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SUMMARY 

The possibility of increasing the selectivity of chromatographic separation 
when carried out in a fidd of laser radiation has been considered. This increase is 
the result of the selective excitation of one of the types OF the mokcules to be sepa- 
rated, the sorption of which decreases owing to the excitatibn. It has been shown that 
as a result of this efkct, the rate of movement of the excited type of molecules along 
the column under Favourable conditions may be nearly twice that of the non-excited 
variety. The method can be used in a capillary along which ‘the laser beam is propagat- 
ed and employed, for example, to resolve isotope mixtures. 

fn the laser chromato,mphic separation of different varieties of mofectdes, 
for instance isotopes, the chromatography is carried out in a field of laser radiation. 
In such a field, provided there is a corresponding frequency of excitation, some varie- 
ties of molecules are excited, while others remain non-excited. It is assumed that 
upon colliding with the surface of the adsorbent the excited molecules are either not 
adsorbed or are sorbed with a Iower probability than the non-excited molec~les~~_ 
The non-adsorbed molecules lose their excitation and return to the gas phase, where 
they are excited again. As a result of this process, the selectivity of separation (a) 
must be significantly increased. 

Let the partition coefficient of a substance, K, be equal to b/a (in the absence 
of laser radiation), where b and a are the concentrations of the substance in the gas 
and the liquid phase, respectively. As a result of the action of radiation, the concen- 
tratica of particles in the gas phase wili increase by a value b*, and the partition co- 
efficient wih be equal to (b + b*)/(a 7 [5* fc~l[n-&, where K and ICY are h.ctions of 

the column volume occupied by the gas and the iiquid phase, respective‘ly. As laser 
chromatography is more conveniently e&cted on short cohumns at low temperatures, 
it can be assumed that (a/b) >> (K/K~); then the partition coefficient,‘ under conditions 
of laser radiation, will be@ f b*)/a. Asit is known that the velocity of movement 
of ffie band, V, is related to the carrier gas Bow-rate, U, by 
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or, taking into account the above inequality, 

then accordingly, under conditions of laser radiation with an intensity I 

b f b* 
The ratio V(a)/V(O) is equal to b 

As can be seen from the above equation, ‘rhe acceleration of the band move- 
ment under the action of excitation depends on b *. If it is assumed that the excited 
molecules upon collision with the surface are not sorbed, the ratio fb + b*)/b will 
increase with an increase in the laser radiation intensity. 

We shall obtain the following relationship, by considering an one-dimensional 
problem : 

D a2b 
- = d(b - b*) 
a3 

D 
azb* 

- = - GI(b - b”) 
3Y2 

with the boundary conditions 

(3) 

where y is the distance from the point considered to the phase interface, D the dif- 
fusion coefkient of the substance to be resolved, I the intensity of laser radiation, 
G the cross-section of radiation transition, rf the heat velocity of the molecules and 
d the half-thickness of the gas phase layer. 

Ecns. la and lb describe the d,iffusion of the non-excited and the excited par- 
ticles, their formation and decay under the action of laser radiation being taken into 
accomt. The first of the boundary condlt&ns shows that on the phase interface the 
usual condition of sorption equilibrium for non-excited molecules is maintained_ 
The boundary condition in eqn. 2 expresses that any excited particle that finds its 
way to the wah loses its excitation and diffuses to the gas phase without being sorbed. 
The stream of excited particles b*O must be equal to the stream of deactivated par- 
ticles on the surface. Finally,_ the boundary condition in eqn. 3 expresses the sym- 
metry of the problem and shows that the concentration of the excited particles is at a 
maximum in the middle of the column,-while that of the non-excited ones is at a min- 
imum. 



In eqns. Za and lb, &e terms de&big spontieous transitions are omittecl, 
which is justified ody when the time of difksion to the wall, 2+ = &/D, is much less 
than the time of spontaneous transition. 

Strictly speaking, the condition in- eqn. 2, expressing the equality of the dif- 
fusion stream to the gas kinetic stream, should be put at a distance from the boundary 
A equai to the length of the free path of the mokcbte, with A < 4 is practic&Ey 
satisfied with y = O_ 

On solving equs. 1-3, we obtain 

If we reject the assumption of deactivation of Amy molecuie that reaches the 
phase interface and assume that the probability of its sorption is /3 (0 < /? < l), then 
instead of eqn. 4 the following is obtained: 

If B < 1, the velocity of movement of the chromatographic bacd changes, reaching 
a value of 2 V (O)/( 1 f jt?) with oh? 2+ 1. 

