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' I; <Introduction 

. After ·the · Light' Induc;;d · Qrift (LID) was .;'theoretically 

predicted (1] ~~d-:experi~entaliy discovered in: :atomic [2] and 
. ' ' ~ - 1. ; ' 

m~iecular·gases (3] a' ·grecit m.1~er, of·.theoreti~al; and experi-

m~ntal w~i-k~ has been d~dicat~d to' the inve~tigation 'of this 
•",· ,,,\c'i ~\ .' _' I ,!, I I • --~~-"I • - ~ 

effect (e.g .. the references 1.n ( 4]) . such 1.nterest 1.n ·the LID 
0 : ~ - "' , ' 

effect' is based on ·extended ·.prospects of LID in scientific 

·and . praC::tical. :c.'a"ppliccitlons •·. Isotope separatlon' , is one of 
' '\. • ' .. ,; ! - ~ ·::· ~ ~ •• 

them. 
~: 

The essence of LID of absorbers (atoms or molecules) can 

b~ describ~c{~~·:f~llows. Let 'us consider .. the interaction be-

tween the mo~~c;hfoma:tic'laser wave traveling along the x-:-axis 

and the; gas of absorbers (atoms or molecules) having only two 
:., ' '~ ... ,, • • ; ; • , '· _. ' , : ,:> ' ' '; _' ·, : ' 

10
'\ • ) ' I ', : , "!:' ~ ,

1 
' I>;_.; '! ~ 1 •• J /~ I. 

energy levels: g - the ground 'level and e - the exc1.ted one. 
_...'d··· ---~, ', .'~... .·:' ,·_,:r~-~·, ;,:.'(~ :.;.!'; '·· ._,·-,.·-. -~_: -·:~(-;-!"",~ .. ~~J .. '· · -;o:-,_·---

The rad1.at1.on ·.·frequency ·l.S .supposed to be ; sl1.ghtly · detuned 
·>rL ·.·' ,.- ·;" .· _, .• - ~ ~ """(._ ''Jt·; "r !"1'" .. : .. -. : ·· -~· ,-,·'~~ :, ~~- ~-- ;· 

from the g-e transl.tl.On frequency, SO that 0' l.S 'thel.r. dl.f-' 
and. · u~~xci t~d I. abso'rbers · ference: Let's' consider exCited 

• f• .. i· -~.~~ '•· ·.; • ., .. ~0~·~:1 ' . ··.· ~~-·;··''j ···.• :, .. +";·::.· .. ·: 
x-velocity .. distributions. In the :absence of a laser.'radiatron·, 
the ground i 'stat~ v~l·o'~i ty .. di"J;·t.i-;ibeuti'bn ·. · is· (the·' 'i.f'aXvien:; cJ~~;' 
r~(·J 'i ~ ... · ·c.~J ' 1.:;'·';:~·-~·:':- t··.:,:·'"::.~.~ '" .·~r ;:,;(?~:.: .'·:·. !. i 

and there aren't any exc1.ted part1.cles. In·. the• presence of 
.. . .• ... ·.:_..>· .. : ..•. :. f';~[~;· ,,_,._f · .. · .~ .. ,_'.); ;'• • ,"_'•"<:, • .;·. ;"i, 7.~''·'('"-- ~:_. ~;"!··fc, 

the electromagnet1.c wave only part1.cles w1.th Doppler sh1.ft 
~ ' •' . · ., . 1·!i _-~ : ~_.. ...t _ ,. ' . . . ."• '({ ~ 'l C '~' ·' : ' ~· ,.,~ 

compensating the detunirig . n will interact withe the radi.;; 

ation, due to .the Doppler. effect. In other words, .the 'i-'ad.:f0 
• ·. _·-.·. -.• : .. •·~:~).· :·~.~- <: \-.~-~~ .. ;.;~"~-··~."' n.·(r ~:,::·, 

at1.on provides the trans1.t1.ons from the ground state to the 

excited one for particles . with velocities about' n;pi 1 , • where 

k is the wave vector. Consequently, the. grou-nd ·-~tate veloci-
• ' . • ' I ' . .' ~ ,; 

ty-·distrihutiori. has' there··the•·hole·, ·and, respectively,• .the 

ex.cited. state) ·~elocity distribution·~· the 'peak·. c:FrG:·, 1}:_,; 
Th~se·a~~··the w~ll-known Bennet's·hole and peak.·.r:f:· < !!''' ' 

s~~h asymmetrical ~elocity· 'distributions are/equivalent· 

t'o·tl1ecase, wheri the excit'ed particles'move in!the certain 

directi'cm .and •unexcited particles ·move' predominantly:::in the· 

opposite' one. Theie·flux~s 'are· equal; and; whol~·t'gas: does.n't 
~Jt.: r· ~ cz= .l ,. . 

