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Sulfur isotopes separation by using the molecular beam system
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Abstract
This paper was devoted to the enrichment of (34SF6) following the irradiation of the mixture of
gases which consist (0.05 SF6 +0.95Ar) in molecular beam system. Enrichment factors as a function of
different lines of TEA CO2 laser were studied, and the best line of irradiation was 10 P (16). Also the
relation of stagnation pressures (corresponding of the adiabatic expansion temperatures) with the same
factors at 10p (16) and 10p (20) were studied.
Keywords: TEA- CO2 laser,SF6 isotopes, selectivity , multiline of laser, dissociation of molecule

1-Introduction
The dissociation molecules in the field of
high intensity CO2 laser radiation [1, 2] have
recently been found to be highly isotope
selective process. First experiments performed
with (SF6) yield large enrichment factors for (34
SF6) by selective photolysis of the (32 SF6)
component [3, 4]. The separation experiments
also carried out with (SF6) .They supplement
and extend the previous studies [ 4,5]. The
separation process was investigated using the
(SF6) molecules having neutral abundances of
0.042 (34 SF6) and 0.95 (32 SF6). The mixture
was enriched with (34S) by the dissociation of

(32S) which was governed by the spectral tuning
range of the CO2 laser. All that was made under
the adiabatic expansion of gases by using the
molecular beam technique. This method is to
increase the selectivity by adiabatic cooling of
gas and to remove the thermal sublevels [6]. For
the high selectivity of lines from laser radiation
was used to isotopes separation for another
isotopes [ 7 - 15] . This paper, investigative the
isotopes separation enrichment the (34 SF6) and
(32 SF6) by molecular beam using pulse TEA –
CO2 laser .

2-Experimental conditions
A focused irradiation geometry was
used to produce a strong field zone in which the
molecules undergo dissociation. The CO2 laser
system has a grating which was used to select
the vibrational-rotational lines of the laser ,and
was then focused into a chamber by a lens
having a focal length (100cm). The stainlesssteel chamber was positioned such that the focus
of the lens was located at its center of the
molecular stream (internal diameter of chamber
40 cm). The interaction chamber (represents the

third stage of the molecular beam system) was
100 cm long .This stage has NaCl window
through which the laser beam was passed , mass
spectrometer (optical engineering 16 A) was
positioned on the other window. The enrichment
factor (B) was calculated by the following
equations after determining the concentrations
of irradiation gas. [ 11,12 ]
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where

R

[ 34Sf 6 ]
[ 32Sf 6 ]

and

Ro

[ 34Sf 6 ]o
…………..
[ 32Sf 6 ]o

Where (Ro) and (R) are the isotopes ratio
before and after the irradiation respectively.
The pulse laser was synchronized with the
pulse of gas by delaying the generator to

(2)

increase the efficiency of irradiation. Finally all
of the steps of irradiation were carried out under
the best condition of supersonic flow of
molecular beam [12].

3-The results
The influence of the irradiation of the
(SF6) by high tense pulse from CO2 laser was
studied. Pulse repetition rate of laser equals
(1Hz) with synchronized with gas injection
pulse. The result from the signals were recorded
by the mass spectrometer, the enrichment factor
was calculated by using equations (1, 2).
3.1-Irradiation of gas by different lines
At this stage the mixture of gases
(0.05 SF6 +0.95Ar) was irradiated ( Ar here

was used as a carrier gas), by different lines
of output laser ,and the corresponding
enrichment factors were calculated and
plotted as their function .
From figure (1), we can see that the best
result was obtained when the gas irradiated
by the line 10p(16) that corresponding to the
wave number (947.73 cm-1) .
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Fig(1) illustrated the relationship between
the wavenumber and enrichment factor

3.2-Variation of gas temperature with 10p(16)
The previous step occurred under lowest
value of temperature (33.4 Ko ) which
corresponds the stagnation pressure Po (the
pressure of mixture at the first stage of
molecular beam system) . In this step the
variation of (B) as a function of the
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stagnation that pressures was measured and
plotted as shown in figure (2). From this
figure we can see the high value of (B) was
obtained with Po equals to 1.6 bar in specific
temperature (33.4Ko )

(B)
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Fig(2) illustrated the relationship between the
stagnation pressure and enrichment factor
{at 10p(16)}

3.3-Variation of gas temperature with 10p(20)
At this stage the line 10p(20) was used
as a irradiation line under the same
conditions which were applied for the
previous step . Then this relationship is also

studied and plotted in figure (3).In this
figure we can see the best value of (B) could
be obtained under the lowest temperature (
Po equals to 1.6 bar ).

