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ABSTRACT

Sulphur tetrafluoride does not form complexes with
transition metals in the same way that phosphorus |
trifiuoride does in the compounds (PFy),PtCl, and
Ni(PPF5), - However, sulphur tetrafluoride does form
complexes with metal flueorides and compounds between
sulphur tetrafluoride and niobium pentafluofide, tantalum
pentafluoride and moiybdenum pentafluoride have been
prepared. .

Sulphur tetrafluoride has been found to be a very
useful fluorinating agent for the conversion of mixtures
of alkali;metal fluorides and metal oxides, sulphides and
Carbonyls into complexifluoridesa Using this reagent it
has been possible to prepare alkali-metal, ammonium,
thallous and silver (1) fluoroborates;, hexafluorosilicates,
hexafluorogermanates, hexafluorostannates, hexafluoiro-
plumbates, hexafluorophosphates, hexafluorcarsenates,
hexafluorcantimonates, héxafluorotitanates, hexafluoro-
niobates, hexafluorotantglatesg hexafluoromolybdates (V),
hexafluorotungstates(v)g and hexafluorocurapates ().

Adducts of the type PhzCX.BY; (where X or ¥ = I or Cl)

have been prepared. The compounds contain triphenylmethyl



¢carbonium ions but infra-red and nuclear magnetic
Aresonance spectroscopy are nof definite in showing the
presenge of mixed halcborate ions. Tetrachloroborates
and tetrafluorohorates undergo rapid halogen exchange in
methylene chloride. Boron trichloride displaces boron
© trifluoride from trityl tetrafluoroborate to give a
product which contaiﬁs chlorine. Similarly boron
trichloride and boron tribromide react with crystalline
sodium tetrafluoroborate and a possible mechanism for
these réa¢tions has been suggested.

Olefines and acetylenes react with aqueous solutions
of sodium hexafluoroplatinate(IV) to induce hydrolysis of
the complex fluoro aniona. The oléfinesvaré oxidised and
acetylenes undergo addition of the elements of water to
give aldehydes or ketones during the course of the
reaction. The hydrogen fluoride produced in the
hydrolysis reacts with the olefines to produce mono
fluoro alkanes.

Attempts to prepare olefine-metal-fluorides in non-
aqueous solvents have been unsuccessful but preliminary
reactions of hexafluorobut=L-yne with palladium trifluoride

and platinum tetrafluoride give complexes. The trifluoride



‘polymerises the acetylene to a red oil but insufficient
analytical data prevents any type of definite formulation

for the other products.
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Fluorine is the most electronegative of the elements
and also the most reactive. It will combine directly
with all the other elementg except nitrogen and the rare
gases, giving compounds in which the second element
frequently exhibits its maximum covalency. Its high
reactivity is associated with the low bond dissociation
energy which is about 37 k cal/moleo1 This low value,
particuleaerly by comparison with the disscciation energies
of the other halogens2 has been attributed to the
repulsion between the unshared electrons on the bound
fluorine a*toms3 or to the absence in fluorine of
strengthening of the bond by hybridization of the p=* and
d=% orbitals which may occur in the higher halogens.

A recent explanation of this anomcly has been put forward
by BrownG who points out that force constants are gehefaliy
a good measure of bond strengths and that when these are
considered the bond strengths of the héiogens appear to
fall along the series from fluorine to iodine as expected.
Using the force constant as an indication of the high bond
strength in fluorine Brown suggests that the obhserved low

bond dissociation energy results from the large energy



required to promote fluorine atoms to the valence state
from which the bond may be formed.

Fluorine forms stronger bonds than do the other
halogens. Its covalent radius i1s 0,71A, compared with
0.99, 1.14 and 1.334, for éhlorine, bromine and iodineo7
The low covalent radius favours greater overlap of the
bonding orbitals and this enhances the bond strength.

Also if the weak bond in %he fluorine molecule is due to
repulsion of non-bonding electrons it seems not
unreasonable that as the molecule is split into atoms,
which then combine with elements to form compounds imn
which there are few or no unshared electrons on the central
atom (e.g., CP,, SFg;), such repulsion should disappe'ax'o&3
This then may also be a reason for the " abnormal'
étrength and shortness of bonds in other compounds formed
between elements of widely differing electronegativities
(e.go, C and 0, P and 0, Si and F).

The radius of the fluoride ion (1.36A) is close to
that of the 0°~ ion (1.40A' ) and, as a result, there is
often a similarity in the crystal structure of ionic
fluorides and oxides of the same type. Thus, for example,

Nal and MgO both have a rock salt structure, while PaT,



and SnO, have a rutile structure. Thexcrystal structure
of metallic chlorides, bromides and iodides are usually
quite different from those of the corresponding fluorides,
and resemble thosé of the sﬁlphides and selenides.9

This also stema from a similarity in the ionic radii,

As fluorine tends to bring out highest oxildation
gtates any fluorinating agent which tends to be less
powerful than elementary fluorine dis always useful in
the preparation of lower valency fluorides. In this
respect sulphur tetrafluoride is a particularly useiul
flvuorinating agentzo since the reactants are not always
oxidised to the maximum valency state.

Phosphorus trifluoride is in some instances able +to
replace carbon monoxide as a Ti-bonding ligand e.g.
Wilkinson's Ni(PFs)MM Cf all the phosphorus trihalides
the fluoride forms the most stable complex since the
inereased electronegativity of the ligand facilitates the
romoval of electron density f£rom the nickel. No éulphur
tetrafluoride complexes analogous +to phosphorus trifluoride
complexes are kmown at the present time but in common with
selenium tetrafluoride, iodine pentafluoride and bromine

trifluoride, sulphur tetrafluoride forms complexes of
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unknown structure with metal fluorideso1

There are relatively few complexes known in which
fluorine and a 4r-bonding ligand are joined to the same
transition-metal atom. This type of complex is well
known with the other halides (e.g.s, Zeise's salt,
carbonyl metal chlorides, bromides and iodides) and in
these compounds there is the possibility of additional
back bonding by the halogen. This effect is unlikely to
be repeated in the corresponding fluorides which. may have
different stoichiometry and properties from the compounds
formed by other halogens. Thus the known carbonyl metal
fluorides have been formulated as [Rh(C0),P;], and

13,14 525

PtFy (CO) ;. The rhodium compound is regerded as

a normal carbonyl halide with bridging through the

fiuorine atoms. However, in the platinum compound the
carbonyl stretching frequency 1s higher then in free

carbon monoxide and 1t is considered that in view of the
high oxidation state and electronegative character of the
fluorine atoms there is a minimum of 47-~bond interaction
between the carbonyl group and the metal. Other v —honding
ligands such as triphenylphosphine form complexes with

: : is
metal fluorides and thé complexes PhgP.WFg and



(PhsiP)thFaM have been reported. However, no olefinem
-metal-fluorides are known at present.

The 9 nucleus occupies an important position in
nuclear magnetic resonance spectroscopy. The fluorine
nucleus like the proton has a spin of one half and substite
ution of fluorine for hydrogen in & compound often yields
nuclear magnetic resonance gpectra which are very similar
in appearance to the. corresponding proton spectra.

ILike the proton, the P® nucleus gives rise to sirong
resonance signals. It has a definite advantage over the
proton in that the range of chemical shifts of F!® in
fluorine compounds is about an order of magnitude largew
than the corresponding shifts in hydrogen containing
compounds. Accordingly the instrumental requlrements

for high resolution to obtain information comparsble with
proton measurements are usually not as demanding. In the
present work nuclear magnetic resonance has been used to
study mixed haloborate anions.

During and since World War II, when the production
of fluorine was stimulated by the demands of the Nuclear
Programme, there has been a considefable effort devoted

towards the study of organic and inorganic fluorine compounds.
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Hydrofluoric acid has become a very important commodity

in the chemical world. It is a key source material in

the production of inorganic fluorides and fluorocarbons

and the latter materials are used as refrigerants, aerosols,
plastics, dielectrics, lubrlcants, coolants, fire
extinguishers, sclvents, heat transfer agents, pharmaceut-
icals and for many other purposes, Pluorine chemistry

has reached an exciting stage and shows great promise forx

the future.



CHAPTER I

(e vt ey vy sty st e e e e e o v . Bt
porficivp et fratidrn foamn et b e et

SULPHUR TETRAFLUORIDE COMPLEXES

According to current views of the nature of the
co-~ordinate link between donor ligands and.transitibn
metal atoms or ions the ability of the ligand to
participate in metal ligand 47-bonding is often essential
$0 the overall stability of the metal ligand bonding.
Presumably it is always necessayry that the ligand hes some
ability to form a ¢=donor boud, but in many cases the 77—
bond seems to be by Ffar the more important. Yhus in
phosphorusg trifiuvoride the phosphorus atom can form
dri=@4r=bonds with metals hy using i%s uilled dey end
3dy, orbitals. It appears that while the three highly
electronegative fluorine atoms greatly reduce the donor
power of the phosphorus atoms @s is evident by the
inability of phosphorus trifluoride to form complexes with
even strong but simple acceptors such as boron triflucridei?
they also markedly increase the stability of the dy- aw
dative bondsom A nunber of phosphorus trifluoride
cbmplexes of metals have been prepared (msee Table I) but

only = few have been characterised in any detsll.



Ly

Table X,
PP~ derivatives of metals.

Compound Remarks
Ni (PFg) o & 1iquid, bep. 71°
(PPs) P40 0 g01id, m.p. 102°
[(PPs) aPtClg]" dec. 285°
H&emnglobinmPFac complex not isolated
(PFg) IrPst

(PFs) 08Fad

(PFg) PdTsY

(PFy) PLF,° made from PFg plue Ph
(PFs) CoRd

(PPo)p Ru0, ¥ n=1, or2
(PFg&anOQf n=1, or 2

® wilkinson, J. Amer. Chem. Soc., 1951, 73, 55013
Y chett, Nature, 1950, 165, 6375 °© Wilkinson, Nature,
1951, 168, 143 d

communicatlion quoted by Peasock, Progress. Inorg. Chem.,

Hair and Robinsoa, unpublished

1960, 2, 1933 © Moissan, Bull. Soc. chim. France, 1891,
1185 £ Hair and Robinaonp'Jog 1958, 106,



Obviously all the compounds menfioned in this table owe
their stability to dative -r—bonding.

Now in sulphur tetrafluoride the dey and deg
orbitals are again avallable for sr—bonding just as in
phosphorus trifluoride. Moreover, the presence of an
additional fluorime atom in sulphur tetrafluoride might
be expected “o further enhance the ability of the sulphur
tetrafluoride to participate in dative 497 =d w~bonding

Phosphorus trifluoride forms very stable adducts with
platinous chlorideag but all attempts in this work have
been unsuccessful in obtaining any reaction between
sulphur tetrafluoride and platinous chloride at temperaiures
ranging from 20 to 300°, These results have also been
confirmed by Bartlett and Robinson  °>" who found that
there was no interaction between platinous chloride and
sulphur tetrafluoride or selenium tetrafluoride from =40°
to 220°,

Similarly reaction of sulphur tetrafluoride with
nickel carbonyl and molybdenum carbonyl in benzene falled
to give a zero valent complex amalogous to phosphorus

trifluoride complexes, The products of these regctions

were dark solids whose infrared spectrum showed that all

the carbon monoxide had been expelled from the carbonyl and
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that they contained no sulphur tetrafluoride. With
nickel carbonyl and sulphur tetrafluoride a yellow
compound was obtained at =80° but the compound decomposed
even at this temperature in about fifteen minutes.

From these reactions it appears that sulphur tetra-
fluoride will not function towards transition metals in
the same way as phosphorus trifivoride. Differences in
the reactivity of phosphorus trifluoride and sulphur
tetrafluoride can be judged from the following two
examples. Phosphorus trifluoride does not react with
boron trifluoridelv whereas there is an immedlate reaction
between sulphur tetrafluoride and boron trifluoride when
the gases are allowed to mix to give the adduct
BF5.SF,. = The second difference between the two
compounds is seen in their reactivity with‘iridium
hexafluoride. The action of phosphorus trifluoride on
iridium hexafluoride results in the formation of the
c ompound (PFs)Ieroma However, with sulphur tetra-
fluoride iridium hexafluoride gives the adduct IrF;.SF,
which on heating in vacuum at 125-130° loses some
sulphur tetrafluoride to give an o0il which still contains

23
sulphur tetrafluoride. As IrF, .SeP, decomposes under
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vacuum &% 130°% %o give (IrFé)gSeFﬁ an analogous compound
(IrPg) 2aSF, may have been formed.

The only comﬁlexes of sulphur tetrafluoride known
at the present time are the adducts it forms with a
anumber of inorganic fluorides and these will be considerad
under the following heading.

Sﬁlphur Tetrafluoride Complexes of Inorganic Fluorides,

The first examples of sulphur tetrafluoride adduets;
BP; .SF, , ABF; .SF, and SbF;.8F; written in ascending order
of stability were first discovéred by Bértleﬁt and
Robinsongo who suggested they were simple acid--base
complexes, €o.8. FyB 28T, However, this Zormulation
wae criticised by Cotton and Georgeie who poinited out that
sulphur tetrafluoride would be a poorexr electiron donor
than phosphorus triflunride (which does not interact with
boron trifluoridei?) because the extra fluorine atom'WOuld
tend to make the lone pair less available for limteraction
witn another molecule. Also the F2® nucleér magnetic
resonance spectrumio of the Asl;-SF, system down to =60°
shows only one type of fluorine environment due to rapid

fluorine atom exchange. Association and dissociation of

a simple acid-base adduct would not provide a mechanism
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for exchange of fluorine atoms bonded to arsemnic and of
those bonded to sulphur.

The adducts may be salts based on the cation SF3+
and this formulation is preferred by Gotton and Georgef8
More evidence for this ionic structure is given by'Seel
and Detmeras who have obtained an infrared specirum of a
thin film of SF,.BFy on a rock salt plate. This shows a
strong band at 1050 em.,~! which is typical of BF,  and =
doublet at 908 and 940 cm. * which by comparison with the
infrared spectrum of the isoelecitronic PFy; molecule is
assigned to the SF3+ cation. However, it should be
noted that the band at 1050 cm. % could have arisen from
interaction of the compound with the sodium chloride plate
or by hydrolysis of the adduct which is extremely
hygroscopic,

This ionic formulation is consistent with the
observation that all the fluorides that form adducts are
strong fluoride lon acceptors and form stable fluoro
anions e.g. PFg~, SbFy~ and GeF, (see Table II).
However, mixtures of sulphur tetrafluoride with silicon
tetrafluoride or liodine pentafluorideio show no evidence

of complex formation or fast fluorine exchange within the
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Table II.

SF, adducte of Inorgeonic Pluorides.

Adduet Remarks
BF, ST, 2 | sublimes at 80° (atm. pressurs)
@eF, . 25T,
SnF, . 2SF, ° isolated as SnF, .2HCOWMe,
PFﬁoXSng | no solid complex isolaied but

' interaction

ASFg o5, © wo L 3 &
ABT; oSF, ™ sublimes a% 190°

Sbig « ST, & m.p. 245° (dec.)

TiT, . 25T, isolated as Til, . ZECOWNe,

TLF, « 0. 5457, ©
TaF; « 0. 3957, ©

<
MoF « 0. 5957,
MoFg . zSF, yellow solid at -40°
RuFg . ST, © dec, at 150°
IzFg oSF, © m.p. 1.20-125° (dec.)

& Partlett and Robinson, Chem. and Ind., 1956, 13513

b Oppegard, Smith, Muetterties and Englehardt, J. Amer.

¢

Chem. Soc., 1960, B2, 38353 Present works

¢ Bartleit and Robinmsonm, J., 1961, 3417; ° Robinson =nd

Westland, J., 1956, 4481,



temperature range =90 to 100°. Since the fluorosilicate
anion ls very stable it is difficult to explain the lack of
interaction here. Similarly iodine pentafluoride readily
adds fluoride ion to form IF,; .

Muetterties et al10 who have drawn attention to the
abEVe facts have described another interaction which is
fully consistent with the experimental observatioms. They

prefer an association based on fluorine bridgs bhonds to

give a dimeric polymer structure (Diag. I). This type

B B
B )3 b
Sb 5
r - i P
P e
Diagram 1.

27,28

' 26
of interaction is found in HF, SbT¥y , and

29
2A8F . 380 and has been postulated as a fluorine

50 , 81
exchange intermediate in Self, . SF,, Clrg, IT, and.
Sb]i“aoa‘r“m2 Most of the fluorides that do interact with

sulphur tetrafluoride ave not symmetrical molecules and
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in forming a fluorine bridge complex fhese fluorides
obtain a higher symmetry and sulphur tetrafluoride would
obtain a pseudo octahedral symmeti‘yo The bridged
structure has been c:t-:'ri::i.fs:i.s:;ed&EL on the basis that sulphur
tetrafluoride does not combine with caesium fluoride or
nitryl fluoride82 to form the SF;~ dion which would
preaumably have octahedral symmetry. Thus the tendency
for the sulphur atom to aittain a2 pseudo obtahedral COw
ordination such as 1% wouldjhave in the bridged struciture
must be small and the pseuvdo HGetrahedral co-ordination of
the SP," ion may be preferred.

Possibly fluorine bridging may be more important in
the selenium tetrafluoride derivatives since this tetra-
fluoride can abt as a fluoride ion acceptor to form the
SeFgy ion83 in which the selenium 1s presumed to attain
a pseudo octshedral co-ordination.

Bartlett and Robinsonal have taken the X-ray powder
photographs of somé selenium tetrafluoride and sulghur
tetrafluoride adducts,. The photographs of the sulphur
tetrafluoride derivatives are simpler than those of the
gselenium derivatives but so far the oniy adduct to be

indexed is the compound Sb¥Fy.ST, which is cubic
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(a = 5,625 + 0.002); There is one molecule in the unit
cell and although a complete structure determination has
not been done the symmetry is suggestive of a SF3+ cation.
It has already been mentioned that sulphur tetrafluoride
has all the requirements to form dative d17-d 7i~bonds
with transition metals. . Thus sulphur tetrafluoride
adducts of transition metal fluorides could be regarded asm
complexes in which the sulphur tetrafluoride is acting as
2 7T —bonding ligando'M Likewise selenium tetrafluoride
and bromime trifluoride adductis of tTransition metal
fluorides could also be regarded as 77 —bonded complexes.
It is pertinent to remark at the end of this
discussion that the structures of these complexes is stlill
unknown, Neither the ionic or bridged structure seem to
fit all the data and the final answer will have to wait
until a complete X-ray determination has been performed

on several compounds.

Sulphur tetrafluoride adducts of niobium, tantalum and

molvbdenum fluorides.

