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ABSTRACT

Triphenyl-, trimethyl- and dimethyltin(IV), and
trimethylantimony (V) derivatives of a wide variety of acids,
ingluding those of very strong acids, as well as derivatives
of a transition metal oxyanion, were synthesized. Their
structural'gharacteristics in the solid state, under strictly
anhydrous conditions, were determined from_their infrared
spectra. These spectroscopic results can only be interpreted
in terms of a very strong interaction between the organometal
group. and the corresponding anionic group, and provide strong
evidence for coordination or partial covalent bonding between
the organometal group and the anionic group. Cont;ary to
eaflier reports, no evidence is found for the existence of

free R3Sn*, RpSr2* or RzSb2* cations in the solid state.
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CHAPTER 1

INTRODUCTION

Tin (symboi Sn) is an element of atomic number 50 and
occurs in group IVb and the 5th period of the periodic table.
Orgénotin-compounds are substances in which at least one tin-
carbon bond ié presenf. The first organotin compound was
described in 1852 by waig, and many significant contributions
Were made in this field during the'next few decades. Although
research in organometallic chemistry shifted then to 6ther
areas, interest in organotin chemistry was revived in about 1940,
and at the present time a vast amount of literature exists on
the subject. Two excellent reviews (1, 2a) of organotin chemistry
‘appeared in 1960 covering almost all the availablé literature on
‘the subject to that time.1 Up to 1960, research in organotin
chemistry was largely confined to preparative reactions. However
éince 1960, significant contributions have been made towards the
study of stereochemistry of organotin compounds. The aim of this
discussion is to review briefly the stereochemistry of organotin (IV)
acid derivatives,

A neutral tin atom has fourteen electrons outside the

+

krypton core, its configuration being [Kr] (4d)10(55)2(5p)2.‘The

ground state for the tin atom is a 3

- 2
szp configuration. The first excited state of the tin atom is

P state, derived from the

1 \

After the completion of this text, a brief review on
"Coordination in Organotin Chemistry' by R. C. Poller, has
appeared in J. Organometal. Chem., 3,321-329(1965).
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3 configuration. The known oxidation

a 95 state arising from a sp
states of tin, i.e. Sn(II) and Sn(IV), are derived from the ground
state and the first excited state of the tin atom respectively.
Organotin compounqs of 6oth oxidation states are known, however,
the Sn(IV) is more commonly encountered. The tetraalkyl- and
tetraaryl-tins, R4Sn, are typically covaient, monomeric, tetra-
hedral compounds. The lower molecular weight compounds are soluble
in common organic solvents but fhe higher molecular weight sub-
stances are soluble only in more non-polar solvents such as
benzene, pyridine or chloroform. If one (or more) R groups in an
R4Sn compound is replaced by a halogen or any other anionic group,
then the resulting compodnd may bé considered an organofin(IV)

acid derivative e.g. R3SnX, RgSnXg etc.

" The organotin halides with the exception of fluorides are
either low-melting solids or liquids at room temperature. They are
soluble in organic solvents and the lower members in a series are
also soluble in polar solvents such as water and alcohol, and are
volatile. 1In general, all the organotin fluorides are n&n—
volatile solids which are'soluble-only in water and usually melt
or dééqmpose above 200°.

Organotin chlorides, bromides And iodides are usualiy con-
éidered to be covalent compounds derived from the sp3 configuration
of the tiﬂ atom. The electron diffraction studies (3) of
(CH3) 3SnX, (CH3)9oSnXg9, and (CH3)SnX3 (where X = C1l, Br or I) have
shown that, in the gaseous state, these compounds have a tetra-
hedral configuration. Raman and infrared studies of alkyl and
aryltin halides (Cl, Br, I) (4-8) have demonstrated that the

tetrahedral'configuration of the tin atom is still maintained in
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the liquid and solid state, as well as in solution in inert non-
polar solvents,  In solid trimethyltin chloride and bromide
however, halogen bridging haé'been invoked (7);‘ ‘The dipole
moment studies on several organotin chlorides ailso indicate a
tetrahedral configuratidn of the tin atom in these compounds (1).
The electron diffraction resuifs (3) showed that the Sn-X
(X=C1, Br, I) bond length increases in the series SnX, ,
"(CH3) SnX3,(CH3) 2SnXy and (CH3)3SnX. A decrease in the Sn-X bond
length witﬁ increasing X substitution may be considered to indi-
cate an increase in the Sn-X bond order. The electron density on
the tin atom may be anticipated to decrease with an increase in
the number of électronegative substituents, and this may result
in the back donation of the p electrons to the empty 5d tin
orbitals. From a recent infrared study of methyltin chlorides,
a distinct fall in the Sn-Cl stretching force constants through
the series SnCly, (CH3)SnCl3, (CH3) 58nCl, and (CH3)3SnCl has been
reported (4). This sequence follows the increasing inductive
effect of the methyl groups facilitating the ioniéation Qf the
Sn-Cl bond. However, Lorberth and Noth (9) have recently reported
on the basis of dipole moment determinations of Rq_,SnCl, (where
R = CH3, CgHg, C4Hg, or CgHs) an increase in polarity of the
Sn-Cl bond with increasing value of n. The authors suggest that
the fact that the Sn-Cl bond becomes more polar by increasing the
number of chlorine atoms in spite of a decrease in Sn-Cl bond
distance, apparently shows that.dTr-pTrbonding is only weak and
cannot compensate for the electron abstraction caused by the

negative inductive effect of the chlorine atoms. Thus the net
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effect on the Sn-Cl bond Seeﬁs to be an increase in polarity of
about 10 percent in going from trimethyltin chloride to methyltin
chloride. However, the authors recoghize that, considering the.
-assumptions involved in the calculations of these results, the
variation in the polarity of the Sn-Cl bond is not significant and
that other interpretations for this variation are possible, e.g.
change in atomic polarization, and change in the Sn-R bond moment
due to a' change in the Sn-C-distance.

There are other divergent views as well on the existence
of dTf -pTT bonding in organotin halides. From the measurements
of nuclear quadrupole coupling constants of 35Cl in mono- and
di-n-butyltin chlorides and mono- and diphenyltin chlorides, it
has been suggested (10) that the T bond character of the Sn-Cl
bond increases with increase in substitution of the Cl atom by an
organic group. 'The ultraviolet (11) and infrared (8) spectro-
scopic studies of the homologues (CGHs)nSnCl4_n have been reported
to indicate that the Sn-C,.(ay = aryl) bond has some double bond
character. The authors consider that the negative inductive
-effect of the chlorine atom results in the donation of the T
electrons from the phenyl groups to fhe empty 5d orbitals of the
tin atom.

The bonding in organotin halides has also been recently_
studied by means of protén n.m.r, and Mossbauer spectra. From a-

study of the variation of the,;17Sn—CH3 and 119

Sn-CHz coupling.
constants in methyltin chlorides, Holmes and Kaesz (12) have
estimated that the s orbital participation by the tin atom in

the formation of the Sn-C bond decreases with the increase in
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the number of methyl groups. By assuming 25 percent s-character

in the tin orbitals in (CH3)4Sn, the s- character in the tin
orbitals involved in bonding with the methyl groups has been
estimated to be 32 percent in dimethyltin dichloride and 48 per-
cent in methyltin trichloride. From the Mdssbauer spectral studies
of organotin compounds, Herber and Stoeckler (13) have concluded
that the difference in percentage ionic character between a

tin - sp3 hybfidized carbon atom, a tin - sp2

hybridized atom
and a tin - halogen atom bond in the triaryl or trialkyl cannot be
greater than ~5 percent. From similar Mdssbauer studies, Hayes
(14) has reported that in ofganotin halides, the relative degrees
of ionicity of the fluoride, chloride and bromide substituents are
1.0: 0.65: 0.65: (£0.05).
Conductivity measurements on various organotin‘halides

(Cl, Br, I) have conclusively shown that these compounds are not
true electrolytes in the pure state (1, 2a). However, when dis-
solved in water, pyridine, or acetone, these compounds are
relatively good conducfors; but in benzene, ethyl ether, nitro-
benzene or nitromethane they are poor conductors (1, 2a). The
electrolytic behaviour of alkyltin halides in hydrolytic solvents
or in Lewis bases is due to the formation of addition compounds.
Aqueous solutions of organotin halides are slightly acidic due
to hydrolysis (1, 2a). The equilibrium between, say, trimethyltin
chloride and pyridine, alcohol, br water has been represented (2a)
as shown below:

(CHz) 58nC1 + C5H5N‘ ——5 (CH3)3Sn.NCgH3 + C1~

(CH3)3Sn01 + ROH —————> {(CH3)3Sn.0OHR" + C1~

(CH3) 38nCl + Hy0 ——> (CH3)3Sn.0Hg" + C1-

(CH3) 3SnOH$ + Hg0 ———> (CH3) 3Sn0H + Hz0"



Rochow and Seyferth (15), and Rochow, Seyferth, and Smith (16),
have reported a complete dissociation of dimethyltin dichloride

in water, according to the following equations:

: 2+ L -
(CHg) 9SnCl, + n Hg0 ——> (CH3),Sn(Hy0) + 2C1

2

' 2+ .

‘These authors have further stated that in water, amines, or amides,
the solvatéd.dimethyltiﬁ’catién probably remains tetrahedral. |
Although there is clear evidence for the ionization of
alkyltin halides (or other acid derivatives) in the presence of
a suitable Lewis base or where the solvent is also a donor, recent
accumuléted evidence indicates that the tetrahedral configuration -
of the tin atom is no longer retained in the solvated RE;Sn"r of
R28n++cations. The only experimental evidence for the tetra-
hedral configuration of the solvated R3Sn* or RzSn2+cations isv
the reporte@ (17, 18) partial resolution of (CH3)(02H5)(C3H9)SnI
from aqueous solution by conversion into the camphor sulphonate,
followed by reconversion into iodide. 'However,-attempts to repeat
. this experiment in the intervening years have not been successful
(19,20,21). The 17sn-CH; and 119Sn-CHs coupling constant data,
obtained from the proton n.m.r. spectra of trialkyltin chlorides
in water (12) or Lewis bases such as tetramethylene sulphoxide,
- N,N- dimethylacetamide or N,N-dimethylformamide (22), indicate
a trigonal bipyramidal configuration around the tin atom, and a
planar trialkyltin group. As will be discussed later, five
coordination of the tin atom has been shown in many other tri-

alkyltin derivatives.
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Similarly, from recent Raman and proton n.m.r. studies of
aqueous solutions of dimethyltin perchlorate and nitrate, McGrady
and Tobias (21) have concluded that aqueous solutions of di-
methyltin(IV) compounds contain an aquocation with a linear
C-Sn-C skeleton and that, in all probability, four water molecules
are coordinated to the cation in the equatorial plane by highly
polar bonds.

Organotin halides form complexes with halogen ions e.g.

- 2-
RoSnXy + 2X ——> R,SnX,

It has been reported (23) that the stability of six coordinate
anions of tin falls as the number of electronegative halogen sub-
stituents decreases, giving the series SnC1§_> RSnCli_) RZSnCIi_>
R3Sn01§_. In addition, organotin chlorides, bromides and iodides
react with certain electron-pair donors to form addition com-
pounds. The majority of the adducts are of the type R, SnX4_,.2L
(where R = organic group, X = Cl, Br or I, and L = an electron-
pair donor) (1) . The range and stability of the addition com-
pounds formed appeaf to decreaée as the number of organic gréups
increases and, for tetraorganotins, there is no evidence of Lewis
acid behaviour. No addition compound of organotin fluorides has
been reported either.

Although addition compounds of organotin halides have
been known for a long time, little information was available
until very recently on their stereochemistry and structure.
Earlier workers (24) favoured an ionic formulation for compounds
such as (CH3)3SnCl.Py involving a tetrahedral cation i.e.

(CH3)3SnPy+Cl'. However, the crystal structure determination of
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this compound, by Beattie, McQuillan, and Hulme (25,26) has shown

that (CH SnCl.Py is a molecular compound of trigonal bipyramidal

3)3
configuration in which the trimethyltin group is planar and the
chlorine atom and the pyridine molecule.occupy the axial posi-
tion. Later Clark and O'Brien (27) found that such trimethyltin
.derivatives as perchlorate‘nnd nitrate form stable diammonia
adducts which contain the five coordinate cation (CHB)BSn(NH3f;
in the solid state, as shown by their infrared studies. Clark,
O'Brien, and Pickard (28) confirmed the earlier reports (24)
that ‘trimethyltinbromide and chloride form unstable diadducts
with ammonia or pyridine which readily lose one mole of the‘base
to give stable monoadducfs. "The infrared studies by these
authors show that the diadducts can be formulatedias (CH3)SSnL;K7
(where L = Lewis base, X = halogen). Matwiyoff and Drago (22)
have reported the formation of 1l:1 addition comnounds between
trialkyltin chlorides and Lewis bases such as tetramethylene
sulphoxide, N,N-dimethylacetamide, or N,N-dimethylformamide. The
infrared spectroscopic and'tin-hydrogen coupling constant data
-(22) of these compounds again indicate trigonal bipyramidal
structures containing planar trimethyltin groups. The existence
of a five coordinate tin atom has also been proposed (29) in com-
pounds of the type RSSnﬁ, where K is an unsaturated organic
radical containing two nitrogen atoms in the 1,3 position (e.g.
imidazole).

Addition compounds of triphenjltin chloride and bromide
with nitrogen bases have been described in the literature (1).
However, Kupchik and Lanigan (30) recently reported the products

of reaction between triphenyltin bromide and aﬁ%nia to be
, . )
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bis(triphenyltin) oXide and ammonium bromide. These workers con-
cluded that the reaction proceeded via an intermediate containing
a Sn-N bond which was of low hydrolytic stability. Unfortunately
no other work appears to have been reported on the nitrogen base
adducts of triphenyltin halides.

| Diaikyl- and diphenyltin dihalides (Cl, Br, I) form 1l:1
addition compounds with chelate ligands such as 1,10
phenanthroline and 2,2'bipyridyl. With pyridine or its hydro-
chloride, 1:2 addition compounds are formed. Similar adducts are
also formed with methyltin trihalides and tin tetrahalides. In
contrast, trialkyltin halides do not form addition compounds with
chelate Iigands. 'TheSe addition compounds are apparently six
coordinated. The compound (CH3)2Sn012.2Py is a weak electrolyte
in acetonitrile (31); therefore an ionic formulation for such
addition compotinds is most unlikely. From a survey of the known
stereochemistry of MX,.2L (where M-= IVb group element, X =
halogen) adducts, Beattie (32) has suggested that small ligands
tend to give cis adducts, while ligands which are sterically
hindered tend to give trans adducts. Beattie has further pointed
out:that by considering the possibility of dﬁ'—pTT bonding in the
Sp—X bond, the cis adduct is favoured assuming that]T'bonding from
X to Sn is more important than T bonding involving L. A strongly
coordinating ligand could also have the effect of nedhding(ﬂr-— ﬁTr
bonding between the.halogen and the tin atoms, . in whiéh case one
factor favouring a cis configuration is lost. The infrared
spectroscopic studieé of (CHB)ZSnCIZ.ZPy and-other dimethyltin
dichloride and methyltin trichloride addition COmpounds indicate

(33) that these compounds are sixXx coordinate, with trans methyl
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groups in the case of coordinated (CH3)25n012.

So far this discussion has beeﬁ largely concerned with the
stereochemistry'of organotin(IV) chlorides, bromides and iodides
and their addition compounds. As stated earlier in contrast to
these halides, the organotin(IV) fluorides are high-melting,
non-volatile solids and are insoluble in organic solvents. On the
basis of these differences in physical properties, the fluorides
have been considered to be ionic compounds. Other organotin acid
derivatives, like nitrates and sulphatés, have also been included
in this category. Coates(2a) has stated, "Compounds in which the
R3Sn or RZSn group is combined with a highly electronegafive group,
such as fluoride, nitrate, sulphate, or sulphonate, have quite
different physical properties. Their high melting points and low
volatility indicate a salt-1like constitﬁtion.”

Rochow, Seyferth, and Smith (16) reported the preparation
of a large number of dimethyltin(IV) acid derivatives, and, from
-a comparison of their solubilities with those of corresponding
salts of bivalent tin and lead, these authors reported, "In
dimethyltin dichloride it is probable that the 552 and 5p2 elec-
trons are involved in sp hybrid orbitals leading to a symmetrical
covalent molecule, but in the dimethyltin cation, the methyl

groups probably occupy the 5s2

orbitals above, and the other
electrons are given up to the anion. In water and amines or
‘amides, the solvated cation probably remains tetrahedral, but we
believe that in anhydrous salts the (CH3)ZSn‘J‘+ ion resembles

:Snt and should also resemble :Pli++ and :T1" in structure."

The authors further commented that if the supposition of
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2 electrons is correct, the anhydrous (CHS)ZSd*+

ionization of the 5p
ion should be linear. Afterwards Freeman (34) reported di-n-
butyltin acetate to be an ionic compound on the basis of the léw
carbonyl frequency in the infrared absorption spectrum. Later,
a systematic infrared spectroscopic study was made by Okawara,
Webster, gnd Rbchow (35) who proposed an ionic structure for di-
dnd trimethyltin carboxylates. The infrared spectra of these
compounds showed only one Sn-C stretching frequency in each case
and this was interpreted in terms of the presence of discrete
planar (CH3)3SnI+ and linear (CH3)ZSn2+ cations. Furthermore, the
spectra due to the carboxylate group in each compound were .similar
to the spectrum of the corresponding free carboxylate anion.
This fact was considered as evidence for the existence of free
carboxylate anions in these compounds.

However, as was pointed out by Beattie and Gilson (36),
the effective symmetry of an ionic and of a bridging carboxylate
group is the same, and the infrared spectroscopic results of
dimethyltin carboxylates are also consistent with a coordinated
structure involving bridging or chelating carboxylate groups and
an océahedral configuratioh around the tin atom with a linear
dimethyltin group. Similarly, the infrared spectrum of trimethyl-
tin acetate can be explained in terms of planar trimethyltin
groups linked by bridging acetate groups in which case the tin
atom willihéve a trigonal bipyramidal configuration. Subsequently,
Janssen, Luijten, and van der Kerk (37) showed by detailed infra-
red studies that trialkyltin acylates exist as linear polymers
r(in which each tin atom has a tfigonal bipyramidal configuration)

in the solid and molten states and in concentrated solutions in
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non-polar solvents, but are monomeric tetrahedrallcompounds in
dilute solutions. These conclusions were confirmed later by
Okawara and Ohara (38).

Okawara, Webster, and Rochow (35) also proposed an ionic
structure for trimethyltin fluoride on the basis of the appear-
ance of only one Sn-C stretching frequency in the infrared
spectrum of this compound. However, the crystal structure deter-
mination of this compound by Clark, O'Brien, and Trotter (39) has
clearly shown that trimethyltin fluoride consists of trimethyltin
groups and fluorine atoms arranged alternatively in a chain-1like
manner. Thé electron density distribution can only be interpre-
ted in terms of five coordinate tin atoms and non-linear
unsymmetrical Sn-F--Sn bridges.consistent with a non-ionic type
of compound. A similar polymeric structure involving five
coordinate tin atoms and Sn-~-0-Sn bridges has been reported for
trimethyltin hydroxide from infrared evidence (40,41) as well as
‘a preliminary study: on crystal structure determination (42).

In a systematic study of trimethyltin derivatives of
strong acids such és trimethyltin nitrate, perchlorate, tetra-
fluoroboraté, hexafluoroarsenate and hexafluoroantimonate, Clark
and O'Brien (27,43) and Clark, O'Brien, and Pickard (28) found no
evidence for the existence of (CHB)SSn'+ cation in the solid state.
Their results indicate a polymeric structure, (involving bridging
anionic groups and planar trimethyltin groups) for these compounds
in the solid state. Similar results have been reported by other
workers for trimethyltin perchlorate (44), nitrate (45), and tetra-
fluoroborate (46). Most of the structural evideﬁce for these

compounds has been obtained by infrared spectroscopic results
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whereby ''coordination'" by, say, perchlorate to the trimethyltin
group has been deduced from the observation that the perchlorate
group has C2v (or lower) symmetry in accord with behaviour as a
bidentate or bridging group. Such a lowering of symmetry in the
solid state could be attributed to coordination. Altermatively,
crystal field effects might prodUCe'such”spectroscopic effects.
However, the following discussion shéws that the reported
spectroscopic effects are mainly due to coordination.

In discussing the symmetry of the ligand from the infrared
spectrum obtained in the crystalline state, a knowledge of the
site group or factor group analysis is desirable. However, a
survey of the infrared spectra of a variety of ionic as well as
coordination compounds iﬁ which the corresponding ionic groups
act as coordinating ligands shows that, in general, the effects of
coordination upon the vibrational modes of the ligands are more
pronounced than the effects due to crystal field. Infrared
spectra of ionic and coordination compounds have been reviewed
by Nakamoto (47) and the specific examples will be discussed later
in the text. If the symmetry of the anion is lowered upon co-
ordination, the infrared inactive vibrations of the free ion
become infrared active and appear with moderate intensity and
the degenerate vibrations are split. Moreover, all the funda-
mentals are more or less shifted according to their modes of
vibration. The intensity of the new permitted bands, the
magnitude of the splitting, and the frequency shifts are more
pronounced if the anionic group is involved in coordination.
Crystal field effects cause the forbidden infrared active modes

to appear only weakly and tHe splittings of the degenerate modes
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due to this effect are in general not very well resolved and are
comparatively smaller in magnitude.

Some suggestions to explain the five coordination of the
tin atom in trialkyltin derivatives have been put forward recen-
tly. Janssen, Luijten, and van der Kerk (48) have suggested that
in five coordinate tin compounds, the principal interaction
involves the donation of d electrons from the filled 4d orbitals
of tin into appropriate ligand orbitals, although some donation
of ligand electrons into vacant 5d tin orbitals may also be in-
volved. Matwiyoff and Drago (22) consider the use of tin hybrid
'orbitalé (pz_+ dzz) in the bonding of the axial groups to planar
R3Sn. |

As discussed earlier, for compounds of the type RoSnX,,
the possibility of tin achieving a coordination‘of sii through
adduct formation arises. Six coordination of the tin atom is
also indicated (49,50) in compounds of the type RgSnLoy (where R
= methyl or phenyl and L = chelate ligand such as acetylacetonate,
8-quinolinolate etc.).- .. A large number of such compounds have
been reporﬁed recently. However, no systematic stereochemical
studies of RZSdX2 compounds in which X is an anioni¢ group derived
from an inorganic acid (other than Cl, Br, or I) have been made,
except recently reported studies on dimethyltin dinitrate (51)
and dialkyl hydroxide nitrates (45). Dimethyltin dinitrate is a
deliquescent crystalline solid, soluble in water and many other
polar solvehts butconly slightly soluble_in chloroform. The infra-
red spectrum of this compound in the solid state indicates coor-
dination by the nitrate group and a tetrahedral configuration

around the tin atom. Its ultraviolet absorption spectrum in non-- '



15
aqueous solvents is also consistent with the presence of the
nitrato groups. Dialkyltin hydroxide nitrates are high melting
crystalline substances which are soluble in water and methanol,
but insoluble in non-polar solvents. The infrared spectra of
these compounds also indicate a tetrahedral structure.

The preceding discussion thus shows that in trialkyltin
compounds the tin atom tends to increase its'coordinatioh from
four to five and that there is no evidence for the existence of
trialkyltin. cations in the solid state. However, no information
exists on analogous triaryltin compounds. Existing evidence also
indicates coordination of either fqur or six for the tin atom in
dialkyl- and diaryltin compounds, though very little is known
about the nature of RZSnX2 compounds in which X is a strongly
electronegative anion. ’In view of these conclusions, several
questions can be raised:

1) Are the organotin cations such as R38n+ and

RZSn2+ unstable, and if so what is the nature
of interaction between the organotin group and
the anionic group?

2)  1Is thefe any similarity between analogous
alkyltin and arylfin derivatives, since by
analogy with the triphenylcarbonium cation, the
triphenyltin cation may well possess greater

stability than trialkyltin cations?

In an attempt to answer these questions a wide variety of
trimethyl-, triphenyl-, and dimethyltin derivatives of acids in-

cluding derivatives of very strong acids and transition metal
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oxyanions were synthesized and examined by infrared spectrosopy
in the solid state. While this work was in progress, a report
(52) describing an ionic constitution for trimethylantimony di-
nitrate appeared. The cations (CH3)SSn_+ and (CH3)38§+'are iso-
electronic. 1In view of the accumulated evidence (discussed
earlier), as well as evidence based on the findings of this in-
vestigation for the non-existence of trimethyltin cation in the
solidvstate, the reported ionic structure of trimethylantimony
dinitrate can only be considered anomalous. Therefore a system-
atic infrared study of trimethylantimony(V) acid derivatives was
also made.

Antimony (symbol Sb, atomic number 51) occurs in group:Vb
and the 5th period of the periodic table. Thelelectronic config-
uration of a neutral antimony atom is [?i] 4d105szp3. R3SbXg
(where R = alkyl or aryl group, X= halogen or any other anionic
group) are derived from the Sb(V) oxidation state of the antimony
atom. In addition to dihalides, the derivatives containing
(NO3) 5, (CNS) 5,804 etc.' . have been described in the literature
(2b, 53). However, very little is known about the nature of these
compoﬁnds except the established stereochemistry of dihalides (C1,
Br,I). From X-ray crystallography, Wells (54) demonstrated that
trimethylantimony dichloride, dibromide and diiodide are isomor-
phous and have a trigonal bipyramidal structure in which three
methyl groups are arranged in the plane of the metal atom and the
two halogen atoms lie at the apices. The Sb-X bond lengths are
greafer than their appropriate covalent radii sums. This fact
led Wells to sﬁggest that these compounds coula be inFefmediate

between the molecular and ionic forms shown as follows.
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X x-
CH3_\\\ CH3~\\\2+

Sb—— CH Sb—— CHg
CH, — 3 CHy—

X X~

Jensen (55) assigned a trigonal bipyramidal structure to tri-
phenylantimony dichloride on the basis of a dipole moment
determination. This has been confirmed recently by an X-ray
structure determination (56). °Apért from dihalides, no infor-
mation exists on the stereochemistry of other R3SbX, compounds,
except a fecent report on dinitrate and sulphaté by Long, Doak,
and Freedman (52). From infrared spectroscopic studies, these
authors concluded that trimethylantimony dinitrate is an.ionic
solid and that trialkylantimony sulphates are covalent compounds.

Some solution studies on dihalides have also been made.
However, there are divergent views on the species present in
solution. Conductivity measurements of both trimethyl- and
triphenylantimony dichlorides and dibromides in acetonitrile
solution have shown that these compounds are effectively non-
electrolytes in this solvent but the diiodides show a conductance
- drift due to the formation of triiodide ion (57,58). Coates (2b)
has stated that the dihalides are covalently consxitufed, but
~when dissolved in water and other polar solvents they appear to
ionize as shown below:

RgSbXg ————>  R3SbX' + X~

Sidgwick (59a) has stated that R3SbX2 compounds appear to ionize

to give the cations (RBSb)2* or more probably R3SbX+. Trimethyl-
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antimony dihalides form highly conducting solutions in water,.
Lowry and Simons (60) have attributed the high conductance values
in water due to the presence of ionic hydfoxy halides. From a
detailed study of hydrolysis of trialkylantimony dibromides,

Nylen (61) concluded that these compounds are hydrolysed according

to the equations:

RgSbBry + 2H,0 ——————> R4SbBrOH + H30 + Br~

RgSbBroH - > R3SbOH* + Br~

' +
R3SbOH" 4+ Ho0 > RgSb0 + H30

However, as pointed out by Long, Doak, and Freedman (52), all the
hydrolysis equations must be reversible, since trialkylantimony
dihalides can be recovered quantitatively by recrystallization from
water, These authors have élso reported thaf trimethylantimony
dihalides can be converted to dihydroxide by passing an aqueous
solution of the dihalide through a column containing an anionic
exchange resin.

As mentioned earlier, the present investigation is largely
confined to infrared studies in the solid state and in the fol-

lowing chapters, these results are discussed.



CHAPTER 2

TRIPHENYLTIN(IV) DERIVATIVES

In contrastvto trimethyltin derivatives of the type
'(CH3)SSnXY(where X = a highly electronegative’group such as
Cl04, NO3, BF,, AsFg, or SbFG), no systematic study of similar
triphenyltin derivatives has been made. In the present investi-
gation therefore, two such triphenyltin derivatives, triphenyltin
nitrate and perchlorate were synthesized. A comparative study'of
their infrared spectra with those of analogous trimethyltin
derivatives was made in an attempt to elucidate their stereo-
chemistry and to determine the effect of phenyl groups on the
interaction between RBSn and X,  While this work was in progress
a brief report (62) appeared describing the preparation and

and apparent instability of triphenyltin nitrate.

2.1 Triphenyltin Nitrate (CSHS)SanOS

The infrared spectra of nitrates and nitrato complexes have

been widely studied and the subject has recently been reviewed
(63,64). Recent research has indicated that compounds of elements
(M) and the nitrate group can be divided into two classes according
to whether the M-NO3 bond is predominantly ionic or covalent. The
term 'nitrate' is usually applied to a compound in which the
M-NO3 bond is ionic, that is, a compound containing the nitrate
ion, and the term 'nitrato-compound' is generally used for com-
pounds in which the NOg group is covalently bonded through one
or more of its oxygen atoms.

A free nitrate ion belongs to the point group D3h and has

four fundamental modes of vibration. Two of these are each doubly
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degenerate and the other two are nondegenerate. The fundamental
vibrational frequencies of the NO3 ion are well established

(65a) and are listed in Table 2.la.

TABLE 2.1la

Vibrational Frequencies of NO3 Ion (Point Group Dg})

Vibrational | Frequency Activity
mode Assignment , (cm~1) '
OI(AE) - NO symmetric 1050 (R)
_ stretch : :
Vv, (&%) Out-of-plane bend 831 (I.R)
DS(Eﬁ Degenerate NO, 1390 , (R,I.R)
stretch
04(ﬁ) Degenerate NOg 720 ' (R,I.R)
‘bend

(R = Raman active; I,R = Infrared active)

The #lkali metal nitrates, and certain of the alkaline
earth metal nitrates, give infrared spectra which resemble closely
the predicted spectrum of a free nitrate ion (66-68). On the
other band, many anhydrous metal nitrates, especially the transi-
tion metal nitrates, are largely covalent in character and their
infrared spectra resemble those of non-metal nitrates (64). In
organic nitrates such as methyl nitrate the bonding is essentially
covalent. In metal-nitrato compounds the bond character is ex-
pected to>vary from 1afgely ionic to near covalent. Addison and
Logan (64) have pointed out that metal-nitrato compounds and
their derivatives are much less reactive as compared to the non-
metal nitrates such as alkyl nitrates and fluorine nitrate which

-are highly reactive.  These authors consider that some form of
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back-donation of electrons from the metal atom to the empty orbi-
tals of the nitrate group may make a contribution to the greater
stability of metal-nitrato compoﬁnds.