move. ..... ·. ,.~-~~...,:.. .... ~ ...... -~ ... ---~ ~ 

t !)i·~·t.t:n:;ti.c:·\<nbii1 1rn~ \ 
~ ·.t:1~~nt!K t!C~i?.l!OliltiSfl l\ 
j &trtS1lv!OTEKA ~. 
~&-- ~--· 

' ~*, •• -• 

i 



:J 

0 

0 0 0 0 
0 0 0 0 

o~oo 0 
0 0 

0 

o o· • 0 
0 0 0 0 

0' __....... <' 

O'O·oo~ 
0 0 0 0 

,·o 

:-;:• :-.;';' 

:.,-· 

FIG. 1. Simplified. picture , of 

LID of abs~rber;. ( •) iliUn1rsed 

in a buffer gas (c). Velocity 

'':selective excitation ~f the ab

sorbers yiel?s asymmet\ic velo

city distributions, both for 
' ~ -.. · . .- ': 
_th,~ ground state . and for the 

expited state ab~orbers. Due to 
-· ·: ~ .= ~ •' •• 

the state dependence of the ab-
. .J · .. ·'· .· . . . 
sorbers collision cross sec-

. . "/ - ' .,'.: ' 

tion, the · corresponding _ absor- _ 

· ber fluxe; feel differ~iit col-. . 
lision resistances in the buf-

fer gas; as ~ result a net ab

sorber flux occurs 

The situation is quite ':d.ifferent· when these flux move

ments take·.•pla?e in .~n~t-her. ~a~· :~~t int~racting with the ia:. 
s~~ ~~diat.io~ (.the 's~-~alled '6'~ff~~ , ga.s) > In th~t case the 

"'" < • "'.. • • \ ·• •• -- ~-~--

fluxes·. feel- ,the colli'sion resistance. Since gas kinetic_ cross 

section~ for g- and e-~tat~s with buf~~r gas p~~ticl~s ·are· 
. . ' " · _ _, :. . ) ' '!:, ;:: ; '. ' : ' . ' . 

different, the collision resistance forces for the excited 
I • ,,,.-.. ;j·'' ·' • ., 'Y '' 

and· unexcited particle n\l~es differ too .. Consequently,· the 

wh~le .. gas ~f absorbers is f~~f?~d; b; ~h~ •. buffer gas. That 

f.~~':~ provides the drift of the -~bsorbe~ g~s through the buf.:.. 

fer one. 
·'\ -~ 

The. LID. velop!ty U is defined by 

.cr - cr 
- . e g .· 

u -· v -cr-- tp w, 
g 

(1) 

where · : .v is . the average thermal absorber velocity, , ·. cr 
- H ·~. , ' e,g 

are the . gas kinetic cross sections for the e.xci te?;. ~~d grounc;t 

states absorbers in the buffer .. gas, w. is the ratio: of. ,!he 

excited and unexcited absorbers, .. tp is the factor (special 

for LID) which is selective according absorber velocity_ and 

anti symmetrical a~cording laser. wavelength detuning. ,The fac-, .. 

tor tp .. c<im be near. to 1 in ~conditions .which .are optimal _for 

LID. The exact expression .for the LID velocity is deduced.in 

[5). 2 

-~ 

,j 
; 

p 

. .I! 

-~. 

.We ... see from Eq • .:{l)< that .the 5iri~t velocity can be, of 

the order of the ,,thermal, :velocity .v · if large yalues of.- 7J . " . \ 

and .(cr~.,.· :crg)/crg :·can_: be:,:realized. For: rNa· +' X.e __ . system 

(cr.-.·cr )/cr .. =. 0.37,: ± 0.05 ·•[6) and the_ -maximum • experimental e g g . . . . .. . ... 

LID velocity has ·reached,: about 52 : mjs ': ( 10% of th~ .therma_l 

velocity) -[7)-~:;'J.::···:.. : ;,~·;? ' 

The ~ptical·xesonance wavelengths for ~bsorb~rs;;c:=ont.ai

.ning dlfferent isotopes are' usli'~l1ly slightly ~hlfted':r~lative 
• ., ' • . ' < ' t.} ~-' •. ; ' • ' . ; .. · ••.. - . ' • . . ' . . ' ' ·: 

to each ·other. It. enables to tune the laser rad1.at1on wave:-

length in·. such'.:a way ... wthat;_the~:LID· f],u.xes _of .. absorbers with 

di ff eren:t .. isoto~~~ 'ha~e' '. <:lifferent ·, (even ,oppos i t_e ), ·-.V?lo~i ties. 