In the present work previcusly unreported adducts of
sulphur tetrafluoride with niobium, tantalum and molybdenum

pentafluorides have been prepared. The adducis were
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prepared by fluorinetion of niobium pentoxide, tantalum
pentoxide and molybdenum carbonyl with excess sulphur
tetrafluoride in a stainless steel bomb, The stoichio-
metries of the adducts do mot correspond to a 1:1 ratio
between the Lewis acid and the Lewis base. The niobium
and tantalum compounds aneslyse as NbFg;.0.55F, and

PaFy .0.45F, . When the adduct IrF,.SeP, is heated at
125° it loses selenium tetrafluoride and the compound
(IrPg ),.SeF, 1s formed. As the reactions of niobium and
tantalum pentoxide were carfied out at 350°, by anzlogy
with the decomposition of the compound IrPg.Sel, . the
niobium and tantalum compounds could be formulated as
(NbF; ) ,SF, and (TaPFg),SP,. The molybdenum pentafluoride
adduct was prepared at 165° and analysed as MoFg.0.7SF,.
Presumably dissociation was incomplete at this temperatufe
and the product could have been a mixture of MoF;.SF, and
(MoFs ),S%, .  The complex MoF;oSF4 was prepared by the
reaction of molybdenum carbonyl with sulphur tetrafluoride
at room temperature. The adduct was formulated as a
pentavalent derivative of molybdenum as fluorination of
alkali-metal fluorides and molybdenum carbonyl with sulphur
tetrafluoride gave only pentavalent complexes {see Chapter

I1).
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Reaction of sulphur tetrafluoride with tetra-n-butvl tim.

A preliminary reaction of sulphur tetrafluoride with
tetra-n=hutyl tin at room temperature has shown that
one of the products is tri-n-butyl tin fluoride. The
other product was presumably n-butyl sulphur triflﬁoride
but this was not characterised. The driving force of the
reaction is the high stability of the 'tri-n==‘butyi tin
fluoride and this reaction should prove to be oné of a
whole series of reactions in which & metal or non-netal
flvuoride can be alkylated. Preliminary reaciiona = have
ghown this to be true, thus boron trifluoride rsacis with

tetraphenyl tin to give CgHgBFg.
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Preparation of platinous chloride.

Platinous chloride was prepared by reduction of
58
hexachloropletinic. acid with hydrazine dihydrochloride.

Preparation of sulphur tetrafluoride,

Sulphur tetrafluoridé was used directly from
cylinders of the gas which were kindly supplied by
E. I. du ant and de Nemours and Co. Inc. and Imperial
Chemical Industries Litd. Sulphur tetrafluoride was also
prepared from sodium fluvoride and sulphur dichloride in
refluxing acetonitrile’  end was stored in a cylinder.
In each experiment the sulphur tetrafluoride was

redistilled before use.

Metal carbonyls. Rickel and molybdenum carbonyls were
kindly supplied by Professor G. Wilkinson.
Reaction of sulphur tetrafluoride with platinous chloride.

Sulphur tetrafluoride was passed over platinous
chloride at 20° and the temperature of the reaction was
gradually raised over a period of one hour to 250°.

No reaction occurred between these temperatures and
sulphur tetrafluoride also failed to react with platinous
chloride in a stainleés steel bomb at 350°. It was

concluded from these reactions that sulphur tetraflueride
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does not react with platinous chloride.

Reactlon of sulphur tetrafluoride with nickel carbonvl.

Sulphur tetrafluoride was condensed on to a
gsolution of nickel carbonyl in sodium dried toluene.
The reactants were allowed t0 warm to =80° in an acetone-
dry ice bath when a yellow compeund was formed. While
the excess reactants were removed under vacuum at -80°,
the yellow compound gradually turned brown and finally
blacko A similar decomposition was obscrved when the

reactants were kept at =80° for periocds greater then

3

about 18 minutes. An infrared specorum of the black
golid in the sodium chloride region was completely bLiank

and it appearcd to be metallic nickel,

Ao

Reactsion of sulphur tetrafiuvoride with molvbdeanum carbonyl.

Sulphur tevrafluoride was pagsed -through a solution
of molybdenum carbonyl in sodium diried benmene. Thewre
was an immediate evolution of gas presumed to be carbon
monoxide and the solution became green in colour.

Removal of the solvent wnder vacuum gave gresn and hilack

s0lids. in Anfrared specirwn of These sellids showsd thaw

o
o
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ne carbonyl grouns.

Fa

Reaction of sulphur tedrafiluvoride with molybdonum

cerbonyl {resublimed) in 2z stainless steel bombh at 165°

L



overnight gave a yellow=brown solid. The compound was
extremely moisture sensitive and appeared td be a sulphur
tetrafluoride adduct of a molybdenum fluoride. As
mixtures of alkali-metal fluorides and molybdenum
carbonyl give pentavalent complexes with sulphur tetra-
fluoride the compound was formulated as MoFg.O0.59SF,.
Found: Mo,36.1; MoFy.0.695F, requires Mo,36.1%,

When a mixture of sulphur tetrafluoride and resublimed
molybdenum carbonyl was left for five days in a stainless
steel bomb the product obtained was a sulphur tetra-
fluoride adduct of molybdenum pentafluoride. Foundz

Mo,34.1; MoFg.SF, requires Mo,32.1%.

Reaction of sulphur tetrafluoride with niobium pentoxide.

A mixture of sulphur tetrafluoride and niobium
pentoxide which had previously been dried for three hours
at 150°, was heated in a stainless steel bomb overnight a®
380°, The white product which was vigorously
hydrolysed by water to give a colourless solution was a
sulphur tetrafluoride adduct of niobium pentafluoride.
Found: Nb,37.8; NbF5.0.54SF, requires Nb,37.8%.

Reaction of sulphur tetrafluoride with tantalum pentoxide.

Sulphur tetrafluoride and tantalum pentoxide (dried at 150°
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for 2 hours) were heated overnight in a stainless steel
bomb at 350°, The whiteé solid which was vigorously
hydrolysed by water to give a colourless solution was a
sulphur tetrafluoride adduct of tantalum pentafluoride.
Tound: Ta,56.8; TaFy.0.395F, requires Ta,56.8%

Reaction of sulphur tetrafluoride with tetra-n-butyl tin.

A mixture of sulphur tetrafluoride and tetra=-n-butyl
tin was sealed in a dry Carius tube. At Toom temperature
a white precipitate began to form slowly and overnight the
contents of the tube became soiido Excess sulphur
tetrafluoride was pumped off of the sticky dbrown solid and
the residue was extracted with hot methanol and filiered.
On cooling, white crystaels separated out which were
recrystallised from hot methanol and dried under vacuum.
The product was (C,Hg);SnF. TFounds GC,U8.5; H,9.2

Cy g Hy» S0P requires C,46.6%; H,8.8%.
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THE_PREPARATION OF COMPLEK PLUORIDES BY USE OF SULPHUR
AFLUORIDE AS FLUORINATING AGENT.

Complex fluorides have been known to exist for

many years and a number of methods are available for their
preparation. The first comﬁlexes to be isolated were
those obtained from é@ueous gsolution and'many of these
interfered in analytical work e.g. estimation of phosphate
in the presence ofAfluoride ion. Complex fluorides which
are insoluble or are not hydrolysed by water are eaéily
prepared in this manner using aqueous hydrofluoric acid.
Some complexes can be crystallised from aqueous hydro-
fluoric acid solution as hydrates e.g. K,TiF;.IH,O and
can be dehydrated either by warming or if decomposition
occurs by heating in a stream of gaseous hydrogen
fluoride. However, with the availability of fluorine
gas and énhydrous ﬁydrogeﬁ fluoride it is generally much
casier to use a dry method for the preparation of complex
fluorides.

In the present work a new method for the preparatlon
of compiex fluorides by the use of sulphur tetrafluoride

has been developed. However, before this is described in
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detaill a brief account ¢f the other more impoirtant methods
of preparation (some of which have been used in this woxk)
will be given t0 point out the limitations and advantages
of the particular method.

The use of elemental Ffluorine.

This method of preparing complex fluorides dy
fluorination of mixtures of metal halides at 200-400°
has been largely developed by Klemm and his comworkefsoaq
The reactlons are easily performed in nickel boats
contained in nickel tubes and isg the most powerful method
of all giving high velency metal fluorides. Thus
fluorinations of & mixture of 2 paris potessium chioxride
and 1 part nickel chloride gives K,NiF, = while
fluorination of a 1:1 mixture of potéssium chiloride and

v

&8
silver nitrate yields KigRF,. Silver(I), thailous and
as oxidation of the cation occurs, but the preparation of
alkali-metal, magnesium. calcium, strontium and barium

a0

salts is possible.

The uge of bromine trifluoride.
Besides being a very powerful fluorinating agent

bromine trifluoride is a good solvent for mefal fluoridse.
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The Liquid is a good conductor of electriclity (K =
1073 ohm™t cm. * at 25°9) and the following

40
mechanism ig postulated for the self ilonisation,

.J}.
RBrPy; = EBErlg + BrP,
Alkali-metal, silver, strontium and barium Lluorides
dissolve to give the bases IBxrF; while acid fluorides

puch as antimony pentafluoride give the acida BrF,.S5bhFg.

In bromine trifluoride th

o]

acids and basesg react giving

a complex fluoride according to the equation.
MBr®, 4+ Brd,.3bF; = HSLF, <+ ZBrE

The complex Flucrides are cesily prepared in silica

apvaratus and excess bromine irifiuvoride can be removed

under vacuum. Salts preparsd by this method are wot
SN . .
always purec. . Solvolysis occurs and there is

incomplete reactlion between acid and bhase and bromine

triflvoride is firmly bound t¢ the compound. Thug pure

o)

K, Til, dissolves in bromine twilfluoride and affer removal

a1
cf solvent yields a product X,TiFg;.1.1Bx¥.
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Aksll-metal, silver, barium and strontium
alts can be prepared with bromine trifluvoride dbut
thallous, ammcenium, magnesium snd calelum saltis are now

Diainable.



The use of iodine pentafluoride.

The preparation of complex fluorides using iodine
pentafluoride, which is a mild fluorinating agent, has
not been studled in great detail. It converts a
mixture of potassium fluoride and tungsten carbonyl into
the complexes K,WF; and K;WF; the nature of the product
depending on the amounts of the reactants usedods
Alkali-metal jodide-molybdenum carbonyl mixtures are
converted into Ine?:mf.‘luo:r-omol;;r'nda“i:e&s(V)'M by iodine
pentafluoride and potassium fluoride in icdine penta-
fluoride reacts with tungsten hexafluoride to give
K, WPy o

The use of selenium tetrafluoride.

The fluorinating action of selenium tetraflucride
has been little studied although it is reported that an
equimolar mixture of potassium fluoride and tungsten
trioxide gives a complex KWOF8047

Selenium tetrafluoride has been used as a solvent
for the preparation of complex fluorides, Alkali-metal,
silver, thallous, ammonium and barium fluorides are

soluble in selenium tetrafluoride giving the compounds

5 :
MSeT, ° and a mixture of thallous fluoride and ruthenium
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pentafluoride in selenium tetrafluoride gives the
complex TlRqunM As with bromine trifluoride
solvolysls occurs in preparations with selenium tetra-
fluoride and pure products are difficult to ob'&ai‘ngM

The use of hydrogen fluoride.

Anhydrous hydrogen fluoride is an excellent
solvent. Mixtures of alkali=metal, gilver, thallous,
magnesium, calcium or strontium fluorides with a Lewis
acid such as boron trifluoride im HP result in tho formation
of the appropriate complex fluoridecﬁa Presumably
ammonium fluoride is soluble in hydrogen fluoride and a
whole range of unknovm zmmonium salts could be prepared
in this solvent, Many complex fluorides of divalent
metal cations {e.g. Cu(lI), Mn{II)] can de preparedoa@
Hydrogen fluoride has the advantage that it is a
non-oxidative solvent and complex fluorides of a lower
oxidation state can be prepared. Regetlons can be
carried out in stainless steel bombs as there 1is no
attack on the metal provided moisture 1s excluded.
Potassium bifluoride is a convenlent source of

nydrogen fluoride at high temperatures and one application

of this reagent is the preparation of KQRGFG by heating a
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. 0,0
mlxture of potassivm bifluvoride and ammonium iodorhenate.

The vee of sulphur dioxide 88 a solvent.

The use of sulphur dioxide as a golvent Zor the

preparation of complex fluorides has been studlied

E}d
=
bt
o
!
i

&
0

Passage of boron trifluoride through a suspension o

- - - - E;g
flucride in liguid sulpbur dioxide gives AgBF,.

P
[
?..J.
?.-a
=y
&
3

Similarly AgPF, can be preparcd.

The iodide ionm in liquid sulpbur dioxide rcduces
the hexafluorides of molybdenum, tungsten and whenium end
in the presence of alkali-metal icdides complexzes of
Mo(V), W(V) and Re(¥) can be obtainsd. ° in the
presence 0L ¢xeess soGium iodide the complex WalMoPF, is

further veduced to NayMol;.

Flectrolvitic oxidation methodsg,

-

As water is electrolysed at high polenitlals the
possibilities of electrolytic oxidation in aguecous
solutlons are limiteds howaver, elecirolysis of a

suspension of manganous fiuoride in 40% agueous hydro-

Fluoric acid and addition.of potassium bifiuvoridce gives
64
B MnlFg o Al though mueh work has appearcd on the

sl

elecirolysis of organic compounds in anbydrous hydrogen

fiuvoride there seem o be nmo publications on the
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application of this method for the preparation of complex

43
fluorides.

Characterisation of complex‘fluorides°

Complex fluorides ére generally insoluble, highly
moisture sensiti&e compounds which do not sublime and
which cannot be crystallised from any solvents. Their
purification therefore presents a difficulty and the
choice of starting materials for the preparation of a
particular complex is very important.

X-way powder photography is a very useful technigue
for the charscterisation of complex fluorides. Most
‘complex fluorides have simple powder patterns and the
actual structure of a givean complex appears to be
determined mainly by geometrical considerations, ions
of similar sizes crystaliising in the same structural
type. Thus the structure of a compound which has not
been prepared previously can be predicted with a high
degree of certainty. In the present work all the
complex fluorides prepared have been characterised by
their X--ray powder patfern.

Recently55 infrared spectroscopy has been used as

a method of characterising complex fluorides. Stretching



frequencies of a number of complex fluorides have been
recorded so that information about structure and wvalency
may be obtained. The spectra are easily recorded in
nujol mulls which is satisfactory even for highly water
sensitive compounds.

Magnetic measurements of complex fluorides are
sometimes useful though this technique has not been used
at 2ll in this work., The use of guantitative
measurements of paramagnetic susceptibility for the
determination of oxidation states from the number of
unpaired electrons is not always relisble and this is
egpecially so for the heavier transition elements, among
which many factors beside oxidation state are important
in determining magnetic moments.

The uvse of sulphur tetrafluoride.

In the present work it has been found that by
using sulphur tetrafluoride it is possible to prepare
alkali-metal, ammonium, thallous and silver(I) fluoro-
borates, hexafluorosilicates, hexafluorogermanates,
hexafluorostannates, hexafluoroplumbates, hexafluoro-
phosphates, hexafluoroarsenates, hexafluorocantimonates,

hexafluorotitanates, hexafluoroniobates, hexafluoro-



37

tantalates, hexaflworomolybdates(V), hexafiuorotungstates(V)

and hexafluorouranates(IV).

(see Table V).

Preparation of binary fluorideg. with sulphur tetrafluoride,

Sulphur tetrafluoride is a versatile fluorinating

agent for the preparation of binary fluorides from

inorganic oxides and sulphides (Table III).

Table TIT

Reactlion of sulphur teitralfluoride with some inorganic

oxides or sulphides.

Reaction

Reactant Temperaiure Products

B, 05 89=179° BF, ST,

co,” 500° CF,, 8O%; CoF, ,10%

coP 500° CF,, 88%

Ge0, * 100-300° Gel, . 257,

snS, & 300° isolated as
SnF, . 2HC ONMe,

Pbo,© 1000 PbF, (+ trace PbO,)

¥o,° 200-300° N0, S0P,

PyOug” 100-250° POy

P,8:.0" 200-300° PF; + 8

Bi, 05 % 100-300° BiFg
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Reactant ngggﬁigir e Products

03c 300° no reaction

50, & 50-~150° SOF,

S0, 2 50-150° S,0,F,, SO,F,, SOF,

Se0, ® 100-240° SeF,

1,0, 2 60=150° IF

Ce0,® 100° CePg

110, * 500° isolated as
T1F, o 2HC OfMe,,

Nb, 0, & 350 ¥bF, . 0.545F,

Ta,, 05 & 3500 PaFy . 0. BOST,

Cro, 300° contains 57.1% Cr,
60.5% T

Mo(G0)4 & 1650 MoT, . 0, 69SF,

Mo 0, & 70-350° MoT'q

wo, ® 3500 WE,

1no, © 300-350° MnF, (+ %race MnO,)

Fesg @ 350° FeFy + S

Zns® 60° Znf, + S (+ trace Zu3)

Hgo® 150¢ HgP, + Hego

uo, »© 350° UF,

U0, &°° 100-200° UF,



Reaction

Reactant Temperature Products
Vo, F, & 400-425° UPg

U, 0, 8 300-435 UF, , UFq
UFg ° 500° UP, |
Puo,® 500° PuF,
PuF, ° 500¢ PuF,

Oprpegard, Smith, Muctterties and Englehardt,

T

J. Amer: Chem. Soc., 196C, 82, 38353 ° Fasek, Smith

c

and Englehardt, ibid, 1960, 82, 543; Smith and

=TI

Bngelhardt,ibid, 1960, 82, 3838; © Present works

¥ Johnson, Fischer and Steindler, J. Amexr., Chem. SoC.,

1961, 83, 1620,

This general reaction is characiterised by replacement
of the oxygen or sulphur to give the corrESponding

fluorides or ln some cases, the corresponding oxyfluorides

Coo
PyOip + 6SF, = 4POF, + 6S50F,

P,Syq + BSF, = 4PF, + 158



An exception to this class of reactions is the oxidation
of sulphur tetrafluoride to sulphur hexafluoride and
sulphur oxytetrafluoride by strong oxidising agents such
as nitrogen dioxide or chromium trioxidéoM

In contrast to the reactions of sulphur tetra-
fluoride with sulphides the Teaction with oxides generally
does not consume all of the fluorine bonded to the
sulphur and therefore the sulphide {luorination weuld
appear,at first glance, to be a superior reaction.
However, because a number of elements do not form
sulphides in the higher oxidation siate such fluorides
as iedine pentafluoride canno® be obtained by a sulphide
fluorination. £1s0 fluorination with sulphides result
in the product being contaminated with a large amount of
sulphur. This la*tter defect can be overcome by washing
the sulphur out with carbon disulphide but this is mot a
good procedure when highly hygroscopic fluorides are
being handled. The merits in the sulphide fluorination
lie in the complete utilization of the fluoride and the
observed fact that fluorination does not stop short of
complete replacement as it does dn the case of some oxides

€080 Pp054



The main disadvantage with a number of preparations
of binary fluorides with sulphur tetrafluoride is the
formation of sulphur tetrafluoride complexes e.g.
BF3oS5F; o However, a number of fluorides do not form
sulphur tetrafluoride Complexeslo @.8. SiF,, PFy, Sely,
IF; , MoFg, WFg;, UF, and UF; and these compounds can be

obtained pure,

Preparation of complex fluorides with sulphur tetra-

fluoride,

Sulphur tetrafluoride converts mixtures of alkali-
-=metal fiuorides and metal oxides, sulphides and
carbonyls into complexz filuorides (See Tadble V). Sulphur
tetrafluoride 1s a particularly convenient reagent since
the other product from the reaction with oxides is
thionyl fluoride which is volatile and there is no
golvolysis such as cccurs when other non-agueous
fluorinating solvents (bromine trifluoride, iodine
pentafluoride, selenium tetrafluoride etc.) are used.
Sulphur tetrafluoride alsc has the advantages that it
may be prepared without the usc of elementary fluorinesg
and that the reactants are not nccessarily oxidised o

the maximum valency state.



