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POSSIBILITY OF INCREASING THE SELECTIVITY OF CHROMATO-
GRAPHIC SEPARATEON UNDER THE ACTION OF LASER RADJIATION
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SUMMARY

The possibility of increasing the selectivity of chromatographic separation
when carried out in a field of laser radiation has been considered. This increase is
the result of the selective excitation of one of the types of the molecules to be sepa-
rated, the sorption of which decreases owing to the excitation. It has been shown that
as 2 result of this effect, 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.

In the laser chromatographic separation of different varieties of molecules,
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 adsorbeat the excited molecules are either not
adsorbed or are sorbed with a lower probability than the non-excited molecules!—*.
The non-adsorbed molecules lose their excitation and retura fo 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 coeflicient 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 will increase by a value 5%, and the partition co-
efficient will be equal to (b + 5¥)/(a — I5* «}/Ix;]), where « and «, are fractions of
the column volume occupied by the gas and the liquid phase, respectively. As laser
chromatography is more conveniently effected on short columns at low temperatures,
it can be assumed that (a/B) > («/xy); then the partition coefficient, under conditions
of laser radiation, will be (b - b*)/a. As it is known that the velocity of movement
of the band, V, is related o the carrier gas flow-rate, U, by

U

V(G) = 1 —:‘ IC:[K‘\'
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or, taking into account the above inequality,
V(0) ~ xUK/x;

then accordingly, under conditions of laser radiation with an intensity 7

Ul + %)«

V(I) - aKy

b 4+ b*
R

The ratio V(I)/¥(0) is equal to

As can be seen from the above equation, ihe 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 (b + 5*)/b will
increase with an increase in the laser radiation intensity.

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

problem:

~

o%b

D —a-yz— = O'I(b — b*) (la)
8*h*

D—é}?— = — oI(b — b%) (1b)

with the boundary conditions

ob* -
y=0:b=Ka, D —— = b*Uls @
ay
: ob ob*
J’:d.é;=0,——ay-=0 (3)

where y is the distance from the point considered to the phase interface, D the dii-
fusion coefiicient of the substance to be resclved, 7 the intensity of laser radiation,
G the cross-section of radiation transition, U the heat velocity of the molecules and
d the haif-thickness of the gas phase layer. .

‘Eans. 1a and 1b describe the diffusion of the non-excited and the excited par-
ticles, their formation and decay under the action of laser radiation being taken into
account. The first of the boundary conditiuns shows that on the phase interface the
usual condition of sorption equilibrium for non-excited molecules is maintained.
The boundary condition in egn. 2 expresses that any excited particle that finds its
way to the wail loses its excitation and diffuses to the gas phase without being sorbed.
The stream of excited particles $*U 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 particies is at a
maximum in the middle of the column, while that of the non-excited ones is at a min-
imum. -
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In egos. ta and 1b, the terms describing spontaneous transitions are omitted,
which is justified only when the time of diffusion to the wall, =% = 4%/D, is much less
than the time of spontancous fransition.

Strictly speaking, the conditionr in egn. 2, expressing tne equality of the dii-
fusion stream to the gas kinetic stream, should be put at a distance from the boundary
41 equal to the length of the free path of the molecule, with /£ < 4, is practically
satisfied with y = Q.

On solving eqgns. 1-3, we obtain

"D _ () = -+ (6D]Td) V25 F* tg V26Fic*
¥(0) 1 + (3D} Td)V IsFz* is VIoFr*

If we reject the assumption of deactivation of any molecule that reaches the
phase interface and assume that the probability of its sorption is § (0 << § < 1), then
instead of eqn. 4 the following is obtained:

@

1 + (6D Ud) V3cIz* tg V2oIz*
1 + (1+B) 3D/Ud) V26I* tg VIcIt*

If 8 < 1, the velocity of movement of the chromatographic band changes, reaching
a value of 2V (0)/(1 + B) with ofz* > 1.

Plots of the function F () with § = 0 and different values of the dimensioniess
parameter 3D/Ud~ A/d, where A is the length of the free path of the molecules, are
given in Fig. 1. It can be seen that the intensity of light reguired to increase the velocity
of movement of the chromatographic band by 1G9, rapidly increases with an increase
in the value of the ratio 4/4, tending (with df4 > 100) to a value independent of d,
which can be found from the equation ¢fA/T ~ 2-103.

F() = (5)
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Fig. 1. Plot of function F () for different values of the parameter 3 D/Ed: (1) 0.1; (2) 9.01.

The life of the oscillatory excitement of molecules may reach values of the order
of 10~° sec. The average time of diffusion to the wall has the same order of maguitude
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for capillaries of radius 10~? cm at atmospheric pressure. From the estimates given
by Gochelashvili er al.t, it follows that in this instance the powers of gaseous CO,
lasers are sufficient for a marked increase in the rate of movement of a2 chkromato-
graphic band. Thus, the use of lasers for the selective excitation of molecules makes
possible the separation of substances that have similar sorption caefficients but dif-
ferent optical properties, even at atmospheric pressure.

The theory presented above is based on 2 number of assumptions, playing
different roles in laser chromatography. For example, taking into account factors
such as degeneration of the combining levels, the Poiseuille distribution according to
velocities and diffusion of molecules in a liquid film, one mercly obtains a more precise
form of eqn. 5, without changing the basic deduction of the theory as to the influence
of laser radiation upon the velocity of movement of a chromatographic band. The
process considered is found to be critical to only one phenomenon, namely weaker
sorpticn of the optically excited molecules.

Laser chromatography could be 2 sufficiently universal means of separating
substances if lasers with a rearranged frequency of sufficient power are used. To dem-
onstrate this possibility, CO, lasers are suitable for the chromatographic separation
of boron isotopes in BCl;. To demonstrate the effect of changing the velocity of move-
ment of a chromatographic band, SFs could be used if a suitable liquid phase is selected.

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

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

From purely optical considerations, let us assume that the diameter of the
capillary is 1 mm and its length is 20 cm. For such a capillary, the thickness of the
stationary phase film being about 2 gm, k¥ &~ 1 and &; = 1072, and the retention time,
g, is equal to 20/U (1 + 0.01/K). To ensure reliable measurement, it is necessary that
the retention time of SF should be at least twice that of the non-sorbed componsnt;
to ensure this requirement, it is necessary to have 0.01/K =~ 1, i.e., K ~ 0.01. Under
this condition, with a rate U ~~ 1 cm/sec, £z = 40 sec. According to the estimates
given above, even on such a short capillary the retention time of SF; after irradiation
must decrease by 5-7 sec, which can easily be recorded. Unfortunately, very little
information is available on the retention of SF, on liquid phases. If some literature
data>® are used, the value of X for this compound on Kel-F 3 can be estimated at
room temperature. This value is about 1, 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 stationary 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-
ficuit to resolve, such as mixtures of isotopes. -
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