = medium, w = weak,
b = broad.

+ Relative intensities are given in parentheses.
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presence of unidentate carboxylate. In the case of the mixgg\ii1ence

compound, more than one strong band is observed for the symmetric and
antisymmetric stretches of the -0CO group. This is in agreement with
the structural analysis (Figure 4.4) which clearly shows two kinds of
carboxylates. The difference (a) between the values of vasym(aco) and
vsym(OCO} for Sn(II)aSn(IV)OZ(OZCCF3)8-in fact are mostly lower than

the corresponding vaiues for the alkali metal triflucroacetates (for

NaO,CCF 33 v, ¢,m(0C0) 1680, v o (0C0) 1457 e, s(donic)= 223 em” ).

Also, more than one C-C vibration is observed in the region 800-95C cm”!

indicating the presence of more'than one carboxylate ligand. This band
can be assigned confidently since the vw(C-C) stretch occurs as an intense
band in -the Raman spectrum.

For Sn(COZCF3)2, the diffgrence_(a) between v Sym(OCO) and

a

vsym(OCO) is mostly lower than a(iohic). This indicates the presence of

bridging and/or chelating carboxylate groups. Note that tin(II)formate

has symmetrical as well as asymmetrically bridging formate Tigands

. e e 107
showing multiplicity in its vasym and Veym bands.



_ CHAPTER 5
REACTIONS OF STANNOUS FLUORIDE WITH TIN(IV) CARBOXYLATES

5.1 Introduction

It is known that tin(II) fluoride exists in three different phases.
The common stable phase 1is u—SnFZ. It is known that the « form transforms’
into the 8 and vy phases at higher temperatures. A variety of methods have
been used to study these phases and the transformations they ﬁndergo. Far

exampie, Mossbauer spectroscopic studies have been carried out on ail three

137

phases. in addition, crystailographic data are available for ail three

phases?29’138 It was shown that the most stable'phase,c—San,exists in

the form of cyclic tetramers 'Sn4F8, which contain two different tin(lI)

atoms having coordination of the type SnF3E and SnFSE respectively, where

i30

£ represents the lone pair.'>” It is well established that tin(II)

fluoride can accept’ as weil donate fluoride ‘ions. For example, SnF2

accepts fluoride ions to‘form trifiuorostannate(Il) SnF3‘, and penta-
28

5 3>
structure of NaSn2F5 has been determined and it consists of an infinite

f1u0rodistannafe(1l)_SnzF ions in aqueous solution. The crystal

chain of [S"2F5] units where each unit may be considered as two SnF3

139

units sharing a fluorine atom. The i.r. and Mossbauer studies on the

Snf,-MF, systems (where, M = Mg, Ca, Sr, Ba, Pb) are consistent with the

" presence of SnFs' ions.]40 The X-ray crystal structure of [NH4]tSnF3}14‘

consists of infinite chains of (SnF4)2' pyramids connected at the corners.

Solutiens of SnFZ-MF-HZO systems have been recently studied by 19¢ ]195n

143

b

NMR and frozen solution Mossbauer spectroscopy. These results

128



- | o ' 129

indicate that a rapid exchange of F~ ions occurs between hydrated SnF.2

——

and the dominant species present, SnF3'. MY

27

It has been shown by Birchall et al.™’ .that SnF2 tan also act

as a fluoride ion donor similar to Tead difjuoride in the adduct PBF,--
SnF,, which was thought to have the fonic structure (PbF)*(snF,)™.1%0
The reaction between SnE2 and strong Lewis acids such as BF3, AsFS, and

SbFg gave SnF,'BFy, SnF,-AsFy, SnF,-SbFy and SnF,25bFg. On the basis

1189

2

of their vibrational and ''“Sn Mdssbauer spectra, the 1:1 adducts were

n+

Tormutated as salts of the fluorine bridged [(Sn-F)n] cation with

the apbropriate counter anion BF4'; SbFG- or Ast'. The 1:2 adduct

was reported as Sn(SbF6)2.27 Later, a crystal structure of the adduct

3+(

SnF,-AsF; was shown to, be [(SnF)3 AsF6)33'] and consists of discrete

cations having a six membered ring consisting of alternating tin and

144

fluorine atoms. The very high Mossbauer isomer shift and non-

resoivable quadrupole splitting of Sn(SbFs)2 indicates a stereochemically

- inactive non-bonding electron pair and a symmetric tin environment.27

145

Recently, Edwards et al. have synthesized and X-ray crystallographi-

cally determined the structure of Sn(SbFG)Z‘ZAsF3 which exhibits the
119 ]

the decomposition of SnFZ-AsF5 and the direct reaction of two moles

highest ''“Sn Mossbauer isomer shift yet recorded. It was found that

of SnF2 with one mole of AsF5 produces the white compound ZSnFZ-AsF5

This was formulated as ISn2F3]+[AsF6]',]46 The crystal structure

determination of (Sn2F3)(BF4) shows the presence of the [Sn2F3]+ cation

147

as the base unit of a polymeric chain. In additien, the structure of

Sn2C1F3 consists of an infinite three dimensional cationic network

(302F3)nn+ with the chlorine atoms occupying holes in the structure.148
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107 119

Yeh and Geanangel Sn NMR data for tin(11)

have reported
ha]1des in donor so]vents. They observed s1ng]e 1ines with no coupling

patterns. The1r chem1ca1 shifts were marked]y dependent on solvent,

118

concentration and temperature.- Recent]ys F and Sn NMR spectroscopy

has been used to study the SmF,-MF-H,0 (M = Li’, Na', k', s¥, N, ")
system:143 . ‘ . -
N . .
Ear]ier,TgF NMR had been used to characterizz cis and trans

isomers of tin{IV) fluoro compounds in solution. Dean and Evans' 7

19

have reported '°F NMR spectra for about 100 species of the type

[SnFs_n n] in solution, where X is-a unidentate ligand. . In addition,

F NMR of polymeric fluorcanions (Sn2 IW) " and (SnzFTO)Z' have been

150

reported. Tin-119 NMR spectra of f1fteen compounds of the tyne

- . —_— 2-
SnCIxBryIz (x+y+Z = 4) and ten 1somers of the type [SnC1%Br6_x]

(L addition,several chlorofluorostannates

119

were observed.

\\ [SnCl FS n]2 have been identified in solution by means of Sn NMR

spectroscopy. 152 The Sn-F coupling constants in these compounds were

found to be in the range 1500-2400 Hz.

The oxidation of stannous fiuoride in HF yields a mixed valence
tin f1uorige Sn3F8. The crystal structure of this compound.shows it
to contain trans f1uor1ne bridged Sn(IV)F6 units iinked to polymeric
Sn(II)F cha1ns.23. The solvolysis of hexaphenylditin by CF3SO3H produced a
mixed valence tin compound with empirical formula Sn(SOBCF3)3.7 .The
analytical data and Massbauer parameters of this compound agree with that
of the compound isolated from the solvolysis of tetravinyitin by CFySOH.%°
Since the tin{II) site of this compound exhibits a high Mssbauer isomer

shift with a small quadrupole splitting, it has been formulated as [Sn]2+-
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[Sn(éo CF )6 2'. This compound was reacted with stannous fluoride.
S1nce strong Lew1s acids such as SbF5 abstract both fluorines from San,
it was expected that in the reaction of SnF2 w1th [Sn]2 [Sn(SO3CF3)6]2

at least one fluorine would be transferred from SnF__2 to the tin{II) s1te
of SnZ(SO3CF3)6 to give [Sn(II)F]22+[Sn(SO3CF3)6]2". On thevg;sis of.the
Missbauer spectrum this clearly did not happen, but the two fluorines
were transferred to tin(IV) rather than to tin(IIL. This indicates

that tin(IV) has a higher affinity for fluorines compared to tin(II).
Therefore, this led to an investigation of the reaction of Snf, with

tin tetracarboxy]ates in order to exp]ore the poss1b1]1ty of preparing
new m1xed valence tin compounds. By analogy to the above reaction one

might expect the fluorines-to be transferred to the tin(IV) atom to form

an adduct of the type [Sn°*1IF ,Sn(0C0R) %71 S

5.2 NMR Data
5.2.1 NMR Data of SnF2 wi}h Sn(COzR)4

An equimolar mixture of SnF2 and Sn(COZCF3)4 giﬁes a clear
sglution in CFyCO,H. It should be ndted that while Sn(COZCF3)4 is soluble
in CF,C0,H, SnF, is insoluble. The formation of a clear solution therefore
suggests that a reaction betweén these two compounds m{ght have occuredl
The soluﬁion was filtered to remove small impurity particles and then
tﬁe acid was removed under vacuum to leave a white crystalline material.
Some of this solid was dissolved in CF3C02H for NMR studies which were
carried out over a temperature range from ambient to -20°C. Since CF3C02H

freezes at -17°C, studies at temperatures much Tower then this could not

be carried out using the above soiution. Therefore, into the above
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solution,an equal volume of liquid SO2 was distilled and the resultant
solution was then used to obtain NMR spectra aﬁ‘temperatures as low as
N

-50°C. Tin-119 and 19F NMR data from these solutions are given in

Table 5.1. The ambient temperature 13

Sn NMR spectrum exhibited a triplet
centred around -805 ppm. When the lower frequency region was scanned,
a broad signal was obserggd at -1374 ppm (Figure 5.1). The CF3C02H/SO2

solution was cooled to -48°C and the |17

Sn NMR spectrum showed a triplet
similar to the one obtained at amhéent temperatufe but resonating 5 ppm
to higher frequency (Figure 5.2). In addition, satellite peaks were
observed about each 1Mne of the triplet. The broad signal observédﬂat
ambient temperature was now shifted to lower Trequency by 75 ppm and in
additioﬁ was split into a triplet (Figure 5.2). Satellite peaks'were
also observed about each line of this triplet with a separation of 265 H:.
These satellites are attributed to tin-tin coupling.
Tin-119 spectra recorded on the above solutions after a few
weeks had passed, showed a large reduction in the intensity of the
triplet at ~ -800 ppm which had been repiaced by an“intense doublet.
-At the same time 1in the low frequency region at low temperature, a .
triplet was observed with relatively low intensity and a broad line in the
same regioh of the spectrum (Figure 5.3). it is apparent from the above
observation that the species initially formed undergoes decomposition
wifh time at room temperature. .i
A ]QF NMR spectrum was recorded only on the solution obtained by
dissolving'the product in CF3C02H. This. spectrum was recorded after 2
few weeks and it exhibited fwo single lines at -99.0 and -81.9 ppm with

satellite peaks due to fluorine coupled to 1T7Sn and H95n isotopes

-



"TABLE 5.1

WMR Data for Mixtures of sﬁF2 and Sn(CO,R),

1.. Sani

n CF3COOHISG

.
L
Atter 24 hrs,

Afler 2 months

2. SnF255n£C02CF3J4

in CF.CGOH
3

After 2 weeks

3.TSF,/Sn(00,0,F,),  Tem

- {3]

[i:j

'Sn(COZCFB):

2

After 2 months

After § months

- 53C

Temp{ =C) 5(]195an

PpM
- 805(t}
-1374(b)
- 800{t)
=1428(t)
- 798(t)
-1425(t)

- 792(d}”
-1351{b)

Amd .