All sulphur tetrafluoride adducts are unstable in
the presence of basic fluorides: the fluoride ion is a
befter Lewis base than sulphur tetrafluoride. The
decomposition of SF,.BFg with potassium fluoride yields
potassium fluoroborate and has been suggested as a method
of preparing pure sulphur tetréfluorideo25

Preparation of alkali-metal salts.

Lithium sslts are easily prepared by use of sulphur

tetrafluoride. LiNbF; and LiTaFg; have been prepared
previously in bromine trifluoride by Cox57 but he was
unable to index these isomorphous salis. These compounda
have now been indexed and they are isomorphous with
NaOsFG50 which has a rhombohedral lattice. LiMoPg has
been prepared by fluorination of a 1:1 mixture of lithium
fluoride and molybdenum carbonyl. This also has the
NaOsF; structure.  Attempts to prepare LiWFg by
fluorination of various mixtures of lithivm fluoride and
tungsten carbonyl were unsuccessful.

-~

Sodium, potassium and caesium salts of complex

fluorides have been prepared with sulphur tetrafluorilde.
No rubidium salt has been isolated but there is no

Teason why salts of this metal could not be prepared.



Preparation of ammonium salts,

Pluorination of a 2:1 mixture of ammonium fluoride
and boric oxide with sulphur tetrafluoride at 1805 gave
ammonium fluoroborate. This is the first reported
method for the preparation of an ammonium sglt in which
a reasonably high temperaﬁure fluorinating method has
been used. Previousiy ammonium salts have been prepared
in aqueous hydrofluoric acid_or by the reaction of
ammonium fluofide with a metal bromide in anhydrous
methanolc59 Sulphur fteirafluoride reacts wiith ammonium
fluoride at 200° to give a mixture of volatlle and
involatile producis which have not been identified,
however, in the preéeparation of ammonium fluoroborate i+
appeared that there was no attack on the ammonium ion.
Few ammonium salté of pentavalent metal fluorides are
known and the preparéﬁion of these salts has been left
for a future study. The best meﬁhoé for preparing
ammonium salts will probably be to dissolve a mixture of
ammonium fluvoride and a metal fluoride in anhydrous
hydrogen fluoride and then remove the excess sgolvent

under vacuum,



Preparation of thallous salts.

Both fluorine and bromine trifluoride oxidise
thallium(I) to thallium(III)so that thallous salts cannot
be prepared with these reagents. Thallous fluoride is
soluble in selenium tetrafluoride and the compounds
TlRuFG24 and Cf.’}.Assl?‘ﬁlM have been prepared 1ln this solvent.
The products from the preparations involving selenium
tetrafluoride contain selenium tetrafluoride and tge use
of sulphur tetrafluoride is easily the best method for
preparing thallous salts. In the present work the new
compounds T1NbF; , TlTaF, and TlMoFg have besn prepared.
The ionic radii of the thallous ion is similar to that
of the rubidium ion and the above =alts are all

isomorphous with the corresponding rubidium salts.

Preparation of silver salts.

Attempts to prepare silver fluoride by fluorination
of silver oxide or sulphide with sulphur tetrafluoride at
various temperatures were only partly successful.

The reactions never went to completion and the products
were always a mixture of the starting material plus some
silver fluoride.

Similarly attempts to prepare silver fluoroborate by

fluorinating silver borate with sulphur tetrafluoride led



to products which were mixtures of silver borate and
silver fluoroborate. However, silver fluorohorate was
readily prepared bj fluorination of a 2:1 mixture of
gilver fluoride and boric oxide at 175°. Other salts
prepared were the previously unknown Ag,Ge¥; and

AglioFg o Both these compounds were soluble in ether,
benzene and toluene.

Preparation of calcium salis.

Calcium salts could not be prepared with sulphur
tetrafluoride. FTluorination of a 1l:1 mixture of calcium
fluoride and germanium dioxide gave CaF, plus GeF, .251,.
Presunably sulphur tetrafluoride is a stronger Lewis base
than calcium fluoride.

Preparation of hexafluorostannaies and hexafluoroplumbates.

IMuorination of a 2:1 mixture of either sodium
fluoride and stannic oxide or sodium fluoride and stannic
sulphide with sulphur tetrafluoride gave products which
had ldentical X-Ray powder pa%terms¢ The photographs
can be indexed on an orthorhombic unit cell (o = 405@9
b = 5,80, ¢ = 10.1). The compound from the oxide
fluorination analyses as Na,SnFy; and an infrared specirum

of the solid in nujol gives a baund at 552 cm. ! which
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is characteristic of the SnF;2~ anion.

Similarly fluorination of a 2:1 mixture of sodium
fluoride and lead dioxide gives a white solid which
rapidly becomes brown in moist air and gives a compound
which is isomorphous with NagSnF,{a = 4.55, b= 5.83,
¢ = 10.1) and analyses as Na,PbFg. Both these compounds
of previously unknown structure aré isomorphous with
NazPrFeso (a = 5,514, b = 3,97, ¢.= 11.57), NayReF; can
be indexed very satisfactorily on this oxrthorhombic cell
alfhough it has previously been regarded as teﬁragonaloﬁg

Preparation of fiuoromolvbdates(V) and fluorotungstates{V).

Most of the complexes resulting from the fluorinations
of mixtures of alkali-metal fluorides énd metal oxides an&
sulphides with sulphur tetrafluoride contain elements in
the same valency state as the starting materials.

However, fluorination of a 2:1 mixture of alkali metal
fluorides and molybdenum carbonyl, dioxide or disulphide
gave molybdenum(V) complexes and no tetravalent salts
were obtalned. It has previously been reportedio that
fluorination of molybdenum disulphide gives molybdenum
tetrafluoride which was characterised as its dimethyl

sulphoxide adduct. It is likely that the actual produét



from the fluorination of molybdenum disulphide is

MoFg .SF, (molybdenum tetrafluoride Wéuld most probably
form a 132 adduct with sulphur tetrafluoride) and that
this dissociates and disproportionates to MoF4 and MoFg
in solution with dimethyl sulphoxide. Similar dis-
proportionation occurs when molybdenum pentachloride forms
complexes with oxygen containing ligandsa61 The action
of sulphur tetrafluoride on a mizxture of alkali-metal
fluoride and tungsten carbonyl also gives pemtavalent
complexes, The infrared spectrum conflrmed that the
molybdenum and jungsten compounds were pentapositive.

Discussion of some of the X-ray wresulis.

A discussionaa of the occurrence of the structures
of potassium hexafluorogilicate (cubic), potassium
hexafluorogermanate (trigonal) and potassium hexafluoro-
manganate (hexagonal) among complex fluorides of the
formula A,BF; (where A is a large cation) has led %o
the conclusion that the distribdution is to a first
approximation random, and that the distribution of
structures cannot be satisfactorily interpreted solely
on radiug ratio effects. However, when A is a small
cation such as sodium,radius ratio effects do seem

important (sse Table IV).
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Table IV,

Struetures and jonic radil of Na,MivFg compounds,

Jonic crystal

Compound radii (&) & ‘ Structure
Na,SiFg > 0.41 H; a = 8.86, ¢ = 5,02
Na,GeP; & 0.53 H: A = 9.10, ¢ = 5.13
&
N%Ti}?g 0064 }13 a = 90219 c = 5015
a 3+ -
Na, MoF, 0:.66 (Mn" ") H; a = 9,03, ¢ = 5,15
Na, IxFg 0 .66 Hy a = 9,34, ¢ = 5,14
’ a 8%, R
Na, PtF, 0.83 (Pt" ) H; a = 9.41, ¢ = 5.16
Na, Sl ° 0. 71 03 a = 4,50, b = 5.80, ¢ = 10.1
Nap PP 0.84 0 a = 4,55, b = 5.83, ¢ = 10,1
Na,ReFg© 0.78 (Re®™) 05 a = 5,03, D = 5,81, ¢ = LO.%
Wa,Priy " 0.99 03 a2 = 5.54, b = 3,97, ¢ = 11,57
¥ ~Ra,UP, T .93 03 a = 5,56, b = 4,01, ¢ = 11.64

2 Gox, J., 1954, 32513 P Hepworth, Robinson and Westland,

© present works ¢ Asprey and Keenan,

J., 1958, 611
J. Inorg. Nucl. Chem., 19619 16, 260; £ Zachariasen9
J. Amer. Chem. Soc., 1948, 70, 2147;

H; hexagonal; O, orthorhombic; € jonic radii from
Kleinberg, Argersinger aund Griswold, " Inorganic

Chemistry' , Heath and Co., Boston,1960, p.75.
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Thug compounds which have a tetravalent metal ion whose
ionic radius ie less than about 0.70# crystallise with
a hexagonal structure. Na,ReF; has previously been
indezed on a tetragonal unit cell49 (a = 10,02, ¢ = 10.,14).
However, in the present work this compound has been found
to be isostructural with NagSnP, and NeaPbF; and has been
indexed on an orthorhombic unit cell, This latter
structure is to be preferred since it gives a much
smailer cell size for the compound.

| Rzdiue ratio effects also seem to be important in
the strucitures of thallous saltis. Thus the compounds
preparsed in the present work namely TlNbF,, TlTaFg; and
TIMoF, eve 211 isomorphous with TASHFe and T1AsF. |
These compounds all have rhombohedral deformed caesium
chloride structures and are isomorphous with barium
fluorosilicate. The only other known thallous sait of

. 64
the general formula ABF;, i.e. TIPF; , 1s cubic.
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Preparation of alkali—metal_fluorides.

"Lithium fluoride. Lithium fluoride was prepared from

" AnalaR" 40% hydrofluoric acid and " AnalaR" lithium
carbonate and was dried at 300° before use.

Sodium fluoride, " AnalaRY sodium fluoride was used

as supplied and was dried at 300° before use.

Potassium fluoride, Potassium fluoride was prepared

from ® AnalaR" 40% hydrofluoric acid and ' AnalaR"
potassium carbonate and was dried at 300° before use.

Caesgium fluoxride. Caesium fluoride was prepared from

" AnalaR' 40% hydrofluoric acid and caesium carbonate
and wag dried at 300G° before use.

Thallous fluoride, Thallous fluoride was prepared from

" AnalaR" 40% hydrofluoric acid and thallous carbonate and
was dried at 200° before use.

Ammonium fiuoride., ¢ fnalaR" ammonium fluoride was

used from a new bottle.

Silver fliuoride, Silver fluoride was prepared by the

4 68
method of Anderson, Bak and Hillebert. » pnalaR™ 40%
hydrofiuoric acid was added dropwise to § g. of silwver

carbonate in a platinum dish until the carbonate was
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neutralised. Any excess acid was removed by addition of
a slight excess of silver carbonate and the reaction was
completed by heating on a steam bath for half an hour.
The solution was evaporated to small bulk and was filtered
into 10 ml. of anhydrous methanol which was rapidly
poured into 300 mls., of sodium dried ether. When the
silver fluoride had settled the supernatant liquid was
decanted into another 300 mls. of dry ether and this
procedure of decantation and precipitation was repeated
untll no more silver fluoride was precipiﬁated, - The
beakers containing the ﬁiivér fluoride were placed im the
dry box as soon as was possible and the silver fluoride
was transferred to a flask. The lastvtraces of ether
were removed under vacuum at 60°, A golden yellow
product was obtained which was stored in the dry box and
was protected from light.

Preparation of metal oxides and sulphides.

Stannic sulphide, Stannic sulphide was prepared from

66
tin, sulphur and ammonium chloride.

Molybdenum dioxide. The molybdenum dioxide used was a

sample kimdly supplied by Mr. K. C. Moss. It was

prepared by reduction of molybdenum trioxide with hydrogen
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at 470 for 36 hours. The product was washed with
6NHC1, water, 6XNH,OH, water, acetone and dried at 130°,

Other metal oxides and sulphides. Niobium pentoxide,

tantalum pentoxide and molybdenum disulphide were kindly
supplied by Murexvand Co. Ltd, The other metal oxides
and sulphides were of ordinary reagent giéde and were
dried for 3 hours at 130°.

Metal ¢arbonvls, Chromium, molybdenum and tungsten

carbonyls were kindly supplied by Professor G. Wilkinson
and were resublimedéd before use.

Use of sulvhuxr tetrafiuvoride.

Sulphur tetrafluoride was used directly from cylinderxrs
of the gas which were kindly supplied by B. I. du Pont de

Nemours and Co. Inc. and Imperial Chemical Industries Ltd.

Al} reactlions in this work were carried out in a

gtainless steel bowmb which was not attacked by sulphur
tetrafiuoride even at itemperatures as high as 450°,
A few reactions were attempted in Carius tubes before a
bomb was available but these were unsatisfactory as the
pyrex glass was attacked, Fluorinations with sulphur
tetrafluoride can be carried out in a flow system ati

i0
atmospheirlic pressure. The apparatus can be consgtructed



of pyrex giass since only minor etching is said to occur
below 300° if the system is carefully dried and protected
from moisture. However, at about 350°, sulphur tetra-
fluoride attacks glass with the formation of SF,;.BFg, S

21
and ST,

Preparation of complex fluorides,

Alksli fluoride-metal oxide, sulphide or carbonyl
mixtures in various ratios (see Table V) were intimately
mixed in én agate mortar and were placed in a dry 15 mi.
atsinless steel bomb fitted with 2 valve which could
withstandé high pressures. Mixtures which contained
hygroscopic materials such as potassium fluoride or
silver fluoride were handled in a dry-box. The bomb
was evacuated, cooled in liquid nitrogen and an excess
of sulphur tetrafluoride was condensed into the bomb
which was subseqguently rocked and heated overnight.

The gaseous producte were pumped off and the solid
complexes were subsequently handled in the dry box.
A1l the s0lid products were analysed and resulis are

given in Table (V).



Table V.,

Preparation of complex fluorides with sulphur tetrafluoride.

Reactlon Solid Analysis (%)

Reactants Temnp, Products Found Calc.
2KF2:1B, 0, 200° KBF, BF, ,68.1 BP, ,69.0
2AgF 1B, Oy 175° AgBF, Ag ,54.5 Ag ,55.4
2NH,¥.1B,0;  180° N, BF, BF, ;83,6 BF, ,82.8
2NaF: 1510, 3500 Na,SiFg  Si,14.0 $1,14.8
2HalslGen, 3500 Na,GeF, Ge,30,1 Ge,31.2
2AgF31Ge0,  155°  Ag,GeFy  Ag,52.9 Ag,53.6
2WaFs1SnS, 350°  Na,SnF, ,S

2NaFs1Sn0, 3500 No,SnPy,  Sn,42.9 Sn,42.6
2WaF:1PbO, 350° . Ha,PbF;  PbH,56.0 Ph,56.4
2NaF21F, 5, 350° WaPP, ,8

2KF 2L A8, Oy 3500 KAST, AB,33,8 AS,32.9
SNaFs18D,0,  350° NaSbFg Sb,46.3 Sh,47.1
2NaF: T10, 350° Na, TiP,  Ti,22.9 Ti,23.1
2LiF:1N®, 05,  350° LilbFy Nb,43.6 Wb ,43.4
2NaF:1Nb,0,  950° NallbF, b ,39.8 Wb ,4004
2TIF:1Nb, 05  350° T1NDF, fb,23.1 b, 22.6
2LiF:1Ta, 0,  350° TiTal, 78,59, 3 Ta,59. 9
2NaF:lTa,0;  350° REUEYOR Ta., 56 L 75,560 9
2T1F:1Ta,0;  350° T1.Tal, T2, 366 Tep 360 2
1LiFsilo(C0), 165°  LiMoF,  Mo,d4,5 Mo,44., 2
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- Reaction Solid Analysis (%)
Reactants Temp . Products Found Calc,
ZNaF:IMO(COL 200° NaMoFg ;NaF Mo,34.1 Mo,34.9

2NaF:1Mo0, 250° NaoMoF, ,NaPF
2NalFs:1MoS, 400° NalloF; ,NaP

MoS, ,5
1CsF:1Mo(C0)s 200°  CsMoF, Mo,29.5 Mo, 28, 0
1T1F:1Mo(C0) 165° T1MoFg Mo, 24,0 Mo,23.2
1AgF:1Mo(C0), 155° AgMoF, Ag,33.8 Ag,33.9
2NaF:1W(CO0)s 20C° NaWFg ,NaF W,50.1 W,50.7
1CsP:1W(CO)g 200° CsWF, W,41.9 W,42,7
2NaFs1U0, 350° . Na,UF, U,60.1 U,59.8

Reaction of sulphur tetrafluoride with a 1:1 mixture of
Cal', and GeO, a% 250° gave a product which fumed in the
dry box. This was clearly a mixture of CaF, and

GeF, « 2SF, .

X<Ray powderlphotographs of all the complexes
prepared sealed.in Lindemann glass capillaries were taken
with Cu-Ka or Co-EKa radiation. The Lindemann glass
caplllaries were filled in a dry box and were sealed
with warm picein wax. Measured values of sin®8 were
compared with values obtained from lattice constants

recorded in the literature for known compounde.



o
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The X-ray data is recorded at the end of this chapter.

No data is recorded for Ag,@ely; or AgMoF; as the products
were not crystalline and gave blank photos. The photo
of Na,UF, was very complicated and indicated that a
number of'phases were present. Na,ReF; was re-indexed
from sin® @ wvalues kindly supplied by Dr. R. D. Peacock.

Reaction of sulphur tetrafluoride with silver oxide and

sulphide.

Reaction of sulphur tetrafluoride with either silver
oxide or éulphide at temperatu:es of 200 and 350°, in
each case yieldéd a product part of which was soluble in
water. Evidence for solubility was obtained by
precipitation of AgCl by addition of 2Z2NHCI to the solution.

Reaction of sulphur ftetrafiuvoride with silver borate.

Sulphur tetrafluoride and silver borate were hneated
in a Carius tube overnight at 140°, The product was
partly soluble in water and an X-ray photo indicated that
gsome gilver fluoroborate was present.

Reaction of suiphur tetrafjvoride with uranium dioxide.

