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SUMMARY

Thiophosnhoryl fluoride is observed to undergo a
facile reaction with sulphur trioxide forming phosphoryl
fluoride, sulphur dioxide and elemental sulphur in quan-
titative yields. In the presence of excess of sulphur
trioxide, however, the elemental sulphur released com-
bines with it to form sulphur sesquioxide which subse-
quently decomposes and gives off sulphur dioxide. Similar
observations are made with oleum.

INTRODUCTION

We have reported [1] that phosphorus trifluoride
undergoes oxidation to phosphoryl fluoride with sulphur
trioxide or freshly prepared oleum liberating equimolar
amounts of sulphur dioxide. It was of interest to study
the reaction between sulphur trioxide and thiophosphoryl
fluoride. Preliminary trials indicated that when the
two reagents were allowed to mix, the reaction set in
immediately resulting in the formation of phosphoryl
fluoride, sulphur dioxide and elemental sulphur in quan-
titative yields. However, in the presence of excess of
sulphur trioxide the elemental sulphur released combined
with it to form greenish blue sulphur sesquioxide which
subsequently decomposed to give off sulphur dioxide.
similar results were observed when thiophosphoryl fluo-
ride reacted with oleum. The details of this investi-
gation are described in this paper.
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EXPERIMENTAL

Reagents

Thiophosphoryl fluoride

A pure sample of thiophosphoryl fluoride was pre-
pared by the fluorination of thiophosphoryl chloride using
sodium fluoride in boiling acetonitrile [2] and
stored in a previously evacuated glass globe provided
with stopcocks lubricated with KEL-F grease.

Sulphur trioxide

Sulphur trioxide was prepared by the distillation of
a commercial sample of oleum (25%) in vacuo [5] and purified
by repeated distillations (4 times) over phosphorus pent-
oxide and stored as above.

The sulphur trioxide content of the oleum sample
employed for the reaction was estimated by a standard

titrimetric method [4].

Reaction(A) Thiophosphoryl fluoride (in excess) and

sulphur trioxide

A known amount of thiophosphoryl fluoride was taken
in a glass reaction tube, (T,) fitted with appropriate
stopcocks and attached to a vacuum line. The tube Tl was
cooled with liquid nitrogen and a known amount of sulphur
trioxide was condensed into it. The cooling bath was
removed and the tube (Tl) was allowed to attain room tempe-
rature (25°C) over 10 to 15 minutes. During this
interval, the reagents were observed to react as
indicated by a series of colour changes from orange yellow
to brown. The vapours condensed into coloured droplets
which gradually evaporated off leaving behind a colour-
less residue on the walls of the reaction tube during the
course of about two hours. An examination of the IR
spectrum of the gaseous mixture revealed the presence of



unreacted thiophosphoryl fluoride (IR absorptions at
402(m), 435(m), 695(m), 942(vs), 980(vs), 1670(w) and
1880(w) cm™ Y, recorded with KBr windows Ref 51 )

along with phosphoryl fluoride (absorptions at 473(s),
493(ms), 873(ms), 990(vs) and 1415(ms) cm ' [6] ) ana
sulphur dioxide (absorptions at 520(s), 1150(s) and

1360(s) cm ! [7] ). The gaseous products of the reaction
were isolated by fractional distillation and estimated [8].

The experimental results are presented in Table I.

It is well known [9] that a blue/bluish green colour
is developed when elemental sulphur reacts with sulphur
trioxide or when the former is dissolved in oleum. Such
a colouration is attributed to the formation of sulphur
sesquioxide (5203). However, the coloured product is not
stable, It gives off sulphur dioxide until all the sulphur
is consumed in the presence of excess of sulphur trioxide.
It was, therefore, of interest to study the reaction of
thiophosphoryl fluoride with excess of sulphur trioxide to
investigate the behaviour of elemental sulvhur released
during the reaction.