- 48

.
Temp,  §('190)

- 805(t) 112

T339(n) 5250
795(d) 100
b -

)

9. F .
n N

- 8]1(t) 138

ﬁnm.

=1453(b) 2150
- 23°C - 809{z) 71
~1467(t) 18%5
Amb. - 811(t) B8

bl
- B03{d) 98

?

100

133

S 2
A, g J
EOT Mgy V(Mg 17 M8
(H2) {(H2) - (Hz)
75 2106(5)
930
¢ 2118(%) 252(2)2)
90 11262 265{5)>
120 2100(19)
1150010
80 2210010}
560 f }*
§% w0
DT T sary T (M9,
L C2124(8)
- 99.0 g2 - 2100(5)
- 9.9 123 2112 2207(3)} .
2138(3) -
- 89.2 238 2008(10)
- 938 &2 2135(3) 2227(3} )
1 2
J J 5
(M%) (11850 117,118 )
- 215e(10)
o .
2170(7) 31(5)°;,
635(5) 326(10)
2154(10)
2234(5)

Continued

.......
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TABELE 5.1 (Continued)

SnFL/Sn{C0,CHLT,),  Amb. - BO08(t) 330 - 2155(5)
in CHC1,C00r T -7 v. braad
-«SnFZISn(CO,CHC‘nZ)4 -30°C - BOl(t) &7 2158(5)
in CHC1,C00H/SC, - 1363(?) 2950

= )

kWigth measured at half height of sign&ﬁs recorded at o field strength
of 5.872T. :

Signals due fo decomposition product

Athreviations in parentheses; b ¢ drogd, ¢ - doublel, & = sangiel,
T+ triplet. -

Intensity ratio of the satellite signal to the main Signal 1%
(v} o0.21  (2) 0.26 (3) @©.25 (4} 0.30
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(Figure 5.4(2)). The separation of the satellite peaks associated with

signals at -99.0 ppm is equal to the coupIing observed in the triplet-

signal in the 1195n spectrum at -805 ppm. The satellites of the signal

]IQSn spectrum at

at -91.0 ppm correspond to the doublet observed in the
-799 ppm due to the decomposition. On cooling this solution to -15°C,

one signal bréadened whereas the other signai became sharper (Figure

. 5.4(b)).

The reaction between SnF2 and Sn(C02C3F7)4 in C3F7C02H yie?§§‘é
dark red coloured solution. Since it was not possible to jsolate
Sn(CO2 3 7)4 as a pure compound in reasonable amounts, this reaction was
carried out by the addition of SnF2 t‘o.Sn(C02C3F7)4 in C,F.C0,H. The

37772
1195n NMR spectrum of the above solution gave a triplet centred at -811

ppm. In the low frequency reéion a broad signal was observed around

-1453 ppm (Figure 5.5). On cooling at -23°C, the ''9Sn spectrum showed
the same triplet, which was shifted by only 2 ppm. In addition, sate1]1te
peaks were observed due to the tin-tin coup11ng which were equally spaced
around ;he peaks of the triplet. The Tow frequency signal was not sp11t
into a triplet and the satellite peaks were barely seen on the shoulders
of this triplet. The separation of the sateilites in the two triplets

1193n NMR

are the same within experiment: ], error (Figure 5.6). The
”spectrum recorded on'thié solution after five months showed a small amount
of a doublet at -803 ppm with the triplet.at -811 ppm. It is apparent
that the decomposftion of the species giving rise to the triplet signéT
is much slower in the case of heptafluorobutyrate (Figure 5.7).

The reaction between Snf, and Sn(COZCHC12)4 was carried out by

mixing equimolar amounts of reactants in CHC1,CO,H. Sn(COZCHCiZ)4.is

.t
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Sn NMR spectra of San/Sn(CO2 3 7)4 m1xture in C5F,CO0H at
24°C. The above spectra were recorded at two different chemical

shift ranges.
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-soiub1e'in this acid whereas San is'insﬁlub1e. On stirring the hixture
at room temperaturé, more solid separated out from the reaction medium.
The solution was filtered into.én NMR tube and usea Eor ambient tempera-
ture NMR studieS. “Tin-119 NMR ébectroscopy of this solution showed only
a triplet at -808 ppm. When the low frequehcy region was scaﬁhed,.no
additional signals were apparent. For low temberature work, an equal
volume of Tiquid 502 was distilled into the mixture and tﬁg re§u1tant
solution was reexamined. The 1]95n NMR spectra recorded at -30°C
exhibited the same triplet, buf with a narrower line width, at -801 ppm.
At this temperature in the TOQer frequency region, & broad signal was

_ __now observed around -1363 ppm. Since this solution freezes at tempera-
turés Jower than -30°C, it was impossible to record spectra below this

~
temperature.

“Solutions of SnFé/én(COQR)4'(where R = CFy, C4F5, CHC12)_basica41y ‘
exhibited two sets of signals in the 1T.QSn.NMR spectra (Table 5.1). One
appeared aroupd -800 ppm and did pot change significantly when the acjds
were varied. The other set of signals was observed in the range\of
-1300 ppm to_—1460 ppm. The position of this signal varied with the acid
Tigand as wé]] as with temperature. At this stage, it is worth comparing
the previous n95n NMR data of tin(II} and tin{IV) carboxylates given in
Table 4.1. This showé that tin(IV) compounds appear in & narrow Eénge
-800 to -850 ppm,_whereas tin(11) compounds cover a wide range and mostly

appear in the lower frequency region. On this basis, the signals observed:

in this experiment can be assigned. The peaks around -800 ppm are most

-~

o

Tikely due to tin(IV) species and the lower frequency signals are probabiy

due to tin{1I) species.
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Tin-119 NMR chemical shifts of a serjes of chlorofluorostannate(IV)

[SnCl F6 n]2' have been_reported.152 These values range from -810 ppm

for SnFsz' and steadily become less negative on substitution of C1 by F
atoms.  The tin(IV) rgsonanées of the solutions studied here occur 1in the

same range. The one bond Sn-F cdup1ing constants []an_F] for the series

* - .
[SnCTnFs_nlz' range from 1580 Hz to 2430 Hz. When comparing 1JSn—F for the
cis and trans isdmers of [SnC]QFZ]Z', the trans iscmer shows a Targer

118

coupiing and, from the intensity of the Sn NMR signals, it was sﬁggested

tha} the cis configuration might be more stable than the trans arrange-

148 19

ment. Dean has reported the °F NMR spectra of a number of t1n(IV)

fluoro compounds. This includes a series-of anions of general_fonnu]a

[Sn(COZR)2F4]2' and [Sn(COzR )55}2' with a variety of R- groups. The

1JSn—F of these anions are in the range 1700 Hz to 1870 Hz. The coupling

constants of the tin(IV) signals in the SnF,/Sn(C0,R), solutions reported

in Table 5.1 fall in the range 2100 - 2300 Hz. .This clearly shows that
- the observed splitting arises. through direct tin{IV)-fluorine coupling.

There are only a few reborts available on H95n NMR studies of

T30 NMR chemical shifts of SnF, in donor

107

ﬁnqi)ﬂumpcmmmmﬁ. The

golvents‘such 2s HMPA and DMSO varies between -600 ppm and -650 ppm.

119

The Sn NMR spectrum of SnFZ—VF -H.0 system exhibit broad lines over

a range -700 to -800 ppm.143 No coupling of fluorine. to tin was observed
in the above systems. The tin(1I) signals of the SnF /Sn(CO2 )4 systéms
appear at lower frequency than those of SnF2 and Sn(C02 )2 (where R = CF3,
C3F7, CHC12). There are no tin{IiI)-fluorine coupling constant values
repqrte& yet in the Titerature. The tin(II) resonances in the

San/Sn(COZR)4 solutions are also spiﬁ coupied to two fluorines. The
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magnitudes: of thesé Sﬁ(II)#F couplings are quite different and appear tg
dépend on ihe nature of R- group (1150 Hz for R = CF3; 635 Hz for
R = C3F7). These méy not be the Timiting spectra and the couplings could

'change if spectra could bé obtained at Tower temperatures.

The Tlow tempérafure 113

Sn spectra of the two solutions
SnFZ/Sn(COZR)4 (where_R = CFy, C3F7) show satellite peaks due to tin-tin
coup1fn§'iﬁ‘both the tin{II) and tin(IV) resonances. Since the separation
af satellites in the tin{II) and tin(IV) signals are equal, it can be said
that tin(Il) and f1n(IV) are coupled together. There ére a number of
direct tin;tin coup]ings'reported for organoditin cbmpouhds. These values

range from ~ 4000 Hz (for R63n2)153 154

to 15,000 Hz [for Me4Sn2(dAc)2)]
There are quite a few two bond‘tin—tin couplings reported through different
elements. For example, ZJSn-C-Sn is in the range 275 Hz to 325 Hz for -
the compounds (Mezsn)ZCRR‘ (where R,R' are alkyl groups).lss.'ln compouﬁds
of the type R65n3xn (X =15, Se, Te; n = 2,3) where Sn atoms are part of the

ring system,2 136

Jen-x-sn 1S In the rapge 155-250 Hz, while in hexaorgano-
distannoxanes [(RBSn)ZO], ZJSn-O-Sn is in the range 400 to 600 Hz.157 Nhen
‘comparing the above literature values with the magnitude of the tin-tin
couplings observed in the SnFZ/Sn(CQZR)4 systems (265 Hz when R = CFy5 330 Hz '
when R = C3F5), it is clearly seen that these values fall into the second
category. Thus the observed satellites are due to two bond tin-tin
‘coupling and it is interesting to note that this coupling is between two
différent oxidation states of tin. This is the first example of tin-tin
coupling observed between two different oxidation states of tin. Further-
mere, the intensity of the satellite peak§'§;é approximately 0.23 times

the intensity of the main signal. This is consistent with the fact that ~
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a’tin({II) or a tin(IV) is magnetically coupled to two tin{IV) or tin{ll)

) respéctive]y as discussed below.

~Let us consider that-one Sn(IV) nucleus is coupled to two Sn{ll)

. Snilt)

S (IV)‘////XX//’/.
n .

\\\\\fﬂ\\\\

Sn(il)

Then, the coupling of the Sn(IV) nucleus with Sn(Il) nuclei is contrb?]ed

only by the Sn(II) isctopomers. Since the difference in 1]95n—]175n and

119,119

Sn coupiing constants are smail, they were not resolved in the

above spectra. Therefore, in this calculation, the intensity of the

satellites due to

together.

19 n_]l? 118, 119

S Sn- Sn couplings are considered

Sn and

~ —

(i) Assume the natural abundance of spin i Sn(Ll) nuclei is P.

7 g
]}lSn) + Abundance (]]“Sn) ¢

-~

> i.e., P =<Abundance (
{i1) Abundance of other NMR inactive Sn(IIl) iéotopes is (1-P).

Probability of each isotopomer of Sn(11)2 is as follows.

