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CALCULATING THE PROBABILITY OF
RADIATION FROM THE DISSOCIATED
STATES OF DIATOMIC MOLECULES
V. A.AKochelap .

The probability of electronic phototransition accompanying the col-
lision of two atoms, i.e., photctransition from the dissociated states
of a diatomic molecule, was calculated. The main problem is a correct
consideration of the relative motion of atoms, which constitutes the
specific nature of the phototransition under consideration. The elec-
tron motion is assumed to be given (in an adiabatic approximation;.

The relative motion of electrons is being examined with the aid of the
approximate solutions of the Shroedinger equation. The velocity dis-
tribution of the colliding atoms is taken into account by means of the
density operator. The results obtained are more general than those of
the clssical theory. In instances where the classical theory yields a
result that is different from zero, the criteria of validity of clas-
sical examination are written out. This article investigates the spec-
tral dependence of the probability of radiation during a collision of
two atoms.

Introduction

In the work done by Pekar [1], a qualitatively new possibility of
using chemical processes in lasers is shown. His approach is to stimul-
ate the radiative transitions occurring immediately during the elemen-
tary chemical events.

In order to estimate the capabilities of the laser proposed in [1],
it is necessary to know quantitatively the probabilities of phototran-
sitions accompanying the elementary chemical processes. The special
feature of such transitions is the fact that the light is emitted by
the atoms which have not formed a molecule at the moment of their col-

lision, i.e., from the dissociated states of atoms.




This work is devoted to the study of phototransitions from the dis-
sociated states of atoms and develops some of the results obtained in
(2]3.

It is convenient to conduct this examinaticn in ar adiabatic approx-
imation. Then the wave function of an atom pair ¥, (er) can be presen-
ted in the form #,(Q.r)=‘F,(Q.r)v,,(r§. where ¥ @) is the electron wave
function, P () - wave function of nuclear motion, @ - set of electron
coordinates, r - relative distance between nuclei, s - set quantum num-
bers characterizing nuclear motion, and g - electron quantum number.
The ¥, r) depends on r as on the parameter, P (7) is the eigenfunction
4, +u,(r). here
pis the reduced mass of the atom pair and «,() - potential energy of

of the Hamiltonian of the nuclear subsystem H () =—

the nuclei, which is determined by the electron motion.

Since #,(f) is a centally symmetrical potential, tp,,(r):—:-xu(r)Y,_(O,q:),'
ss=(n,l,m), Y (9 ¢) are spherical functions and n is a vibrational quantum
number for the bound states and simply energy for the dissociated states.
The %,() satisfies the Shroedinger equation with the potential
Uy (r)=u, (r)+ Llél-i-__l)'
of the system 1n the state with the quantum numbers (g, s,. The energy

the eigenvalue of this equation is the total energy

of the dissociated states is independent of ! and m.
According to [2], the probability of the phototransition from the

electron state g to the state g' can be presented as

23¢'+. ‘”.a‘ H‘t

- —i e .
W,,'=—E-Sd‘¢ ‘SP[IU,,,.(')I’R,C et ] (1;

where Uwro) is the matrix element of the electron-velocity operator
calculated on the wave functions ¥ (" and ?.,(Q;r), ® - frequency of

light, and Rg - density operator determining the population of the ener-
gy levels of the atom pair, when the electrons are in the g state. In
expression (1) it is necessary to take into account only the relative
motion of atoms. This motion is the one which constitutes the specific
nature of these phototransitions, and to calculate it is the main ob-
jective of this work. We will assume that such electron characteristics
(r) are given.

as us(r), u_,(ry, and u

g xgg'
In order to calculate the probability of a phototransition during

a collision, we will differentiate between cases A and B.




Case A is realized if the centrifugal energy of the relative rota-
tion of the atoms does not prevent the atoms from moving towards one
another reaching distances at which an effective phototransition occurs,
i.e., if ug(r) diminishes slower than r~? with r +w.

Case B, on the other hand, occurs in the presence of a centrifugal
barrier in the function ug(r) with r>0, i.e., when ug(r) diminishes
faster than r~2,

Case A was examined in work (2] with a quasiclassical motion of the
nuclei. In this work this case will be examined without the indicated
limitation and we will obtain the applicability criteria for a quasi-
classical investigation of motion of the nuclei. We will also conduct
a thorough analysis of case B.