Covalent or partial covalent bonding between the metal
atom .and nitrate group can involve one or two of the oxygen atoﬁs
of the nitrate group thereby reducing the symmetry of the~nitrate

group to either Cg or Cg9y as shown below:

0

O .
7 7
M—0 —N ' 0—N -
‘\0 ,M// \\O
Coy symmetry _ Cs symmetry
(a) Unidentate nitrato group
M
0 | !
RN : e
M SN—10 0—N
~N
|
‘M
Cyy Symmetry C2y symmetry i

(b) Bidentate or bridging nitrato group

Upon lowering the symmetry of the'NOS group from Dgp to:either

Cgy or Cg, the .degeneracy of degenerate modes of the free Noé- ion/
is completely removed and, as such, the nitrato group possessing
either Cg9y or Cg symmetry will give rise to six nondegenerate
-fundamental vibrations, all of which are both Raman and infrared
active. The correlation between the vibrational modes of D3p s

Coy and Cg point groups is shown in Table 2.1lb. It may be noted
that, in a unidentate nitrato group, two of the three N-0 bonds
will have double bond charécter while Fhe remaining N-O bond

will have single bond character. On the other hand, in a bidentate



22
TABLE 2.,1b

Correlation Table for D3np, D3, C2y, and Cs Point Groups

Vibrational Modes

Point \ 2 Vs . 93 V4
Group -

D3p A7 (R) K% (1.R) E(R,I.R) E(R,I.R)
D3 A7 (R) Ao (I.R) E(R,I.R) E(R,I.R)
Coy A;j(R,I.R) B;(R,I.R) ~ Aj(R,I.R) A;(R,I.R)

+B2(R,I.R) 4 Bo(R,I.R)
Cs A(R,I.R)  A(R,I.R) A(R,1.R) + AYR,I.R) +

Ve . s’
A(R,I.R) A(R,I.R)

or bridging nitrato group, as the bond order of the two M-0 bonds
approaches unity, the terminal NO bond approaches a double‘bond.
Due to thé considerable gradation to be expected in the polarity
of.the metal nitrate bpnd and therefore a corresponding gradation
of the nitrate ion, the actual frequencies for the nitrato group -
cannot be predicted as for the free ion. The infrared absorption
frequencies found ekperimentally fér'unidentate.and bidentate

(or bridging) nitrato groups, by various workers (69,70), are
shown in Table 2.1c.

The vibrational modes have been numbered accérding to the
convention that within;a;point grpup,‘vibfational modes are num-
bered from the highest symmetry species, and, within any given
symmetry species, from the highest frequency.

Though many bidentate (or bridging) nitrato-compounds
(63,64,70,72) show the highest nitrate frequency at 1630 cm'l or
even higher, it must be noted that absorption frequency in this

region cannot be considered a criterion for a bidentate
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TABLE 2.1lc

Vibrational Frequencies of Unidentate and Bidentate Nitrato

Groups (Co, Symmetry)

Assignment Species Frequency (cm'l)

Unidentate Bidentate

‘ or bridging
NO2 - symmetric stretch (A1) 91(1290-1253) 92 ( 985)
NO stretch (A7) V2(1030-970) V1 (1630)
NO, symmetric bend (A1) Vg (~~ 739) V5 ( 785)
NOg asymmetric stretch — ~ (Bg) 94 (1550-1480) V4 (1250)
NOg asymmetric bend (Bg) 05('\/713) 05 ( 750)
Out-of-plane rock (B1) Vg (800-781) Vg ( 700)

Note: These authors classified modeS')4 and 05 as belonging to
By species and 06 to Bo. This classification has been reversed
in conformity with the correlation tables in Wilson, Decius,

and Cross (71).

or bridging nitrato group. Cotton, Goodgame, and Soderberg (73)
have shown that the highest nitrate frequency in the infrared
spectrum of Co ECHS)gpé]z(N03)2, where the presence of bidentate
nitrate groups has been establishedvby X-ray crystallography
(74), occurs at 1517 ecm-1l, Similarly uranyl nitréto compounds
containing bidentate nitrato groups show the highest nitrate
frequency in the region 1560 - 1454 em=1 (63). SnFg(NO3) 9 is
reported (75) to be tetrahedral but the infrared absorption
frequencies of the nitrato group in this compound are very sim-

ilar to those of Sn(NO3)4 which is reported (70) to contain
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bidentate nitrato groups. Since the asymmetric NOg stretching
frequency of a unidentate nitrato group can appear at frequencies
as high as 1550 ch‘l, and other nitrate bands appear in similar
regions for unidentate and bidentate (or bridging) nitfato groups,
it.is not, in general, possible to distinguish between a uni-
dentate, bidentate or bridging nitrato.group. !

The symmetry of the nitrate ion in the solid state can
also be lowered if it is subjected to the fieid of a crystal
lattice. Buijs and Schutte (66) consider that, in ionic crystals,
the cohesive energy is of the same order as the bond energies of
covalent compounds. Though in solid state infrared spectra, the
degenerate infrared active modes are usually split, and Raman
active moqes appear weakly due to the crystal fieid effects, é
survey of the spectra of ionic~nitratesv(66—68,76) suggests that
any interaction with the metal ion is insufficient to restricf
the normal vibrations of the nitrate ions. By comparing the
spectra of ionic nitrates, metal-nitrato compounds and covalent
nitratés, some estimation may'bé made of the.degree of covalent
character in the metal-nitrate bond. The following points can be
stressed in this connection:

(a) In ionic nitrates the NO stretching vibration 91 shows only

a very weak.aBsorption in the 1050 cm~!

region, even in cases
where the site symmetry of the nitrate ion is lowered to Cg, as
in potassium nitrate (66,76). In nitrato compounds, the NO
stretching vibration appears as a strong band and varies between
the observed frequency (1050 cm~1l) for an ionic nitrate to that

observed (854 cm—1) for methyl nitrate (77). Gatehouse,

Livingston, and Nyholm (69) have used this criterion to place a
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number of metal-nitrato complexes in the order of the covalent
character of the metal-nitrate bond.

(b) The out-of-plane rocking mode in nitrato compounds occurs
almost invariaﬁly at lower frequency than that for the free
‘nitrate ion (64).

(c) The degenerage mode 03 of the free nitrate ion is split into
»01 and 94 in the nitrato ‘group and the value of the difference
LY - (V4-91) (in ¢ase of bidentate nitrato groups AV = 01—04),
increases progressively with an increase in the covalent
character of bonding of the nitrate group. The values.of A9V
give the same sequence for covalency as does the variation in
the NO stretching frequency (64). Ferraro (67) has sﬁggested
that the extent of this splitting V,-v; is a criterion of the
strength of the covalent bond. In methyl nitrate 04 and 31

are found at 1672 and 1287 cm~l respectively (77) and (04-01)
is 385 cm-l, In metal-nitrato complexeé, the value of

(04—01) is; in general, less than 385 cm~1 (63) but, on the
other hand, the observed splitting of 03 due to crystal field
effects are comparatively much smaller. In potassium nitrate
no splitting of 03 is observed (66,76). The infrared spectra of
metal nitrates have also been studied in organic solvents
(78,79). 1In general, the 01 and °4vfrequencies of the nitrato
group are independent of the solvent, but strongly dependent on
the metal ion. From a detailed study of the infrared spectra
of many metal nitrates dissolved in tributyl phosphate,

Katzin (78) concluded that a (04—01) splitting of less than

100 cm~! can be attributed to electrical asymmetry rather than

to covalent bonding, but a (04—01) splitting greater than 125 cm_1
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is undoubtedly due to the effects of partial covalent bonding.

Triphenyltin nitrate was prepared by the metathetical
reaction of triphenyltin chloride and silver nitrate under
anhydrous conditions, as well as by using an aqueous solution
of silver nitrate as described by Shapiro and Becker (62).
The infrared absorption bands of triphenyltin nifrate are
listed, with their relative intensities and assignments, for
both preparations of the compound in Table 2.1d. A portion of
the‘spectrum of anhydrous nitrate is shown in Figure 2,1. As
can be-seen from Table 2.1d, the énhydrous nitrate does not
show any bands due to the free nitrate ion while the bands
attributed to the nitrato group are present at 1515-1492,
1288-1257, 978 and 798 cm'l. The other tWo bands due to the
nitrato group cannot be observed due to the presence of two
strong phenyl absorptions at 729 and 692 cm'l. The nitrate
absorption in triphenyltin nitrate is very similar to that shown
by trimethyltin nitrate (28, 45). As regards the absorptions of
the triphenyltin group, there are no apparent differences be-
tween the spectra of triphenyltin chloride (5,8), triphenyltin
~azide (80), triphenyltin nitrate, and triphenyltin perchlorate
(to be -discussed later). Triphenyltin chloride is reported
(5,8) to be non-associated so that the triphenyltin groups should
be non-planar, while triphenyltin azide is considered (81) to
contain planar triphenyltin .groups bridged by azide -groups.
Moreover, there is a considerable disagreement concerning the
frequencies at which<absoiption due to the symmetric and asym-

metric stretching vibrations of the phenyltin bonds should be

observed. Griffiths and Derwish (8) haVefassigned a weak band
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Infrared Absorption Spectra of Anhydrous and Wet

Triphenyltin Nitrate

Anhydrous Wet
Frequency Relative Frequency Relative
(cm—1) intensity (cm—1) intensity
3060 ’ m D) 3060 m )
2990 W g 2990 w g
1965 ‘ w ) 1965 wvoo)
1880 w g 1880 \J ;
1815 w ; 1820 W g
1770 \ ; 1760 w }g
1750 | VW
1515 S )
1508 s ,§
1492 s g
1393 Vs
1483 sh ) 1483 m )
1437 _ ] g’ 1434 S ;
1339 m ; 1334 m ;
1325 | m ;
1305 m. 1303 m
1278 m
1288 s ) |
1271 s g
1257 S %

Assignment

C-H str.

Phenyl ring.

NO2 asym..
str., (04)

or
NO Str;,(dl)

NO.,, asym. .
s r.,(OB)

Skeletal C-C
vibrations

(B C-H

NQo sym..str.,

(V1)
or

NOo asym.str.,
@)
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Table 2.1d continued

1190 W
1155 W . | BC-H
1076 m 1075 m BC-H
1062 w | NO str., (¥;)
1044 w '
1024 | m 1022 m 3C-H
996 m 996 m Phenyl ring
978 m NO str.,(¥g) or
NOo sym.str,,(oz)
826 m | NOé'out—of-plane
bend,,(&z)
798 om ONO, out-of-
. . plane rock,(@GQ
729 s 729 s C-H vib.
692 s 695 s C-H vib.
450 S 450 s | Sn-Phenyl

m-= medium; s = strong; vs = very strong; vw = very weak; w = weak.
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at 1164 cm~l in the spectrum of triphenyltin chloride to the
phenyl-tin asymmetric stretching mode, but Kriegsmann and
Geissler(5) have aésigned this mode to the strong band observed
at 450 cm‘l. The latter is probably more correct, but without
more precise information, if is not possible to describe.the
configuration of the triphenyltin group inbtriphenyltin nitrate
with any certainty. As discussed earlier, no concluéion can be
reached‘about#the'unidentate, bidentate or bridging nature of
~the nitrato group from the infrafed spectrum. However, the
infrared spectrum of triphenyltin nitrate certainly shows that
. free NOé- and (CgH5)3Sn" ions are not present in anhydrous
triphenyltin nitrate and therefore an ionic structure is not
possible for this compound. Like trimethyltin nitrate, triphenyl-
tin nitrate may have eithér a tetrahedral, monomeric structure
containing a unidentate nitrato group, or a polymeric structure
containing five coordinate tin atoms and bridging nitrato groups.
In contrast to the anhydrous compound, the infrared spec;
trum of triphenyltin nitrate prepared from wet acetone -clearly
shows the presence of the free nitrate ion, The absorptions at
1515-1492 and 1288-1257 cm~1 in the -anhydrous compound are re-
placed‘by a single very strong broad band at 1393 cm-'1 which is
characteristic of thé.free nitrate“ion. The other expected
‘absorptions at 1062 and 826 em~1 are also present; the band
expected at approximately 720 cm~l is probably masked by strong
phenyl absorption. "The same spectrum is also observed when
-anhydrous triphenyltin nitrate is eprsed to moist air, the
changes in the infrared spectrum being complete after an ex-
posure of 24 hours. Thus there is a cohstitutional difference

between anhydrous and wet triphenyltin nitrate.
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Since samples of anhydrous triphenyltin nitrate appeared
stable, a confirmation of the reported instability was sought.

Shapiro and Becker (62) have reported that triphenyltin nitrate,

prepared in wet acetone, decomposes spontaneously at 25°raccor—

ding to the equation

(CgHs) 3SnNO4 >CgH5NOy (87%) + (CgH5) 5,Sn0 (100%)

and at higher temperatures, according to the equation

(CgHg) 3SnNOg———— CgHgNO, (33%) + CgHg (65%) +

) ' (CgHg) 5,500 + NO,

All their products were characterized except the oxide of nitro-
gen. In this investigation the anhydrous nitrate showed no
apparent changes in infrared spectrum, as well as in appearance,
after storage in the dry box for more than two months. When a
sample of anhydrous triphenyltin nitrate was heated under vacuum
at 150° for one and one-half hours; some spectroscopic changes
were observed in the solid, and a very small amount of vapour
was evolved. The infrared spectra of the heated solid and the
evolved vapour are recorded in Table 2.le. In the spectrum of
the heated solid, all the phenyl absorptions: are unchanged, while
the nitrate absorptions occur af 1550, 1277, 965 and 790 cm-1,

In addition, two strong bands appear at 606_and 558 which may

be possibly associated with tin-oxygen vibrations. Monophenyltin
oxide, diphenyltin oxide and bis(triphenyltin) oxide show the
chafacteristic strong absorptions of\the tin-oxygenvvibfation

at 572(82), 575(82) and 774(83) cm~! respectively. None of
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Infrared Absorption Spectra of The Products Obtained

On Heating Anhydrous Triphenyltin Nitrate

m = medium; s

= strong; sh = shoulder; w = weak.

- .801id »Napour

Frequency Relative Frequency Relative

(cm=-1) intensity _ (cm—1) intensity
13080 W 3070 m
1550 s ‘ 2980 W
1535 s 1685-1665 s

1485 m 1485 w

1335 W ' 1050 W
1277 s | 990 m
1265 sh 850 sh
1075 m 825 s.
1065 sh 800 sh
1022 m | 685 m

998 m 670 s

965 s | 660 m

920 w ' 615 m

790 m 572 W

730 s

694 s

655 w

606 s

558 s

450 s
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these absorptions are found in the spectrum of the heated solid.
The infrared spectrum of the vapour indicates the absence
of any nitrogen oxides. Some of the absorptions can be assigned
to benzene but other bands could not be characterized. From the
-above spectroscopic data, it may be concluded that decomposition
of the anhydrous triphenylfin nitrate under these conditions is
slight, and that, although some structural changes must occur,
the nitrate group is still apparently retained with either Cgy
or Cg symmetry.

Even the produét obtained from wet acetone is much more
stable than the product described by Shapiro and Becker. Samples
were always pale yellow in colour, and did not show any change in
appearance or spectra.over periods of several days. When a
sample of the compound was heated with o-dichlorobenzene -as
described by Shapiro and Becker, decomposition was found to be
considerable, the final residue being shown by its infrared
spectrum to contain no nitrate, and also, from the reduced inten-
sities of the phenyl abéorptions (as compared with those observed
for the original compound in a mull of approximately similar con-
centraﬁion), to have lost phenyl groups. No absorptions charac-
teristic of bis(triphenyltin)LQXideuwere observed. It is
concluded, therefore, that pure triphenyltin nitrate is stable
under anhydrous conditions, and that the instability observed by
Shapiro and Becker is associated wifh the presence of catalytic
impurities and, to some degree, with the presence of moisture.

"Trimethyltin nitrate, by reaction with ammonia, readily

3.

Similar reactions of triphenyltin nitrate with anhydrous ammonia

forms a ‘diadduct which is formulated (28) as (CH3)3Sn(NH3)2+NO
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were carried out. However, no addition compound could be iso-
lated; instead a mixture of ammonium nitrate and bis(triphenyltin)
oxide was 6btained which was characterized by its X-ray powder
photograph and infrared spectrum (83). The reaction of
triphenyltin nitfate with ammonia must therefore proceed as
follows:

+ NHS——% <c6H5> 3 SnuNOgNH;

(C6H5)SSnN03

H,0
—2—> [(cgHg) 350) 0 + 2NHNOy

2(C6H5)BSnN03NH3

Similar results have been reported by Kupchik and Lanigan (30)

who found the products of reaction between triphenyltin bromide

and ammonia to be bis(triphenyltin) oxide and ammonium bromide.

It seems that, in contrast to ammonia adducts of alkyltin compounds,
the ammonia adducts of triphenyltin derivatives have a very low
hydrolytic stability, for either kinetic or thermodynamic reasons,
and that in the preéent case hydrolysis occurred even under care-

fully controlled conditions.

2.2 Triphenyltin Perchlorate (CgHg)3SnCl0y4

The free perchlorate ion (Cl047) is of tetrahedral(Tqy)
symmetry (65b) and hence should have nine vibrational modes giving
rise to four fundamental vibrational frequencies. These fundamen-
tal frequences which have been established (65a) from the Raman
spectra of perchlorates are shown in Table 2.2a.

The 01 mode is nondegenerate, 02 is.doubly degenerate,
and 93 and 04 are each triply degenerate. In the solid state

infrared spectra of ionic perchlorates (68,84), Jl’ which is infra-
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TABLE 2.2a

Vibrational Frequencies of ClO; Ion (Point Group Ty

Vibrational Assignment Frequency Activity
mode (Cm'l)
v, (A Symmetric stretch 935 (R)
v (E) Symmetric bend 462 (R)
2
v (F,) Asymmetric stretch 1102 . (R,I.R)
3 2
34 (F2) Asymmetric bend 628 (R,I.R)
(R = Raman active; I.R = Infrared active.)

red inactive is ueually observed as a very weak absorption at
about 930 cm“l. 03 appears as a oroad, strong band, usually split
io the 1050-1150 region. Anhydrous copper perchlorate and some

" other transition metal perchlorates have infrared spectra (85) very
different from other metal perchlorates. From a detailed study

of their spectra, Hathaway and Underhill (85) showed that, in
these compounds, the perchlorate groups are strongly coordinated
to the metai atoms. The infrared spectrum of trimethyltin per-
chlorate (27) also indicates that perchlorate groups act as
bridging ligands between the planér trimethyltin groups. The
spectroscopic results are completely consistent with a polymeric
structure containing five coordinate tin atoms.

" 'If the perchlorate group is involved in such coordination,
its symmetry is lowered from Ty to C3y or Cgy according to whether
one or two of its oxygen atoms participate.in'such bonding. The
correlation between the vibrational modes of the perchlorate group

for Ty, Cgy or Cyy symmetry (85) is shown in Table 2.2b. If
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TABLE 2.2b

Vibrations of The Cl04 Group . in Ty, C3y or Cgyy Symmetry

Symmetry Vibrational Modes
vy 5 v vy Vs Vs
* o
-0°-Clo3 C3y  A;(1.R) : E(I.R)  A;(I.R) E(I.R)  Aj(I.R) E (I.R)
Cloy Ty A Vg V3 Vg .4
L am B(R) Fp(1.R) PR
sym.str. sym.bend asym.str.
_0*\‘ _ , A \ / \
_O*/cmz Coy ¥, Y, Vs N Y Vg V3 Vg g
A(LR)  AJ(I.R) A(R) Aj(I.R) B1(I.R.) By(1.R) Aj(I.R) By(I.R) By(I.R)
C10, €l0g - Torsion Cl04 Clog, ~ Cl0p Cl09 . rocking rocking
sym.str. sym.bend sym. asym. asym. sym. '

str. str. str. bend

* denotes oxygen atoms involved in bonding.
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the symmetry of the perchlorate group is lowered to C3y, then the
01 mode of the perchlorate ion becomes infrared active, and modes
03, 34 eachgplit into two modes which are also infrarédhactive,
On further lowering of the symmetry to Co,, the JS and 04 modes
}“éagﬁigﬁngw;htb three infraréed active modeés.

Ross (84) considers that, in view of the known instability
of covalent perchlorates, it is unlikely that covalent bonding
can contribute to any extent in metal pérchlorates, and that the
splittings in the solid state infrared spectra of various>per—
chlorates described by Hathaway and Underhili might be due to
the distortion of the perchlorate ion in the crystal lattice.

The -observed (68,84) infrared spectra of some ionic perchlorates
do show lowering of the perchlorate ion symmetry.due to the
crystal field, however, the observed splittings of the degen-
erate modes in all these cases are not as well defined and are
of a smaller order. Also, the forbidden mode 91 shows only a
weak absorption. For example, in potassium and ammoniumvper—
chlorateé (84), the perchlorate ion symmetry is distorted to
"Coy but, in both these cases,.the 03 mode shows a splitting of
about 50 cm~1 as compared to the splitting of abouf 200 cm"1
observed for the same mode in anhydrous copper perchlorate (85)
and trimethyltin perchlorate (27). Trimethyltin perchlorate
shows four strong, well resolved bands at 1212-1192, 1112, 998
and 908 cm~! and three medium bands at 625, 606 and 468 cm=1,
Coordination by the perchlorate group in trimethyltin perchlorate
is further supported by its infrared spectrum (28) in methanol
'solution where crystal field effects are completely absent.
While this work was in progress, further evidence of coordina-

tion by the perchlorate group has been reported in the following
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comppunds: Ni(3,5—lutidine)(C104)2 (86) shows perchlorate group
-absorptions at 1135, 1030 and 930 cm~1 and the magnetic moment of
this compound is in accord with the six qoordinatdonvw of the
nickel atom, Ni(CHSCN)4(CIO4)2 and Ni(CHscN)z(C104)2 (87) have
perchlorate absorption bands at 1135, 1012, 912 cm-1 and 1195,
1106, 1000 and 920 cm~1 respectively, and the coordination by
perchlorate groups in these compounds is further supported by their
electronic spectra. Thus the preceeding examples demonstrate that
the 'solid state infrared spectrum can be used to distinguish between
an ionic ‘and a coordinated perchlorate group.

Anhydrous triphenyltin perchlorate was obtained as a white
solid. The observed infrared absorption bands of the anhydrous
- compound are listed, with their relative intensities and suggested .
assignments, in Table 2.2c¢c. A portion of the spectrum is shown
in Figure 2.2, The bands which can be assigned to the perchlorate
group occur at 1200, 1112, 985, 905, 625, 610-604, 455, 449 and
439 cm~l, The remaining bands‘are identical with those observed
in the spectrum of triphenyltin nitrate and can be assigned to
the vibrations associated with'the tripﬁényltin group. The four
strong perchloratebbands at 1200,,1112, 985 and 905 cm~1 are
almost identical with those observed for trimethyltin perchlorate
(27), and clearly indicate the Co, symmetry of the perchlorate
group. This is also supported by the bandé at 625, and 610-604,
which are observed for trimethyltin perchlorate. Trimethyltin
perchlorate shows absorption bands at 468 and 450 em~l, In
triphenyltin perchlorate there is a strong absorption band in
450 cm~1 region due to the triphenyltin group and this may over-

lap perchlorate absorption in this region. There is, howevef,
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The Infrared Absorption Spectrum of Triphenyltin Perchlorate

Frequency Relative

Frequency Relative

~

(cm~1) ‘Intensity Assignment (cm‘l) Intensity Assignment
3070 m ) 1158 m  BC-H
)
2990 m ) C-H str. 1112 Vs Cl09 sym.str.,
) (¥7)
2990 w o) 1075 S BC-H
1990 vw Phenyl ring 1020 m BC-H
1967 w Phenyl ring 995 sh Phenyl ring
*
1905 V' Phenyl ring 985 Vs Cl0o asym.
str.,(@s)
*
1884 w Phenyl ring 905 s Cl09 sym.
str.,(oz)
1818 W Phenyl ring 728 vs C-H deform.
1765 \ 690 Vs C-H deform.
1644 W 673 W
1582 W) Skeletal C-C 664 w
' )
1483 m ) vibrations 625 m Cl09 sym.
) bend, (V3)
1435 S g{ 610 sh )
) ) Rocking
1335 m ) 604 sh ) ~ Clog, (V)
1300 W pC-H 455 sh ) Rocking
: ) Clog4, (Vg)?
1200 Vs - Cl09 asym. 449 S g Clda sym.
str., (vg) . .
’ 6 439 sh ) bend, (04)?
: and
Sn-phenyl.

vs = very strong;

weak;

s = strong;

m = medium; w = weak;

VW = very

sh = shoulder. * denotes the two bridging oxygen atoms.
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little doubt that the perchlorate symmetry in this compound is not
higher than Cgy.

Triphenyltin perchloraté, like trimethyltin perchlorate,
is highly soluble in ether and methanol and is very hygroscopic.
On exposing triphenyltin perchlorate to air, the four intense
" bands at 1200, 1112, 985 and 905 were replaced by an intense broad
band in the 1075-1150 em~ 1 region and a very weak band at 940
cm'l. These are characteristic bands of the free perchlorate ion
which is formed by the hydrolysis of the anhydrous triphenyltin
perchlorate. Identical spectral changes occur:in trimethyltin
perchlorate (27). Thus in view of the almost identical spectra
of triphenyltin perchlorate and trimethyltin perchlorate, and
their identical behaviour upon hydrolysis, it can be concluded
that both these compounds are almost similar in structure,

Hathaway and Underhill (85) have suggested assignments for
the fundamental frequencies of the perchlorato group of Coy
symmetry by comparison with the assignments for sulphuryl
fluoride, and the bidentate sulphate group. These workers have
suggested the following aésignments for the Clgz and ClO2
stretching vibrations : 1270 - 1245 cm-l, asymmetric c15;
stretch'(os); 948-920 Cm_l, symmetric Claé.stretch (02); 1130
cm'1 asymmetric Cl05 stretch (06); and 1030 cm'l, symmetric
"Cl09 stretch (31). However, these assignments are not consistent
with the reported assignments for sulphuryl fluoride (88) and
dimethyl sulphate (89). Moreover, the bond order of the two.
C1-0 bonds (involving oxygen atoms not participating in co-

‘ordination) should be higher than that of the remaining two

* *
C1-0 bonds (0 denotes oxygen atoms participating in coordination).
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Therefore the ClO2 stretching vibration should occur at higher
frequencies, compared with frequencies for the c132 stretching
modes. In dimethyl sulphate the stretching vibrations charac-
terizing the two double sulphur-oxygen bonds occur near 1400 and
1200 cm_1 whereas the stretching vibrations of the two single
sulphur-oxygen bonds occur at 825 and 752 cm_1 (see section 5.4).
Therefore in triphenyltin perchlorate the four strong perchlorate
‘absorption bands in the 1200-900 cm~ 1 region are assigned as

1

follows: 1200 cm“l, Cl10, asymmetric stretch (JG)5 1112 cm™ -,

2
Cl04 symmetric stretch (015;A985 cm‘l ClS; asymmetric stretch
(08); and 905 cm‘1, 0162 symmetric stretch’(az). In the lower
frequency region, there is no obvious method to distinguish
between theAvibrational frequencies of 03, 97, and 09 modes and
the aséignments suggested by Hathaway and Underhill are used.
Trimethyltin perchlorate fbrms an additional compound with
anhydrous ammonia which has been formulated as (CHS)BSn.ZNHgbld;
(27). However, the reaction of triphenyltin perchlorate with
ammonia resulted in the formation of ammonium perchlorate and
bis(triphenyltin) oxide. A similar reaction between ammonia and
triphenyltin nitrate has been discussed and the formation of

ammonium perchlorate and bis(triphenyltin) oxide in this reaction

can be explained in a similar manner,
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CHAPTER 3
TRIMETHYLTIN (IV) DERIVATIVES

To seek further information about the nature of the inter-
‘action between R3Sn and the anionic group,'some triﬁethyltin
‘derivatives containing transition metal oxyanions were sought.

It was considered that the electronic spectra of‘such-deriva—
tives might provide some information about the electronic
description of the interactién.

Perchlorates, tetrafluoroborates, and permanganates of
the same cation are frequently isomorphous and the three anions
have many similar feétures including their regular tetrahedral
symmetry. ~Therefore an attempt was made to prepare trimethyltin
permanganate, but this compound could not be isolated due to its
instanténeous decomposition in the presence of a range of sol-
vents. Bis(trimethyltin)”chromate, (KCHQ)BS§XZCrO4, however,
could readily be synthesized. Iq this compound, formally at least,
a doubly charged anion'CrOZ— is present so that. the stoichiometry
is quite different from that;df a trimethyltin derivative con-
taiﬁing uniQalent anion such as perchlorate. Therefore, to
provide a comparison, bis(trimethyltin) sulphate IECHs)BSnVZSO4
was also studied. Both the sulphate ion and the chromate ion
have regular tetrahedral symmetry and belong to the point group

'Td (47a) .

‘3.1 Bis(trimethyltin) Sulphate [(CHg);Sn],S0,
The infrared and Raman spectra of sulphates have been =
widely studied (47a). The fundamental vibrational frequenéies

of the free SOi- ion as shown in Table 3.la, have been established
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from_ the Raman spectra (65b) in aqueous solutions.

TABLE 3.1la

2_ .
Vibrational Frequencies of SO4 Ion (Point Group Td)

Vibrational Frequency

mode Assignment (cm-1) Activity
01 (A)) Symmetric stretch 981 | (R)
02 (E) Symmetric bend ' 451 (R)
v (F_) Asymmetric stretch 1104 (R,I.R)
3 2
04 (Fo) Asymmetric bend 613 (R,I.R)

( R = Raman active; I.R = Infrared active.)

In the solid state infrared spectra of ionic sulphates,
the infrared inactive mode 91 shows a weak absorption and the
-degenerate frequencies 03 and 04 appear very strongly and'often
display splitting due to crystal field effects (90). The crystal
fiéld effects observed in the spectra of crystalline ionic sul-
‘phates are_similax:in nature and magnitude to those discussed in
connection with perchlorates (90).

