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ABSTRACT 
 
A comprehensive review of the literature on the Effect of Light Induced 

Drift and its exploitation in the separation of isotopes, both in atomic and 

molecular forms, is presented.  An experimental scheme based on this effect  

to separate S33, with a natural abundance of ~0.76%, from SF6  has also been 

worked out. 

 
                                                       

1. INTRODUCTION: 

Separating a scarce isotope from the abundant species has always been 

recognised as a challenging job as their chemical properties are identical.  

However, the multifaceted applications of rare isotopes, ranging from 

medicine to energy to weapons, have prompted scientists to devise methods 

of their separation based on the insignificant difference in their mass.  The 

conventional methods, be it diffusion or centrifuge, suffer from poor 

efficiency as the energy expended cannot be directed towards the scarce 

species alone.  Further the small difference in the isotopic masses demands 

that the separation process be iterative.  The wastage of energy on the 

abundant isotopes can be readily avoided in laser based separation processes 

as isotopes of the same element absorb laser light of different colours.  By 



proper choice of the laser frequency, the desired isotope alone can be made to 

receive energy from the coherent field.  The laser based mechanism of 

selective excitation and separation of a desired isotope in its atomic and 

molecular forms is illustrated in fig 1(a&b).    

  

1.1. Laser based isotope separation schemes: 

1.1.1. Conventional methods and their limitations: 

a. Atomic vapour laser isotope separation (AVLIS): 

In the atomic approach, popularly known as AVLIS, an appropriate laser is 

first used to selectively bring the desired isotope to its first electronic excited 

state. The service of one or two more photons of different frequencies is 

generally employed to separate this excited atom from the non-resonant 

species by raising it to the ionisation limit often hitting an auto-ionisation 

level (Fig. 1a).  Once ionised, electric and magnetic methods can be used for 

its physical separation from the neutral abundant species.   

 

b. Molecular laser isotope separation (MLIS):  

In the molecular case an infrared laser selectively excites the vibrational 

modes of the desired isotope.  The dissociation energy of a molecule is many 

times more than the energy required to excite a vibrational mode.   A single 



molecule of this isotope, on absorbing a number of photons (between 30 to 

50 depending on the molecule) from the resonant coherent field, climbs up 

the vibrational energy ladder to reach the dissociation limit (refer to fig. 1b).  

Once dissociated it can be readily separated from the non-resonant species.  

This process, which is the mechanism underlying the molecular laser isotope 

separation (MLIS) scheme, is commonly termed as multi-photon 

dissociation.  The fact that a single molecule, for its dissociation, needs to 

absorb large number of photons limits the over-all efficiency of the process.  

Further, a high threshold intensity of the incident coherent radiation has to be 

maintained for the realisation of such multiphoton excitation process.   

 

1.1.2 Method based on single step laser excitation (possibly SILEX): 

In either of the above described processes, MLIS in particular, selectivity is 

imparted to the desired isotopic species in the first step of excitation itself.  

However, the energy expended in separating the resonant species from its 

first excited state is many times more than what is required to selectively 

bring it to this state.  This places a severe constraint on the overall efficiency 

obtainable from the laser-based processes, in particular, MLIS.  This 

limitation will disappear if the resonant isotope is separated from the non-

resonant isotope from its first excited state itself.   Operation of such an 



isotope enrichment scheme takes advantage of the phenomenon of light 

induced drift (LID).  LID was discovered by the Russian scientists 

Gelmukhanov and Shalagin [1] in 1979 and has been subsequently applied to 

the separation of isotopes both in their atomic as well as molecular forms by 

a host of researchers in eighties and nineties.  In this article we review this 

phenomenon with particular emphasis on its application to isotope 

separation.  We also work out a possible experimental scheme to separate 

S33, with a natural abundance of ~0.76%, from SF6.  Our interest in this field 

stems from the fact that a new laser based isotope separation technique 

called SILEX (acronym of separation of isotope by laser excitation), 

developed in Australia, is now being actively pursued in collaboration with 

the USA for uranium enrichment as an alternative to their AVLIS programme 

[2].  Although no detailed information about the SILEX process is available 

in the open literature, the fact that it is a UF6 based low laser energy process 

indicates that light induced drift could possibly be the mechanism on which it 

is based.   

