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Abstract :     Little over thirty years ago, BARC ventured into a new frontier of scientific research:
Molecular Laser Isotope Separation (MLIS) programme based on the interaction of lasers with molecules.
The initial project was a scheme to produce enriched uranium. The idea was to use the intense,
monochromatic light of lasers to break the chemical bonds of only those molecules containing the
fissionable isotope uranium-235. At present the programme is evolving around separation of low and
middle mass isotopes, namely sulphur 34/33/32, oxygen 17/18, carbon 13/12, hydrogen T/D/H/ to be
followed by an advanced engineering programme designed to lead to a demonstration plant. The latest
results have come very close to the design parameters specified for a full-scale separation of carbon
isotopes. All these expertise provide an infra structure for future front line R and D activities in the general
area of Laser Photochemical Technology which would include (i) LIS of other useful elements (ii) Material
processing and (iii) Fuel reprocessing/waste management.



FOREWORD 
 

 

 

Little over thirty years ago, BARC scientists ventured into a new frontier of 

scientific research : Molecular Laser Isotope Separation (MLIS) programme 
based on the interaction of lasers with molecules. It was the beginning of Laser 

Chemistry - a field that holds much promise for the future. 

The sustained work over the years has produced sufficient new 

knowledge base that can amply be measured from the number of research 

papers published. Undoubtedly the related research on laser-induced chemical 

reactions and laser development have made an enormous contribution to the 

general field of applied photochemistry. 

These studies ought to have practical implications in other areas as well 

like chemical laser development, atmospheric, combustion chemistry and even 

dynamics of biological systems. A great deal of theoretical modeling work can be 

interactively done to predict the overall chemistry induced by lasers. All these 

expertise provide an infra structure for future front line R & D activities in the 

general area of  Laser Photochemical Technology. 

This report narrates the activities carried out for laser separation of 

isotopes. We would like to thank other divisions of BARC and units of DAE for 

their cooperation and sustained support. 
 
 
 
 

( Dr. A.K.Ray ) 
Director, Beam Technology Development Group 
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Molecular Laser Isotope Separation Programme: 
Little over thirty years ago, BARC ventured into a new frontier of scientific 

research : Molecular Laser Isotope Separation (MLIS) programme based on the 

interaction of lasers with molecules. It was the beginning of Laser Chemistry - a field 

that holds much promise for the future. Laser chemistry brings to mind the proposition 

that it should be possible to provide lasers tuned to a given energy level which can 

break specific bonds as required, which can make specific additions at particular places 

and which can induce specific rearrangements with a minimum of side reactions. The 

chemist is thus able to reach into the molecular structures to rearrange the structure at 

will. Since the introduction of the laser some forty five years ago, the laser chemist of 

late has a reliable, truly ideal light source for spectroscopic, dynamic and analytical 

studies. As far as laser requirements are concerned, photochemistry often requires 

moderate spectral resolution as compared to spectroscopic applications but a better 

time resolution and higher power/energies to effectively induce molecular 

transformations to a substantial degree.  

The initial project that captured the imagination of the scientists was a scheme to 

produce enriched uranium without the need for huge diffusion and centrifuge plants and 

their enormous consumption of electrical power. The idea was to use the intense, 

single-frequency light of lasers to break the chemical bonds of only those molecules 

containing the fissionable isotope uranium-235. This valuable nuclear fuel, which is only 

a minor constituent of natural uranium, would thus be prepared easily and cheaply in 

the more concentrated form required for nuclear reactor applications. 

It has been a prodigious task to make this intuitive idea into an experimental fact, 

and also an economic and efficient process. It needed a new and deep understanding 

of molecular dynamics that has revolutionized the field of infrared spectroscopy. It 

needed an understanding of the remarkable nonlinear process of multiple-photon 

excitation whereby molecules absorb light energy much as a sponge absorbs water. It 

needed the development of new high-power lasers that now enable chemists to look 

into chemical reactions.  