Sulphur tetrafluvoride fluorinated uranium dloxlde a%

350° to give UP,. Tounds U,%5.1, UF, requives U,75.8%.
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Solubility of silver saits.

The compounds Ag,GeF; and AgMoF; were soluble in
etler, benzene and toluene. Evidence for solubility
was obtained by the addition of 2WHCL to a clear solution
of the compound. A white precipitate of silver chloride
indicated that silver ions were in solutién° Pur ther
evidence for the solubiliiy of Ag,GeFy; in ether was
obtained by the formation of a yellow precipiltate when
trityl chloride in ether was added to an ether solution
of Ag,Gels . This yellow precipitate is characteristic
of the formation of a triphenylmethyilcarbonium salto67

The yellow compound was not¢ isolated and analysed.

It may have been either (PhyC),Gel'y or Ph;C.GeFg.
Table VI,

The infrared spectra data of some complex fluorides.

Compound Abzorption : Lit, valt.xe‘a,,[m
Na,SnPe 552 cm, ! 552 cm. *
LiNbP, 578 580

LiTalg . 577 580

LiMorF, 625 623

NalfoF, 626 823

NaWF, 597 594




Jorey dpla fox KBPF..

Cu=Ko radlation.

Intensity a(s ) 8in®C(obs.) (h.k.1l) sin®elcalc.)
w 3.82 0.0l405 200 0.0387
) 3.385 0.0518 201 0,0l196

102 0,053
m 3.23hL 0.0567 21.0 0.0571
s 3.039 0.06l3 012 0. 0622
B 2.785 C. 0759 020 0.0737
m 2,455 0,0999 301 0:0980

003 0.0985

212 0,0999
m 2.305 C.1116 220 0,112l
8 2,190 0.1237 221 0.1233
8 2,070 05138} 203 0,137
n 1,998 0,185 312 0.1492
v 1,922 C.160l 320 0.1607
w 1.807 0,181l 123 0.1818
w 1,756 0.1923 O1ly 0,1935
m 1.583 0.2367 b2l 0,239
w 1.5h3 C.2L490 232 0.2h32

o2k, 0.2u87



dntensity

8 H

mw

mw

Crystal Symmetry:

Iattice constants:

a (&

10509

1,388
1,360
l%31h
1.291
l.23h
1,196

1.174

1,162
1.138

g2in®8{ohs.)

Orfhorhombio
a= T84 ¢

0.2602

0.3081
0. 3206
003k 3l
0.3553
0.389L
C.L2h8

C.1307

0. L399k
0. L5580

LeR

(olal)

323
510
30L
Ol
130
2l
125
602

b = 5,604;

59

gin®e(cale.])

0.2592
0.2602
0.2621
0.3057
0. 3205
0,313
0,3569
0.3919
0.1:139
0.1168
0,282
01319
0.4393
0. 1,401

a = T.378 .
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X=ray data for AgBF..

Co X-=a radiation.

Intensity d(£) gin?6 {obs ) {h.k.1) sin”6(calec.)

m h.136 0.0168 - .
w I, 021 0. 0495 200 0,0519
m 3,675 0.0591 002 0.0616
W 3,451 - 0671 201 0.0689
w 3,349 0.0713 201 0.0689
8 3.205 0.0779 102 0.0753
m 3,093 0.0836 - .
8 2. 69k 0.0956 211 0.0950
m 2,668 0.1120 - -
m 2,64l 0.1143 202 0.1157
v 2,502 0.1273 - -
e 2.32L 0.1L79 310 0,160
m . 2.216 0.1627 317, 0.1616
o 2,158 0.17L6 223 0.1732
8 2.10L 0.1806 122 0.1.8€0
2,013 0,196l - -
2,001 0.1995 - -

8 1.955 0.2090 312 0.208N



;gxenslgx dgﬁﬂ
m 1,939
m 1.889
vw 1.856
vw 1.812

Crystal Symmetry:
Iattice constants:

61

8in®6(obs.)  (h.Xk.1) sin®0(cale.)

0.2125 oo 0.2131
0.2236 320 0.2242
0.2324 030 0.23146
0.2436 023 0.21h8
O:r‘i:lnoJchom.b:i.«:M‘a

a= T.75683 b=5.5: ¢c= 7,164
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Cu=Ka radiation.

Intensity 4.(£) sin®0{obs.) (hokol) egin®o{calcg,)

m 5.68 0.0183 010 0.018L.
101 0.0189

5 5,189 0.0295 011 0.0298
200 0,0301

ms 3.860 0.0392 111 0.0373
201 0,015

m 3.661 0.0443 002 0.0u57
8 3.551 0.0l470 210 0.0L85
W 3,392 0.,0516 102 0.0532
8 3,185 0,058k 211 0.0599
8 2.910 0.,0700 300 0,0676
112 0.07%6

! 2.833 0,0740 112 0,0716
0,0740 020 0.0736

202 0.0757

8 2.539 0,0920 121 0.0926
212 0,092

W 2.1407 0.1.023 003 0.,1028

220 0,1037
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Intensity 4(£)  sinP9(obs.) (hok.1l) sin®0(eale,)
g 2,332 0,1090 103 0,1103
n 2,289 0,1131 302 0,1133
m 2,233 0.1189 022 0,1193
B 2,169 0,1261 122 0,1268
w 2,107 . 0.1336 203 0.1328
o 2,007 0,172 222 0,119
e 1,886 0.1663 030 0.1657

ho2 0,1659
m 1.813 0.1803 00k 0.1827
m 1,719 0,2008 501 0.1993
o1k 0,2011
w 1,678 0.2107 20k 0.2128
8 1.65. 0,217k 511 0.2177

: Lea,140
Crystal Symmetry: Orthorhombic

Tattice constants: & = 8,894 ; b =5.680; ¢ = 7.2,
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X=ray _data for Na,SiFa.
Cu-Ka radiation.

Intensity 4(£) sin®s(obs.) (bok,1) s8in®6(ealec,)

m . 180 0.0296 110 0.0303
8 o251, 0.0328 101 0.0337
8 3,351 0.0528 111 0.0539
8 3.072 0. 0629 201 0,060
8 2.919 0,0696 210 0.0707
W 2.522 0.0932 211 0,093
002 0,09hLls

m 2,200 0.2132 301 0.1145
B 2,21l 0.121.0 220 - 0.1.212
w 2,119 0.1321 310 0.1313
w 2.03h 0.1k33 221 0,21 118
1,963 0.1536 311 " 0.15L9

m 1,906 0,1632 100 0,1616
| 212 0.1651

m 1.777 0,1876 101 0.1852
302 0.1853

) 1,665 0.2138 003 0.21.21
321 0.2155

220 0,21.56
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Intensity 4{&) sin®6(obs.) (hok.1l) sinPelgale.)

W 1,626 0.22110 103 0.2225
312 0.2257

8 1,595 0023l W1 0.2357
m 1.527 0.2541 203 0.2528
Loz 0.2560

a 1.476 0.2720 330 0:.2727%
w 1.453 0.2810 120 0.2828
10396 0. 30149 303 0.3033

L2 00 306k

151
Crystal Symmet%ry: Hexagonsl

Iattice constants: = = 8,868 ; ¢ = 5,028 ,
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Z=ray data for Ne GeFs.

Cu=Xa radiation. :

Intensity A{L) sin®e{obs.) (poks1) @igaegcalgg)

8 hoShl 0.0288 110 0,0287
8 L.280 0.0324 101 0,322
B 3.392 0.0516 111 0,0513
8 3.108 0,061l 201 0. 0508
n 2,619 0,0866 300 0, 0860
g 2,560 0.0905 002 0,090l
8 2.327 0,1095 30L 0.1.086
w 2,268 0.1151 220 OolllL?
w 2,140 0.1290 202 0.1286
w 2.067 0.1389 221 0.1373
W 1,999 0.1483 311 0,1h69
W 1,929 0,1593 212 0.1573
g 1.825 0.1780 1O 0,1756
202 0,176l
g 1.693 - 2068 222 0,205
w 1,650 0.2165 312 0,247
1.628 0,226, L 0.2234
w 1.558 0,2410 203 0-24416

ho2 0.2L.3h
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Intengity A(&)  gin®8{obs.) (h:ks1l)  2in®6(ealec.)

m 1,506 0.2613 501 0.2616
m Loly72 0.2735 g2 0.2720
1.419 0,2940 510 0.296l

133
Crystal Symmetry : Hexagonal

Lattice constants ¢ & = 9.108° 3 ¢ = 5,138 .
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%-ray _dats for NesSnPF. (2NaF:1SnS.

LSFA) .

Cu=Ka radiation.

Intensity 4(&£) ain®e(obs.) (h.k.1) gin®9(eale,)

10 5,079 0,0230 011 0.0236
002 0.0236

9 Iy 189 0.0295 100 0.0293
9 3.561 0.0L69 110 0. 01470
I 2,899 0.0707 112 0.0706
020 0,0707

03  0,0707

2,782 0.0768 021 0.0766

2 2.513 0. 091y, 022 0,092
| 00l 0.09k2

3 2.1,36 0,1000 120 0,1000
113 0,1000

3 2,240 0.1175 200 0.117k
3 2,191 0.1238 201 1 0.1233
122 0.1236

10 0,1236

023 0.1237

2 2,082 0.1111 211 0.14309
202 10,1409

llu 0,1123
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Intensity a(£) sin?c(obs,) (huk,l) sin®6(cale.)

9 1,669 0,170 203 0,170k
7 1.780 0,1875 220 0.1880
213 0.1880
130 0,188
7 1,679 0,2107 222 0,2116
20k 0.2116
1,590 0.2351 = =
8 1.528 0.2580 116 0.2591
8 1.502 0.2633 300 0.26h1
205 02646
2 1,453 0.2813 310 0.2817
1.399 0.3037 312 0,3053
2 1,383 0.3106 iyo 0. 3121
A 126 0.312%
5 1,347 0.3276 233 0. 329}
206 00329&
5 1,291 0.3568 322 03583
30k 03583
3 1. 261 0.3738 31k 0.3760
2 1,223 0.3972 - -
3 L.21L 0.4.032 — = -
2 1,189 0. 1420k - -
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Intengity d{&) sin®e(obs,) (bakol) in?Q(eale,

2 1.158 0. 141,28 050 0.L428
2 1,150 0.14492 051 0.lh76
| 037 0. i1y 76

028 0.4l 76

2 1.128 0. 467 052 0.4653
10O 01169k

2 1.098 0.14928 11 0.14930
1102 04930

1 1,047 0.5120 120 0,540
h13 0.5401

1 1,031 0.5568 250 0.5591
7 1.005 0.5880 00,10 0.5890
055 0.5890

1 0,989 0.6076 01,10 0.,6067
. 0,971 0.6299 30 0.6285

Crystal Symmetry : Orthorhombilc
Iattice constants : & = U508 ¢ b = 5,808°: C = 20.1& .
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X=ray deta for Ne,PbFs.
Cu=Ka radiation.

Tntensity 4L £in®?s{obs.) (hok,l) sin®e{ecalc.)

8 5,036 0,023 011 0,023
002 0,0235

7 I. 1178 0,0296 100 0.0287
3.537 0.0475 110 0,062

3.355 0.0528 111 0.0521

102 0,0522

8 2.916 0. 0699 112 0,0697
020 0,0699

013 0,070k

6 2.820 0.07h8 021 0.0758
2 2.533 0,0926 - 022 0,093}
2 2.h63 0,0986 120 0.0986
113 0,0991

2,270 0,115l 200 0.11L9

2,210 0,1216 201 0,1208

10 2.078 0.137L 211 0,1382
202 0.136L

9 1.890 0,1663 015 0,165

203 0,1678



Intensity &4 )
5 1,796
8 1,770
6 1,695
2 1.671
by 1,606
5 1,505
7 1.519
5 l.b72
3 1.h22
3 1,109
Iy 1,39
6 1o 36k
6 - 1.3h8
6 1.317
5 10306
L 1,287
2 1,270
3 1,239
2 1..225
2 10212

2in”e(obg.)

0.1842
0.1898
0.2070
0,21.28
0.2308
0.21489
0.2576
0.27h2
0.22h1
0.2991
0. 3050

0. 3393
0,3268
0.3L25
0. 3485
0, 3585
0. 3684
0,387h.
C. 3958
0. Lokl

(hokal)
220
223
222
006
OLé
03L
116
230
232
332
035

=3
i

01848
0,1906
0.2083
0.2127

0.2292

0.2956.
0,2995
0,3042
0. 3056
0.3168
0.3266
0, 3kl
0.3580
0.3689
0.3867
0o 3961,
0.4050
0.4055
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Intensgity 4L ) gin%9(cbs.) (hoXol) sin26(cele,)

5 1,201 0,4220 - -
L 1,174 0.k31h - -
5 1.163 0.14396 332 0.14392

Crystal Symmetry : Orthorhombic
Iattice constants : a = 4,558 : b= 5.838; ¢ = 10,14°.



F=ray data for NaPF..

Cu=Ka raediation.

Intensity

8

w

Crystal Symmetxy 32
Iattice constant

holi2h
3.83L
2.69L,

- 2.,626

2.290
2.113
1,904
1.722
1,700
1.55h
1.465

1o34h
1.268

1,202

8in®6(obes).

0,030l
0. 04Ol
0,0817
0.0861
0,1131
G.1330
0.2.63L
0,200L
0,2051
0.2455
0.2763

0. 3286
0.3691

0.141106

: = 7.608 .

(hakal)

111
200
220

=

311
oo .
331
420
h22
333
511
410
600

Lh2
620

Cubic (face centred)

Th

sin®0(cale.)

0,0308
0.0L10
0,0821

=2

0,1129
0.16h2
00,1949
0.2052
0.2462
0.2770
0.2770
0,3283
0, 3694
0,369k
0.L20h

67,180
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X-ray data for KAsFa.

Cu~Ka radistion.

Intensity d{(£) gin®e(obs.) (hak,1l) sin?9(ecale.)

m I, 808 0.0257 101 0.0260
m 3,691 0.0436 110 0,04140
w 3,182 0. 0586 - =
w 3,076 0.0627 102 0.0600
w 2,87l 0,0718 201 0.0699
v 2.638 0,0852 - -
w 2,341 0.1082 202 0,1039
w 2,015 0,100l - -
v 1.836 0,1756 220 0,1758
vw 1.812 0.1806 - -
VW 1,660 0.2147 - -
v 1.597 0,232l 303 0.2339
e 1,551 0,21466 101 0.2457
W 1. 456 0.2797 o2 0.2798
vw 1.1430 0,2898 321 0,2897
W 1,355 0,3231 322 0.3237
ST,16%

Crystal Symmetry : RhombohedzXal
Isattice constants & a = 1,928 3 a = 97.2°%,
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Z=xay date of NaSbFa.

Cu=Ka radiation.

Intengity d(&) sin®@(obs,) (h,Xk.1) 8in?6(ecale.)

B Iy, 706 0.0268 113 0,0266
8 I, 086 0.0355 200 0.0355
m 2,897 0,0707 220 0,0709
n 2,170 0,0972 311 0.0976
m 2,0kl 0,1419 100 0,1419
w 1.872 0.1692 331 0,1685
m 1,826 0.1778 120 0.1774
n 1.677 0.2110 L2 0,2128
m 1.57h 0.2392 333 0,239L.
511 0,239

n 1,hh2 0.2850 Who 0.2838
m 1.385 0.3093 531 0. 3104
1. 36k 0.3186 600 0,3193

L2 0.3193

W 1.292 0.3550 620 0. 3517

A48
Crystal Symmetry : Cubic (face centred)

Iattice constant: & = 8§.18£,



X=ray data for Na TiFa.

Cu-Ke¢ radiation-

Iptemsity d(#)  pin®9(obs.)  (hakal)  sin®@(cale.)

w h.951 0.02L2 001 0.022h
m l. 60l 0,0280 110 0,0280
m 1.296 0.0322 101 0,0317
n 3.1431 0,0503 - 111 0,050l
n 3.1hs 0.0599 201 0.0597
w 2,597 0.0880 211 0.0877
002 0,0896

2,356 0,1068 301 0,106h

m 1,839 0,1751 302 0.1773
n 1,717 0.2012 321 0.2016
003 0,2016

w 1,600, 0.2193 b1 0,2183
1.529 0.2535 330 0.2519

501 0.2557

w 1.480 0,2705 332 0.27hly
1,437 0.2867 112 0,2855

303 0.2856

183
Crysval Symmetxry : Hexagonal

Iattice constants : & = 9,218 3 e = 5,154 &



Sd=ray data for LiNbFa.

Cu~=Ka radiation.

Intensity d(£) sin®9{obs.) (hoko1) gin®0(calc.)

m by 561 0. 0286 003 0.0290
ve Ito 346 0.0315 301 0,0312
ve 3.818 0. 01405 102 0,009
n 3443 0.0793 10l 0.0796
me 2,657 0.08140 110 0.0810
e 2,130 0,100l - -
m 2.338 0.1085 105 0.1086
ve 2,290 0,2131 113 0.1130
w . 2.182 0.12l46 202 0.12L9
- 1,987 0.1502 - -
a 1.903 0.1637 200, 00,1636
e 1,840 0.1743 - -
w 1,781 0.1862 107 0.1860
w  1.755 0.1928 208 0.1926
va 1,722 0.1999 211 0.1992
116 0.2001.
me 1,685 0,2089 212 0.2089
w 1590 0.23L0 208 0,233

i} 1.5h5 0,282 21 0,276
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Intensity d(£) gin?c(obs.) (h.k.1)  sin?e(ealc,)

m 1.532 0.2526 300 0,2520
™ 1,509 0. 2602 009 0.2611
w 1,481 0.,2702 | 207 0,2700
n 1,463 0,2769 215 0.2766
W 1,452 0.,2813 303 0.2810
n 1,364 0.3186 208 0.3183
w 1.327 0.3366 220 0.3360
m 1.309 0. 3h58 119 oOBusl
m 1,296 0.3526 10,10 0. 350l

217 0. 3510
n 1.275 0. 3669 311 0,3672
m 1.253 0.3773 312 0. 3769
7 1,215 0.4021 218 0,4023
v 1,192 0.14169 31L 0.}4156

001,21 0.4381
m 1.155 0.6 315 0.kl
ey 1.1h45 0,522 226 0.14521
vy 1,133 0. 14626 20,10 0. 11621y
W 1,088 0.5010 20,11 0.5021

Crystal Symmetry : Rhombohedral
Lattice constants : & = 5.47£ 35 a = 58.2°%,



X=rav date for NaWNbF..

Cu~Ke radiation.

Intensity

8

8

u B B8 g

4

af{f)

ho731
..2.28
3.072
2,91k

2.1189

2,059
1.879
1,811
1.68h
1.569

1,456
10394
1373

1,305
1,259
1,191
1.154

gin®6(obs.)

