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Abstract. The 1SO-selective IR MPD of perfluorodimethyl ether (CF3)20 has been studied. The 
dissociation yields of (CF3)21aO (fl18) and (CF3)2160 (fl16) and the isotope selectivity ~(18/16) 
have been measured as functions of TEA CO2-1aser frequency, laser fluence and ether parent 
pressure. The (CF3)20 molecule has been found to provide highly efficient 180 separation. The 
MPD yield of the desired isotope 18 O varies in the range 3-13 %; the selectivity ~(18/16) achieves a 
value of 95 at the laser line 10P22, at moderate fluence ~b=4 J/cm 2 and at P(cr3)2o=0.5 Torr. 

PACS: _~2.50, 33.00, 35.00 

Isotope-selective infrared multiphoton dissociation 
(IR MPD) of polyatomic molecules has been successfully 
used to separate isotopes of a number of elements, e.g. 
carbon, hydrogen, and sulphur [1, 2]. The application of a 
pulsed TEA CO2 laser as a source of excitation, and 
freons as initial substances made it possible to reach a 
high isotopic selectivity of the elementary separation act 
of 13C ~(13/12) = 102-103 [-3, 4]. As a result, the process of 
laser separation of 13C isotopes can now be realized on a 
large scale [5, 6]. At the same time, 180 separation by 
IRMPD was not so successful and a search is still 
continuing for an appropriate initial oxygen-containing 
molecule. For example, the 180 enrichment factors in the 
MP dissociation products of (CF3)2CO and CF3COF 
molecules were 2.4 and 2.6, respectively [-7, 8]. 

Aliphatic alcohols and ethers and their halogen 
derivatives are the most promising organic compounds 
for oxygen isotope separation since the stretching vibra- 
tion of the ordinary C-O bond for these molecules falls 
within the CO2 laser tuning range. Recently, we have 
studied isotope selective MPD of tetrahydrofuran 
C4H80 [9] and CF3CHzOH (2,2,2-trifluoroethanol) [-10] 
molecules, where a selectivity ~(18/16)_7.2 in the disso- 
ciation product CO for CF3CHzOH was obtained. Ap- 
parently, oxygen-selective IR MPD was first observed for 
(CH3)/O molecules in [-11], where the measured selectiv- 
ity for 180 isotopes was 1.7. The selectivity value c~ = 90 
was reported for this molecule in [-12]. But in our work 
[13] the maximum value of ~(18/16) did not exceed 16. It 
was concluded in [13] that the value of ~(18/16) in [12] 
had probably been overestimated. Results of 

180-selective IR MPD for a number of saturated ethers, 
starting from (CH3)20, have recently been presented in 
[14]. In this work the value e for (CH3)20 varied in the 
range 1.9-6.6 and a rather high selectivity, 350, was 
observed for diisopropyl ether, (C3H7)20. 

In the present work we continue our search for a 
molecule suitable for 180-selective IR MPD by inves- 
tigating the (CF3)20 molecule - a fully fluorinated analog 
of (CH3)20. The (CF3)zO molecule has an intense IR 
absorption band v17 (970 cm-1) assigned to the antisym- 
metric stretching vibration of the C-O bond (V~,o) [-15, 
16]. This band is sufficiently isolated in the spectrum and 
its width is much narrower than that of (CH3)20. This 
fact leads us to expect a higher selectivity. 

1. Experimental 

The experimental setup and measurement procedure used 
in this work are similar to those described in [-10, 13]. The 
dissociation of (CF3)zO was performed with the pulsed 
radiation of a tunable TEA CO2 laser. The pulse duration 
was 80 ns (FWHM), its "tail" was ~ 1 ~ts duration and 
contained less than one third of the total energy. The 
(CF3)20 used in these experiments had a natural abun- 
dance of oxygen isotopes (1so=0.204%) and after ad- 
ditional purification it contained no less than 98% of the 
parent substance. The percentage of the detected impurity 
CF3H was about 1%. 

The main final products of (CF3)20 MPD in our 
experiments were COF/, CF4, and C2F6. A comparison 
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of the consumption of (CF3)20 with the amount of the 
various MPD products allowed us to conclude that under 
the conditions of our experiments (see below) almost the 
whole oxygen from the dissociated (CF3)20 molecules is 
converted to CO F2. Since the mass peaks of ~ SO.enriched 
COF2 coincide with those of the fragmentary ions of the 
parent ether, the MPD selectivity and yield were mea- 
sured from the consumption of (CFa)20 with a mass 
spectrometer. The dissociation yields of (CF3)2i80-#18 
and (CF3)2160-#16 were determined from the mass 
spectra of irradiated and unirradiated ether. For this 
purpose, argon was added as a marker in the ratio 
(CF3)20:Ar= 100:1. The consumption of both isotopic 
components was determined as the ratio A~6 

_ or A~s= for the 160- and 
(Ii a 5//4o)0 (I 137/I40)0 

i 80-cont aining components, where I ~ 35, I 137, and 14 o are 
the peak intensities with role = 135, 137, 40 corresponding 
to the molecular ions CFa-~60-CF~ -, CFa- isO-CF~,  
and Ar +. The indices "N" and "0" correspond to the 
irradiated and unirradiated samples, respectively. The 
values #i6, illS, and ~ were found from the following 
expressions 

f l 1 6  = ~-- [ i  - -  N ~ I 6 ] ,  

= - 

where N is the number of laser pulses and F the ratio of 
the irradiated volume to the cell volume. 