The strategy adopted was to initiate work in two approaches – one using 

uranium hexafluoride (UF6) gas and 16 micron laser and the other using tailor-made 

volatile uranium compounds and carbon-di-oxide laser. Various research infra-

structures were established and on-line selectivity was demonstrated using the second 
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approach. The programme was periodically reviewed based on the progress in the 

experimental front as well as closely following the trends from a few pioneering 

laboratories globally. At a certain stage in 1985, a decision was taken to put on hold the 

MLIS activity of uranium isotope on the criterion that it was unlikely to compete with the 

atomic approach of laser isotope separation. 

At present the program is evolving around separation of low and middle mass 

isotopes (BOX 1) to be followed by an advanced engineering program designed to lead 

to a demonstration plant. Scientists are in the laboratory striving hard to show that 

molecular laser isotope separation will be able to produce the enrichments and the 

product throughput required to make the process economical. The latest results have 

come very close to the design parameters specified for a full-scale separation of carbon 

isotopes. 

The sustained work over the years has produced sufficient new knowledge base 

that can amply be measured from the number of research papers published. And 

undoubtedly the related research on laser-induced chemical reactions and laser 

development has made an enormous contribution to the general field of applied 

photochemistry.  
 

Unfolding the Programme  
The molecular laser isotope separation program was formally established with 

MDRS (multidisciplinary research scheme) activities in 1973, but discussions and 

preliminary work began earlier. With interested chemists and physicists from various 

divisions of BARC, a core group started working and about 250 square metre space 

was allotted for building the laboratory in the basement of Modular Laboratories.  

It looked as if the monochromatic high-intensity radiation from lasers would make 

isotope enrichment possible, since in previous attempts the inadequacies of 

conventional discharge lamps had been the major handicap. The group’s first major 

decision was to work with uranium-bearing molecules rather than with uranium atoms 

since, producing uranium atoms requires very high temperatures and some researchers 

had the experience of working with uranium hexafluoride (UF6) gas.  

The goal of the programme was to induce photodissociation of UF6 molecules 

containing uranium-235. There seemed to be a variety of possible approaches, but the 

one that caught the imagination, because it was conceptually so straightforward and so 
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credible, was the idea of using infrared laser radiation to excite the vibrations of the UF6 

molecules containing uranium-235 without affecting any of the molecules containing 

uranium-238. It seemed quite likely this first step would increase the susceptibility of the 

235U-bearing molecules to dissociation by means of ultraviolet radiation. By this time, 

two-step selective ionization had already appeared in a French patent, but it did not 

even mention photodissociation. The next aspect was the amount of energy that would 

be required to break apart the strongly bonded UF6 molecule. The detailed calculation 

suggested that UF6  would dissociate with 68 kilocalories per mole, which corresponded 

to light in the region of 400 nm and this could well be provided by lasers. In July 1976, 

photochemical experiments on UF6  in the UV-visible region began in the basement of 

Modular laboratories. 

Meanwhile, a novel route of infra red multiple photon dissociation (IRMPD) was 

invoked (BOX 2), wherein polyatomic molecules can dissociate by absorbing many 

single-frequency infrared photons. To test this idea and to get a feel for laser isotope 

separation experiments, isotope selective dissociation in sulfur hexafluoride (SF6) was 

attempted using an indigenously built pulsed CO2 laser. The choice of SF6 was based 

on its close similarities with UF6 in terms of structure and spectroscopy. Within four 

years of intense effort, 34-SF6 was enriched from 4.2 ( natural) to 30% in a sequence of 

irradiation using pulsed CO2 laser ( BOX 3) and thus Sulphur became the first isotope 

separated by laser method in the country. This was such an exciting event, that the 

then Director, BARC announced this result of first successful laser isotope separation 

experiment during Fast Reaction Symposium at VSCC, Thiruvananthapuram in 

February, 1977. Multiple-photon excitation is now known to occur in almost all 

polyatomic molecules at both high and low laser intensities and has become an 

essential part of the MLIS programme.  