Isotopomer ' Probability
(a) None sn(11), (1-p)°
(b) One *Sn(11)Sn(il) - 22(1-P)
2
(¢) Two *Sn(II)2 P

(i1} The above combinations will exhibit the following spectral patterns

and their relative intensities are given-beliow.
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. <i-p2) b) 2p(1-P) o | ) . 3Pt
- L

when a), b}, and c) are superimposed and the relative intensities can be .,

-

given below.

-

(iv) Therefore, the intensity ratio of the main signal to the

sat§111tes is equal to P(1-P)

%2+ ("I-P

2

(v) P = 0.076 + 0.086 (Natural abundance of ' 'Sn = 7.6%,
Wigp = 8.6%), substituting. for 2=in the above equation,

Intensity Ratio = 0.19

This ca]culated‘fatio agreés well with the experimentaily
observed ratio {~ 0.23), confirﬁing that each Sn(IV) is magnptihally

coupJed to two Sn(II)iif§1ei and yi&e versa.

-
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A crystal obtained from the reaction of Snf, with Sn(COZCF3)4

was used for X-ray diffraction studies and its structure was determined
to-pevSn4F4(02CCF3)8-2CF3COZH. The details of this structure are dis-

cussed in the next section. This structure consists of an eight _
membered ring with Sn(II)-F-Sn{IV) as repeating units (see Figurés 5.11,

5.12).- Both Sn(II) and Sn(IV} atoms are bonded to two fluorines and

- each tin atom is bridged to two other tin atoms by fluorine atoms. "The

119

low temperature Sn NMR data of SnFE/Sn(‘COZR)4 (R = CF3, C3F7)'solutions

are consistent with this structure provided that the fiuorine atoms bonded

to each tin atom are equivalent.. In the cryspai structure, the fluorines
bonded to each tin atom are crystallographically different. In solutions

however, they are not significantly different to be observed by NMR.
19 '

© Also, the '“F NMR spectra of the SnF,/Sn(C0,CF3), solution exhibits only

one signal corresponding to the fiuorines of the ring structure.
Tin-119 NMR spectra recorded at ambient:temperature do not show
tin(1l)-fluorine coupling, instead only a broad signal was observed.

In the case of the San/Sn(C02CHC]2)4 sclution, the tin(1I) signal is so

" broad that it coﬁ1d not be detected at ambient temperature. The tin{IV)-

fluorine cddeing is however observed at ambient temperature and on
cooling there is no significant change in its magﬁ%tude. The chemical
shifts of the tin{IV) resonances change by only a few ppm with temper-
ature. The variation in the I%ne width of this signal as the temperature

is lowered, depends on the carboxylate ligand and it was increased for

the trifluorpacetate and decreased for the heptafluorobutyrate and

dichloroacetate compared to ‘their ambient temperature signals. The tin(Il)

signals showed large variations in their chemical shifts as well as
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" dramatic changes in their line widths. Since the tin{II) signél,resolves-

into a triplet at lower temperatures, the variations in the']JSn(II)-F

could not be monitored over a wide rangé of temperature. However, the
San/Sn(COZCF3-)4 in CF3COZH/SOé solution shows an apparent increase of
i;his.éoupling constant on cooling from -48°C to -53°C. ‘ l

These observation; show that the tin(II) environmenilundergoes
. drastic,changes with changing ‘temperature when compared- to the'tin(IV)
resonance. The variation in the chemical shift and the line width of
the tin(IIl) résonances with temperature indicates that an excﬁange |
process i§ occuring. In the case of SnFZ/SnﬁCOéC3F7)4, a better quality
?Tgén NMR spectrum of the tin(IV)‘resonance was Eecor@ed at ambient
femperature with good signal to noisé ratio and relatively narrower
line width (Figure 5.7}. No satellite peaks assoctated with this signal
were visible due to tin(II)-tin{IV) coupiing. Therefore, there is no
evidence to show the presence ofarigid Sn{IV)-F-Sn{Il) unit at ambient
temperature in solution. An exchange process invelving the breaking
and forming of Sn(II)-F bondscould wipe out the tin{(II)-fluorine and
~ tin(II)-tin(IV) coupling. Since the linewidth decreased by lower{ng
the temperature, this indicates that this process is towards the slow
exchange regime.' A comparison of the bond lengths of the Sn{I1I)-F and
Sn(IV)-Fbonds in the structure Sn4F4(02CCF3)8-2CF3COZH suggests that
the Sn(II)-F bonds are weaker than the Sn(IV)-F bonds (Secticn 5.4).
'Hence the breaking and reforming of these bonds in this cyclic
structure in solution is béssible. During this process, the tin{II)
atoms can-adopt different coordination numbers and the NMR signal

observedcorresponds to the a#erage tin(11) environment. Since the

- -
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tin(IV)}f1uorTne coupling constants do not changéﬁsignificgntly with
temperature, the coordination around tin(IV) presumably reméins unchangéd.
However, the va%iation in the tin(IV) Tinewidth is due to the effect of -
the exchange process at tin(II?. On cooling to Tow température,tpe
exchange process siows down further and favours the formatigp. of tin{il)-
fluorine bonds + %hjs ehab]eé one to observe tin(Il)-fluorine and. tin{II)-

“ ¢in(1V) couplings at lower temperature.

Decomposition Process
On sfanding at.rqom éemberature,solutiong of SnFZLSn{COZR)4 {where

R = CF3, C3F7) undergo decomposition. The trifluoroacetate compound
' ﬁhdergoes about 50% decomposition within a month to give a doublet in the
tin(IV) region and a broad tin{IIl) signal. ‘No splitting was observegd on
this tin{II) signal even on cooling. The heptafluorobutyrate showed
only reld£;ve1y~sma11‘amounts of the doublet in the tjn(IV) region even
after about five months. The doublets in the tin(IV) region indicate-
that only one fluorine %s attached to-tin(IV). There is no evidence for
the prese§Ee of any fluorines bonded to tin(II).

| Fluorine-19 NMR spectra recorded on the SnFZ/Sn(COZCF3)4 solution
showed two fluorine signals with thgir tin satellites (Figure 5.4). One
signa1~cofresponds.to the initially formed species in which two fluorines
are bonded to Sn{iV). The other fluorine signal js due to the decomposed
species in which one fluorine is bonded to Sn(IV). One would expect

19

another fluorine signal in the ~F NMR spectrum as a result of the

'decompositiqn. When the high frequené} region was scanned,a gquartet was

detected at +13.1 ppm with a coupling of 6 Hz. At this stage the '

region where -CF3 groups appeared was looked at carefuily. There are two0
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-fluorine sigha]s in this region. A broad signal dee fo the -CF3 group
-of the'CF3C02H was observed a£;-77.8 ppm. Another relatively sharp

| signal at -78.2 ebm due to the -CF3.group'0f ECF3C02)20 was also observed.
On this signal a shoulder was visible, this can be considered as oee half
of a doublet and the other half being underneath'the main signal with-a
coupling of 6 Hz (see'Figure 5.8).

The parameters of this quartet and doublet -can be compared with
that of tr1f1uoroacety1 fluoride [CF 8 F] in acetonitriie. This shows
-a doublet-for the -CF3 group (&6 = -75.6 ppm; J = 6 Hz) and a quartet for
the fluorine of the -COF group (8 = -15.0 ppm; LJ_'= 6 Hz). ‘The difference
in the chemical shifts between the two cases could very well be due to
the different soivents emb]oyed. This.clear1y shows the presence of
CF4COF in the decomposed SnF,/Sn(C0,CFs), solution. Therefore, one can
conclude from the NMR data that the cyclic structure breaks down leaving
one fluorine with tin(}ﬁ)rend the other fluorine goes into solution as
fluoride jon. This f1eeride ion attacks the carbonyl grdup of the tri-
f]uoroacetic'anhydride which was present in solution to give trifluoro-
acetyl fluaride accordIng to equation (5.1).

3 s TR
CF4~C-0-C-CFy + F- ——> CF3-C-F + CF3-C-0 (5.1)
The driving force for the cleavage of the cyclic structure might berthe
abstraction of fluoride ion by the anhydride group. The tin{II) atom
in acid solution weuld be coordinated by trifluoroacetate groups. How-
ever, the tin{II) signal on decomposition appears at -1351 ppm in the

HgSn NMR spectrum which is at lower frequency compared to Sn(COZCF3)2
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0

3C02H after
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The above spectra were recorded at two

different chemical shift ranges (different region from Figure
5.4).
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in CF3C02H (-945 ppm). This indicates that the'tin(II) in the decomposed

species is more shielded than in Sn(COZCF3)21 ' w

5.2.2 NHR Data of the SnFZISn(SO3CF3_)4 Mixture |

Since the reaction between SnF2 and tin tetracarboxylates results
in a compound haviné a tetrameric structure with tin(Il) and tin(IV)
atoms bridged by fluorine, it was interesting to see whether similar
structural 'species could be formed in the reaction between SnF2 and tﬁe
strong acid derivatives of tin{IV). Since Sn(503CF3)4 can bé conveniently
prepared as a pure compound, the reaction between SnF2 and Sn(SO3CF3)4
was studied first. This was carried out by addinganequimoiar amount of

SnF, to a soTutin of Sn(SO3CF3)4 dissolved in CF3S05H.  On stirring;. some

]T?Sn NMR

solid precipitated. The solution was filtered and its
spectrum was recorded. This exhibited a triplet and a doublet centred
around -862 ppm and -855 ppm respectively (Table 5.2). The magnitude
of the qodﬁIing constants indicafed.phat'they were due to direct tin(IV)-
fluorine coupling. - This showed the presence of two tin(IVv) énvironments_ |
with one tin atom bondedfto_a sin§1e fluorine and Ehe other bonded to
two fluorines. In addition, in the lower freguency region, a broad'
signal was observed at -1625 ppm. On cooling this solution to lower
temperatures the tin(Il) signal broadened further but no tin(Il)-fluorine
or tin(II)-tin(IV) couplings were visibie.

Thé‘reaction of SnCl, with CF,S05H is known to form Sn(S04CF4),
and HC1.Z® A similar reaction occured when SnF, was reacted with CF SO03H;
the presence of Sn(SO3CF3)'2 was confirmed by ]19§ﬁ NMR spectroscopy.

