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Kinetics and mechanism of the photodecomposition of xenon tetroxide 
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Tile of photochemical  decomposit ion of XeO 4 under the action of UV-radiation in the 
wavelength range of  200--300 nm was investigated. The quantum yield of the formation of  
oxygen atoms upon XeO 4 photodissociation was measured (q~ = 3.6+_0.4). Tile results 
obtained point to the predominant  role of the XeO,t + hv ~ 4 0  + Xe photodissociation 
channel  of XeO 4. The value of the rate constant of the reaction XeO 4 + O -~ 02 + XeO 3 was 
estimated (<4.5" 10 -16 cm 2 s-I) .  
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A long  wi th  o z o n e ,  x e n o n  t e t r o x i d e  is k n o w n  as one  
o f  the  s t ronges t  ox idan t s .  T h e  gas p h a s e  c h e m i s t r y  o f  
o z o n e  has  b e e n  m u c h  inves t iga ted  in r e c e n t  years  - -  
h u n d r e d s  o f  pape r s  have  dea l t  on ly  wi th  o z o n e  p h o t o l y -  
sis. At t he  s a m e  t ime ,  t h e r e  have  b e e n  no  inves t iga t ions  
o f  the  gas phase  r eac t i ons  o f  X e O  4 as far as we know,  

t h o u g h  they  are  o f  c o n s i d e r a b l e  in te res t .  
In the  p re sen t  work,  the  p h o t o c h e m i c a l  p rocesses  

p r o c e e d i n g  via U V - i r r a d i a t i o n  o f  XeO4 have  b e e n  
s tud ied .  

Experimental 

Tile experiments were carried out on the installation shown 
in Fig. I. The installation is a quartz tubular reactor (with a 
diameter  of  4 5  cm and a length of 5 cm) equipped with flat 
windows at the faces for input and output of the probing 
radiation as well as a flat lateral window for input of radiation 
from the photolysis lamp. A homogeneous parallel beam shaped 
by a CaF 2 lens was incident on the lateral window filling 
nearly the whole reactor volume. The reactor was filled with 

xenon tctroxide and diluent gases. A deuterinnl arc lamp with 
a cont inuons emission spectrum in the region of 195--300 nm 
was used as the source of UV-radiat ion for performing the 
photolysis. The dynamics of the photochemical  decomposit ion 
of XeO 4 was traced by changes in the time dependence of the 
intensity (/(t)) of the probing UV-radiation transmitted through 
the reactor. A low pressure mercury lamp (k = 253.6 nm) of 
much weaker intensity than that of the photolysis lamp was 
used as the source of probing radiation. In some experiments 
the probe was carried out at 227 nm. In those cases the 
deuteriunl lamp was used simultaneously as both the pbotolysis 
and probing source. 

In the region of 195--300 nm, xenon tetroxide has a 
continuous Gaussian absorption spectrum with a half-width of 
-400 nm and a n~aximum at 241 nm. The XcO 4 absorption 
cross-sections measured at 253.6 and 227 nm are equal to 
1,3-10 -17 and 1.2' 10 -17 c m  2, respectively, The concentra-  
tion of XeO 4 when evaluating the absorption cross-sections 
was determined iodometrically, t 

Xenon tetroxide freshly obtained before each experiment 
by the reaction between powdery sodium perxenate and con- 
centrated sulphuric acid 

Na4XeO 6 + 2H2SO 4 -~ 2Na2SO 4 + XeO 4 + 2H20, 
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I 1 ( ~  Fig. I. The scheme of the experimental installation. 
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was fed to the reactor. The XeO 4 pressure was varied in the 
range from 0.1 to 0.7 Torr. The use of  higher pressure is 
tmdcsirablc because of the considerable inhomogenuity of the 
UV-radialioo in lhe transverse direction of the reactor (lue to 
asbsorplion. The yield of XeO 4 in the generator was -70 %. 
Oxygen was also among the gaseous products, most likely due to 
partial decomposition of XeO 4 because of heat liberation in the 
reaction proceeding mainly in the superficial Na2XeO 6 layer. 
Oxygen (02), lie, Xe, and CO 2 were used as diluent gases. 