This>'_eff,ect can pro,duce ·a separation of the,c.absorbers and, 
< '- ' 'n J 0 _' -: • : - .-~. ,;_ • ' • 

consequently I their: i:'lotopes. It .. has, been' investig?ted :_theo:-

retically for phe~omena'-':in stella:r: atmospheres (8] :·and expe:- · 
. t 11 f . '·" . : . . f . t 85 87Rb . h . f r1men a y . or some pa1.rs .. o ;-- l.SO opes: ··• ' : . w1t . LID _o 

t [ 9 ] 
·. ·: d' ·]2,13_ ,C·--~- 14,1SN . 79,81B ·_· -16,is0 r · d . 32,34S . th a oms ... an .. , .. ::· . ,,·:· ·:_r, •: .: an ._. · Wl. 

LID of molecules'~[ 10 ]~~ ·---- · 

The present paper -proposes the LID_ application for the_ 

radioactive cisotope 'separation.:,In Sec. II we,:giye the basic 

theory of LID separation and deduce :its losses~; .enrichment· 

and productivity. In Sec. III we describe .the first. experi-
• • ~- ·~ •• •• ·._·\_ ··; 0 " ·: ·~ \.t/ ~ .i':.>--''Zi.z4 

mental separation of the radioactive · isotopes ( ' Na) by .. 

'usi~g LID. effe'ct. The: 1 expeiime~tal reS'ults are discussed in 
" .. , . . •'' ' .· .. "); ;.:_·,~ ... -, 

Sec. IV. - '· ~-· 

-
' ,. . --.-: : .·- . " • .-. t.. '1. '~ ,... ·, . ·._.;_ - • ._ ., --· h 

II. Theory of the isotope separation with using LID 
. . . ' ; ' : ·f 

•• J 

Let us call the isotope separation ,with using. LID sh.ort:

ly LIDIS (Llght~.Induced -nrift -,Isotope ·liep.aration) ._,_The LID:of 

~toms would: be preferred over the LID of .moieculks iri' LIDIS 

applications beca'!se LID ~ffects fo~' 'at~~~ are far st:r:onger 

than for molecules. Therefore, below'LID is:considered,as LID 

of atoms only· (not molecules). 'r , • 

. The principal . characteristics ,_of LID IS are deduced for 
' ' ' ~ ~'\\ ~ ' . '.• ~-

the separator illustrated schematically in FIG. 2. The main 

part of the separator is a separative :pipe with a little. 
i • • • -~ > y - •• 

inner '.diameter c 1; + s-- ~> . The sample' .with:·. ari isotope ~ixture 
is lo~ated in an appendix~ An inert gas flow with velocity V 

:a 



and·a laser beam pass'tllroU:gh the seP.arativ,~ pipe~ Atoms of 

the isotope's "are·Ireleased by evaporation ·o·r''in ·any other way 
~ ' . . . . . '', f. . ' ; . -' . 

~and 'diffuse into ·the~·separative ·pipe.· In:.;·an _ideal case the 
·.,' w •• 

laser radiation interacts only with. atoms'· of .on~ of the sam:-

ple isotopes ·'and ~reduces LID of'.these·~atoms ·· in··the:top~osite 
direction to the gas flow and with the ~elocity u•"' 2V.·,Only 

~ . '. ~ ·., 1 , • 

the separated·· isotope atoms reach' a•·'collector and the, remain-

der are. blown' off by the gas fiow'. ~·· .· .. ' ... 
I ··~ ~ .,- >" ' < ··· .;.~ · 'v' _,, ··u· 

FIG. . 2. 'Scheme of · th'e :' LID IS ':•'; ::,;i:.A: .. s:.ifli ...... 8 .. il:·A ·y:::::"::::::::::::::::::::i:':'>::<::<::::::::::::•:::::::::::::::::::::::::::::: 

separat·or '>with gas:tnov. ·The ·· . .: · ~ ; _;g . . ... \: : ;.. . • . 
separatedrisotope and· impuri-' ; · ' •,:;;,, SAMPLE 'cori:Ecro:R 
ty density d_ependence. N<x> ·and . - > l 
N <x> ·on the :distance·'"'·x from 

a ,. . :·:·- , 
the sample vheil Da=·-' D) 'V : = ' 

0~ SU, ~ d: 0. 1V' /D. '' , .. 

;·"·1 "·. 
,, 

The separated isotope. atom density N is described·. by 

this :diffusion.•eqliation: .· 

'od2N/d~2 +''cu ::.· V)dN/dx ~N = 0, (2) 

where D is a diffusion . coefficient and ~ is the coefficient 
·- ·.::.. ··~" ; ~ • ..>-..J • ·~ ' } • ''" 

of the losses due to chemical bounding. If the boundary 
• ... .. <.. . ' 

conditions are N<o> = :N
0 

and N<Ll = 0 (L is the distance· from 

·appendix· :to .collector), the separated isotope atom density is 
-~ ' "! :, . • - .• 

given by: 

,,. ; 

'J 

. N!x) 

a 
1,2 

exp(a (L -:.x)) :- exp(a (L - x)) 
• ·. . 1 . . z . . .. 