The photochemical experiments were carried out using various lamps (Hg and 

Xe) and a commercial nitrogen laser and a l0 cm long cell to hold UF6. When the laser 

was turned on, gas pressure gradually dropped, gas molecules disappeared, a white 

solid formed - photodissociation had occurred. Furthermore, the experiment was found 

reversible with the introduction of fluorine and quantum yield increased in presence of 

hydrogen. Other volatile U-compounds like uranium borohydride, U(BH4)4, uranium 

hexamethoxide, U(OCH3)6, Tris-cyclopentadienyl uranium (IV) chloride, (C5H5)3UCl, 
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Bis-cyclooctatetraenyl uranium (IV), (C8H8)2U were synthesized and their relevant 

spectroscopy and photochemical studies were continued ( BOX 4). 
However, it was realized soon that the success of sulphur experiments can not 

be simply transferred with UF6 system. An Oak Ridge report clearly indicated that at 

room temperature UF6 infrared bands are about thirty times wider than the frequency 

difference between the peaks of the absorption bands for the two isotopic species. The 

spectroscopists had to agree that the amount of enrichment possible at room 

temperature would be very small. Cooling the gas seemed a possible solution but had 

its own problems. At very low temperature the infrared absorption bands of UF6 would 

become much narrower and the absorption features sharper. However, simple static 

cooling was out of the question because it would only freeze the gas to an unusable 

solid. From the experience in gas dynamic cooling, it was suggested that the low 

temperature could be obtained, for a brief moment, by mixing UF6 with a light carrier 

gas and making a supersonic expansion through a nozzle. Because lasers are capable 

of pulses as short as 100 nanoseconds, the rapidly flowing gas would, relatively 

speaking, stationary during the irradiation.  

Meanwhile an attempt at spectroscopic investigation was started. A molecular 

beam apparatus was assembled and experiments were carried out on SF6 in N2 gas 

and by late summer of 1981, spectral simplification could be done in a supersonic gas 

stream (BOX 5). During the investigations of cooling SF6, it was discovered that the 

estimated concentrations of super cooled gas could not be achieved. Since then, 

substantial improvements in the theory were made that describes the kinetics of 

condensation. However, at that time one had to accept an unexpected homogeneous 

condensation and work with lower concentrations. Therefore proportionally more optical 

path length in the gas had to be provided. It seemed likely that the vapor pressure of 

the cold UF6 would be very low, but it was pointed out that a slit nozzle could extend the 

optical path length of the irradiation zone to as much as a meter. Another persistent 

problem was the large amount of gas that flowed through the irradiation region and it 

was realized that a pulsed valve could provide a millisecond flow of gas which can be 

coordinated quite easily with the laser pulses. This would mean the handling of 

corrosive UF6 reduced to a manageable level. 

The basic ideas and physical principles for the mainline process were quite 

correct from the beginning; however, experimental progress altered many of the 
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quantitative details and required advances in many disciplines. There was a similar 

experience with the estimations for possible selectivity. A model was developed that 

gave a surprisingly good interpretation of the observed onset of ultraviolet absorption by 

UF6 in the 400 nanometer region at room temperature. In the model the ultraviolet 

absorption spectrum of each vibrationally excited molecule was exactly a step function 

of frequency, and the position of the step shifted in frequency in exact proportion to 

changes in vibrational energy. According to the model very high selectivity would be 

possible at a sufficiently low temperature, After working further, it was found that nature 

uses a gentle ramp rather than a step function which leads to a poor value for the 

selectivity. Meanwhile, in a parallel approach, IRMPD scheme for UF6 was worked out. 

It was shown that an excess of 15 photons above the dissociation threshold was 

necessary to preserve the isotopic selectivity in a 1 Torr UF6 sample. This corresponds 

to the utilization of about 50 photons of 16 micron laser per UF6 molecule dissociated. 

This knowledge came handy in defining the optimum laser fluence requirement in 

IRMPD experiments on UF6. 

But to make any significant progress about wavelength search and isotope shift 

measurements, one had to have the right lasers. In the beginning there was no 

appropriate spectrometer - later with a high-resolution semiconductor diode laser 

spectrometer, a substantial amount of work was made on super cooled SF6. But similar 

spectroscopic investigation on UF6 could not be carried out since the right diode laser in 

16 micron region was denied by the manufacturer of the spectrometer. However, from 

the vibrational spectrum of UF6, it was realized that the 16-micron absorption band is 

the strongest absorption feature of UF6 but did not have any laser at 16 micron for 

IRMPD experiments. There were also possibly usable combination bands near 12 

micron and 8 micron, but there were no lasers available at those wavelengths, either. 