Resu l t s  and D i s c u s s i o n  

The  c h o i c e  o f  the mode l  for the p h o t o c h e m i c a l  de-  
composi t ion  o f  X e O  4. In o rder  to d e t e r m i n e  and inter-  
pret the o p t i m u m  expe r imen ta l  cond i t ions  one  needs to 
choose  and ana lyze  a mode l  for XeO4 photolys is  that 
includes the init ial  step, the  pho tod issoc ia t ion  o f  XeO4, 
and subsequen t  s econda ry  chemica l  react ions.  

The  main  charac ter i s t ics  o f  the pho tod issoc ia t ion  
react ion are the  qt, a n t u m  yield and the energe t ic  state o f  
the p roduc t s  formed.  T h e r e  are 4 possible channe l s  o f  
the pho tod i s soc ia t ion :  

XeO,t + hv - .  XeO 3 + O, (la) 

XeO 4 + h v - ~  Xe + 02 + 20,  ( Ib )  

XeO4 + hv --~ Xe + 40 ,  ( Ic )  

XeO 4 + hv  -~ Xe + 202. ( Id )  

Oxygen  a toms  and mo lecu l e s  fo rming  in the course  
of  d e c o m p o s i t i o n  t-nay be in e l e c t r o n - e x c i t e d  states. The  
genera l ized  equa t i on  o f  p h o t o d e c o m p o s i t i o n  ( react ions  
l a - - d )  can  be wri t ten  as 

XeO 4 + hv --~ • t .O(3p) + O2 .O( ID )  + (b3"O2(IA) + 
+ O4"O2(1~)  + .... ( I )  

where  @l, ~2,  03 ,  @4 are the  q u a n t u m  yields o f  the 
fo rmat ion  o f  O(3p) ,  O ( I D ) ,  O2(IA), and O2(IE). The  
total @ = @1 + 02 q tmn tum yield o f  the fo rmat ion  o f  O 
a toms may  vary f rom 0 to 4. 

T h e  most  impor t an t  secondary  processes  are pre- 
sented in S c h e m e  I. 

Scheme I 

O + O 2 + M --~ 03 + M, (2) 
k;~(M = 02) = 6.8" 10 -34 cm 6 s -I (see Ref. 2) 

O + XeO 4 -~. 02 + XeO a (3) 

O + 03 --~ 202,  (4) 
k4 = 8" 10 - ' 5  cm 3 s -I  (see Ref. 3) 

O + wall --~ 1/202 (5) 

O a + hv --* O2(IA) + O(1O), (6) 

a(253.6 nm) = 1.14" 10 -17 cm 2 (see Ref. 4) 

0(227 nm) = 0 .34 .10  - ' 7  cm 2 (see Ref. 4) 

O(ID) + XeO 4 -~ XeO 3 + 20  (7) 

O(1D) + 03 ~ O  2 + 20,  

k8 = 2.4" 10 - I °  cm 3 s - I  (see ReE 5) 

(8) 

O(ID) + 02 --', O + O2(1E), 
k 9 = 4.2- 10 -II  cm 3 s -I (see ReE 5) 

(9) 

O(ID) + M-+ O + M, 

kl0(M = lie) = 3" 10 - '3  cm 3 s -I (see Ref. 6) 

k,0(M = Xe) = 5" 10 -"  cm ] s - '  (see Ref. 6) 

(10) 

O2(IA) + XeO 4 --~ 02 + XeO 3 + O ( l l )  

O2(1A) + 03 --~ 202 + O, (12) 
k12 = 4.4" 10 -15 cnl 3 s -I (see Ref. 7) 

O2(1A) + M ~ O 2 + M, (13) 

k13(M = 02) = 1.6" 10 -18 cm 3 s -I (see Ref. 8) 

kl3(M = He) = 8"10 -21 cm 3s -I  (see Ref. 7) 

