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Abstract 

Sulphur dioxide photo-oxidation in sensitized 502"--02 mixtures at overall pressures of several hundred Torr was studied in the CO2 laser 
emission range on addition of different absorbing gases (SF6, C2H4F2, C2HC!3). The extent of conversion was correlated in each case with 
the absorption of energy by the specific temary system under investigation. To explain lhe high reactivity found in SO2-O2-C2H4F 2 mixtures 
irradiated with the 9R24 laser line, the gas temperature inside the laser beam was estimated and a model of the energy transfer processes at 
different irradiation frequencies was proposed. It is suggested that, complementary to the thermalized chemistry, a vibrational enhancement 
of SO2 oxidation can occur when the laser frequency correlates with the energy level structure of the specific molecular system employed. 
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1. Introduction 

Continued industrialization is generating unexpected pol- 
lutant effects and influencing environmental factors due to 
the atmospheric conversion of trace gases and chemical sub- 
stances. In airborne toxic compounds, an important role is 
played by the photoconversion of primary pollutants induced 
by solar radiation. Sulphur dioxide (SO2) is a primary pol- 
lutant which interferes, through its reaction products, in com- 
plex mechanisms such as the formation of acid rain and the 
large-area acidification of soils and water [ 1 ]. The interac- 
tions of SO2 with H20 and the nucleation of H2SO4 have been 
suggested as important early steps in photochemical smog 
formation. Extensive effort is currently being directed 
towards decreasing the SO2 pollutant level by the lowering 
of the sulphur content in fuel oil and/or by SO2 retention in 
filters and by chemical means [2]. From an economical point 
of view, SO2 is of particular interest as the precursor of sul- 
phuric acid in the large-scale chemistry of industrial proc- 
esses. 

Photochemical processes induced by lasers in SO2- or 
SO2--containing mixtures have been reported in the infrared 
(IR) [3,4] and ultraviolet (UV) [5] spectral regions. It has 
been demonstrated that excitation by laser light and subse- 
quent chemical reactions can lead to the conversion of SO2, 
in a controlled manner, into a useful product [4]. The IR 
photo-oxidation of SO2 to SO3 has been performed in a flow 
reactor equipped with a trapping system for the physical sep- 
aration and capture of the reaction product [4]. 
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Although SO2 is almost transparent in the wavelength 
region of CO2 laser emission, gaseous absorbing species can 
modify the level of absorption of an SO2-containing mixture 
by strongly absorbing IR radiation and subsequently exciting 
the SO2 component by collisional energy transfer. The major- 
ity of studies in nearly thermalized systems (with molecular 
collision rates much higher than the photon absorption rate 
per molecule [6] ) have dealt with gas mixtures containing 
sulphur hexafluoride (SF6) as sensitizer [7-9],  although 
many other absorbing organic (ethylene (C2H4), difluoroe- 
thane (C2H4F2), trichloroethylene (C2HC13), etc.) and inor- 
ganic (tetrafluorosilane (SiF4), silane (SiH4)) molecules 
may be used as energy transfer agents for CO2-1aser-driven 
chemical reactions. The efficiency of the energy transfer proc- 
esses in mixtures depends on the molecular characteristics of 
the components (e.g. the dissociation energy) and on the 
specific experimental parameters (i.e. pressure, laser inten- 
sity, etc.). In addition, the quantity of energy deposited in a 
gaseous mixture irradiated by an IR laser depends on the 
concentration of gaseous species which do not absorb the 
laser radiation directly, but modify the saturation of absorp- 
tion by collisional effects [ 4,9 ]. 

In this work, we report the SO2 photo-oxidation by IR laser 
irradiation of SO2-O2 mixtures using different molecular 
gases (SF 6, C2HaF 2, C2HC13) as sensitizers. Some were cho- 
sen because they are known pollutants active in different 
industrial areas, e.g. freons and trichloroethylene (used in 
ultrasonic cleaning). The correlation between the conversion 
efficiency and the absorption of energy by each irradiated 
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ternary gas mixture was studied. In order to explain the high 
conversion efficiency in SO2-O2-C2H4F2 mixtures irradiated 
with the 9R24 line, the temperatures inside the beam at two 
different laser wavelengths (942 and 1081 cm -~) were esti- 
mated and a model of the collisional energy transfer processes 
at these wavelengths is proposed. 