The scientists found themselves in the position of having to design lasers to a priori 

specifications - something that have never happened previously. The laser 

development group was entrusted with the development of the required laser. 

During this time, it appeared that TEA CO2 laser technology could be employed 

by tailor making volatile U compounds in place of UF6. The challenge was to synthesize 

volatile uranium bearing compounds having absorption features in 9.6-10.6 micron 

band of CO2 laser emission. A few compounds were synthesized amongst which Bis 

(1,1,1,5,5,5-hexafluoropentane-2,4 dinato) dioxo-uranium (VI) tetrahydrofuran, 
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[UO2[(CF3CO)2CH]2.THF] was chosen for detailed investigation. In a crossed laser and 

molecular beam experiment this compound provided the first successful demonstration 

of laser separation of U isotope (BOX 6). 
 While the efforts for developing 16 micron laser was on, IR photochemistry of 

UF6 was carried out innovatively - by sensitizing the decomposition with SF6 but still 

utilizing the CO2 laser. These experiments gave required molecular parameters for 

IRMPD scheme. Following this pioneering work, similar sensitized studies were made 

in many active laser chemistry laboratories around the world including Las Alamos 

National Lab. In fortuitous cases, even isotopic enrichment could be demonstrated as in 

CF3I system. Meanwhile, the first usable laser at 16 micron, CF4 laser was operated in 

1985 (BOX 7). With about 200 mJ of CO2 laser energy absorbed in CF4 gas, 20 mJ 

output at 16 micron was generated yielding an energy conversion efficiency of 10% 

comparable to the best reported value in the literature. However, very little progress 

was made towards spectroscopy and photochemical work using this CF4 laser, since 

around this time a decision was taken to put on hold the MLIS activity of uranium 

isotope.  

After this the R&D effort in MLIS process technology were concentrated on 

separation of low and middle mass isotopes which are useful in nuclear energy 

programme namely hydrogen (H/D/T) and carbon (12/13). During 1986 to 1992, 

separation of first radioactive isotope namely tritium from hydrogen and deuterium was 

demonstrated for cleaning up of reactor water and effluent of fuel reprocessing plant 

(BOX 8). Mean while separation of deuterium for production of heavy water was also 

realized. T/H recovery by IRMPD of trifluoromethane & pentafluoroethane systems and 

T/D recovery by IRMPD of chloroform system have high isotopic enrichment factors, 

relatively good photon utilization, and the other desirable properties required in the 

overall process for a tritium recovery plant. The expertise and data base generated 

would serve as the working basis for any future programme of the department in this 

area. 

Since then IRMPD techniques for several halogenated methanes using pulsed 

carbon dioxide laser has been developed for carbon isotope separation. Natural carbon 

consists of two stable isotopes, viz. C-13 (1.11%) and C-12 (98.99%). Carbon-13 is an 

important isotope as a tracer in chemistry, life science, medicine, and biochemical 

synthesis. An optimistic projection of hundred-fold increase in the market demand in 
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next five years is anticipated in view of rapid development of routine medical 

applications such as breath tests and whole body NMR. There are immediate uses of 

such isotopes in DAE activities like high resolution spectroscopy, catalyst development, 

isotopically labeled gas lasers, tracer in biology and making `super' diamonds(pure C-

12). After systematic investigations, an energy-efficient and practical method have been 

found for the production of carbon-13 on laboratory scale using two schemes. First 

scheme is suited for a moderate ( about 50 % ) enrichment level in a single stage, while 

the second scheme involving a two stage procedure produced better than 90 % 

enrichment. Current activity in this programme is aimed at developing a prototype 

facility to generate data base and operating experience in general area of laser 

processing of high value materials. (BOX 9) 
The difficult problems in the research into laser isotope separation have led to 

important advances in basic science. The development of narrow line width tunable 

lasers has brought about a revolution in molecular theory. Advances in infrared 

molecular spectroscopy have yielded precise and detailed knowledge of complex 

polyatomic molecules, not just as static objects but also as dynamic ones. Scientists 

can now label most of the myriad spectral features as transitions between identified 