 

 

    

 



2. LIGHT INDUCED DRIFT: 

2.1. Introduction: 

Laser light can cause a mechanical action on the motion of atoms/molecules 

in two distinct ways.  One of them, the resonance radiation force, is based 

upon the exchange of photon momentum between the atom/molecule and the 

radiation field [3].  Since the photon momentum is only a small fraction of 

typical atomic/molecular momenta, collisions can very easily wipe out the 

effect of resonance radiation force.  For its observation, therefore, it is 

essential to consider atoms in a collision-free environment.  The applications 

of this effect include trapping/cooling of atoms/molecules, selective deflection 

of the resonant particles from a beam containing various kinds of species etc.  

A completely different mechanism for affecting the motion of 

atoms/molecules by applying a resonant light field is termed light induced 

drift (LID) and it originates from the fact that the size of the same species in 

the ground and the excited states is different.  It has been suggested that this 

effect may account for some puzzling astrophysical phenomenon, including 

anomalous abundances in chemically peculiar stars and the distribution of the 

isotopic hydrogen ratio [H]/[D] in the solar system [4].  Of particular 

importance is the fact that LID can cause the separation of isotopic 

components in a gas mixture. 



2.2. Physical mechanism: 

Let us consider a collection of an isotopic mixture of molecular/atomic 

species.  When a monochromatic radiation field resonant with one of the 

isotopic species excites it with a frequency slightly detuned on the higher 

frequency side from its line center but within the width of Doppler broadened 

absorption line, the excited isotope will have a selected velocity component in 

the propagation direction of the light beam (Fig 2).  The size of the molecule 

in the excited state is generally larger than in the ground state.  The excited 

species, therefore, undergo more number of collisions than ground state 

species and hence suffer a stronger frictional damping.  This results in a net 

drift of the resonant species in a direction opposite to that of the incident 

radiation.  However, collisions between the excited resonant species and the 

non-resonant species in the ground state result in the transfer of excitation to 

the non-resonant species.  The drift also experienced by these excited non-

resonant species would thus annul the selectivity of this process.  In order to 

restore selectivity, the isotopic mixture is embedded in a buffer gas at an 

optimised pressure such that the collisions now occur predominantly with the 

buffer particles.   The excitation of the resonant species belonging to a certain 

velocity group leaves a corresponding hole in the Maxwellian distribution of 

the ground state population (see fig.2).  If the resonant species in the excited 



and the ground states were identical, the cross-sections of velocity changing 

collisions for the two would also be identical leading to the broadening of 

velocity distribution of the excited state species being compensated by a 

similar broadening of the hole in the ground state distribution.  However, in 

reality, the excited species generally have larger cross-sections of velocity 

changing collisions compared to the unexcited ones and therefore such 

compensation does not take place.  This results in a net drift of the excited 

species with respect to the unexcited species in a direction opposite to the 

propagation of light.   As the two species separate, a steady state will be 

reached when the density gradient becomes large enough that diffusion 

opposes any further flow from LID. The velocity changing collisions are 

necessary for the realisation of the effect of light induced drift.  With increase 

in the buffer gas pressure the rate of velocity changing collisions increases 

leading to the increased broadening of the velocity distribution of the excited 

species (see fig. 3).  It is thus obvious that in order to make the same species 

absorb the incident photons time and again within the laser pulse, the rate of 

thermalisation and hence the buffer gas pressure should be low.  To maximise 

the separation of the two isotopes the buffer gas pressure therefore needs to be 

optimised.  

 



On the other hand, when a monochromatic radiation field resonant with one of 

the isotopic species excites it with a frequency slightly detuned on the lower 

frequency side from its line center but within the width of Doppler broadened 

absorption line, the excited isotope will have a selected velocity component in 

the direction opposite to the propagation direction of the incident light beam 

(Fig 4).  From the above discussion it can be seen that in this case the 

enrichment of the excited species will take place in the direction of the 

propagation of the incident light.  If the gas comprising the isotopes is taken 

in a capillary and the coherent light beam is made to propagate along its axis, 

it is then quite natural to expect that one end of the capillary will get enriched 

in the desired isotopic species (Fig 5).  This, in brief, is the mechanism of 

separating isotopes by making use of the phenomenon of light induced drift.  

A large number of research papers, both theoretical and experimental, have 

been published on this subject. 