This reaction would result in the production of fluoride ions in solution

which could then react with Sn(SO3CF3)4. In order to verify this the 1193n



Temp. G(HQSn)f AN* IJ i Area-Ratiof
3 (SnF}
, -(°C) ppm Hz Hz _
1, SnF,/Sn(S04CF5),  Amb. - 855(t) 55 1990(5) Ald) _
. - 862(d) 65 2183(5) 1Y63)
in CF,SO0,H , -
(a) After 10 days -1625(b) 310
(b) After.5 months Amb. - 863(d) 58  2155(8) Ald) _ ¢ 3
~ . - 871(s) 39 E(s) :
-1580(b) , 266
{c) Afterl6months Amb. - 861(d) 74 2159(8) Ald) _ g6
- 879(s) 74 ATs)
?
-35  -858(d) 74 2152(8) Ald) _ g3
-873(s) 74 S :
- ? -
2. NaF/sn(so3CF3)4
(z) After 1 day  Amb. - 854(t) 47  1980(7) Ald) - 3 g
- 861(d) 47  2186(5) BT
(b) After 2 months Amb. - 861(d) 3¢ 2172(8) A(d) _ 5 ¢
- 879(s) . 51 A(sT
-35 - 858(d) 51 2167(8) Ald) . .1 g
. .- 873(s) 58 AlsT

TABLE 5.2

NMR Daté for Mixtures of SnF2 and Sn(SO3Ci=3)4

154

H{dth;measured at half height of the signal recorded at a field strength
of 5.872T.

f _Abbreyiatidns in parentheses: b = broad,. d = doublet+s = singlet,
t = triplet.
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NMR spectrum of a solution of NaF in Sn{S04CF,), was recorded. This
exhibited a doublet and a triplet in the tin(IV) region with the same -
parameters as that which resulted from the SAF,/Sn(S04CF,), solution.
This c]early'shows that in both cases the changes around the tin(IV)
environments are due to the attack of F jons on Sn(SO3CF3)4. A ]]gSn
NMR spectrum of the above two solutions were recorded after these
solutions had stood for a few days at room teﬁperature and both
so]utiong then showed the presence of a doub1et-and a singie line. On
further standing at room temperafure, the doublet intensity decreased
and there was a corresponding 1nc}ease in th‘singTet intensify (Table
5.2): The chemical shift of this single line agreed with the value
for Sn(SOsch)é in CF3SO3H. The observation of a triplet in the SnkIV)
region and a broad signal in the Sn{II) region of the fresh San/—-
Sn(SO3CF3)4 solution at ambient temperature. was similar to the signals
exhibited by the SnF,/Sn(CO,R), (where R = CF, C3F7,_CHC]2) solutions.
Although this tends to suggest the presence of a tetrameric species in
the trif]uqronethy]su]phonate solution similar to those in the

carboxylates, there is no clear evidence for this interpretation.

5.3 MBssEauer Data of SnFZ/Sn(COZR)4 Mixtures

Tin-119 Mossbauer data of the solids isolated from the reactions
of SnF2 w%th tin fétracarboxylates are summarized in Tabie 5.3. Among
these, only the reaction of SnF2 with S”(C°2CF$)4 gave a white crystal-
line material. Pure solids could not be isolated from the reactions of
SnF, with the other two tin(IV) carboxylates. Since Sn(C0,C4F5), was.

not isolated as a pure compound its reaction with SnF, could not be
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TABLE 5.3

Mossbauer Data of Solid Isolated from Mixtures of SnF,, and Sn(COzR)4

- Compound Temp 8 A T 8 A r ASn{IV)

rm s'T mm s'T ASn(IT)

3. SnFZQSn(COZCF3)4 77 -0.16 0.0 .1.03 4.13 0.84 1.00 1.16
2. San/Sn(C02C3F7)4 77 0.14- 0.42 0.92 3.46 1.62 1.00

4.22 1.08 1.00
3. . SnF,/Sn(CO,CHC,), 77 0.02 0.48 0.96 3.02 1.86 0.96

'ﬁ\\\ 4.16 1.32° 0.96
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carried out stoichiometrically and this reaction yielded a darilred
coloured material. In the reaction between equimolar amounts of SnF2
and‘Sn(COZCHUZ)4 in dichloroacetic'acid, some solid precipitated'and
the Mossbauer spectrumuwés recorded on the solid isolated upon’

filtering. Also it was observed that the initially precipitated solid

Yo

was soluble when more acid was distilled onto it. ' -
The Mossbauer spectrum of the solid obtained from the _

San/Sn(COZCF3)4 reaction fs showﬁ in Figure 5.9. The analysis of this

spectrum in terms of peak positions and linewidths indicates the presence

of a tin(IV} site in 2 near cubic environment and 2 tin{Il) site W a

distorted environment. Clearly the values of the parameters of the

tin(11) and'tin(IV) sites aredifferent from those of the starting materials

Sn(CO,CF and SnF2 respectively. This spectrum can be interpreted in

2 3)4
terms of the sﬁructure which is discussed in detail in Section 5.4 of .
this the?is. The structure of Snan(COZCF3)8-ZCFBCOZchontains twWo
slightly different nearly octahedral tin(IV) environments which is
consistent with the single line observed in the Mossbauer spectrum. The
o tin{IV) sites are so similar that they could not bé differentiated

by Mossbauer spectroscopy. Each tin(1V) atom is bonded io two fluorines
and four oxygens. The absence of a gquadrupole splitting is in agreehent
with the two fluorines being bonded to the tin in a c¢is arrangement to
each other. If the fluorines had been trans, one would have expected a
quadrupole splitting since trans iigands produce a larger-electric fie]d_
gradient when compared to a cis arrangement. It shouid be noted that

the MOssbauer ‘spectra of mixed halogenostannates [SnX4Y2]2' gave single

lines with no .quadrupole sp]itting.]s9 In this case there exists a
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linear re]at1onsh1p between the average. e]ectnonegat1v1ty of the X and Y
groups and .the 1somer shift. 160 The increase 'in the electronegativity
\ Vcauses a decrease in the isomer shift. The isomer shift of the tin(IV)
resonance shown in Figure 5.9 (-0. 16 nm/s)11es between those of
[SnC1 lez; (+0.29) and {SnF ]2 (- 0 36). Since the tin{IV) resonance
of the trifluoroacetate compound can be considered as arising from
- [Sn(CO CF3 4)F ] the observed isomer shift is in agreement w1th the
expected trend in e]ectrOnegat1vity.

The values of the parameters of the tin(II) s1te show a
hxgher isomer shift and smalier quadrupole splitting than those of the
t1n(II) carboxyTate94 and other tin(II) fluorine cc:m|:)ounds.2-7 The
highér isomer shift (4,13 mm/s) indicates an increased s-electron
density around tin and the smaller quadrupo]e splitting ref]ects less.
imbalance in the p—electron density at the t1n atom. This means decreased
p-electron density in.the lone pair and more p-character in the‘tin-
ligand bonds. This is reflected in the two tin(II)-ehuironments in this
structure where the tin({II)-oxygen distances (2. 254-3.20 3) are longer
than the average Sn(II}-0 distances (2.14-2. 19 A) reported for tin(II)

carboxylato complexes whose Hossbauer isomer shifts range from 2.90 to

3.15 mm/s. _
- Again the two tin(II) environments in this structure have
essentially the same Mdssbauer parémeters even fhough the coordination
around the two tin(II) a;oms is somewhat different (Section 5.4). If ]
1nter atomic distances up to 3.00 A around each tin{(II) are consideréd.
then one tin shows a coordination number of six whereas the other shows

2 coordination number of seven, including the lone pair in each case.
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A EOnparison cf the geometry around the two tin(II) atoms (Figure 5.13)
shows that the additional interaction arises from a free acid molecule
which is c]ose; to one tin atom} but this interaction appears to be not _
significant enough to change the Mossbauer parametere. .
Tin-119 Mossbauer spectrumof the solid obtained from tge

reaction of SnF2 with Sn(COéCHC12)4 is shown in Figure 5.30. .A similar
spectrum was exhibited by Fhe solid isolated from the reaction of SnF2
with Sn(C02C3F7)4. These show a tin(IV) reednance'with,a.non-reso]vab]e
quadrupole splitting as was observed for the trifluorocacetate case.
"~ The tin(IIj resonances could not be fitted to a simple doublet. The
tin(II) absorpt%qns were fitted to two overlapping doublets. The doublet
with a higher isomer shift has parameters similar to those of the tin(Il)
site of the trifluoroacetate compound. The othe; doublet has a smaller
isomer shift and a larger quadrupole splitting. It is possib]e.that in
these two cases the interaction between~a£id molecules and the tetrameric

unit, "Sn4F49, might be strong enough to make the tin(II) sites different

_enough sc that they are now detected by Mossbauer spectroscopy.

5.4 Crystal Structure of [Sn(II)zsn(IV)2F4(C02CF -ZCF3C02H3

3)8

The crystais obtained from the reacficn of SaF, and SHTEOZCF3)4
described in the experimental section were used in the structure
determination. The experimental data for the X-ray diffraction of this
cempound are sumnarizeéfin Table 5.4. Initial precession' photographs
showed that the crystal decomposes in the X-ray beam over a period of one

hour. Therefore the crystai was mounted cn a PZ.l diffractometer and data

o
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Compound
Formula weight.

Crystal shape
and size (mm)

Systematic
- absencés
Sbace group
-
Unit cell
parameters

(°A) and (°)

Volume (°A3)
z
3

d g cm

calcd’
Linear abosrbtion
coefficient (cm"])
Absorbtion

correction 1imit

No. of reflections

used to determine cell

Least square fit -
of x, ¢ and 26(°)
_ Reflections measured

Maximum 28(°)

¢

a
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TABLE 5.4

CRYSTAL DATA TABLE .

Sn4F4(02CCF3)8'2CF3C02H
1682.9
cylinder; r = 0.15, 1 = 0.37

None

P1

171.586(3) a

it

110.44(1)
b

19.182(3) 119.50(2)

™
1]

. 12.491(3) Y
2180.1(8)
2

c 92.77(2)

2.56

25.13 .

6.82% (minimum); 25.46% {maximum)

15.

-14.0 = 286 < 28.6

—

0shsi3; +22s ks -22; +164 < ¢ < -14
50 |

Continued.......
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TABLE 5.4 {Continued)

. Standard reflections {e.s.d.)
Temperature H

"No. of re%lections collected
No. of jndeﬁendent reflections
No. with I > 0

No. with I < 0
Final R,%, R,

Final shift/error‘max {av)

x (secondary extinction)

Final difference map

highest peak, e/EB; Tocation

Towest vajley,_e/is; locgtion

weightﬁng scheme

sc; error-in an’observation of
unit weight )

-

No. of varibles

. ORI
;= ——=
| zlF, |
b Tl [Fyl-]F 1)
Ry S
- 0
where w = o

-

o(F,)? +{0.00010(F0)2}

3 -22 (1.07%); 2 8 -3 (1.06%)
. S

_75°¢ : -
8164

7749

7091

658

0.0708; 0.0514

0.052 (0.011)

0.00016

3.5; 0.12, 0.55, 0.40

-1.5; 0.32, 0.02, 0.20

w = [o(F,)%+{0.0001:(F $1”"
1.7 .

350

, o(F)

o) being the error derived from

counting statistics.

Continued........



TABLE 5.4 (Continued) - ~

-

2 H
sc-=: Ew(l?ol'chl) :
Np

—NV

where NR = number of reflections and NV = number of parameters varied
" . B [ ] Y

during the refinement.
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collected at low temperature. The unit cell paréméiers were obtained by
least squares refi@ement of fifteen accurately centred %ef]éctipns, The
cell found belonged to the tFiciTﬁ?EAsysfem, and a Delauny reduction was
carried out to look for any hidden symmetry. This procedure confirmed
the triclinic cell and a full set of intensities was measured at -75°C.
The structure was solved as described below. The crystal data are
summarized in Table 5.4.