states and can evaluate the information to determine the structure of the molecule, its 

shape, and its resistance to deformation. In the pursuit of chemical dynamics and fast 

time resolved spectroscopy, various state-resolved reactions of molecules could be 

interrogated and their behavior in terms of single collision governed by well defined 

potential energy surfaces could be explained. All these techniques are extremely useful 

in interrogating and unrevealing different dynamical aspects of laser selective chemical 

processes. ( BOX 10) 
The interaction of experimental and theoretical work on the project has resulted 

in new understanding of electronic spectra. It was the scant knowledge of electronic 

structure that caused poor predictions of the absorption edges in the ultraviolet region 

of UF6 when the project began. Now scientists know where the electronic energy states 

are and how the overlapping of a number of transitions contributes to the observed 

spectrum of the cold gas. A good part of this work was supported by a large number of 

theoretical modeling such as RRKM computation, energy grained master equation, 

deconvolution of dissociation yield data in focused laser beam, various aspects of wave 

guide reactor, laser plasma interaction in generating short laser pulse, computation and 
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visualization of the laser fluence distribution in Herriott configurations inside 

photochemical reactor, multi-frequency IRMPD for process design, evaluation and 

optimization. However, the most extraordinary discovery of the whole project has been 

multiple photon excitation. The details of this complicated phenomenon are still being 

studied, but clearly multiple photon excitation will play a major role in laser isotope 

separation and other areas of applied photochemistry. 

All these expertise provide an infra structure for future front line R & D activities 

in the general area of  Laser Photochemical Technology  which would include 

(i) LIS of other useful elements (tritium, oxygen-17, 18, sulphur-33, 34, silicon-28,29, 

nitrogen-15, zirconium-91 etc.),  

(ii) Material processing (purification, nano-powder generation, preparative solid state 

chemistry for metastable compounds like SrNiO2, BaSr2Ln6O12 etc.) and  

(iii) Fuel reprocessing / waste management via photo-redox reaction and laser based 

analytical techniques like TRLIF etc. 

These studies ought to have practical implications in other areas as well like chemical 

laser development, atmospheric, combustion chemistry and even dynamics of 

biological systems. A great deal of theoretical modeling work can be interactively done 

to predict the overall chemistry induced by lasers. 

Molecular laser isotope separation is still a program in progress, a technology 

not yet technically complete, but already its research has provided entirely new fields of 

knowledge. 
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List of Publications related to various MLIS efforts in BARC 



 
 
     Molecular Laser Isotope Separation  successes at BARC   BOX 1 
 

 System Typical results 

Isotopes Pressure 
(Torr) 

Laser line Fluence 
(J / cm2) 

Selectivity 

Sulphur 
34 / 32 

SF6

1.0 
10 P(20) 

CO2 laser 
2.0 10 

Uranium 
235 / 238 

UO2[(CF3CO)2CH]2.
THF 

Molecular beam 

10 P (4) 
CO2 laser 

0.08 1.2 

Carbon 
13 / 12 

CF3Cl 
15.0 

9 P(18) 
CO2 laser 

3.0 80 

 CF2HCl 
100.0 

9 P(20) 
CO2 laser 

4.0 60 

Stage 1 CF3Br/Cl2(1:4) 
50.0 

9 P(32) 
CO2 laser 

4.5 65 

Stage 2 CF3Cl/Br2 (1:6) 
20.0 

9 P(8) 
CO2 laser 

1.7 200 

Deuterium 
D / H 

CHF3/Ar (1:2) 
75.0 

10 R(10) 
CO2 laser 

30.0 > 40 

Tritium 
T / H 

CHF3/Ar (1:2.5) 
28.0  

(0.2 ppm CTF3) 

9 R(8)-9 R(14) 
CO2 laser 

65.0 38 

-1T / D CDCl /Ar (1:5) 828 cm 21.0 5000.0 3

12.0 NH  laser 3

 
 S.K.Sarkar et al.,  Asian Chem.Lett. 6, 1 (2002);  PINSA 66A, 71 (2000) 
 Mat.Sci.Forum 301, 1 (1999);  NIM B144, 193 (1998) 
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Types of Selective Photoexcitation & IRMPD 
 