2. Experimental details 

The experimental apparatus consisted of a tunable contin- 
uous wave (cw) CO2 laser, a transmission cell, a beam split- 
ter, a beam attenuator and two power meters (for the 
transmitted and reflected beams). In experiments leading to 
SO2 photo-oxidation, the laser beam was focused inside the 
cell, 2 cm from the front window, using a lens with a focal 
length of 8 cm. The frequency stabilized CO2 laser (power 
range, 2-8 W; frequency stability, 3 × 10 -8) was operated 
on different vibrational-rotational lines in the 9.4 and 10.4 
gm bands. The reaction/transmission cell (length, 12 cm) 
made of Pyrex glass was sealed with ZnSe windows and was 
equipped with Teflon valves. The experiments were con- 
ducted in the static pressure mode with the cell evacuated 
prior to each run to a base pressure of 10 -4 Torr. The cell 
was successively filled with SO2-O2 mixtures in which dif- 
ferent concentrations of absorbing gases (SF6, C2HC13, 
C2H4F2), acting as sensitizers, were introduced. Gas sample 
pressures were measured by a membrane manometer (Wal- 
lace & Tiernan). Before introduction into the reaction cell, 
SO2 was purified in concentrated sulphuric acid (to eliminate 
H20 traces). 

The linear absorption coefficients were determined accord- 
ing to the Beer-Lambert law by measuring the beam inten- 
sities Io and I at one wavelength (empty and filled cells 
respectively). The absorption coefficients were measured at 
about 100 Torr total cell pressure. 

For laser-induced chemical reactions, the relative concen- 
tration of the gaseous components was set at approximately 
1:1 to 1:3.5 for SO2:O2 precursors, and from approximately 
3:1 to 7:1 for the system SO2:sensitizer. For quantitative 
measurements of the conversion of SO2 to SO3, a sensitive 
chemical method was employed [4,10]. Briefly, the method 
allows for the determination of SO3 in an initial quantity of 
SO2 (for a known cell volume and gas pressure). The degree 

of conversion (efficiency) 77 is defined by r / (%)=A/B,  
where A is the quantity of SO2 (g) transformed into SO3 as 
a consequence of the photochemical reaction involving an 
initial quantity B of SO2. It should be noted that, as a volu- 
metric method, it implies + (3 × 7//100) precision and that, 
in the specific case of SO3 synthesis, it avoids some of the 
characteristic difficulties arising when trying to separate SO3 
from SO2, namely interference effects, the large solubility of 
SO3 and SO2 in water (79.8 vol. SO2 in 1 vol. H20 at 0 °C) 
and the oxidation of SO2 in the presence of 02 and water. IR 
spectrophotometry was used to monitor reactant depletion 
(i.e. the fraction of SO2 undergoing reaction) at 1151 cm -I.  

3. Resu l t s  a n d  d i s c u s s i o n  

Table I displays the measured degree of conversion of S O  2 

(r/) in different ternary mixtures of SO2-O2-sensitizer as a 
function of the irradiation frequency. In all runs, the laser 
power and irradiation time were maintained constant (6.5 W 
and 1 h respectively). 

It is worth mentioning that, on increasing the radiation 
intensity, the conversion of SO2 to SO3 increases: when 
mixtures of S O 2 - O 2 - 8 F  6 w e r e  irradiated with a cw medium 
power CO2 laser (50 W) emitting at the 10P20 line, r/values 
higher than 6% were obtained [4]. 

Control tests were also performed to verify the "zero"  
conversion in the absence of laser radiation: for a binary 
mixture of SO2:O2 = 1:2 and a total pressure p = 450 Torr, an 
average value 7/-= 0.1% was obtained. 

The depletion of SO2, determined as the difference log( 1 / 
To) - log( 1/T) where To and Tare the transmittances before 
and after irradiation respectively, is presented in Table 2. The 
results indicate efficient SO2 conversion on irradiation of 
mixtures containing C2H4F2 and S F  6 with the 9R24 and 
10P20 laser lines respectively. It should be noted that the data 
in Tables 1 and 2 are in relatively good agreement. 