1. Calculation of Matrix Elements

1. In a number of cases, it is convenient to calculate the expres-
sion for the probability of phototransition (1) with the aid of the
matrix elements. If we assume that a dissociated diatomic molecule is
in the electron state g and during radiation it passes to the g' state,
the following form of matrix elements should be calculated:

(QEl |U,|g'nl) = S Aryge (DU g (N %oy () (2
[ ]

where the energy of the initial £ and final E states are coupled by

g's
the law of conservation E—E,, =f§a.

For the dissociated states everywhere, with the exception of the
stopping point ri, the wave function E“Ad can be calculated in the

quasiclassic approximationlz

A 1 _
2V] (r)l"’["?f"’""”]- r<, (35

ez (r) =

>0y (u)

A 1§ d
-y?(r)-sm[-‘—jdrl’(r)+-4—

here P()mP (=Y 2w(E—u, (), A is a normalized constant. We will as-
sume that in the vicinity r'l(P(r'l}zo}, u.,(r)a-—(r—r,)F‘(r,); then, in this
region, X, () is given by the Airy function [3]:

lFor the sake of brevity we omit the indices g, E, and } in the
values Py ryurq and other. The values pertaining to the g' state we
denote by dashes, for example, P() mP., () etce.




A
Xeert () = T=—==A(r, —r l/ EW.(r. .
[ 744 }/W [ ) (57
where
L _J
Alz] = ( +xy)
0
For the lowest bound states it is possible to restrict oneself to
the quadratic expansion of #,() in the vicinity of its minimum rgs i.e.,
having assumed that u”(r)zu‘,,(r“)-{- _23('_'0)" Then the wave function of the
rotational sublevels of the principal vibrational state, for example,
is presented as ?
Xy ) = e , ry = ‘/__ (6)
P’qu/a
¢ q(l+1)
The energy of these sublevels Eo,zE“-{--*————-.
0

We can use the following quasiclassical expression for the strongly

excited states:

’

'W%T'Sin[%sbp'(')+%]' n<r<ry (7)
x"nl(’):' , L
pr -It|rm|

| 2V P'(rl '

r>r, (8)

Here P'(r)-P”,(r) A'_..l/ 2‘“"", @, is the frequency of vibrations, r‘i and

2 are the stopping poxnts (p' (rl;-P (rz; 0. In the vicinity of these
| points it is possible to write, analogously to (5), the function X.,()

[(,l ,)‘/' 2 IF,‘(‘F.)T]

-for example, in the vicinity of ri

X ,.()='1——-—'-——
el Q\F,.(r) M

Ou .
35— here F,(r) >0, F.(r) <O

F‘.S—

2. The matrix element(2; is calculated easily with the aid of func-
tions (3,—-(6,, when n=0,1>0. The analytical expressions for (2; dif-

fer in such cases: r,<r, ry=sr, rRE>r,.

T T T T YT T T T T e T R —— e

?
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In the first case one should use expression (3) as the wave func-

tion of the dissociated state. Considering the U (r; a smooth func-

xge
tion, we take it out from under the integral sign at the maximum point

of the expression r, under the integral sign whose vicinity is deter-

m
mined by (2), as a result we obtain

A :/;Uxu' (r.) e %rm)
aV o5 |P U

(gE\U,|g'nl) =

#x2 4 2uF (r ) P (r ) (10
2= 0 gV m m: , r., }
¢ SproF, (r 1P U] o<
) . s de .. _ lr=rp 'dr P
where rp, is determined from the condition E—(r)..o,q;(r)--_ 5+ |P ()}
]

With 7,=n we will use %Xg4() from (5); then, after carrying out

U at point r;, we write

xgg'

AV 2,V aU . () 5 +5 be
El U‘ lll = 0 '1..-“ ! A[ ]' N
(€EL|U, | gnl) Ty bn+ (11

S/ uF (r) rn—r,
here b=x°‘/ L = —
% %

Finally, for the third case (r,>r,), we find the following from
(4 and (6;:

AV U — E—gr) ,
(gEL|U,|gnl)= VT:F:(‘;"J_("‘) sing(r)e =, (12;

where v(r)‘---;i-}- S'drP(r).

We note that expressions (10,-(12; change into one another, just
~as functions (3,-(5), at the limits of their applicability regions.
Thus, these formulas determine the matrix element of transition to the
lowest excited states with any relative disposition of the curves
ug(r) and ugi(r).

3. When n>>1, we will use functions (3),-(5) and (7,-(9) for cal=~
culating (27. As is known (see, for example, [3] and also (2], when
n>>1, the main contribution to the matrix element is due to the

5
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neighborhoods of the transition points rj determined from the equation

29,,. ()= u () —u, ()= Fo. (13,

Here we will calculate the contribution made by points r; to (2),

J
aQ .
when d?!, #0. The contribution of these points depends substantially
-

on the form of the potential-energy curves. In particular, it is easy

to check that the contribution of points rj to (2 is small, when

ri:<max(r,, r,) and r

; >max(r,, r,;.