Plots of the function F (I’) with #J = 0 and diEerent values of the dimensionless 
parameter 3D/&k5 A/c& h w ere X is &e length of the free path of the molecuks, are 
giveu in Fig. 1. It can be seen that the intensity of light required to increase the velocity 
of movement of the chromatographic baud by 10 % rapidly increases with au increase 
in the value of the ratio ~$4, tending (with d/A > LOO) to a value independent of d, 
which can be found from the equation (rile/o M 2- IOM3. 
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Fig. 1. Plot of faction F (Z) for dEerent values Of the parameter 3 D/U& (I) @.I; (2) 0.01. 

The life of the oscillatory excitement of molecules may reach values of the order 
of 20W5 sec. The average time of diEusion to the wall has the same order of magnitude 



for capillaries of radius 10e2 cm at atmospheric pressure_ From the estimates given 
by Gochelashvili et al.‘, it follows that in this instance the-powers of gaseous CC?, 
lasers are sufficient for 2 marked increase in the rate of movement of 2 chromato- 
graphic band. Thus, the use of lasers for the selective excitation of molecules makes 
possible the separation of substances that h&e similar sorption coefficients but dif- 
ferent optic21 properties, even at a’mospheric pressure. 

The theory presented above is based on 2 number of assumptions, playing 
different roIes in lsrser chromatography. For example, taking into account factors 
such 2s degeneration of the combining levels, the Poiseuille distribution according to 
velocities and diffusion of molecules in a Iiquid film, one merely obtains a more precise 
form of eqn. 5, without changing the basic deduction of the theory 2s to the influence 
of 12ser radiation upon the velocity of movement of 2 chromatographic band. The 
process considered is found to be critic21 to only one phenomenon, namely weaker 
sorption of the optic2Ily excited molecules. 

L2ser chromatography could be 2 sufhciently universal means of separating 
substances if lasers with 2 rearranged frequency of sufficient power are used. To dem- 
onstrate this possibility, CO2 lasers are suitable for the chromatogr2phic separation 
of boron isotopes in BC&. To demonstrate the effect of changing the velocity of move- 
ment of a chromatographic band, SF, could be used if a suitable liquid phase is selected. 

In practice, laser chromatography can be carried out in a c2pill2ry the inner 
walls of which are coated with 2 liquid film, the laser r2y being propagated along the 
capihary. Measures should be undertaken to prevent the evaporation of the liquid 
phase 61m under the action of laser radiation. For this purpose, the capillary must be 
well cooled 2nd the thickness of the liquid phzse film must not exceed 2 few microns. 

Let us attempt to evaluate the parameters of the capillary required for detecting 
the effect discussed. 

From purely optic21 considerations, Iet us assume that the diameter of the 
capillary is I mm and its Ien,& is 20 cm. For such a CapWry, the thickness of the 
stationary phase film being about 3 pm, K m 1 and ic, = 10e2, 2nd the retention time, 
rR, is equal to 20/U (1 -t_ 0.01/K). To ensure reliabie measurement, it is necessary that 
the retention time of SF, should be at least twice that of the non-sorbed component; 
to ensure this requirement, it is necessary to have 0.01/K = 1, i.e., K M 0.01. Under 
this condition, with a rate U = 1 cm/set, tR = 40 sec. According to the estimates 
given above, even on such a short capillary the retention time of SF, 2fter irradiation 
must decrease by 5-7 set, which c2n easily be recorded. Unfortunately, very Iittle 
inform2tion is 2v2ilable on the retention of SF, on liquid phases. If some literature 
data5s6 are used, the value of K for this compound on Kel-F 3 can be estimated at 
room temperature. This value is about I, which is obviously insufficient for our pur- 
pose. On decreasing the temperature, however, K decreases rapidly. At temperatures 
below 0°, using fluorinated hydrocarbons as the station2ry phase, it will be possible 
to attain the required values of K < 0.01. 

In conclusion, it can be expected that laser radiation will help to increase the 
selectivity of chromatography in the multi-stage separation of mixtures that are dif- 
ficult to resolve, such as mixtures of isotopes. 
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