From infrared studiés, Nakamatb and coworkers (91) have
shown coordination by the sulphate group in certain ammino-cobalt
(III) complexes. Their conclusions have been confirmed by
‘Barraclough and Tobe (92) in an infrared study of ethylenediamine
cobalt(II1I) complexes. Coordination by the sulphate grqpp has
also been reported recently in some ethylenediamine -and
bipyridyl complexes of copper (93,94). The sulphate absorptions
in all these sulphato complexes occur in the following frequency

(ecm—1) ranges:
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Unidentate 01 02 V3 04 :

sulphato group  965-978(m) 438(m) 1114-1143(s) 615-645

C3y sSymmetry 1032-1070(s) 602-625(s)
]

Bidentate

sulphato group 961-995(m) 462(m) 1163-1211(s) 632-647(s)
1096-1176(s) 602-632(s)
Coy symmetry 1000-1060(s) 515-595(m)

(m = medium; s = strong)

Alkyltin sulphates are well known, but no work has been
done to determine their constitution, except earlier studies by
Wermer and Pfeiffer (95)'and a brief study by Gillespie :and -
Robinson (96). Werner and Pfeiffer obtained a low value for the
molecular weight of diethyltin sulphate in water, which led
them to conclude that the compound was partially dissociated
into diethyltin and sulphate ions. As it did not melt or sub-
lime, Werner and Pfeiffer classified the compound as salt-like;
however they also stated that the compound should be planar with
a cis configuration. Gillespie and RobinSon haVe briefly re-
ported that, in anhydrous sulphuric acid solution, bis(trimethyltin)
sulphate is ionized giving four particles for every molecule of
'[ECHB)BSH 2S04. However, neither of these results can be consi-
dered as evidence for the existence of free (CH3)3SH and
SOiL either in the solid state or in solution, and the results
can be interpretéd equally well in terms of solvated ions.

In this investigation, trimethyltin sulphate was prepared
under anhydrous conditions by the‘metathetical reaction of |

trimethyltin bromide -and silver sulphate using methanol as
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solvent. The first product of the preparation was a methanol
adduct. BCHg)ss@ 2504 .2(CH30H) , from which the methanol was
completely removed by heating under vacuum at 100° for about
four hours. Part of the infrared spectra of the adduct (curve
1) and the nonsolvated product (curve 2) are shown in Figures
3.1la and 3.1b. Infrared absorption bands of bofh the products
are listed in Table 3.1b, with their relative intensities and
suggested assignments. For both the methanol adduct and the
nonsdlvated bis(trimethyltin) sulphate, the trimethyltin group
- shows absorption at 3000-2900, (C-H stretch); 1410-1400,

(C-H asymmetric bend); 1205-1195, (C-H symmetric bend); 785-780,
(Sn—CH3 rock) ; and 552, (Sn-C asymmetric stretch) bm‘l. It may

be noted that only the tin carboh asymmetric stretch appears in
the spectra, and its frequency is shifted to higher wave number

as compared to the value of 545-540 cm~1 observed in trimethyltin
chloride (4). This shift to.higher frequencies from 545-540

cm'1 observéd for tetrahedral trimethyltin compounds is observed
in other trimethyltin derivatives (27, 28, 33, 45) containing

a planar trimethyltin group in a trigonal bipyramidal configuration
around the tin atom. In at least one of these derivatives,
(CH3)3SnCI.Py, both the planarity of the trimethyltin group and
the five coordination of the tin atom have been conclusively
established by an X-ray structure detérmination and infrared
spectroscopic studies (25, 26, 33). Thus the presence of only the
Sn-C asymmetric stretch and its shift to a higher frequency in-
dicate that both in bis{trimethyltin) sulphate and its methanol
adduct, the trimethyltin group is planar. In the methanol adduct

absorption bands due to the sulphate group are observed at

1165, 1095, 1065, 1021, 989, 630, 595, 558 and 447 cm™ L., Free
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TABLE 3.1b

Infrared Absorption Spectra of Bis(trimethyltin) Sulphate-Methanol

Adduct and Bis(trimethyltin) Sulphate

[(cH3) 350] 25042 (CH30H) [(CH3)3Sn) S04
Frequency Relative Frequency Relative

(cm-1)  Intensity _f{cm=1) Intensity N Assignment
3150-3100 s,b ’ ' 0-H str.
3020 \ 3000 W C-H asym. str.
2920 W 2000 W C-H sym.str.
2800 W
1410 m,b 1400 m C-H asym.bend
1195 w ‘ 1205 \ C-H sym. bend
1165 s S0, asym.str.,(06)
1100 vs -03(8042')
1095 s,sh
1065 s S0, sym.str., (V)
1021 s SOy asym. str.,
(V)
989 m | | 504 sym, str.,
: | ' | (Vg)
785 s 780 s CH3 rock
630 s L 04(804£7)
630 s SO, rock, (07)
595 m ‘ SO, bend, (V3)
558 sh ' 504 rock, (¥g)
552 S 552 S ' . Sn-C asym. str.
447 m,b . | S0, bend, (J,)

~ b = broad; m = medium; s = strong; sh = shoulder; v = very;
w = weak.  * denotes the oxygen atoms involved in bonding. . Assign-

ments .for the SO4¢abSOrption-banGStin the adduct have been made

assuming that S04 acts as a bridging group.
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methanol also has a strong absorption band in the 1100-1000 cm~1
region. "However, in the bis(trimethyltin) sulphate—methanoi
adduct, the 1021 cm-l band is sharp and of only medium intensity
in contrast to the strong broad absorption at 3150—3100 cm'l;
therefore this (1021 cm‘l).band is unlikely to be due to
methandl. The -1095 cm~! shoulder is probably due to the methénol
and the 1100-1000 cm"1 region methanol band is masked by the |
strong sulphate absorption at 1065 cm“l.

The sulphate absorption in the spectrum of the ‘trimethyltin
sulphate-methanol adduct clearly shows that the symmetry of the
sulphate group_is:réduced to C2v. The 33 and 34 modes are clearly
split each into t@ree.frequencies and the_al and 02 modes appear
with moderate intensities; The absorption frequencies are in
the same range as reported for LENH3)4Co<::zzj::>Co(NH3{g 3~ ion
(91). Therefore it can be concluded that each sulphate group is
cooidinated to two trimetﬁyltin groups. Moreover the O-H absor-
ption of the methanol is observed as a broad band at 3105-3100°
em=1 lowered from the 3400 cm~1 band observed for methanol itself.
This indicates that the methanoi molecules are also coordinated
to the trimethyltin group. The entire spectrum of the methanol
adduct of bis(trimethyltin) sulphate is thus consistent with the
structure shown in Figure 3.lc, which contains planar trimethyltin
groups, avbridging sulphato group and two coordinated methanol
molecules, making the tin atoms five coordinate.

"The ‘sulphate absorptién in the spectrum of non-solvated
bis(trimethyitin) sulphate shows only the triply degenerate vi-
brations 33 at 1100-1090, and V4 at 630 cm~1 indicating the

presence of the regular tetrahedral sulphate group. As pointed

out earlier, only the Sn-C asymmetric stretch is observed at



FIGURE 3-lc
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552 cm‘15 indicating the planarity of the trimethyltin groups.
The structure shown in Figure 3.1d is proposed to incorporate
these features, but this can be interpreted in terms of ions,
(CHS)SSn’+ and soﬁ‘, or equally well in terms of a coordinated
model where every oxygen of the sulphate group is coordinated to
a tin atom. As a result of the molecular stoichiometry, the
infrared spectrum does not differentiate between these two models.

Both the bis(trimethyltin) sulphate-methanol adduct and
bis(trimethyltin) sulphate showed marked changes in their infra-
réd spectra on exposure to air. In the bis(trimethyltin)
sulphate-methanol adduct, in addition to the appearance of water
bands;Atﬁe splitting of the 03 and 04 bands gradually disappeared
and finally these were replaced by a strong broad band at 1105
cm'1 and a strong sharp band at 613 cm'l; both the 989 and'447
em~1 bands gradually disappeared and were replaced by a weak
band at 983 cm~1l, Again this change in the sulphate spedtrum,
uponHexposing the solid to air, suggests that free sulphate ions
and hydrated trimethyltin cations are produced as a result of
hydrolysis. Since the position and inténsity of the Sn-C
asymmetric stretch does not change, it 'can be concluded that
trimethyltin group is still planar and five coordinate. Howéver,
in the infrg;ed spectrum of a sample of bis(trimethyltin)
sulphateiﬁéfhanol adduct which was exposed to air for about two
maﬁths, the Sn-C asymmetric Stretch at 552 cm“lwﬁs replaced by a

1,.probably indi-

strbng band'at 541 and a medium band at 513 cm™
cating the formation of a tetrahedral trimethyltin species.
Similarly in non-solvated bis(trimethyltin) sulphate, the sulphate

absorptions showed gradual changes in the infrared spectrum upon
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exposing the solid to air. After a short exposure, in‘addition
to the appearance of water bands, the JS mode showed bandsvat
1140,1100 and 1065, a medium band appeared at 989 cm—l, and 630“

-1 -
cm band became broad, and a Strong band at 613 cm 1

and a medium
band at 475 cm—1 éppeared. After abldnger exposure, the 03 mode
appeared at 1100-1090 as a single broad band, the Jl mode showed
only a weak absorption at 885 em~1 and 04 appeared strongly at.
613'cm“1. This gradual change in the sulphate part of the spectrum
indicates that, immediately after exposure of bis(trimethyltin)
sulphate to air, the sulphate symmetry is reduced to Cg, as a
result of partial hydrolysis and, on further hydrolysis, free

sulphate ions are produced. This behaviour on hydrolysis is

again ccnsistent with a coordinated structure,

3.2 Bis(trimethyltin) Chromate [(CH3)3SEl 2Cr04

The .infrared and Raman spectra. of chromates have. been
studied (68, 97, 98). The earlier assignments for the fundamental
frequencies of the chromate ion have beén revised by Stammreich,
Bassi and Sala (97). The fundamental vibrational frequencies and
the revised éssignments of the free chromate ion are-shownvin
Table.sza.’It may be mentioned that these authors could not be
certain whether the assignment.is 02 = 348, 94 = 368 or vice
versa, but preferred tﬁé former, However, Millef and coworkers
{98) have reperted that the infrared band for the chromate ion
in the cesium bromide region is observed at 370-420 cm’l;
therefore the -assignments shown in Table 3.2 are considered to be
correct,

| Some chromato complexes of cobalt have been reported and

from the electronic spectral studies of these complexes, Shimura
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TABLE 3.2

2
Vibrational Frequencies of Cp04 Ion (Point Group Tgq)

Vibrational Frequency

mode Assignment (cm~1) Activity
31 (A7) | Symmetric stretch 847 (R)
02 (E) Symmetric bend 348 (R)
93 (Fa2) Asymmetric stretch 884 (R,I.R)
Vg (Fy) . Asymmetric bend 368 (R,I.R)

(R = Raman active; I.R = Infrared active)

and Tsuchida (99) have indicated the early position of Cr04fa~ in

the spectrochemical series, but no infrared studies on coordinatéd

chromates have been reported. However, the symmetry of the chro-

mate group, and therefpre the number of infrared active modes,

will change upon coordination in a similar manner as that discussed

for other tetrahedral anions., |
The observed infrared spectrum of bis(triﬁethyltin)‘chromate

is very similar to that of non-solvated trimethyltin sulphate.

The main features of the spectrum are the 03 mode of the chromate

group at 885 cm~1

, the Sn-CHg rock at 750 cm-1, and the Sn-C
asymmetric stretch at 554 cm-1l, No absorption was observed below

554 cm~l, The 34 mode usually observed as a weak doublet for .
1

\

crystalline ionic chromates at 368 cm™" was not observed even in
highly concentrated nujol ﬁulls. The spectrum indicates that
the chromate group has Td symmetry and that the trimethyltin
group is planaf, The structﬁre proposed for the.ﬁon~solvated

trimethyltin sulphate (see Figure 3.1d) is also applicable to



; 56
trimethyltin chromate and again the infrared spectrum is not
helpful in'elucidsting;phe,nature or the extent of anion-cation
'interaction. Trimethyltin chrbmate, in éontfastAto trimethyltin .
sulphaté, did not.form a methanol édduct nor did it hydrolyse on
exposure to aif}

| The ultraviolet add visible diffhse.reflectance spectrum .
of trimetthtin chromate was examined and compared with the spec-
trum of powdered potaséium chromate., Trimethyltin chromate
‘showed absorption maxima at 310 and 420 s, showing very little
change from the maxima observed at 275 and 375 m L for potassium
chromate., This is in agreement with the reported spectrum of the
complex Co(NH3)5Cr04'+ (100), which is very similar to that of
CrOj% ion showing that coordination by chromate through an oxygen

atom has little effect on the charge transfer band.
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CHAPTER 4

DIMETHYLTIN(IV) DERIVATIVES

As mentioned earlier, very little work has been done on
structure elucidation of dialkyl- or diphenyltin acid derivatives.
In the present investigation, attempts were made to synthesize and
examine, by infrared spectroscopy, a wide variety of dimethyltin
acid derivatives such as dimethyltin carbonate, chromate,
bis(tetrafluoroborate), hexafluorosilicate, bis(hexafluorophos=-
phate) , bis(hexafluoroarseﬁate), bis(hexafluoroantimonate),
and the dimethyltin derivative of 812C1léa'. In addition, the
known compounds, dimethyltin difluoride and sulphate were also

studied.

4.1 Dimethyltin Difluoride (CH3)oSnFy

In a comparison of methyltin chlorides, Taimsalue and
Wood (4) reported a distinct fall in the Sn-Cl stretching force
constants, in the series SnCly, (CH3)SnCl3, (CH3)ZSnC12 and
(CH3)38n01. This sequence follows the increasing inductive
effect of the methyl groups, facilitating the ionization of
the Sn-Cl bond. A similar comparison of the infrared spectra
of dimethyltin difluoride and trimethyltin fluoride was consi—‘
dered desirable. The infrared spectrum of dimethyltin difluoride
and the Sn-F vibration frequency in trimethyltin fluoride have
not been reported and were measured in this work.

In the infrared spectrum of dimethyltin difluoride, the
absorption bands were observed at 3040(w), 2940 (vw), 1410

(vw,b) 1210(w,sp), 785(m), 595(m,sp) and 373(s) cm~!. These
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1

bands can be -assigned as, 3040 cm™", C-H asymmetric stretch;-

2940 cm;l, C-H symmetric stretch; 1410 cm“l, C-H asymmetric bend;

1210 cm~?! 1

, C-H symmetrié bend; 785 cm'l, CH3 rock; and 595 cm™
Sn-C asymmetric stretch. The 'strong band af 373 cm~! must Be
associated with the Sn-F bond. In the spectrum of trimethyltin
-fluoride, a strong band was-observéd at 355 cm—1 which can be
assigned to the Sn-F asymmetric stretching vibration. The pre-
sence of only one Sn-C stretching frequency in-dimethyltin
difluoride indicates that the»dimethyltin,group is linear. Thus
dimethyltin difluoride and trimethyltin fluoride apparently have
different stereochemistry, and the Sn-F stretching frequency in
each compound should arise from a different vibrational mode.
Nevertheless, if is intéresting to note thaqrgn-F frequency in
‘dimethyltin difluoride occurs at higher wave number compared to
the Sn-F frequency in trimethyltin fluoride.

| As mentioned earlier, the crystal structure of trimethyltin
fluoride (39) cannot be interpreted as ionic, and strongly sug-
gests that some type of coordinative interaction between
trimethyltin groups and fluorine atoms is involved. Ffom-a
comparison of the Sn-F frequency in dimethyltin fluoride with
that of trimethyltin fluoride, and in view of the non-ionic
nature of trimethyltin fluoride, it should therefore be -consi-
dered that dimethyltin difluoride cannot have a pureiy ionic
structure. As was péinted out by Beattie and Gilson (36),
dimethyltiﬁ difluoride may have a.polymeric-struéture, in which
two methyl groups occupy trans positions ana the four bfidging

fluorine -atoms occupy the four corner positions in the equatorial

plane making the tin atom six coordinate. 'The effective
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symmetry of such a trans octahedral unit would be Dy, and five
infrared active vibrations of the species 2Ag, + 3E, would be
expected. Of these five vibrational modes, only two [énfcv
asymmetric stretch (Agy), and Sn-F asymmetric stretch (Eui]
would have vibrational frequencies above 300 cm'l. Thus the
observed infrared spectrum of dimethyltin.difluoride is consis-
tent with such a structure. The Sn-F frequency (373 cm‘l) in
dimethyltin difluoride compares well with the reported (50)
value (400 cm~1l) for the Sn-0 asymmetric stretching frequency in
the dimethyltin acetylacetonato complex, (CH3)gSn(C5H709)9 which
is also indicated to have a trans octahedral structure, on the
basis of its Raman and infrared spectra.

It is known that alkyltin difluorides form complexes with
alkali metal fluorides of the type MngZSnFi-(za). If the
dialkyltin difluoride contains the free ions stn.z+ and F7, i.e.
the fluoride ions are outside the coordination sphere of the
RZSn_group, then the formation of a complex, in which four
flporide ions'are now within the coordination sphere, can only

be considered somewhat of an anomaly.

4.2 Dimethyltin Carbonate (CHg),SnCO5-

The free carbonate ion (cogb‘) is trigonal planar and
belongs to the point group D3}y (65a). .Theiinfrared and Raman
spectra of carbénates have been widely studied (47b) and the
fundamental frequencies of the carbonate ion, shown in Table
4.2a are well established (65a).

The spectra of crystalline‘iohic carbonates fall, gener-
ally, into one‘of'tWo groups according to whether the compound

is of the calcite or aragonite type (47b). The difference
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TABLE 4.2a

Vibrational Frequencies of COék Ion (Point Group D3p)

Vibrational Frequency

mode Assignment {cm-1) Activity
01 A& CO symmetric stretch 1063 (R)
v, & Out-of-plane bend 879 (1.R)
63 E Degenerate stretch 1430 (R,I.R)
04 E’ Degenerate bend 680 (R,1.R)

(R = Raman active; I.R = Infrared active)

. between the two groups arises mainly from the intermolecular
coupling of the'out—of-plane‘bending ;.. mode 02 (101), and the
‘lower symmetry of the carbonate ion in the crystal (47b). The
site symmetry of the carbonate ion in a calcite type crystal is
D3, whereas it is Cg in aragonite (47b). As seen from the cor-
relation Table 2.1b, there is no change in the selection rules
in going frOm D3h to‘D3 symmetry. The spectrum of calcite is
very similar to that of.a free carbonate ion and the infrared
absorption bands appear at 1430 (vs), 874 (s) and 710 (m) cm-1
(91). In the infrared spectrum of aragonite, the 01 mode shows
a weak absorption at 1080 cm~l and the 04 mode splits into two
bands at 710 and 696 cm'l, but there is no splitting of the 03
mode (91). From a study of the solid state infrared spectra of
the carbonates of main group and first row transition metals,
Ross and Goldsmith (102) have concluded that the crystal field in
carbonates cannét be very strong. These authors observed that
the splittings of the 03 and 04 modes are usually small and

sometimes absent, Infrared spectra of anhydrous alkali metal
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carbonates also .show only small splittings of degenerate modes
(103). "Only in anhydrous lithium carbonate -does the 93.mode

-show a splitting of about 60 cm'l, and no Splitting for this mode
is observed in sodium and potassium carbonates.

Métal-carbonafo complexes of cobalt(III) have been~known'
for a very long time. From the existence of Co(NH3)4CO§' and

-Co(NH3)5CO+ it became -evident that the COgj group sometimes is a

3.
bidentate and sometimes a unidentate ligand. ‘The bidentate nature
-of the carbonate group in Co(NH3)4CO§ has recently been proved by
an X-ray crystal structure determination (104). The carbonate

-ion can coordinate to the metal atom (M) in one of the following

ways:
M. M .
\ / \ 1 1
T , I 0\\ //p 1 _ M———Q\\\ //p———M
Q ¢
/“\ li "
! A
II 0 II 0 II
Unidentate ' Bidentate Bridging
'Cg symmetry Coy symmetry . Coy symmetfy

(OI represents oxygen atoms involved in coordination,

OII represents oxygen atoms not involved in coordination.)

"As discussed in section 2.1, upon lowering the carbonate
ion symmetry to either Cg or Cgy, the infraredzactive mode 91
of the free ion becomes infrared active and the degenerate modes

of the free ion are each resolved into twomodes;thus giving rise
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to a total of six inffared active vibrations. In the infrared
spectra of carbonato complexes, the Jl mode of the free cof‘
ion appears with moderate intensity, and the degenerate. modes
show larger splittings than those causedby crystal field effects.
Gatehouse, Livingston,fand Nyholm (105) suggested the vibrational
modes of a coordinéfed carboﬁato group, assuming Cgy symmetry

which are shown in Tabfe 4.2b,

TABLE 4.2b

Vibrational Modes of The Carbonato Groups of Cg, Symmetry

(-

Jl (A7) CO, symmetric stretch
Vo (Ay) CO stretch
T V3 (ap) CO, bend
04 (B2) Asymmetric stretch
V5 (B2) Plana?-rock: "
06 (By) Non-planar rock

Note: These authors classified modes J4 and 05 as belonging to
the B1 species, and 06 to Bo. This classification has been re-
versed here in cohformity with the correlation tables in Wilson,
Decius, and Cross (71).

From a solid state infrared study of a ndmber of metal-
carbonato complexes containing both unidentate and bidentate
carbonéto groups, these authors found thatAthe vibrational

frequencies of the carbonato group fall in the following ranges:

Vibrational :
Frequency (1080-1055

(cm-1) : 1577-1493 1338-1260 (1050-1021 889-824 809-738
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These authors showed that the splitting of the 03 mode of the
free cog" ion increases along the series: basic carbonates <
carbonato complexes < acid carbonates <iorganic carbonates.
However?vthese‘authors did not differentiate between the vibra-
tional modes of unidentate and bidentate (or bridging) car-
bonato groups. -Nakamoto and coworkers (91) examined the
infrared spectra of both unidentate and bidentate carbonato
groups and found that the splitting of the 03 mode .is
greater for the bidentate than for the unidentate carbonato
group, but that there . is no significant difference in the
frequencies of the four remaining bands.

However, as recently pointed out by Elliot and Hathaway
(106) the change from a unidentate to a bidentate carbonate
group may be considered to involve an increase in the ‘double
bond character of the C-0 stretching vibration;(02), resulting
in an increase in the C-0 stretching frequency, aﬁd a lowering
of the double bond character of the C02 group with a consequent
lowering of the frequencies of the symmetric and asymmetric
C02 stretching vibration. The result of this change is to
alter the assignments of the first three high frequency bands

of the bidentate carbonato group to

I (A vy (By) v, (A))
C==0 symmetric €Oy asymmetric CO, symmetric
stretch stretch stretch
1577-1493 1338-1260 (1080-1055

(1050-1021

It can be seen that the vibrational modes suggested by Gatehouse,
‘Livingston, and Nyholm for the carbonato group in fact represent

the vibrétional modes of a unidentate carbonato group. The
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vibrational modes of unidentate and bigentate carbonatq groups
would be similar,to those of unidentatevand bidentate nitrato
.groups and the same convention has been used in numbering the
vibrational modes. |

Later, Fujita, Martell and Nakamoto (107) reported the
results of a normal coordinate analysis of unidentate and bi-
dentate carbonato groups. These authors used models based on
Cg as well as Coy symmetry for the unidentétélcarbonato group.
A model based on a four membered chelate ring of Cgy symmetry
waé used for the bidentate carbonato group. .Their calculated

results are shown in Table 4.2c.

TABLE 4.2c

Calculated Frequencies of Unidentate and Bidentate

Co(II1) Carbonato Complexes (em~1)

Unidentate
Vibrational | o
mode 05 ‘ 01 02 o 03 06
Assignment (C-0,1) (C-011) (c-07) (011CO11) (011COTT)
str. . str. + str. +  bend rock
' (C—OI)str. (C-011)str.
Frequency .
Cq 1483 1373 1039 765 711
sz 1482 1376 1069 772 676
Bidentate _
Vibrational ' .
mode N 05 02 ' 03 06
Assignment  (C-O1y)  (C-07) (C-0p) Ring def.  (P1COIT)
str. str.+ str. - —+(Co-0)) . bend +
(01C0O11) bend str. (C-071)str.
+(Co-071)
str.

Frequency 1595 1282 1038 771 669
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The numbering of. modes used by these workers is slightly differ-~
ent .because vibrational frequencies involving.metai—oxygﬁn bonds
have aiso been included in the above shown‘assignments. These
results confirm the general conclusions, about the infrared
spectra of the coordinated carbonato group, reached by earlier
workers (91, 105). However, these results show coupling between
various vibrational modes in metal-carbonato complexés containing
four membered ringg, Very recently Elliot and Hathaway (106) have
reported the-polarizdtidn~data for single,crystals of Co(NH3)4CO3Bf.
Their results confirm the normal coordinate analysis model in-
volving covalent bonding of the-carbonatevaygenvatoms to the
-cobalt ion.

The infrared spectrum of dimethyltin carbonate was
‘measured on a mixture .-of dimethyltin carbonate and silver
chloride, which was obtained by the metathetical reaction of
dimethyltin diéhloride'and silver carbonate in methanol followed
by removal of the~solventvundér vacuum., X-ray powder photographs
of the mixture were examined and no lines due to either dimethyl-
tin chloride or silver carbonate were found. Therefore it may be’
considered that the infrared spectrum thus obtained is largely
due to dimethyltin carbonate. A portion of the observed spectfum
is shown in Figure 4.2, and the frequencieé, together with the
relative intensities of the absorption bands in the region 2000-
250 em~1 and their suggested assignments; are listed in Table
4.2d. *Tﬁe‘absorption bands due to the -dimethyltin group can be
-easily distinguished:and assigned, i.e. 1415 cm'l, C-H asymmetric
bend; 1200 cm-l, c-H symmetric’bend; 785 cm™1, CH; rock; 576
-1

cm™—, Sn-~C asymmetric stretch; and 523 cm‘1'Sn—C symmetric

-stretch, The-absorptions‘due to the carbonate group occur at
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‘TABLE 4.2d

Infrared Absorption Spectrum of Dimethyltin

Carbonate
Frequency (cm™!) Relative Intensity ¢ Assignment
1510 _ Vs ' C==0. sym, str.xol)
1415 sh " C-H asym.bend
1385 - vs CO, asym.str.xJ4)
1200 m | C-H sym. bend
iégg m  ; - COg sym.str”(oz)
832 m 'CO3 out-of-plane def.,
o - (Vg)
785 S CHg rock
- 700 m COy sym.bend,(os)
655 | s COy asym.bend,(o5)
576 s Sn-C asym. str.
- 523 m | Sn-C sym. str.
500 s )
340 m ) Sn-0 asym, str. and
275 m ) Lattice modes ?

m = medium; s = strong; sh = shoulder; v = very; w = weak.
Assignments for the carbonate absorption bands have been sug-

gested, assuming that the carbonate group is bridging.
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1510, 1385, 1105, 1068, 832, 700, 655, 500, 340 and 275 cm_l.'It
is ‘evident that the strong bands at 1510 and 1385 cm—1 correspond
to the doubly degeneraté mode 03 of the free carbonate ion which
has split into these two strong bands. The 1105 and 1068 em™1
bands correspond to the infrared inactiveiméde 01 of the free
-ion, the 832 cm~1 band corresponds to the out-of-plane bending
. mode 02 of the free ion, and the bands at 700 and 655 are the two
components of the .doubly degenerate.modevb4 of the free ion. The

-1 are ‘likely to be

absorption bands in the region 500-275 cm
associated with the Sn-0 stretching vibrations as well as with
the  absorptions of the ‘lattice modes. Similar absorption bands

‘at 450, 375-and 250 cm~?1

were .also observed in the spectrum of
trimethylantimony carbonate (to be discussed later). It is
known (108) that the carbonates have a lattice-type ‘absorption
in this region. Miller and coworkers (98) have reported similar
bands in the spectra of some metal carbonates,.e.g. lithium

carbonate shows strong absorption bands at 498 and 420 cm‘l,

lead(II) carbonate has a strong broad band at 400 cm'l, and
calcite has a. strong band at 320 cm—1,

The infrared speétrum-of dimethyltin. carbonate clearly
shows that the symmetry of the carbonate group is lowered from
‘Dgp to Co, or Cg, and the magnitude of the splittings observed
for degenerate modes indicates that the carbonate group is co-
ordinated to the dimethyltin group. Moréover, the presence of
two Sn-C stretching vibrations of medium| intensity suggests that
the dimethyltin group is non-linear. Thgse two'Sn—C stretching

frequencies at 576 and 523 cm-1 can be compared with those of

dimethyltin dichloride (4) which occur at 567 and 515 cm-1,
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Therefore the possibility of any significant amount of dimethyltin
dichloride being present in the mixture is very lowf Though the
observed splitting of the 03 mode in dimethyltin carbonate is
less than that reported (107) for bidentaté carbonato complexes,
the entire infrared spectrum of dimethyltin carbonate suggests
that the tin atom has a tetrahedral configuration which will
imply some sort of coordinate bonding betweep the dimethyltin
group and two of the oxygen atoms of the carbonate group. A i?
polymeric structufe consisting of non-linear dimefhyltin.groups
and bridging carbonato groups, making the tin atom'tetrahedral,
is suggested} .A monomeric structure contalning a bidentate
carbonato group coordinated to a non-linear dimethyltin group .is
also possible, but is considered less likely due to the .insolu-

bility and non-volatility of the compound.