O2(1A) + wall - *  02 (14) 

O2(1E) + XeO 4 -4. 02 + XeO 3 + O (15) 

O2(1E) + 03 -* 202 + O, (16) 
kl6 = 1.96- 10 -II  cm 3 s -I (see Ref. 6) 

O2(1E) + M --~ o2( iA)  + M, (17) 

k l7 (M = 02) = 4" 10 -17 cnl ] S - I  (see Ref. 9) 

ktT(M = lie) = 2.5"10 -16 em 3s - t  (see ReF. 6) 

The  part icles  in the ground state are deno ted  by O 
and 0 2 in S c h e m e  1. The  values o f  the cor respond ing  
rate cons tants  known from the l i terature are  also listed 
ill S c h e m e  I (see also Ref. 10). Seconda ry  processes 
with par t ic ipat ion o f  XeO 3 molecu les  are not  inchlded  in 
S c h e m e  I, s ince accord ing  to t h e r m o c h e m i c a l  data,  the 
energy of  the  c leavage o f  the first X e - - O  bond in the 
XeO 3 mo lecu l e  is cons iderably  h igher  and,  hence ,  its 
reactivi ty is lower  than in the XeO 4 molecu le .  Ne i t he r  is 
the photod issoc ia t ion  o f  XeO 3 molecu les  inc luded  in 
S c h e m e  I, s ince the  accumtda t ion  o f  the lat ter  in ap-  
preciable a m o u n t s  is ruled out. 

This  is associated with the fact that  XeO 3 is a solid 
(with a low vapor  pressure)  at room t empera tu re ,  and 
therefore ,  its molecu les  will e i ther  be adsorbed by the 
reac tor  walls or  "stick together"  in col l is ions  with each 
o the r  to yield micropar t ic les .  

Applying the quas i - s ta t ionary  concen t r a t ions  m e t h o d  
to O, O ( I D ) ,  O2(~A), and O2(IE) particles,  we obtain:  

_ dlXeO41 = 11 +'flOl +[1~2(P2 +~' ,)+ 
dt 

+ 1330 -- I]2)(p3 + "rl)~AkdXeO4] + 

+ {odh + 134[p2B2 + p~l]j (I - 132)1 + ~q[l + 131 + 
+ lh (I~2 + B.I(I - l]D)lllm2/ql Xe041 +/c610j II + 

+ 133(p3 + 'h) lO3k, lXeO41 + k6[O31}; (18) 
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d l O ) l  
- d t  = / ( : dOf f  + (1(I - 02)112 + (I - 02)(I - Ib)lhl,~).( ~- 

+ ('),~ - '),~)1o) + ( Ih  + 11~(I - 11~))O, d l / q lXeO, ) l  + 
+ {(I - r~)11~ + 114[(I - 02)112 + (I - Ca)(I - 112)P.fl + 
+ (Y2 -- Y3)[  I + Ol + 04( f l2  + 11~(I - 112))11 x 
x {r))~/qlXc041 +/q,  lOs l }  + 
+ 11~(I - ca + ,<~ - ~ , ,9{%/q lXe041 + /~10~1} ,  (19)  

w h e r e  k~ = J ' a l ( V ) / l ( V ) d v ,  k~, = J ' o 2 ( V ) l l ( v ) d v  a r e  t h e  
s p c c i f i c  r a t e s  o f  p h o t o d i s s o c i a t i o n  o f  X e O  4 a n d  0 3 
m o l c c u l e s  in  p r o c e s s e s  ( I )  a n d  ( 6 ) ;  a ) ( v ) ,  a ~ ( v )  a r e  
tile absorp t ion  c ross - sec t ioqs  o f  XeO4 and 0 3 at fre- 
quency  v; l~(v) is tile i r radiat ion intensi ty  o f  the pho-  
tolysis lamp. 

