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Interaction between carbon disulfide and sulfur hexafluo- 

ride is excited by cw CO2 laser radiation a.nd has been inves- 

tisated for different ratios over a pressure range from 3.1 to 
34.6 kPa, 'The reaction yields sulfur tetrafluoride, sulfur, 

carbon, thiocarbonyl fluoride, tetrafluoromethane and hexa- 

fluoroethate, the ratio of these latter products is aependent 

on the partial pressure of sulfur hexafluoride in the initial 

CS2-SF6 mixture. Interaction is considered to include both 

the SF6-sensitized decomposition of carbon disulfide and react- 

ion between sulfur hexafluoride and carbon disulfide. 

Sulfur hexafluoride generally behaves [li as a very inert 

compound its reactions having very hich activation energies. 

Reaction can take place at high temperatures and 

using high pressure techniques [2,3]. %re advent of CO2 in- 

frared lasers and their use for activation of SF6 ap- 

pears to hold promise for the initiation of the chemical re- 

actions of SF6 even at reasonably low reactant pressures. 

Earlier we reported [4] the possibility of using a cw CO2 

laser for inducing the reaction between SF6 and carbon mo- 

noxide to form carbonyl fluoride and sulfur tetrafluoride. 

Below we describe the cw CO2 laser-induced interaction bet- 

ween SF6 and carbon disulfide. 
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EXFEZRIEIZKTAL 

akperiments were carried out with a stainless steel Opti- 

cal cell -which was 2.8 cm lony and had an internal diameter of 

2.5 cm with NaCl entrance and exit windows. The cell was 

equipped with one needle valve. A cw CO2 laser constructed 

[5] in our laboratory was used for the irradiation of gaseous 

SF6 - CS2 mixtures. 
The laser was operated at the p(34) line 

of tke OO'l-10'0 transition with 10 :;J power. rhe output of 

the laser radiation enterin ."; into and transmitted throqh the 

cell was measured using a Coherent iLode 201 power meter. The 

laser beam was focussed with a Ge lens (focal length 25 cm). 

In a typical experiment the cell was filled with premixed 

carbon disulfide and sulfur hexafluoride, and an initial in- 

frared spectrum was taken. The sample was then irradiated 

with a laser beam focussed into the entrance window and the 

extent of the reaction was followed by periodically taking 

the infrared spectrum of the sample. A Perkin-Elmer Model 621 

infrared spectrometer was used to analyze concentration of 

reactants and gaseous reaction products which were identified 

as tetrafluoromettane, hexafluoroethane, thiocarbonyl fluori- 

de. and sulfur tetrafluoride. The absorption bands at 1282 cm 
-1 

( $,), 1250 cm" ( 37)' and 867 cm" ( $6) were used to follow 

CF4, C2F6 and SF4, respectively. Thiz;arbonyl fluoride was 

checked by the absorption at 1368 cm ( 3,) and the depletion 

of sulfur hexafluoride and carbon disulfide was followed by 

the absorption bands at 987 cm -1 

( J),), 

( 3, + $6) and 1535 cm" 

respectively. 'The absorption coefficients were either 

ascertained <SF4, CS,) by measurin, 0 the spectra of pure sam- 

ples, or taken (CF4, C2F6) from the literature L‘6]. 

Analysis of the yellowish solid material deposited on the 

window was effected by photoelectron spectrosc~~ using ESCA 3 Liark 

II (VG Scientific) with AlK, exciting radiation. The pre- 

sence of sulfur (S 
2P 

), and of carbon (Cl,) was identified. 

Sulfur hexafluoride (Montedison, Milano, I.E.C. Standard) 

and carbon disulfide (Merck, Darmstadt), were commercial pro- 

ducts used without further purification. Sulfur tetrafluoride 

was prepared according to the literature [7J. 



The reaction between CS2 and SF6 excited by the cw CO2 

laser radiation was inveati:ated for different initial ratios 

of these compounds (Table 1). ,Jhe laser radiation at 331 cm 
-1 

is stronii;ly absorbed by SF6 in its 3, vibrational mode and 

induces formation of Gaseous SF4, CF4 a/nd/or C2F6 along with 

minor amounts of transiently formed F,CS. Sulfur and carbon 

predipitation was observed on the NaCl windows. 

Infrared analysis of the ,gaseous products shows that the 

depletion of SF6 ex-actly corresponds to the formation of SF4 

and that the fluorine is completely utilized for the forma- 

tion of C2F6 and/or CF4 (Table 1). The depletion of CS2 is, 

however, greater than the amount of CAFE, and/or CF4 formed 

and not all the carbon of CS2 is converted into C2F6 and/or 

CF4 in agreement with the presence of carbon in the deposited 

material. The reaction is faster when there is a higher molar 

proportion of SF6 in the initial reactant mixture (Fig. l), 

and also with increasing total pressure. This suggests that 

SF 6 is activated by a collisional meckanism. Increased pres- 

sure of SF,- allows greater absorption of laser radiation. 