The reaction rate may be monitored by the reactant deple- 
tion, which was measured over the pressure range 
p(SO2+O2)=120-480  Torr (Fig. 1), by maintaining 
constant the relative concentration (SO2:O2= 1:2) and the 
partial pressure of the sensitizer (p(C2H4F2) = 22 Torr). The 
irradiation conditions were held fixed at 6.5 W of the 9R24 
CO2 laser line. The fraction of SO2 undergoing reaction 

Table 1 
The conversion efficiency 7/of SO2 by CO2 laser irradiation of sensitized and pure SO2-O 2 mixtures a 

Mixture composition Laser line Frequency Total pressure Conversion 

(cm -~) (atm) 71 (%) 

1. SO2:O 2 = 1:1.88 9R24 1081.38 0.47 0.83 
2. 802:O22C2HC!3 = 6:11 : 1 10P22 942.64 0.45 1.22 
3. SO2:O2:C2I"LF2 = 3:11:1 10P22 942.64 0.46 1.43 
4. SO2:O2:C2H4F2 = 5:10:1 9R24 1081.38 0.46 2.17 
5. SO2:O2:SF~ = 5:10:1 10P20 944.45 0.47 2.05 

Irradiation time, 1 h; laser power, 6.5 W. 
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Fig. 1. SOs depletion in S O 2 - O 2 - C 2 H 4 F  2 mixtures as a function of the 

SO2 + O2 total pressure for fixed irradiation parameters (p(C2H4F2) = 22 
Torr; SO2:O2 = 1:2; P ~  = 6.5 W on the 9R24 line).  

Table 2 

The depletion of SO2 ( monitored in the IR transmission spectrum) on CO2 

laser irradiation of different gas mixtures a 

Gas mixture Laser line Depletion 
(%) 

SO2-O2 9R24 4 

5 0 2 - O 2 - C 2 H C ] 3  10P22 6 

SO2-O2-C2H4F2 10P22 14 

SO2-O2-C2H4F2 9R24 34 
SO2-O2-SF6 10P20 32 

a The other experimental  parameters (mixture  compositions, laser power, 

etc.) are as listed in Table 1. 

increases over this pressure range, reaching a maximum for 
a pressurep (SO2 + 02) -= 330 Torr. It has been observed [ 3 ] 
that, in many IR-sensitized reactions, the reaction rate reaches 
a maximum on increasing the pressure of the buffer (trans- 
parent) gas. This behaviour points to a non-thermal mecha- 
nism which may result from the competition between 
collisional vibrational-vibrational (V-V)  and vibrational- 

translational (V-T)  transfers inside the thermal bath of mol- 
ecules. 

The conversion efficiency of SOz should depend on the 
overall quantity of energy deposited by the IR laser radiation 
into the irradiated gas mixture. The absorption coefficients c~ 
(cm-~) ,  determined for the most relevant laser lines 
absorbed in sensitized SO2-O2 mixtures, are displayed in 
Table 3. As expected, the measured tr value for the binary 
SO2-O2 system shows that this mixture is a very poor 
absorber at the 9R24 CO2 laser line. Also presented are the 
measured ot values for the pure absorbing gases (C2H4F 2, 
C2HC13, SF6); it can be observed that the addition of buffer 
(transparent) gases modifies the level of absorption, partic- 
ularly when the buffer partial concentration is high. A com- 
petition between thermal diffusion and collisional processes 
explains this increased absorption. 

Fig. 2 presents the experimentally measured absorption 
coefficients for 5 0 2 - O 2 - 5 F  6 mixtures as a function of the 
SO2 partial pressure, maintaining constant the partial pressure 
of the sensitizer (p(SF6) = 0.1 Torr), the radiation frequency 
(the 10P20 laser line) and the relative concentration 
(SO2:O2 = 1:1.2). It can be seen that the absorption of SF6 
in a mixture with SO2-O2 increases more rapidly between 30 
and 60 Torr than between 75 and 130 Torr. This effect is the 
result of the decrease in the molecular mean free path as the 
pressure of the transparent gas increases, which leads to 
reduced thermal diffusion of absorbing molecules out of the 
beam and an increasing number of collisions. 

