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hfx\turi?s of UF6 and Hz m different ratios haw been rrradtated at 360 and 400 nm by means of a fiitrrcd mercury Iamp. 
A s@Mkmt pressure drop has been obserted at both ewltatton aauelcngths due to the dlssocmtron of VI-, Into Urs f F, 
A *er*‘ ht_& dissociation quantum 1 ield has been found 

1. Introduction 

In vxew of possible laser isotope separation (LIS) 
schemes of uramum, the photophysrcal and photo- 
chemical propertles of gaseous UFe have been the sub- 

ject of exparrmental and theorettcal mvestigations m 
the last few years. as recently revrewed by de Srlvestrr 
et al. Cl 1. In parttcularAhe fluorescence emission from 
UF6 exctted tn the A-X band (340-410 run) exhrbits 
different time behavlour and quantum yield, depending 
on the evcttatron wavelength [2,3] . These evpenmental 
data can be ekplamed m terms of a model mvolvLng two 
excited electromc states [3] _ The fluorescence quantum 
yield is genefdlly very low. For mStame, at 10 Torr pres- 

sure, its value is -5 X lOA at the long wavelength edge 
of the absorption spectrum and drops down to -104 
at shorter wavelengths. A very effictent quenching 
mechamsm must therefore be present It couId be both 
a redrstrrbution of the excrtation energy amongst the 
internal degrees of freedom of the molecule and a dis- 
sociatrve process The latter. followed by a chemtcal or 
physical removal of the photo-products, would be use- 
ful for LIS No experimental data, however, are avsul- 
able m the hterature to evaluate the relative efficiency 
of the two processes_ 

In this paper we report results on the photodissocia- 
tion of gaseous UF6 under excrtatron at 360 and 400 
M-I in the presence of Hz. 

1. Experimental 

The reaction cell (3.5 cm diameter and 20 cm tong) 
and the vacuum hne were all in monel and quartz wtth 
mdtum O-rings. The rotary and the diffusion pump both 
employed special fluorinated oils (Fombhn YZS/S and 
Fomblm 1818 respectively) compattble with UFg and 
having very Iow vapor pressure. The highIy purified UFs 
was supphed by CNEN. Research-grade H, was used. 
The pressure in the cell was measured by an MKS Bara- 
tron model 3 10 AHS-100, whose anaiog output was sent 
to a chart recorder. The gas mL\ture was fully irradiated 
by an Osram HBO mercury lamp (200 W). The &vo ex- 
cttatron wavelengths at 360 and -%OCl nm were selected 
by mterference filters with 6 nm bandwidth_ The inci- 
dent power was measured to be 60 mW and 100 mW, 
respectively. 

3. Results and discussion 

It is well known that UF, has negligrble vapor pms- 
sure at room temperature. Thus a pressure decrease in 
the reactton cell would be expected as a consequence of 
the UFg photodissoctation mto UF5 + F. In our experi- 
ment, no appreciable decrease rn the cell pressure was 
observed when uradtating IO Torr of UFs alone at both 
wavelengths In our opimon, this is due to the UF5 f 
F -+ UF6 recombmation process. This process has recent- 

ly been shown to be very efficient in the kinetics follow- 
ing the photolysis of pure UF6 (41. In order to preuent 
ti recombination, W2 has been added as a scavenger of 



Volume 69, number I CHEMICAL PHYSICS LETTERS 1 January 1980 

the fluorine atoms No pressure decrease was observed 
when UF, and H, were rnL\ed in the cell m the absence 
of irradiating IighT. On the other hand, a defirute pres- 
sure drop was observed when the 93s mtvture was ir- 
radiated by both 360 and 400 nm hght. The correspond- 
mg tune evolution of the overall pressure 1~1 the celi IS 
shown m fig 1 (curkes (a) and (b), respectively) for 10 
Torr mttial pressure. The two wavelengths were chosen 
m order to excite preferentiaII1 one or thcother elec- 
tronic states. which contrlbute to the A-X absorption 
band of UF, -[S] The stoichlometry of the reactron 
that we expect to occur IS 