2. Results 

Figure 1 presents the spectral dependences of the MPD 
yields of (CF3)2160 (#16) and (CF3)gXSO (#is) as well as 
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Fig. 1. Dependence of the dissociation yields of (CF3)2180 (fl18) and 
(CF3)2 i60 (fli6) and selectivity (~) on laser radiation frequency Ol~ ~ 
with P=0.5 Torr and q~ =4 J/cm2: (--e--)  ills; (--0--) ill6; (A) Ct 
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Fig. 2. Dependence of the dissociation yields fll 8, ill6, and selectivity 
ct on laser radiation fluence ~b, Q~,s=947.78cm-~ with 
PtcF3):o = 0.5 Tort 

the selectivity ct = f18/#16 on the laser radiation frequency 
f2~a s. The dependences were measured with a gas pressure 
in the cell of 0.5 Tort and a fluence q~ =4.0 J/cm 2. The 
MPD yield fli6 reaches 30% at the excitation in the center 
of the linear absorption band v~7 and remains practically 
constant in the case of the "blue" shift (,-~ 8 cm- ~, Fig. 1). 
In contrast, fll 6 begins to fall rapidly as the laser frequency 
decreases (long-wave "red" shift). The measurements have 
shown that the MPD yield of the desired isotope fl~8 may 
be rather high, f118=13% at the frequency 
f21a s = 947.8 cm- 1 (10P16 line). 

The values of MPD yield measured for each compo- 
nent allowed a determination of the isotopic selectivity 
o~ = f l l  8/#16 and its dependence on the frequency f2~a s. The 
dissociation yields fll 6 and fl18 drop with different rates as 
the frequency is shifted to the long-wavelength region 
from the center of the vl7 band. As a result, the selectivity 
is enhanced and achieves c~=95+5 at 942.42 cm -1 
(10P22 line of CO2 laser). 

Figure 2 shows the yields fl16, fla8, and the selectivity 
versus laser radiation fluence q~ for the 10P16 line at a gas 
pressure of 0.5 Torr. As ~b increases, the MPD yields for 
both components grow monotonically. With ~b = 5 J/cm 2, 
for example, fl~s may reach 30%. Since the MPD yield of 
the undesired component increases faster than that of the 
desired one, the selectivity decreases monotonically with 
increasing q~. 

In Fig. 3 the MPD yields and selectivity are given as 
functions of (CF3)20 pressure. An increase in pressure 
(0.5-5 Torr) decreases the yield fl18 of the desired compo- 
nent (CF3)2180. The #16 yield of the undesired compo- 
nent drops more slowly. Resulting in the selectivity 
decrease in the pressure range P = 0.5-3 Torr. For P > 3, 
the value of ill6 begins to grow, leading to a rapid drop of 
the selectivity. 
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Fig. 3. Dependence of fits, fi16, and Ix on P(CF3)2O, Qlas ----- 947.78 cm- 1 
and ~b=4 J/cm 2. The values of fi16 are multiplied by a factor of 2 

3. Discussion 

The experiments show that the (CF3)20 molecule pro- 
vides sufficiently high separation parameters. The MPD 
yield of the desired isotope, for instance, lies in the range 
3-13% and the selectivity achieves ~(18/16) = 95, which is 
one of the highest values for oxygen-containing mol- 
ecules. It should be noted that rather high MPD yields can 
be attained with moderate laser radiation fluences, 
~b~-4 J/cm 2. The dependences of the MPD yield and 
selectivity on the experimental condi t ions-  laser fre- 
quency and fluence, ether pressure - are rather typical 
and similar to those obtained for other molecules and iso- 
topes (see, e.g. [1, 2]). 

Indeed, the selectivity drops with increasing fluence 
for practically all molecules studied earlier. This fluence 
effect is often explained by the power broadening, In the 
case of (CF3)zO, the selectivity decrease is obviously 
caused by the fact that for the desired isotope molecules 
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the dissociation yield saturates at lower fluence than for 
the undesired ones. The pressure effect of (CF3)20 is 
evidently determined by vibrational V-V energy ex- 
change. As was shown for other molecules [17], the 
decrease in the yields of the two components i l l6 and ills 
with increasing pressure at the initial stage is due to the 
vibrational deactivation of excited molecules by the bath 
of vibrationally "cooled" molecules of the rich isotope 
(CF3)2160.  The drastic growth of i l l6 above a certain 
pressure (3 Torr, Fig. 3) is determined by self-accelerating 
vibrational "heating" of ( C F 3 ) 2 t 6 0  molecules which 
causes a drop of selectivity. 