0, 0265
0.0348
0,0629
0, 0699
0.0958
0.1.399
0.1661
0.1749
0.2092
002407

0.2797
0, 3051

0.3143

0,3482

0,37h2

0. 4172
0-Ll53

(hoksed)

111
200
220
311

LoO

331
420
haa
333
511
Lo
531
600

620
533

711
551

80

gin?e(cele;)

0,0262
0.0350
0,0699
0.0362
0.1399
0.,1661
0,178
0.2098
0,2360
0,2360
0.2797
0,3060
0.3147
0.31L.7
03497
0,3759
0.143.96
0. 4358
0. L1586
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Intensity d(A) gin®0(obs,) (hsk.1) ain®e(cale.)

s 1,143 0.4538 6140 0.1516
w 1,102 0.14,883 6L2 0.14896
o 1.073 0.51149 553 0.5158

731 0.5158

87
Crystel Symmetry : Cubic (face centred)
Izttice constant : a = 8,274 ,



o
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X=ray data for TilbPF..

Cu—Ka radistion.

Totensity 4l{&) gip?6{obs,) (h.k.1) sin®c{cale.)
8 3.782 0o Olulhy 110 0,04C6
g 3,385 0.0518 102 0,052
TVwW 2,60l 0.0818 003 0.0867
i 2.537 0.0921 202 0.0927
m 2,378 0,10i8 213 0,10kl
m 2.202 0.1223 300 0.121.8
o 2,112 0.1331 212 0,1332
ne 1,903 0.1636 220 0,162k
me 1. 706 0.2037 = -

m 10665 0,2136 212 00220ty
v 1,558 0.2L4L0 - =

m 1.529 0.2533 105 0.25hl
o 1. hhh 0,282 110 0,281
n 1.428 0. 2916 205 0,2950
i 1.3h9 0. 3257 - -
Vi 1.27k 0.365% 330 0. 3653
o 1.256 0.3759 502 0, 3768
w o 1..209 0.4055 =

w 1,319k 0.1425¢% 315 0. h168



Tntensity d(A°%) zin>6(obs,)

n 1,139
W 1.108
w 1,091
w 1.062
v 1,052
W 1.02%
o 0,9798
mey 0.9571L

Crystal Symmetry :

Iattice constants : a = 5.,138° 3

0.h569
0.14857
0.119683
0.5262
0.5366
0.5686
0.6179
0. 6477

Rhombohedral

83

(hok.1) ain”8{cale.)
hos 0. L57h
107 0. 4857
325 0.14980
207 0052§3
217 0.5669
425 0.6197
3%17 0.&h81

a = 96.4°,
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X=ray data for LiTaFa..

Cu=Ka radiation.

Intensity 4(&) sin®e{obs.) (hoXk.2) sin®6(calc.)
| .515 0.0291 003 0.0290
v b 33L 0.0316 101 0,0312
vs 3.811 0.01406 102 0,009
m 2,731 0,0796 10k 0,0796
m 2,652 0.08k3 110 0,080
m 2,333 0.1089 105 0.1086
B 2.290 0.1131 113 0,1130
w 2,262 0.1159 201 0,1152
| 006 0,1161
w 2,281 0.1248 202 0.1249
8 1,903 0.1636 204 0,1636
v 1. 787 0.1857 107 0,1860
w 1. 756 0.1925 205 0.1926
8 1. 72h. 0.1997 211 0,1992
116 0,2001
m 1,681, 0.2092 212 0.2089
w 1.591 0.2337 108 0.2343
% 1,547 0,2L78 214 0,2L76
mw 1.531 0.2529 300 0,2520

v 1.510 0,2599 - =
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Intensity dlA’) sin®0fobs.) (baks1) sin20(cale.)

w 1,183 0.2695 207 0.2700
w 1,146l 0.2766 215 0.2766
w 1.45) 0.2803 303 0,2810
w 1.366 0,3178 208 0.3183
w 1,327 0. 3366 220 0. 3360
w 1.312 0,3l 119 0.3451
w 1,293 0,3541 217 0,35L0
m 1.270 0. 3670 311 0.3672
mw 1.253 0, 3773 312 0, 3769
nw 1.215 0,401 218 0.4023
mw 1.193 0.1,1.65 31h 0,156
vw 1,170 0.14330 20,10 0. l3hh
w 115k 0. Lylh8 315 0.L4li6
w 1.1hs 0.14522 226 0.4521
w 1.134 0.1615 102 0,14609
W 1.089 0,5003 L0k, 0.14996

Crystal Symmetry : Rhombohedral
Iattice constants : & = 5,47 §a=5802°°
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Z=ray data for NaTaFg.
Cu=Ka radiation.

Intepsity 4(2°) pince(ovs.) (hok,l) gin®e(ecalc,)

8 4.692 0.0269 111 0,0263

8 lto 065 0,0358 200 0,0351
B 2.897 0,0707 220 0.0702
8 2,474 0. 0969 311 0.0965
2.053 0,1407 100 0.1L0k
m 1.887 0.1666 331 0.1667
8 1.838 0,1751 120 0.1755
8 1,680 0.2101 ha2 0.2106
3 1,586 0.2358 333 0.2369

511 0.2369
8 1.457 0,279k 140 0.2808
8 139 0. 3052 531 0, 3071
5 1.373 0.31h.3 600 0. 3159

2 0, 3159
m 1.30h, 0.3490 620 0,350
w 1.258 0,377 533 0.3757
8 1.2.90 0.1443.80 Lulydy 0.14200

8%
Crystal Symmetry : Cubic {face Centred)
Iattice constant : a = 8.264° .



X=ray data for TlTaRg.
Cu=Ka radiation.

Intepsity A(°)
8 3?80u
8 3,410
ms 2.5L7
m 2,207
8 20116
8 1.911
w 1,711
m 1.667
i 1.560
ity 1.560
mw 1.hhé
mw 1.h21
W 1.35h
W 1,332
m 1.275
m 10259
w 1.206
W 1,196
m 1.1h2

gin?e(obs.) (Baka1)

0.0h1.0
0.0510
0,091k
0,1217
0-1328%
0,162
0.2026
0.2132
0021436
0:2532
0.2832
0.2933
0.3232
0.3339
003642
0-37h2
014075
0. lially
Ooh5L9

110
102
202
300
122
220

oo

312
105
410
205
215
330
502
32l
315
LO5

87

8in®8(calc,)
0,040k
0, 0518
0.0922
C.1212
0.1326
0,1616

-

0,2130h
0,2530
0.2829
0.293L

=

0.3338
0.3637
0.375L
01092
0.L2h6é
01550
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Intensity d(&) gin®6(obs.) (hok,1l) ein2@(calc.)

ww 1.105 0.4857 600 0.4849
W 1,096 0,490 325 0. 4954
w 1,06l 0.52lh 207 0.5233
- 1,051  0.5380 L32 0.5367
w 1,02k 05651 217 0.5637
mw 00,9858 0.5936 = =
o 0.9588 0.6h53 317 0.6UhS
10l 0. 61166

Crystal Symmetry : Rhombohedral
Orthorhombic: & = 5,144° , a = 96.4°%,



Z=ray dats for TiMoF..

Cu=Ka radiation.

Intensity 4(A)

38

8

3 2

@2

4

g B 4 g e |

4561
3.680
3,750
3,125
3.07h
2,720
2,60,
2,330
2,251
2,139
2,010
1,868
1.782
1-731
1.708
1,686
1,650
1.588
1.522
1.500

8in”0(obs.)

0.0285
0,032
0.0h21
0.0608
0.0628
0,0802
0.0875
0.1092
0,1167
0,1296
0.1h66
0,1698
0.1867
0.1980
0.2033
0,2087
0.21.76
0.2348
0.2559
0.2633

(h.ko1)

003
101
102

=)

e

10k
110
105
113
202

I

201
107
205
116
211
212
1.08
21l
300

89

m&@;l()c)
00,0288
0,0328
0,021

=

o

0.0805
0.0880
0,1093
0,1168
0.1.30L
0.1685
0.1861
0.1973
0.,2032
0,2085
0.2181
0.23U1
0.2565
0.2610
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Intensity 4l&) sin®6(obs.)  (h.k.l) sin®8(calc.)

m 1.169 0,2748 207 0.2741
m 1.1 0.2851 215 0.2853
m 1ols21 0.2933 303 0.2928
D 1,385l 0,323l 208 0,3221
me 1.303 0.3495 119 0. 3472
n 1.277 0.3632 .17 0, 3621
m 1.245 0.2826 223 0. 3808

| 311 0.3842
n 1,227 043941 312 0,391
w 1.202 0.0y 218 0. 4101

Crystal Symmetiy : Rhombohedral
Iattice constants : & = 5.hhd’ , a = 57.0°%,



X=ray_data for NaMoF.(2NaF:1Mo(GO) «/SFs).

Cu~Ke radiation.

Intensity af(s)

8

It 792
L..128
2,91l
2,767
2.4.78
2,036
1.996
1,836
1.739
1.680
1.65k
1,581

lohh.?'

1,383
1.365

1.292
To2l7

8in20({obs.)

0,0258
0.03L8
0,0699
C.0776
0.0966
0.1430
0.1487
0.1756
0.1962
0,2102
0.2165
0.2373

0.2827
0.,3101
0,31.81

0.3548
0,381k

(hak.1)

111
200
220

311
1,00

=

120

(3

22

o

333
511
110
531
600

620
533

21

sin®@(calc,)
00,0266

0.0355
0,0710
0.0977
O.1h21

0.1776

=

0.2131
0,2397
00,2397
0.28L1
0,3108
0,3196
0.31.96
0.3552
0. 3818
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Intensity 4(f) gsin®6(oba.) (hok.d) sin®e(ealc.)

w 1,233 0.3900 622 0.3907
- 1,185 0,4225 lly 0.4262
a 1.086 0.1515 m 0.1i528

551 0.4528

123
Crystal Symmetry : Cubic (face centred)

Tattice constant : a = 8,208 .
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Cu=Ke¢ radiation.

Intensity 4(&) gig@eggbs;): (h.k.1) sin®e(cale)

8 holh71 0.0271 111 0.0266
8 h.073 0.0358 200 0,0355
vs 2,870 000?21 220 0.0710
w 2,707 0. 0801 - -
n 2,453 0.0986 311 0.0977
- 2,275 0,114l . -
8 2,035 0,1h33 Lo0 0.1421
. 1,819 0.1793 1420 0.1776
m 1.663 0.2142 L22 : 0.2131
m 1.568 0.2410 333 0.2397
511 0.2397
m 14400  0.288) 1o 0.2801
m 1.379 0,311, 531 0.3108
11 1.359 0. 3208 600 0.3196
W2 0.3196
w 1.290 0.14621 64,0 0.14617
w 1,091 0. 14986 6l2 0.4972

g3
Crystal Symmetry : Cubic (face centred)
Iattice constant : a = 8,208 .



f=ray data for HaMoFEQENaF:1Mo§a(§Fﬁ23

Cu=Ka' radiation.

Inteppity 4(A)

g

B B

a

Crystal Symmetry 3
Lattice constant

o 711
. 086
2,887
2.1487
2,012
1.82%
1.725
1.665
1,575

Lolihhy
1.379

1,361

1,294

gin”e(obs.)
0,0266
0.0355
0.0713
0, 0960
0.1423
0.1781
0.1992
0.2138
0,2390

0,280
0.3117

0, 3200

0,3538

s B = 8020&30

(hakesl)

111
200
220
311
100
120
h22
333
511
LLo
531
600

hh2
620

Cubic (face centred)

9y

ain®@(cale.)
0,0266
0.0355
0,0710
0,0977
0,1h21
0.1776
0.2131
00,2397
0.2397
0.2811
0.3108
0.3196
0.3196
0.3552



Lopey deta for CeMola.

Cu=Ke¢ radiation.

Intensity 4(£) sin?e

3,887
3.571
3169
2.598
2.247
2.159
2.040
1,948
1.803
1. 736
1.698
1.587
1.558
Lo Ly
Lollié
1.398
10376
1.303
1.283

g 4 é é 4 -g 4 €& € 4 9% 8 494 B 94 4949 B B B

Crystal Symmetry

lattlice constants @

(bokod)

0.0393 110
0.0465 112
0.0493 102
0.0879 202
0.1176 300
0,1273 212
0.1425 -
0.1562 220
0.1822 -
0.1967 303
0,2057 312
0.2355 223
0. 2140 1102
0.2726 -
0,283l -
0.3032 -
003134 =
0. 31191 hi3
003600 1,20
Rhombohedral

8 = 5,208 ;

95

sin®¢(aale,)
0. 038l
0,0l 7l
0. 0486
0,0820
0.1153
0.1250

LY

0.1536

0.1957
0.2023
0.23h0
0.2403

=
=
==

=

0.3093
0, 35087

a = 96,0°%,
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X=ray _date for TiNoF..

Co<Ko radiation.

Intengity 4(f) sin®c(obs.) (haks1) sin®e(cala.)

8 3.272 0.0555 110 0.0552
8 2,901 0.0705 1.02 0.0699
o 2,662 0,0837 201 0,0865
W 2,218 0.1175 003 0,1158
m 2,175 0.125h 202 0.1251,
m 2,013 0,121 211 0,116
m 1.903 0.1637 300 0.1655
w 1.859 0,176 113 0.1710
8 1,810 0.1818 212 0,1802
w 1,639 0.2211 220 0.2207
w 1.7 0.2736 = -
m 1.453 0.2808 303 0.2813
me 1.1429 0.2908 312 0.2906
8 1.329 003351 21l 0.33L6
223 0. 3365
m 1,240 0. 3855 410 0. 3862
a 1,216 0, 14005 322 0.4009
m 1.15) 0. 4h52 31h 0, 4550

W 1.131 0. bl 006 0.4633



Tntensity d(X) ain®e{obs.)

1.095
1,089
1,078
1,069

3 €4 494 4

Crystal Symmetry : Rhombohedral
Tattice constants : a = 5.123

0°h951
0,5003
0.5103
0.51.9h

a

(hokad)

330
Ol
502
116

= 96,6°

(<]

97

ain®6(cale.)

0.L4965
0.5001
0.5113
0.5185
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Z=ray_data for NaWR.I2NaF:iW(CO)aJ.
Cu=Ka radiation.

Tntensity d(&) sin”e(obs.) (h.k.1l) sin®6(ecsle.)

8 3.579 0,0282 111 0.0266
s 3.991 0.0373 200 0.0355
8 2.8)40 0.0736 220 0.0710
o 2,453 0.0986 311 0,0976
m 2.259 0.1162 222 0.1165
o 2,035 0.1i32 1,00 0.1420
W 1,918 0.161.2 - -
m 1.832 0.1767 120 0.177h
8 166k 0.2140 L22 0.2129
ww 1,576 0.2387 511 0.2395
333 0,2395
ms 1ol 0.28L2 140 0.2839
m 1,383 0.3100 531 0.3105
m 1.363 0,3190 600 003194
w 1,292 0,3550 620 0.3549
v 1,145 0.14520 711 0.4525
551 0.4525
w 1.136 0, 4600 610 0.14613
W 1.09L. 0.14960 62 0.14963
v 1.065 0,5230 553 0.5236
731 0.5236

Crystal Symmetry : Cubic (face centred)®?
Lattice constant : a = 8,184 .



X=ray data for CsWia,.

Cu=Ka radietion.

Intensity

B B 4

a(f)

5.193
3.911
3.525
3.136
2,517
2,25

2,21k
2.17h
1.976
1,803
1,706
1,563
1.1,76

1,336

1,306
1.280

g <}

0, 0220
0.0388
0,0477
0,060l
0,019
0.1166

0.121Y
0,1255
0.1518
0.1822
0.2037
0.2425
0.2720
0,3033
0, 3321
003477
0.3615

(bakal)
101
110
102
201
113
300
212

=

10l
a2
102
110
31k

=1

813
120

99

gin?elgale.)

0,0215
0,038l
0.0L.76
0.0599
0.1168
0.1152
0.1208

0.152%
0,2011.
0,2395
0.2687
0.3056

=3

0.3471
0.358L
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Intengity _4(8°) ain®8(obs.)  (h.k.1) _sin®6(calo,)

o 1,226 0.3945 = =
n 1,185 0.14225 105 0. 4221

) 68
Crystal Symmetry : Rhombohedral

Tattice constants : & = 5.31£ , ¢ = 95.5°.



X=pey data for Na,ReFa.

Pe-Ka, radiation.

Intenaity 4(L)

8

w8

(3]

biciey

i

5.091

h.526 |

3.548
2.922

2.80L

2,520

2.419
20313

2,28
2,192

1.870

ain®@(obs,)
0.0363

0.0b57
0.07h3
0.1098

0 o llgh'
0075

0.1562
0.17h9

0.1856
0.190L9

0.2678

(hok,1)

011
002
100
1r0
112
020
013
021
ool
022
120
113
o1l
200
201
122

104
023

203

sin®e(ealc.)

0,372

0,372

0, 0lLs6l
0.07h3
0,1115
C.1116
0,1L1%6
0,1209
0.14868
0,1488
0.1580
0.1580.
0.1767
0,1856
0,1949
0,1952
0,1952
0.1953
0.2693



13
Q
&N

Intensity OfA) smin®slons.) (halsol) ain’eleale.)

m 1,777 0,296l 220 0.2972
213 0029?2
130 0.2975

m 1.687 0.3293

m 1.676 0. 3337 = 0-334h
204 00330k

w 1,650 0. 3438 025 0. 3401

LA 1.635 0.3h98 e =

my? 1.587 0.3720 =

m 1,52l 0.4032 - -

w 1.515 Q. LOT7T7 116 0.L 091

8 1.501 0,152 300 0.13.76

e Loli52 0. ko 310 O.uhs5s

i 1,399 G l778 = =

W 1,390 0.18h3 ' Ooh2 0.1836
035 0.1836
oLy 0. 1836

oy L.377 0.0932 1h0 0.0h928
124 0.14928

m 1o 305 Q.5177 = =

ma 1.287 00,5606 322 0.5661;

30 C.566k



Intengity (X))

ms

ma

1.266
L.25h

l.223°

1.216
1,208

1.192
1.18L

1,161
1.6
1.131

1.123 °

1.098

1.072

pin®8(oba.)

0.5843
0.5949

0.6263
0.6330

0.6415

0.6586
0.6669

60,6952
0. 7127
0.7326
0. 732

0,7778

0.86153

(nale.d)

23,
008

OLL

=)

136

235
217
050

0g2
400
150
BLL
102
33h

H
Q
s

ain®&lenle.)

0.5855
0.5912
0.5942

0.6323
00,6413
06013
0.6k16
0.6k16
0.6687
0,6692
0.6692
0.6692
0.6975
0.7347
0. 7h2l
0, 739
0.7796
0.7796
0.8175
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Tntengity 448°) pin®e(obs.) (bokal) 2in®8{celc.)