 

2.3. Drift of a resonant species embedded in a buffer: 

2.3.a Atomic system: 

 After Gelmukhanov and Shalagyn [1] theoretically predicted the LID effect, 

Antsign et al [5, 6] were the first to observe this phenomenon in Na vapours 

embedded in a buffer gas in an elegantly planned experiment.  The system 



comprised of a 8 cm long and 0.05 cm internal diameter capillary filled with 

either He or Ne at 30 Torr pressure and shone longitudinally by the output 

from a tunable Dye laser.  The capillary had an opening at the centre through 

which sodium vapour at a pressure of 10-6 torr was introduced.  The   LID 

effect was confirmed by visually observing the Na-vapour fluorescence.  

When the Dye laser frequency was tuned to the higher frequency side of the 

Doppler broadened absorption centre of sodium, the fluorescence was found 

to be confined only to the left arm of the capillary (Fig. 6a).  This is due to the 

fact that the sodium atoms, which are able to absorb the incident radiation on 

entering the capillary will be drifted opposite to the direction of incoming 

radiation into the left side of the capillary.  The absence of any fluorescence in 

the remaining part of the capillary indicates the saturation of absorption of the 

low density sodium vapour used in the experiment by the incident radiation.  

Understandably therefore when the Dye laser frequency was tuned to the 

lower frequency side of the Doppler broadened absorption feature of the 

sodium atom the fluorescence was confined to the right arm of the capillary 

(Fig. 6b).  When the Dye laser frequency was tuned to coincide with the line 

centre of sodium’s absorption feature uniform illumination along the entire 

length of the capillary was observed as the effect of light induced drift was 

now absent along the axis (Fig. 6c).  As expected, in absence of any buffer gas 



uniform illumination once again was observed irrespective of the frequency of 

the incident Dye laser.   The observation of slight penetration of fluorescence 

in the opposite arms of the capillary in the case of detuned operation of the 

Dye laser has been attributed by these researchers to the sticking of sodium 

atoms on the surface of the glass.   The adsorption effect precluded any 

quantification of LID effect in this experiment.  In subsequent works [7-9] 

surface adsorption was somewhat reduced by the usage of a special glass but 

owing to the presence of residual adsorption a proper contact with the theory 

could not be made.   This problem was completely overcome for the first time 

allowing the true quantification of the LID effect in the work of Atutov [10] 

where the inner wall of the cell was coated with an oil film.   In a subsequent 

work [11], removal of adsorption was accomplished by coating the inner 

surface of the capillary with paraffin allowing the measurement of drift 

velocities unhindered by the wall effects.  These authors performed a detailed 

parametric study of the LID effect in sodium vapour with various buffer gases 

such as He, Ne, Ar, Kr, and Xe etc.   Similar cell has also been employed to 

observe this effect in other atomic gases such as Rubidium [12]. 

 

 

 



 2.3.b. Molecular system: 

The first experimental demonstration of LID effect in a molecular gas was due 

to Baranov et al [13] where SF6 gas in a mixture of He or H2 represented the 

resonant particles while the coherent radiation was derived from a pulsed CO2 

laser.   The gas mixture (SF6, ~1 torr; He/H2 varied from 0 to 30 torr) taken in 

a copper cell (1 m long and a cross-section of 1cm × 3cm) when irradiated 

with CO2 laser pulses resulted in an increase in the concentration of SF6 in 

one end of the capillary by almost a factor of 100 as against the other end 

under most optimised condition.  In the absence of any buffer gas no change 

in the density of SF6 along the length of the cell was observed confirming 

thereby that LID effect is responsible for the observed change of 

concentration of the resonant species in the cell.  Qualitatively similar effect 

took place when other gases were used such as CF3I, CF2Cl2, CF3Br, C2H4 as 

the resonant gases and H2 or N2 as buffer gas [14].  The SF6 molecules drifted 

in the same direction  for all the CO2 laser lines studied.   Dombovetskii et al 

[15] on the other hand found the drift in SF6 to be in one direction for 10P(28) 

and 10P(32) lines and in the opposite direction for 10P(20) and 10P(22) lines 

under cw irradiation.  However, no drift was reported when SF6 was excited 

by the 10P(18) line of CO2 laser [16]. 

 



2.4. Separation of isotopes based on LID effect: 

2.4.a. Molecular system: 

Isotope separation based on LID effect was achieved for the first time in a 

molecular system [13].   The irradiation of a mixture of 32SF6:
34SF6::1:3.7 (~1 

torr) and He (0 to 30 torr) in a capillary of length 1 m and inner diameter of 5 

mm by pulsed CO2 laser resulted in enrichment of 34S in the input end and 32S 

at the output end of the cell.   The total enrichment factor, defined by these 

authors as the ratio of  (conc.34SF6/conc.32SF6) at the input and output end of 

the capillary, was found to be ~1.08.   This effect has also been utilised for the 

separation of carbon isotopes from its molecular form CH3F [17, 18].   