4.3 Dimethyltin Chromate (CH3)2SnCr04

In an attempt to pfepareldimethyltin chromate, Rochow,
Seyferth, and Smith (16) obtained_a basic dimethyltin chromate
by the reaction between dimethyltin dichloride and sodium
chromate in aqueous solution. In the present investigation,
dimethyltin chromate could be prepared by the metathetical re-
éction between diméfhyltin dichloride and silver chromate in
acetone or acetonifrile. However, like dimethyltin>carbonate,
due to the insolubility of dimethyltin chromate in any suitable
‘solvent (from which the compound could be recovered without
decomposition), the dimethyltin chromate formed.in the meta-
thetical reactién could not be isolated free from silver

chloride. Therefore the infrared spectrum of this compound
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was studied using the mixture of dimethyltin chromate,and silver
chlofide. A portion of the observed infrared spectrum is shown
in Figure 4.3. The absorption frequencies are listed together
with their relative intensities and suggested assignments, in
Table 4.3. |

The fundamental frequencies of the chromate ion (Croiﬁﬁ
have already been given in section 3.2. 1In the infrared spectrum
of ﬁimethYltin chromate, the absorption bands due to therdimethyl—
tin group occur at 2940, (C-H stretch); 1405, (C-H asymmetric
bend) ; 1195 (C-H Symmetric stretch) ; 785, (CH3 rock); 573, (Sn-C
asymmetric stretch); and 512, (Sn-C symmetric stretch) em~1,
"The bands at 975, 928, 880, 750, 465, 390, 348, and 305 em~1 are
due to absorption by the chromate group. Since the spectrum was
obtained for ‘a mixture -of silver chloride and dimethyltin
chromate, thevpossibility must be considered that some of these
bands'may be due to somé unreacted silver chromate or dimethyltin
dichloride. This can be rejected, however, on the following
grounds: (a) the quantitative amount of silver chloride‘was
obtained on dissolving the mixture in-water acidified with
-acetic acid; (b) X-ray powder photographs of the mixture did not
show any lines due to either silver chromate-or dimethyltin
‘dichloride; (c¢) the Sn~Cl stretching vibrations, which are
-observed in the infrared spectrum (4) of dimethyltin dichloride
'at 332 and 307 cm~1 as strong bénds, do not appear in the
infrared spectrum of the mixture; (d) the observed Sn-C
stretching frequencies in the spectrum of the.mixture differ

slightly from those of dimethyltin dichloride (567 and 515

em~1) . Théwobserved spectrum is therefore due only to-dimethyl-
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' TABLE 4.3

- Infrared Absorption Spectrum of Dimethyltin Chromate

Frequency (cm‘l)' Relative Intensity -Assignment

2940 wo  C-H str. |

1405 .v W C-H asym.bend

1195 m ” C-H sym.bend

975 :‘ vs Cr0, asym. str.(og)
928 Vs o cfoz sym.str.,(v;)
880 | vs ‘ CrOE sym.str.xos)
785 ve | - CHg rock '

750 - vs CrOE sym.str.xoz)
573 m Sn-C as&m,str.

512 ‘ m Sn~C sym.str.

465 ms - Croy rock,()7)

390 m cro, bend, (¥3)
348 m : Cr04 rock,(ag)

305 m Cr0y sym.bend,(Vy)

m-= medium; s = strong; v = very; w = weak.'
Note: The cromate. absorption bands have. been assigned by analogy

with 804 group of Cg, symmetry.
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tin chromate.

The presence -of two Sn-C stretching frequencies_indiéates
that the dimefhyltin,group is non-linear in dimethyltin chromate.
The chromate absorption bands in dimethyltin chromate-are re-
markably different from those Bf ionic chromates. "The 03 mode
‘observed at 884 cm~l for the.cﬁromate ion is resolved into three
strong bands at 975, 928 and 880 cm™~Y. The 31 mode o?served only
‘as a very weak band at 845 cm~1 for the chromate ion, shows
strong absorption at 750 ent appearing as one of the components
of a,broad band giving rise to‘strong absorption in the 800-720
Cem—1 region; another component is the SnéCH3 rocking frequency.'
At lower frequencies, fhe ffee,chromate,ionlshows-only a weak
band due .to the triply degeneratevmode.o4, usually observed as a
doublet in the. 420-370 cm™1 region. The appearance of well
defined absorption bands of medium intensity at 465, 390, 348
and 305 cm'l, in the infrared spectrum of dimethyltin Ehromate,
shows that the 04-mode-of the .free ion has split into three-modes
and the )2 mode has become infrared active, although Sn-0 vi-
brations may possibly also cause*absorptién in this region.
Certainly the chromate absorption bands in dimethyltin chromate
can»only’bevinterpréted in terms of a sz(ér possibly lower)
symmetry of the chromate group.

As in the case of other solid state spectra, the lower
symmetry of the chromate,group,observed in fhis spectrum could
be attributed to crystal field effects. However, recent studies
made by Campbell (109) on a large number of chromates, containing

-a wide variety of cations, shOwed'that crystal field effects do

‘not cause significant changes in the infrared spectra of ...
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chromates. Not even in ammoniuﬁ chromate, where hydrogen bonding
is known to occur (109) were such large and well defined splittings
~of the 03 mode observed, and only minor effects were observed in
the 500-250 cm™! region in contrast tb the pronounced splittings
observed for dimethyltin chromate. The entire infrared pattern
~and extent of splittings observed for dimethyltin chromate ‘are
quite .different from those which could bevattribufed to crystal
field effects. 'Therefore the infrared.speétrum of dimethyltin
chromate can only be explained in terms of a coordinated structure
in.which the chromate group is coofdinated to the non-linear
dimethyltin group through two of its oxygen atoms, making the tin
atom tetrahedral. A polymeric structure similar to that of tri-
‘methyltin perchlorate (27) is therefore proposed, the Cr0O4 groups
acting as bridging groups between non-linear (CH3)ZSn units. A
monomeric structure containing a bidenfate chromate group is
also possible, although less likely in view of the insolubility
vand noﬁ-volatility of this compound.

| "The ultraviolet and visible‘diffuse.reflectance'spectrum
- of a powdered sample -of the -dimethyltin chromate and silver
chloride mixture was examined. Two absorption bands sﬁowing
maxima at 280 and 380 me were observed. This result is similar
to that obtained for bis(trimethyltin) chromate ‘as well as

‘reported (100) for Co(NH CfOZ.

3)5

4.4 Dimethyltin Sulphate (CH3)28n804
In this investigation the'pfeparation of dimethyltin
"sulphate was attempted in different soivents, and the infrared

spectra of the products were examided. Some addition compounds
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of dimethyltin sulphate were also prepared and examined by
infrared spectroscopy.

The metathetical reaction between dimethyltin dichloride
-and silver sulphate in aqueous solution resulted in the formation
of dimethylfin-sulphate and silver chloride, and dimethyltin
-sulphate was obtained as a non-hygroscopic solid.. The infrared
absorptionvspectra {obtained on samples made -as mulls in nujol
showed absorption bands at 1238 (w,sp), 1095 (vs,b), 805(s),
670 (m,sp), and 600 (s,sp) cm~'. The bands at 1238, 805 and
600 cm—1 are due to the dimethyltin group aﬂd can be assigned as
1238 cm-l, C-H asymmetric stretch; 805 cmfl, CHg rock; ‘and 600

cmfl, Sn-C asymmetric stretch. The band at 1095 cm"1

corresponds
to the 03 mode of the sof' ion and the 670 cm~! band is due to
the 04 mode of the soﬁ' ion. It may be noted that the frequency
of the )4 mode in-diméthyltinvsulphate is considerably shifted
towards higher ‘wave number as compared with the value (613 cm~1)
observed in ionic sulphates. Nevertheless, the symmetry of the
sulphate:group in this compound is tetrahedral. The dimethyltin
group shows only oneASn-C stretching mode and its frequency is
"almost the same as obéervedwfor dimethyltin difluoride. The
spectrdm can be interpreted in terms of (CH3)ZSn2+ and SOi_ ions.
However, it can be interpreted equally well in terms of a poly- ..
meric sturcture, in which every oxygen of the sulphate group is
coordinated to é tin atom making the tin atom six coordinate, -

as shown below:
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In such a structure, the Td s&mmetry of the ‘sulphate groups and
1inearity'qf'the-dimethy1tin.groups:arerpreserved, A %hree.
-dimensional polymeric structurebcohtaining-Iinear'diméthyltin
~and tetrahedral sulphate groups is also possible. |

The metathetical reaction between dimethylfin.dichloride.

and silver sulphate was ‘also cérried out iniacetoné, acetonitrile
and-mefhanol.* In both acetone and acétonitfile, the reaétion
- product was a,miXture-of silver chloride and dimefhyltin sulphate,
which was characterized in each case by the. results of X-ray
powder photographs and the infrared absorption spectra. of the
‘mixtures. However, when the‘metathetiéal'reaction was carried
out in methanol, a mixture of silyer:chloride-and é_methanol
adduct-of dimethyltin sulphate was obtained. Though thefmethanol
adduct of dimethyltin sulphate could not be isolated free from
-silver chloride~6n-acc6unt of its insolubility in a range of
solvents, except water, ifs formation and presence in the mix-
ture is demonstrated_by_infrared-spectroscopicveVidence; The
infrared absorption spectrum of tﬁe-mixture»was found to be
very different from that observed for diﬁethyltin.sulphate. The
infrared absorption bands, together with the relative intensi-
ties and assignments, are listed in Table 4.4a and a.poftion of
the spectrum is shown in Figures 4.4a and 4.4b. (The broken
~curves refer to the spectrum of the anhydrous sulphate.)
Absorption bands due to the sulphate group in the mixture appear
at 1210, 1175, 1065, 995, 665, 606, 585:and 475 em~1. The’
-absorption bands associated with the diméthyitin.group:appear
at 2960, (C4H stretch); 1415,(C-H asymmetric bend); 1230,

(C;H symmetric.bend);2795,(CH3 ro;k); and 595, (Sn-C asymmetric
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TABLE 4.4a

The Infrared Absorption Spectrum of The Mixture of Dimethyltin

Sulphate-Methanol Adduct and Silver Chloride

Al

Frequency (cm'l) Relative Intensity Assignment
3110 m o O-H str.
2960 | vw C-H str.
2800 | v
- 1455 ' w "C-Hyasym;bend
1415 - vw
1230 m - C-H sym.bend
1210 m ﬂSOznasym.str.xég)
1175 s SO0q sym.str.xol)
1140 | sh |
1065 : s SO; asym.str"(bs)
995 s ’ SOZ sym.str.&bz)
795 s CHg rock
- 655 s S0, rock, (V)
606 s S0, bend, (V5)
595 S Sn-C asym.str.
585 sh 50, rock,(Vg)
475 m S0y bend, (V)

m = medium; s = strong; sh = shoulder; v = very; w = weak.
* denotes the oxygen atoms (of the S0, group) involved in bonding.
The assignments for the SOy4 group have been suggested assuming

Coy symmetry.
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stretch) ecm~l, There is no band which can be attributed to the
Sn-C symmetric stretch. The bands at 3110, 2800, and 1455 cm-1
are due to methanol. The. 0=H stretching frequency has been con-
siderably lowered as compared with methanol, suggesting ‘that the
-methanol is coordinated to dimethyltin sulphate.A similar shift:
in 0-H frequency occursin the methanol adduct of bis(trimethyltih)
sulphate, as discussed earlier. The sulphate. portion of the
"spectrum is completely consistent with the presénce of coordinated
sulphato’ group of Cg, symmetry and indicates that no free‘SO4 B
ions are present in the mixture. The entire spectrum of the mix-
ture stréngly~suggests that a methanol adduct of dimethyltin
sulphate is present and that, in this adduct,‘both the methanol
and sulphate group are coordinated to the linear dimethyltin
group. However, in view of the uncertainty in the number of
methanol molecules present in the adduct, no conclusions can be
drawn -about its detailed stereochemistry.

| Tne methanol adduct of dimethyltin sulphate was hydrolysed
on exposing to air, as shown by changes in its infrared spectrum,
However, a sample of the mixture kept in the dry box did not
show any changes in infrared spectrum. Similarly, a sample of
the mixture -did not show any change in infrared spectrum after
being pumped for several hours at room temperature. However,
when the mixture was heated under vacuum at 100° for about four
hours, the methanol was completely removed and the infrared
spectrum of the heated solid was identical to that of dimethyl-
tin sulphate. Thus it is evident that, during this treatment,

the coordinated methanol is lost from the adduct and dimethyltin

sulphate is formed.
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Dimethyltin sulphate also formed 1l:1 addition. compounds
with pyridine and dimethyl sulphoxide. These addition compounds
are stable and do not hydrolyse in air. A 1:2 addition compound
of dimethyltin dichloride with pyridine haé been described (33).
A similar addition compound of dimethyltin dichloride was obtained
with dimethyl sulphoxide. A comparison of the infrared spectra
of these compounds is made below.

The infrared spectra of pyridine complexes and pyridinium
salts have been studied (110). "Coordinated pyridine can be -dis-
tinguished by the presence of a weak band between 1250 and 1235
cm“lg by a-shift in the strong 1578 em=1 band to 1600 cm‘l; and
by shifts of the 601 and 403 cm~! bands to 625 and 420 cm~1
respectively (110).. The infrared absorption spectra of both
‘dimethyltin sulphate-pyridine monoadduct and dimethyltin
‘dichloride-pyridine -diadduct are recorded, together with the
relative-intensitiesﬂof the absorption bands and suggested
assignments, %n‘Table 4.4b. A portion of each spectrum is
shown in Figure 4.4c; curve (a) refers to the dichloride adduct
and curves (b) and (c) refer to the 'sulphate adduct. Therpyfi—
‘dine absorption bands in both the compounds occur at almost the
‘same -frequencies and are in agreement with the pyridine
absorption bands reported for other pyridine complexes., From
a comparison of the spectrum of the dimethyltin sulphate
adduct with that of the dimethyltin dichloride -adduct, the
‘sulphate absorption bands in the -dimethyltin sulphate -adduct
can be -distinguished unambiguously. In the dimethyltin di;
chloride adduct, there are four strong very sharp absorption

bands at 1210, 1062, 1037 and 1010 cm~l, due to pyridine. 1In
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TABLE 4.4b

Infrared Absorption Spectra of Pyridine Adducts of Dimethyltin

Sulphate and Dimethyltin Dichloride

~ (CH3) »SnS04. Py (CH3) 2SnCl2.2Py
" Frequency Relative Frequency Relative
(cm=1) ~ intensity (cm-1) intensity Assignment
3100 ) 3100 ) ¢
. 3050 ) w . 3040 ) w - C=H str.
2940 ) 2940 ) _
2450 vw
1605 s 1605 s
1570 : W
1492 m - 1490 s
1450 S 1450 S
1410 w C-H asym.bend
1360 vw 1360 VW
1245 sh 1245 w
1232 ) m
) C-H sym. bend
1217 )
1208 . sh 1210 s
1200 SOq asym.str.xoa)
1185 w
1160 vw 1160 vw
1090 s S05 sym.str.(V;) .
1066 ] 1062 .8
| 1037 s
. _ N
1025 s S09 asym,str.ﬂas)
1013 sh 1010 s
Sk
992 m S0 sym.str.Aoz)

973 vw
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- Table 4.4b continued

950 wv
" 887 wv
800 s 780 s CH3 rock
765 S 760 S

745 VW

700 )

) s
692 s 690 )
655 s SO4 rgcklng,
637 s 630 s
598 s 560 ] - Sn-C asym.str.
590 S0, bend, (V3)
576 m | .80, rock,(Vg)
510 vw
3
465 m S0, bend, (V)
425 m 425 ms
417 sh
m = medium; s = strong; v = very; w = weak.

* denotes the oxygen atoms (of the SO4 group) involved in bondiﬁg°
- The assignments for the S04 group have been made assuming Coy
symmetry.

- No assignments have been made for the absorption bands due to

pyridine.
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the dimethyltin sulphate adduct, the bands at 1208, 1066 and 1010
correspond to three of the above‘four bands while the band at 1037
em~1l is apparently masked by a strong band at 1023 em=1, Thus the
absorption bands at 1200, 1090, 1025 and 992 cm~! in the spectrum
- of dimethyltin sulphate-pyridine adduct can be attributed to the
sulphate group. Similarly, in the lower frequency region, the
bands at 655,. 590, 576 and 465 cm—1 are due to the sulphate group.
As regards fhe absorption bands due to the dimethyltin group, the
bands at 598 and 800 cm"'1 in the sulphate adduct can be assigned

to the Sn=C asymmetricrstrefch, and CH,, rocking modes respectively.

3
The corresponding frequencies in the dichloride adduct occur at
560 and 780 cm~1 respectively. In both compounds, only the Sn-C
-asymmetric stretching frequency appears. Therefore the dimethyl-
tin groupiis apparently linear in both compounds. There is a

very weak absorption band at 510 cm‘l

in the sulphate adduct, it
may either be due to a slight deviation from linearity of the
(CH3) 58n group, or more likely to a forbidden band, because of its
very weak intensity.

Thus the infrared spectrum of dimethyltin sulphate-pyridine
monoadduct again indicates that the sulphate group is coordinated
to the dimethyltin group and that it acts either as a bidentate
or a bridging ligand. The CZv symmetry of the sulphate group and
the linearity of the dimethyltin group suggest that the tin atom
is five coordinate in this compound. Considering the five co-
ordination of the tin atom, two stereochemical configurations can
be suggested. One involves a trigonal bipyramidal arrangement
containing the two methyl groups in the apical positions; the

pyridine molecule and two oxygen atoms of the sulphate group

being coordinated to the central tin atom in the three axial
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positions. The other possible configuration can be that of a
-square pyramid in which the linear dimethyltin group is coor-
-dinatéd to two oxygen atoms in trans positions; the-pyridiﬂe
‘molecule -being coordinated to the.tiﬁ atom at the apex. However,
it must be considered that a trigonal bipyramidal configuration
for this compddnd involves coordinated groups in the axial plane,
while the covalently bonded methyl groups are placed at the
apical positions. Therefore such a configuration is most unlikely.

'The -assignments for vibrational frequencies of dimethyl
sulphoxide (DMSO) have been made (111) and the S-0 stretching
frequency has been well established. It gives rise to a very
strong  absorption band at 1057 cm-1 (in a liquid film). There is
another véry sharp, much less intense absorption at 950 cm_l,
and a weaker, broéd peak at 915 cm'l, both of them being assigned
to'CH3 rock. DMSO has an unshared pair of electrons on both
-sulphur»and oxygen, and can coordinate through the sulphur atom
or through the oxygen atom. As Cotton and Francis (112) have
pointed out, the S-0 bond in sulphoxides has at least partial
double bond character which may be considered.to result from the
superposition of pTI -dIT" bonding from 0 to S upon the S;O
siéma bond. " Therefore coordination through the ox&gen atom
-should decreése-pTr - d]T"back‘bonding.and hence lower the
S=0 bond order and the -stretching frequency. On the other hand,
coordination via.suiphur-wohld be expected tovinCreasefp]H'-d11'
back bonding and thus raise the S-0 stretching frequency.
'Cotton,]Francis, and Horrocks (113) have repofted that, in
sulphozxides, thé oxygen atom is the -donor in the majority of

the metal complexes studied. ' In such cases, the S-0 stretch
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is shifted to lower frequencies. With an.acceptorvsuchbas Pt(II)
or Pd(II), sulphur seems to be the donor atom and the S—O'stretch—
ing frequeﬁdy is higher in the complex than in the free ligand;
Though there is hardly any ‘doubt that in DMSO complexes such as
Co(DMSO)600014 and SnCl, (DMSO) 5, the oxygen atom of DMSO acts as
the -donor atom, the assignments of the vibrationai frequencies
have beenﬁdisputed. In Co(DMSO)600014, Cotton, Francis,and
Horrocks (113) have assigned the S-0 stretching mode to a very
strong band at 950 cm~1 and the CH3'rocking'mode-t0~a strdng band
in the‘ 1000 cm~1 region. Contrary to these assignments, Drago
and Meek (114) have assigned the 950 cm~1 band to the CHg rock
and 1000 cm~! band to the S-0 stretch. ‘

The infrared absorption bands of DMSO adducts of dimethyltin
sulphate and dimethyltin dichloride -are lisfed, togefher-with.their
relative intensities and suggested assignments in Table 4.4c, and
a porfion of the spectrum of the sulphate adduct is shown in
Figure 4.4d. The absorption bands due to DMSO in both compounds
occur at almost the same frequencies. 1In addition to the'DMSO
bands thch can be recognized easily, the main features of the
vspectrﬁm of the-dichloride-adduct are the absorption bands at
788, 573, 508 (vw), 415, 340, 312 and 255 cm™l, The bands at
788, 578, and 415 cm~l can be assigned to CHy rock [§n(0H3)2
groué], the Sn-C asymmetric stretch and Sn-0 asymmetric stretch
respectively., The very weak band af;508 may be an overtone -of
the 255 cm~! band. Of the three bands at 340, 312 and 255 cm-l,
most probably only one band is due to the Sn-Cl stretching vi-

' bration. In DMSO, there are absorption bands at 382 and 333

cm=1 which have been assigned (111) to the symmetric and asymmetric
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TABLE 4.4c

- Infrared Absorption Spectra of DMSO Adducts of Dimethyltin

Sulphate and Dimethyltin Dichloride

(CH3)ZSnSO4.DMSO CH3)ZSn012.2DMSO
Frequency  Relative - Frequency Relative v
(cm=1) intensity (cm—-1) intensity Assignment
3040 w ) 3030 w )
..2960 W ) 2930 w ) . C-H stretch
1455 sh 1457 sh
1443 ms . 1430 s
1420 w 1410 m
. 1365 vw
1323 m 1320 ms
1300 w 1300 ) m
1295 )
. 1225 m
1202 ) s
1193 ) - 80,5 asym. str.,(oe)
1080 s, sh ' SOz-sym.-str.,(Dl)
1045 S
* .
1034 S S0, asym.str.,
(Vg)
1000 m 995 s
%
989 m . 804 sym.str.,(oz)
945 s 943 s V(5-0) (DMSO)
915 w 1910 om
805 s 788 s CH; rock
783 ' sh

727 m 720 m
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Table 4.4c continued

655 S o , S04 rock,(97)
597 s 573 s Sn-C asym.str.
590 s | 50, bend ,(V3)
508 VW
468 m SOy bend (Vy)
437 s 415 S Sn-0 stretch
330 m 340 s
312 s Sn-Cl str,
255 m 255 m

m = medium; s = strong; sh = shoulder; v = very; w = weak;
* denotes the oxygen atoms (of the SO4 group) involved in bonding.
The assignments for the SO4 group have been made assuming Caovy
symmetry - as in Cl04. No assignments have been made for DMSO

absorption bands except the )(Sao).
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C-S-0 .deformation. Thesevbands are shifted to 330.and 255‘cm‘1
in therdimethyltiﬁ sulphate adduct. Therefore it is suggested
that in the dimethyitin dichloride adduct, the 312 cm-1 band is
associated with the Sn-Cl stretching vibration and the bands at
340 and 255 cm~! are due to the DMSO ligand. .Thus only'one_
frequency is indicated for each of the Sn-C, Sn-0 and Sn-C1
stretching vibrations in the infrared spectrum of the dimethyitin
dichloride-DMSO diadduct. In view of thése speétral features,a
trans octahedral structure is suggested for this compound. As
regards the assignments for the S-0 stretching frequency, there
are two strong bands of almost equal intensity at 995 and 943 cm-1
and it is not possible to distinguish which of the two bands cor-
responds to the S=0 stretch. However,‘in dimethyltin sulphate-
DMSO adduct the most intense band due to DMSO appears at 945 cm'l
and therefore this band is assigned to the S-0 stretch. On this
basis, the 943 cm"l band in the dichloride adduct can be assigﬁed
to the S-0 stretch and the 995 cm=1 band to CH3 rock (DMSO) .

The main features of thé infrared Spectrum of the dimethyl- "
tin sulphate-DMSO adduct are the absorption bands at 1207-1193,
1080, 1045, 989, 655, 590 and 468 cm~1. Comparing the DMSO part
of the spectrum of the sulphate adduct With that of the dichloride
adduct, it can be seen that no bands due to DMSO occur in these

regions except a band at 1034 cm—1

which is masked by the strong
sulphate band at 1045 cm"l. The sulphate absorption bands in

the dimethyltin sulphateuDMSO adduct are almost identiéal to

those observed for the dimethyltin sulphate-pyridine adduct. Thus
the infrared spectrum of dimethyltin sulphate-DMSO adduct also |

shows coordination befwéen the sulphate and the dimethyltin gfoups.
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The Sn-C and Sn-0 vibrations in the dimethyltin sulphate-DMSO
adduct appear at 597 and 437 cm~l respectively. It may be noted
that only the Sn-C asymmetric stretching and Sn-0 asymmetric
stretching vibrations appear. The stereochemical features sug-
gested for dimethyltin sulphate-pyridine adduct can also be
suggested for the DMSO adduct because of the almost identical
spectrum of the dimethyltin and the sulphate groups in both
cbmpdunds.

* The coordinatipn.by the sulphate gréups in the adducts
of dimethyltin sulphate with methanol, pyridiﬁe and DMSO as-
shown'by the above spectroscopic resulfs, is not consistent with
an ionic constitution of dimethyltin sulphate and suggests a
coordinated structure for this compouﬁd.

Proton n.m.r. studies on dimethyltin(IV) compounds have
recently been used to estimate the percentage s~character in the
tin orbitals directed to the methyl groups, by the measurement
of the 117Sn=CH3.or 119Sn-CH3 coupling constants. Coupling
constant data reéorfed (50) for some dimethyltin compounds Qre
shown in Table 4.4d.

| " TABLE 4.4d

Sn-CHz Coupling Constants of Some Dimethyltin(IV)Derivatives

Compound - Sclvent J(ll7Sn—CH3) J(119SnmCH3)
cC.p.S. C.p.S.

- (CH3)5Sn(C104) 2 H20 102 107
(CHg) 98n(NO3) o Ho0 104.3 108.7
(CH3) 25nClg HC1 92.5 97.5
(CH3)n (C5H702) 9 CDCl, 95.0 99.3
(CH3) 28nCl,, CDC14 66.5 69.8
(CH3) 2Sn (OCH3) o CCly 71.3 : 74.4



93

Raman and infrared studies on aqueous solutions of dimethyl-

tin compounds (21) indicate the presence of the aquodimethyltin
cations with a linear C-Sn-C skeleton and four water molecules
coordinated in the equatorial plane. Bis(acetylacetonato) '
dimethyltin(IV), (CH3)ZSn(C53702)2 is also considered, from Raman
and infrared and proton n.m.r. studies (50), to be octahedral
with trans methyl groups. The configuration of the last two
compounds listed abové, i.e. dimethyltin dichloride (4) and |
dimethoxy dimethyltin (115), is reported to be tetrahedral in
‘chloroform solution. As seen from Table 4.4d, the coupling
constant values for the octahedral species are markedly differ-
- ent from those of tetrahedral species,

In this investigation the proton n.m.r. spectra of
dimethyltin sulphate as well as its adducts with pyridine and
DMSO, and dimethyltin chloride-DMSO adduct were determined. The
values of the coupling constants obtained are shown in Table

-4.4e.-
TABLE 4.4e

Sn-CHg Coupling Constants of Dimethyltin Sulphate, Dimethyltin

Sulphate-Pyridine, Dimethyltin Sulphate-DMSO. and Dimethyltin

Dichloride~2DMSO

Compound Soclvent J(117Sn—CH3) J(llgsn-CH3)
_ C,pP.S. c.p.s.
(CH3) 35nS04 ' Hp0 104.5 109.5
(CH3) 25nS04 - Py Hy0 91.0 95.0
(CH3) 9SnS04 - DMSO Ho0 104.5 109.5
(CH3) 2SnC1 o 2DMSO H50 102.0 107.0
(CHg) 9Sn Cl o' 2DMSO CHCl3 82.5 86.5

Note: Dimethyltin sulphate and its additicn compounds with
pyridine and DMSO are not soluble in organic solvents
such as CHClg or CCl4.
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The coupling consfant values for aqueoue solutions of dimethyltin
-sulphate, the dimethyltin sulphate-DMSO adduct and the dimethyl-
tin dichloride-DMSO adduct are in good agreement with the values
reported for dimethyltin perchlorate and nitrate, and it can be
inferred‘that like dimethyltin perchlorate and nitrate, these
compounds are also dissociated in aqueous solution to form six
coordinate aquodimethyltin cations. The valuee for the coupling
constants of the dimethyltin sulphate-pyridine adduct are lower
but they are of the same crder as those reported in Table 4.4d
for dimethyltin dichloride in hydrochloric acid solution. ' The
coupling constants for dimethyltin dichloride-DMSO adduct are
lower compared with those for bis(acetylacetonatdﬂihethyltin(IV).
According to the linear relation (12) between coupling constant
and pefcentage s=character in the tin orbitals directed to methyl
vgroups,s-eharacter in the Sn-CH3 bond is about 40 percent in
dimethyltin dichloride-DMSO adduct and 46 percent in bis-
(acetylacetonato)dimethyltin(IV). The Sn-0 stretching frequen-
cies in these two-compounds occur at 415 anq 400 cm™! res-
pectively, indieating greater Sn-0 bond strength igtﬁimethyltin
dichloride-DMSO .adduct. However, the Sn-C stretching frequencies
in the two compounds occur at 573 and 570 cm=1 respectively,
indicating very little change in the Sn-C bond strength in the

two compounds.

4.5 Dimethyltin Bis(tetrafluoroborate) (CHB)ZSn(BF4)2

The tetrahedral symmetry(T4)of the tetrafluoroborate ion

has been established by infrared and Raman studies (116, 117).

However, the frequencies of the fundamental vibrations of the
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-tetrafluoroborate ion reported by two groups of workers (116,
117) are slightly different and both sets of values are listed
in Table 4.5a.
| " TABLE 4.5a

Vibrational Frequencies of BF4' Ion (Point Group Tg)

Vibrational ‘
mode _ 01 02 03 04
(A1) (E) (Fa) (Fg)
" (R) (R) (R,I.R) (R,I.R)
-Frequency |
- (em=1)
“(116) - 786 369 1100 541
(117) 769 353 . 984,1016 524

(R: = Raman active; I.R = Infrared active)

The detailed infrared spectra of some ionic tetrafluoro-
borates have been studied (118-120). Cryétalline.tetrafluoro—
borates give many absorption bands other‘than the fundamentals,
. the most prominent feature being the splitting of the 03 mode,
a doublet fo;T34 mode and the appearance of the forbidden 91
mode. Cot€é and Thompson (118) considered this splitting to be
va result of the lowering of the site symmetry of the anion in
the crystal. From an infrared spectroscopic study of potassium
tetrafluoroborate containing an enriched isotope ratio of |
(10B 11B), Greenwood (120) showed that the splitting and
broadening of peaks in potassium tetrafluoroborate is due to a
combination of the lowering of site symmetry.and the presence of
the. two isotopes of boron. However, the infrared spectrum (43)

of trimethyltin tetrafluoroborate is considerably different from
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the infrared spectra‘of the ionic tetrafluorqborates._ While in
ionic tetrafluoroborétes,lthe 03 mode appears as a very strong
broad band in the region 1050-1075 em—1 showing splitting in the
form of fine structure, in trimethyltin tetrafluoroborate, this
mode is cléarly resolved into three strong bands at 1170, 1070,
1

and 930 cm”~ Similarly, the 01 mode appears only as a weak

1

"forbidden" transition at 771 cm™~ in the spectra of ionic

tetrafluoroborates, but in the spectrum of trimethyltin tetra-
fluoroborate, the Jl mode shows a strong absorption at 746 cm‘l.
Another important feature of the spectrum of trimethyltin
tetrafluoroborate is the appearance of a broad band at 446'cm'1.
These features of the infrared spectrum of trimethyltin tetra-
fluoroborate -are consistent with the suggested Cg9y symmetry of

the tetrafluoroborate group and indicate strong interaction

between the tetrafluoroborate and trimethyltin groups.
-Coordination by the tetrafluoroborate group has also been reported
(86) in Ni(3,5-lutidine)4(BF412.