- 1.0hl, 0.8608 - -
bl 1,031 0.88L7 250 0.8831L
0.889¢9 ho2 0.8912
| Lol 0.8912

) 1.010 0.925h e =
0,9990  0.9390 209 0.9369
m 0.99CL 0,9558 01,10 0.9579

Crystal Symmetry : Orthorbombic
Iattice constents 2 & = 5.038°3 b= 5,818 ; ¢ = 10.18 .
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CHAPTER TIII

Triphenylhalomethanes react with boron halides to give

63903@ 70
coloured adducts PhszCX.BYs

whiéh might be expected
to contain BXYs anions (where X or ¥ = P or C1) Binéry
mixtures of boron halides equilibrate to form mixtures of
2ll possible halides bud rapid disproﬁortion&tion to the
symmetrical bbroﬁ halide compounqé ?revénts isolaiion of the
nixed ap@@ie5o?1”?3 Similar dispréﬁ@rtion&tion might be
expscted to occur during the farmétibn of the mixed anions
but a study of the infrared speétra of the adduche
Me NCL.BPy, EtoNCL.BFsz, NOCL.EPFs, PHLCL.BFz and PClg.BPFas
has been taken to show that the compounds éontain the
BFsCL anionowa_vﬁ

The BFsCL™ group has the Cgy symmetry with six
fundamentel modes of vibration 81l active in the infraved.
The anion is iscelectronic with chlorotrifluoromethane whose
infrared spectrum has been exemined by Thompaon and 'I)empleetm
and ‘3‘Is.a.¢ilcil'.5.ng'ton'M and Klanberg have assigned the bands in
the spectrum of the BFsCl  ion by comparison with CFaCl.

(Teble VII).
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PBL,BFaCl PH4BF3Cl NOBFiCl MegNBFsCl CFaCl Assignmént

’-&.66 &Sé‘ h—?& BWGX@F defcvs
- | Ag)
556 522] 520
. 561 asym.X=F defs
533 Shly Ve (B)
650 645 6Lg 763 X-Cl sgtretch
ValAs)
765 167 Va(B) + Valdg)
8hly 8ely 1092 ]
8éo 287 1102 sym.X-F streish
. Vo (Aa)
. ‘ lll%“
1028 1028 1037 1210 esym.X-F streton
1063 ,1077J 1070 1268 Ve (E)

1200 1195 119l 1198 Vo {Ay) + Ve (B)
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Infrared spectra of the adductis PhaCX.BVa.

It is generally accepbed thet the carbonium ion is
gtabllised by resonance beiween canonical forms in which
the positive charge is located elther on the central carbon
atom or-alternaﬁively on the ortho and the para carbon atoms
in the henzene ringoW As 1n the triphenylmethyi radicafaﬂ9
this type of resonance stabilisation is expecﬁed to be
grestest for an all planar configuration of the ion (symmetzy
clasa Dgp). However, such a configurationan would give
rise to greatv steric hindrance between the orthoe hydrogens
of adjacent benzene rings. It is therefore much more
probable that the structure is distorted out of the plane
by rotation of one or more henzene rings about the central
bonds, the valence bonds to the central atom remaining
coplanar. This rotation would then relieve the steric
atraine in the molecule but would not necessarily inhibit
conjugation between the separate benzene rings. The
relative insensitivity of the ultraviolet spectrum of this
type of ion to the presence of bulky ortho substituents on

81

the benzene rings also supports the idea that the

triphenylmethyl cation itself is not planar.
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The most symmetrical structure of this type is
propeller like in shape with symmetry D3§5? in this case,
each benzene ring is rotated from the coplanar position in
the seme sense sbout a central C-C bond so as to relieve the
gteric strain. The existence of iscomers of the cation of
erystal violet [lh:lhe:l1% tri{dimethylamine)triphenylmethyl
chloride)] has been explainedGQ in terms of this struchture
and = variant in which one benzene ring ls rotated out of
the original plane ip the oppogite direction %o the others.

In the studies of the ultravioclet spectra of the
triphenylmethyl catlion and related ionsaig@z?aa an
unaymmetrical configuration of the parent ion is preferred.
However, a study of the infrared spectrum of a series of
salts which contain the triphenylmethyl cation has led
Sharp end Sheppardgw to the conclusion that the cation has
2 propellor like (Dz) configui-a-aion rather than an all
planar (Dsh) or an unsymmetrical structure. - The nuclear

84

magnetic resonance spéctr& of the triphenylmethyl cation
and several of its derlvatives substituted with methyl,
metvhoxyl, and tert-butyl groups in the mets or para position

agrees with this Dy configursation. In no cases were
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multiple substituent proton peaks observed. This is
PYPGCbed for the symmeirical propellor form but 1z also
consistents with the one-ring-conjugated form if one assumes
that the interconverslon of isconers is too rapid to be
detected by N.M.R. However, no splitting of the substituent
proton resonances of the tri-p-anisylmethyl and tri-p~tolyl-
methyl catlons was observed when the solutions were cooled %o
~-80°

In the presens work the compounds PhsCCL.BFg, PhaCF.BCL;

o

and PhgCCl.BCls have been shown H0 possess the tziphenyl-

methyl cavion by comparison of theiw sp tra with Phal.BF,

‘ &7

and PhglC.Bnlls. The tzityl catlon hag characterisitic bands
ah 1580, 1360 and 1300 cm. ¢ ond these abacrpiions oceur in

the spectra of the adducts PhsCX.BVy.

The bands due %o the groups BP0l and BCL=F could nob
be detected in the infrared as the cation spectra was very
complicated and maﬂked eny bands that might be present in
+the anions. The FCl, anlon hes bandgoa 2t Lihom, L3082m,
1265m, 699s and 66hs {21l in cm. ) and in the spectrum of
PhaCG.BCL, @ strong bend at 662 characteristic of the BOL,

group was detected. The other sharp band at 700 em. * wes

masked bv & strong absorption at 700 cm. - due to the trityl
Y oy | [3)
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catlion. Thus the adduct PhgCCL.BCls may be formulated

83 PhsC BCL,  but it is impossible on the present infrared
evidence to be sure that the adducts PhsCCl.BFs and
PhsCF.BClg contain BF3Cl  and BClgF anions rather than
the BF, and BCl, ions which would be expected if there
were diaproportionation upon crystallisation,

The BCl, ion, like the isoelectronic carbon tetra-—
chloride molecule, should be tetrahedral and have only two
fundamental vibration frequencies actlve in the infrared,
Ve and Vg By comparison with the infrared spectrum of

o»

carbon tetrachloride (V4 = 305 cm. *) Weddington and
T .
Xlanberg  have concluded that only one of these Vy, will be

xpected to be sctive above LOO cime > In fact, two peaks are
?4995
observed in the infrared. There are two possilible

explanations of this splititing. It may be due to two
isotopic species B°Cl, and B*2Cl, , or it may be due to
the interaction by Ferml resonance of the combination

Vs + Vo, which has the same symmetry as Vs, with Vs, as &
result of which it is shifted and gains in intensity.

It 1s suggested that the latter explanation l1s correct for
two :c‘ea.c—so:tm%vm first the splitting is larger +than one would

expect for the two isotopic species and, secondly, a sinmiler

splitting is observed in carbon tetrachloride (Vg, Vi + V43



131

797, 768 em. *). Thus the strong peaks at 699 and 66l in
the BCl, spectrum are Vs and Vi + Vo

The BF, group has characteristic bandsM at 1032, 1053,
772, 535 and 521 cm. * In the spectrum of PhsCBF.  these 4
broad bands are difficult to locate especilally when they are
superimposed on the background spectrum, but & band at

520 cm. * was observed together with & broad one between

101.5=1027 cm. %

_nglear magnetic resonance spectra.

The sdductes PhzCX.BYs; ere all zoluble in dichloro-
methané to give yellow solutions which contain the tri-
phenylmethyl carbonium ion. The F*® and B** nuclear
magnetic resonance spectra of a solution of trityl fluoro-
borate in dichloromethane at room iemperature are single
lines with no fine structure. The P*® specetrur of the
tetrahedral BF, ion should consist of a large quadruplet
due to coupling with the B! nucleus (I = £, relative
abundance 8l.2 ) and 2 much smaller septet due to coupling
with the B*° nucleus {I = 3, szbundance 18.84%). The B!

spectrum should similerly show a guintet due to coupling

with the F2° nuclei.
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That boron=fluorine spin coupling in either F*® or
B*! gpectra was not observed with PhsC.BF, in dichloro-
methane could be due to & number of causes: (1) Quadrapole
broadening of the B*?! nuclei prevented obsérvations§
(2) there was interionic exchange of fluorine atomsj
(3) the resolution wes not high enocugh and the compound was
not soluble %o a sufficient extent. Cause (1) is
immediately ruled out since fine structure of the expected
form is in fact observed for the P*° spectrum of BF; and
some derivatives containing B-F bondsoM Reason (2) and
" also (1) agein is unlikely since B**=TF*® splitting has
recenfly been observed in an aqueous solution of sodium
fluoroborate. It is reported variously as /.2 + 0.3 c/s%8
and 2.0 + 0,2 c/sc,SG Thus reason (3) is the most likely
cause of the present inabillty to observe fine structure.

On mixing methyiene'chloride gsolutions of triphenyl-
methyl tetrafluoroborate and tetrachloroborate there 1is an
immediate evolution of heat and the nuclear magnetic
resonance spectrum (F1® or B®) of the solution shows a
single pegk, The position of this peak varies in a
systematic manner (see figures 1 and 2) with the relative

amount of tetraflucroborate and tetrachloroborate which



Figure J.

Triphenylmethyl tetrahaloborates : F3° gpectra.
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have been mixed and it is inferred that tﬁe:e is rapid
halogen exchange between the BF¢® and 301;° ions. Once
agailn it is not possible to detect fine structure in the
nuclear magnetic resonance bends of the mixed solutions.
This could be due to the fact that splitting of the F°
resonance by the B? was too small to be observed under the
present conditions of relative insolubility or, more likely
in view of the rapid reaction between tetrafiuvoroborate and
tetrachloroborate anions, that the sclutions‘contain
discrete BF,;,C= and BCl, ions ﬁhich are undergoing -rapid
exchange through a series of mixed haloborate anions.

The B** nuclear magnetic resonance spectra oi solutions

of the adducts PhsCCl.BPFy and PhsCF.BClz show single peaks
8% positions which correspond to the relative amounts of
fluorine and chlorine iﬁplied by thé'empirical'formulae

but it is impossible 4o use the spectra as positive evidence
for the presence of discrete BFGls; and BF;CI" jions in
solution as there may be rapid exchange between other
haloborate species to give the same result.

Shielding of the 1*© and B*! npelei.

The shielding of the F'® nuclei in the BF(umn) Clnm

geries increases with an increase in the amount of fluorine
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present which is unexpected gince replacsment of chlorine
by the more electronegative fluorine should decrease the
electron density at the extra fluorines. However, a
similar tendency has been observed in the F*® gpectra of
the isoelectronic chlorofluorometh.anesGg and the mixed
boron halides. = In the boron halides these shifts have

previously been expleined in terms of multiple bonding

between the boron and the fluorine (diagram 2).

Q§5B//’ <> \\\B’// «—> \\~B{¢?
] ] g
(a) (v) (c)
CL Ci CL C1 CcL Cl
\\\B’// &> Q§bB/// > \\\B'//
-!g ] é.
(a) {e) (£)

Diagram 2.
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The marked shortening of the boron-fluorine bond distance
observed in boron trifluoride led Paulingeo to suggest that
the resonance structures (a), (b) and (q) must contribute
strongly to boron trifluoride. The ability to form double
bonds appears to decrease sharply in the heavier elementas
and therefore resonance of this kind should be less important
in boron trichloride and still smaller imperiance in boron
tribromide. It must bé assumed that these resonance
interactions are sufficiently large so as to réverse the
trend expectéd from the relétive inductive ¢ffects of the
different halogens. In the compound BFClg the conﬁributidn
of the hybrid (d) must be greater than (e) and (f) and this
will explain the dec:eased shielding of the fluorine in the
mixed'fluoro«chioruboranesb This ability to form double
bonds also explains why the Lewis acid strength of the boron
helides increéses in the series BFy < BCly < BBrsz < Blss
whlch is also uneﬁpecteé from electronegativiiy concepis.
There is no possibility of back bonding in the BRs
anionoga However, to explain the increaséd length of the
boron fluorine bond in goling from boron trifluoride to the
tetrafluoroborate ion the resonance shown in diagram 3 has

203
been postulated. Here the bond is being lengthened by
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T

| ]

P—B—F <> F—38 + P
! 4
Diagram 3

the. increased tendency for the electrons to be drawn

towards the fluorine. In the mixed chloro-fluoroborathes

4his resonunce can also occur (diagram h).

i i i
ClL % I > 0L F~——E‘ <> Ol =+ ?———F
C ¢ C

(1) (3) (1)

Diagram U

In (3j) multiple bonding cen now occur and structures such
as (k) will be more importent where multiple bonding will
vreferentlally occur between boron and fluorine. Thus

as in the mixed boron halides the fluorine will become less

shielded.

An Z-ray enalysis of the compound KF.2A1lLEts has

00y

o . —
confirmed that it has the ionic structure X [EBtsAl=-F-AlE%ts]
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and definite evidence has been obtalned for the colinearity
among Al-~P=Al atoma; The Al-F distance (1.80 + 0.6£ ) is
close to that cbserved in NaaAlF@M which clearly indicates
that Al aﬁd F atong are bonded‘toge'thero This dats is in
contrast to the fact that usual bridge bond distances are
somewhat longer than the corresponding single bond distanmgg:g?
To accounrt for this shortening it is supposed that there is
partial sp hybridisation for the AlmF bond so that a partial
47 “bond charachier on the Al~F bond may arise from & certain
overlap between the Zpy and Zp, filled fluorine orbitels and
the 3d empty aluminium orbitals. Thus it does appear that
filuorine cen form partlal 47 ~bonds in some molzacules.

The boron in the BF, ion is more shielded than that in
the BCl, dion which is in agreement with previbus observationgza
presumably because once again doﬁble bonding which tends to
increase the electron density at the central atom is more

important in the former case.

Mechanism of the exchunge between tetrefluoroborate and

SALELS L ety et

tetrachloroborate. .
Various experiments have been carried out in attempts to
obtain more informatlon about the mechanism cof halogen

exchange between the BF, and BCl, anions. No iomic
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fluorides are known which are soluble in methylene chloride
or other organic solvents. Triphenylfluoromethane is
covalent 1n the seolid srt;a'teﬁl7 and a solution in methylene
chloride when mixed with a solution of triphenylmethyl
fluoroborate shows two peaks in the FP?® nuclear magnetic
resgnance specirum; one of these peaks is in the same
position as in a solution of triphenylmethyl fluoroborate
alone and originates from the fluoroborate ion. The other
due to the covalent fluoride was quite sharp and distinet
from 1%. This does not infer that exchange hetwesen
fluoride jon and fluoroborate is non-existent as presumably
there will only be a tiny amount of ionic fluoride present
and any exchange that might take place would not be observed
as the concentrations would be too smail. However, a study
of the B**~P'® gplitting of the fluoroborate ion in agqueous
golution in the presence of fluoride iong& indicates an
absence of fést exchange between fluoride ions and fluoro-
borate in thaet solvent. The hydrolysis of thevtetrafluorOw
borate ion to the hydroxy trifluoroborate ion is also slowcaa
This hydrolysis probably proceeds by way of separation of an
F ion from a BF, enion and these results are in favour of

a very slow rate for this separation. A solution of

triphenylchloromethane in methylene chloride is yellow and
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bence contains a quentity (unknown) of chloride ions;

a mixture of such a solution and a solution of triphenyl-
methyl fluoroborate shows a Single F*® nuclear magnetic
resonance absorption in the normal position for the fluoro-
borate ion. The pbsifion of this line is steddy and reméins
unchanged‘over a period,of two hours. Simple chemical tests
show that boron trichléride reacts with triphenylmethyl
fluoroborate in methylene chloride solution to give & product
contalining both chlorine and fluorine. Boron trichloride
end tribromide both react with crystalline éodium fluoro-
borate tb give mixed haloborates. The results -appear 1o
indicate a lack of reaction between flﬁorobbrate and halide
idns but rapid reaction between fluoroborate aniocns and boron‘
trihalides and whilst 1t is impossible to discuss reaction
mechanisms with any certainty in the absence of rate data,

it would appear that a mechanism in which a tetrachloroborate
ion dissociates to boron trichloride and chloride ion with
subsequent attack of the boron trichloride upon tetrafluoro-
borate ions would be in agreement with the present observations

on the reaction between chloroborate and fluoroborate ions.
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EXPERIMENTAL
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Preparstion of triphenylchloromethane.

Ordinary reagent gfade triﬁﬁenylchloromethané
recrystallised from dry benzene wes used.
Prevaration of triphenylfluoromethane.

Triphenylfluorométhane was prepared from 'i:rip'hezayl-=
chloromethane and‘anhydrpus hydrogen fluorideom0 - The
triphenylchloromethane ﬁas placed in & polythene bottle
fitted with an inlet and outlet tube and anhjdroua hydrogen

filuoride was condensed cnto the chloride (diagrem 5).

CaClg = — HP
guard ﬂ}__{_
tube .

X S
Cardice wg%___-—.xsé%%{ s
N

— Eha CCcl

Diagram 5.

When sufficient hydrogen f{luoride had condensed it was
evaporated in a stream of dry nitrogen. The goiid left was
recrystallised twice from 30-10° petreleum ether end = white

crystelline solid was obtained m.p. 101L°% (Lit. 1.02-10L°).
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Prepvaration of siliver fluoroborate.

Silver fluoroborate was prepared by addition of bromine
trifluoride t0 & suspension of silver borate in brominea101
Exqess bromine and bromine trifluoride were removed under
vaguum and the product was heated for oﬁe hour at 150° under
racuul.

Prevaration of boron trifluoride..

Boron %rifluoride was used from & cylinder which was
kindly supplied by thé Imperial Smelting Corporation and was
dried and purified by passage through a suspension of boric
oxide 1in concentrated sulphuric scid.
Ereparation of boron trichloride.

A commercial ssmple of boron trichloride was used:

Hydrogen chloride was removed by distillatlon under vacuum,

RPrevaration of boron tribromide.

Boron tribromide was prepared by heating & mixture of
aluminivm bromide and potassium fluoroborateoiag The
temperature of the reaction flask was gradually raised from
156°%0 175° over a period'of i hours and the product was
condensed in liquid oja‘,ygeno Hydrogen bromide was removed

from the beoron tribromide by distillation and brcomine wes

removed by shaking with mercmry.



Preparation of triphenvlimethyl fluoroborate,

Triphenylmethyl fluoroborate was prépared from ether
solutions of trityl chloride and silver fluoroborate in
the dry box987 The carbonium salt and silver chloride were
filtered and dried under vacuum. 'The trityl fluoroborate
was also prepared by condensing bvoron triflucoride on to a
soluﬁion of trityl fluoride in sodium dried toluene. The
reactante were allowed to warm to -80° and affer 30 minutes
excess boron trifluoride and toluene were removed under
Faculllic

Preparation of itriphenvlimethvl shlorotrifluoroborate.