A total of 8164 reflections were measured. No absorption cor-
rection was used. Equivalent refiections were average& to give 7745
unique reflections of which 658 (zero or negative intensity) reflections
were rejected. The remaining 7091 refiections were used in the -structure
determinatiﬁn. The positions of four inqependent tin atom positions

161 The

were obtained using the direct method programme MULTAN 80.
positions of f]uorine, oxygen and carbon were located from the difference
Fourier synthesis. Least squares refinements were carried out using
SHELX.48 In the final stages,all atoms were refined with anisotropic
temperature factors with a weighting scheme (see Table 5.4) and a
correction for éecondary extinction using SHELX. . The refinement converged
at R1 = 0.0708 and R2 = 0.0574. The final positional parameters and
equivalent or isotropic temperature factors for the atoms are given in
_Tab1é 5.5. Anisotropic temperature factors arg_given in Appendix I.
Relevant bond lengths and bond angles are giveﬁ in Table 5l6.

The structure consists of two independent centrosymmetric
molecules (Figure 5.11 and 5.125. Fach molecule consists of an eight

membered ring with a Sn(II)-F-Sn(IVl—F arrangemenia\ Similar

Su(11)-F-Sn(IV)-F bridging is observed in the mixed valence tin fluoride
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TABLE 5.5
Atomic positional parameters (x 104) and equivalent temperature factors

Q
( A* x 10%) for Sn(II),Sn(IV),F.(0,CCF,)s-2CF,C0,H. (Fluorine atoms F15,
F1é, F17 and F18, F19, F20 are disordered with site occupied by 60.0%"

and 40.0% of an atom respectively).

Atom X y F4 Ueq
Sni 2716(1) 596.3(3) 1809(1) 14.7(3)
Sn2 - 216(1) 1556.2(3) 160(1) 17.2(3) -
Sn3 1271(1) 5541.6(3) 3990(1). 13.5(3)
Sné 147(1) 3465.4(3) 3537(1) 16.7(3)
Fi 905(5) 689(2) 480(5) - 16(3)
F2 1696(5) - #:2(2) 1532(5) 16(3)
F3 3432(8) - 290(4) -1770(7) 49(5)
Fa 4098(8) - 1059(4) - 858(8) 51(5)
F5 2158(8) - 1445(5) -2738(8) 71(6)
F6 6383(6) 313(4) 5450(6) 41(4)
F7 7311(7) 508(5) 4457(7) 53(5)
F8 6654(9) - 640(5) 4134(9) 81(6}
F9 1062(8) 2383(4) 4869(6) 49(%)
F10 1023(8) 1222(4) 4561(7) 47(5}
F11 2962(9) 2072(4) 5867(6) 54(5)
F12 1080(10) 512(5) -183958) 64(7
F13 869(9) 438(4) -3655(7) 54(5
F14 2418(8) 1340(5) -1782(9) 63(6).
F15 4102(13) 3156(8) 1369(14) 64(4).
F16 ‘5675(15) 2665(8) 258%(16) 75(4) -
F17 4644(15) 3309(8) 3358(14) 84(4)
F18 5559(23) 2945(12) 3202(23) 85(6)
F19 4097{19) 3345(11) 1898(20) 59(5) "
£20 4977(20) 2438(11) 1144(20)} 75(5)"
F21 - 171(5) 5344(2) 6093(4) - 15(2)
F22 - 1390(5) 3747(3) 4376(5) 18(3)-
F23. 2220(6) 3413(3) 8261(6)} 31(4).
F24 3324(7) 4602(3) 9298(6) 41{4)
F25 3569(6) 3805(4) 7782(6) 40(4)
F26 5470(7) 2427(4) 5188(7) 52(5)
F27 6983(8) 1976(4) 6346(10) 62(7)
F28 6724(8) 3050(4) 7315(7) 56(5)
F29 398(11) 3160(4) - 472(8) - 71(7)
F30 - 1818(10) 5770(6) 9527(8) 96(8)
F33 - 235(10) 4128(5) - 620(7) 69(6)
F32 4788(6) 5089(3) 7549(5) 34(4)
F33 5128(4) 6387(6) 37(4)

--5645(6)

Continued
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-

TABLE 5.5 (Continued)

Atom X N
F34 4861(7) 4044(3)
F35 4662(7) 6466(4)
F36 . 3047(10) 6226(4) .
F37 2597(7) 6163(4)
01 3022(6)} 67(3)
02 4548(6) 541(3)
03 2420(6) 1136(3)
04 3738(6) 1605(3)
05 - 1211(7) 1000(3)
06 - 416(7) 1505(4)
07 : 2132(7) 2073(4)
08 4280(7) - 716(4)
09 1473(7) 2071(3)
010 - 75(8) 1750(4)
01 596(6) 4322(3)
012 1149(6) 4814(3)
013 - 3027(6) 4679(3)
014 128(7) 3577(3)
015 1490(6) 4101(3)
016 - 2442(6) 4011(3)
017 2453(6) 6335(3)
018.- - 1298(7) 2766(3)
019 - 2452(7) 2410(4)
020 - 4479(7) 2170(4)
C1 2304(9) - 581(5)
€2 2966(12) - 859(6)
3 4915(10) - 98(6)
ca 6328(12) 6(6)
Cc5 1880(9) 1704(5)
6 1747(14) 1854(6)
c7° 170(10) 1426(5)
c8 1153(14)_ 928(6)
9 T 3315(10) 2089(5)
c10 4500£15) 2770(8)
C 636(10) 4093(5)
cl2 : 74E1§) 3895%6%
C13 1494(9 4147(5
14 T2888(10) 3998(5)
15 3215(9) 4660(5)
C16 4661(10) 4732(6)
17 . - 2227(10) 3022(5)
c18 6717(11) 2608(6)}
c19 --3390(10) 2599(5)
c2g - 3420(171) 3462(6)

' 2078%16)

z .

6245(7)

91(7)
187(8)
1720(6)

291(8) - .

3214(6)
3337(6)
2094(6)
1160(6)
2007(7)

794(6)
2093(7)
2858(6)

"3392(7)

7291(6)
2270(6)
4738(6)
1615(6)
6016(6)
4331(6)
3975(6)
6098(7)
623(7)
1278(7)
754(9)
1580(11}
3054(10)
4289(11)
3533(9)
4737(11)

.2601(9)

2464(11)
1595(9)

1483(9)

206(10) -

7014(9)
8121(9)
5181(8)
6369(10)
6103(9)}
6241(11)
82(10)
398(10)
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Selected Bond Distances (R).and Bond Angles (°) for
[Sn(II)ZSn(IV)2F¢(02CCF3)8-ZCF3C02H]

A. Tin Coordination

(i) Molecule I°

2.000(5)
1.975(5)
2.027(8)
2.020(6)
2.033(8)
2.038(7)

87.6(2)
90.3(2)
177.6(2)
89.8(2)
91.6(2)
94.3(3)

TABLE 5.6

sn(2)-F(1) 2.186(5)
-F(2) 2.296(4)
-0(5) 2.501(9)
-0(6} 2.567(9)
-0(73 2.466(8)
=N
843 §:§5§§S

F(l)-Sn{Z)zF(?) 72.7(2 }-

-0(5) 78.9(2) -
- -0(6) 100.4(2)
-0(7) 72.3(2)
-0(9) 73.9(2) -
-0(19) 145.0(3) -
F(2')-Sn(2)-0(5) -73.8(2)
-0{6) 74.6(2)
-0(7) 126.3(2)
-0(9) 132.4(2)
. -0(19) 99.0(2)

0(5)-Sn{2)-0(6) 147.1(2)

-0(7) 135.1(2)
-0(9) 67.2(2)
-0(19) 66.2(2) .

0({6)-5n(2)-0(7) 73.2(2)

. =0(9) 144.8(2).
: -0(19)  110.2(2)

0{7)-Sn(2)-0(9) 72.1(3)
| -0(19)  132.1(2)

0(9)-Sn(2)-0(19) 89.5(2)

Continued.....
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(41} Molecule II?

sn(3)-F(21) _
-F(22")
-0{11")
-0(12)
-0(13")
-0(17)

RN N

F(21)-Sn{3)-F(22*) 91.

_ -0{11")  86.
~0{12) 90.

-0(13') 88.

) ~0(17) 173,
F(22')-Sn(3)-0(11") 93.
-0(12) 178.

-0(13') 87.

~ :=0{17) -94.
0(11%)-sn(3)-0(12) 86.

: . -0(13") 175.
-0(17) 9.
0(12)-Sn(3)-0(13*)  93.
-0(17) 84.

0(33')-5n(3)-0(17)  88.

TABLE 5.6 (Continued)

.014(6)
.951(6)
.039(6)
.043(7)
.053(6)
.010(8)

WO~~~ OB —OoO
PN P S P P P TN PN P S P T P
WWWWWWwMNWWWwMNWWwMN ,
el Ml et St M e e ol N Sl Ml e Nl o

{7

3..'
2.
2.

© Sn(4)-F(9)
. Sn(4)-F(21)
" -F(22)
-F(37") o3
-0(9) .3
-0(14) 2
-0(15) 2
-0(16) 2
-0(19) 3
F(9)-Sn(4)}-F(21) 144
-F(22) 30
-F(37') 139
-0(9) 50
-0(14) 132
-0(15) 55
-0(16) 90
-0(19) 104.
F(21)-Sn{&)-F(22) ~ 75.
- -F(37'}) 61l.
-0(9) 147.
-001®) 75,
-0(15) 78:
7 -0(16) 78.
-0(19) 107.
F(37')-Sn{4)-0{9) 132.
-0(14) 69.
-0(15) 122.
-0i6) 129.
-0(19) 49
0(9)-Sn(4}-0(14) 82
-0(15) 103.
-0(16) 72.
-0(19) 83
- 0(18)-Sn(4)-0(15) 139.
-0(16) 72.
_ -0(19) 64.
0(15)-Sn{4)-0(16)  70.
_ -0{19) 155.
0(16)-Sn{4)-0(19) 133
Continued

e

169

014(8)
162(5)
469(7)

.164(7)
.214(7)
.473(9)
.435(6) -
.357(7)
.144(5)

.6(2)
.9(3)
.5(2)
.3(2)
-8(3)
.8(2)
.6(3)
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TABLE 5.6 {Continued)

B. Fluorine Coqrdination

(i) Molecule I"

F(1)-F(1') 2.

-F(2) 2.

| -F(2') 2.
(i1) Molecule it

F(21)-F(21") 2.

~F(22") 2.

-F(22) 2.

C. Trifluorcacetate Groups

(i) Bond Distances

C(1)-0(1) 1
-0(5) 1
-¢(2) -1

C(5)-0(3} 1
-0(9) ]
-C(6) - ]

C(9)-0(4) 1
-0(7) 1
-c(10) ]

c{11)-0(12) 1

-0(14) ]
-c(12)} ]
€(15)-0(13) ]
-0(16) ]
-¢(16) ]
C(19)-0(19) 1
-0(20) )
-C(20) 1

(1i) Bond Ang]es

o(1)-c(1)-0(5} . 129.

0(1)-c{1)-C(2) 113.

0(5)-¢(1)-Cc(2) 117.

0(2)-€(3)-0(8) 127.

- 0(2)-c(3)-C(4) 112.

0(8)-C(3)-C(4) 120

0(3)-C(5}-0(9) 27.

0(3)-C{5)-C(86) 110.