BOX 2

Various types of selective excitation :  
(a) Single step electronic excitation ( ν1 ) 
(b) Two step electronic excitation through
intermediate vibrational state ( ν  + ν  )  2 3

(c) Multiple photon excitation in the ground
electronic state ( ν  ) 4

 

 

 

 

 

 

A molecule absorbs infrared radiation by interaction of its vibrating electric dipole with the oscillating electric

field of the radiation. Since vibrational energy is quantized, this absorption is treated as a match between

the photon energy and the energy levels gap. Vibrational energy levels can be considered as rungs in an

inter atomic potential energy ladder. The rungs get closer as one moves up the ladder. At the top, where

the levels are so close as to be, in effect, continuous, the bond breaks and the molecule dissociates.

Vibrational anharmonicity restricts absorption of many photons since the mismatch becomes progressively

larger with increasing excitation.
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Mechanism 
Molecular energy levels are separated into
three regions:  

 Discrete energy levels (region I) 
 Quasi-continuum (region II). 
 True continuum (region III) 

Mechanisms to overcome the anharmonic
detuning in region I are (a) power broadening (b)
rotational anharmonicity compensation (c)
multiphoton transitions. 

As excitation advances, the mismatch becomes significant & then excitation enters into the region II of

energy levels denoted as QC. With enough mixing of energy levels, a fine mesh of states is formed that

compensates for the anharmonicities and allows further absorption of laser photons. The mixing allows

access to the full density of vibrational states with its huge statistical advantage for absorption. 

Finally, when the molecule acquires enough internal energy, it enters a true continuum (region III) where in a

statistically random dissociation occurs that can be described by the RRKM unimolecular rate theory. 



  
 BOX 3 Laser Isotope Separation Of Sulphur 

 

Prototype 20 litre  
     Double-pass 

 12

TEA CO2 laser and a variety of photochemical reactors employed 

 
 

 

Wave guide reactor 

TEA CO2 laser

1st generation cell (10 
1 m long cell with 
orthogonal arms for 

Schematic of experimental  
set up 

30

4.2% (34/32) 
res
⎯⎯⎯

S.K.Sarkar, J.P.Mittal, K.V.S.RamaRao, A.K.Nath,
U.K.Chatterjee, Ind J Phys. 54B, 311 (1980) 
P.R.K.Rao, J.Opt.Soc.Amer, 68,687 (1978) 



 
Photochemistry of Volatile Uranium compounds BOX 4 

 

Electronic Absorption spectrum of UF6

Three bands at 214, 260 & 368 nm ( B-X & A-X transitions) 
 ⎯⎯⎯⎯→ Mixture of  UFUF  & UF  (s) 6 5 4

        (Few Torr) 
Quantum yield 0.07 & 0.14 with 253 nm Hg lamp & 337 
nm N  laser 2

Infrared absorption spectra of UF6

   
 

Sensitized dissociation of UF6 was achieved 
with SF  by irradiating with 10P(20) CO  laser 6 2

 ⎯⎯⎯⎯→ UFUF  (s) + F 6 5
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Energy transfer probability is 2.8 x 10-11 3 cm s-1

at 300K 
S.K.Sarkar et al., Chem.Phys.Lett.,78,273 (1981) 

Uranium borohydride has well over 200 transitions between 5000 and 30000 
cm-1 and underwent photo-decomposition:  

  ⎯⎯⎯→  HU(BH )4 4 2, B H  (g) & U(BH )B2 6 4 3, UB  (s) 4

                   (1.2 Torr, 48oC) 
Q.Yield of H2 production were 0.25 & 8 at 300 nm lamp & 693 nm ruby laser. Large value
indicate “Molecular Collapse” by breaking the hydrogen bridges of the molecule  
 

                                                                                                           

No reaction was observed with cw He-Ne, Ar+

and CO  laser. However, with deuterated
analogue and pulsed CO laser decomposition
occurred with enrichment of boron isotope in
B2 6 4 4 2, D  (g) etc 

2

2

 
  ⎯⎯⎯→  DD  : U(BD ) B2 6B B

S.K.Sarkar, National  Acad. Sci. Lett. 25, 258 (2002)