PngC.BFsCL was prepared by condensing boron trifluoride
on to a solution of trityl chloride in dry toluene.
The reactants were allowed $o warm to =80° and after 30 minutes
excess boron trifluoride and toluene were removed under |
vacuum. Found for triphenylmethyl trifluorochloroborate:
C1,11.0. Cale. for PhsC.BFzC1l,10.2%.

Prevaration of trivhenylmethyl fluorotrichloroborate.

S e sarr s et TR

PhsC.T'BCLy was prepared by condensing boron trichloride
on to a solution of trityl chloride in sodium dried toluene.
The reactants were allowed (o warm to room temperature and

after 30 minutes excess boron trichloride and toluene were
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removed under vacuum. Found for triphenylmethyl Ifluoro-
trichloroborate: Cl,33.2. Calc. for PhzC.BClzF, C1,28.0%.

At low temperatures (about =180°) the reaction of boron
trichloride on trityl fluoride produced & deep red compound.
However, as the reactants reached room temperature the red
complex quickly changed to the yellow carbonium salt.

A similar reaction was observed with trityl chloride and
boron trichloride.
Prevaration of triphenylmethyl tetrachloroborate.

PhsC.BCl, was prepared from the reaction between boron
trichloride and trityl chloride in scdium dried toluene as
described for triphenylmethyl fluorotrichloroborate.

Found for triphenylmethyl tetrachloroborate: C€l,35.L.

Calc., for PhsCBCls,35.8%.

Resction of boron trichloride and tribromide with fluoroborates.
Boron trichloride was condensed on %o a solution of

trivhenyimethyl tetrafluoroborate in dry dichloromethane.

The reactants were allowed o warm To0 room temperature and

after 20 minutes the excess boron trichloride and solvent

were removed under vacuum. Pound for the residue: C1,28.5%.

This analysis corresponds closely %o thet required for

PhsCBFClL,; and it is epparent that the excess chlorine found in
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the product from the reaction PhsCP plus BClz results from
~displacement of some of the fluorine as boron trifluoride by
the boron trichloride. Boron trichloride and boron
tribromide in excess were réacted with sodium fluoroborate
(recrystallised from water and dried in vacuum at 120°) in
& Carius tube over a period of about two days. Found for
the reaction invelving boron trichloride: CL,6.3%%.

Found for the reactlon involving boron tribromidei Br,27.1%.

Infrared snectra.

Infrared spectra were recorded in nujol end hexachloro-
butadiene mulls prepared in the dry box. Spectra were
recorded as follows (figures in cm. ).
gg§p58n01aoe? 30L0w, 2920w, 1577s, 1828, 1ih7s, 1h06w, sh.,
13588, 1293s, 1185m, 1166w, 1117s, 11058, 1088s, 1063s, 1036w,
1031w, 101lm, 996m, 981lm, 951w, 915w, Ohhs, 807s, 768s, £99s,
688w, sh., 568w, sh., 650w, 622z, 6098, L70m, Lé63m.
ggagéggﬁcg? 3080w, 2910w, 2850w, 1587s, 1565w, sh., 1490s,
1hshs, 136hkm, 1313w, 12995, 1195w, 1172w, 1117s, 1105s, 1.090s,
1038m, 1015-1027m, broad, 995w, 933w, 953w, 917m, 8i7w, sh.,
8338, 809s, 782w, sh., 700s, 670w, sh., 658w, 6228, 61l1s;

}?’A

520s,” L70s,

- . 86
* Anion spectra. KBF, 1058, 1032, 53, 521,
KBC1,%% 1Lh9, 1382, 1265, 699, 6bl.



127

PhaC.BFACl, 2930w, 1575s, 1Lh90s, 1h50s, 1360m, 12955,
1192w, 1170w, 11168, 1103s, 1080w, 1067w, 1058w, 1052w,
1028w, 1017w, 1010w, 1005w, sh., 996w, sh., 928m, 889m,
8ly3m, 818w, 805w, 753s; ThOs, 693s, 661w, 622a, 6lhw, sh.,
500w. .

PhsoBFCla, 2930w, 1577s, 14858, 14h8s, 1365w, 1200w,
1185m, 1166w, 1118s, 1102s, 1090s, 1063s, 1032w, 1008m,
9938m, 979m, 950w, 91ém, 895w, 838s, 80559‘?@&39 738w, 727w,
(6958, 8568w, sh., 662s, broadl, 622s, 6093, Lé&2w,
PhaCoBGl.. 2950w, 1580s, 1180, 1451s, 1359s, 1297s,
1180m, 11178, 11023, 1095s, 1063s, 1Ohlw, 1012m, 998s, 978s,
949m, 916m, £38s, 80he, T767s, T2éw, [T700s, 6623, broadl™,
621g, 608s, L62m,

Nuclear magnetlc resonance.

The boron and fluorine resonances of the tetrafluoro-
borate ion were used as standards and signals were referenced
by replacement, all measurements were made at 21 % 1°%. |
The resulte for the mixed solutions contalning tetrafluoro-
borate and tetrachloroborate are shown graphically in

figures (1) and (2) (pages 113,11k}, The principle uncertainty

6a

* Anion spectie.  KBF, oo 1058, 1032, 53L, 521.
KBCL,  2hh9, 1382, 1265, 699, 66l.
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in these resultis arises in the measurement of concentrations
since it is difficult to make precise measurements on such
moisture-gensitive materials. The presence of triphenylmazthyl
carbinol deoes not influence the position of the tetrafluoro-
borate or othexr signels. Wuclear megnetic resonance éhifﬁs
recorded were (pop.mo.) PhzCoBFg, O3 FhgCo.BCLlPs, -26%
PhyCBCLlgF, =725 PheC.BCly, =66; 1:1 mixture of PhgC.BFsCl
plug PhgC.BC1lPFy, ~803; 1l:1 mixture of PhsC.BF, plus

PhsCoBCla, =80,
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CHAPTER IV

P
t=3

£ i

QLEFINE-PLATINUM-FLUORIDE COMPLEXES.

Although olefine-=platinum-halide complexes are well
204 508
known for chlorides, bromides and iodides, no complexes
in which platinum or any other métal is bonded +o both
fluorine and olefine ligands are known.

The Tirst olefine-metal-hallde complex wzs prepared by
Zelse in 1827 who published a notelga concerning his research
on platinum compounds. Thyee years later this work was
published in'Latinio? and the following year & condensed Iform
appeared in GermanQKOﬁ Zeise discovered that when platinic
chloride was boliled with alcohel an esecid soclution resulted.

By tresting this solution with potassium chloride he obitained
& ccmpound whose composition was indicated by analysis to be
{CL.P4Cla.CaHeo  Since an aldehyde wes debecied as one of the
products of the reaction of an a2lcohol with platiniec chleride.
Birnb&umloa proposed the following egquation as the probable
courae of the reaction:

PtCI.@, + QCQHGOH == PtC]aaCnF& + GH:;CHO -+ H;},O + 2HCL

2320
deise had 2lso demonstrated the presence of an aldehyde

in his distillasse. Moreover, he had isolated ethyl chloxide,
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which was formed as a secondary product and literslly
expressed the above equatioh in words.

Andersonmi succeeded in isolating the compound
PtClz.CaHs from the solution obtained by reducing sodium
chloroplatinate with alcohol and showed that “he hydrolysis
of Zeise's salt at 100° occurred as follows:

[CaHePtCls) + HaO == CHgCHO + 2HC1l + P% + CL°
Much later Chat%la obtained the compound Pt(CaHe)2Cls by
reaction of ethylene with Pt{CaH.)Cl:; in acetone 2t-80°,

The complexes KCGL.PtClgz.CgH, and PtCls.CaH, are now
formulated as K[CQHQPtClgllie and [CpH.PtCl, ], where in the
latter compound the two platinum atons are joined by chlorine
bridgesoIM

Dewarnla hes explained the bonding in silver{Il) clefine
complexes by means of a c¢-bond formed by overlap of a vacen%$
S5s orbital on the silver with a filled g7-2p orbitel of the
olefine and a 47 =bond formed by overlap of a filled hLd
orbital of the metal with & vacany 174?2p antibending orbital
of the olefine (diegram 6).
/ /
N

N N .
- %{ /@ﬂg@\

Diagram 6.
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The extension of the Dewar concepi t¢ explain the bonding

in olefine complexes of platinum(ll) has been applled by
lis -

Chatt, (diagram 7).

T2p

N o=type bona Ti-type bond

Diagram 7o

A o-type bond is formed by overlap of a 5d6s6p? hybrid
orbital of the platinum atom with $he 47=orbital of the
olefine, and a 7 -type bond is formed by overlap of a filled
5d orbital of the metal atom with the antibonding ~r-molecular
orbital of the olefine. The =7 -— type bond is strengthensd

- by hybridisation of the 54 orbital of the platinum fo give &
dp hybrid which is more suitably shaped than the unhybridised
5d orhital %0 provide a large Qvérlap with the orbitals of the

olefine. It 18 clear that olefine-metal bonding is closely
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gimilar in type to metal-carbon monoxide bonding in metal
carbonyl derivatives and this undoubtedly expiains he
frequently noted fesemblence in stoichiometry and chemical
| properties between olefine-metal hslides and metal carboayl
halides especially of platinum(II) and palledium(II)

(Pable VIII).

Table VIIXI.

Platinum(ITl) epd palladinm(II) olefine and cerbonyl helides,

Platinum Palliadiun
[00PtCLala™; [CaHaPtCLlals® (C0PACLa]a®; [CaRoPACLaln"
[(C0) sPt0Lg 1% [(CaHy)aPeChal®

2 -
M (COPECLe 108 M'[CaHePHCLa] 3 W' [COPaCly T¢

® Irving end Magnusson, J., 1956, 18603 b Zeiss, @ Organc-

metallic Chemistry® , Reinhold, NWew York, 1960, p.5l13

@ Chatt and Duncanson, J., 1953, 2939; ¢ Chatt end Wilkins,

ibid, 1952, 26223 ® Iyving and Magousson, ibid, 1958, 22833

f ¥haresch, Seyler end ¥ayo, J. Amer. Ghem. Soc., 1938, 60, 882.

The existence of stable square planar oleiine complexes

of platinum(II), pelladivm(II) and rhodium(I) led Chatt and

120 .
Venanzi t0 suggest that the presenge of a vacant p, orbital
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on the metal was necessary for the formation of olefine
complexes, since this could form hybrid orbitals with the

filled dxz and 4 orbitale suitable for forming strong

g
17 <=bonds with the antibonding orbitals of the olefine.
It was suggested that d-orbitals alone do not always give
sufficiently good overlap, and that some p-chsracter is
always necessary. Ln agrecment with this is the failure
to lsclate sgixecoordinate oglefine chplexes of platinum(IV)
end rhodium{III) by halogen addition to‘the corresponding
platinum(II) and rhodium(I) @omplexesollag?iw Howewer,
this criterion of p-cheracter is not always valid since
astable, six coordinate olefine complexes of ruthenium({IT)
have been isolatedollﬁplia

By anslogy with the preparation of olefine-platinum-
chloride compliexes the ideal starting material for the
preparation of the corresponding fluoride complexes would
be sodium fluorbplatinite(ll)o However, no divalent
compleﬁ fluoride of platinum is known and platinum difluoride
has not been prepared although bistriphenylphosphine
platinum difluoride is now knovmoM All atvtempts to

reduce the PtPg°~ ion to the PtF;®" ilon in agqueous media

with sulphur dlioxide, potassium oxalate, hydrazine,
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hydroxylamine, stannous fluoride, sodium stannite, hydrogen,
methanol oxr hydrogen peroxide have so far failed,,na end it
is suggested from extrapolation of the standard potentials
for the reduction of other complex halides of plgtinum(IV)
that the fluoroplatinite ion is probably ﬁnstable with
respect to dispropowticnation to platinum and the hexafluorOD
platinate(IV) ion.

Reacthlons of olefines and scetylenes with agggggs solutioneg
of._sodium hezafluoroplatinate..

Reactlons of olefines with aqueous solutions of sodium
hexafluoroplatinate might lead %o the required products.
When a solution of sodium hexafluoroplatinate in water is
shaken in an atmosphere of ethylene there is an immediate
precipitation of hydrated platinic oxide and there is a8
strong odour of acetaldehyde, Pasgage of acetylene through
an agqueous solution of socdium hezaflucroplatinate also causes
precipitation of hydfated platinic oxide and other olefines
induece hydrolysis in a similar manner. Thus cyeclohexene
given cyclohexenone in a 104 yield based on the amount of
sodium hexafluorvoplatinate taken and propylene, l-=pentene,
2=-pentene, l-octene, l-octyne, tetrafluoroesthylene,
hexafluorcopropens and hexafluoro-2-butyne 21l give aldehydes

or ketones, However, the ylelds are so small that 1% is nob
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possible o make positive identiflications of the producis,
but with budadiene croton-aldehyde weas identifled as ome of
the products. In addition to the oxidation product cyclo=
hexene also ylelds cyclohexyl fluoride presumably by direct
addition of the hydrogen fluoride formed by hydrolysis of
the fluoroplatinate. It has previously been observed that
cyclohexene adds hydrogen fluoride at or below room
temperature to yield cyclohexyl fluoride. ~  Tn these
reactions there is some reduction to a platinum(II) species
but this has not been identified. These results are very
similar to those of E‘:nx:i.c‘ﬂ;yﬂr”L on the oxidation of olefines in
the presence of palladium(II) chloride. This oxidation with
palladous chloxride is & one step reaction and can be writien

&8s & simple equation.

CaHg + PACly + HaO0 ==  CHzCHO + Pd + Z2HCL

On an industrial scale the paliadium metal must be
reconverted to palladous chloride and this can be done by
catalysing the reaction with cupric chloride which oxidises
the palladium metal back to palladous chloride.

Pd + 2Cw'T 4+ 601 =  PaCly + 2[CuCly)”
The cupric chleoride is regenerated with oxygen.

2CuCl + %Oa +  ZHCL == 2CuCly + HeO
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The overall equation fbr the oxidation of the olefine is:

Pacl,

¥+ 101 + Hg0 ==  CHoCHO + 2H" + 2[CuCle]

CoHg + 20u”

The following mechanism for the oxidation of the olefine
which involves the formation of an olefine-palladium-chloride

complex has been postulated.

H " H
N ]
E'G</—/—6H He— C «—OH
|——racis —s |——racrs —s
10 g
/ \ / \
H H B 5
/S
III H
e, L
' > l v H
H——(——H Homee G——H
| |
H

The hydroxide lon attacks the olefine bound %o the
palladium provided that simultanecusly e hydride lon from

carbon atom 2 can migrate to carbon aﬁom 1o
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Although the reaction takes place in an acidic medlium
& formulation of the mechanism with a hydroxlide ion as
attecking agent is preferred because this explains the
inhibiting reaction of protons wlthout assuming another
intermediate

An enalogous mechanism can be postulated for the
oxldation of olefines with an aqueous solution of sodium
hexafluoroplatinate if the initial formulation of an olefine-

platinum=fluoride complex is envisaged.

H R R
\ /01-3 H ’ O——H
!\3&.1?‘ ch B— N\\\%F A" —>

<N N\

Jii |
+(!;Jfg~ m.\m H Ca==0 "
_— + H
Ho G H |
| B— 08
R .
Pyt 4 6F =

The overall eguation is:

ROH= CHR! + PiFe®" + HpO == RCO~CHaR! + P4™7 + LF + 2HF
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and there iz & finel liberation of hydrofluoric acid.
in the present work it has been found that the hexafluoro-
- platinete ion is hydrolyéed by alkeli and the appearance of
the hydrated platinic oxide is due to alkaline hydroiysis of
the hexafluoroplatinate ion.

Reaction of cyvclohexene with sodi hexgflvorcnaneganste-
LERCLLON _OF CVC.i! 1m s

Since aquecus golutions of sodiuvm hexafluoroplaitinate
give aldehydes or ketones with olefines or acetylenes octher
trensition metal complex fluorides night be expected to have
gimilar propexrties. A reaction of sodium hexafluoro-
menganate in L0% agueous hydrogen fliuoride with cyclohexene
gave a ketone in such a small quantity that it could not be
chér&cterisedo Presumably in this reaction most of the

130
gyclohexene is polymerised by the hydrogen fluoride.

Beagtiong of olefines with sodium hexafluoroplatinate

suspended in snhydrous solvents.

I% would appeer from the reactioms of olefines with
sodium hexafluoroplatinete that the existence of olefine-=
platinum-fluoride complexes is established but they will only
be isolated fiom non-aqueous solvenis. However, attempts %o
prepare these complexes in an anhydrous media were

wnsuccessful. Cyclohexene did not react with sodium
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hexafluoroplatinate suspended in éthér, tetrahydrofuran or
diethyleneglycolmdimethyl ethef (diglyme) and there was no
apparent reaction between cycloocta-l:ib-diene and sodium
hexafluoroplatinate éuspendedAin diglynme. The fluoro-=
platinate appeared to be slightly soluble in tetrahydrofuran
and diglyme judging from the faint yellow colourations of

the solutions and was even more soluble in propionic acid.

It was, however, insoluble‘in vinyl acetate em@ ethyl acetvate.
Reactions of olefines and acetylenes with platinic fluoride

and palladium trifluoride.

Olefines react with platinic chloride or bromide
suspended in warm glacial acetic acid to give olefine-
platinum-chliorides oxr bromideselaa However, cyclohexene
and diphenyl-acetylene react with platinic fluoride suspended
in benzene to give metalliec platinum. Evidently the
fluoride is too reactive and fluorinates the benzene and
olefine, itself being reduced to platinum. A pressure of
ethylene end tetrafluoroethylene also reduces the fluoride o
platinwm and with the latter compound teflon is produced.
Similaxrly platinum is produced from the reactlion of tetira-
fluoroethylene and platinic fluoride suspended in anhydrous

hydrogen fluoride.