The infrared spectra (121) of Mn(II) and Zn(II) tetra-
fluoroborate-(methyl cyanide) complexes also differ from the
infrared spectra of silver and potassium tetrafluoroborates.

Attempts were made to prepare dimethyltin bis(tetrafluoro-
borate) by the metathetical reaction between dimethyltin
dichloride and silver tetrafluoroborate., However, the metathetical
reaction, carried out in methanol as well as in ether, resulted
in the formation of dimethyltin bis(tetrafluoroborate),
dimethyltin difluoride, boron trifluoride and silver chloride.

The evolution of boron trifluoride was confirmed by the formation

of boron trifluoride-amine adducts. When the metathetical
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reaction was done in methanol, the quantitative amount of silver
chloride was precipitated. Upon removal of the methanol from
the filtrate, an extremely hygroscopic-white solid was obtained.
The infrared spectrum, analytical results and the X-ray powder
photographs of the solid showed it to be a mixture of dimethyltin
bis(tetrafluoroborate) and dimethyltin difluoride. The analy-
tical results indicate that the mixture contained nearly 46
percent dimethyltin bis(tetrafluoroborate) and 54 percent of
dimethyltin difluoride. The mixture did not show aoy change,
either spectroscopically or analytically, when it was heated to
60 -. 70° under vacuum for about six hours. Therefore it is
concluded that the decomposition of dimethyltin bis(tetra-
fluoroborate) is not due to its thermal instability under
experimental conditions. Quantitative precipitation of silver
chloride shows that the metathetical reaction in methanol goes

to completion,i.e.

CH3OH .
(CH3) 2SnCl, + 24gBFy __~ 3 (CH3) S (Solvated) + 2BF,

+ 2AgCl A ¢
The formation of dimethyltin difluoride can be explained in the
following manner:

ot _ ~CH30H
(CH3)ZSn (solvated)+ 2BF,4 S .(CHB)ZSan + 2BF3 . . (2)

"The formation of dimethyltin difluoride upon removal of the sol-
vent also indicates that dimethyltin bis(tetrafluoroborate) is
stable in methanol but partially decomposes upon removal of the

solvent according to equation (2).
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These results indicate a very strong interaction between
-(CH3)ZSn and BF4 groups in the solid stafe, apparently causing
this partial decomposition. This interaction is further sup-
ported by the spectroscopic results. The metathetical reaction
between dimethyltin dichléride and silver tetrafluoroborate was
also. done in liquid sulphur dioxide but dimethyltin bis
(tetrafluoroborate) could not be isolated in the pure form.

~ Although énly a solid mixture of dimethyltin bis-

(tetrafluoroborate) and dimethyltin difluoride was obtained, the
infrared spectrum of this mixture shows very interesting fea-
tures and suggests strong interaction between (CHB)an and BFy
groups. The infrared absorption spectrum.obtained on .a nujol
mull éample of the solid is recorded together with the relative
intensities and suggested assignments of the absorption pands,
in Table 4.5b and part of the spectrum is shown in Figures 4.5a
and 4.5b.

The absorption bands at 1280, 1207, 1195, 1157, 1095,
1066, 1047, 1030, 940, 760, 525-510, 455 and 410 cm~1,.can be
attributed to the tetrafluoroborate groﬁp, It is evident that
the spectrum is markedly different from that of the free BF&
ion. The triply degenerate mode 33 of the free ion is clearly
resolved into three strong bands at 1157,i1066, and 940 cm“l;
the infrared forbidden mode 01 of the free ion appears as a
strong sharp band at 760 cm‘l, ;nd the triply degenerate mode
04 of the free-ioﬁ'which usually appears as a doublet at 536 and
525 c¢cm~l now shows one medium absorption band at 525-510 cm—1
and two strong bands at 455 and 410 cm'l. The other absorption

bands which are all weak, apparently are due to the isotope



TRANSMIT TANCE (%) ===p

1

MeZSn(B§)2+ Me, SnFy

FIGURE 4-5a

| i | 1 | | i | 1

1200

1100 1000 900 800 Cm'

66



TRANSMITTANC E (%) —»

MeZSn(BF4)2+

FIGURE 4-5b

) 1

300

200 Cr’!

00t



101

TABLE 4.5b

Infrared Absorption Spectrum of The Mixture of Dimethyltin

Bis(tetrafluoroborate) and Dimethyltin Difluoride

Frequency (cm‘l) Relative Intensity Assignment
1280 W
1225 w,Sp C-H sym. bend
1207 vw ‘
1195 vw
1157 S BF,, asymwstr.,(QG)
1095 sh
- 1066 S BF2 sym,str.,(Jl)
1047 sh
1030 sh
940 S BFE asym.str.,(as)
815 s CH3 rock
760 s BFE sym. str.,(oz)
604 m Sn-C asym. str.
525 )
)
518 ; m BF, bend, (V3)
510 )
455 s,b (BFy) rock, (J7)
410 s,b (BF,) rock, (g
375-350 sh Sn-F str., ((CH3) ySnFy)
b = broad; m = medium; s = strong; sh = shoulder; v = very;

w = weak., -

* denotes the

fluorine atoms involved iﬁ bonding.

The assignments for the BF4 group have been suggested by

analogy with ClO4 group of Cop, symmetry,
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effect as well as to overtones and combinatibn bands. The bands
at 1225, 815, and 604 en™ ! can be assigned to the C-H symmetric
bend, CH3 rock and Sn-C asymmefric stretching modes respectively.
Dimethyltin difluoride has absorption bands at 1210, 787, 595
and 373 cm~1l. These bands are masked by the bands due to dimethyltin
bis(tetrafluoroborate). ' The strong brqad band at 410 cm~?! clearly
has a shoulder in the 375 cm—-1 region and this is pfobably due
to the 373 cm~1 band of dimethyltin difluoride. The observed
spectrum is therefore largely due to dimethyltin bis(tetrafluoro-
borate).

The observed spectrum is almost identical to that reported
(43) for trimethyltin tetrafluoroborate and both spectra can only
be interpreted in terms of coordinated tetrafluoroborate groups
of Cg9y or lower symmetry. Due to the presence of tetrafluoro-
borate absorption bands in fhe 525-510 cm--1 region, it is
difficult to say whether the Sn-C symmetric stretch is also
present. However, the Sn-C asymmetric stretching vibratidn in
this compound occurs at almost the same frequency as that observed
in dimethyltin difluoride, dimethyltin sulphate, and dimethyltin
sulphate adducts. Since the infrared spectra of these compounds
suggest the.presencé of a linear dimethyltin group, it is very
likely that the dimethyltin group is linear in dimethyltin
bis(tetrafluoroborate). Considering the probable linearity of
the dimethyltin group and the presence of coordinated tetra}.
fluoroborate groups bf Co, symmetry, it can be suggested that in
dimethyltin bis(tetrafluoroborate), four fluorine atoms are co-
ordinated to the linear dimethyltin group, in the equatorial

plane making the tin atom six coordgnate.
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Like‘trimethyltin tetrafluoroborate, dimethyltin

bis(tetrafluoroborate) is extéemely hygroscopic, and marked
changes in the infrared spectrum of the mixture were observed
on -exposing it to air for a few seconds. The strong bands at
1157, 1066, 940, 760, 455 and 410'cm"1 and the medium band at
525-510 em—1 disappeared and the spectrum showed characteristic
bands of the BF- ion, i.e. a broad strong band at 1110-1025

4
cm~! and a doublet at 535 and 520 cm'l. The methyl rocking and

the Sn-C asymmetric stretching vibrations were shifted to 790
and 575 cm~1 respectively. The marked changes in the spectrum
upon exposing the mixture to air again indicate that free BF4

. _k ]
ions and hydrated (CHB)ZSn " cations are produced by hydrolysis

of the anhydrous product.

4.6 Dimethyltin Hexafluorosilicate (CHj)oSnSiFg

"An attempt to prepare this derivative was not successful.
Nevertheless, the reaction products frdm the attempted prepara-
vtionvare interesting ih that they show a very strong interaction
between (CHB)ZSn.and SiFg groups. The metathetical reaction
between dimethyltin dichloride and silver hexafluorosilicate
in methanol resulted in instanfaneous precipitation of silver
chloride. However, after pumping off the solvent (at room
temperature) from the filtered solution, pure dimethyltin
diflﬁoride was obtained, as shown by.analytical results, infra-
red spectrum and X-ray powder photographic data. 'The recovered
methanol was highly acidic and contained silicon and fluorine.
The results can only be interpreted according to the scheme:

CH30H 2 2-

+ AggSiF, ——> (CH3) gSn (solvated) + SiFg + 2AgCl
—CHSQH

(CHz) »8nC1,,

| 2+ 2 -
(CH3) 9Sn' (solvated)+ SiFy > (CHg) 28nF, + SiF,
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The metal fluorosilicates are stable, being only about one per-~
.cent hydrolysed in aqueous solution (59b). The decomposition of
the SiFe- ion in aqueous solution is qonsidered to proceed in the

following manner (122):

SiF62———-———> SiF, + 2F N ¢ §)

followed by the rapid hydrolysis
SiF, + 3Hy0 ————> 4HF + H,8104 N ¢-9)

The value of the equilibrium constant K, for the lst reaction is

reported (122) to be 1x10~°
. 2_

AHfO of SiFg; 1ion in aqueous solution is -558.5kcal/mole (123).

at 200. The heat of formation

Although the,corresponding values in methanol solution would be
different, still it can be~seen from these figures that complete
decomposition of dimethyltin hexafluorosilicéte must involve a

very strong interaction between (CHB)ZSn-énd SiFg groups.

4.7 Dimethyltin‘Derivatives of Group Vp Hexafluorides

Phosphorus, arsenic and antimony form S£ab1e hexafluoride
aniéns‘of the formula ng. These anions have octahedral sym-
metéy and belong to point group 0n. An octahedral molecule, or
ion, should have fifteen normal vibrations distributed between
six vibrational modes (47c) ‘as shown in Table 4.7a. If the MXg4g
group is involved in coordination then its symmetry would be
lowered. A correlation’between the modes of vibration of a
octahedral group, having Op, Dgp or Coy symmetry ié shown in
Table 4.7b. If the hexafluoride ion acts as a trans bridging

ligand, then the Op symmetry of the hexafluoride ion is lowered

to D4gp and this should result in five infrared active fundamental
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TABLE 4.7a

Vibrational Modes of An Octahedral Group MXg

Vibrational
mode Assignment Activity

01 (Alg) M-X symmetric stretch (R)
02 (Eg) X=-M-X stretch (R)
Vs (Fpy) | X-M-X bend (I.R)
04 (F1y) M-X asymmetric stretch (I.R)
Uy (Fyy) X-M-X bend (R)
06 (Fo,,) X-M-X bend (out-of-plane) (Inactive)

(R = Raman active; I.R = Infrared active)

vibrations belonging to (2A2u + 3E,;) species. Moreover, the bond
_lengths of one pair of trans M-X bonds would be expected to
increase, and as a fesultvof this elongation, the infrared active
antisymmetric FQM-F stretching mode (corresponding to the Ag,
fundamental arising from the splitting of the degenerate mode
03—+ A2u'+ Ey) should shift to a lower frequency. This effect
has been observed (43) in the infrared spectrum of trimethyltin
hexafluoroarsenate, in which the 03 mode of the AsFé ion splits

" into two bands at 675 cm-! and 710 cm™ . If the hexafluoride

ion acts és a cis bridging ligand, then its symmetry is lowered
to ' Cgy. In that case, the degeneracy of infrared active modes is
completely removed and the number of infrared active fundamental
modes is inecreased to thirteen. Complete removal of degeneracy
of the 03 mode has been observed (43) in the infrared spectrum

of trimethyltin heiafluoroantimonate.in which the 03 mode of
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the SbFg ion splits into three modes at 675, 656 and 640 em~1,

TABLE 4.7b

Correlation Between fhe Vibrafional Modes of An Octahedral

Group of On, Dgh, or: Cay Symmetry

Dygn On Cay
Alg Alg Aq
Alg + Blg Eg A; + By
2494+ 2Ey 2Fy, 2A71 + 2B3 + 2Bg
Bog + Eg Fag Al + Ag
Bgy + Eu Fou Ay} + Ag + By
Vibrations of species Vibrations of Vibrations of species
Ao, and Eu are infra= species Fjly are Aj,B1, and By are

red -active infrared active infrared active

Splittings of the degenerate infrared active modes of the
octahedral anions due to crystal field effects have also been
reported (124) in the solid state infrared spectra of ammonium
hexafluorogérmanate and barium hexafluorogermanate. The reported
(125) splitting of the 03 mode of barium hexafluorosilicate
probably is also due to the same effect.  However, in all these
cases, the Raman active modes of the hexafluoride ion do not
appeaf with any significant intensity in the infrared spectra.
Unfortunately only very few studies on the vibrational spectra
of hexafluoride ions have been made, probably due to great
experimental difficulties involved in such studies. |

In this investigation an attempt was made to prepare
dimethyltin derivatives of hexafluorophosphate, hexafluoro-

arsenate :and hexafluorocantimonate. Derivatives of both



107

hexafluorophosphate and hexafluoroarsenate decomposed partially
to give dimethyltin fluoride and the corresponding Lewis acid as
described below.

"When -stoichiometric amounts of silver hexafluorophosphate
and dimethyltin dichloride were allowed to react in methanol,
silver chloride was precipitated instantaneously. However, upon
removal of the methanol under vacuum at room temperature, a sticky
solid was obtained which could not be further dried and which.was
not completely soluble in methanol or water. The infrared spec-
trum of the solid showed intense bands at 1210, 1110, 1050, 815,
800, 495 and 475 cm™1, The recovered methanol was highly acidic
and contained fluorine as well as phosphorus as shown by quali-
tative tests.

When the above metathetical reaction was performed in
liquid sulphur dioxide, the product was a white solid which gave
infrared absorption bands at 1260, 1150, 920, 885, 810, 600,
590, 565, 535, and 480 cm~1l. An X-ray powder photograph of the
solid showed thé presence of dimethyltin difluoride, and the
recovered sulphur dioxide contained some phosphorus oxytri-
fluoride, POF3, which was identified by its infrared spectrum,
Since silver hexaflﬁorophosphate can best be. prepared from
liquid sulphur dioxide (126), POF3 cannot arise from direct
reaction of PFg with SO,5. Therefore, the results can only be

interpreted in the following manner:

; SO L

(CHy) 5SnCly + 2AgPFg "2 . (CHy),Sn(PFg)y + 2Aged

(CHg) 35n (PFg) o _ (CHg) oSnF, + 2PFy
PF

5 + S02 —_— POF3 + SOF2
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Similar results have been reported (43) for the reaction between
trimethyltin bromide -and silver hexafluorophosphate.
The metathetical reaction between dimethyltin dichloride

‘and silver ‘hexafluoroarsenate in methanol resulted in instantan-
eous precipitation of silver chloride. Upon removai of the
solvent fﬂom the filtrate a hygroscopic white solid was obtained
which gradually turned yellowish. The recovered methanol was
highly acidic and contained arsenic and fluorine. An X-ray powder
photograph of the solid showed the presence of dimethyltin
difluoride. The infrared spectrum of the solid as described
below indicated the presence of the hexafluoroarsenate group.
These results can be explained in terms of partial decomposition
of dimethyltin bis(hexafluoroarsenaté) to give dimethyltin
difluoride and arsenic pentafluoride. |

. The infrared spectfum-of the mixture in a nujol mull
showed absorption bands at 1210, 825, 800, 760, 718, 595, 475,
and 375 cm~l. The spectrum in the 850 -~ 250 em—1 region is
shown in Figure 4.7a. " The Ang ion has two infrared active
and vy. The ¥

vibrational modes, 0 mode gives a strong,

3 3
broad, but symmetrical band at approXimately 700 cm"1 (127),
while the 04 mode is reported to occur ‘at 400 em—1 (128). In

1 also

addition subsidiary bands at 1300, 1065, 970 and 825 cm~
appear in the infrared spectrum (127). In the spectrum of thg
mixture, the bands at 1210; 800, and 595 cm’l can be assigned
to the C-H symmetric band, the CH3 rock, and the Sn-C asymmetric
stretching modes respecti?ely. The bands at 760 ‘and 718 cm—1

are the two componenté of the 93 mode of the hexafluoroarsenate

group. Similarly the bands at 375 and 475 are probably the two
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components of the 04 mode, although dimethyltin difluoride will
also absorb at 375 ecm~l. Thus it appears fhat the symmetry of
the A%F6 group has been lowered from Oh to Dgp. The spectrum of
the mixture fhus shows features similar to those reported (43)
for trimethyltin hexafluoroarsenate. The spectroscopic results
and the partial Qecomposition of the dimethyltin-bis(hexafluoro—
arsenate) both suggest very strong interaction between (CHS)ZSn
-and AsFg groups resulting in the partial decomposition of AsFg
group.

* Dimethyltin bis(hexafluoroantimonate) could be prepared by
the metathetical reaction between dimethyltin dichloride and.
silver hexafluoroantimonate in methanol. However, the product
could not be obtained free from methanol even after pumping the
solid for 24 hours at 60°. When the solid was heated to 120°
under vacuum, decomposition of the hexafluoroantimonate occurred
and some antimony pentafluoride was formed. The metathetical
reaction between dimethyltin dichloride and Silver hexa-
fluoroantimonate was also performed in liquid sulphur dioxide.
An anhydrous, extremely hygroscopic whife solid was obtained.
X-ray powder photographs of the solid did not show any lines due
to dimethyltin difluoride. . However, no analysis of the product
was obtained. Nujol mull saﬁples of the solid prepared for the
measuréments of the infrared spectrum reacted rapidly with salt
windows but reproducible spectra cou1d bé obtained on nujol mull
samples by using silver chloride or polythene sheets. -

The infrared spectrum has features similar to those re-
ported for trimethyltin hexafluoroantimonate. The spectrum in

the 750 - 250 cm™1 region is shown in Figure 4.7b. Other bands
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were observed at 1210(w), 990(m), 910(m), 828(m), 782 (w) and
760(vw). Only one,infrared active frequency (the 03 mode) has
been reported (128) for fhe'Sng ion, In order to compare the
spectrum of dimethyltin bis(hexafluoroantimonate) with that of
the SbFé ion, the infrared spectrum of silver hexafluoroantimonate
was also measured under comparable conditions. The spectrum
showed a very strong broad band at 660 em—1 (with a shoulder at
560 cm‘l) and another strong band showing peaks at 310, 290 and

270 c:m'l

. The 660 cm~l band is due to the reported J3 mode  and
the band in the 310-270 cm~! region is evidently due to the v,
modé which is split due to crystal field effects. 1In the spec-
trum of dimethyltin bis(hexafluoroantimonate), the bands at 1210
and 828 cm~1 can be assigned to the C-H symﬁetric band and the
CH3 rocking modes respectively. The spectrum of silver hexa-

fluoroantimonate does not show any bands in the 1000-800 em~1

-1 are therefore the

"region. The medium bands at 990 and 910 cm
vibrational modes, infrared inactive for the octahedral SbFg
ion, which have become infrared active as a result of distortion
bf the SbFg group by (CHB)ZSn. Significantly, as can be seen
from the Figure 4.7b, the &3 mode for dimethyltin bis(hexa-
fluoroantimonate) is split and shows peaks at 675, 650 and

635 cmfl, and additional bands which do not appear in the
spectrum of silver hexafluoroantimonate are present at 595,

545, 445 and 365 cm~1, The band at 595 cm~1 can be assigned

to the‘Sn—C asymmetric stretch but the bands at 540 and 445

em~1 are certainly due to the hexafluoroantimonate group. Thus

the hexafluoroantimonate absorption in dimethyltin bis(hexa-

fluoroantimonate) is significantly different from that of the
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SbFG_ ion. The appearance of 540 and 445 cm~! bands cannot be
attributed to crystal field effects, and indicate strong inter-
action between (CH3)ZSnAand SbF6 groups as a result of which the
O symmetry of the SbF6 group is distorted (probably»to Cay) .
Although the stereochemistry in this compound cannot be determined
with any certainty, fhe infrared results are consistent with a
configuration in which linear (CH3)ZSn groups. are coordinated in
thé equatorial plane by cis fluorine atoms of the SbF6 group
making ‘the tin atom six coordinate. Coordination between
(CHS)ZSn‘and SbFg is also indicated by the marked changes brought
about in the spectrum when the compound was exposed to air. The

bands at 990, 910, 782, 760, 545, 445 and 365 cm™ L

completely
disappeared and the bands at 675, 650 and 635 were réplaced by a
broad band showing a maximum at 660 cm;l. Thus, upon exposure of
dimethyltin bis(hexafluoroantimonate) to air, free Sng ions are
produced as a result of hydrolysis.

- The dimethyltin derivatives of group Vb hexafluorides
are very similar to the analogous trimethyltin derivatives (43 ).
Trimethyltin hexafluorophosphate is unstable, the hexafluoro-
arsenate and antimonate which are derived from progressively
strongef Lewis acids AsFg and SbFg are stable, the anion in
the former acting as é trans, and in the latter as a cis
bridging group. - The stabilities of corresponding dimethyltin
derivatives follow the séme sequence though dimethyltin deri-

vatives are apparently less stable than the trimethyltin

derivatives,
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4.8 The Dimethyltin(IV) Derivative of Blzbllf'"

The Blgcllg"ion is considered (129) to have an icosa-
hedral structure similar to that of Blelgl_. The icosahedral
structure-bf B12H1§" has been established (130) by X-ray
crystallography. A molecule or ion belonging to point group Ih
should give rise to two strongly polarized Raman Lines of species
Ag, and four depolarized Raman Lines of species Hg, and three
‘infrared active fundamentals of species Fj,. However, only a

1'is observed in the Raman spectrum

single strong line at 300 cm™
of BygCly2-~ (129). It has been suggested (129) that the failure
to observe other strong Raman lines may be a consequence of acci-
dental cancellation of polarizability changes of oppositely char-
ged boron and halogen atoms in totally symmetric vibrations.

-

Only one fundamental infrared absorption frequency at 1030 cm—1
has been reported (129) for B12C11%'ion.

The dimethyltin derivative of B1201152_ was obtained as
a hygroscopic white solid which contained some methanol. The
methanol could not be removed from the solvated product even
after heating fdr 24 hours at 100° under vacuum, The analytical
results of the heated solid indicate that the product‘contained
about one tb two ﬁoles of methanol per mole of (CH3)2SnB120112;
Due to the very high molecular weight of (CH3)2SnB120112 it is
rather difficult to ascertain the exact amount of methanol in the
product. " However, no decomposition of the B12011§— group
occurred and the recovered methanol was neither acidic nor con-
tained any chlorine or boron.

~The infrared spectrum of the dimethyltin B1201 derivative

12

is recorded in Table 4.8 and part of the spectrum is shown in
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TABLE 4.8
Infrared Absorption Spectrﬁm of The Dimethyltin Derivative of
| 31201122'
Frequency (cm_l) Relative Intensity
3460 | ” 8
3080 vw
. 2960 vw
1600 w
1455 m
1400 , w
1250 w
1220 vw
1170 A
1144 w
1040 s
1002 m
950 )
) m
925 )
857 s,sh
. 824 S
590 VW
535 ' Vs
480 m
425 w
. 328 w

m = medium; . s = strong; sh = shoulder; v = very; w = weak.
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Figure 4.8 (curve b). For comparison, the infrared spectrum of
solid Ag2B120112 was also measured and is also shoWn in Figure .
4.8 (curve a). In the spectrum of the -dimethyltin derivative,
the absorption bands at 1040, 1002, 950, 925, 824, 535, 480, 425

1

and 328 cm™ - can be attributed to the B120112“Tgroup. The other

"absorption bands are due to the methanol and the dimethyltin
~group. The CHg rocking mode of (CH3)ZSn_group is-probably masked
by the strong band at 824 em™ 1. It méy be noted that the Sn-C
asymmetric stretch appears ét 590 cm'l; however, it is not
possible to ascertain whether the Sn-C symmetric stretch is also
present.

Comparing the B120112 part of the spectrum in the dimethyl-
tin derivative with that of the silver salt it becomes evident
that, in the ‘dimethyltin salt, the spectrum of the Bj2Cl;5 group
is very different from that of the free B12011£2_ion. Though it
is difficult to derive any definite conclusions about the stereo-
chemistry it can be inferred that the symmetry of By5Clyo5 has
been lowered in this compound as é result of which the infrared
inactive modes of the free 3120115L- ion have become infrared
active. This can be explained either in terms of crystal field
effects or in terms of an interaction between the dimethyltin
group and the Bj5Cljg group. In view‘of the infrared_spectro—
scopic results of other dimethylfin-derivatives, it is suggested
that the changes in the BjgCl;o part of the spectrum of the
dimethyltin derivative may be due ﬁo some form of coordination
between (CHS)ZSH and By5Cly5 groups. This is further supported

by the gradual changes in the infrared spectrum of this com-

pound upon exposure of the compound to air. The bands at 950;
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925, 824, 480, 425 and 328 gradually diminished in ihtensity and
after an expoSUre-of three-days; these bands -disappeared and the

CH; rocking mode appeared at 790 cm~l,
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CHAPTER 5

TRIMETHYLANTIMONY (V) DERIVATIVES

Apart from the crystal structure determination of tri-
methylantimony dichloride, dibromide -and diiodide,‘very little
is known. about the stereochemistry of trimethylantimony deri-
vétives-of the type R3SbX,. Recently Long, Doak, and Freedman
(52) reported infrared spectré of trimethylantimony dihalides,
the dinitrate and the sulphate. However, some of the results
obtained by these workers appear rather anomalous. In the
present investigation; some of the work reported by these
workers was repeated. In addition, a wide vafiety'of acid
derivatives ' of trimethylantimony(V) were prepared and their

infrared spectra were examined.

5.1 Trimethylantimony Dihalides

‘Crystal structure determinations (54) of trimethylantimony
dichloride,dibromide and diiodide have shown that these dihalides
are trigonal bipyramidél.molecules containing a planar trimethyl-
antimony group in the equatorial position; The general conclusioné‘
of Long, Doak, and Freedman (52) are consistent with the tri-
gonal bipyramidal structure, The main features of the Spectra of
these dihalides reported by these workers are the C-H asymmetric
Stretch in the 3020-3010 cm"1 region, the-symmefric C-H stfetch
in the 2928 - 2920 cmel_region, the C-H asymmetric bend in the
1403-1387 cm~! region, the CHy rock in the 870; - 860 cm™ ' region
and the Sb-C asymmetric stretch in.the 587-554 cm_l region.
However, these authors reported that, in the spectrum of

trimethylantimonygdifluoride, complex bands occur in the 1120-
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1050, 730, and 540 - 450 em™ regions, and the Sb-C asymmetric
stretch at 587 cm™1 is'partiélly masked. In view of this incon-
 sistency in the spectrum of the difluoride, the spectrum of this
compound was studied again.

- The observed absorption bands, with their relative
intensities and assignments, are listed in Table 5.1. The main
features of the spectrum are the C-H asymmetric stretch at 3065
cm'l, the C-H symmetric stretch at 2965 cm_l, the C-H asymmetric
bend at 1415 cm’l, the C-H symmetric bend at 1235 and 1221 cm'l,
the‘CH3 rock at 855 cm“l, the Sb-C asymmetric stretch -at 585 cm'l,
and the Sb-F asymmetric strefch at 475 cm'l. Contrary to the
reports of Long, Doak, and Freedman, the specfrum of the
‘difluoride does not show any complex bands in the 1120-1050,

730, and 540 - 450 cm™1 regions. The observed spectrum is com-

. pletely consistent with a trigonal bipyramidal structure. The
-additional bands observed by Long, Doak, and Freedman must
therefore be associated with impurities present in their sample. -

Trimethylantimony difluoride sublimes, at room temperature
under vacuum, and is soluble in organic solvents such as
methanol, acetone and chloroform. It is therefore largely co-
valent like other dihalides. A comparison of the Sb-F stretching
frequency (475 cm"l) in trimethylantimony difluoride with the
Sn-F stretching frequency (355 cm~1) in trimethyltin fluoride also

indicates the covalent nature of trimethylantimony difluoride.

5.2 Trimethylantimony Dinitrate (CH3)3Sb(N03)2

Long, Doak, and Freedman (52) described the infrared

spectrum of trimethylantimony dinitrate and from it concluded
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TABLE 5.1

Infrared Absorption Spectrum of Trimethylantimony Difluoride

Frequency (cm~1) Relative IntenSity _ Assignment
3065 w » C-H asym. str.
2965 w C-H sym. str,
2450 vw
2110 vw
1812 w
1768 w
1415 ‘ m | C-H asym. bend
1235 )

) m,sp C-H sym.bend
1221 ) _
855 Vs CHg rock
585 s, sSp : Sb-C asym. str.
475 Vs - Sb-F asym. str.

m = medium; . s = strong; sp = sharp; v = very; w = weak.
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that this compound has an ionic strucﬁpre. They observed the
.nitrate absorption frequencies at 1516(5), 1457(s), 1050(vw),
834 (s), and 728(w) cm-l. In view of the recently accumulated
evidence for the nonexistence of the trimethyltin cation in the
so}id state, the ionic structure for trimethylantimony dinitrate
seems rather surprising. 'Therefore,'in this work, trimethyiantin
moﬁy dinitrate was preparéd under anhydrous conditions, and the
infrared and ultraviolet spectra of this compound were studied.

Reliable infrared spectra of trimethylantimony dinitrate
could only be obtained on samples made as mulls and placed
between silver chloride. sheets. When the'spectra,were measured
either on mulls placed betweennpotassium bromide plates or on
samples made in potaséium bromide pellets, considerable ex-
change occurred between trimethylantimony dinitrate and potas-
sium bromide. The spectra measured by using silver chloride
sheets were always reproducible. The spectfum of trimethylanti-
mony dinitrate in the 1650—650 em=1 region obtained in a nujol
mull is shown in Figure 5.2. The absorption frequencies (in
the 4000 - 400 cm~1 region) together with their relative in—.
tensities and assignments, are listed in Table 5.2. The
absorption bands due to the nitrate group occur at 1550-1510,
1290-1275, 965, 795, 730, and 708‘cm”1. It can be clearly seen .
that the nitrate group in trimethylantimony dinitrate shows
-~ infrared absorption characteristic . of a nitrato group (see
section 2.1). The characteristic bands of a,freg nitrate ion
are absent in the observed spectrum; Thereforé trimethylanti-
mony nitrate must have a non-ionic structure and thé‘hitrate

groups are apparently coordinated to the trimethylantimony
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TABLE 5.2
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Infrared Absorption Spectrum of Trimethylantimony Dinitrate

1

Relative Intensity

Frequency (cm”

3070
2960
2820
2260
1990
1820
1765
1675
1530
1415
1290
1275
1245
1230

965

865

795

728
708
580
520

b = broad;

m

ms

w,b

m =.medium;

N’ N o Nt Nt

s = strong;

- C-H.