0(9)-C(5)-C(6) 122.

.2759(8)
.221{13)
.54(2)
.293(12)
.217(13)
.52(2)
.280(13)
.227(11}
.55(2)
.276(9)
.228(15)
.53(2)
.274(12)
.230(9)
.553(12)
.186(13)
.298(9)
.561(14)

7(12)
2(4) .
1(8)}
3(9)
0(7)

.8(10)

7(11)
2(10)
1(10)

.0(18)-c(11)

). 140.6(2)
") 141.0(3)

136.8(3)

Sn(3)-F(21)-Sn(4Y

sn(3')-F(22)-Sn(4)} 138.0(2)
C{3)-0(2) 1.299(13)
-0(8) 1.200(10)
-C(4) 1.538(14)

- C(7)-0(6) .. ©1.21(2)

-0(10) " S 1.31(2)

-C(8). =5 1.51(2)
C(13)-0(11) 1.282(14)
-0(15) 1.228(15)
-c(14) 1.541(13)
- C(17)-0017) "1.300(12)
-0(18) 1.205(15)

-C(18) 1.54(2)

0(12)-C(11)-0(14) 129.3(12)
0(12)-c(11)-C(12) 114.4(11)
-c(12) 119.2(8)

0(11)-£(13)-0(15) 128.3(8)

- 0(11)-c(13)-C(14) 113.3(10)

0(15)-C(13)-C(14) 118.3(10)

- 0(13)-C(15)-0{186) 129.9(8)

0(13)-C(15)-C(16) 111.6(6}
0(16)-C(15)-C(16) = 118.6(9)

Continued......
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TABLE 5.6 (Continued)

0(6)-C(7)-0(10) . 126.6(10). | 0(17)-C(17}-0(18) 126.0(12)
0(6)-C(7)-C(8)} 121.6(12) 0(17)-c(17)-C(18) 111.9(10)
0(10)-C(7)-c(8) 111.8(12) O(]S)-C(]?)-C(T8) 1?2,0(10)
0(4)-C(9)-0(7) 128.8(10) 0(19)-C{19)-0(20) 128.5(9)
‘8%?% EEQ)-C(TOJ 0 113.4(9) 0(19}-C(19)-C(20) 120.4(7)

9)-c(10) 117.8(11) 0(20}-C(19}-C(20) 111.2(9)

Z

Primed (') atoms indicate the symmetry equivalent position (=x,-y,-2).
't primed (') atoms indicate the symmetry equivalent position (-x,1-y,1-z}.
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Figure 5.11:

172

MOLECULE T -

Molecular structure of'cyc]o—tetra:i;f+uoro-octakjs-u-(trif1uoro~

acetato)-ditin(il)ditin(IV)-bis(trifluorcacetic acid). The
molecule is viewed down the ¢ axis. Fluorine atoms of the -CF3

groups are omitted for clarity.

»
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Cta

a _ MOLECULE II

Figure 5.12: Molecular structure of cycio-tetra-u-fluoro-hexakis-u-(trifluoro-
acétato)abis(trifluoroacetato)-dit{n(II)ditin(IV). The molecule
is viewed down the ¢ axis. Fluorine atoms of the -CF3 groups

are omitted for clarity.
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23 130

Sn and the structure of San consists of cyclic tetramers,

3Fgs
Sn,Fg, held togethér by weaker Sn-F interactions. Adjacent_Sn(III and
Sn(IV) atoms in Molecule I (Figure 5.11) and Molecule II (Figure 5.12)
are also bridged by either one or two trifluoroacetate groups. There
are also unidentate trifluorcacetate groups and free acid molecules present
in this structure. Tﬁere are eight trifluoroacetate groups assoéiated
with each tetramer. In addition, two trifluoroacetic acid molecules
_ C(7)C(8)O(]0)0(6}-a;d C{7')Cc(8')0{10')0(6") aée associated with Molecule
I, which are coordinated to the two Sn(II) atoms,i.e., Sn(2) and Sn(2'). ~
respective1y. ,Tﬁere are also two free acid molecules
[C(IQ)C(ZO)O(TQ)O(ZO) and its symmetry related ﬁo]ecule] bresent in the
unit cell..which havéon]y weak interactioﬁs with other atoms.

The Sn{IV)-F bond distdnces are similar to those’fUEdd_{n other
tfn(IV) fluoride compounds. The observed Sn(II)-F bond distances tend
more towards the longer side of the range usually exhibited by other
tin(II) fluorides. For comparison, the Sn(II)-F distances and the Sn{iV)-f
distances of related compounds are tabulated in Table 5.7. The Sn{IV)
atoms"in the two ring systems are in  near octahedrai en;i;onments. The
two fluorine atomé coordinated to each tin(IV) wﬂfch are part of the ring,
form F-Sn(IV)-F angles of almost 90° iﬁ both mélecﬁ]es. fhe Sn{11}-F-Sn(1¥)
angles vary between 136.8° and 141.0° compared to the-rangg of Sn(fI)-F-Sn{II)
(94-170.5°) angles in the San;tetramer.]30 ’ o )

. The coordination environment ﬁf.the tin(Il) atoms, namel; Sn(2}
afid Sn(4) are quite_irregﬁ]ar( Brown's bond valemce approach provides a
guantitative method for compa}ing the strength of these Sn-0 and Sn-F

%?nds. The bond valencies are given imkigure 5.13 for the ._~

-

T ¢
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TABLE 5.7

TinfII)-fluorine and Tin{IV}-fluorine Bond Distances for Various Tin Fluorides

. A. Compound . : Sn{I1)-F Bond Distances (°A)}
SnF2130 . 2.03 - 2.27
SnaF23 | 2.10 - 2.25
38
, 166 : )
NagSnsFyg | 2.0¢ - 2.26
- 139 .
Nasn,F . 2.07 - 2.22
A
KSnFx- 31,01 2.01 - 2.27
o] < .
NH SnF o4 2.03
wn = 148 - i
(?nF)s-JASFG 2.087
147
(Sn,F,)"BF,
us
(Sn,F5)C1 2.11 - 2.20
SnoF (0,CCF ) g 2CF sCO,H . §'l§§ .
[ Yo )
(This study) 2.186
2.296
B. Compound . Sn{IV)-F Bond Distances {(°A)
snF, 16° ‘ 2.02
s 88
L9 SnF. 9% 1.962, 1.983
2 6
Na,SnFg O 1.83, 1.92, 1.96
_ 187 X
K,SnF g KHE 1.91 - 2.05
165 _
Cs 507, 1.952
Sn.F.2° 1.96 - 1.98
3'8
I o
Sn4F4(02CCr3)S ZCr302h ?.-f? B
(This study) 2.00%
VIS Stucy. 1.951
2,014 ‘
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Figure 5.13(a):

Geometry of Sn(2) atom.

the bonds in valence unit

.

Bond valencies are given

(v.u.).
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Figure 5.13(b):
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Sn(2) and Sn(4) atoms. The bond valences around sn{4) vary over a
range from 0.53 v.u. to 0.04.v.u. for a total of 1.87 v.u.. The Sn(4)-F(21)
bond can be considered to be strong, wﬁilq the Sn(4)-0(14), Sn{&4)-0(15),
Sn{4)-0(16) and Sn(4)-F(22) bonds are of intermediate strength. In addition,
there are fodr weak interactions between Snt4) igd Q(9%f F(9), 0{19) and
F(37). The environment of Sn(4) consists of oﬁé}stroﬁg bond, four inter-
mediate bonds and 2 vacant space presumably occuPigﬁ by the lone pair.
fherefore, this can be described as SnXSE, where E represents the lone
pair. This pseudo 5Etahedra1 coordination is also exhibited by the
+in({II) atoms in the structure discussed in Chapter 4. A few structures
with this coordination have been reported.]s‘]30’131'

The envircnment of each of the Sn(2) atoms is seven coordinated.
The strength of these boﬁds vary from 0.49 v.u. to 0.03 v.u.. These can
be classified as one strong [Sn{2)-F(1)], five intermediate [Sn(2}-F(2),
$n(2)-0(5), Sn{2)-0(6), Sn(2)-0(7), Sn(2)-0(3)7 and one weak bond
[(Sn(2)-0{18)]. When.considering the five intermediate bonds, the angles
between the adjacent bonds formed with Sn(2) vary in the range 67.2° to
.78.9°. These‘;a1ues are close to 72° which is the ideal value for the
five bonds to be in a regular pentagonal arrangement. The ceordination
of Sn(2) can be described as a pseudo pentagonal bipyramid with the
strong bond Sn(2)-F(1) and the lone pair-directed aleng the axial
direction.

A1l of the bidentate trifluoroacetates which bridge between 2
+in{II) and 2 tin(IV) atom follow similar trends in their C-C bend
distances. The C-0 groups bonded to tin(II)} are shorter than those

bonded to tin(IV). This shortening is a consequence of a greater degree

hY



“y

179

-

of covalent character'in the tin{IV}-oxygen bonds as compared to the
tin(;I)—éxygen bonds. The variations in the C;O distances indicate
that\;hg bonding in the bridging carboxylates are consistent with a
Sn(IVf:b—é=0 — Sn{II) arrangement. The asymmetry in the C-0 bond
distances of the monodentate trifluoroacetates, coordinated to Sn(IV),
aregreater than in those of the bidentate groups and 1§ consistent

| .
with a Sn{IV)-C-C=0 arrangement.



CHAPTER 6

CONCLUSION

‘ 6.1, Summary of Reactions

I. The reactions of the tin compounds studied in this work have been
carried out in strongly acidic (HSO;X; where X = F, OH, CHS; C,Hg or CF3)
and in weakly acidic (RCOOH; where R = alkyl group) media. In this work,
thé tin compounds can be classified into five different categories and
their reactions with acids are summarized in Table 6.1.

The alkyltin hydrides (type 1: ‘Tab1e 6.1) react w%th acids

initially by the displacement of a hydrogen atom by an acid ligand
and the evolution of one mole of hydrogen gas. The results discussed in

-

Chapter 3 established the presence of solvated cationic species

. +
(CHy)_pSPH " (n

1

0+3). In fluorosulphuric acid solution, these species
are solvated by fluorosulphate groups. Among these, SnHS+ undergoes
rapid decomposition at -30°C, "(CHy)SnH," at -50°C and (CHy),SnH ™ at -78°C
while (CH3)3Sn+ undergoes slow decomposition at -10°C.. The instability
of cationic species containing Sn-H bends compared to (CH3)SSn+ is due

to the weakness of the Sn-H bond relative to that of the $n-C bond. The

—d

decreasing stability of the SnH3+, (CHS)SnHZ+ and (CHS)ZSnH+ species is
opposite to the normally expected trend. In the carbocation series, there
is stabilization of the cationic centre by the inductive effect of the
methyl groups. This suggests that the Tluorosulphate groups which are

coordinated to the tin centre play an important part in stabilizing

these tin cations. The observed trend suggests that the fluorcsulphate

180
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groups should be more strongly coordinqtedfto tin in SnH3+ than they are in
(CHsjzan+. It is proposed that as 2 result of solvation, cations SnH3+.