Irradiation of an isotopic mixture of 13CH3F and 12CH3F (in the ratio 1:50 at a 

pressure of 1.6 torr) in a 1 m long, 4 mm i.d. copper cell by the 9P(32) line of 

a cw CO2 laser resulted in an isotopic enrichment factor (defined as the ratio 

of  (conc13CH3F/conc12CH3F) of 1.27.  This value increased to 1.69 when the 

internal diameter of the capillary was reduced to 1 mm. When 12CH3F was 

used as the resonant species, the enrichment factor, defined as before, became 

0.95 with 9P(20) as the irradiating line.  It was observed that in the event of  

fine tuning the CO2 laser frequency to the line centre of the resonant species 

viz., 13CH3F, no separation could be achieved although the absorption of the 

incident radiation was maximum.  In a subsequent work Panfilov et al [19] 



demonstrated an increase in the enrichment efficiency in the presence of 

buffer gases like H2 or He.  Enrichment of 15N in its molecular form NH3 to 

the extent of 97% as against its natural concentration of 0.37% has been 

achieved by utilising the LID effect [20].  A cylindrical copper cell of length 

1.5 m and i.d. 3 mm and the 9R(10) transition of the CO2 laser was used for 

this investigation.  The laser frequency was 125 MHz below the absorption 

line centre of the resonant species viz., 15NH3.  An interesting point to be 

noted here is that the size of the NH3 molecule in the first vibrational excited 

state (ν2 mode) is smaller than that in the ground state [21].  This results in the 

reversal of the relationship of direction of drift of the resonant species with 

the detuning of the incident light frequency with respect to its absorption 

centre.  

 

2.4.b. Atomic system: 

The first attempt to use LID effect for separating isotopes in the atomic form 

by Hamel et al [22] was not successful owing to the incompatibility of the 

material of the capillary used with Rubidium.  In the subsequent experiment 

Streater et al [23] achieved a concentration of  ~94% of 87Rb as against its 

natural abundance of 28% by making use of an adsorption free capillary.  

Radioactive Sodium isotopes viz., 22Na and 24Na have also been separated 



using the LID effect [24].  The experiment was performed in a 2.5 mm 

diameter and 150 mm long stainless steel drift tube with Krypton as the buffer 

gas.  The measurement of the concentrations of 24Na and 22Na was performed 

by recording the γ rays emitted by these isotopes by a Gamma ray 

spectrometer.  An isotope separation factor of ~20 has been achieved. 

  

2.5. The Optical Piston Effect:  

 A particularly interesting consequence of LID effect is the phenomenon of 

optical piston.  This occurs in optically thick media and was first predicted by 

Gel’mukhanov and Shalagin [25].  A detailed theoretical analysis of this 

effect is given by Nienhuis [26] and it was first demonstrated in an elegant 

experiment by Werij et al [8, 9] on Na vapour embedded in Ar buffer gas.  

Optical piston effect has also been demonstrated in Rubidium [22].   A 

qualitative explanation of this phenomenon is given below. 

 

  In case of an optically dense medium where the penetration depth of the 

incident light beam  is limited, the light induced drift  would occur only over 

the narrow illuminated region.  If the frequency of the incident light is above 

the absorption centre (refer to fig. 2), the drift of the resonant species occurs 

in a direction opposite to that of the incident light making the optically thick 



medium still denser.  This further reduces the illuminated region.  If on the 

other hand the frequency of the incident light falls on the low frequency wing 

of the Doppler broadened profile (refer to fig. 4), the resonant species is 

drifted in the propagation direction of the incident beam.  When the light 

beam fills the entire cross-section of the cell, the resonant species can only 

move in the forward direction with the result that light beam can penetrate 

further and further sweeping the absorbing species to the darker region of the 

cell in a piston like action.  Since the non-resonant species are not affected by 

the incident light, the optical piston is said to be semi-permeable.   In the 

experiment of werij et al [8], the piston effect made the fluorescent tip to 

progressively advance from the entrance end to the exit end of the capillary 

providing an excellent opportunity of measuring the drift velocity. 