kT[XeO4l + ks[O3l 
11) = kTIXeO41 + ksl%l + k4021 + kl01M] ; 

klslXeO41 + kl6[O31 
02 = kl~lXeO4l + kl6[O31 + klTIMI ; 

/q )IXeO41 + kl2[O~l 
~3 = kl I[ X e O 4  ] + kI 2[ O31 + kl 3[ M ] + k)4 ; 

(I - po/<gl02l  . 
f14 = k~021  + kldM I ' 

kTlXeO4l 
01 = kTlXeO,d + ks[O3l ; 

kl dXeO41 
Ca = kl)lXeO41+ kl2[O3]; 

klslXeO41 
02 = k )s lXe041 + k)61031 ' 

kslXeO4 I 
"rl = k2lO2lMi + k3lXeO4l + k41031 + k5 ; 

k4lO31 
~'2 = k 2 l O 2 l M i  + k3iXeO, i  I + k4lOsl + ks ; 

k2lO21MI 
I'3 = 

k2102 II M1 + k31XeO41 + k41031 + ks 

Here  0 <_ [~i -< 1 ; 0 < Pi < I ; 0 _< yi _< 1. For  the react ion 
s c h e m e  given above,  Eqs. (18) and (19) descr ibe all 
possible cases. A fur ther  p rob lem consists  in choos ing  
expe r imen ta l  cond i t i ons  for which  the equa t ions  can be 
s impl i f ied.  

Photolysis  of  XeO4 in the presence  of  O z. Experi-  
ments  on the photolysis  o f  X e O  4 i n  the  presence o f  O 2 
were carried out  with the aim of  de te rmin ing  the quan-  
tum yields o f  the format ion  o f  oxygen a toms (~) ;  reaction 
(2) was used in order  to turn the oxygen a toms into ozone  
molecu les  that could  be de tec ted  by spectroscopic  tech-  
niques, i f  xenon te t roxide  is highly diluted with oxygen,  
react ions (2) and (9) must suppress reactions (3)- - (5)  and 

(7) and (8), respectively,  i f  k210211MI >> k31XeO41 + 
k41031 + ks; k91021 >> kTIXeO41 + k81031, then I~t = 0; 
1~,4 = I; YI = 0; 1'2 = 0; 1'3 = I. Because o f  the large 
k16/k17 ratio o f  the rate constants  already at an ozone  
concen t r a t ion  o f  [O31 > 1014 cm -3, cor responding  to less 
than 1 %  XeO 4 convers ion ,  we get k16[O]l >> klTlM],  i.e. 
1~2 = I. O n e  can simplify Eqs. (18) and (19): 

d[ XeO41 
d---T - II + o2((I)2 + ¢h) + 0211~hlkdXeO41 + 

+ ()~ ~- 02p~)k610~l; (20) 

dlOjl _ l,I)+ 02(4)2 + ,t)4) + calls'tiff ~)IXeO41 + 
dr  

+ (02 + 0211.0~IOjI. (21) 

T h e  ini t ial  c o n d i t i o n s  are: at t = 0 [XeO4] = 
IXeO4)h,i; [03] = 0. 

The  system of  equa t ions  (20) and (21) descr ibes  the 
loss o f  XeO 4 and the fo rmat ion  o f  0 3 after  photolys is  of  
the gas mixture ,  respectively.  After  t ime  t = ( 3 - - 5 ) / k  I 
( I / k )  is the charac ter i s t ic  t ime  of  XeO 4 pho tod issoc ia -  
t ion),  the process is comp le t ed ,  and the  final ozone  
concen t r a t i on  lO3ln,, is achieved.  

Deno t ing  

A I = JkllXeO41dt , 

A2 = l{[P2(cl'2 + q)4) + P3113cl~31kIIXeO41 + 
+ (P2 + P31~3)k6[O31} dt 

and having integrated the system (20) - - (21)  from 0 to t, 
we get 

[XeO41i, i = A l + A2; [O3ln, = ~I}A I + A 2, 

Hence ,  

IO31n,/IXcO41h, = (q>A I + A2)/(A I + A 2) 

and 

4) = [031n,,/lXeO4h,, i + (IO31n,,/lXeO41i,,i - I ) A J A  I. 