(CHS)SnHé+and (CH3)§SnH+,have a trigonal bipyramidal arrangement about the

tin atom.  MOssbauer spectroscopic measurements of fhese species would

provide additional evidence for the above coordination.

e
Since the reactions of methylstannanes with fluoresulphuric acid

have established that there is initial cleavage of a Sn-H bond rather

than a Sn-C bond, it would be of interest to extend this study to the

reactions of phe&}ltin hydrides [(C6H5)4_nSan; n = 1—3]:;ﬁth this acid.

Farlier reports on the reactioﬁ:of triphenyltin hydride with hydrcgen

bromide indicated that there is initial cleavage of a Sn-C bond rather

than a Sn-H bond and this reaction can be given by eguation (6.1).1°8
O ~ ’ 51
(C6H5}3SnH + HBr ——— (CSHSJESnHBr + CéH6 (6.1}

1¥ similar reactions occur in fluorosulphuric acid soluticn, then one

would expect species such as (CEHS) Sak” and (CGH;)San,+ t0 he produced.
7 . = —

On the other hand, Sawver and Kuvilia have studied the reacticn of

diphenvitin dihydridewith acetic acid and showed that the reaction product

mav be represented by eguation (6.2).56

; oL : : i \_ + H
(CSHS)ZSHHZ i CE".SCOOH _—> (Csh )ZSH(OZCCHS’E l"'.2

L
h
.
i3

e

-
-y
-~

Spectroscopic analyvsis of the phenyitin hvdride-fluorosulphuric acid

system would provide information about, the nature of species produced in
~ -
these reactions. i
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A comparison of the reactmons of tetraalkyltin (type 2; Table 6.1)
and tetrapheny1t1n (type 3; Table 6 1} 1in acids 1nd1ca£es that phenyl .
groups are cIeaved much mg:iﬂgg§11y than alkyl groups. In tetraphenyltin,
all of the phenyl groups bonded to tin are displaced by acid ligands
_whereas in the reaction of tetramethy1t1n with fluorosulphuric acid, only
two methyl groups are substitutéd by fluorosulphate groups and no more
methyl g;oups are dfsp]aced' All of these alkyltin compounds behave in @
sum;lar fashion with either strong or weak acids. N -

The reaction of alkyl subs;1tuged ditin ccmnounds (R 35n SnR
type 4; Table 6.1) and pheny] subs;1$uted ditin compounds (t ;Pe 5: Table
6.1) depends on the acid. In the case of hexamethyiditin with carboxylic
acids, two alkvl groups are replaced by acid ligands and the tinttin N
bona is not normally cleaved. In the reaction of hexamethy]ditih with
FTuorosu]phuric'écid,two methyl gqroups are again substituted but the
tin-tin bond is cleaved symmetric311y to give a tin(IV)} compound. On the
other hand, all ¢f ghé phenvl groups in hexaphenviditin are substituted by
acid ligands and the tin-tin bond is cleaved asymmetrically to give
compounds containing tin(II) §nd tin(IV).‘i These observations suggest that
in order to cieave a tin-tin Sond asvmmetrically, all Sn-C beonds have to
he cleaved beforehand. This gives an ingight into the reaction seguence
for the acetolysis of hexaphenylditin (type 5; Table 5.1).

The reaction of hexaphenvlditin (tvpe 5; Table 5.1) with
carbdoxviic acids results in the formation of mixed valencg tin compounds

with the empirical formula Sn(QCOR),. Based on spec‘*cscopic-gata, they

[ (_‘)

have heen formulated as [Sn(II)Sn( v O(OCOR)4 (OCQ)Q 2 In an atiempt to

nrovide an alternate synthesis the reacticn between Sn(OCOCF3)2 and
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Sn(OCOCF3)4 produces a compound with the same empirical formula and the

reaction-fs given by equation (6.3).

~ 7

Sn(OCOCF3)2 + Sn(OCOCF3)4 —_— 2 Sn(OCOCF3)3 : (6.3)

—

_ Solution NMR data and solid state Mossbauer isomer shift and quadrupole

splitting parameters suggest that the compound isolated from reaction

(6.3) and the compound obtained from the reaction of hexaphenylditin

with CFSCOOH‘(reaction_type 3: Table 6.1) have-similar local . tin
o 8

environments. However,.comparison of the relative Mossbaler recoil free

fractions of the Sn{II) and thé Sn(IV) nuclei in these compounds, as well
as infrared spectroscopic data,.suggests that the two compounds may not
have the saﬁe structure. An X-ray structural determination of the
compound isolated from the.reacticn between_Sn(OCOCFs)2 and Sn(OCEJC_FS):r

‘ : \

is necessary before this can be confirmed. There was no apparent
rezction between stoichiometric mixture§ of:

1 -

i) Sn(OCOCH3)2 and Sn{OCOCHs)

1) Sn(S04CF;), and Sn(S05CF4), or
111)  Cs,{Sn(S0F) ] and Sn(S05F),. o
The mechanism of the solvolvsis of hexaphenylditin by acids 1is

not understood. Kinetic studies on this system should be carried out in
order that a mechanism for this reaction may be proposed. Additicnally,
reactions of compounds (CSHS)BSi-Sn(CSHS)s, (CsHs)sGe-Sn(CGHS)3 and
(CSHS)SPb—Sn(C6H5)3 with a variety of acids could be investigated.
tarlier studies Sﬁ the acetolvsis of (CSHS)BSi—Sn(CSHS)3 and
(C6H5)3Ge—5n(C655)3 have shown that (OCOCHS)SS*‘-Sn(OCOCHs)3 and

(OCOCHS}sGe—Sn(OCOCHs)3 are produced.1’0 This indicates that the
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cleavage of Sn-C bonds is easier than the cleavage of the Sn-M (M - Si, Ge)
bond. In the case of a tin-tin bond tﬁe reaction products indicaté that
there is asymmetric cleavage of thjs bond. In the case of the Sn-Pb bbnd,
one might expect this to cleave forming a compound containing Sn{IV) and
Pb(TI} atoms since the more‘sta51e oxidation state of Pb is +2. Sb1vo]ysis

of (C.H_)}.Sn-M{C.H.}. (where M = Si, Ge, Pb) in acids could be conveniently
653 653

29, 119 20705 NMR spectroscopy. From metal-metal

foilowed by ~7S1, Sn and

coupling constants, one could obtaim information about the structure in
¥ N

solution. . »

Another successful route to the prepération of mixed valence tin

compounds is given in equation (6.%).

ah
.

F
—t

SnF, + Sn(OCOR)4-————> [SnFc-Sn(OCOR)AJ (

When R = CF3, a crystalline material was iso1éted and its structure was
shown by X-ray diffraction to be [SH(II)ZSn(IV)2F4(OCOCF3}S'ZCFSCOEH]
consisting of eight membered rings with Sn(II} and Sn{IV) atoms bridced
cis-fluorine atoms and tri?]uoroacetatg groups. The zbove reactien
opens up a new area of research. Reactions betwéen ditferent stoichio-
metric mixtures of SnF2 and tin(IV) carboxviates could preduce mixed
vafence tin compounds containing different ratios of Sn{Il) and Sn{IV).
This work could be extended further by studving the reactions between
PbF, and £in(IV) carboxylates which are expected to form mixed valence

compounds containing Pb{II) and Sn(IV) atoms probably bridged by fluorine.

6.2 Structures of Tin-Acid Complexes

The structures ¢f only a2 few compounds ¢of tin with card

-

xviic er

[

fluorosulphuric acids are accurately known from X-ray stucdies, tut in
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other cases the structures have been inferred from spectroscopic data.

This work is summarized in Table 6.2.

“Dialkyltin(IV) and trialkyltin(IV) carboxylic and fluorosulphuric
acid derivatives usuaily adopt octahedral'éné?;rﬁgonaT bipyramidal geo-
metires)respectiveTy. In the §o]1d state, these coordination numbers aré
achieved tﬁrough polymerization while in solution it is likely that an
equilibrium exists between monomeric and polymeric units, but with an
average tin environment simiiar to that of the solid presumably by
addition of further molecules of solvation if necessa}y.

Tin(il) shows a variety of coordination numbers. Donaldson and
Grimes have recently published a review on structures containing tin(11)

-

G . . .
atoms.‘s They consider that most +in{II) compounds adopt either a

trigonal pvramidal or a distorted square pyvramidal arrangement of Tigands
about -the fin atom with a coordination number of four and five
raspectively, if the stereoactive lone pair is included in the coordination
count. OQther reviews on structural +in(ll) chemistiry c¢ite exampies where
the coordination number of the tin atom is three, four, Tive and seven
.. e oy 1020703 L erey e - - : :
(including the lone pair!. Tin(II) atems in mixed valence tin
carboxviates exhibit coordination numbers of six and seven in ail of the
known cases (Table 8.2). There are three crystailographically distinct
£in{I1) atoms described in this thesis which contain triflucroacetate
c¢roups in their coordination spheres. .

-y

When £in(II) is coordinated by trifluorcacetate ions the

~o
s,
oo

arrangement ¢an Se analvsed using bend vaiences. The bonds between

- "0-\ I -
inc il and th

ct

-y =)
-

m

uoroacetate ion can be considered as being the result

(Y]

+

of an acic (SnT7) and a mase (CFLLQ.T) dntaracticn. This acid-base bond
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TABLE 6.2
Solid Structure;: rrobabie Solution Structure;
Conpaund Tin Coorgination Tin Cogrdinstion Number
Kumper
-: -Tlﬂ\l'u',‘n
) Fyona, AsR'Cor” or Polymeric; & Monomer ¢ polymer equilibrium;
53.7* 5
N Monomeric unit [R,SnA,]"
wherg A = SOSF-
;Cn;!j_”SnHFA; Monomeric unit :
A SuLFT [Meo She a 57 2
. - 2=N L
LoRLIRAL ATRTCODT o - Polymeric: 6 Monomer 2 polvier egmy 6
SJSF' Monomeric urat -
[R.8A.377, 6
- -~
A = SO.F
. 3
_ . o we-=83 =
R TP I & e Menomerigy &
h S T .
A CF3503 T Manomeric: S or 4 Lnknown _ -
A FSQLT ?
a3
L Tanils
T R - -
et S OLH Folsmericy & (snx,E)
e e 4 =35087 N l
{b} Sn(Q.CR,! ManaReIC; < (SnkSL: Unih RQws
. . - T .
. Sﬂ\OQC_3 0 Momomeric; § (Smi.D)
- R -
PID Minec wvelence Tanglio,tin(IV] cartarvlates
L0110 Stete SUrnlluare=Monomer
i Tingils Cordination Tan(ly) Coardine
LOlL R TLiDEr 00N Numder
e . . - 2c -
Lo [Sni i) Sn VIS, 00, NG, Y LOLTHFY 1,7 B =
= Tt IS ATATR IS, ] TS N >
Z. {Sn‘x.,Sn\..)u(U7CCF1,4]-C6H6 -y Sni.i) c
3. [Sn(Il);Sn(IV}G,{O,CCFSJQ] 6-{Snl57‘ €
2'72 g8
g, [Sn(ll}ESn(IV}EF;(OECCFSFEECFSCSEHJE il 7 &
11} & (SnXSE) . &
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will normally be formed only when the Lewis acid strength of the electron

acceptor (Sn2+) is close to that of the Lewis base strength of electron

. -y 1IN -~ -

donor (CF3C02 ).
The coordination of tin(II) atoms in a number of complexes formed

to oxygen and fluorine-containing ligands has been considered to be derived

— -

from an octahedral arr'angemen't:.]26 The possible environments are given

) -
below.