 Molecular Beam Set-up and super cooling of SFBOX 5 6
 

 
A nozzle 75 micron dia and stagnation pressures varying from 100 to 2000 Torr of
SF

 
  and SF6 6 – inert gas mixtures prepared in an on-line mixing tube, were used in

the supercooling experiments. The IR absorption spectrum of the super cooled SF 6

was recorded with a diode laser spectrometer. The laser beam from the exit slit of
the spectrometer was collimated and then focused with a lens on the axis of the jet
downstream. The transmitted laser beam was refocused on a liquid nitrogen- cooled
HgCdTe detector for intensity measurements. The output of the detector was
processed by a lock-in amplifier and a desktop computer, and plotted. Frequency
calibration was done with NH

 
 
 
 
 
 
  lines and a 3 inch thick germanium etalon. 3
 
 
 

Ratio of final to initial 
temperature during 
supersonic expansion : 
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Molecular Beam Apparatus with PLC based control console

Experimental and computed absorption spectra of SF6

 
a, Nozzle-cooled absorption spectrum of 10% SF6 seeded 
in Ar. 
b, Computed absorption spectrum of SF6 at 9 K. 

T/To = (P/P ) (γ-1)/γ
o

where P & Po are the initial 
& final pressures and γ is 
Cp/Cv, the ratio of specific 
heats at constant pressure 
& volume 

P.K.Chakraborti, V.B.kartha, R.K.Talukdar, P.N.Bajaj, A.Joshi,

Chem.Phys.Lett.,101, 397 (1983) 



 Isotope Selective dissociation of BOX 6 
Bis (1,1,1,5,5,5-hexafluoropentane-2,4 dinato) dioxo-uranium 

(VI)tetrahydrofuran, UO
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2[(CF3CO)2CH]2.THF 
 
           CO2 laser 
i iUO2[(CF3CO)2CH]2.THF ⎯⎯⎯⎯⎯→ UO2[(CF3CO)2CH] 2 + THF 
( i = 235 or 238 ) 

Structure of UO [(CF CO) CH]2 3 2 2.THF ( 44 atom). 
Labels refer to the atomic constituents of the molecule.
Vapour pressure 700 mTorr at 100oC 

 

A molecular beam set-up was used for
photodissociation of the molecule with
an on-line quadrupole mass
spectrometer (QMS). The molecular
beam was irradiated with the 10P(6)
line of the grating-tuned Lumonics
TEA CO2 laser with pulse energy 85
mJ/cm2

The main mass spectral peak of the
compound is UO (CF CO) CH.THF2 3 2 

+

m/e = 549 & 546 for 238 & 235 U-
bearing species were monitored on-line
for selectivity measurement  30% decomposition of 238U-bearing
molecules against only 5% of 235U-
bearing molecules, which showed that
the dissociation fragment enriched in
238-U by an enrichment factor of 3.4,
and the undissociated feed molecule
was enriched in 235U by a factor of 1.3
(i.e., enriched to 0.94% from natural
0.71%) 

 
 
 
 
 

 

 

 

 

 

 

S.K.Sarkar, P.N.Bajaj, R.K.Talukdar, 
V.Parthasarathy, K.V.S.Rama Rao, J.P.Mittal, 
P.K.Chakraborti, Chem.Phys., 113, 159 (1987) 

 



Sixteen micron CF

 16

4 laser  
BOX 7  

 

                                                                         
 

Energy-level diagram of CF  :  4

Three Corriolis sublevels of J = 30
are denoted by  –, 0 and +.  
CO  laser pumps the transition R2

+

(29) populating the + level of J = 30.
Stimulated emission occurs from
this level to J = 31 of ν , producing
the strong laser line P

2
+(31) at 615

cm–1.

Schematics of pump CO2 laser and cryogenic cell for CF4 laser 
 

CO  laser pumps the ν  + ν2 2 4

combination band of CF4 molecule, and
the lasing occurs on the hot band
transition : 

ν  + ν  → ν   2 4 2

 The fine structure of the CF 4

molecular band leads to step-tunable
lasing on 80 lines, with a frequency
tuning discreteness of 0.1 cm . 