Taking  into account  that  

[ X e O 4 ] i .  i = - ( I / ( ~  I L ) ) "  I n ( l i . i / l o ) ,  

[O3ln, = - (  I / ( a 2 L )  ) . ln (  l f i . /  lo) , 

under  the cond i t ion  [O3]n,/[XeO41in i > 1 we even tu -  
ally get: 

IO~lr,,, _ o) I n ( / f i .  / l o )  
O - -  [XeO4lini  02 hl(i i , , i  / l0 ) . (22)  

Here  / 0 is the intensi ty o f  probing radia t ion in front o f  
the reactor ;  / ini,  Inn is the in tensi ty  o f  probing radiat ion 
t ransmi t ted  through the reactor  before  the  beginning  
and at the  end of  photolysis ,  respect ively;  L is the 
reactor  length;  a I and a 2 are the  absorp t ion  cross- 
sect ions  o f  X e O  4 and 0 3 at the wave leng th  o f  probing 
radiat ion,  respectively.  For  any m o m e n t  o f  t ime  / = 

/ 0 e x p l - ( a l l X e O 4 1  + ~21031)L1, so using Eqs. (20) and 
(21) we obtain:  

I d /  = o i L  [ el)_ 1 _ _ _ ( 0 2 ( d ~ 2  +d~4)+  
l dt a I 

+ (caf~b)~,lXeO41- - ~ ( 0 2  + ~lh)k6lOfl , 

A o  = o I - a 2. 

Since  ~) -- a2 for probing radia t ion at the  wave leng th  
o f  253.6 am,  wi thout  making  an apprec iab le  error ,  one 
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Fig. 2. Change in the intensity of probing radiation in the 
course of the photochemical decomposition of XeO 4 in mix- 
lures with 02 (initial pressure of XeO 4 (Pl) and 02 pressure 
(P2), Torr): at Z. = 253.6 nm: /, Pl = 0.05, P2 = 350; 2, Pl = 
0085, p2 = 525; 3, Pt = 0.12, p2 = 480; 4, pt = 0.15, P2 = 
360; 5, p~ = 0.18, P2 = 360; at k = 227 nm: 6, Pl = 0.11, 
P2 = 375. 

can disregard the addends containing the Acr/c h m t ,  lti- 
plier: 

I dl 
I dt = °lL(~b- I)kl[XeO41" (23) 

This relationship allows one to obtain the value of  
the kl(@ - 1) parameter  and, hence, the characteristic 
time "H = I/kl  (or the specific rate k~) of  XeO 4 photo- 
dissociation from the derivative on the initial part of  the 
transmission curve l(t). 

in experiments on the photochenfical decomposit ion 
of XeO 4 in the presence of  O1, the initial pressure of  
xenon tetroxide was varied in the range from 0.1 to 
0.45 Torr, and the pressure o f O  2 was varied from 200 to 
600 Torn Thirty experiments  were carried out. Typical 
dependences of  the intensity of  probing radiation trans- 
mitted through the reactor during the photolysis are 
shown in Fig. 2. in most experiments,  the probing was 
carried out at a wavelength of  253.6 rim. In this case 
conversion of  XeO 4 was accompanied by an increase in 
absorption (curves I--5) .  The photolysis was performed 
for I h until a constant intensity of  transmitted light was 
reached. The intensity of  the transmitted probing radia- 
tion at 227 ,ml remained constant (with an accuracy of  
+_2 %) in the course of  the photochemical  decomposi-  
tion of  XeO4 (see ct, rve 6 iq Fig. 2). The processing of  
probe data (L = 253.6 nm) gave the mean valve of  the 
IO31n,/IXeO4]in i ratio equal to 3.2, i.e. in accordance 
with Eq. (22) @ > 3.2. The relationship In, ~ /i,,i is valid 
if the probing is carr ied  out at 227 rim; hence ,  
IO31nn/lXeO4]i,,i = a l / o  2 = 3.5, and • > 3.5. Since ¢, 
cannot exceed 4, 3.2 < ¢~ < 4, and ¢~ = 3.6+0.4. The • 
value found allows one to draw the conclusion that the 
predominant  channel of  photodissociation of  the XeO4 
molecule  is channel (Ic)  with the formation of  four 
oxygen atoms. The problem of the decomposit ion dy- 