C-H

NO

C-H

- C-H

Assignment

asym, str.

sym. str.

asym, str.ﬂo4)

asym. str,
sym. str.,(ol)

sym. bend

NO str., (02)

CHg
‘N03
NOg

NO,,

rock

out-of-plane
rock, ( 6)

sym, bend,(OB)

asym.bend,(os)

Sb-C asym. str.

Sb-C sym., str, ?

weak.

Nitrate absorption bands have been assigned assuming that the

nitrate group is unidentate.
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group. The absorptions due to the trimethylantimony group

can be assigned by comparisonvﬁith the spectra of trimethyl-
antimony dibromide, and>dif1UOride, i.e. 3070 cm‘l, C-H asym-

1

metric stretch; 2960 cm” , C-H symmetric stretch; 1415 cm—1,

C-H asymmetric bend; 1245, 1230 cm’l, C-H symmetric bend; 865

cm'l,_CH3 rock; and 580 cm™ 1

, Sb-C asymmetric stretch. The
presence of only one Sb-C stretching frequency of medium strong
intensity, indicates that the trimethylantimony group is plahar.
A non-planar configuration of the trimethylantimony group would

‘give rise to a symmetric Sb-C stretching band of medium intensity

‘in addition to the asymmetric Sb-C stretching band with an inten-
sity fanging from medium to Sfrong.

Long, Doak, and Freedman (52) observed a weak band at 528
cm=1 in the infrared sp’:ectra of BCH3)BSbC-l:] 50 and ECHS)BSbClO4:| 20.
Tﬁese authors have suggested that this band may be associated with
the antimony-oxygen stretching vibration or may represent the
distortion of the plane containing the carbon and antimony atoms.
Very recently Cullen, Deacon, and Green (131) examined the infra-
red and Raman spectra of ‘ICH3)4S§]HgI3 and found  that the
infrared forbidden Sb-C symmetric stretch appears weakly at 529
cm-1 in the infrared'spectrum. In trimethylantimony dinitrate
andbin other trimethylantimony derivatives such as carbonate and
chromgte which will be described lafer, a similar weak absorption
occuré in thé 530-520 cm_1 region. Though a Sb-0 stretching
frequency can also occuf in this region in these compounds, it
is more 1ikely that the weak absorption in this region is asso-
ciated with the Sb-C symmetric stretching vibration which may
appear as a symmetry forbidden mode. Alternately, the presence

of this weak band may be due to the slight distortion of the
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plane containing the carbon and antimony atoms. Thus the -entire
-spectrum of trimethylantimony dinitrate can be interpreted in
terms of a trigonal bipyramidal strdcture in which each nitrate
group oécupies the apical position and is bonded through one
oxygen atom to the trimethylantimony group situated in the
equatorial plane.

Further evidence of partial covalent bonding between
nitrate groups and the antimony atom is provided by the ultra-
violet absorption speétrum which was measured in aqueous and
chloroform solutions. In aquedus solution, the absorption
maximum occurs at 302 %KZ: and in chloroform solution, at 280@#.
The absorption maximum at 302 my in aqueous solution is char-
acteristic of the free nitrate ion and is attributed to the
symmetry forbidden n—T * transition in the nitrate ion (64).
Ali such n—W* transitions show a blue shift (i.e. the
absorption maximum is displaced to higher frequency) in a
series of solvents with increasing dielectric constant (132).
Since chloroform has a lower dielectric constant (D = 4.8)
than water, the free nitrate ion in this solvent would be ex-
pected to show an n—J7* transition at longer wave lengths than
in water. The observed maximum at 280myy in chloroform solution
indicates that trimethylantimony dinitrate dissociates in
aqueous solution to produée nitrate ions, but in chloroform
solution, no nitrate ions are present. Similar shifts of
absorption maxima in going from water to a solvent of lower
dielectric constant have been observed for other nitrato com-
pounds, e.g. transition metal nitrates, in t-butyl alcohol,
show absorption maxima at 270-275 mss (133), and dimethyltin

nitrate in ethyl alcohol shows absorption maximum at 285my (51).
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The proton resonance spectrum of trimethylantimony
dinitrate in ‘chloroform solution shows one peak, at~7.85.
Under the same conditions, trimethylantimony dibromide shows a

peak atvy 7.3.

5.3 Trimethylantimony Carbonate (CHg)3SbCOg

The vibrational frequencies of the carbonate ion and the
‘ carbonato group have been discussed earlier. The infrared spec-
trum of trimethylantimony carbonate was measured on samples made
as mulls, as well as on samples made as pellets in potassium
bromide. Both methods gavé identical results. A portion of
observed spectrum is shown in Figure 5.3, and the absorption
frequencies, together with their relative intensities and sug-
gested assignments, are listed in Table 5.3. The absorption
bands due to the trimethylantimony group appear at 2950 ,

(C-H asymmetric stretch); 2880, (C-H symmetric stretch); 1405-
1385, (C-H asymmetric bend); 1225, (C-H symmetric bend); 875,

1

(CH3 rock) ; and 575, (Sb-C asymmetric stretch) cm™ Since

only one absorption band of medium intensity appears in the
region -575-500 cm_l, the trimethylantimony group is apparently
planar in this compound. The absorption bands which can be
attributed to the carbonate group occur at 1730, 1280, 1115,
1110, 790, 740, 632, 450, 375, and 250 cm_l. The weak bands

at 1460, 1075, 1040 and 510 cm—1 are probably overtones and
combination bands. The appearance of the weak band at 525 cm_l
has already been discussed in connection with trimethylantimony

dinitrate. The carbonate absorption bands in this compound

clearly show that the carbonate group is involved in _partial
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TABLE 5.3

Infrared Absorption Spectrum of Trimethylantimony Carbonate

Frequency (cm-1) Relative Intensity Assignment
2950 m "C-H asym,str,.
2880 ' sh "C=H sym. str.
1730 S C===0 sym. str.,

vy
1460 W
1405-1385 w C-H asym.bend
1280 s CO2 asym, str.,
(Vy)
1225 w C-H sym.bend
1115 .- )
) COg sym. str.,(bz)
1100 S )
1075 vw
1040 W
875 Vs CH3 rock
790 _ Vs 003 out-of-plane .
_ def.,(bG)
740 S . Co, sym.bend,()s)
632 s CO, asym.bend,
V)
575 s , Sb-C asym. str.
525 w - Sb-C sym. str.?
510 w
450 m ) Sb-0str. ?
375 m ) Lattice modes ?
250 s )
m- = medium; s = strong; v = very; w = weak,

Assignments for the carbonate group have been suggested assuming

~that the CO3 group is bridging.
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covalent bonding with the trimethylantimony group and that its
symmetry cannot be higher than ng. The doubly_degenerate mode
'03 ébserved in ionic carbonates at 1415 cm~! has split into two
strong well defined bands at 1730 and 1280 cm'l. In fact these
two frequencies can be compared with the C=0 and C-OE (*’represents
oxygen atoms involved in bonding) stretching frequencies of

dimethyl carbonate which occur at 1750 and 1280 cm'1

respectively
(134). Similarly, the Raman active mode 91 of the free ion now
appears as an intense band, split into a doublet at 1115 and

1100 cm;l; the corresponding band in dimethyl carbonate occurs at
965 cm™?! and at 1078 cm~?1 in ethylene carbonate (solid) (135). The
splitting of this mode is also observed in metal-carbonato com-
plexes (105). ' The other degenerate mode 04 of the free ion has

1 and the out-of-

split into fwd strong bands at 740 and 632 cm~
plane mode 02 of the free ion shows a strong absorption at

790 cm~1. The bands at 450, 375 and 250 em™l are similar to those
observed in dimethyltin carbonate . =~ : and may be due to the
lattice modes, although Sb-0 vibrations may possibly alsd cause

absorption in 500 - 400 cm~1

region. " The infrared spectrum of
frimethylantimony carbonate undoubtedly indicates that this
compound contains a penta-covalent antimony atom, and the spec-
trum can only bé interpreted in terms of a polymeric structure
in which each carbonato group is bonded to planar trimethylanti-
mony groups through two oxygen atoms. The other possible
arrangement in which a carbbnato group is bonded to any two
corner positions of a trigonal bipyramidal monomer, would in--
volve a highly strained structure and may be fuled out.

Similarly a monomeric structure in which the carbonate group is

‘¢
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unidentately bonded to the trimethylantimony group would not be
consistent with the planarity of the trimethylantimony group as

well as with the observed frequencies of the carbonate group.

5.4 Trimethylantimony Sulphate

The infrared spectrum of trimethylantimony sulphate was
reported recently by Long, Doak, and Freedman (52). These
authors concluded, from their infrared résults, that trimethyl-
antimony sulphate is covalent. However, these authors remarked
that the observed infrared bands do notvcorrespond well with'
those given for sulphato complexes containing either unidentate
or bidentate sulphato groups, and that the spectrum is diffi-
cult to intefpret. These authors also reported that pronounced
changes occurred in the spectrum very rapidly when a potassium
bromide pellet containing trimethylantimony sulphate was exposed
to the atmosphere. In view of this inconclusive report, the
infrared spectrum of trimethylantimony sulphate was studied again
in this work. The infrared spectra were measured on anhydrous
samples made as mulls in the dry box, as well as on samples which
were exposed to air and made as mulls or potassium bromide
pellets. Both the anhydrous samples and samples exposed to air
gave identical spectra by both methods (i.e. as mulls or
potassium bromide pellets). A portion of the spectrum obtained
on a nujol mull sample is shown in Figure 5.4. Thé absorption
frequencies together with their relative intensities and sug-
‘gested assignments are listed in Table 5.4a. The absorption
bands due to the trimethylantimony gréup oééur at 3050, (C-H
asymmetric stretch); 2950, (C-H symmetric strefch); 1415,

(C-H asymmetric bend); 1230, (C-H symmetric bend); and 860,
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5.4a

Infrared Absorption Spectrum of Trimethylantimony Sulphate

Frequency (cm~1) Relative Intensity Assignment
3050 w C-H asym. str.
2950 W "C-H sym. str.

2120 vw
1760 vw
1415 m " C=H asym. bend
1285 S S09 asym.str.,(OG)
1230 m C-H sym. bend
1145 S S0y sym. str.,(ol)
980 sh
950 s SOE asym. str.,(bs)
860 S CHg rock
825 s SOE sym.str.,(bz)
650 s SO4 rocking,(07)
600 s S0, bend, (¥3)
495 m ‘Rocking (S04) ,. (3g)
428 W SO, bend, (J,)
250 S Lattice mode ?

medium; s

= strong; . sh

= shoulder; sp = sharp; w = weak;

very. * denotes the oxygen atoms involved in bonding.
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(CH3 rock) cm~l, - The absorption bands at 1285, 1145, 980, (sh), 950,
825, 650, 600, 495 and 428 can be attributed to the vibrations
of the sulphate group. Thé number of sulphaté absorption . bands
observed in the spectrum of trimethylantimony sulphate clearly
showg that this compound does not contain free SOiL' ions and that
the symmetry of the sulphate gréup in this éompound cannot be higher
than Cgy. It is true that the observed bands do not correspond well
with those reported (91) for metal sulphato complexes containing‘
- unidentate or bidentate sulphato group. However, it must be con-
sidered that the changes in the vibrational frequencies of the
ligand upon coordination to a metal atom, would depend upon the
degree of covalent interaction between the ligand and the metal
atom. It has already been shown that the C-O stretching frequen-
cies in trimethylantimony carbonatg éorrespond.to the C-0 stret-
ching frequencies observed in-orgaﬁic carbonates, rather than to
those observed in metal-carbonato complexes. The situation in
trimethylantimony sulphate seems to be very similar. In order to
make a comparison, the infrared spectrum of dimethyl sulphate
~was measured. The observed absorption freduencies with their
"relative intensities are listed in Table 5.45. The infrared
active vibrational modes of thé sulphate group of Co,, symmetry
- are similar to those of Cl04 group of Cgy symmetry described in
Table 2.1b. In dimethyl sulphate, two of the four S-0 bonds in
the sulphate group should have double bond character wﬁile the
remaining two S-0 bonds will eésentially have single bond
- character. - The (0=S=0) and (O—S-O).vibrations in dimethyl sulphate

-have been reported (89) to occur at 1400, [}symmetric (0=8=0)
stretc@]; 1200, [?ymmetric (0=S=0) stretch]; 875,‘ésymmetric
(0-S-0) stretc@]; and 752,[éymmetric (0-S-0) stretch] cm=1,

The value of the (0-5-0) asymmetric stretching frequency seems
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TABLE 5.4b

Infrared Absorption Spectrum of Dimethyl Sulphate

Frequency Relativé

(cm-1) intensity Assignment (SO4 group)
3100 m
1460 m
1395 s (0=8=0) assymetric
stretch (Vg)
1200 s (0=5=0) symSetric stretch
(¥1)
1010 sh
985 s
825 , s ' (0-S-0) asymmetric
stretch (Vg)
752 m (0-S-0) symmetric stretch
: (V9)
615 sh ’
592 m S0, rocking (\)7)
573 m (0-8=0) bend (V3)
520 sh :
502 S SO, rocking (&9)
428 m (0-8-0) bend (¥y)

to be erroneous because no band was observed at 875 cm_1 in the
spectrum of dimethyl sulphate.  Instead a band is observed at 825
cm~l and it is now suggested that the value of the (0-S-0)
asymmetric stretching frequency is 825 cm_l. The infrared spectrum
of dimethyl sulphate has not been reported previously for the
potassium bromide region. From a comparison with the infrared
spectrhm of sulphuryl difluoride (88),'the four observed bands in
this region can be assigned as follows: 592 cmfl, S04 rocking;

573 cm~1, (0=S=0) bend;u502 cm—1, S04 rocking; and 428 cm'l,
(0-5-0) bend. |
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The four sulphate absorption bands at 1285, 1145, 950, and
825 cm_1 observed in the spectrum of trimethylantimony sulphate
correspond to the four sulphate bands at 1395, 1200, 825 and 752
Cm_l, observed in the. spectrum of dimethyl sulphate. Therefore,
these bands can be-assiéned to the same vibrational mode$, i.e.
1285 cin”1, SO, asymmetric stretch; 1145 cm~l, SO, symmetric stretch;
950 cm'l, 86; asymmetric stretch; and 825 cm'l, SOZ symmetric
"stretch (* denotes the oxygen atoms involved in bonding with the
- antimony atom). Similarly, ;the four sulphate absorption bands in
low frequency region can be assigned as 650 cm‘l, rocking; 600 cm—1,
802 bend; 495 cm'l, rocking; and 428 cm'l, soz bend. The broad
band in the 2350 cm"1 region is ;| probably due to a lattice mode. It
is evident from the sulphate absorption bands that trimethylahtimony
sulphate is largely covalent. There is no absorption band in the
region 600-495 cm~l. This indicates that the trimethylantimony
group is planar, the Sb-C asymmetric stretch'beingfapparently
masked by the strong sulphate band at 600 cmil. The infrared spec-
trum of trimethylantimony sulphate is thus completely consistent
with a polymeric structure containing bridging sulphato groups, -
each group being bonded through two of its oxygen atoms to the
planar trimethylantimony group, making.the antimony atom five co-
ordinated. As mentioned in connection with trimethylantimony
carbonate, the possibility of a monomeric structure containing a
bidentate sulphate group can be ruled out due to the large strain
involved in such.a structure.

‘The potassium bromide pellet containing trimethylantimony
. sulphate was exposed to air and no change in the spectrum was ob-

served on short exposure. However, after about four hours exposure

to air, additional bands due to ionic sulphate and a band at
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565 cm_1 appeared. After twenty-four hours,vthe intensity of
the ionic sulphate bands had increased considerably while the
bands due to the sulphato group became less intense. This change
in the spectrum of the potassium bromide pellet of trimethylan-
timony sulphate, on exposure to air, must be due to the exchange
‘reaction between trimethylantimony sulphate and potassium
bromide. Long, Doak,and‘Freedmaﬁ (52) consider that the Sb-C
asymﬁetric stretching frequency in trimethxlantimony sulphate
occursat 564.cm'1. However, this absorption is due to the Sb-C
asymmetric stretching vibration of the trimethylantimony dibromide
(which is formed in the pellet) and not due to the Sb-C asymmetric
stretching mode of trimethylantimony sulphate because this band

appears only after the exchange reaction in the pellet takes place.

5.5 Trimethylantimony Chromate

| Trimethylantimony chromate was obtained by the metathefical
reaction of trimethylantimony‘dibromide and silver chroﬁate in
water, The infrared spectrum of this compound was measured on
samples made as mulls, as well as on potassium bromide pellets.
Identical spectra were obtained by these methods. A portion of
the obsefved-spectrum is éhown in Figure 5.@. The absorption
. frequencies, together with their relative intensities and suggested
assignments, are 1isted in Table 5.§. The-absorption bandé at
3040, 2940, 1410, 1230, 852, and 575 cm~! can be assigned to the
' C-H asymmetric stretch, C-H symmetric stretch, C-H asymmetric
pend, C-H symmetric bend, CH3 rock and Sb-C asymmetric stretch,
respectively. The weak band at 530 is probably due to the for-
bidden Sb-C asymmetric stretching mode. The absorption bands -

due to the chromate group occur at 964, 940, 838, 700, 420, 390
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TABLE 5.5

Infrared Absorption Spectrum of Trimethylantimony Chromate

Frequency (cm'l) Relative Intensity - Assignment
3640 vw ' - C-H asym., str.
2940 vw C-H sym. str.
1410 w - C~-H asym. bend
1230 m | C-H sym. bend
964 s CrOg asym. str.,(Je)
- 940 S Crbz sym. str., (Jl)
852 S CH3 rock
838 s (sh) Crdg asym. str.{(ds)
700 : vw, b | CrOZ sym. str., (02)
575 | ms ,I Sb-C asym. str.
530 _ w ' Sb-C sym. str. ?
420 m cro, rock, (7
390 | m Cr0, bend, (63)
355 ' m Cr0, rock, (09)
313 m - Cro3 bend, (3
b = broad; m = medium; s = strong; sh = shoulder;

v = very; w = weak. * denotes the oxygen atoms involved in bonding.
The assignments for the Cr0 group have been suggested by

comparison with the SO4 group of Co, symmetry.
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355 and 313 cm~1. Itlcan be noticed that“thé infrared,spectrum;‘
of the chromate group:ih tfimethylantimony_chromaté is almost
identical fo the chromate spectrum obser?ed,in dimethyltin
chromate. The eight obsgrveé banésrshdw cfearly that the symme--
try of the chromate group has been lowered from Tq to Coy (or
lower). The 03 mode of the free chromate ion is resolved into
three strong bands at 964, 946 and 838 cm=1, Though the 838_cm‘1
band is partly masked by the strong band at 8532 cm'1 (CH3‘rocking
modé),~nevertheless the bands at 852 and 832.show two absorption
- maxima. |

The Raman active mode 91 of the free ion now shows very
strong absorption at 700 cm'l. .The three medium bands at 420,
390 and 355 cm"1 correspond to the triply degenerate mode 04 of
‘ the free ion and the Raman active mode 02 of the free ion:shows‘
medium absorption at 313 cm‘l. The presence of only one sharp
_band of medium intensity in the region 575-500 again indicates
the planarity of the trimethylantimony group. The chromate
absorption in this compound evidently showsthat free Cer" ions>
are not present. The entire infrared spectrum of triméthylan—
timony chromate is again consistent with a polymeric structure
»idenfigal to that proposed for trimethylantimony sulphate. Like
trimethylantimony sulphate, the infrared spectrum of trimethyl-
antimony chromate did not show any change upon exposing the
compound to air. Both thé'compounds are insoluble in organic
solvents but soluble in water, are peffectly stable, and are

non-volatile.
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5.6  Trimethylantimony Oxalate (CHz)3SbCy04

The structure determination of sodium‘oxalate (136)

indicates that the oxalate ion is planar and has the following

interatomic distances and bond anglés:

Io.. O
SN\l

o
1.23A
I.0

O II
T
\\\\

However, it is considered (137-139) that the oxalate ion has Vp

symmetry and the different values for the angles C-C-01 and

C-C-011 might be due to errors in the X-ray analysis (138). An

oxalate ion of Vh symmetry should have twelve normal vibrations

as shown in ‘Table 5.6a (65c).

TABLE 5.6a

Vibrational Modes of 0202_ Ion (Point Group Vp)

Vibrational

mode Activity

01 (ag) R

Ny (ay) R

03 (Ag) R
04 (Ay)  Inactive
05 (B1g) R

Vg (B1g) b

V7 (Byy) I.R

08 (B2g) R

Jg (Bay) I.R
V10 (Bay) I.R
3,30 LR
V15(B3y) I.R

(R = Raman active;

- Assignment

symmetric (0-C-0) stretch

C-C stretch

symmetric (0-C-0) bend

C-C torsion

symmetric (0-C-0) stretch
COg rock or symmetric (C-C-0) bend
Out—éf;plane COg9 wagging
Out-of-plane COg wagging
Asymmetric (0-C-0) stretch
COy rock or symmetric (C-C-0) bend

Symmetric (O-C-O) stretch

" Asymmetric (0-C-0) bend
I.R = Infrared active)
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Assignments of the fundamental frequencies of the oxalate
ion have been reported by several workers (137-139), but there
-are some differences in the reported results. Murata and Kawai
(137) reported that the rule of mutual exclusion holds in the
Raman and infrared spectra of the oxalate ion, and therefore the
oxalate ion should have Vi symmetry. Schmelz and coworkers
(13&) have also reported Vy, symmetry for the oxalate ion.
However, fhese workers have reportéd two additional Raman bands
at 1600 and 1310 cm~1 in aqueous solutions of potassium oxalate
monohydrate and have assigned them to the.QLﬂB3u) and OQ(BZU)
modes which are forbidden in the Raman spectrum by the selection
rules for Vy, symmetry. Hence these wofkers concluded that the
-syﬁﬁetry of the oxalate ion in aqueous solution is changed to V,
i.e. the oxalate ion is no longer planar, and consequently, the
011 and 09 modes become Raman active. In addition to this,
there is disagreement in the assignments of the lower frequency
vibrations. Murata and Kawai reported the JecBlg) Raman

frequency at 545 cm—1

while Schmelz and coworkers reported that
this frequency occurs at 317 cm~1, Murata and Kawai, and
Schmelz and coworkers, from a normal coordinate analyéis, cal-
culated the frequency for the olo(BZu) mode to be 295 and 222

em~1 respectively, while Fujita, Nakamoto and Kobayashi (138)

have assigned the 518 cm~1

.infrared band to this mode."Schmelz
and coworkers have also reported a strong infrared band at 514

cm—1l in sodiﬁm oxalate but have not suggeéted an assignment for
it. In view of these conflicting results the infrared spectrum

of sodium oxalate was measured. The observed values are in

agreement with the values reported by Fujita, Nakamoto and
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Kobayashi. . Therefbre.the assignments made by Fujita, Nakamoto

and Kobayashi are preferred and are recorded in Table 5.6b.

" TABLE 5.6b

- 2-
Vibrational Frequencies (cm 1) of .= Cg0 Ion
- Vibration Raman Infrared .
mode ‘(Aqueous XSolid) Assignment
o solution)
01 ‘1485, 1450 Inactive Symmetric (C-0) stretch
A'_oz - 898 Inactive (C—C)}Stretch |
03 443 Inactive = . SymmetriC'(OFC-O) bend
04 Inactive Inactive - - ,
05 1664 Inactive Asymmetric (C-0) stretch
06 545 Inactive ‘Asymmetric (C-C-0) bend
07 Inactive T—— T—— |
08 — .Inactlve —— o ,
09 Inactive 1630 Asymmetric (C-0) stretch
Yo Inactive 518 Symmetric. (C-C-0) bend
011 Inactive 1335,1316 Symmetric (C-0) stretch
012 Inactive 768 Asymmetric-(O-C-O) bend

The oxalate group is a very common ligand and‘numénous

‘metal oxalato complexes are reported‘in'the,liferature (140) .

In metal oxalatp1complexes in which the oxalate group is bi-

~dentate (with unidentate carboxylic-groupS),'and in cis diakyl

- “oxalates, the symmetry of the oxalate group is lowered to

CZQ as shown below:
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(OI represents the oxygen atoms involved in bonding.)

The correlation between thehpoint groups Vj and sz.(lQS) is
shown in'Tnble 5.6c¢c. Thus an oxnlnto group of Cyy symmetry will
- have ten infrared active fundamental vibrations. .The infrared
spectré of metal-oxalato-complexes have been studied by several
workers (474) . Fujita, Martell, ananakanoto (141) have done ' a
normalicoordinate analysis for metaleoxalatomcomplexes, using

' Ure&eBradley.fOrce.field approximetions. Theeonalatezgroup acts
as»chelating.ligand in these'COmplexes‘forming a four membered
chelate-ring The3results of Fuita,‘Martell and Nakamoto. show
strong coupling between various vibrational modes due to the
-presence of the chelate. ring However, it is expected that it
iboth the O1 oxygen atoms in the oxalate group participate in
bondlng, the C- OI bond length will increase and the C-OII bond

- will be  shortened, resulting in the'shifts of the C-071. and
'“C-OII stretching frequencies to lower and higher frequencies
respectively. An X-ray structure determination of '
K‘érC204(H20)é]3H20 (142) indicates that the ‘two C- OI bonds'
coordinated to the metal atom- are lengthened (1. 393) and the

two C—OII‘bonds~shortened (1.17A). In metal-oxalato complexes
| the frequencies of‘the C—OIIlstretching vibrationsr(l700-1600
cm_1 region) increase;‘and those.of the C-Oy:stretching vibrations s

(1450-1350 cm-1 and 1300—1200 cm‘l regions) decrease as the
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" TABLE 5.6¢

The Vibrational Modes of ‘The Free Oxalate Ion‘(Vh Symmetry

and The Oxalato Group (Cgy Symmetry)

Vh | Coy ., _ - Assignmentein Coy?l
3 Ay (R) 34 ®,LB) Y (-0, I (c-0), sym.
| § (0-C-0)
1 Ay (Inactive) 1 Ag (R) ‘Out-of-plane
2 Bjg (R) 2 By (R,I.R) ¥(C-0), asym. §(C-C-0)
1 By, (I.R) 1 By (R,I.R) | Out-of-plane
1 Bzg‘(R) l'Az (R) : vOuf-of-plaﬁe
"2 Bgy (I.R) 2 A, (R,I.R) 3(c-0) ; sym. §(C-C-0)
2 B3y (I.R) 2 By (R,I.R) v(C-0), asym. §(0-C-0)

frequency of thé metal-oxygen-stretching»vibration increases.
In cis dimethyl oxalate, each 01 oxygen atom in the
- oxalate group is covalently bonded to a methyl grodpland the
'C-011 and C-01 stretching frequencies Appear at 1776, 1770 and
1325, 1165 cm~1 respectively. Other -frequencies are also
shifted, e.g. the (;0-C-031) bend (A1) and the (10—C-011),bend

(By) freQuencies~appear at 404 :and 851 cm~1

respectively and
the C-C stretch (Aj)‘ appears at 862 cm~1 (139).

A portion of the infrared spectrum of trimethylantimonyt
oxalate is shown in Figure 5.6, and thé frequencies, together
with their intensities and probablé;assignﬁents are listed in
" Table 5.6d. The spectra were obtained on samples made as
mulls,ﬂaé»well-as on potassium’bromide»peilets. Both the
- methods gave identical spectra. The trimethy}anfimony part

?

of the spectrum can be easily assigned, i.e. 3035 cm-1, Cc-H
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TABLE 5.6d

Infrared Absorption Spectrum of Trimethylantimony-Oxalate

Frequency (cm'l) Relative Intensity Assignment
3035 w C-H asym. str.
. 2950 m "C-H sym. str.
2570 N W
1665 Vs (C-0y1) str.,(By)
1620 s,sh (C-0yp) str., (A7)
1375 m (C-07) str., (Ay)
1250 )
1227 ) vs - (€-01) str.,(By)
1215
855 CHz rock
827 's,sh C-C str., (Ay)
755 s - (07-C-07p) asym.
bend, (By)
585 w (C-C-0) asym.
~bend, (By)
575 m ’ Sb-C asym. str.
525 s | (C-C-0): sym.
bend, (Al)
420 S - (01-C-013) sym.
' bend, (A7)

m = medium; s-= strong; sh = shoulder; v = very; w = weak.

01 denotes oxygen atomsinvolved in bonding.
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asymmetric-stretch; 2950 cm-1, C—H'symmetric*stretch; 855 cm—1
CHg rockﬁ and 575 cm'l, Sb-C asymmetriC'stfetch. Absorption
bands due to the-oxalate'grouo.occur at 1665, 1620, 1375,

1250- 1215 827, 755, 585, 525 and 420 cm'l The\infraredk
,absorptlon bands ‘in sodium- oxalate -occur at 1640(s b), 1420(w),
1340-1315(s,b), 777(s,sp) and 515(s,b) cm~1. | |

By comparison with the spectrum of the -free oxalate ion
it can. be seen that the spectrum of trimethylantimony oxalate
is quite different from that of the10204?- ion. Thevabsorption
bands at 1665 and 1250-1215 cm-1 correspond to the C-0r1 and
C-01 stretching frequen01es observed in metal oxalato complexes.
.Moreover the Raman-actlve modes - for the free CZQf ion now
-appear with moderate or strong intensity{, The oxalate spectrum
in trimethylantimony oxaiateris completelyrin accord with the
. presence of an-oxalato group of Cagy symmetry. Though nothlng ]
conclu51ve -can be 'said about the presence of the Sb C symmetrlc
stretch due. to the presence of a strong band in the 525 cm~1
region, it may be noted that the Sb-C asymmetric stretcﬁing"
;frequenoy in this compound appears in the:same frequeney~fegion
and with'almost the same intensity as in‘trimethylantimony
ioarbonate, the dinitrate, and the .dibromide, which indicates
that the geometry of the.trimethylantimony‘group in trimethyl-
ant;mony oxalate is not significantly different from that found
in these latter compounds. Cons1der1ng the planarlty of the
.trlmethylantlmony group and the Coy symmetry of the oxalate
group, it is: suggested that the oxalate groups act as brldglgg
ligands between planar trimethylantimony groups making the

-antimony atom five coordinate. Therefore a polymeric structure
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'similar to that proposed for trimethylantimony'carbonate,
sulphate and chromate can also be proposed for the oxalate. The
-‘alternative monomeric structure containing a chelate ring would
‘involve a-considerableadistortion of the trimethylantimony group
td a non-planar nrrangement as well as lengthening of the C-C
bond to-a great extent; it is very unlikélj that such a struc-
ture cdnld be possible. Like trimethylantimony‘snlphate:and
chromate, the oxalate is insoluble in organic solvents'nnd'is
non~volatile.