The evolution of the absorption coefficient ot (cm - ~ ) as a 
function of the radiation frequency (P branch of the 00°1 - 
01°0 band) may be followed in Fig. 3 for SO2-O2 mixtures 
sensitized with C2HaF 2 (curve a, SO2:O2= 1:1.2, 
p (SO2 + O2) = 592 Torr, p (C2H4F 2) = 10 Torr) and C 2 H C I  3 

(curve b, SO2:O2 = 1:1.2, p ( S Q + O 2 )  =592 Torr, 
p (C2HC13) = 45 Torr). A maximum absorption was recorded 
in both cases for the 10P22 laser line (942.64 cm-  i). 

A comparison of the results presented in Tables 1 and 3 
shows that the high chemical conversion of SO2 
('r/= 2.17%), ~btained on irradiation of S O 2 - 0 2 - C 2 H 4 F  2 

Table 3 
Absorption coefficients a ( c m -  t ) for ternary SO2-O2-sensit izer mixtures and for pure absorbing gases 

Gases Sensitizer SOs Mixture 
partial pressure partial pressure total pressure 

(Tort)  (Tort)  ( Torr ) 

Laser line Ot 

( cm - I )  

SO2-O2 46 98.8 9R24 

SO2-O2-C2H4F2 5 43 98.8 9R24 

SO2-O2C2H4F 2 5 43 98.8 101'22 

C2H4F 2 5 - - 9R24 
CzHaF2 5 - - 10P22 

SO2-O2--C2HC13 5 43 98.8 9R24 
SO2-O2-CzHCL 5 43 98.8 10P22 

C2HCI 3 5 - - 9R24 
C2HCl 3 5 - - 10P22 
5 0 2 - O 2 - 5 F 6  0.1 44.8 98.8 10P20 
SF6 0.1 - - I 0P20 

0.54X 10 _2 

3 . 5 6 x  10 -2 
7.12X 10 -2 

1.98× 10 -2 
6.34 x 10-2 
0.64:,< 10 -2 

6.89X 10 -z  
0 . 1 6 x  10 -2 
5.79 x 10- 2 
6 . 2 4 x  10 -2 
4 . 4 2 ×  10 -2 
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Fig. 2. Absorption coefficient of SO2-O2-SF 6 mixtures irradiated with the 
10P20 line as a function of the SO2 partial pressure for fixed SO2:O2 relative 
concentration (SO2:O2= l:l.2) and partial pressure of SF 6 (p(SF6) =0.1 
Torr). 

mixtures with the 9R24 laser line, corresponds to an a value 
( a  = 3.56 × 10-  2 c m -  ~ ) which is lower than that of  almost 
the same mixture irradiated with the 10P22 laser line 
( a = 7 . 1 2 X  10 -2  cm -~) for which a lower degree of  con- 
version ( r /=1 .43%)  was obtained. This observation 
deserves further attention and, in the following sections, the 
SO2-O2-C2HaF2 system on irradiation with both the 10P22 
and 9R24 CO2 laser lines is analysed using thermal and col- 
lision-induced transfer approaches. The same is not per- 
formed for the SO2-O2 mixtures sensitized with S F  6 and 
C2HC13 because, in the first case, an analysis was partially 
performed in Ref. [4] ,  and in the second case, the conversion 
efficiency was low and in accordance with a lower absorption 
coefficient. 

3.1. Thermal considerations; application to the S02-Oz -  
C2H4F2 mixture 

The reaction used industrially to prepare SO3 is the exo- 
thermic process 

ka 
S O 2 + 1 / 2 0 2  ~ SO3, A H = - 2 1 . 9 6 k c a l m o l  - l  (1) kb 

where A H  represents the enthalpy change for the occurrence 
of  reaction ( 1 ) and ka and kb are the temperature-dependent 
rate constants. 

The equilibrium of reaction ( 1 ) is shifted towards the right 
as the temperature decreases. In order to maintain a high 
reaction rate at lower temperatures (approximately 693 K), 
supported catalysts (such as Pt, Pd, Au, Cu, etc.) are used 
[111. 