Very i%erestingly, the ratio C2F6/CF4 (r), deFecds stron- 

gly upon the composition of the initial mixture (Fig. 22; a 

lower content of SF6 favors formation of C2Fg0 ILus for molar 

% SF6 19 (run 2) C2F6 exceeds CF4 by a factor of four, but 

for molar % SF6 74 (run 12) CF4 is produced practically alone 

(Table 1). The possibility of regulating the relative amounts 

of the perfluorocarbons by simple variation of the initial ra- 

tio of reactants (SFS/CS2) emerges as a most intriguing aspect 

of the laser induced reaction. The r value decreases slightly 

as the reaction progresses (Fig. 2). Je observe that the 

amount of C2F6 produced in runs 8, 9, 12-14 (higher propor- 

tions of SF6) diminishes in tke final stases of the reaction. 

Since no other products were observed, it appears that C2F6 

undergoes further fluorination to yield CF,. ,The fornation of 

CF4 is also favored by high total pressure in the initial mix- 

ture (compare runs 4 and 5). The ability of CS2 to provide 

carbon for the production of CF4 and/or C2F6 diminishes during 

the reaction. The ratio of the proportion of CS2 utilized for 
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On4 - 

b’,kPa.S’ 

Fig. 1. 

mation, 

I?;0 
was 

sure vs 

40 80 

mol % SF6 

The dependence of tk.e.initial rate of fluorine F for- 

%" , on molar 51 SF6 in initial SF -CS mixtures. 
6 2 

calculated from the ;lot of t'ne C2F6 and/or CF4 ?res- 

time 

r 

t 

3- 

l- 

-4 I I‘ I 

1 

20 60 

CS2 Decomposition, O/o 

Fig..2. 'The dependence of tile ratio of the produced perfluo- 

rocarbons C2F6/CF4, r, upon reaction progress. 

Curves 1-5 relate to 19, 32, 41, 58, and 74 molar % SF6, resp. 
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the formation of CF4 and/or C2P6 to the proportion of CS2 de- 

composed occurs with a 50 % SF6 in the initial mixture. ,P'ne 
dependence of CS2 utilization for the CF4 and/or C2F6 forma- 

tion, R, is given in Fig. 3. Thiocarbonyl fluoride is formed 
transiently and i-ts concentration reaches its maximum (never 

more than 30 Pa) early in the reactions. 

I 

60- 

R, % 

,,I y-l+: 

I I I I 
20 60 

CS2 Decomposition, "10 

Fig. 3. Dependence of CS2inproviding carbon for C2F6 and/or 

CF4 formation upon reaction progress. Curves 1 and 2 relate 

to 41 and 58 molar % SF6, respectively 

CS2 
is known (8,9] to decompose at high temperatures to 

yield the CS radical [lo] and sulfur. We suggest that the reac- 

tions occurring in the reaction zone involve collisional ac- 

tivation of SF6 (l), both the laser-induced, SF6-sensitized 

decomposition of CS2 and laser-induced reactions between S3$ 

and any of F2CS, CS, and possibly C species (2,3), and 

fluorination of C2F6 to yield CF4 (4). 

nh3 
SF6 - e (1) 

SFx6 SF= 

cs2 ') cs 6 SF”6 
(2) 

-SF Q-S -SF4 
F2CS .->CF4 and/or C2F6 

-SF4 



CS2 
a$ SFK6 

-SFg,-2s 
) C - CF4 and/or C2F6 

-SF4 
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(3) 

(4) 

Fluorine atoms are probably involved in the reactions and 

C2F6 may be formed by combination of CFj radicals. Signifi- 

cantly slower re,ction of SF6 is observed in the absence of 

cs2. Reaction leads to SF4 but does not imply that SF"6 is, 

indeed,the real fluorinating agent , since thermal dissociation 

of SF6 at lOOC-MCO°K [l] is thermodynamically unfavourable 

because of the reverse reaction SF4 + 2F *SFgO 'Phe equilib- 

rium SF6 -SF4 + 2F can be shifted to the right by the re- 

action(s) of evolved fluorine atoms with CS, F2CS, or C. SF6 

dissociation preceeding the fluorination of the above species 

by generated fluorine can thus not be ruled out. The lessened 

ability of CS2 to provides carbon for C2F6 and/or CF4 forma- 

tion during the reaction indicates that the fluorination re- 

actions of CS, F2CS, or C become gradually less important. 

The laser-induced interaction between CS2 and SF6 has 

quite different features than the thermal, high-pressure re- 

action 131 between these two compounds occurring.at ^'500°c 

and 135-400 NiPa and yielding (CF3)2S2, (CF3)2S, CF4, S, and 

SF 4. Furthermore, the laser-induced reaction does not resem- 

ble the reaction between SF6 and carbon induced by heat (abo- 

ve 900°C 1113 mainly C2F,+ and CF4, and above 1400°C [l2,l3] 

mainly CF4 along with minor amounts of C2F4 and higher per- 

fluorocarbons are formed). 

using AgF 2 1141, CoF3 il51 

The reported fluorination of CS2 

or direct fluorination of CS2 under 

different conditions [16,17] gives mainly compounds with SF5 

or SF 
3 

groups bonded to perfluorinated metnyl or methylene 

groups. 

The authors are indebted to J. Vitek for technical assis- 

tance and to B. Jeiek (J. Heyrovsky Institute of Physical Che- 

mistry and ?&Electrochemistry, Prague) for XSCA analysis. 
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