namics is still an open question, since it is not clear 
whether the decomposit ion follows a single-step mecha-  
nism with simtfltaneous cleavage of  all bonds or is a 
multi-step mechanism with the formation of short-lived 
intermediate fragments (XeO2, XeO). 

The data processing for the initial parts of  the l(t) 
curves accordiqg to Eq. (23) allowed one to determine 
the mean value of the kl(@ - I) parameter to be equal 
to 0.217 min -t .  Usillg the value of¢~ = 3.6, the specific . 
rate of  photodissociation of  the XeO 4 molecules t, nder 
the expe r imen ta l  cond i t i ons  was obta ined:  k I = 
0.0835 rain -I.  

Photo lys i s  o f  XeO4 in the presence  of  H e ,  Xe,  and 
CO 2. The experiments on the photolysis of  XeO 4 in 
mixtures with 0 2 were carried out such that reaction (2) 
was predominant  in the abstraction of  O atoms. This 
allowed us to determine the qt, antum yield of  the for- 
mation of  O atoms during the photodissociation of  the 
XeO 4 molecule as well as the characteristic rate of  
photodissociation of  XeO 4 molecules trader the action 
of  light with wavelengths from 200 to 300 nm. Changing 
the conditions of  photochemical  decomposit ion,  one 
can obtain additional information on other processes 
involved in its mechanism. Thus, the replacement of  0 2 
by other  diluent gases allows one to create conditions in 
which the rate of  reaction (3) could be compared with 
the known rate of  reaction (2), and, hence, the rate 
constant k 3 could be determined. 

I--lelitlnl as well as Xe and CO 2 were used in experi- 
ments as diluent gases; their pressure was varied from 0 
to 760 Torr. The probe was carried out at 253.6 rim. 
Abot, t 80 experiments were carried out. The transmis- 
sion curves of  the probing radiation obtained dr, ring 
irradiation of  the mixtures of  XeO 4 with CO 2 by a 
det~teriurn lamp are presented in Fig. 3. It can be seen 
that a decrease (curves /, 2) or an increase (curves 4, 5) 

//li,,i (rel. unit) 

1.4 

1.0 

0.6 
0 

2 

3 

5 

6 

I I I t I 

2.5 5.0 7.5 10.0 t/rain 

Fig. 3. Change in the intensity of probing radiation in the 
course of the photochemical decomposition of XeO 4 in mix- 
tures with CO 2 (initial pressure of XcO 4 (Pl), 02 pressure (P2), 
CO 2 pressure (P3), Torr): at k = 253 nm and Pl = 0.47: 
I. p] = 7.5; 2, P3 = 30; 3, P3 = 75; 4, p] = 225; 5, P3 = 450: 
at Pl = 0.1: 6, p3 = 600, p2 = 0.75. 
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in absorption at the initial stage of the photolysis as well 
as a delay between the moment  the deuterium lamp is 
swilched on and the begiiming of the absorption drop is 
observed depending on the CO 2 presstlre (curve 3). 
Addition of O 2 results in an increase in the absorption 
(curve 6). 