 

2.6. White Light Induced Drift:   

2.6.a. Two resonant species: 

White light induced drift (WLID), first theoretically demonstrated by Popov 

et al [27] and analysed in many subsequent works [28, 29], occurs in the 

interaction of a non-monochromatic laser light of appropriate spectral width 

and two resonant gaseous species embedded in an abundant buffer gas.  The 

mechanism of this effect, which enhances appreciably the separation factor of 



the two isotopes as one is pushed and the other is pulled by the LID effect, is 

qualitatively described below.   

 

Consider a capillary containing a buffer gas and two isotopes with Doppler 

broadened absorption centers at ν1 and ν2.  The laser beam which illuminates 

the capillary longitudinally emits at a frequency ν such that ν1< ν< ν2.  The 

spectral broadening of the laser emission is just enough to overlap partially 

the absorption features of the two isotopes (see fig. 7).  The isotope with 

transition frequency (ν1) lying below the laser frequency will thus be drifted 

in the direction of the incident beam while that with transition frequency (ν2) 

above the laser frequency will be drifted in the opposite direction.  The 

opposite fluxes of the two isotopes result in an enhanced separation ratio.  The 

first experimental system for the demonstration of this effect has been detailed 

in reference 27.       

 

2.6.b. Single resonant species: 

The WLID has also been predicted [28] in single resonant species, immersed 

in buffer gas, with two hyperfine levels radiatively coupled to the upper level.   

The Doppler profiles of the corresponding absorption lines partially overlap 

and, due to the different degeneracy, produce two asymmetric dips in the 



absorption spectrum.   Therefore when the light beam propagates inside the 

vapour its intensity spectrum is gradually asymmetrically modified and hence 

velocity selective excitation becomes effective inducing a drift of both 

components in the opposite direction.   The difference in degeneracy of the 

two hyperfine states results in a net drift in one particular direction.    Gozzini 

et al [30] were the first to experimentally demonstrate the WLID in a single 

species.  The excitation source, a broadband Dye laser with a total bandwidth 

of 200 GHz and a free spectral range of 30 MHz which was smaller than the 

homogeneous line width of resonance species viz., sodium vapour, shines a 

12 cm long capillary of 2mm ID containing sodium and few torr of neon (fig 

8). The effect of WLID was evident from the intensity difference of the laser-

induced fluorescence at the cell entrance and towards the cell exit.   

 

3. EXPERIMENTAL SCHEME FOR S33 ENRICHMENT BASED ON 

LID EFFECT: 

The odd nucleon isotope S33 is of great value as a tracer because its presence 

can be detected by nuclear magnetic resonance (NMR) techniques.  Its 

applications include agricultural studies and structural studies of proteins.   

Further, the need of S33 in the production of P33 through (n,p) reaction is well 

recognised as P33 is a sought after isotope in the molecular biology and 



genetic engineering fields.  The present annual requirement of BRIT of P33 is 

1200 mcurie (which corresponds to about 10 µg of P33) costing ~US$ 37800.  

The effort to enrich S33, therefore, has immediate practical value.  Owing to 

the very low cross-section of (n, p) reaction leading to the formation of P33, 

the requirement of S33 is of the order of a gram, which, however, is 

recyclable. 

 

In the proposed scheme here, we plan to make use of SF6 as the working 

molecule.  Spectroscopic studies reveal many close matches between the 

absorption features of SF6 and the emission of CO2 laser, the most powerful 

laser in the mid-infrared region.  In addition, SF6 is a non- corrosive and fairly 

chemically inert gas at room temperature and also possesses appreciable 

vapour pressure at lower temperatures.  The physical properties of SF6 are 

summarized in the following table. 

 

Physical Properties of SF6 

Molecular Weight 146.05 

Melting Point -50.8 0C 

Sublimation temperature -63.9 0C 

Density (gas at 1 bar and 20 0C) 6.164 g/L 



Density (liquid at 200 C) 1.329 g/mL 

Critical Temperature 45.6 0C 

Critical Pressure 36.557 atm 

Critical Density 0.755 g/mL 

Surface tension(at –50 0C) 11.63 dyne/cm 

Thermal Conductivity 3.36E4 cal/cm2/K/cm 

Viscosity (gas at 25 0C) 1.61E-4 poise 

Boiling Point -63.0 0C 

Specific Heat (at 30 0C) 0.143 cal/g 

Relative Density (air = 1) 5.10 

Vapour Pressure (at 20 0C) 10.62 bar 

 

 

 The  isotopes of sulfur with their respective half lives and % abundance are 

given in the  table below.  