.. No . ·····. . . . . . . ·'. . '· exp(a L) - exp(a L) · 
1 z 

(V - U) I (2D) •± { [ (V - U)/(2D) ] 2 + ~/D} 1n .. 

If ~ « (U ~ 2 . - . : . ' '. ' 
V) /4D and L(U- V)/D·» 1'are hold·then 

N!x) . '{ . [. . ~X .. ] .·. ·: · [ , ~L , · . U - V 
N0. e?CP_ :-. -. -.. -. - . :- e~xp -,-. --,- - --. -. (L_ 

· · . · u -' ·v. · · · •· · ·" · u - v D 
./ 

•;r.•, [ 

4 

<?> 

:;. '"; 5' 

:.:·;; __ · 

x>J} '(4) 

.:; r~ 

~':" 

1 ., 

I 

.1! 

~ 

An example of the' dependence N<x> is given 111' FIG. 2 •. The 

:.flux· j · of· the separated isotope atoms on ~the collector ·. is 

determined'by 
. -~' ~: ;tc· 

-j:=- D'VN.·+ (U- V)NI 
. X 

L "'qu - V)N
0
exp(- ~L/ (U - V)];, ,: . (5) 

If ~ « (U - V)/L is true, the great part'of separated isotope 

will reaqh the collector. 

·For impurity isotopes the diffusion equation (2) is'true 

if u' '7; o , and .,· ,.; o. , Under similar bourid~ry concii ti~ns the 

impurity isotope density N <xl is defined by 
,. . a . ~ , ·,:,: 

. , , . ' .... -1 
N <x> = N (exp(-;-VX/D) -:-exp(-VL/D)] [1-exp(;...V/D)] • . (6) 
~ ·,, a_O ·, _;.., 1 · a · -.a.. , . , .. a.,:' .. :..;· ·-

If exp(-::- :VL/D )· .«; 1 is:held, then. ··.· 
.. a 

Na<xl = Na
0
exp(-Vx/D), j · = VN exp(-VL/D ) . 

a aO · · a 

·. r: 
(7) 

'An example 'of the dependence N <;;,> is given in FIG.· 2. · 
,. ._,. a . , 

The separat·ed isotope enrichment · E on· the ·collector .. can 

be expressed.:byc ~ ', -~ 

E = (U - V)/Vexp(L[V/D 
a 

- ~/(U- V)']}'- 1'. 'cs > 

As ~ « (U - V)/L and U = 2V are held, the expression, (8) can 

be simplified: 

E "' exp(LV/D )'. 
. a . 

(9) 
. , -. ., 

"·""" 
The LID. velocity u "' 5 mjs for sodium (the most investigat~~ · 

el~me~t; at~ms c~~ b~ .:e~'sily reached at diffusion c~efflcient 
. , z· . . ·. . : .. . 

D "' D "'. 20 em ;s (6). If the buffer gas flow velocity V "' 
a . '- .. \ , ~ 

U/2 .. "' 2.5 mjs, then the parametE.n::: D /V in (9) can be less 
- . , ~--· .. .. .. . ~a .. , ,¥ _., . -

than 0.1 em and the enrichment E can be higher than ~xp(10) "' . 4 ·. ·> -,:· ·. ' .· .'. .: ,·.,. :. :. -_. ·. \- ·.' .· ,· 
2. 2' * lO • There is no principle obstacle 'to reach· arbitrary 

'lligh':en~ichm~nt,.:: . . . ' ' . _.{: '.' .... '.·"': n • ., ' •• ' 

•· '· •The product1.v1ty of the· methoc,l ·1.~. l1.m1.ted by laser l1ght 

absorption in the separati~g pipe. suppose Cttiat' the~ laser 

light is abs.orbed by the separated atoms. 'only. For~· optimum 

density of 'the · separated atoms the follo~irig • condition i~ 
fulfilled: .. · 

. a~ - 1, (10) . 

where a is the abso:z;ption coefficient that ·can be determine 

s· 



from photon density ~ equation: 
' i ! ' • ~ i· 

·· d~/dX = - eX~ =··- Np; (11) 

where p is the absorption frequency of photons. by. one atom. 

using: (9), -;(10) and (11) we• ,can determine "maximum density· 

N of separated isotope atoms: 
~ max · ,. - -- ,--, · · 

N - ~/ (Lp) = ~V/ (D p*lnE). 
max a -

:,_~ ~ "l 

i . ~ 

' •, 

(12) 