(1)

(ii) & coordinated, based on a trigonal bipyramid (SnX,&)

L7

coordinated, based on a tetrahedron (SnXsE)

(iii) 9§ coordinated, based onan octahedron (Snx5 ).
The possible assignment of bond valencies around the tin in the above

three cases are- shown below.

-

(1) ()

in all cases there are also a number of longer bonds arranged abﬁut the
1bne pair direction, these are indicated by dashed lines. Also each
octahedron has been distorted so that the weak bonds occur opposite the
strong bonds, and bonds of intermediate strength occur cpposite to each
other. Initially the valence of each long bond is assumed to'be 0.1 v.u.
(valence unit) and then the rest of the vaiencies are distributed between

strong and intermediate bonds such that the total valence around tin is 2.
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Firstly, in order to form coordination of type (i), the base
strength of one oxyqen atom of the trifluorcacetate ion has to be 0.57 v.u..

71 and in addition it would cause the

Such a strength is unusually high
trifluoroacetate ion to be asymmetric. Its bond valencies would be
F .

represented as below.

An arrow placed on the bond indicates the direction of net electron flow
into the bond when isolated ions are brought together or when an electron
donor forms a bond with an electron acceptor. Each f]uoriné atem of the
~CF4 group acts as an electron donor to other atoms usually with an acid
strength of 0.03 v.u.. The combined acid strength of the three fluorines _
is 0.09 (3x0.03)v.u., leaving an acid strength of 0.91 {1-0.09) v.u. to

be distributed between the two oxygens. If the base strength of one ¢f

the oxygens of the trifluoroacetate ion is 0.57 v.u. then, the other
oxygen would be 0.34 v.u.. This implies that Sn-0 bonds having valencies

0.57 v.u. and 0.34 v.u. would be formed. This is in disagreement with

type (i) coordination where only three strong Sn-0 bonds of valence
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»

0.57 are allowed. Therefore this is unlikely to occur.
For type (ii),the‘basicity of one of the trifluoroacetate oxygens
would be 0.50 v.u. and this would cause less asymmetry than in the

previous. case. The bond valencies can be represented as shown below.

Q03
0.50 F---
-

_—o ':SO | qd\
\ o
{ (: ~€ F---
O

«--0 \©
G40 F—--

This ion would form Sn-0 bonds of strength 0.50 v.u. and 0.40 v.u.,
hence coordination of type (ii) is more‘reasonab1e.

In type (iii), the strong bond of valency 0.42 v.u. would cause the
trifluorcacetate ion to be less asymmetric than in the above two cases

and can be represented as shown below.

(@)
(@)
A
T
i
|
A 4
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/
T

—
)

The base strength of the oxygens of this trifluoroacetate ion (0.42,
0.48 v.u.) can vary in order to form bonds of valency 0.42 and 0.37 v.u.
but sohe adjustment would be required in its internal structure.

The tin{1I) coordination in the mixed valence tin compound,
discussed in %eqtﬁéh.4.5 of this thesis, can also be described as
SnX4E if the‘weaker interaction is ignored. The Mgssbauer parameters
of this tin(II} atom and that of Sn(OCOCF3)2 are similar. This supports
the inference that the geometry about the tin in Sn(OCOCF3)2 is best
represented by §nX4E. Based on the above arguments, one cam propose a
polymeric structure for Sn(0OCOCF,), which is shown in Figure 6.1. The

tin coordination in this structure is similar to that of Sn(OZ_CH)2 vet,

different from the generally assumed trigonal pyramidal coordination

for tih(II)carboxy]ates.gs.
C\ C
cl6 - \c-..
\.‘/ so 3 4
SIQ - <!
S N; isn””
1N ~
~ S
<o

Figure 6.1 Proposed structure of Sn(COZCF3)2. The bond valencies are

given along the bonds in valence unit (v.u.).
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6.3 Analysis of TrifTuoroacetate Ions Using thé Bond Valence Model
The gecmetry of the solid state -acetates and trifluorcacetates have

been analysed by Brown based on the bond valence mode1.]71 He has
considered a large number ¢f structures containing these ions and has
studied tﬁe variations in their internal geometry. _Since the crystal
structures described %n this thesis contains a variety of trifluoroacetate
groups, it was'EEEided to examine their geometry based on the trends
obsefved in Brown's wor'k.T.TI _ N

- The geometry of the CO2 group can be analysed and Figure 6.2
shows the 0-C-0 and C-C-0 angles (&) plotted against the average bond
valence <s> of the C-0 and C-C bonds that define them. The set of angles
obtained from other structures reported in the literature have been well

described by equation (6.5).”1

= 71 + 36.7 <s>° (6.5)

[e¢)
1

The correlation corresponding to this equation is shown as 2 dashed line
in Figure 6.2. It can be seen that a least square Titted line (r = 0.98),
to the data reported in this thesis, can be drawn which is represented

by equation (6.6). This is shown as *he solid line in Figure 6.2.
§ = 50.7 + 53.2 <s>° (6.6}

Equation (6.5) is derived from a large data set which describes both the
acetate and the trifluoroacetate ions whereas, equation (6.%) is obtainec
only for the trifluoroacetate ions discussed in this thesis. This probably

accounts for the difference between equations (6.5) and {6.6).
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2.25 . - —

|

2.00— —

|

1050_

1e25 -

AVERAGE BOND VALENCE (VeUs)

1,00 ' 1 : ’ :
105.0 115.0 125.0 135.0

BOND ANGLES (DEGREES)

Figure 6.2: Plot of bond ang]es‘against average bond valencies of trifluoro-
acetate jons. The solid line représentg the best fitted line

- through the points. Points dénoted by (X) are excluded from the
fit. These points arise from the structure discussed in Section
4.5. The dashed line is drawn according to the equaticn derived

by Brown.171 -
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APPENDIX I

Anisotropic Temperature Factors (°A2x103) for

Sn(II)ZSn(IV)2F4(02CCF3)8-2CF3C02H

Atom o Uy Uso Us3 Uyz U3 Uz
Snl 20.2(3) 18.0(3)  23.7(3) 5.8(2) 9.6(3) 171.1(2)
sn2 .. 30.7(4) 19.2(3)  29.3(3) 10.2(3) 16.5(3) 14.3(3)
Sn3 21.3(3) 16.8(3) 22.9(3) 7.1(2)  12.2(3) 11.3(2)
Sné 29.1(4) 16.8(3)  26.7(3) 7.0(3) 14.6(3) 10.8(3)
£ 21(3) 18(2) 25(3) 5(2) 7(2) 9(2) -
Fe 25(3) 20(2) =128(3) - 5(2) 14(2) 14(2)
F3 98(6) 73(5) 80(5) 21(4) 72(5) 40(4)
F4 73(5} 84(5) 98(6) 43(3) 66(5) 44(5)
F5 82(6) 114(7) 60(5) - 14(5) 55(5) - 19(5)}
F6 40(4) 89(5) 44(4) 17(4) 18(3) 41(8)
F7 32(4) 114(6) 62(5) 9(4) 19(4) 42(4)
8 103(7) 76(6) 100(6) "69(5) 6(6) 33(5)
F9 134(7) 64(4) 64{4) 79(5) 74(5) 49(4)
F10 123(7) 55(4) 90(5} 45(4) 88(5) 50(4)
F11 112(7) © B1(4) 30(4) 38(4) 26(4) 16(3)
F12 152(8) 99(6) 97(6) 92(6) 88{6) 85(5)
F13 - 122(7) - 66(5) 58(4) 67(5) 55(5) 28(4)
F14 52(5) 92(6) 118(7) 37(5) 39(5) 40(5)
F21 27(3) 16(2) - 28(3) 8(2) 17(2) 13(2)
F22 27(3) 25(3) 31(3) 11(2) 19(2) 14(2)
F23 47(4) 50(3) 61{4) 27(3) 30(3) 45(3)
F24 52(4) 48(4). 33(3) 14(3) - 2(3) 12(3)
F25 42(4) 97(5)" 62(4) 44(4) 34(4) 60(4)
F26 50(5) 83(5) 74(58) - 11(4) 21(4) 41(4)
F27 96(6) 63(5) 201(8) ~  43(5) 102(7) 99(6)
F28 107(6) 70(5) 73(5) - 7(8) 68(5) 21(4)
F29 - 240011) . 36(4) 86(6) 48(5) 123(7) 30(4)
F30 108(8) 167(9) 72(6) - 37(7) 74(6) - 15(8) -
F31 155(9) 100(6) 52(5) 69(€) 57{6) 51(5)
F32 45(4) 60(4) . 29(3) 14(3) 11(3) 25(3)
F33 31(4) 77(5) 57(4) 14(3Y 26(3) 36(4)
F34 58(4) 45(4) 65(5) 36(3) 12(4) 24(3)
£35 51(4) 56(4) 71(5) 32(4) 26(4) 26(4)
F36 168(9) 35(4) 110(6) 29{5) 107(7) 36(4)
F37 58(5) 55(4) 32(4) 16(3) 2(3) - .- 3(3)
01 24(3) 23(3) 28(3) 4(3) . 13(3) 11(3)
02 23(3) 21(3) 28(3) 8(3) 6(3) 9(3)
03 36(4) 26(3) 26(3) 13(3) 14(3) 13(3)
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Uoo

27(3)
32(4)
37(4)
39(4)
32(4)
24(3)

. 49(4}

33(3)
15(3)
18(3)
27(3)
33(4)
27(3)
14(3)
25(3)
41(4)
39(4)
34(5)
46(7)
37(6)
47(7)
25(5)
27(5)
22(5)
43(7)
18(4}
63(8)
33(5)
37(6)
20(4)
35(5)

- 37(6)

38(6)
21(5)
31(5)
25(5)
34(5)

Uss

34(4)
36(4)
32(4)
41(4)
43(4)
37(4)
59(5)
32(4)

31(3)

32(3)
29(4) -
32(4)
34(4)
39(4)
55(5)
54(5)
35(4)
24(5)
38(7)
42(6)
43(7)
25(5)
39(6)
25(5)
42(7)
32(5)
86{(11) -
33(5)
35(6)
25(5)
30(5)
18(5) -
39(6)
31(5)
41(6) -
41(6)
35(6)

Uiz
3(3)
2(3})
7(3)
12(3)
17(3)
1213)

31(4)

12(3)
9(3)
4(3)
3(3)

14(3)
8(3)
9(3

20(3

13(3

10(4)

15(5)
8(6)

. 17(5)

29(6)
42(6)
33(7)

207



APPENDIX II(a)
MODULI OF THE OBSERVED AND CALCULATED_STRUCTURE
.FACTORS AND STANDARD DEQIATIONS FCR
[Sn(II)4Sn(IV)OZ(COZCFs)BJ. F(O00) ON THE SAME SCALE IS

28400.
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