 

Isotopes of Sulfur 

Isotope            Parity         % Abundance          Half Life          

27S                                                                            21 ms 

 28S                    0+                                                 125 ms 

29S                     5/2+                                              187 ms 

30S                     0+                                                 1.178 s 



31S                     ½+                                                 2.572 s 

32S                    0+                        95.02                  stable 

33S                   3/2+                      0.75                   stable 

34S                    0+                         4.21                  stable 

35S                   3/2+                                                87.32 days    

36S                   0+                          0.02                  stable 

37S                    7/2-                                                5.05 m 

38S                    0+                                                  170.3 m 

39S                    (3/2,5/2,7/2)-                                 11.5 s 

40S                     0+                                                  8.8 s 

42S                     0+                                                  0.56 s 

43S                                                                           220 ms 

44S                      0+                                                 123 ms 

45S                                                                            82 ms    

 

As seen from the above table the natural abundance of S33 is 0.75% and the 

isotope shift (ν3, Q branch) of S33F6 with respect to S32F6
   is  ~ 8.97 cm-1 [31] 

as against the typical emission width ~0.033 cm-1of a TEA CO2 laser.   

 

The following simplified equation gives the change in concentration of the 

resonant species (∆N) at the two ends of the capillary tube in which the 



resonant and the non-resonant species are enclosed along with the buffer gas 

arising out of LID effect – 

 

 ∆N =  [(∆σ/σ) 2∆S  φ(Ω)]/(hν0u) 

 

where ∆σ is the difference (σ ~ σ1) between the cross section of collisions in 

the ground (σ) and the excited (σ1) states, ∆S  is the power density absorbed 

by the gas column enclosed in the capillary, φ(Ω) is a function involving Ω, 

the detuning of the laser frequency from the absorption line centre of the 

resonant species, ν0 the frequency of the electromagnetic wave, and  u = 

(kT/m)1/2 where m is the molecular mass. 

 

3.1 Parameters that affect LID: 

a. Operating Pressure:  The pressure should be so adjusted that there is 

enough collisional friction for the drift effect to be felt and at the same time, 

the thermalising collisions are not too many allowing the same molecule to 

undergo  excitation number of times within the same pulse. 

 

b. Length of the capillary: Larger the length of the capillary enclosing the 

gaseous medium, larger is the number of resonant species at a given pressure 



and, therefore, higher would be the power absorbed from the incident laser 

beam.  This would lead to, as can be seen from the above equation, a greater 

change in the concentration of the resonant species across the length of the 

capillary.   

 

c. Diameter of the capillary:  Diameter of the capillary should ideally be the 

diameter of the collimated beam.  This is to ensure that there is neither any 

dark region in the capillary nor any spillage of the beam. 

 

d. Intensity of the Laser beam: To have the maximum advantage, the intensity 

of the incident light should be high enough to saturate the entire length of the 

capillary.   

  

e. Frequency and line width of the incident light: The frequency of the 

incident light should match with any one of the wings of the absorption 

line centre of the resonant species. Exact coincidence with the line centre 

does not lead to any drift.   The linewidth of the incident light should be 

substantially smaller than the isotope shift to ensure better selectivity.  

 

 



3.2.  Experimental Parameters: 

Based on the typical information available in the literature, we have chosen 

the following experimental conditions.   

 

Length of the capillary 100 cm 

Cross-section 1 cm2 

Pressure   i) SF6 

                ii) Buffer gas 

0.4 torr                                 

8 torr                                                    

CO2 laser pulse energy 1 joule per pulse 

Pulse duration 1 µs 

Laser Pulse repetition rate 500 Hz 

 

The energy of the laser was fixed from the following considerations: at 0.4 

torr operating pressure the density of resonant molecules in the capillary is 

1.07 × 1014/cc while the density of photons (of wavelength 10µm) for a pulse 

of typical duration 1µsec and energy 1J is 1.68 × 1015/cc.  This ensures that 

the absorption is always saturated leading to the operation in the optically thin 

regime. The high ratio of the total number of available photons in a pulse 

(~5×1019) to the resonant particles (~1×1016) in the capillary enables the usage 



of the same pulse to induce drift in a number of identical capillaries arranged 

in series (fig. 9).   