The maximum' fl~x "j of s~parated isotope atoms' can be got 
, . . ma?C. · .. · . _ r• , , 1 •• , 

by substitution •of ( 12) irito ( 5l,/ when "¥L/ (U - · V) « 1' is held: 

j - (U - V) V~/ (D p*lnE) • 
max a 

(13) 
• ~ . ... : .. ·, ,· ·-2 '1'' -

substitution of U ~ 2V and D · ~ D = v /(2v) (v is thermal 
'·. a 

velocity_ and v is the effective collision frequency) 'into 

(13) yields 
. ·• ·- 2 

jma.x - ~/(_2*l~E)*(U/V) *(V/p). (14) 

Substitution of .vjp - 1-(optimum condition 'forJ LID [5]), ~ -

10 19 photonjs (- 1 Watt laser radiation power· in visible 

region), .u - 10 mjs, ._lnE ~ 10, and v. 500 mjs i~to (14) 

gives 

j . - .1d4 . atom/s: 
max 

It is worth noting that for isotope with mass; .. number about 

100 the separation productivity about 1 J.Lg/hour corresponds' 
'·· . .. ' 12 .. ·~ " ~ ~; t • ·. 

with the flux - 10 atomjs. It can _be reacped with LID velo-

city u·- 1 mjs. 

III. Experime~tal method 
J ;., 

We selected sodium as ·an: object for the, first LIDIS 
~ ~ ~ . ~- '. " ~'" ' \ - -. . . . . ' . ·- . - . 

experiment owing to the 'following reasons. At first, ,the-•LID 

of: stable sodium atoms is "~ell investigated [6], the optimum . . ' ·' . ' -~ .. ' ._ . " . . . - ' 

experime_ntal conditions and the corresponding .LID .. velocity 

~re known .. At second, 22Na and 2~Na are suitable .. isotopes, for 
• ·' •• • • ' ,,_. ;it • 

the .LIDIS in_ vestigations. Their. isotope shifts for the •~ D 
. -·. . 1 

line are -756.9 and 706 MHz, correspondingly [11] :(FIG. ·3)·. 

The laser radiation wavelength tuning at _the center of. the 
23N~ line produces the LID of 22Na arid 24Na atoms in op~~site " 

·_/./ ' ~ ~ ~~ .:'1 ,.. :':·;,·1.' 

6· 

·~ 

·directions •. Both. LID . .velocities of .. the 22Na and. 2~Na. atoms 
, ar~ near the maximum . vei.oci ty·, ~hat· ... can· . ~e. r~a~hed at . the 

' . )- . . . . . . .·· . -· -~-- . 
·~ptimum laser._w<lVel,ength .tunin~ J?,-2, 13]. That is _why we used 

the separating devic;:.e,,T:'lithout the. buffer gas. flow •. 

:" 

Laser AUiser 
--:zz 23 24 Na '.Na Na 

-756.9 0 706.0. 
22 24. -

• Na UD Na UD 

MHz 

·FIG. -~. 'b~ir~t;;ative picture ot: 

~he tunin<:L:of the laser rat;ria
tion :vaV'deiigth at .. D line of 

... . ·. . . 1 . : 

atoins of the sodium isotopes: 
• ,,.L '• ' 

The curves-represent the appro
;i~ate spe~tral··'coriioursof tlie 

. . .; [ ~ ~ .' . . " . . . - : ' ' . , ' 

.laser-l1.ne and Doppler broaden~ 

ed I lines 'of th~ sodium isoto-

-' pes. The arrows represent the 
directions of the laser radiation 'propagation and LID of 22Na 

and 24Na atoms 

' 
A scheme of the experimental set-up is .,·given in- FIG. 4. 

' '' '' ,. ' 

The c~nt~::r::;. of, a stainl~ss sepa:r::atin,g p_~pe., 1 with :•the inner 

diamet_er .. of 1.2 .mm and the_leJ1gt~ of 10 ~m :was COJ1nected. wi;th 

a stainless appendix 2. In the appendix · 2 .there was a. graphi-
'•' ' - ' ' ,, ' ' • ,, '• .•• ' - l 

te boat 3 with a metal aluminium .4 (100 mg)· .on -it. ,The ·alumi-

nium 4 ~ont~_in_s abo~t.,lo12 
, ~~oms· of 22N~ ;/(;;;2- -·=:= 2:.62 y) :. and 

9 H · about 10 . atoms of . Na . (T
112 

= 14.96 h). The isotopes had 

.be,en produced by the .c;tluminium spallation on.·660 _MeV beam. At 

the ,ends of .~h~ ~eparating pipe.·1_ th~re ,wer~, two collectors 5 

made of quartz~ It binds _well sodium atoms: at high. temperatu

res~ The separating pipe 1 is fixed in'a•quartzjacket 6.·The 
<,• • , .' •, '·P ,t , . ~ I '·• ,. ' , ' ' \ • , • · , 