J
With rj<r<r , after substituting expressions (3; and (8) in (2; and

carrying out U,__,{r;, at point r., we obtain the following exponentially

Xgg J?
small expression for the matrix element:

f’ .
ARV EIRx U e {77 ~ :—f P-4 J‘ 1Py
AVPRREC)TIF, 0. A (145

\

(eE!U, lg'nl) =

With r,, r,<r<r), a similar calculation with the aid of functions
(4) and (7, results in the following:

AA’ V;‘-; U (f])

1/|-P(r)

9lr)= SdrP 0 — T drP’ )

4]

(gEIU,lgnl) = ——mmee T8

" cos @ (r,), (155

"

In the cases n=r=r; and r=n=as one should use formulas (5, and
{9); thus, we obtain

» _ 2p—F (r)—Fp(r)l
ar )V A [(E Uy (':))I/'EWF“(T)TTF»'—

y 2 fl—[v Fo ) TE ]

(gEl|U, | gnl) =

—~
o
[ep}

We note that with a change in r,, expressions (l14,~{16), change into

one another,. ’
Expressions (15) and (16),, also some of those presented below, are

oscillating functions i £, L ete. This is connected with the fact

that the phototransition is realized from a state (or between states;,

which is of the standing-wave type (4; and (7;. The matrix element




B

vanishes when the point r;

the contribution of other points r#r

coincides with the node of this wave; since
' j to (2, is small, in reality, the
vanishing of the matrix element corresponds to very small probabilities
of phototransitions.

4. Since in the general case the difference Qgg.hﬁ is limited from
above and below, then there is an upper or a lower boundary of the
frequency region, in which equation (13, has a solution _nd in which
expressions (14)-(16) are valid.

Let us calculate (2, close to any of the indicated boundaries. Let

the value of the threshold frequency be w=w’ and rgis the root of equation

(13, when w=w®. It is possible to show that rg is a multiple root,
while ‘J‘L==u As before, the main contribution to the matrix element
1

is made by the neighborhood of the point r where Qggv(r) ~ does not

J!
have to be zero, but always small. For definiteness, let u° correspond

. . . . ae co
to the maximum ngr(r), then, in the neighborhood #(—?£L{Q<o) , 1t 1s
!

possible to write

1 aQ .
('—"?) —d’—%‘ol (I)>(I,.;
’j

aQ 1 M .
o+ (r— )—a-:—"—l'-~i-?(r-r’.)2 £, e<a’ (17) ‘7
f

i
“, (r) = ]
( d’t |

Taking into account (17), with the aid of (4) and (7, we calculate the
matrix element, assuming that the main contribution is due to the
neighborhood of the point r%, as a result we obtain the following:

with w>w®

AN VR, () r)cow(r) _o'—o .
(gENU, |gnl) = —Al (R PR, ] (18
[4#"("’) ,o_]’_ T ds
!
with w<w?®
(e, gy =AY g DT (19)

oo %]

an .
c-_-_a.’!.L'-(m,) "('0’) :




\ . 200
where () should be taken from (15) and ¥()=9()——7—-

Fxpression (19, describes the behavior of the matrix element in the
region, where (15, ceases to be valid due to the tendency towards zero

& | . Hence the applicability criterion of formula (15):

anwl AP() \T | PR, |\ 0
ldr,l>(p)(|d"'l,’.)' l

We note that the applicability criteria of formulas (l4;, and (16, have

an analogous form.
Generally speaking, the edge of the frequency region, in which (13,

has a solution, can wind up at such a point rJ, where rgsrlmr{. However,
this is a rare case for us, since it requires the fulfillment of two
conditions simultanecusly: r3~rl~r; and __-.1»- Wwith the same para-

meter w. A simple geometrical examination shows that there can be no
other relations between rg, r,, r,, and r, with the exception of those
calculated.

2. Calculating the Probabilities of Phototransitions with the Aid of
Matrix Elements
1. Expression (1) can be written in the following form for the photo-
transitions from the dissociated states:

Per = 4?}‘52(2““)%.!(2511” |gnl)PO(E—E, —%o), (21)

¢
where R, are matrix elements of the diagonal density operator R8
in the case A we will use the Gibbs distribution for R, with an

g
explicit account of the fact that only the dissociated states?
H, :
R,=cO(H)x (____) 4 with x20, .
(7o) xexp| — *SpRg=1, and O(xj=§5 ~1r0 130 (22;

‘are populated. The last equality defines the normalized constant ¢
which, when calculating with the aid of functions (3)-(5), equals

2 In (22,, and later in (38), we introduced the © function for the

the purpose of exclusion of the bound states [2] from the consideration.