Analogous dependences were also observed when the 
photolysis of mi×tures of XeO4 with He and Xe was 
performed, In the case of He, the XeO 4 consumption 
rate (w) was determined from the formula 

I d I n ( / / I 0 )  
W : I 

I n ( / /  I0) dt 

from the initial part of the curve of the transmission of 
the probing radiation (the degree of XeO 4 conversion 
_<30 %) where w is nearly constant. At low He pressure, 
to coincides with the specific rate of xenon tetroxide 
consumptio,a (I/[XeOn]) • (dlXeO41/dt), since in this case 
ozone is produced in negligible anaotmts. As can be seen 
from Fig. 4, the XeO 4 consumption rate decreases ap- 
preciably after adding small amounts  of He. Similar 
results were obtained in experiments with Xe and CO 2. 
In the absence of diluents, the specific rate of XeOa 
decomposition does not depend on its initial pressure (in 
the investigated range from 0.1 to 0.6 Torr) and is equal 
to w = 0.3 rain -I .  

One can assume that the character of the depen- 
dences shown in Fig. 3 is determined by competit ion of 
the processes of the formation of 0 3 from doped oxygen 
(formed in the course of XeO 4 synthesis, see above) and 
the loss of XeO4 and 0 3. Assuming without making a,1 
appreciable error that o I = a 2 = s at L = 253.6 nm and 
using Eqs. (18) and (19), we obtain 

I dl = _aL d(IXeQI +1031 : a -  by, 
1 dt dt 

where a and b are the positive parameters (a/b < I) and 

k2lO2llM l - k3lXe04l- k41031 
r = ~ 3  - -  ~ I i ~ 2 = k2lO21lMl + k3lXeO4l + k41031 + ks ' 

"Brightening" (dl/dt > 0) is observed at g < a/b, 
while "darkening" (d / /d t  < 0) occurs at g > a/b. In the 
extreme cases, k210211M I >> k3lXeO41 + k4[O31 + ks 
(discussed in the preceding section) and k2[O211M I < 
k3[XeO41 + k4[O31 , "darkening" at g = 1 > a/b and 
"brightening" at g < 0 < a/b are observed, respectively. 
Therefore, in successive experiments with increasing 
IO211MI product, a smooth change from "brightening" 
to "darkening" of a mixtt, re will take place. When a 
"delay" arises, Y3 > ?t + Y2, and consequently k 3 < 
k210 21I M I/I XeO41. 

In mixtures with CO 2 the delay was detected at a 
CO 2 pressure of 75 Tort  (see Fig. 3, curve 3), while in 
mixtures with He it occured at I 15 Torr. Assuming that 
the concentra t ion of the doped oxygen has its most 
probable value 0.291XeO4]in i (which corresponds to a 
70 % yield of XeO 4 in the generator and presuming Xe 

w/rain-i 

0.4 

0.3 

0.2 

0.1 

I I I I I I I 

0 5 10 15 20 25 30 p/rT'orr 

Fig. 4. Dependence of the specific rate of photodecomposi- 
tion of XeO4 on He presstlre (p). 

and O 2 to be products of the partial decomposit ion of 
XeO4), we obtain k 3 < 10 -15 cm 3 s -I  and k 3 < 
4.5.  10 -16 cm 3 s -I for experiments with CO 2 and He, 
respectively, in our estimate we assumed k2(M = CO2) 
be equal to 1.5. 10 -33 and k2(M = He) to be 
4" 10 -34 cm 6 S-I. II 

The most probable reason for the decrease in the 
XeO 4 consumption rate as He pressure increases (see 
Fig. 4) is the increasing role of the tr imolecular  extinc- 
tion of O atoms in process (2). At not too high pres- 
sures, 131 -- I, [O31 << [XeO41. Then for the specific rates 
of the loss of both non-dihlted XeO 4 (wi) and the loss of 
that diluted with helium (to) we obtain from Eqs. (18) 
and (19): 

u,~=k~{l+Act,+(~+A@) k3lXeO41 } 
k3lXeO41 + ks ' 

w = kl{I +Arl) + 

(24) 

where bob = ~2 + ~3¢D3 + ([32 + [}3( I - 1~2))¢D4. it follows 
from (24) and (25) that: 

w kj lXeO41 ] k31XeO41 J 
(26) 