:- jack17~ contained 5 torr ()f •krypton.· The reactive 'impurity· in 

the ·buffer. gas which could bind·· sodium -atoms . (O' , H 0 and.' so .. - . •. . . . ·. ; ' 2 2 

on) was eliminated by potassium vapor. The;:separating pipe·1 

and _the app-endix· 2 had been; baked. out for 3~h at 1200 K: and 
. I 

:~', 850, K, .;. respectively,, in vacuum before the. gas 'filling of the · 

\ - jacket.,6. .' . .'·:;· :. ' 

II : '· -Thebeam.·?~.a •cw~ ring_, dye .laser (Spectra· P?ysics .380 D) 

, ~ith- a power·_:of ~ ab_out,-.40 mW. passed :·.through.' t~e ·separating 

pipe 1.. The ·laser radiation :,~wavelength··.was: tu~ed at the ·D
2 

7· 



line center of the:- 23Na atoinfc spectrum '{A.= '588. 99 nin). (LID 

effect 'of sodium atorits. is' :stronger' for D ' line then': for D 
• ' < • • ,· • 2 .· . . • 1 

one.)· ·We suppose that isotope·, shifts'" iri' :the'' D; liiui are 
' . 2 < 

approximatelyc 'the' same as ·for' tli'e''D~ line~ .: ; .~ 

24Na 

·:-' ·; '. 1 ~-

FIG .. 4'. Scheme of· the LIDIS separator. The figures 'on 'the 

picture :.represent: ;;:1 - separating 'pipe, 2 - appf!ndix, 3 -

graphite boat,' 4 - aluminum sampi'e, 5 - collectors, 6 -''jac
ket,: ·7 . ..: 'power meter, 8 - heater, '9 - valve. The arror.rs·'rep

resent t'he'·.direcf'ions ·of LID of 22Na ''and 24Na at~ms 

The •separating pipe 1 was heated up at 1200 K •.. Th1s 

temperature is above the adsorption temperature: of sodium 

atoms andmolecules of sodium compounds on ·a sta'inless steal 

surface~·· The appendix 2 was heated·· u~ . above" the all.lxni~iuin 
. melting ··point (933 K). The sodium atoms diffused·, in'-:the 

liquid al\lminium t~ its surface.· -~hey\lere·'evap~rated' th~re 
. and diffused in gas.'phase· into· the ·separating 'pipe· i~ LID 

swept the 22Na and 24Na atoms in the sepa~ating plp~ '•1: .to the 

left .~nd right·, respectively. It produced j 22Na/4Na :enrich:.:. 

ment on the left/right c.ollectors 5. A po~er .meter 7 •measured 

the' power· of the" laser beam that transmitted '_through the se-
.' 0 • ~¥ ' • 

parating pipe~ L ··The··'sodium atoms dt:msity »in the 'separating, 

~ipe :1 was kept· in. an optical thin :range by a' control of the 

8 

appendfx 2 ~emp~rature. The: power ~f· ·the laser beam. pas~ed 
through:theseparatlng pipe was kept ·above 20 mW. We suppose. 

that the laser beam was predominantly absorbed and attenuated 

by the· 23Na atoms which had been contained in i<'lrger amount 
' 22 24 . . ' .... ·. . . . . 

than the · Na atoms in 'the aluminium sample 4. The separa-

tion was made during 1 hour. Then the 22Na and 24Na acti vfty 

ratios were measured on the collectors'5.~ 

IV. Experimental results and their discussion 

Let us compare the theoretical. and .·re~l· char~cte~istics 
of 'the separator. at the conditions of thi'~ experiment. 

An enrichment E of 2.2Na can be expressed as 

A22 ·Az4 . :~. .• 'J .. 

k s 
·;E = - 1, .. tJ (15) •' 

A24 Azz, ·- t ~· ,· 

k, s 
j.;:,"!l. . ~ J 

where· A1 ··and A1 are indicated isotopes ·activities in· the' sam-
:: s . k.,- ' '. ' . ' ., 
ple and'on;a collector respectively at a certain time~ In our 

~xperiment the 22Na enrichments •E~" were ( 1l" ± 4) • io-:2 · and (-
,' < ' -2 ., ' . • . • 

19 ·±- 2;7)··10. '·''··for left andr~rJ.ght col·lectors, respectJ.vely 
'(FIG~''5)·... :·:·~·.u · .. :': ... : .. ··;· 

The theoreticai enri~hmerit Et~ · of 22Na. on the left col-

lector can be detennined by· 
"''l. 