Hexafluorobut=2-yne reacts with platinic fluoride at
room temperature to give a dark red solid which recrystellizes
from acetone to give dark red crysfals° The compound has
strong carbon=fluorine bands in the infrared but lack of
microanalytical facilities at present for the analysis of
carbonafluorihe compounds has prevented any attempts atb
formulating the compound. Analyses for carbon and platinum
have been obtained but these are not consistent. Reactions
of a methanolic-solution of palladous chloride with pheuyl-
ethyl-acetylene or phenyl-methyl-acetylene give cyclo-
octatetraene derivotives of Pd(.T.I):Laa Similar polymexris~-
ation may have occurred with the JE'].uoroa.ce“bylen.e'Ml but
other possibilities where the platinum=fluorine bond adds
across the acetylene to give vinyl derivatives of the type
PtFn(=CCFg==CFCF3)Gmn (where n = 0, 1, 2 or 3) are also
possible. |

The reaction of hexafluorcbut-2-yne with palladium
trifluoride gives a red'oil and a black solid. The red
oil is ; polymer of the acetylene and has & molecular
weight of about 5081. The colour is presumably due %0
conjugaticn in the polymer. Frevious polynmerisations of

. . Rk 124,185, 08¢
the acetylene have given hexakis{triflucromethyl)benzens

33

‘and very high molecular weight {2m.10,000) polymers.



il

Thé black solid was soluvble in scetone but was not so
gtable in solution as the platinum fluorocaceiylene compound
although it did have a similar infrared specirum. Lack of
analytical results prevents any formulation of this compound
although it is probebly similar to the platinum compound .
Reachions of olefines and scsivienes wilh bis(iripbeoyl-

Bi&(triphenylphosphine)platinum difluoride reacts with

carbon monoxide to give (PhsP)QPt(CO)gFacxﬁ Ag $riphenyl-
phosphine exerts a stréng trans effect in square planar
rlatinum complexesam?biaa The phosphinemplatinumnfluofide
probably has a cis configuration and one would expec® the
carbonyls to be above and below the plane of the nelesule
in an octahedralrconfigura,iono Thue diolefines would not
be expected to oocupj the coordinating positions of the #Hwo
carbonyl groups and it was observed that norbornadiene failed
0 react with therphosphinewplatinuméfluorid@ in dichloro-
methane. lMono=olefines or acetylenes might be axpectad bo
react but no reaction was observed beiween the phosphine-
platinum-fluoride and hezaiiuworobut-2=yne.
Tetrafluorcethylene reacts with bistriphenylphesphins

platinum difluoride in anhydrous hydrogen fluoride g% 150°
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to glve a very dark green solid. Tetrafluoroethylene

reacts with mercuric fluoride in arsenic trifluoride t0 give
bispentafluoroethyl mercuryma and fluoro-clefines add
mercuric fluoride in anhydrous hydrogen fluoride %o give
perfluoroalkyl mercury derivativesnlao Thus by analogy a
similar reactlion may have cccurred with the platinum compound
o glve (EhsP)gP%(CQFg)é and this is partly substentiated by
carbon and platinum analyses. The compound gives a very
dark green solution in dichloromethane-.

Reactions of fluoroolefines with tgl:pmbutxl Gin fluorids.

fince fluoro-olefines appear to add to cexrtain metal-=
fluorine bonds perfluoroalkyl tin compounds might dbe
obtained from tetrafluoroethylene and tri-n-butyl tin
fluoride, However, no reaction occurs between these two
compounds in methanol or anhydrous hydrogen fiuoride.
CGonglusions.

Although attempts to prepare olefine-=platinum-{lucride
complexes have failed so far, there is no reason why -
bonded iigandwmetalmfluoride complexes sheculd not exilst
provided that the correct method can be found for theip pre-
paratlon. One method which might prove successiful is Hhe

replacement of chlorine with fluorine in olefine-metal
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chloxride complexes by reacvion with hydrogen fluoride or

silver fluoride and work along these lines will continue.
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Preparation of bromine trifluoride.

Bromine trifluoride was prepared by passing Chlorine

trifluoride through bromine contained in an iron bettle at
10°C. The chlorine trifluoride was contained iﬁ a cylinder
kindly supplied by Imperial Chemical Industries Ltd.
Ereparation of sodium fluoroolatinste.

Sodiuﬁ fluoroplatinate was prepared byvthe addition of
bromine trifluoride to sodium hexabromoplatinate suspended
in bromine,,181 Excess bremine and bromine trifluoride were
removed under vacuum and the last traces of bromine Hrifluoride
were removed under vacuum at 200°. The crude £0lid wasg
dissolved in boiling weter and heated for 5 minutes and
filtered. Addition of alcohol to the filtrate precipitated
the sedium fluoroplatinete which was flltered and dried
under vacuum.

Prevaration of sodium hexafluoromangepate(IV).

Sodium hexafluoromanganate was prepared by addition of
bromine trifluoride to a suspension of a 2:1 mixiture of
gsodium fluoride and menganocus iodateAin bromineama

Bromine and bromine trifluoride were removed under vacuum

at 200°.
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Preparation of platinic fluoride.

Platinic fluoride was prepared by the addition of
bromine trifluoride to platinic bromide suspended in
133 : .
bromine. Bromine and bromine trifluoride were removed

under vacuum at 200°.

Preparation of palladium trifluoride.

Palladium trifluoride was prepared from palladium

L83
bromide and bromine trifluoride as described for platiaic

fluoride.

Prenarstion of olefineg.

Ethylene, propylene, butadiene, hexafluscropropene and
acetylene were used from cylinders of the gases.
Cyclohexene, l-pentene, 2<=p¢ntene9 l=occtene, l=nctyne,
‘cycloocta-li5~diene and norbornadiene were dried overnight
with molecular seives and were redistilled before use.

Preparation of tetrafluoroetbvlene,

138
Tetrafluorcethylene was prepared by cracking teflon

under vacuum at about 500° in & gilica bottle.

160
Preparation of hexafluorobut=2-vne.

A 1~litre 3-necked flask fitted with a mercury sealed
stirrer, & condenser cooled with an acetone cardice mirxture

and a dropping funnel was charged with 60 g. of zinc dust
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and 80 ml. of acetic enhydride. The outlet of the
condenser was connected to a trap cooled in liguid oxygen
and the trap was protected from the air by a mixture of
sodium hydroxide and calcium chioride. The mixture ﬁam
heated to about 100° with vigorous gtirring and a soluticn
of 42 go of 1,1,1,h,l,h=hexafluoro=-2,2,3,3-tetrachlorobutane
(kindly supplied by Halocarbon Products Inc.) in 50 ml. of
acetic anhydride was added dropwise over a pericd of I hours.
30 g. of zinc dust was then added and the reaction was
continued overnight. The hexafluorobut-2-yne was collected
in the trap cooled in ligquid oxygen and the acetylene was
purified by distillation under vacuum.

Preparation of tetrakis(triphenvinphosphine)plati.

dihydride.

- 138
Tetrakis(triphenylphosphine)platinum dihydride was

A3 4
prepared from potassium tetrachloroplatinite, triphenyl-

: . i34
phosphine and potassium hydroxide.

Preparation. of bis (triphenylphosohine) platinum difluoride.
Anhydrous hydrogen fluoride was condensed on o

(PhaP) «PtHe contained in & polythene bottle. ° The

mixture was allowed to warm to room temperature and +he

gxcess hydrogen fluoride was removed 1ln e shream of air.



The product was dissolved in dichloromethane and was
precipitated by adding the solution to a large volume of
ether. The cbmpound'was purified by this method three or
four times. - |

Resctions of aiefines and scetvlenes with agueggs soluiionsg

of sodivm fluoroplaiinzte.
Ethylene. A solutlion of sodium fluoroplatinéte in water

was shaken in an atmosphere of ethylene in a similar apparatus
for that deseribed for the preparatlon of Zeise's salt°13?

A yeliow preclipitate was formed almost immediately and after
leaving oveirnight the pfecipitate was filtered and dried under
vacuums

Analysis: Found:s Pt,67.55 H,2.6, Calc. for Pt0z.3Ha0;
Pt,69.545 H,2.2%. o

io verify that the hydrated platinum oxide precipitated was

e derivative of platinum(IV), the yellow precipitate was
dissolved in dilute hydrochloric acid and potassium chloride
was added. The yellow preclpitate was filtered and dried.
The X-ray powdexr pattern of the compound was identical to

that obtained from a pure sample of KpPtClg prepared from

hexachloroplatinic acid and potessium chloride.
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The solution obtained from the filtration of the
platihic oxide had a definite smell of acetaldehyde but no
derivative could be obtained with eithexr 2:L dinitrophenyl-
hydrazine or semicarbazide. Presumably most of the
acetaldehyde was lost due to its low solubllity and high
volatility. Addition of bis(ethylenediammine)platinum(II)
dichloride to the solution gave a violet precipitate of
[Pt(en), JPtX, indicating the presence of a platinum(II)
specles present in solution. However, evaporation of the
solution under vacuum gave a yellow solid which contained
no carbon. Foundxz C,0.1%3 H,2.3%.

Pagzage of ethylene through a solution of NazPtFg also
induced hydrolysis of the fluoroplatinate but the reazction
was slower than the pressure method.
gcetgiegeo Passage of acetylene through an agueous
solution of NagPtPs gave a precipitate of Pt0z.3H0.

Found: Pt,69.8; H,2.9%. No aldehyde or ketone could be
detected in the resulting solution.

Cyclohexene, Cyclohexene gave a yellow precipitate of
hydrated platinic oxide with an agueous solution of sodium
fluoroplatinate almost immediately. The mixture was shaken

overnight and the water and organic material were removed by
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distillation since the platinum in solution forms a
complex with 2:L dinitrophenylhydrazineo Addition of
Brady's reagent to the distillate gave a precipitate which
was recrystallised three times from alcohol, m.p. 158°, 160°,
160° (2:l dinitrophenylhydrazone of cyclohexanone, m.p. 160°%).
In a typical experiment 10.l. g. of eyclohexene and 0.L2 g.
of NapPtFg in 10 mls. of water gave & 10y% yield of cyclo-
hexanone based on the amount of HegPtFe taken, in one
experiment the distillate was extracted with ether.
The ether was removed by distillaetion and a nuclear magneiic
resonance spectrum of the residue possessed 2 weak fluorine
line, Presumably this could be due to cyclohexyl fluoride.
| Butadieneo Butadiene was shaken with an aqueous solution
of fluoroplatinate in a bomb overnight. A yelliow precipitate
presumed to be Pt0gz.xHa;0 was formed and distillation of the
solution gave a distlllate which gave 2 positive test with
Schiffe reagent indicating the presence of an aldehyde.
Addition of Brady's reagent to the distillase gave g
precipitate which was recrystallised twice from 2 benzene-
petroleum ether mixture, m.p. 188°, 190° (2:i dinitrophenyl-
hydrazone of crotonaldehyde, m.p. 190°),
Other oleflines and acelylenes. Tetrafluoroesthylene,

propylene, hexafluoropropene, l-pentene, 2-psntene, l-octene,
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acetylene and hexafluorobut-2-yne all give yellow

precipltates with aqueous solutions of sodiun hexafluoro—
platinate presumed to be hydrated platinic oxide. The solu-
tions vhen distilled gave distillates which on additlion of
Brady's reagent gave a positive test indicating that a compound
with a ketonic group was present. waeverv in each case the
amount of derivative obteined was so minute what identirficat-
ion by conventional means was not possible. In the reaction
with tettafluoroethylene a large amount of teflon wes

produced.

Beaction of alkall with sodium hexafluoroplatinate.

Sodium hydroxide reacts with an aqueous solution of
'>soaiﬁﬁ‘flﬁ6roplatinate to give a yeilow preclpitate

presumed to be hydrsted platinic oxide. The solution alsoe
goee a much darker yellow presuma2bly due to the formation of
complexes of the type Nap[Pilgp(0H),] (where n = 0, 1, 2, 3,
iy 5, or 6).

Reacilon of cveclohexene with sodiun hezxefluoromanzanese (IV).

i m A A A T e e Yt St S

Cyclohexene was shaken overnight with a solution of
sodium fluoromanganate in L0% agueous hydrogen fluoride.
A dark brown precipitate which was presumed to be manganese

dioxide was formed and the sclution wes neutralised with



151

sodium carbonate and distilled. The distillate gave &
positive reaction with Brady's reagent but no derivative
could be isolated.

Reaetions of olefines with sodium fluoroplatinate in
anhydrous solvents.

Cyclohexene was shaken overnight with suspensions of
sodium fluoroplatinate in ether, tetrahydrofuran and diglyme
(diethyleneglycolmdimethyl ether) . (These ethers hed all
been dried with sodium and redistilled). The solutions
obtained from the latter two solvents became slightly yellow
in colour although most of the fluoroplatinate was insoluble.
In each case evaporation of the solutions gave a small amount
of a light yellow compound which analysed as unchanged
NagPtFgo Found for resction involving tetrahydrofuran,
Pth5.0. NegPiFe requires Pt95hg9%o Pound for reaction
involving diglyme Pt,5k.3%.

Cycloocta=-l:5-diene was shaken overnight with sodium
fluoroplatinafe suspended'in diglyms. Evaporation of the
light yellow solution gave unchanged NagPtFg. Found:
Pt,53.9; NagPtFg requires Pt,5l. 9%,

Sodium fluoroplatinate was found to be inscluble in
vinyl and ethyl acetates but was slightly soluble in

propionic acid.
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_Dlatinie fluoride,
Cyclohexene was heated gently with platinic fluoride

suspended in benzeneol The fluoride became black and the
solid was filtered in the dry box. A similar reaction
occurred when diﬁhenylacetylene was used in the place of the
olefine. Analysis of the black solids indicated that they
were metallic platinum. Found for the cyclohexene |
experiment, Pt,984. Found for diphenylacetylene experiment,
Pt,96%.

Platinie fluoride in a bomb was left in contact with a
pressure of ethylene overnight. A black solid was
obtained which was unaffected by organic solvents and was
presumed to be platinum.

Tetrafluorcethylene was heated with platinic fluoride
in a bomb at 80° overnight. A black solid was obtained
insoluble in organic solvents ard boiling aquae regia.

A similar product was obtalned when the reaciion was
repeated in the presence of anhydrous hydrogen fluoride.
The product wes probably e mixbture of metallic platinum
and‘teflono

Reaction of hexafluorecbut=2=vne with platinic fluvoride.

Platinic fluoride and hexsfluorobut-=2-yne were left in

a bomb at room temperature overnight. A dark red solld was
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obtained which was recrystallised from acetone to give a
dark red compound. Found: G,22.33 H,2.43 Pt,36.3%.
{CsPt = 1:10).

The infrared spectrum of the solid in a2 nujol mull was
as follows (figures in microns). 7.6l = 9.5 (broad band
with maxima at 3.10 and 8.78), 10.35w, llééuw, 1h. 3w.
Reaction of hexafluorobut=2=yne with palledium trifluorids,

Hexafluorobut=2-yne and palladium trifluoride were left
in a bomb at room temperature overnight. On. opening the
bomb two products were obtained. One was a red o0il which
was easily separated from the black solid present by
extraction with dry © AnalaR% carbon tetrachloride. The
carbon tetrachloride solution was evaporated to dryness to
give the red oil. Found: C,;31.8; H,2.1% (CﬁFg)n requires
C,y29,6%. Molowh = 5081, Thus n is about 31l.

The majority of the black solid is soluble in acetone
t0 give a brown solution which deposits a black solid
overnight. The infrared spectrum of the black solid has
strong C=F bands at 8.05 and 8.82 po and further work on

thies compound is in progress.



Reaction of norbormadiens with bis(triphenylphosphine)
rlatinum difluoride,

Forbornadiene (2 ml.) was refluxed for 30 minutes with
2. solution of (PhaP)aPtFs (0.3 g.) in dichloromethane (5 mln)g
The solution became red and addition qf ether preclpitated a
pink go0lid whoéa infrared spectrum was identical to that of
(Pth)aPtFan This colour change bccurs when solutions of
the phosphine are heated alone and this has been attribuied

188 :

to a cis-trans isomerisation.

Beaction of hexafluorobut=2-yne with (PhaP)2PtFe.

Hexafluorobut—-2-yne was heated with (PhsP)aPtFe in
dichloromethane at 80° overnight. The solid appeared |
unchanged and the infrared spectrum of the solid in nujol
was identical to the starting material.

Reaction of tetrafluoroethylene with (PhaP)aPtFa.

Tetrafluoroethylene was heated with (PhgsP)2PtFs in
anhydrous hydrogen fluoride in a bomb at 150° overnight.
The bomb was cooled and the hydrogen fluoride and tetra-
fluoroethylene were vented into a fume cupboard and the
last traces of hydrogen fluoride were removed under vacuum.
The black solid obtained was almost completely soluble in
dichloromethane to give a very dark green soiubion. The

dichloromethane was removed under vecuum and very dark grecn



crystals were obtained.. Analysis: TFound: C,48.2;

Ho2.85 Pt,20.6. (PhaP)aPt(CaFs)a requires C,50,2%5
H,3.2%35 P4,20.3%, (FhgP)oPtP(CsPs) requires C,53.24%
H,3.5%; P%,22.8%. The infraread spectrum of the

compound was as follows (figures in microns).

L.6Tm, 7.68w, 8.36m, 8.46bw, sh., 9-0hw, 9.30w, sh., 9.83w,
10.25w, sho, 11.86w, L2.LFw, 13.L5m, 1l.35w.

The band at .67 mlcrons cannot be a carbonyl absorption.

A similar band has been observed in the compound obtained
from the reaction of (Ph,P).PtFz plus carbon disulphideo159
This absorption might be a2 metal<hydride f:equency but it
seems strange that the hydride did not react Wifh the
hydrogen fluoride. This absorption may be an overtone due
to a carbon-fluorine vibration although overtones are
generally weaker than this band. Attempts to purify the
compound by chromﬁtography were unsuccessful. The compound
dissolved in dichloromethane, but decomposed immediately on
gn alumina column (the alumina hed previously been
deactivated for 6 hours).

Reaction of teirafluorcethylene with_ ityi-n-=butyl Hin
flueride,

Tetrafluoroethylene was heated with tri-n-butyl tin

fluoride in methanol in & bomb at 100° ovwernighi.
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On cooling and opening the bomb the white solid obiained
was filtered and dried. t8 infraved spectrum was
identical to the original tri-n-butyl tin fluoride.
Similarly tetrafluoroethylene failed to react with
tri-n=butyl tin fluoride suspended in anhydrous hydrocgen

fluoride in a bomb at 110° overnight.
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APPARATUS USED IN COURSE OF WORK

ggg;aged spectra were measured on (i) & Perkin-Elmer
double beam recording spectrophotometer, Model 21, using
sodium chloride or‘potassium bromide optice, (i1) a
Grubb Parsons double beam recording spectrophotometer,
Pype Ss using scdium chloride optics and (iii) a Grubb
Parsons double beam recofding spectrophotometer using
caesium lodide optics. Mull spectra were recorded

between sodium chloride and potassium bromide plates.

Nuclear magnetic resonance spectyrs were recorded using
an AhWO Varien high resolution instrument working at

56.l Me/s8 (for P*°) and 10 Mc/s (for B*1),

X=ray powder photographs were taken on a Metropolitan

Vickers set incorporating a demountable target using
a nine centimetre camera. Copper or cobalt targets
were used throughout the work and the radiaitions were
filtered through nickel and iron foll respectively.
Seamples were contained in Lindemann glass caplillaries

sealed with warm picein wax.

Anelvticel determinations for carbon, hydrogen and

platinum were carried out by the Imperial College
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Microanalytical Department. Analyses for organometallic
derivatives of pailadium fand platinum were carried out by
the staff of the Microsnalytical Department of +the

Royal College of Science and Technology, Glasgow.
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