Reaction (B) Thiophosphoryl fluoride and sulphur trioxide

(in excess)

A known excess of sulphur trioxide was condensed
into a reaction tube (Tl) containing a known amount of
thiophosphoryl fluoride. When the tube T, was allowed to
attain room temperature (25°C), a vigorous reaction set in
with the formation of yellow clouds followed by a series
of colour changes from orange yellow to brown, green to
bluish green over 10 to 15 minutes. The IR spectrum of
the gaseous products (recorded using sodium chloride
windows) showed the presence of sulphur dioxide and
phosvhoryl fluoride only, indicating that thiophosphoryl
fluoride is completely consumed in the reaction. The
absorptions due to sulphur trioxide merged with those due
to sulphur dioxide [}Q]. The tube T, was warmed in a
boiling water bath to decompose the coloured residue.

The products of the reaction were isolated and estimated.
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Reaction (C) Thiophosphoryl fluoride and sulphur trioxide
(in oleum)

A known amount of thiophosphoryl fluoride was con-
densed into a reaction tube (T,) cooled in liquid nitrogen
and in which oleum holding an excess of sulphur trioxide
was taken. As the tube attained room temperature (25°C)
an yellow/dull white solid formed near the liquid surface.
The solid slowly dissolved in oleum imparting a dark
green colour. During an interval of 2 hours the colour
of the ligquid gradually darkened. The IR spectrum of the
volatile products evolved at room temperature during a
period of 4 hours was recorded at frequent intervals.

The spectrum recorded at the end of 4 hours indicated the
presence of phosphoryl fluoride and sulphur dioxide
indicating the complete consumption of thiophosphoryl
fluoride in the reaction. The absorptions due to sulphur
trioxide merged with those due to sulphur dioxide. The
tube was kept for a further period of 4 hours and warmed
to decompose the coloured residue. The products were
separated and estimated.

RESULTS AND DISCUSSION

The experimental results observed during the present
study indicate that one mole each of sulphur dioxide and
elemental sulphur are produced during the reaction between
sulphur trioxide and thiophosphoryl fluoride in excess.

In the presence of excess of sulphur trioxide (either free
or in solution) the elemental sulphur released is oxidised
by residual sulphur trioxide and gives off sulphur

dioxide via the formation of sulphur sesguioxide, 5,05,
These reactions may be represented in terms of the equationss

PSF; + 80, ——— POF; + S + SO, (1)
s + 250, ——> [5203]——) 350, (2)
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The phosvhorus-sulphur bond in thiophosphoryl fluor-
ide is the primary point of attack by oxidising agents. It
is easy to visualise the replacement of sulphur by oxygen
with the formation of more stable phosvhoryl linkage. The
oxidation of thiophosphoryl fluoride with oxides of
nicrogen [ﬁi] or silver oxide [12] follows the same initial
pattern. For instance, the reaction with silver oxide

may be represented as

PSF; + Ag,0 —_> POF; + Ag,S (3)

3
It is of interest to point out that similar renlace-

ment of sulphur by oxygen is observed to take place when

sulphur trioxide reacts with thiophosvhoryl chloride [13]

or thiophosphoryl bromide [ﬂé]o

PSCl, + SO

3 3 ————> POCly + S + 50, (4)

PSBry + SOy ——————> POBr, + S + SO, (s)

Three moles of sulphur trioxide are necessary to
oxidise all the sulvhur in thiophosphoryl flucride and give
off sulphur dioxide in quantitative yield in terms of the

equation
PSF; + 3804 ———> POF; + 4S0,

The analytical results in sections B and C of Table 1
indicate that in spite of a large excess of sulphur tri-
oxide, the amount of sulphur dioxide evolved is considerably
less than the theoretical expectation. While it is about
75% with sulphur trioxide it decreases to 50% with oleum,

It is easy to compute the amount of unreacted sulphur
assuming that a gram atom of sulphur is formed along with a
gram mole of sulphur dioxide for every gram mole of thio-
vhosphoryl fluoride taken for the reaction. On this basis
it is calculated that about 70% of elemental sulphur is
oxidised by sulphur trioxide while only about 45% is
oxidised by oleum.
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