2UF6 + H, + 2UF&oLd) + 2HF. (0 

Thus, If the UFs H2 imtlal pressure ratlo IS stolchio- 
metric (I e 2. I), a pressure drop to a final value of 
2/3 of the mltlal one IS expected This IS IJI fact the case 
vvlth curves (a) and (b) m fig 1. which tend towards an 
asymptotic value shghtly lower than that expected (1-e. 
6.6 Torr). Curve (c) m fig.1 refers to a 1 _ J mLxture 
and tends towards an asymptotic value that 1s stlLl 
shghtly lower than that expected from (I) Ulhlch, m 
thus case, sho;!d be 3/4 of the lmtial pressure These 
results enable us to rule out the posslblhty of UF, de- 
composltron mto UFd, which would iead to a final 
pressure higher than that expected from (1) 
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Fig 1 Total przssurc of UFB H2 mLxtures as a function of 
the uradtatlon tune Curves (a) and (b) 2 1 ratlo under ewi- 
tatlon at 360 and 400 MI. reqectwely, curve (c) 1 1 ratto 
under excltatlon at 360 nm 
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The expemnental time behavlour of the overall pres- 
sure could be intepreted UI terms of the followmg re- 
action mechamsm 

UF6%F5+F, (2) 

F+HZ+HF+H. (3) 

H+UF6+UF, +HF. (4) 

H+H+M+H,+M, (5) 

F+UF5 +UF6, (6) 

m which M represents all posslbIe colhsional partners. 
However, according to reactIon (l), reactlon (6) is not 
hkely to occur when the mitial pressure of Hz (pi,) IS 
at least half of the mltial pressure of UF6 @bF,)_ This 
case only 1s dIscussed m the following. Assummg the 
rate of reactlons (2)-(S) to be fast on the time scale 
of our observation, the tune evolution of the UF, pres- 
sure @use) in the lmear absorption regune can be de- 
scribed as follows 

dp UF6/dt = -($@l~l@ /$F~ (7) 

where IO IS the intensity of the mcident light, c~ is ab- 
sorption cross section at frequency v, and @ IS the num- 
ber of UF, molecules that disappear per photon ab- 
sorbed_ Once the above scheme of reactions 1s assumed, 
@ also represents the number of UF, molecules produced 
per photon absorbed. The value of #I depends both on 
the quantum yield of photodissoclatlon of the excited 
UF6 (reactlon (2)) and on the competition between 
reactlons (4) and (5). On the basis of eq. (7), the time 
evolution of the total pressure p turns out to be 

p =&-I2 +pHF +&Fs 

Thus the overall pressure p IS expected to decay expo- 
nentially towards the value pi2 + &‘ms. Fig. 2 shows 
a loganthmlc pIot of curves (a) and (b) in fig. 1, once 
the experimental asymptotic pressure values were sub- 
tracted. The corresponding time decay constants turned 
out to be ya = 33.95 mirl and T,., = 63.40 min, respec- 
tlvely. The same value for the decay time constant at 
360 MI was obtained from curve (c) in fig. 1 111 the case 
of a 1 1 mrxture. From eq. (8) and from the absorp- 
tion spectrum of m6 163 , then, the I$ values are 9, = 



tion quantum yield after excitation at 400 nm is 2: b/2 
= O-71_ No simple explanation has been found for the 
difference between the experimental asymptotic values 
of the pressures and those expected from reaction (I). 

‘-;--;--i-‘-. 4. Conclusions 

Cd 

A pressure drop has been observed when irradiating 
a UF, - H2 mixture both at 360 and at 400 run. This is 
an mdication that UFs dissociates, producing UF5 and 
not UF4. The photodissociatlon yield turned out to be 
very-high The two excited electronic states of the 
A-X band have been shown to have different values 
of this yield. 
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FIN 2. Loganthmlc plot of the curves (a) and (b) of fig 1, once 
their asymptotic pressure values have been subtracted 
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