From expression (26) we de t e r mine  
w i lu,  + I 

k~lXeO41 < w ~ l w - I  1<2lO211M1" Using data f rom Fig. 4 

we calculate k 3 < 2" 10 -16 cm 3 s - i ,  which does not 
contradict the previous estimate. In accordance with 
formula (24) the independence of the XeO 4 photodisso- 
ciation rate from the [XeO41i,i concentrat ion is possible 
if k3[XeO4li,,i > k s in the range under  study. One call not 
rule out another explanation for the dependences shown 
in Figs. 4 and 5, namely, the formation of "hot" atoms 

* (@*A,t,) k31XeO41+k4[O31-k210211MI I, (25) 
k3lXeO41 + k41031 + k2102 IIMI+ ks 
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dtJring primary photodissociat iou.  Thus, energy equal to 
0.8--2.3 eV is released in the dominant  chamlel  ( Ic )  
depe,lding on the magni tude of  the quantum absorbed 
by the translat ional  degrees of  freedom of  the O atoms. 
If all of  the hot a toms formed react with XeO 4 mol-  
ecules, then w will be independent  of  the XeO 4 con-  
centration. Hot a toms rapidly lose their  energy in colli-  
sions with other  particles. According to calculat ions,  the 
energy of  O atoms drops by a factor of  e after 3, 5, and 7 
collisions with He, 0 2, and XeO4, respectively. In other  
words, after : 1 0  coll isions the O atom gets thermalized.  
From this it follows that the effect associated with hot 
atoms can be observed if their  k 3 constant  is larger than 
10 -II  cm 3 s - I ,  otherwise the atoms will be cooled be- 
fore the react ionary collision. 

It follows from formula (24) that if k3[XeO41 >> k 5 
then tvl/k I : I + • + 2A~, i.e. w~/k I = 4.6 + 2A~. The 
experimental  value of  that ratio coincides with the theo-  
retical one withi,i  the limits of  exper imental  errors (if  
A@ is small) ,  i.e. w j /k l  = 0.3/0.0835 = 3.6. Since 
m 2 < A~, one can draw the conclusion that the yield of 
the formation of  e lec t ron-exci ted  O a toms at the first 
stage of  photodissocia t ion can not be large. This conclu-  
sion is reasonable if one keeps in mind the fact that the 
principal channel  of  decomposi t ion  of  the XeO 4 mol-  
ecule is chamlel  ( l c )  which produces O atoms in ground 
state. In fact, decomposi t ion  through ( Ic)  with the 
formation of  one O( ID)  atom is spin-forbidden,  and 
decomposi t ion with the formation of  two O(ID)  atoms 
is energy-forbidden.  The problem of  the quantum yield 
(@:2) of  format ion of  O(~D) can also be solved by 
comparison of  exper imenta l  data on XeO 4 decomposi -  
tion in the mixtures with He and Xe. Xenon que,lches 
O(ID)  atoms with an efficiency which is 170 times 
higher than that of  helium. Therefore,  in the case of  the 
formation of O( ID)  a toms in appreciable  amounts ,  the 
replacement  of  He by Xe must result in a decrease in the 
XeO4 constmlpt ion rate. However,  this has not been 

observed in the experiments;  so this fact again confirms 
the conch,sion that the quantum yield m 2 is small.  

Thus, all experimental  data on the photochemical  
decomposi t ion of  XeO 4 are described by a non-cha in  
mechanism including processes ( I ) - - (17) .  The predomi-  
nant chamlel of  XeO 4 photodissociat ion is ( Ic ) ,  which 
yields O atoms in the ground state. The rate constant  of  
the e lementary  reaction (3) in which the XeO 4 molecule  
part icipates is an order of  magnitude or more lower than 
that of  reaction (4), in which the 0 3 molecule part ici-  
pates. Since these processes are the reactions of  the loss 
of  active centers in corresponding oxidation mecha-  
nisms, XeO4 is a more efficient oxidant than 0 3. 
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