For the SO2-O2 mixtures sensitized with C2H4F2, the tem- 
perature in the laser beam may be estimated by considering 
that the energy deposited in the beam volume is rapidly ther- 
malized by collisions, raising the gas temperature in a cylin- 
drical volume coaxial with the cell, and that heat transfer 
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Fig. 3. Absorption coefficient for SO2--O24221-LF2 (curve a) and 5 0 2 - - 0 2 -  

C2HCi3 (curve b) as a function of the laser frequency (in the P branch of 
the 0 0 ° l - 0 1 ° 0  band) :  (a )  p(C2H4F2) = 10 Tort'; (b) p(C2HCI3) =45 Tort'. 
In both cases, SO2:O2 = 1:1.2 and p(SO2 + O2) = 592 Torr. 

takes place through diffusion. The following relationship has 
been deduced (see Appendix A) 

Ts3/2_~Tw3/2 + 3 A_._P_P In rw (2) 
aT1" A l g e r  F s 

where Ts, rs and Tw, rw are the temperatures and radii for the 
beam and the cell wall respectively. The thermal diffusivity 
constant g e e  for the gas mixture was estimated by assuming 
that each component of  the mixture behaves like an ideal gas 
and by using the thermal conductivity data from Ref. [ 12]. 
We have obtained Kef  = 1.4 × I 0 -  3 m 2 s - 1 K -  1/2. The aver- 
age power dissipated per unit path, A P / A I ,  depends on the 
effective absorption coefficient ace at the actual pressure of 
the C2HaF 2 absorber. We obtained O/ef v a l u e s  o f  0 . 1 5  c m - 1  

and 0.28 cm-1  for the 9R24 and 10P22 laser lines respec- 
tively absorbed in the SO2-O2-C2H4F2 mixtures used. 

For P o =  6.5 W, rw= 15 mm, rs= 0.5 mm and Tw= 333 K, 
the average temperatures in the SO2-O2-C2H4F2 mixtures at 
a distance of  20 mm from the entrance window were esti- 
mated to be T~ ~ 1100 K and Ts -= 1400 K for irradiation with 
the 9R24 and 10P22 laser lines respectively. 

It is worth mentioning that an estimation of  the mean power 
Pm generated by the exothermic reaction (Eq. (1) ) was pos- 
sible using the reactant depletion during a 1 h experimental 
run (approximately 10% of the total SO2 amount, i.e. approx- 
imately 5 X 10 -5 mol). A value of  Pm -= 1.5 mW was found, 
which could not contribute significantly to the reaction effi- 
ciency. 

Finally, we may observe that the thermal model proposed 
above, which uses a cylindrical geometry, is no longer valid 
for a strong absorber such as SF 6 for which the radiation 
energy is almost entirely absorbed in a thin gas layer near the 
entrance window. 
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3.2. Collisional energy transfer in S02-02-C2H4F2 

mixtures 

Sulphur dioxide is a non-linear symmetric molecule [ 13] 
presenting three fundamental vibrational modes (symmetric 
stretch ~'x ( 1150 cm-  ~ ), bending ~'2 (518 cm-  1 ) and asym- 
metric stretch v 3 ( 1367 cm-  1) ). CO2 laser radiation with 
approximately 942 cm-~ energy ( 10P22 line) is largely off- 
resonant relative to any of the SO2 states, and there is no 
obvious overlap between the ~'3 mode of SO2 and approxi- 
mately 1080 cm - l radiation (9R24 line). In such conditions, 
the sensitizer plays the role of an energy transfer agent 
(ETA), which absorbs the laser energy and transfers it by 
collisions with other molecules, according to the general 
scheme 

ETA(0) +hu  ~ ETA(*)  (3) 

ETA(*)  + M ( 0 )  , M(*)  +ETA(0)  (4) 

where ETA (0) and ETA ( * ) are the sensitizing molecules in 
the fundamental and different excited states respectively and 
M is the other molecules in the mixture. In the pressure range 
involved in our experiments (exceeding I00 Torr), colli- 
sional relaxation, which redistributes the energy into rota- 
tional (R) and vibrational (V) modes, is a highly efficient 
relaxation channel [9]. 

In the following, a qualitative model of the energy transfer 
in SO2-Oz mixtures using CzH4Fz as sensitizer is proposed; 
to our knowledge, data concerning collisional transfer rates 
for the C2H4Fe polyatomic molecule have not been published. 
Without entering into detail, we should remember that, at low 
levels of excitation, V-V relaxation is much faster than V-  
T,R processes, and that if other factors are equal, resonant V- 
V transfer is more likely than non-resonant transfer [8]. 
However, a steady state may be established among the vibra- 
tional modes of the sensitized system (absorbing/non- 
absorbing species) which may partly allow, even during 
long-time irradiation, the establishment of a localized meta- 
stable vibrational distribution [14], superimposed on the 
thermal heating effect. 