 

–1

 Long cell up to 10 m at a
pressure of about 10 Torr was used.
The cell was kept at low temperature
with adequate vapour pressure of
CF . 4

 
 The CF4 laser-absorption feature
is resonant with the 9R(12) line from
a tunable narrow band width hybrid
CO

 20 mJ output at 16 micron was

generated with about 200 mJ of CO
 
 2

 laser energy absorbed in CF
 
 
 
 
 
 
 

2 laser  4 gas,

yielding an energy conversion

efficiency of 10% comparable to the

best reported value 

P.K.Gupta, V.P.Singhal, N.S.Shikarkhane, 
S.Sasikumar, U.Nundy, U.K.Chatterjee, 
Pramana-J Phys., 34, 249 (1990) 



 Removal of Tritium from Contaminated Reactor Water BOX 8 

 
 

The separation of tritium from either deuterium or hydrogen is an extremely
important area in the nuclear energy programme. 

 
 
 (i)   2H1 + n ⎯→ 3H1 ( σ = 0.519mb) ; 1MCi/yr, 60 Ci/kg of D2O 
 

(ii)  Ternary fission of 235U : 25kCi/yr per 1GWe reactor  
 
 
 Conventional non-laser separation processes   
 (a) Sulzer process  
 (b) Combined Electrolysis cum Catalytic Exchange ( CECE )  
 
 
 
 
 In LIS process a suitable

working molecule (WM) is
taken for closed loop
operation.  

 
 
 
 

WM: CF3H, CF3D, C2F5H for
T/H or T/D separation with
TEA CO

 
 
  laser 2
 WM: CCl3D for T/D

separation with NH  laser 3 
 
 

Proportional counter Radio-gas chromatograph 
developed for simultaneous 
determination of the yield and 
selectivity of the process. 
A proportional counter at the effluent 
end of TCD measured the radioactive
species  

 17

 

S.K.Sarkar, R.S.Karve, A.K.Nayak, 
K.V.S.Rama Rao, J.P.Mittal,  
Appl. Phys. B49, 139 & 571 (1989)
Appl. Phys. B53, 246 (1991)
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A prototype facility for laser separation of 
carbon isotopes 

 
Process Laser Chemistry 

    
13CF2HCl ⎯→ 13CF2 + HCl ..(1) 
    
13CF2 + 13CF2 ⎯→ 13CF213CF2 ..(2) 

 
Process Flow Sheet  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          CO2  Laser          Photochemical 
Reactor 

    (PCR) with  
      Herriott multipass 
optics 

   FEED 

Cryodistillation 
 

Diagnostics 
      GC 
      QMS 
     FTIR

Product Separator and 
Collector (PGC) 

Accessories 
Spectrum analyser 

Detectors : 
  Energy  
  Temporal profile 

V.Parthasarathy, A.K.Nayak, S.K.Sarkar, 
Proc.Ind.Acad.Sci., 116, 1 (2002) 

 
BOX 9 

Laser beam foot-print in multi-

pass refocusing Herriott optics 



 
Chemical Dynamics Set up for   

BOX 10 Laser Induced Chemical Reaction 
 
 

Monochromator MCT Detector 
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.  

  

               
 
 

Globar Source 

Intra Cavity Cell 

The real-time monitoring of change in UF6 concentration in 120 cm long intra-
cavity reactor can be done by probing its ν3 band absorption through a pair of
ZnSe windows placed orthogonal to the irradiation axis ( probe length 10 cm ). A
specially designed detecting system consisting of a Si-C glober source, a
monochromator, a liquid nitrogen cooled MCT detector, a lock -in-amplifier and
finally PC based data collection & processing is used for this purpose.  

IRF set up 

Various Time resolved Techinques 

developed : 
The detector 
is kept in a 
faraday cage 
to eliminate 
EMI from the 
pulsed laser 
discharge 

 Kinetic absorption spectroscopy 

 Optoacoustic spectroscopy 

 Infrared Fluorescence 

S.K.Sarkar et al, Chem.Phys.Lett., 131,303 (1986)

J.Photochem., 35, 13 (1986); 37, 1 (1987);  
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