 

3.3 The LID based Enrichment Scheme:  

The absolute number of the resonant species which would be excited depends 

on number of factors such as width of the Doppler broadened absorption, the 

detuning of the frequency of the laser from the absorption line centre and its 

spectral width.  Taking a typical case where 10% of the resonant species fall 

in the velocity domain where the incident photons can be absorbed, the 

maximum number of photons absorbed per unit area along the length of the 

capillary is ~5× 1014
  leading to a value of ∆S to be ~10 W/cm2.  Taking the 

experimentally determined value of ∆σ/σ  for SF6 from reference 32 and 

determining the value of φ(Ω) for a detuning of 8 MHz on the lower 

frequency side, which is quite typical for ν3 Q branch absorption line, the 

change in concentration across the two ends of the capillary can be found to 

be  3.53×1012/cc.  Understandably, therefore, ~60 pulses would be required to 

make the concentration of the resonant species zero at one end and double the 

original concentration (i. e. 1.52%) at the other end. The laser frequency being 

on the lower frequency side of the line centre, and as  ∆σ is positive (i.e., the 

size of the molecule in the excited state is larger than in the ground state) the 



drift is in the direction of the incident light.  To simplify the analysis further, 

we now divide the capillary into 100 equal parts and assume homogeneously 

graded concentration of the resonant species along the length.  Thus to begin 

with, while the concentration of S33 is .0152% at the end of the first part, it is 

1.52% at the other extreme end.  After ~2 pulses the first compartment 

becomes devoid of any resonant species and the concentration of S33 at the 

exit end becomes 1.5352%.  The resonant species are now distributed in a 

uniformly graded fashion over the remaining 99 compartments.  In this 

manner, with each incoming pulse, the concentration of the resonant species 

progressively increases towards the exit end and after ~750 pulses they would 

be confined to the region of 25 cm from the exit end where the S33F6 

concentration becomes 5.897%.  At this juncture a mechanical shutter would 

be made use of to isolate this region enriched with resonant species from the 

rest of the capillary containing the non-resonant species along with the buffer. 

After draining off of this unwanted gas, the shutter opens and the remaining 

gas (0.1 torr SF6 + 2 torr buffer) fills the entire volume at a uniform S33F6 

concentration of 2.9485%.  The entire procedure of inducing drift begins once 

again but now with an initial concentration of S33 as 2.9485%.  It has been 

worked out that after four such iterations consisting of ~4050 pulses a ~100% 

enrichment of S33F6 occurs resulting in accumulation of ~ 0.225 µg of S33 in 



each of the capillary taking into consideration the fact that only 40% of the 

total population actually resides in this state at room temperature [33].  To be 

noted that in this process the reverse diffusion arising out of concentration 

gradient has not been taken into account.  However, usage of the mechanical 

shutter to redistribute the enriched gas in the entire capillary reduces the effect 

of diffusion.  This effect can be further eased by increasing the repetition rate 

of the laser.  Employing the service of a 1J, 500 Hz TEA CO2 laser, which is 

commercially available, the said amount of S33 can be collected at room 

temperature within an experimentation time of ~20 seconds.  With eight such 

modules operating in series with the same laser, the collection rate of S33 

becomes 0.09 µg/sec.  Cooling the gas appropriately increases the population 

in the ground state which, in turn, enhances the collection rate.    

 

 4. CONCLUSIONS: 

Laser light induced drift effect which relies on the difference in the size of the 

resonant species in the excited and the ground states provides an alternative 

method of separating isotopes.  The fact that the separation can be effected 

here from the first excited state itself makes it a highly energy efficient 

process.  Isotopes have been separated by this method from their both atomic 

and molecular forms.  The conventional laser based method of enriching 



uranium in its molecular form which relies on multiphoton dissociation 

process requires prohibitively high laser energy and fluence.  Such stringent 

requirement on the laser source can be readily circumvented by adopting the 

LID based isotope separation scheme for uranium.   We have in this article 

described an experimental scheme to enrich S33 in its molecular form (SF6) 

based on LID effect and have also provided a rough estimate of the time and 

the number of pulses required to produce ~ 1gram of S33F6. We further note 

here that a 16 µm coherent optical pulse of few mJ of energy and a duration of 

~100ns can raise significant ground state population of UF6 (partial pressure 

of which is say a torr in a buffer medium) to the first excited state from where 

LID effect can take over.  The development of such a low energy 16 µm 

coherent source is possible by making use of non-linear optical conversion 

processes.  
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