. :Eth =··exp(Luz4/D24> -,1~. '"r 
1 '."" ~ 

(16) 

where i is, .the distance between the· cent_er_'. o( the .separating 
·. · · • · · .. '. ·. 24 . ' ' 24 " ·.: ., · . · · · 

pipe 1 and, the left collector, u and. D are ,LID, velocity 
.a,•, ••• ' :._.: ' :~'- ,, ~ .. " f .• •:, ~ -':·- .'·24-- -.·.';1-1 ·\;-_:-! .·_-_},. ·.·.1..,··-:,;, ',·,, 

and ,dJ.ffusJ.on coeff1c1ent for Na atoms~·· The . experJ.mental· 
."" .:::-:.·_;~_:. ·"·; ;.·.:t· ... ; .. ·- • • .·:~ : : ~ ·: : . ::fz4·:~n ..... : :· .. :. -~2 .. ~ ~:l.: 24 

values. of the quantities were .L. '= 5 em, u · . "' 200 cmjs, D "' 
~ ~ '.··~·~ 2'' ~-· ·--~. -~;; 1.·:: •. ': '[:·..< . · .. -~ •• ·!''~ _-t; •. :_t., .. ~ ... :·'·'/1 :_.- -_,,. __ .-, ....... 
200 em ;s. [6] (u and .. D are only estimated): .Their substitu-: 

.... :.::r: __ :. i~.;_if · ·--,.-~·-_:..ih. · ·· __ ,··._, .. , .. ~-"· .. ··-;;:_JL·,:.~---" (._~-- .... ::. 

tion into (16) gives E . - 100. . .. . . .. 
·-..... :_~---~>.::·.:)·<· .. ·· tJ. ·: •. ;· • --.-~··,; .. -. , :_,:-~ - •. ~.-.:. ·. =ex:·~. 

. . . .The real experJ.mental value of the enrJ.chment E .J.s 
d. _ .... : ~-_.· ,-.~-.-~ ·-~. -·:.\ ;·:·-·-:-~~- .·:·_.:'t-.:- '. ":· ~::_-. ·._:.-.-~_\'.!~ .. .' ·' : ~).:.~·:: ' . ,\ 

considerably lower than the. theoretical one. This discrepancy 

~an b~ accounted ,if w~ . s\h>p6se the 'main par'i ~of, 'sodi·ll~ ~~s 
-~----~~3.:.~~:,~£n-.·.'-.}'· _:;~_· · ---- ~,_:~ -.:r_ ~--~~:··.':"~·'" .. :~: .;;·,_-:!.~ ..:,::-'.'.~,~.: !~~, ~ 

chemically bound with gas impurities. ~into. molecules and free 
--:-~.·x ~··_,.-- ~)· \ :;_:;·· -.: ~- ~;.,_ . ..· J.:·,~""":.::_.,_~ .:.;._.-~ ~~-!- ::.;·;· (i. ~-~~?-:J~·:-::\:J t,:· · :: .. : 
sodium atoms consisted.only of a::little part of all the sodi-:
~ .. ;:;;1~"'~- ·;~· \>~1 ' ... _r-'_.: r-,,_~ ~·-.~' ~·.:•' ••;,~{'.:t: " .. ~:·: 

·1.9. 



. um •. In that case _the is'otope enrichment considerably dep~nded 
on a ratio of . the densities of the sodium atoms and ,m~l.e.~ules 

in gas phase. ·,: 

FIG. 5. The 22Na · and 24Na ac- A22 /A24 E . . ( 

tiv. i ty ratios A22 
/ A24 and the 22

Na liD 
24

Na IJD ,-1. . . . . 7 Q2 
22Na enrichments E in the pri- ! 

. -t· 0.1 

mary sample ~ and on the col-

lectors 5 after; th~ . exper~- .J 
6 

! i 
0 

~-01 
ment. The arrovs represent the · 
directio~~ ~f LID ... of 22Na and fi ' . ~ -0.2 

24Na atorits, , . ., · , - 5 0 ·• · 5 x[cm] 