1,1-Difluoroethane is a slightly asymmetrical top molecule 
of oblate shape, with C~ planar symmetry. Parallel and per- 
pendicular IR bands are produced by in-plane (species A') 
and out-of-plane (species A") vibrations. 

In the wavelength region of the SO2 ~'1 vibration, there is 
a rather complex strong absorption band of CzH4F 2, which is 
a superposition of the A' fundamentals (at 1143 cm-~ and 
1129 cm 1) and A" fundamental (at 1169 cm -1) [151. 
These bands were assigned to the symmetric (1143 cm - t )  
and asymmetric (I 169 cm J) C-F stretching modes [ 15]. 
A quasi-resonant V-V energy transfer channel, induced by 
collisions from C2HaF 2 molecules, towards the vl mode of 
SO2 is probable. Moreover, it was shown [ 16] that a rapid 
equilibration of Vl and ~'3 SO2 stretching modes is expected, 
favoured by an anomalous weak coupling of these modes to 
the low-lying v2 bending mode, thus preventing rapid V-T,R 

deactivation processes. We may assume that the 9R24 laser 
line (at approximately 1081 cm -~) excites C2H4F2 in the 
1143 cm- 1 band, followed by near-resonant excitation trans- 
fer to the vt mode of S Q  

C2H4F2(0) + hu ~ C2H4F2( 1143 cm- i) (5) 

C2H4F2( 1143 cm- l) + S Q ( 0 )  

C2H4F2(0)+SO,~(II51cm I ) - 8 c m  l (6) 

thus allowing for a metastable, vibrationally "hot" ,  SO2 
stretching mode distribution. 

The collisional energy transfer processes involved in 
CzH4Fz excitation with the 10P22 laser line (at approximately 
942 cm- 1) seem to proceed through the perpendicular band 
of C2H4F2 near 940 cm- 1, which is a superposition of the A" 
fundamental (at 930 cm-~) and a combination band of the 
same species (at 939 cm-  ~ ). The following energetic scheme 
may be proposed 

C2H4F2(0) +hu  ~ C2H4F2(930 cm 1) (7) 

C2H4F2(930 cm l) +C2HaF2(0) ' 

C2H4F2(0) +C2H4F2(571 cm ~) +359 cm i (8) 

C2H4F2(571 cm - j )  +SO2(0) 

C2H~F2(0) +SO2(518 cm -I ) +53 cm -~ (9) 

where Eq. (8) represents the collisional intermode coupling 
with the low-lying A' fundamental of C2H4F2 at 571 cm ~; 
the mechanism expressed by Eq. (9) represents the raising 
of SO2 molecules in the v2 vibrational mode. We observe 
that, due to the sequential character of processes (7 ) - (9 ) ,  
leading to progressive dissipation of the vibrational energy 
accumulated in C2H4Fz molecules, and to the rather large off- 
resonance of processes (8) and (9), a localization of energy 
in SO2 vibrational modes is less probable and thermalization 
processes seem to prevail. We also note that similar consid- 
erations, implying as an intermediate step intermode coupling 
of SF 6 vibrations, may be applied for the system SO2-O2- 
SFe irradiated with the 10P20 laser line [4]. 

It is known that most of the vibrational energy captured by 
the sensitizers is dissipated through V-T,R processes, feeding 
the translational heat bath. Once the high temperature Boltz- 
mann equilibrium is reached by the SO2-O2-sensitizer sys- 
tems, the reverse process, i.e. non-specific thermal vibrational 
excitation, can also occur, raising some SO, molecules in 
low-lying rovibrational levels. The build-up of the overall 
internal energy may partly reach the activation energy for the 
formation of SO3 from SO2 +O2. It has been shown that 
rovibrational levels of low-lying (below the dissociation 
threshold) excited electronic states participate in SO2 pho- 
tochemical reactions [ 3 ]. 