In .a polymeric'structure.invblvingiplanar trimethylantimony
groups and bridging oialato groups, the coupling,between the:
vérious vibrational modes of the oxalate.group may not be=so
strong as.conpafed with metalaoxalato,complexes containing-a
- chelate ring. Therefore the following:.assignments, based on
_the correlation between the vibrational modes of the free
-oxalate -ion-and the coordinated oxalato-grnup of Cgy symmetry,
arelsuggested.for the absorption frequencies‘of the oxalate
,grdup in trimethylantimony oxalate: |

. (a) ~ The bands at 1375, 827 and 420 cm‘llcorreépond
to the three Raman activé modes of Ajg speciés in the oxalate
~ion (i.e. 1485-1450, 898 and 443 cm=1). These bands are
.therefore assigned to the C-0j strétch.(Al), the C;C:stretch
(A1) and the symmetric (0j-C-0jy) bend (A;) respectively.

(b) The two anannactive modes of Bjg species in. the
Vh point group-become-infrared'active modes of Bj species in
the Coy point group, therefore the bands at 1665 and 585 cm—1
are ‘assigned to the C-011 stretch (Bl)‘and the'asymmetfic

(C-C-0) bend (Bjy) respectively.
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'(¢) The bands at 1620 and 525 cm-1 correspond to the two
infrared active modes'(Bzh) at 1640-1630 and 515 cm~1 of the
oxalate ion. Therefore these bands are assigned to the (C-0jy)
» stﬁetch“(Al) and the symmetric (C-C-0) bend (A;) respectively.
| (d) The bands at 1250-1215, and 755 cm~! correspond to
the two infrared active B3, modes of the free ion and are
assigned to the C-0p stretch (Bl); and the asymmetric (I0-C-071])

bend (B71) fespectively.

. 5.7 Trimethylantimony Bis(tetrafluoroborate):(CH3)38b(BF4)2

| The metathetical reaction between trimethylantimony
dibromidé and silver tefrafluordborate in methanol resulted in
instantaneous precipitation of silver'bromide. Upon removal of
the methaﬁol, a white solid was obtained. The recovered methanol
cqntained boron trifluoride which was identified by its infrared
spectrum and.qualitative fests. The infrared spectrum of the
solid indicated the presence of the tetrafluoroborate group, but
the analytical results do not correspond to4(CH3)SSb(BE4)2.
An X-ray powder photograph of the solid showed the presence of
trimethylantimony difluoride. On the basis of spectfoscopic,‘
analytical; and X-ray powder'photographic results, if is.con—
cluded that the solid is an apprbximately 1:1 mixture Qf
trimethylantimpny bis(tetrafluoroborate) and trimethylantimony
., difluoride. The mixture sublimed readily at 50° under vacuum
and the infrared spectrum, analytical results and X-ray powder
photographs of the sublimed product were identical té that of
the unsublimed mixture, indicéting that no further decomposition

-had occurred during sublimatioen.
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These results can be explained in the following manner:

| | CH40H 94
'(CH3)3SbBr2‘+ 2AgBFy > (CH3)3Sb (solvated)
+ 2BF4 + 2AgBr . . .(1)
-solvent |

+ . . !
(CH3)3sg (solvated) + 2BFy —> (CH3) 3SbFq

+ 2BF3 .o (2)

In the infrared absorption spectrum of the mixture, no
bands were observed in the 4000-1500 cm‘l'region except weak
bands at 3050-2900 cm-1 due to C-H siretching vibrations. ' The
 absorption bands (in 1500—250 em~1 region), together with their
relative intensities and suggested assignments; are listed in
"Table 5.7 and part of the spectrum is shown in Figure 5.7. The
absorption bands at 1410, 1235, 885 aﬁd 587 are associated with

the tfimethylantimony group and can be assigned as 1410 cm‘l,

C-H -asymmetric bend; 1235 cm_l, C-H symmetric bend; 880 cm‘l,
CH3 rock; and 587 cm'l, Sb—C‘asymmefric stretch, The bands at
1287, 1150, 1100, 1053, 1040, 1015, 760, 572, 545, 515 and 400
cm'l can be-attributed to the tetrafluoroborate group. The
abserption bands due to trimethylantimbny difluoride would be
expected to - occur at 1415, 1235, 855, 586 and 475 cem—1,

1

Apparently the bands at 855 and 475 cm - are masked by strong

bands at 880 and 400 cm~l. The broad shoulder in the 475‘cm*1
region indicates the presence of a band in this region. Thé
strong bands at 1100 and 1053 cr_n'1 correspond to the triply

degenerate mode Y, of BF4 ion and the weak band at 760 cm~1,

3

corresponds to the Raman active mode 01 of the free ion. 'In
RV

the low frequency region, the bands at 572 and 515»cm‘1 are
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TABLE: 5.7

1583

Infrared Absorption Spectrum of The Mixture of Trimethylantimony

Bis(tetrafluoroborate) and Trimethylantimony Difluoride

Frequency (ecm~1) Relative Intensity

1410
1287
1235
1150
1100
1053
1040
1015
880
760
587
572
545
515

475

400

m = medium;

w
m
m

sh

sh

sh

ms

sh

s = strong; . sh

shoulder;

Assignment

"C-H asym. bend

- C-H sym. bend

B-F str., (34)

BFs sym. str.,(Ji)

CH3 rock
B-F* str., (02)

Sb-C asym. str.

' BF3 asym.bend, (V)

BF3 sym.bend,(93)
S-F asym. str.,
[¢cHg) 3sbFg)

BF, rocking, (06)

= very; w = weak.

* F represents the fluorine atom involved in bonding. - =*
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probably. two components of'the.triply degenerate mode J4. The
broad band at 400 cm~! may be correlated with the Raman-active
mode 02 of the free ion. |

On exposing the mixture to air, the absorption bands
attribﬁted to the tetrafluofoboratevgrouprshowed marked changes,
The bands at ;100 and 1053 were replaced by a very Strong bro;d
band.at 1055 cm~! which is characteristic of the free'BEi'ion;
The bands at 760 and'573 cm'l‘disappeared'and the'intensity of
400 cm™' band was diminished. New bands appeared in the 500-450
-region. |

" The 'spectroscopic results thus suggest that trimethyl-
antimony bié(tetrafluoroboraté) is present in the mixture-and
that thevtetrafluorbborate.groups are coordinated to the
trimethylantimony gr@up through one of the fluorine atoms[

The velatility of the mixture also indicates a non-ionic con-
stitution for trimethylantimony bis(tetrafluorobqrate).

- Considering the.resulting‘C3vvéymmetry of the tetrafluoroborate
group, the following assignments for the‘absqrption bands of
the tetrafluoroborate groups are'suggestedﬁ 1100 cm'l;.B—F
stretch 04(E); 1053 cm~1, BF3 symmetric stretch Ql(Al); 760
cm—l, B-F* stretch 02(A1); 572 cm'l, BFg3 asymmetric“bend |
05(E); 515 cm'ls BF3 symmetric bend 03(A1); and 400 cm"l,
rocking mode QG(E).’-(F* represents'the fluorine atom involved
in coordination.) These assignments have been suggested,by
comparison with the vibrational assignments feported (143,144)

for the perchloryl fluoride, ClO03F.

5.8 Trimethylantimony Hexafluorosilicate (CH3)SSbSiF6

The hexafluorosilicate ion (SiFG)z = is octahedral and



135
belongs to point group On. The visrational modes. of an octa-
hedral group have already been discussed. Only three fundamsntal
vibrational frequencies 01, 03, and 04 of the SiFg_ ioﬁ’ére known.
Raman- active freqpency 01 occurs .at 656 cm—1 (145) and the infra-

red. active frequencies - 9, and 04 occur at 726-and 480 cm-1

3
respectively (128). Crystalline potassium.and ammonium hexa—

fluorosilicates show no splitting of the degenerate modes but,
in bariuﬁ_hexafluorosilicate, the 04 mode shows a5splitting of

about 20 cm_1

(125). No example of coordination by the.SiFg_
ion has been reported so fér.

The metathetical reaction between trimethyiantimony
dibromide and silver.héxafiuorosilicate in methanol resulted in
instantaneous precipitation of silver bromide. - Upbn.removal
of the solvenf under vacuum, a white cfystalliné, hygroscopic
solid was. obtained. X-ray powder photographic data,infrafed
spectrum and analytical results of the solid showed it to be a
mixture of trimethylantimony hexafluorosilicate and trimethyl-
antimony difluoride containing about 52 percent hexafluqro—
silicate and 48rpercent difluoride. The recovered methanol was
highly :acidic' and contained silicon'and fluorine. The solid
sublimed readily under vacuum at 50° and the infrared spectrum,
X-ray powder photograph and analytical resﬁlts of the sub-
‘limate were identical to fhose of unsublimed mixtﬂré indicating
that no further decomposition had occurred during  sublimation.
The partial decomposition of trimefhylantimqny hexafluorosilicate
can be explained in . a manner similar to that suggested for the
partial decomposition of the trimethylantimony bis(tetrafluoro-

borate), i.e.
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: . CHBGH 2+
(CHg) 3SbBry + AgySiFg > (CH3) 3Sk"  (solvated)
+ SiFGz_ + 2AgBr . .. .(1)
2+ 2 - = solvent
(CH3) 8b™ (solvated)+ SiF : —> (CH3) 5SbF,
+ SiFy .. . (2)

The infrared spectrum of the mixture is recordeg,
together with the.reiative intensities of the absorption bands,
in Table 5.8. Part of the spectrum is shown in Figure 5.8.

" Except for the.C-H stretching vibrations in the region 3050-2900

-1 1o bands were observed in the 4000-1500 e~ L region. The

.cm
absorption bands at 1410, 1240, 880-855, and 586 cm-l can be
-assigned to the‘C-H;asymmetric'bend,'the C-H éymmetric bend,

the CH3 rock, and the Sb-C asymmetric stretch respectively.

The 475 em™t band caﬁ be-attribﬁted to the Sb-F asymmetric
stretching vibration-of the trimethylantimony difluoride. ' The

- remaining medium or strong bands are therefore associated with
the hexafluorosilicate group. This is further supported by

the change in the spectrum when the mixture was exposed to air.

A sample‘of the mixture exposed to air showed charaéteristic
infrared absorption bands of the'SiEg' ion, i.e. a strong broad
band at 735 cm~l and a strong band in the 480 cm-1 region. Thus
‘spectroscopic results indicate the presence of trimethylantimony
hexafluorosilicate in the mixture. Since the hexafluorosilicate
spectrum in the anhydrous mixture is significantlyvdifferent
from that of the SiFg_ ion, it can be concluded that trimethyl; |
-antimony hexafluorosilicate is non-ionic, but on exposure to air,

it is hydrolysed. to produce free Sin' ion. The volatility of
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" TABLE 5.8 i

Infrared Absorption Spectrum of The Mixture of Trimethylantimony

Hexafluorosilicate and Trimethylantimony Difluoride

Frequency (cm'l) Relative Intensity Assignment
3050-2900 w C-H str.
1495 m
1416 w C-H asym. bend
1288 ms
i240 w C-H sym. bend
1057 w
997 ' ms
880 sh )
) CH, rock
855 s )
785 S
720 m
. 586 m : Sb-C asym. str.
555 S
533 w
| 475 S Sb-F asym. str.
445 m
350 m
m =rmedium; s = strong; sh = shoulder; v = very; w = weak.

" No assigﬁments are suggested for the absorption bands due to the

SiF6 group.
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the mixture also indicates a non-ionic constitutionz\ However,
due to the presence of a iarge number of bahds in thelébectrum,
no conclusions can be reached about the-bossible’steredéhémistry

of trimethylantimony hexafluorosilicate.

5.9 Trimethylantimony Bis(hexafluoroantimonate) (CH3)3Sb.(SbFé)2

Th}ﬁ com%ound was obtained,.as an extremely hygroscopic
white solid, by the.metétheticalvreactign between trimethyl-
‘antimony dibromide and silver hexafluoroantimonate in iiquid
sulphur "dioxide. . X-ray powder.photographs~of the-solid.did not
show any ;ines due to either trimethylantimoﬁy difluoride or
the dibromide; however, the fluorine percentage in the sample
wés found to be five-perceﬁt lower than the-calculated value.

The substance reacted rapidly with salt WindoWs, But reproducible
spectra could be-obtained by using silver chloride and_polythene.
sheefs. A portion of the infrareéed spectrum, on a nujol mull
sample, is shown .in Figure 5.9. dther_bands'ﬁere observéd at
1180 (m) and 880(m) ém‘l. The 880 cm~! band can»bevassignéd to

the CHgj rocking mode. The other band which can be attributed

1 and can be

to the trimethylantimony group occurs at 585 cm”
~assigned to the Sb-C asymmetric stretch. The reéf of the bands
must therefore be associated with the hexafluoroantimoﬂate group.
As can be seen from Figure 5.9, the spectrum in this region shows
additional bands of medium intensity at 550 and 445 cm=1 and a

shoulder in the 370 cm-1 region. "Moreover, the_03 mdde which -

appears as a broad, symmetfical ﬂandAat 660 cm'l in the spec- )
trum of the SbFg ion, is now split, and shows peaks at 665 and

640 cm~1. As descfibed earlier, almost similar spectroscopic
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features are observed for dimethyltin bis (hexafluoroantimonate).
However; in dimethyltin bis(hexafluofdantimonate), the JS mode
shows three peaks. Thus it appears that, in tfimethy1antimony
bis(héxafluoroantimonate), the octahedral symmetry of the SbFg
‘grQUP is lowered to'probab1y~C4v or D4h; The-alﬁost‘similar
-spectfoscopic.éffects observed for trimethylﬁin hexafluoroanti-
vmonate,'dimethyltin bis(hexafluoroantimonate), and trimethyl-
antimony bis(hexafluproantimonate) strongly suggest that these
AspectroscopiC~effecté are due to coordination. Thié is further
supportéd by the change in the infrared spectrum when the
anhydrous compound was exposed to air. The bands at 1180, 556,
and 445 disappeared, and the 03 mode showed a single broad

symmetrical peak at 660 em~1,

5.10 ‘Trimethylantimony (V) Derivative of Blzcllz'

The trimethylantimony(V) derivative of 3120112'“ was
obtained as . a crimson red, hygroscopic -solid. The colour of the
solid changed to white_on-eiposure of the anhydrous solid to
Water or, methanol vapour. The aqueous or methanol solution of
MegSbB,9Cly o was also"colourless. However, the recovered solid
from these solutions was always coloured. The infrared spectrum
of the anhydrous solid is recorded in Table 5.10 and part of
the spectrum is shown in Figure 5.10.. The absorption bands due
to the trimethylantimony group appear at 3000-2900, (C-H stretch);
1405, (C-H asymmetric bend); 1245, (C-H symmetric bend); 865,
(CH3 rock); and 570, (Sb—C-aéymmetric'stretch) cm~1. The
absorption bands at 1030, 1000, 827, 532, 450, and 320 cm™»

can be attributed to the BIZCllz,group. By comparing the spec-

14
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TABLE 5.10

Infrared Absorption Spectrum of MegSbB;oClj2

Frequency Relative
(cm—1) intensity Assignment
3000 - 2900 VW ~ C-H sfretch

1405 vw C-H asymmetric bend
1307 vw

1245 W C-H asymmetric bend
1030 Vs |

1000 m
865 S CHg rock
827 S
570 w : Sb-C asymmétric stretch
532 Vs |
450 m, b
320 m, b

b = broad; - m = medium; s = strong; V = very; w = weak

No assignments have been suggested for the absorption bands due

to the By2Cljg group
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trum iofMe%SbBlzCllz ‘'with that vof A'ng'lzC;vllz‘ it becomes ‘evident
that inMé%SbB 0112 the symmetry of B12C112 group is reduced
- There is no apprec1able change 1n the tr1methylant1mony part of
the‘spectrum asicompared w1th trlmethylantrmony;d1bromtde, though
it isudifficult‘tcvdetermine-whether thetSh—Cteymmetric stretch
is also present in the spectrum of MeBSbBlzCllz o

The bands at 827, 450 and 320 cm'1 dlsappeared on exposing
MmﬁbB120112vto alr'for‘24 hours,_ Thus,lt is’ reasonable to
‘cohclude that the:symmetry_of the'BlzCilz groUp<is.appreciably
distorted in MeBSbBlzCllz and that this effect is most likely =

due to the coordination between Me3Sb4and BlzCllzxgroups.
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CHAPTER 6
CONCLUSION

The results of this investigation demonstrate the existence
~of an iﬁtense intéraction betweenvthevorganometal group, i.e.
(CgHg) 35, (CH3) 3Sn, (CHg),Sn, or (CHz)3Sb and the anionic group
in all the organotin(IV) or drgénoantimony(v) aéid derivatives
studied., »The-decompoéition of the organometal derivatives of
strong Lewis acids.subh as BF3 and SiF,, into the organometal
fluoride and the.cbrresponding.Lewis acid, iﬁdicates tbis.strong
interaction, The.infrared spectra of all the compoundé'uniformly
. show marked chénges in the'spectrum-pf ‘I:hevanionic-g'roup,‘,"'i.e.°
significantly»large‘splittings of the degenerate modes-andfthe.

- appearance of fhe Raman active modes with.modérate'tovstrong |
inteﬁsities. From avcomparisqn with the iﬁfrared,spectroscobic
data of a-large.number ef corresponding ionicggélts} it becomés‘
_obvious that these-spectroscopic-observations'éannot be-attrib@fed
to crystal fiéld effects. In view of thefpossibility of unknown |
factors.in interpreting the spectra of soiids, the results of a
single:spectrum may be open to question. However, the probability
of almost identical effects occurring in:a wide variety of com-

- pounds is exceedingly slight. The-observed Spectrascopié effec&s
can therefore be attributed to»coordination.or partiallcovalenﬁv.
bond formation between the organometal and the anionic groups.
Alternatively,.a very strong pqlarizatioh by the organometal
cation may produce these effects. However, there .is no obvious
reason why these simple cations of low charge density should be

more polarizing tham any other known cation. Consequently, it
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is concluded that these spectroscdpic effeéfé;are-due to coordin-
'ation.or»partiag covalent bonding between the organometal and
the anionic groups. Unfortunétely;»thefe is no obvious experimen-
tal method which will distinguishiunambiguously'between terms~such‘
as, 'strong polarization', 'partial covalent bonding' and
coordination. However,5none-of these compounds appear to contain
free -organometal cations, i.e.v(CGH5)3Sﬂ*, (CH3) 3Sn*, (CHs)éS&Z+
.or (CH3)3Sb24_, although it must be stressed that the bonding -
between the metal atom Qnd the~anionic:group»cannot be -described
in the same covalent’terms as that.betweén the metal and the or-
-ganic groups. 'The bonding between the metal atoﬁ and tbe~anionic
group 1is présumably_less covalent than the metal-carbon bond.

The instability of the organotin cations in the solid state
probably arises partly from the tendency bf‘thé tin atom to
increase ité,coordinatioh number. The findings of this investi-
gation, as weil'as other recent studies on orgénotih cohpounds*
demonstrate the tendency of the tin atom te 1ncrease 1ts coor—'
dination readlly to five or six. Tetrakls(s-qulnollnato)t1n(IV)
‘has been reported (146) to be an elght coordlnate tln(IV) compouﬁd.
In trimethyltin(IV) derivatives five ceordlnatlon of the t1n atom
is attained through. a polymeric structure 1nv01v1ng brldglng B
anionic groups and a trlgonal b1pyram1da1 conflguratlon.around
the tin atem., Dimethyltin(IV) Herivatives;are apparently eithér
fetrahedral or six coordinated, and.polYmeric structures in-
Vélving bridéing anionic groups'arevalsp iqdicatedAfor these
_‘_derivativés. The insolubility in non-polar solvents and non- _
volatility of such derivatives are not suitable criferia for con-

sidering these compounds as ienic and these physical properties
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can be attributed to polymeric structures.

Like trimethyltin(IV) derivaﬁives, a trigonal bipyramidal”:
~configuration is also indicated for trimethylantimbny(V) deriva-
tives. These results are consistent With the general stereo-
chemistry of group Vb elements. From n.m.r. Studies of a variety‘
of five coordinate compounds including a number of mono-, di- , .
and trisubstituted pentahalides of group Vb elements, Muetterties
-and cowomkers (147,148) have shown that.avtrigonal bipyramidal
configuration with the most electrohegative‘groups Qccupying the
-apical pesitions is the most favoured cénfiguration for éuch
- compounds. Compounds’of the type RBSnX2~such-as trimethylantimbny
‘dihalides and dinitrate.are monomerid{ In compounds of the type
R3SbY, such as trimethylantimony carbonaté,sulphate, éhromate
- and éxalaté, the trigonal bipyramidal configuration can be
attained:through a polymeric structure  involving bridging anionic
groups in a manner similar to that in R3SnX derivatives. The
instability of the R3S‘}:)2'+ cation again reflects the preference of
the antimony atom to attain a higher. coordination.

However,'thé electronic: description of bonding in.these
compounds is not known with any certainty. The most’Widely<used
explanation of the penta- and hexacoordinated molecules is given
by assuming the hybridization of the available s and p orbitals
with one or two d orbitals respectively (149), i.e. the trigonalw
bipyramidal configuration can be explained by sp3d.hybridizatioﬂ
-and an octahedral configuration by Sp3d2 hybridization: Both
tin and antimony have empty d orbitals available in their
valence~sﬁells~and hence are capable: of accepting more than

four electrons. For trigonal bipyramidal compounds, it has



-been suggested (22,147)’that the three hybrid orbitals of the
-central - atom in the eqﬁatorial plané.may be constructed from a
combination of the s and p orbitals (5s -and 5p'in the -case of
tin or-antimgny) and those on the apical axis from a (pz+ dzz)
combinationii5pziand 5d£2 in the caserf tin and antimony). -

- Janssen, Luijken, and van der Kerk (48) consider that, in five
ceerdinate tin compounds,'the principal interaction involves
the donation of electrons from filled d orbitals of the metal
atom into suitable.orbitals_of the ligand. On.the other hand,
McGrady énd-TobiaS (50) consider that in -dimethyltin chelate

complexes'(RZSan) the tin 5s and 5py orbitals are invelved

almostAentirely in the two tin-carbon bonds and the bonding

orbitals in the equaterial plane are mainly derived from Spyand

5py orbitals according te the molecular erbital treatment of -

Rundle (150).

168
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CHAPTER 7

EXPERIMENTAL

General Preparation of Compounds

The compounds studied in this investigatibn were synthe-
sized by the metathetical reaction between an organometal halide
aﬁd the appropriate silver sélt in a suitable solvent.

Organotin halides were obtained from M & T Chemicals.

Trimethylantimony dibromide was synthesized by the reaction of

a Grignavd reagent on antimony trichloride and subsequent

reaction with bromine.

from the following sources:

Anhydrous silver salts were obtained

Silver Perchlorate Frederic :Smith Chemical
, Co. .

Silver Nitrate )
Silver Sulphate ) B.D.H., A.R., grade
Silver Carbonate< K Mallinckrodt, A.R.grade
Silver Chromate ; Fisher Scientific Co.
Silver Oxalate K & K Laboratories
Silver Permanganate )

- Silver Hexafluorosilicate ) Alfa Inorganics, Inc.
Silver Tetrafluoroborate )
Silver Hexafluorophosphate ) Ozark Mahoning Co.
Silver Hexafluoroarsenate ) :
Silver Hexafluoroantimonate )

_Silver Salt of B1aCly4~ Gift from Dr. E. L.

Muetterties, Central
Research Laboratory,

E.I. du Pont de Nemours
Co., Wilmington, Delaware.

Organic scolvents were of either anhydrous A.R. Mallinckrodt

or A,R. Spectro grade. ' Methanol was further dried by the method

described by Vogely(lSl) and acetone was dried over drierite.
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The sulphur dioxide and ammonia used were Matheson anhydrous'grade,
Sulphur dioxide was further dried over sulphuric acid and then

fractionated, and ammonia was dried over sodium metal.

Except where otherwise stated, compounds were prepared

and handled in an atmosphere of dry nitrogen in.the dry box which

was constantly flushed with nitrogen, dried first over sulphuric
acid, then sodium hydroxide and finally silica gel. Fresh phos—'
phorus pentoxide was maintained in the drj box at all times;
The reaétants were weighed in‘airutight weighing bottles which
were transferred to the dry box. Sintered glass funnels with‘
Quickfit joints were used for filtration. Mixing of the reac-
tants and filtration of inéoluble silver halide were performed
'in the dry box and solvents Were removed under vacuum; then the .
evacuated -flasks were transferred again to the dry’box.
Conventional vaéuum techniQues were used for-fhe,manipu-
lation of volatile substanqes; An apparétus described‘by Parry,
Schulté and Girardot (152) was used for carrying out reactions
in liquid sulphur dioxide. The apparatus waé first evacﬁated;
then transferred to the dry box where organometal ﬁalide and
silver salt were added. The closed apparatus was.then evacuated
again and anhydrous sulphur dioxide was condensed oh to the
reactants. The mixture was shaken and thenbthe_sulbhur‘diqxide
was fwozen.  The apparatus was inverted andvprecipitafed silver
halide‘was.filtered off and retained on the sintered gléss
filtef. Finally, the sulphur dioxide was femoved'under vacuum

and the evacuated apparatus was transferred to the dry box.

Analysis

C, H, N, S, and F analyses were performed either in the
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microanalytical laboratory of this department or at Microan-
alytisches Laboratorium im Max-Planck-Institut, Mulheim (Ruhr),
Germany, or at the Schwarzkopf Microanalyticél Laboratory, New
‘York. B and Cl analyses were obtained by courtesy of Dr. E.L.
Muetterties @t the Central Research Laboratory of E.I. dug

Pont de Nemours Co., Wilmington, Delaware. Other analyses were
performed according to the methods described by Vogel (153) or

Scott (154). Most of the analyses were done in duplicate.

Measurement of Spectra

Infrared absorption spectra in the range 4000-700 cm-1

were recorded on a Perkin Elmer model 21 spectrophotometer.

Spectra in the region 2000-250 cm'1

were measured on a Perkin
Elmer model 421 grating spectrophotomefer, Perkin Elmer model
137 infracords fitted with sodium chloride or potassium bromide
optics were also used for a few measurements. Except where
otherwise stated, samples were prepared in the dry box és ﬁhlls
in nujol, hexachlorobutadiene or halocarbon 0il. Samples were
placed between plates of cesium iodide, potassium bromide or

0.1 cm. thick sheets of silver chloride or polythene. Salt plates
were wrapped with polyvinyl tape. Specially designed cells with
teflon rings were used to mount silver chloride and polythéne
sheets. Several spectra of each substance were recorded at
varying concentrations. Spectra were also recorded after ex-
posing the substance to air. Blanks were often run on cell
windows and mulling agents. In a few cases, spectra of finely
powdered samples could be obtained without any mulling'agents.

Spectra of some compounds were also measured in potassium

bromide pellets using freshly dried potassium bromide. Infra-
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red spectra of volatile substances were measured using potassium
bromide or silver chloride gas cells.

Electronic spectra in the ultraviolet and visible region
were recorded on a Cary Model 14 spectrophotometer.

The proton n.m.r. measurements were made with a Varian

A60 spectrometer at 60 Mc/sec.

X-ray Powder Photographs

X-ray powder photographs were obtained by using copper
KA radiation with a nickel filter on a General Electric X-ray
unit; Quartz Capillary tubes of either 0.5 mm., or 0.3 mm. dia-
meter were filled with samples in the dry box and the open ends
of the capillary tubes were sealed. Photographs were taken in

-a 14.32 cm. diameter camera.

Triphenyltin Nitrate

(a) Triphenyltin chloride (2.26 g.) and silver nitrate (1.00 gi)
were mixed in 50 ml. of acetone and the mixture was shaken for
three days. The precipitated silver chloride was filtered off
and acetone removed under vacuum. The same reaction was also
performed, more rapidly and without shaking, in methanol owing
to the greater solubility of silver nitrate in this solvent.

The pfoducm was a White solid. Analysis, calcd. for CléﬂlsanOS:

C, 52.42; H, 3.67; N, 3.39. Found: C, 51.90; H, 3.70; N, 3.32.

(b) Triphenyltin nitrate wae also prepared by mixing solutions
of triphenyltin chloride (3.855 g.) in 50 ml. acetone and silver
nitrate (1.698 g.) in 5 ml. of water. Silver chloride was fil-
tered off and the solvent removed under vacuum. The product and

the removed solvent were both yellow in color suggesting some
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decomposition. Analysis; calcd. for ClSHlsanos: C, 52.42;
H, 3.67; N, 3.39. Found: C, 53.53; H, 4.40; N, 3.23.

(c) Stability of Triphehyltin Nitrate: Anhydrous triphenyltin
~nitrate was found to be stable at room temperature in the dry

box for more than two months, After this time, there was no
change in appearance, nor in the infrared spectrum. However,
exposure of the anhydrous compound to air caused marked changes
in the infrared spectrum., Some changes also occurred when a
samplé.of the anhydrous compound was heated to 150° in vacuum for
one and one half hours. A sample of the nitrate prepared from
wet acetone was heated in dmdichlorobenzene as described by
Shapiro and Becker (62) and the infrared spectra of the residue

and of the yellow distillate were recorded.

