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Thermal decomposition of sulphur hexafluoride 
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(Received June 28,1974) 

Sulphur hexafluoride is unaffected by most reagents under room- 
temperature conditions, but is known to react with most metals at high tem- 
peratures [l] and with alkali metals at about 200 “C. Solutions of sodium in 
diphenyl ethylene glycol dimethyl ether [ 21 react with sulphur hexafluoride 
at temperatures as low as -78 “C. Ceramic oxides (AlzOs, MgO, ThOz, ZrO 
and BeO) react [3] in the temperature range 700 - 900 “C. However, no 
definite information exists concerning the products of the reaction. In the 
present investigation, attempts have been made to identify the products of 
the reaction of sulphur hexafluoride with quartz, stainless steel and copper 
tubes at temperatures between 700 “C and 900 “C. In the case of quartz tubes, 
the reaction products are silicon tetrafluoride, sulphur tetrafluoride, thionyl 
fluoride and oxygen difluoride. In the case of metal tubes, the first decompo- 
sition product is sulphur tetrafluoride, with the formation of the metal 
fluoride. At this temperature, the final reaction products are the metal sulph- 
ide and the metal fluoride. 

The experimental arrangement used consisted of two traps (all glass) 
with appropriate ground glass joints and stopcocks connected on either side 
of a reaction tube (quartz/stainless steel/copper). The centrally mounted 
tube could be heated electrically up to 1000 “C by means of a tubular fur- 
nace. The whole assembly was evacuated and a known volume (250 cm3at 
N.T.P.) of sulphur hexafluoride condensed into one of the traps. When the 
temperature of the tube was about 800 ‘C, the condensed gas was allowed to 
thaw and flow through the hot tube, an equilibrium being finally established 
in both traps. After an interval of 20 - 30 min the gas was condensed in the 
second trap, then allowed to thaw and recycled through the hot tube into 
the first trap. This alternate thawing and condensing of the gases in the two 
traps was repeated cu. 10 times over a period of 3 h. At the end of this period 
the heating was discontinued and the gaseous mixture condensed out into 
one of the traps. The products of the decomposition were identified via the 
infrared spectrum of the gaseous mixture, the results obtained being present- 
ed in Table 1. From this table, it is seen that silicon tetrafluoride, sulphur 



T
A

B
L

E
 

1 
!G

 

In
fr

ar
ed

 
ab

so
rp

ti
on

 
sp

ec
tr

a 
(f

re
qu

en
ci

es
 

in
 c

m
 

’ 
ti

 
) 

of
 

fl
u

or
in

e 
co

m
po

u
n

ds
 

fo
rm

ed
 

du
ri

n
g 

th
er

m
al

 
de

co
m

po
si

ti
on

 
of

 
su

lp
h

u
r 

h
ex

af
lu

or
id

e 

S
F

6 
SF

4 

L
it

. 
[4

] 
O

bs
. 

L
it

. 
[5

] 
O

bs
. 

S
O

F
, 

S
iF

, 
O

F2
 

_~
 

L
it

. 
[6

] 
O

bs
. 

L
it

. 
[7

 1
 

O
bs

. 
L

it
. 

[S
] 

O
bs

. 

61
3 

(s
) 

61
3 

(s
) 

53
2 

(m
) 

53
0 

(m
) 

53
0 

(m
) 

53
0 

(m
) 

39
1 

(s
) 

- 
46

1 
(d

) 
46

1 
(d

) 
93

2 
(s

) 
93

0 
(s

) 
55

7 
(m

) 
55

8 
(m

) 
74

8 
(s

) 
75

0 
(s

) 
10

31
 

(s
) 

10
31

 
(s

) 
82

6 
(s

) 
83

0 
(s

) 
72

8 
(s

) 
73

0 
(s

) 
80

8 
(s

) 
81

0 
(s

) 
92

9 
(s

) 
93

0 
(s

) 
86

7 
(s

) 
86

0 
(s

) 
13

53
 

(s
) 

13
30

 
(s

) 
17

00
 

(m
) 

17
20

 
(m

) 
88

9 
(s

) 
89

0 
(s

) 
17

64
 

(m
) 

12
81

 
(m

) 
12

80
 

(m
) 

17
44

 
(m

) 
17

40
 

(m
) 