Eqs. (5) and (6) suggest that, in addition to the normal 
high temperature steady state reached by collisional energy 
transfer, a complementary excitation channel may contribute 



94 R. Alexandrescu et al. / Journal of Photochemistry and Photobiology A: Chemistry 93 (1996) 89-95 

to the enhanced chemical reactivity of the system 502--02-  
C2H4F2 irradiated by the 9R24 CO2 laser line. In this system, 
the high temperature (approximately 1100 K), characterizing 
to a different extent all the sensitized reactions, allows reac- 
tion (1) to occur through thermal vibrational excitation. At 
the same time, some SOz molecules may be excited by the 
near-resonant processes (5) and (6) and may be continu- 
ously raised to their vl mode, thus feeding a vibrationally 
excited metastable SO2 distribution and, in addition, increas- 
ing the internal free energy of the system. The following 
observations corroborate this assumption: (i) the lower 
absorptivity (and temperature) but higher reaction efficiency 
in mixtures of SO2--O2-C2H4F 2 irradiated with the 9R24 CO 2 
laser line relative to those irradiated with the 10P22 laser line; 
(ii) the non-thermal behaviour of the reaction rate with pres- 
sure: a pure thermal mechanism would involve an increase 
with increasing pressure which is contradicted by the laser 
experiment (SO2 depletion exhibits a maximum in Fig. 1 ). 

4. Conclusions 

The study of the IR photochemical properties of sensitized 
SO2-O2 mixtures at high overall pressures (hundreds of 
Torr), in the wavelength range of CO2 laser emission, shows 
that the extent of SO2 oxidation is dependent on the particular 
photoabsorbing species added. The absorption coefficients 
exhibit higher values in the presence of transparent (low 
absorbing) components than in the case of the pure absorbing 
gases. 

In ternary SO 2- O 2- - C2H4F  2 mixtures, a higher conversion 
efficiency was found on irradiation with the 9R24 laser line 
than with the 10P22 laser line. By performing an estimation 
of the gas temperature inside the laser beam, it was found 
that, for this system, thermal considerations only were not 
sufficient to explain the increased reactivity. A qualitative 
model of the specific collisional energy transfer processes 
was proposed, in which, complementary to thermalized 
chemistry, a vibrational enhancement of SO2 oxidation 
occurred when the radiation frequency correlated with the 
energy level structure of the molecular system. 
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the axis of the cell, and with a constant temperature distri- 
bution over its cross-section; (iii) a cylindrical symmetry is 
applicable. In our experimental conditions, the laser energy 
is dissipated through an intermediary (the sensitizer mole- 
cules) in the volume crossed by the laser beam. Due to the 
very low mean free path of these molecules, the energy is 
rapidly and uniformly transferred to the other molecules pres- 
ent in this volume. Thus the heat source can be considered as 
a solid cylinder. Taking into account the rather low absorp- 
tivity of SO2-O2--C2HnF2 mixtures, the heat source may be 
considered to be quasi-uniform along the axis of the cell and 
a cylindrical symmetry can be assumed. 

At steady state, the following equations are valid 

j ( r )  = - qt  d T / d r  (A1) 

j (  r) = q~ (27rr) (A2) 

where j is the density of the heat flux, qt is the thermal 
diffusivity, T is the temperature and q is the dissipated power 
over a unit path, q = A P / A I .  The  first equation is the heat 
diffusion equation for the radial component of the flux and 
the second is derived from the continuity law. For a gas 
mixture, the thermal diffusivity is a function of the thermo- 
dynamic temperature 

qt= KcfffT (A3) 

where the proportionality constant K~f is determined by the 
thermodynamic properties of each constituent of the mixture 

Kef = ~ P~ Ki (A4) 
i=l  ~0 

where K~ andp~ are the K constant and partial pressure respec- 
tively for the ith component and Po is the total pressure of the 
gas mixture. We have verified the linear dependence of ~ o n  
T I/2 for each component of our mixture. Taking into account 
this dependence, the correlation of the temperature on the 
radius was obtained as 

3 q In r>~rs (A5) T~(r) = Tw3/2+ 47rKef 

where q = Ap/A l was found from the attenuation of the inci- 
dent power Po (corrected for the transmission loss of the 
entrance window) at a distance l 

AP 1 - e -  ,~al 
A---l" =- 0.68Po AI (A6) 

Appendix A 

This section is devoted to the derivation of expression (2) 
for the temperature on the axis of a cylindrical cell. We made 
the following assumptions: (i) the heat transfer takes place 
by a diffusion mechanism described by Fourier's diffusion 
law; (ii) the heat source is a cylinder of radius r~, placed on 
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