1.055
1.05
1.045
(B)

1.04
1.035
1.03
1.025
1.02
1.015
1

1.2

1.4

1.6
(P0) bar

1.8

2

2.2

Fig(3) illustrated the relationship between the
stagnation pressure and enrichment factor
{at10p(20)}

4- Conclusions
These experimental results have made it
possible to answer many questions arising in the
development of the system for isotope
separation by isotopically selective dissociation
of molecules in a strong infrared laser field .It
has been shown that the best line we can use as
irradiation line is 10p(16)

because this line has the peak of absorption by
the (32 SF6) isotope .When the gas cooling by
molecular beam system , the high selectivity of
dissociation for certain isotope will be increased
due to the thermal sublevels are removed under
this condition. These results has been obtained
for the first time in this procedure.

14

Hammood

& Abdul-wahid

References
[1]
N.R.isenor
and
M.C.Richaredson
,Appl.phys.Lett.18,224,(1971).
[2]N.R.isenor,V.Merchant,R.S.Hallsworth and
M.C.Richardson.Can.J.Phs.51,1281, (1973).
[3]G.Hancock,
J.D.Campbell
and
K.H.Welge.Optics communications.16,1,(1975).
[4]
R.V.Ambartsumyan,
Yu.A.Gorokhov,
V.S.Letkhove
and
G.N.Makarov.JETP
Lett.21,6,(1975).
[5]C.radly Morr (chmical and biochemical
applications of lasers).3,New York (1977).
[6]
V.N
.Baratashvili
and
E.A.Ryabov,Sov.J.Quantum
electron,10,5.(1980).
[7] IE. Olivares and C.Rojas (( atomic lithium
vapor laser isotope separation )) REVISTA
MEXI
CANA DE
FLSICA Rev.Mex.Fis 4853 (2002) pp(72-73).
[8] P. Ramako-leswara Rao (( laser isotope
separation of uranium )) . Current . science,
vol.85 No 5
,2003
[9]Shigeki TOKITA ,Yasukazu IZAWA,
hideak NLKI, and Fumiyoshi KUWASHIMA
((selectivity, loss due to Magnetic field in laser
isotope separation of Gado linium Based on

(34SF6 )

.

polarization selection Rules )) J.of. Nucleao
science and technology vol.40.No.12pp 10141018. (2003) .
[10] Marcel GiuiIllong, Christopher Latkoczy,
Jung Hunseo Detlef Gunther and christoph.A.
Heinrich (( Determination of Sulfur in flud
inclusion
by
laser
ablation
))
J.Aral.At.spectrom,2008.
[11] E.Borsella,and A.Giandm (Aversatile
molecular beam apparatus for multi photon
excitation)
C.P.56 –00044,Italy,82,6(1982).
[12]YU.A.Karitiyn,G.N.Makarov
and
M.V.Soltuiko,Sov.phys.JETP.67,6,(1988).
[13] B. Sajad, P. Parvin, K.Silakhori ,Z.
Zamanipour and M. Hooshvar.J. of , Nuclear
Science and Technology, Vol. 41 ,No. 7 PP.
771-776 (2004)
[14] M.N. Polianski ,MSC. Theses, Saint –
Petersburg State University Russie 2004.
[15] H. Kariminezed , P.Parvin , F.Borono and
Bavali ,Optics and Laser in Engineering 48
(2010)
491-499.

. (10p(16))

15

( 0.05SF6+0.95Ar)
.