The sodium isotope enrichment can be increased by using 

the.following ways: 1) A buffer gas purification from impuri

ties which can bound the sodium atoms. 2) A buffer gas flow 

through the separating pipe'1. 3) A separating pipe heating 

above.the decomposition temperature.of molecules with sodium 

atoms. 4),A.molecule decomposition by an.electron bombardment· 

in the separatingpipe 1. The last two ways are very perspec~ 

tive• because they:: can give· a possibility to· use compounds as 

a sample of isotopes· for·separation and to separate. isotopes 

of little volatile el'ements. • 

v. 'conclusions 
.. 1 • ..• , 

The'' ne~ gas-kirietic ph~nomen~n called . Light Induc.ecl 

Drift (LID). ·ha~ a ia.r'ge application prospect in the. separa-
- ' ··"" '•: Jr_~ :·, ,,'I ·:·· .. _,..1 . · _e_.c;_,, ~ , . '~::,., '~. ~ •• • ;, , 

tion· of'' a" microgram ''amount of' radioisotopes~ The'· new laser 

isc;;tope ·~e{p~r·ci1:.ion \nethod c~lled LIDIS ·' CLfght Induc~d i:)~r1:'1: 
l:sotop~"sep~ra:fion) ·can prociu~e · a~· isot~p~ ~~paraticin -~imui:.. 
taneously ~i~~ both· a high e~ri~hment anc)C 'a·: low ·1~s~~§ .. ,Th~ 
LIDIS p~ociucthi~t:y 'can. reach' theoretlc~lly'>tiie 'vaiuei···~:f .1014 

atomis. 

;he· fi;;st~' iasef 's~p~rator with using LID has b~~n buiit 

up and. teste<l." rn·' {t:i' fir~t· :.~~p~riment it has 'sepa~at~~·~· ~a:.... '"' 
~.. : -~-,. ••• «. r·--~-' .. _;2zt r-.: :_ ':24 .;~.-~--·., -~ .,_ ,.,. :.,.:·r<·,~--

dJ.oactJ.ve sodJ.um isotopes Na and Na The separator cha-

10 

'ractei-ist'ics 'were influenced considerable by a stable sodium 

co~tent in the'sainple a~d by an impurity'content in the buf~ 
fer· gas~ In the. separation experiment the isotope enrichment 

was 0.15 . (theo~etic~l' value: more, t~an ,100). In· fut~re experi

ments we plan to''increase·'the .enrichment and th'e productivity 
~ < • • ' • • ~ 

-and to reduce the'losses of the separation'at the theoretical 

levels by' a buffer. gas cleaning ·and an improvement of the .. '· ' . . ' . . . . ) . ' 

LIDis·separator construction. 

' . '. LID IS should becoine inore universal and ; technological 

method if molec~les will. be decomposed in • separating . pipe. 

Such 'condltiOilS would be a high temperature (up to 3300 K) .or 

an electron.bombardment. <' 
LIDIS :rsJ:ioU:id bring about ''price decrease of; radioisotope . . ' 

. application in medicine (e. g~· cin,-' Tl' and.YSO '.on) and in 

science ( e .• 'g. · in ' nuclear physi~s·· experi~ents with' 178mHf) •. 

We investigate· the ways of overcoming theset problems.,,., 

We would like to thank Prof. Ju.P. Gangrsky,for valuable 

discussion, Prof. Ju. T~. Oganessian, Dip. E~g •. M. Vobecky, 

Dr .. R. Mach, B.N. Markov for support of the work, B.K. 

Kuldjanov, K. P. Marinova, G. V. Myshinski and s .G. Zemlyanoi · 

for help in the experiment. 
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rpap;etiH~I lJ. H p;p. 

P a3p;eneHHe pa,o;HOaKTHBHbiX H34 
H H30MepOB C ITOMO~biD CBeTOHI 

06c~aeTCH B03MO~HOCTb ] 
~biD CBeTOHH,IJ;YQHPOBaHHoro ,IJ;PE 
Hbie xapaKTepHCTHKH MeTo,o;a: I 
HHH 6e3 cy~ecTBeHHb~ noTepb; 
yposHe ~00 I'!Kr/t~ac. TaKHe. xa1 
MeTo,o; rrpHro,o;eH AnH pa3,o;eneHf 
H30MepOB, HCITOJib3yeMbiX B Me)J 

'HHHX. fipHBO,IJ;HTCH H o6cy~aiD1 
.nepHMeHTOB no pa3,o;eneHHID pa)J 
c rrOMO~bro 3¢~eKTa cau. 

P a6oTa BbmomreHa B Jla6opa 

ilpenpHHT 06'be,tUUUlHHOr_o HHCTHTyTa 

-Hrade~nf ~- et ~1. 
Radioactive Isotope and Isomt 
Separation with Using Light : 

The isotope separation wi1 
(LID) is discussed. The basi< 
tics of the method are deducE 
neously with an arbitrary hi1 
significant losses; 2) sepal 
100 ~g/h. These characteristi 
convenient for separation of 
topes and isomers which are a 
ence. The first exgerimental 
ti ve isotopes e2 ' 4 Na) by us 
ported._ 

The investigation has been 
tory of N~clear Reactions, JI 
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