The 1SO-selective IR MPD of (CF3)20 was reported 
in 1-14, 18]. The maximum selectivity ~(18/16) was 2.5, 
which is much lower than the value obtained in our work. 

The main difference between our experiments and the 
work performed by the Japanese group is that the latter 
worked with high fluences. Besides, the selectivity was 
measured in the dissociation product CO. We believe that 
the low selectivity in [18] is mainly caused by a high 
fluence; the value ~=2.5 was measured in CO with 
~b = 15 J/cm 2. As is evident from Fig. 2, the value of 
rapidly drops as ff increases. By extrapolating the experi- 
mental dependence 0~(q~) to the region ~b > 10 J/cm 2 we can 
obtain selectivity values close to those in [14, 18]. A high 
fluence is evidently also responsible for the formation of 
large amounts of CO in [18] as one of the final products 
of (CF3)20 MPD. In the authors' opinion [14, 18], after 
the initial step: (CF3)20 + nhv--*CF30 + C F  3, the "hot" 
radicals decompose sequentially or via secondary 
IR MPD forming, in part, CO. 

In our experiments, the laser fluence (4 = 4 J/cm 2) was 
significantly smaller, therefore, the probability of "hot" 
radical formation and secondary IR MPD is much lower. 
Consequently, the relative CO yield has to drop. That is 
why in our experiments COF 2 was the main oxygen- 
containing dissociation product. 

In conclusion, we wish to discuss some results of 
isotope-selective IR MPD of ethers. Table 1 presents 
some of these results obtained by us for C4HsO, (CH3)20, 
and (CF3)20. One of the most important parameters in 
laser separation of isotopes is IR MPD selectivity. The 

Table 1. Characteristics of IR MPD of ethers 

Molecule Vibra- Laser Fluence Pressure 
and mode tional line [J/cm 2] [Torr] 
excited band- frequency 

width [cm- 1] 
(fwhm) 

Yield of 1sO- Selec- 
containing tivity 
component e(18/16) 
(%) 

Tetrahydrofuran 38 1048,66 6.1 0.3 
C4HsO I-9] 9P18 
v7 = 1080 em- 1 

Dimethyl ether 43 1050.42 3.8 5 
(CH3)zO [13] 9P16 3.8 0.5 
v17 = 1102 cm -1 

Perfluorodi- 15 942.42 4.0 0.5 
methyl ether 10P22 
(CF3)20 
v17=970 em -1 

1 1.03 

0.05 16 
0.6 7 

3 95 
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highest selectivity has been achieved for (CF3)zO, and the 
lowest one for C4HsO. What  does the selectivity depend 
on? The effect of secondary chemical reactions which may 
decrease the primary selectivity of IR M P D  can be 
neglected for the ethers under study. This conclusion 
follows from an analysis of the rates of reactions in which 
the radicals formed by M P D  participate. The contri- 
bution ofcollisional V -  Venergy exchange can be neglect- 
ed too, at least at low gas pressure (0.5 Torr). Therefore, 
we believe that the values of e given in Table 1 depend 
mainly on the spectral properties of the molecules. In the 
case of C4H80,  for example, the contribution of the 
stretching vibration of C -O  bonds, Vc-o, to the excited 
mode v7 is very small ( ~  1% [9, 19]). This must result in a 
low value of the oxygen isotopic shift for this mode and, 
hence, in a low selectivity. This conclusion is supported by 
the results of work [14] where a higher selectivity was 
obtained, e = 5 .  In this work another mode (vs) was 
excited in C4H80.  It is less intense in the IR spectrum but 
its component  due to the Vc-o is much larger ( ~ 2 0 %  
[19]). 

In the case of (CH3)20 the molecules were excited 
through the v17 mode. The v17 is a mixed stretching- 
deformation vibration of C - O  and CH 3 bonds where the 
estimated contribution of the V~-o is no less than 50% 
[20]. This brings about a considerable oxygen-isotope 
shift Avc - , 8o=12cm -1 to the longer wavelength side 
[11]. A comparatively low value of selectivity, a =  7, in 
this molecule is obviously conditioned by a large width of 
the vibrational band (,,~43 cm -1) that considerably ex- 
ceeds the Avc-,8o. 

In the case of (CF3)20 the isotope shift is probably as 
large as in the case of (CH3)20. At the same time, the band 
width is much narrower (,-~ 15 cm-  1, see Table 1). It is this 
factor that is evidently responsible for such a large 
increase in the IR M P D  selectivity for this molecule. 

In conclusion we would like to mention the avail- 
ability of (CF3)20 as a working substance for a large-scale 
LIS process. As far as we are informed (CF3)20 is a by- 
product  of some industrial fluoro-organic syntheses. This 
fact and the high values of M P D  selectivity and yield are 
favourable for the realization of a large-scale LIS process 
using this molecule. 
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