T
A

B
L

E
 

2 

T
h

er
m

al
 

de
co

m
po

si
ti

on
 

of
 

su
lp

h
u

r 
h

ex
af

lu
or

id
e 

in
 q

u
ar

tz
 

an
d 

m
et

al
 

tu
be

s 

T
u

be
 

E
xp

t 
S

F
; 

S
F

, 
+

 S
O

F
; 

(m
ol

 
X

 1
0p

3)
 

(m
ol

 
“S

” 
X 

10
M

3)
 

S
F

; 
(m

ol
 

“S
” 

X 
10

K
3)

 
S

iF
; 

O
F

; 

m
at

er
ia

l 
N

o.
 

(m
ol

 
“F

” 
x 

10
P

3)
 

(m
ol

 
“F

” 
X 

10
e3

) 

C
al

cd
. 

E
xp

t.
 

C
al

cd
. 

E
xp

t.
 

C
al

cd
. 

E
xp

t.
 

C
al

cd
. 

E
xp

t.
 

Q
u

ar
tz

 
1 

1.
29

 
1.

29
 

1.
23

 
0.

65
 

0.
63

 
2.

58
 

1.
66

 
1.

29
 

2 
8.

84
 

8.
84

 
9.

13
 

4.
42

 
17

.6
8 

13
.3

6 
8.

84
 

6.
68

 

C
op

pe
r 

1 
2.

03
 

2.
03

 
1.

63
 

S
ta

in
le

ss
 

st
ee

l 
1 

5.
17

 
5.

17
 

3.
45

 

“S
” 

=
 s

u
lp

h
u

r 
*A

ll
 

co
n

ce
n

tr
at

io
n

s 
ex

pr
es

se
d 

in
 m

ol
 

{“
F

,, 
=

 f
Iu

or
in

e 
>

 X
 

10
K

3 



183 

tetrafluoride, thionyl fluoride and oxygen difluoride are the products of the 
thermal decomposition of sulphur hexafluoride in a quartz tube. 

Attempts have been made to obtain a quantitative analysis of each of 
these products by the methods developed in this laboratory. Thus, sulphur 
tetrafluoride and thionyl fluoride were passed through aqueous sodium 
hydroxide (4 N) and the sulphite formed estimated iodometrically. The 
sulphur tetrafluoride content was determined by the reaction of this product 
with anhydrous hydrogen iodide [ 9, lo]. The sulphur content of sulphur 
tetrafluoride was reduced to hydrogen sulphide while that of thionyl fluoride 
yielded elemental sulphur. Estimation of the hydrogen sulphide formed gave 
the sulphur tetrafluoride content of the gaseous mixture. Oxygen difluoride 
was estimated by utilising its oxidation reaction with potassium iodide [ 111 
after isolating the product by low-temperature fractionation, any silicon 
tetrafluoride being separated from the gaseous mixture as an adduct with 
pyridine [12]. This solid adduct was then analysed for its fluorine content 
after hydrolysis in alkali. At room temperature (27 “C) sulphur tetrafluoride 
does not form an adduct with pyridine [ 131. The analytical results of a few 
typical experiments are given in Table 2 in terms of sulphur and fluorine 
concentrations. The results are quite reproducible. 

From the analytical results and IR absorption frequencies, the reaction 
between quartz and sulphur hexafluoride can be visualised in terms of the 
equation : 

2SFs + SiOs + SiF4 + SF4 + SOF, + OF, 

However, a complete quantitative estimate of the silicon tetrafluoride and 
oxygen difluoride content could not be obtained because of secondary 
reactions. 

In stainless steel and copper reaction tubes, sulphur hexafluoride decom. 
poses to sulphur tetrafluoride and the metal fluoride. As pointed out pre- 
viously, it is necessary to separate sulphur tetrafluoride from any undecom- 
posed sulphur hexafluoride by fractional condensation, otherwise the 
sulphur tetrafluoride will react with the metal at high temperatures to yield 
the metal sulphide and metal fluoride, as indicated by the complete drop of 
pressure when the reaction is completed. 

From thermodynamic calculations, Wilkins [ 141 has shown that at tem- 
peratures up to 1500 “C sulphur hexafluoride dissociates principally to 
sulphur tetrafluoride. The experimental results reported in this paper lend 
further support to these theoretical calculations. 
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