" (d) Reaction with Ammonia: ,Anhydrous amménia was condensed on’
to a sample of the anhydrous triphenyltin nitrate'and on to a
solution of triphenyltin nitrate in methanol., Both mixtures were
kept at ;700 for 24 hours, after which the excess ammonia and
solvent were removed under vacuum, to leave white solidé. Ana-
lytical results of the solids were not reproducible but were
always of the same order, a typical result being as follows.
Analysis, calcd. for C18HlSSnN03(NH3)2: C, 48.44; H, 4.75;

N, 9.42. Calcd. for C;gH;5SnNOg(NH3): C, 50.35; H, 4.23; N,
6.53. Found: C, 50.31; H, 4.76; N, 5.88. X-ray powder photo-
graphs and the infrared spéétra of the products showed them to
be mixtures containing ammonium nitrate and bis(triphenyltin)ox-

ide.
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Triphenyltin Perchlorate

(a) Triphenyltin chloride (2.030 g.) and silver perchlorate

(1.092 g.) were mixed in a flask with 50 ml. of ether and the

- mixture was shaken for three days. Precipitated silver chloride

was filtered off and the filtrate was removed under vacuum, at
room temperature to leave a white solid. Analysis, calcd. for
ClsﬂlsanlO4: C, 48.20; H, 3.34. Found: C, 48.9; H, 3.38.

‘Triphenyltin perchlorate is very soluble in methanol and ether,

It is very hygroscopic and hydrolyses immediatelyvonvexposure

to air as shown by marked changes in the infrared spectrum.

(b) Reaction with Ammonia: Triphenyltin pefchlorate as an
anhydrous solid or in methanol scolution, was allowed to react
with excess ammonia, under the same conditions as described
earlier for triphenyltin nitrate. The products‘were white solids
which likewise gave non-reproducible analytical résults, the
following being typical: Analysis, calcd. for C18H155nClO4(NH3)2:
C, 44.75; H, 4.35; N,:5.79. Calcd. for CjgH;5SnCl0,(NHg): C,
46.35; H, 3.86; N, 3;00. Found: C, 44.63; H, 4.63; N, 3.99.
X~-ray powder photographs and the infrared spebtra of’fhe_products
showed them to be mixtures containing ammonium perchlorate and |

bis(triphenyltin)oxide.

Trimethyltin Permanganate

Attempts to prepare this compound were not successful.
The -metathetical reaction between trimethyltin bromide or chloride
and silver bermanganate, using methanol, acetone, orgﬁafer as ‘
solVent, resulted in the precipitation of the silver halide but

the reaction was accompanied by the decomposition of the
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permanganate. No reaction occurred when t-butyl alcohol,
chlorqform, acetonitrile, or ether was used as solvent.

Attempts to react solid trimethyltin halide and potassium per-
manganate or silver permanganate at 50° in a closed system were

also unsuccessful.

Bis(trimethyltin) Sulphate

Trimethyltin brdmide (1.220 g.) and silver sulphaté
(0.781 g.) were mixed in 50 ml. of methanol, and the mixture
was shaken for three days. The precipitated éilver bromide
was filtered off (0.949 g.,. calcd. 0.941 g.) and, on removal
of the methanol under vacuum at room temperature, white cry-
stals of bis(trimethyltin) sulphate-methanol adduct were
obtained. Analysis, calcd. for (C3H98n)2804(CH30H)2:‘C, 19.68;
H, 4.13; S04, 19.70. Found: C, 19.00; H, 4.59; 304, 20.48.
On heating the methanol adduct at 100° under.vacuhm for about
four hours, the methanol was completely removed and'anhydrous'
bis(trimethyltin) sulphate was obtained as a white solid;
Analysis, calcd. for (CgHgSn)gSO4: C, 17.01; H, 4.25. Fégnd:
C, 17.55; H, 4.46. Both bis(trimethyltin) sulphate and its
methanol adduct are soluble in water and methanol, but insoluble
in solvents such as acetbne, ether, and acetonitrile. Both
the compounds are hydrolysed on exposure to air as shown by

changes in their infrared spectra.

Bis(trimethyltin) Chromate

Trimethyltin bromide (2.793 g.) and silver chromate
(1.901 g.) were allowed to react in 50 ml. of methanol. Pre-

cipitated silver bromide (2.142 g., calcd. 2.152 g.) was imme-
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diately filtered off. ‘The methanol was quickly removed under
vacuum at room temperature and yellow crystals of bis(trimethyl-
tin) chromate were obtained. Analysis, calcd. for (CSHQSn)ZCrO4:
C, 16.24; H, 4.06; Cr0O4, 26.17. Found: C, 16.08; H, 4.00;

- Cr04, 25.46. Bis(trimethyltin) chromate is soluble in water and
methanol but decomposes slowly in solution as shown by the grad-
ual darkening of colour. . It is only slightly soluble in acetone
and insoluble in ether or chloroform. Unlike bis(trimethyltin)
sulphate, it is not hydrolysed on exposure to air. Samples

exposed to air for three days showed no changes spectroscopically.

Dimethyltin Difluoride

Dimethyltin difluoride was prepared by the réaction of
potassium fluofide (2.8206 g.) and dimethyltin dichloride (5.332 g.)
in 50 ml., of wafer. The precipitated solid was filtered and
washed with water and ethanol. The product was récrystalliZed
from a 40‘pércent aqueous solution of hydrofluoric acid in a
platinum dish. Analysis, calcd. for CoHgSnFg: C, 12.90; H, 3.23;

Found: C, 12.98; H, 3.60.

Dimethyltin Carbonate

Dimethyltin dichloride (1.0850 g.) and silver carbonate
(1.3624 g.) were mixed in 50‘mi. of methanol and the ﬁiXtﬁre was
shaken for three days. Aftér‘removal of the solvent under vacuum
at room femperature, a mixture of silver chloride and dimethyltin
carbonate was obtained which was characterized by its infrared
spectrum and X-ray powder photograph. No lines due to either
dimethyltin dichloride or silver carbonate appeared in the powder

photograph. However, dimethyltin carbonate could not be isolated
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free from silver chloride due to its inSolubility in a suitable
solvent. It is insoluble in methanol, acetone, acetonitrile
or aimethyl sulphoxide but dissolvesvin hot water with decom-
position to give dimethyltin oxide as the final product. The
infrared spectrum of a sample of the mixture exposed to air did
not show any change indicating that dimethyltin carbonate is not

hydrolysed on exposure to air.

Dimethyltin Chromate

(a) Dimethyltin dichloride (1.800 g.) and silver chromate

(2.718 g.) were allowed to react in 50 ml. acetone, as well as

in 50 ml. of acetonitrile in the same manner as described for
dimethyltin carbonate. After removal of the solvent,ﬁnder vacuum
at room temperature, in each case a yellow mixture of silver
chloride and dimethyltin chromate was obtained, as shown by

" infrared spectra and X-ray powder photographs of the solids.
X-ray powder photographs did not show any 1ines_due to either
dimethyltin dichloride or silver chromate. IOn addition of the
mixture to water acidified with acetic acid, there was no precimr
pitation, only the previously formed silver chloride settled

and was récovered in quantitative amounts. From the filtrate,
the quantitative weight of barium chromate was precipitated,
confirming that there had beén noe reduction of chromium. The
mixture of dimethyltin chromate and silver chloride did not show
any spectroscopic changes on exposure to air, indicating that
dimethyltin chromate is not hydrolysed in air. On treating the
mixture with hot water, dimethyltin chromate dissolved to give

a yellow solution, but pure dimethyltin chromate could not be

recovered from the aqueous solution due to partial decomposition
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of the chromate.
(b) The above metathetical reaction was also done in»mephanol.
Silvey chloride was precipitated instantaneously, but the
dimethyltin chromate formed reacted with the solvent as shown

by a rapid darkening in colour.

" Dimethyltin Sulphate

(a) Dimethyltin dichloride (1.2300 g.) and silver sulphate
(1.7454 g.) were allowed to react in 50 ml, of water, and preci-
pitated silver chloride was filtered off (1.6036 g., calcd.
1.6040 g.). The filtrate was evaporated on a water bath fo give
a white solid which was dried under vacuum. Analysis, calcd. for
CoHgSnS04: C, 9.80; H, 2.47. Found: C, 9.67; H, 2.46. Di-
methyltin sulphate is soluble in water but insoluble in organic
solvents such as methanol, acetone, acetonitfile, and dimethyl
sulphoxide. It is not hydrolysed in air, a samplé'exposed to air

for 24 hours showed no change in the infrared spectrum.

(b) Dimethyltin dichloride (1.0346 g.) and silver sulphate

(1.4690 g.) were mixed in 50 ml. of methanol and the ﬁixture

was shaken for three days. An insoluble mixture was precipitated
which was recovered by evaporating the sclvent under vécuum at foom
temperature. The infrared spectrum. and an X-ray powder |
photograph of the dried solid showed it to be a mixture of

silver chloride and a methanol adduct of dimethyltin sulphate.
However, the dimethyltin sulphate-methanol adduct could not be
isolated free from the silver chloride due to its insolubility in

a suitable solvent. The infrared spectrum of the mixture showed
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marked changes when the solid was exposed to air indicating
hydrolysis of the diméthyltin.sulphateumethénol adduct. The
methaﬁol adduct dissolved in water and upon evaporating the
adueous solution, pure dimethyltin sulphate was recovered. When
a portion of the methanol adduct and silver chloride mixture was
heated to 100° under vacuum for about four hours, the methanol
was completely removed leaving a mixture of dimethyltin

sulphate and silver chloride, as shown by the infrared spectrum

of the heated mixture.

(c) Dimethyltin dichloride and silver sulphate_werevallowed to
react in acetone, as well as in acetonitrile, in the manner
described above. Inscluble silver chloride and dimethyltin
sulphate were formed in each case, as shown by the infrared
spectra and X-ray powder.photographs of the anhydrous mixtures

obtained after removing the solvent under vacuum.

(d) Reaction with Pyridine: Solid dimethyltin sulphate was
refluxed with excess pyridine for 24 hours. Insoluble white
solid was filtered off, washed with chloroform and dried undef
vacuum. The product was found to be dimethyltin-Sulphatea
pyridine monoadduct. The same product was also.precipitated
when excess pyridine was added to an aqueous solution of di-
methyltin sulbhate, The precipitate was dissolved in water
and dimethyltin sulphate-pyridine monoadduct was crystallized,
washed with chloroform and dried under vacuum. Analysis,
calcd. for CoHgSnSO04(CsHsN): C, 27.64; H, 3.91; N, 4.61. Found:
C, 26.14; H, 3.74; N, 4.40. Dimethyltin sulphate~-pyridine

adduct is insoluble in pyridine and organic solvents such as
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methanol, acetone, acetonitrile, and chloroform, but soluble in

water.

(e) Reaction with Dimethyl Sulphoxide (DMSO): Solid dimethyltin
sulphate was shaken with excess DMSO for 24 hours. The insoluble
solid was filtered off, washed with chloroform and dried under
vacuum, The product was found to be dimethyltin sulphate-DMSO
monoadduct. Another preparation of dimethyltin sulphate-DMSO
adduct was performed in aqueous solution, and cryStalline
dimethyltin sulphate-=DMSO monoadduct was obtained in a similar
manner as described above. Analysis, calcd. CoHgSnSO4(CHg) 5S0:
C, 15.34; H, 3.86; S, 20.50. Found: C, 15.59; H, 3.84; S, 20.56.
Dimethyltin sulphate-DMSO adduct is insoluble in DMSO and
organic solvents such as methanol, acetone, acetonitrile, and

chloroform, but soluble in water,

Dimethyltin Dichloride Adducts

(a) Dimethyltin dichloride-pyridine diadduct was prepared by the

method described by Beattie and McQuillan (33).

(b) Dimethyltin dichloride-DMSO diadduct was prepared by adding
" excess DMSO to a solution of dimethyltin dichloride in chloro-
form, followed by addition of excess of ether. A white crystal-
line .precipitate was obtained which was washed with ether and
recrystallized from chloroform. Analysis, calcd. for
CZHGSn012{fCH3)ZSQ)2: C, 19.16; H, 4.82; S, 17.07. Found:

C, 19.14; H, 4.64; S, 16.97. Dimethyltin dichloride~DMSO adduct
is soluble in polar éolvents such as water and methanol as well

as in non-polar organic solvents such as chloroform.
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Dimethyltin Bis(tetrafluoroborate)

(a) Dimethyltin dichloride (0.6470 g.) and silver tetrafluoro-
borate (1.470 g.) were allowed to-react in about 25 ml. of
methanol.  Precipitated silver chloride was filtered off (0.8370 g.
calcd. 0.8440 g.) and the filtrate was removed under vacuum at
room temperature to give a white solid (l). Analysis, calcd. for
for CoHgSn(BFy)o: C, 7.44; H, 1.87; F, 47.14. Found: C, 10.47;

H, 2.82; F, 32.47. As indicated by the analysis, partial decom-

- position of dimethyltin bis(tetrafluoroboraté) occurred to give
boron trifluoride and dimethyltin difluoride. This was confirmed
by the following experimental results:

i) A portion of the recovered methanol was condensed on
to about 10 ml, of pyridine. Upon evaporation‘of thé mixture
under vacuum, a white solid (II)‘wés leff, whose‘infrared spec-
trum was identical to that reported (155) for the boron
trifluoride-pyridine adduct, BFg.Py.

ii) Another portion of the recovered methanol gave a
positive test for fluorine and boron and was found to be ﬁarkedly
acidic.

iii) Upon redissolving the solid (I) in methanol, about
one-half of the solid was found to be insoluble in mefhanol.

This insoluble sclid was identified'(from its infrared Spectrum,
X-ray powder photograph and analytical results).to be
dimethyltin difluoride. Analysis, caled. for CoHgSnFy: C,
12.90; H, 3.23, Found: C, 12.85; H, 3.21.

iv) The infrared spectrum of the solid (I) was very
similar to that reported (43) for trimetﬁ}ltin tetrafluoroborate.

Upon exposure of the solid to air for a few seconds, the infrared
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spectrum showed characteristic absorption bands of the free

BF4 ion.

(b) The thermal stability of the mixture of dimethyltin
bis(tetrafluoroborate) and dimethyltin difluoride (solid I)
was examined by heating the solid at 60 - 70° under vacuum
for about 6 hours. The solid did not sublime nor did it show
any change in its infrared spectrum and analysis (found: c,

10.57; H, 2.60). No boron trifluoride was evolved.

(c) Dimethyltin dichloride (0.8444 g.j and silver tetra-
fluoroborate (1.4968 g.) were mixed in about 25 ml. of ether.

" This resulted in precipitation of silver chloride and an
insoluble product. After shaking the mixture for five minutes,
fhe ether was removed under vacuum at room temperature. - The’
residue was sticky and the qualitative analysis showed the
presence of silver chloride in it. The infrared spectrum of
the residue showed all the absorption bands shown by the mix-
ture of dimethyltin bis(tetrafluoroborate) and dimethyltin
difluoride (solid I described above), and, on eXpdsing the
residue to air, the same changes were observed in the infrared
spectrum as described above for the previous mixtures. .About
5 ml. of trimethylamine was condensed onto the recovered ether,
and the ether and excess trimethylamine were rémbved under
vacuum at room temperature. A white solid was obtained. The
infrared spectrum of this solid was found to be identical to
that reported (156, 156) for boron trifluoride-~trimethylamine

adduct, BF5.N(CH3) 5.
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(d) Dimethyltin dichloride (0,.,7708 g.) and silver tetrafluoro-
borate (1.2774 g.) were allowed to react in about 20 ml. of
liquid sulphur dioxide. The insoluble product was filtered off
and the.sulphur dioxide was pumped off. Only a trace of solid
was left behind after reméval of sulphur dioxide from the fil-
tered solution. A portion of the filtered residue gave a positive
test for silver chloride. The infrared spectra of the residue,
under anhydrous conditions as well as after exposuré to air,
were identical to those obtained for the previously described
mixture of dimethyltin bis(tetrafluoroborate) and dimethyltin

difluoride (solid I ).

Dimethyltin Hexafluorosilicate

An. attempt to prepare this compound was not successful.
When dimethyltin dichloride (0.6402 g.) and silver hexafluoro-
silicate (1.0426 g.) were mixed in about 25 ml. of methanol,
silver chloride was precipitated. Upon removal of the methanol,
under vacuum at room temperature, the product was found to be
dimethyltin difluoride'which was characterized by its X-ray
powder photograph, infrared spectrum, and analytical results.
Analysis, caled. for CZHGSnFZ: C, 12.90; H, 3.23. Found:
C, 12.82; H, 3.07. The recovered methanol was highly acidic
and contained silicon and fluorine which were idéntified by the

qualitativeranalysis of hydrolysis products-of.the recovered-

methanol.
Dimethyltin Bis(hexafluorophosphate)

(a) Attempts to prepare this compound were not successful. The
metathetical reaction between dimethyltin dichloride (1.542 g.)

and silver hexafluorophosphate (3.505 g.) in 25 ml. of methanol
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resulted in the precipitation of silver chloride. Upon removal
.of the solvent from the filtered solution under vacuum at room
temperature, a white product was obtained which was insoluble in
methanol; The infrared spectrum of fhis product was measured
but the product could not be characterized by its infrared spec-
trum. - The recovered methanol was highly acidic and contained
both fluorine and phosphorus. This identificétion was accom-

plished by qualitative analysis.

(b) . The above metathetical reaction was also performed in a
sulphur dioxide solution. The precipitated silver chloride was
shown by an X-ray powder photograph to contain dimethyltin
difluoride. Fractionation of the volatile material from the
vsulphur dioxide solution gave a sample rich in phosphorus
oxytrifluoride, POFB, as shown by its infrared spectrum. The
Solid-remaining on removal of the sulphur dioxide dnder vacuum
also contained dimethyltin difluoride which was identified by

an X-ray powder photograph.

- Dimethyltin Bis(hexafluoroarsenate)

Dimethyltin dichloride (0.7790 g.) and silver hexafluoro-
-arsenate (2.1044 g.) were mixed in 25 ml. of methanoi and the
precipitated silver chloride was filtered off. . The'methanol was
removed from tﬁe filtered solufion under vacuum at foom tempef-
ature to give a hygroscopic white solid which gradually turned
yellowish-white. The infrared spectruﬁ of thé solid was very
similar to that reported (43) for trimethyltin hexafluoroarsenate,
indicating the presence of the hexafluoroarsenate'group in it,.

An X-ray powder photograph of the solid showed the pfesence 3
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of dimethyltin difluoride. Thus the solid was a mixture of

dimethyltin difluoride énd the bis(hexafluoroarsenate). When
the solid was exposed to air, its infrared sﬁectrum showed the
characteristic strong band of ASFg ion at 720 cm'l. The recovered -

methanol was highly acidic and contained both fluoriné and

arsenic as shown by qualitative tests.

Dimethyltin Bis(hexafluoroantimonate)

(a) The metathetical reaction between dimefhyltin dichloride
(1.0606 .g.) and silver hexafluoroantimonate (3.3178 g.) was per-
formed in 25 ml. methanol in the manner described above. The |

- product was a hygroscopic white solid which contained some
methanol as shown by its infrared spectrum. The recovered meth-
anoi was not acidic and did not show presence of any fluorine

or antimony indicating that no decomposition of hexafluoroanti-
monate had occurred. When thé.recovered soiid wasfheated up to
120° under vacuum to remove the methanol, decomposition of the
solid occurred and oily drops of antimony pentaflcoride, SbFg
were condensed in the trap. Qualitative tests on this oii

showed the presence of antimony and fluorine.

(b) Dimethyltin dichloride (1.038 g.) and silver héxafluoroanti-
monate (3.2476 g.) were allowed to react in 25 ml. of liquid
‘sulphur dioxide and the precipitated silver chisvide was filtered
off. Removal of sulphur dioxide under vacuum gave a very
hygroscopic solid. X-ray powder photographs of the solid and

the silver chloride did not show any lines due to dimethyltin
difluoride., The infrared spectrum of the solid showed similar
features to those reported (43) for trimethylantimony hexafluofo;

antimonate and the infrared spectrum of a sample of the solid
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exposed to air showed characteristic band of the Sng ion at

660 cm'l. However, no analysis of the solid was obtained.

ThecDiméthyltin Derivative of 31201122_

Dimethyltin dichloride (0.2030 g.) and AgyB19Cly2
(0.7118 g.) wére allowed to react in 25 ml. methanol. Precipi-
tated silver chloride was filtered off and the solvent was
removed under vacuum at room temperature to give a white product
which contained methancl as shown by its infrared spectrum. The
methanol could not be removed from the solid even after heating
it under vacuum at 100° for 24 hours. The recovered methanol
was not acidic and gave negative tests for boron and chlorine
indicating that no decomposition of the B120112 group had
occurred. Analysis, calcd. for CoHgSnB;5Cl39(CH30H): B, 17.6;
Cl, 57.8; calcd. for C2HGSnB12C112(CH30H)1.5: B, 17.26; C1,
56.6; calcd. for CgoHgSnB,5Cl,5(CH30H),: B, 16.9; Cl, 55.4.
Found: B, 16.4; Cl, 57.8, The dimethyltin derivative of
Blzcllzz‘ is soluble in polar solvents such as methanol and
water but insoluble in chloroform. It is very hygroséopic'and
hydrolyses on exposure to air as shown by chénges in its'infrared

spectrum,

Trimethylantimony Dibromide

Tﬁis was prepared by the method described by Morgan and
-Davies (157). Trimethylstibine was prepared from freshly dis-
tilled A.R. grade antimony trichloride and methyl magnesiuﬁ
iodide. The trimethylstibine and ether were co-distilled in

a nitrogen atmosphere and the distillate treated with. a carbon
tetrachloride solution of bromine. Precipitated trimethylanti-
mony dibromide was filtered off and recrystallized from water.

~Analysis, calcd. for CSHQSbBrZ: C, 11.20; H, 2.80; Br, 48.92.
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Found: C, 11.09; H, 2.46; Br, 48.90.

Trimethylantimony Difluoride

An aqueous solution of silver fluoride was made by dis-
solving silver carbonate in 40 percent aqueous solution. of
hydrofluoric acid in a platinum dish. 20 ml. of this solution
which contained 0.7160 g. of silver fluoride, was allowed to
reéct with 0.9214 g. of trimethylantimony dibromide.',Siiver
bromide was filtered off and the filtrate was evaporated td
dryness. The pfoduct was then recrystallized from ethanol and
further purified by sublimation under vacuum at room temperature.
Analysis, calecd. for CgHgSbFo: C, 17.58; H, 4.39., Found:

C, 17.00; H, 4.29., Trimethylantimony difluorideiis a white
crystalline solid. It is soluble in water, methanol'aﬁd

chloroform and is not hydrolysed in air.

" Trimethylantimony Dinitrate

Trimethylantimony dibromide (0.6472 g.) énd_silver:nitréte
(0.6732 é.) were allowed to react in 25 miﬁ of méthﬁﬁoi. ,éré;fi:J
cipitatea silver“bromide.was'filteredvoff'and fhe'so1vent rémqved:
under vacuum at room temperature. White flakes‘bf-tfiméfhyl-' |
antimony dinitrate were cobtained which.Were recrystallizéd_ffom[:
chloroform. Analysis,-calcd._for C3H95b(ﬁ03)2: C, 12.4Q€fH; -
3.10; N, 9.63. Found: C, 12.78; H, 2.95; N, 9.89, |

Tfimethylantimony dinitrate is soluble in wafer,.methanol
and chlofoférm. It is hydrolysed slowly in the presence of
moisture, However, the hydrolysis is reversible and the.hydrated
product was converted into anhydrous dinitrate byAdrying Qnder

vacuum. The hydration and dehydration could be followed by-
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observing the changes in the infrared spectrum.- - '

Trimethylantimony Carbonate

'f Trimethylantimony dibromide (0.9712-g4):and&siirer~cara
bonate'(Q.SZOO g.) were allowed to react in ZQiﬁit of liduid~l

- sulphur dioxide. Silver bromide was_filteredaoff'and, after
removal df sulphur dioxide under vacdum whiteetrimethylantimony
carbonate was obtained. Analysis, oalcd for C3H98b003 C 21. 17
H, 4.00. Found: C, 21.37; H, 4.23. It is soluble in 11qu1d
sulphur d10x1de,'water and methanol, but 1nsolub1e in chloroform.

It did not’ subllme under vacuum up to 100o and noﬂchanges were

observed in the infrared spectrum on expos1ng thefsolld to a1r..'

Trimethylantimony Sulphate

Trimethylantimony dibromide (0.6274 gd)'aﬁdféiiver‘w“. IR
sulphate (0.5992 g.) were allowed to. react 1n about 25 ml
water. Precipitated silver bromlde was flltered off and the o

filtrate evaporated to dryness on. a steam bathf

stalline SOlld was obtained which was recrystallizedg‘rom water
and dried under vacuum. Analysis, calcd. for CgHngSO4 C 13 70
H, 3.45. ; Found: C, 13.78; H, 3.87. Trlmethylantlmony-sulphate -

is 1nsolub1e in organic solvents such as: methanol"acetonltrlleﬁ;-'

and chloroform, but soluble in water. It 1s not hydrolysedv1n o

air,

Trimethylantimony Chromate

Trimethylantimony chromate was obtained as a YeIIOW'

crystalline scolid from trimethylantimony‘dibromidem(1.0706vg.)"
and silver chromate (1.0872 g.) using the:sameﬂﬁéthodfas_tﬁat

described for trimethylantimony sulphate.:,Anaiysie;_calcdy,fOr
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4i C, 12.73; H, 3.20; Croy, 41.03. Found: C, .12,66;
H, 3.12; Cr0,, 41.29. It is also insoluble in methanol and

acetonitrile and is not hydrolysed in air.

Trimethylantimony Oxalate

: This compound was prepared from‘trimethylantimoﬁy’
dibromide (1. 1064 g.) and silver oxalate (1 0280 g ) in the
manner debcrlbed for trimethylantimony sulphate."Ana1y81s,
calcd. for C3HgSbCo04: C, 23.55; H, 3. 56 0204, 34 54, Fouod:
C, 23. 51° H, 3.68; Cq04, 34.36. Trlmethylantlmony oxalate 1s
soluble in water but insoluble in methanol and acetonltrlle. |

It is not hydrolysed in air.

&

Trimethylantimony Bis(perchlorate)

Trimethylantimony dibromide‘(0.5410'ge) ahd;eiiver_a“
perchlorate (0.6868 g.) were allowed to react in, 25 ml of
methanol and silver bromide was flltered off Most of the J‘
methanol was removed under vacuum at" room temperature but

the 1ast traces were removed by warmlng to about 60O

anhydrous solid was obtained which exploded v1olentl
scratchlng W1th a nickel spatula. Consequently.“no furthef

work was done on it.

Trimethyiantimony Bis (tetrafluoroborate)

Tfimethylantimony dibromide (0.5614 g.) and siiver‘
tetrafluoroborate (1.0268 g.) were allowed to,feact.in£25 ml.
of methaool. Silver bromide was filtered off,.oAfter'removing
the solvent under vacuum at room temperafure, afwhiteleolid'

was obtained which was suBlimed under vacuum'atf5OQ;ﬂ-The:ana_

lytical results and infrared spectra of both uneubiimedﬂand
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sublimed products were identical._ Analysis, caled. for
C3HgSb(BF4)g9: C, 10.57; H, 2.66. Found: C, 14.28; H, 3.60.
As indicated by the analyticai results, partial decomposition
of the tetrafluorobofate_group had occurred. This‘waé‘con—.
firmed in the folldWing manner: X-ray powder photogréﬁhs of -
the sublimed Solid shoWed the presence of trimethylantimony
difluoride. The recovered methanol was highly acidic and
'contained-boron trifluoride, which was identified by its
infrared spectrum and by the presence of bbron and fluorine in
» a.portion of the recovered methanol. Thus the product was a
mixture of ftrimethylantimony bis(tetrafluoroborate) and
difluovide. The presence of the tetrafluoroborate group in the

product was inferred from the infrared spectrum.

Trimethylantimony Hexafluorosilicate

‘Trimethylantimony dibromide (1.0160 g.) and'silver-héxa—j
fluorosilicate (1.1132 g.) were allowed to react in 25 ml. of
methanol and a colourlesé; deliquescent, crystalline.solid‘was:'.
obtained after removal of the methanol as described above, Tﬁé
- s0lid was sublimed under vacuum ét 50°, The analytiCal reéults
and infrared spéctra of both the unsublimed and subiiméd solid
were identical. Analysis, calcd. for CSHQSbSiFG: C, 11.65;

H, 2.93, F, 36.90. Found: C, 14.99; H, 3.71l; F, 28.00 X-ray
powder photographs of the sublimed solid showed the presence of
trimethylantimony difluoride. Thus the product was a mixture.
The infrared spectrum of a sample of the mixture exposed to éir
showed the characteristic absorption bands of the SiFéF ion at
735 and 480 cm"l° The recovered methanol was highly acidic and

and gave positive tests for both silicon and fluorinq,
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Trimethylantimony Bis(hexafluoroantimonate)

(a) Trimethylantimony dibromide (0.7240 g.) and silver hexa-
fluoroantimonate (1.5236 g.) were allowed to react in 25 ml. of
methanol. The silver bromide was filtered off and most of the
methanol was removed from the filtrate under vacuum at room tem-
perature. The last traces of the methanol could not be removed
even on prolonged pumping at 100°, and the product could not
therefore be isolated in. a pure state. However, the recovered
methapollneither showed any acidity nor gave a positive test for.
either fluorine or antimony, indicating that no decomposition of

- hexafluoroantimonate had occurred.

(b) The metathetical reaction between trimethylantimony dibromide
(1.1080 g.) and silver hexafluoroantimonate (2.3304 g.) in 25 ml,
of liquid suiphur dioxide gave, following removal of the preci-
pitated silver bromide and evaporation of the sulphuf dioxide,

an extremely hygroscopic white solid. Analysis,_ealcd. for
CSHQSb(SbFa)Z: F, 35.72. Obtained: F, 30.90. ‘Xuray powder
photographs of the so0lid did not show any lines due to,trimethylé
‘antimony difluoride and the infrared spectrum of the solid

confirmed the presence of hexafluorbantimenate group in it,

The Trimethylantimony Derivative cof B12C11§_

Trimethylantimony dibromide (0.3320 g.) and AgsB12Cljg
(0.7836 g.) were allowed to react in methanol. After filtering
off the precipitated silver bromide, a colourless solution was .
obtained,‘which was evaporated under vacuum at room temperature
to give a pink red sclid which contained some methanol as indi-

cated by its infrared spectrum. The recovered methanol was not
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acidic and gave negativeitests for boron and chlori@e, indicating
that no decomposition of the Bj2Cljg group had occurred. The
solid was then heated at about 60° under vacuum for about 6 hours,
Analysis, calcd. for C3HQSbB120112: B, 17.9; Cl, 58.9. Calcd.
for CgHgSbB,9Cl,5(CHq0H) : B, 17.3; Cl, 56.4. Found: B, 17.3;
Cl, 56.0. However, the infrared spectrum of the heated éolid did
not show any absorption bands dﬁe to methandl.' The comﬁoundldis—
solved in wgtér or methanol to givé a colourless solution but the

recovered solid from these solutions was always coloured.
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