We note that population of these states, occurring in the process of |
the usual chemical reactions, can lead to a case, which corresponds to

an ordinary chemical laser (see, for example, [4 and 5].




———— w—— .ﬁJ!-I-HlH---I--'I-I-I-ﬂH-lu--------!-..

ey |
___glrﬁﬁﬂ___ when standardizing these functions for the 6 function
TA* 2wV Q)
from erergy c==TWIFFT (V is the space where the atom pair is;.

In the general case, the expressions obtained in section 1 fully
determine the probabilities of phototransitions in the case A together
with (21) and (22,.

Below we will examine the characteristic extreme cases, in which

assumes a simple analytical form.

2. Let us analyze the probability of a phototransition when one of
the lowest bound states (n=0,l=0) is the final one.

First of all, we can see from the analytical expressions {(10,~-(12),
defining the matrix element in this case, that the probability of a
phototransition is not small only when r,~r ; otherwise it diminishes
exponentially. When r <r,, this occurs because the kinetic energy of
the atoms in the rer;, region is high and its loss is unlikely {accord-

ing to the Franck-Condon principle,. When r,>r , the probability of
their getting close to one another for the phototransition to occur is
& exponentially small.

k4
It is easy to calculate expression (21, when TiLQ <7‘«:Em-Em,
[}

then in (21, it is possible to bring out the matrix element from under
the [ sum, when (=0, and replace the remaining sum with an integral.
The criterion of such an approximation roFg(r0)>>T is always satisfied.
As a result, we find

(237

.0
w = 64:13:2‘!0!5 |U g (r) ST 4 [bﬂ + %‘_] .
i aT"*y 2F, (r)V
We will use the following values of the parameters for a quantitative
estimate of expression (23;:

U, () =0 107° cx, ©=3.10"" (o', 7,=2- 10%cu, T =

= 0,025 se, fn=n,= ]O19 cn—a' (24,

and also Fg(r 1.6.10°4 erg-cm'l. At these values of the parameters,

)=
the maximum o? expression (23) is realized when ro=r; and equals
wus9.3-10'30 em™3/v. According to [2], the amplification factor g of
the light wave is connected with mu,and the concentration of atoms n,
and n, by the simple relation a==%;,uﬂmr with the values of n; and ny

U from (24 a=0.031 em~!.
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’ According to [2], the probability of photon absorption by the dis-
sociated states at the same frequency w, significant only when ug(m}z
u,'(®), is given by the formula

g
325" | Usag ) 7} - /10, 0] .
et = OTF )= Fe )1V l/ 4 ENDT. (25

here rj is the root of equation (13), for our case rjzro. We can see

. . . w.. %0, .
from the comparison of (23) and (25) that —1L<§]// 0 ), i.e.,
w"l Iug' (r,')l <
the probability of absorptoin is always greater than the probability
of radiation. This means that in order for the negative absorption to §

exist in the recombination reactions, it 1s necessary that ug(°)<u 1 (o)

g
in the case A.

3. The probabilities of phototransitions to highly excited levels
will be examined in the following section; here, we will estimate the
probability of a phototransition at the frequency w=e’. As is noted

§ in [2], this case is of particular interest since the classical cal-
culation corresponding to it yields wg—+oo, and conversely, it is pos-
sible to obtain the final result with the aid of the matrix elements
{18) and (19). We will presented it for w=w®, lug(ry;1>>T. In cal-
culating (21, we will use integration instead of the summation over n
and ! ; in this case, we will sum over | to those values at which
E>ugq(r;). because, when E<ugu(r;) , the probability of the particles

closing towards one another to within ~r. is exponentially small, i.e.,

J
such { do not make a significant contribution to the probability of a
phototransition. As a result

481" 8w)"”* ()’ ¢’ U..,. (18
00
ro-77 (T) oV

]

lug ([ A* (). (26

It can be seen from (26, that the probability of transition also
with e=e? remains to be a gradually increasing one with the lug(rj)l
function, just as expression (25;.

In addition to the parameters in (24;, we will also use u=z10"23 g,
lug(rg)lzl ev, (dzﬂssv/drz)rg:z-lc" s='.em=? [2] for a numerical
estimate. As a result, w, =32.1072 em=%/V, a=3.2 em~

We note that the estimate of the probability of phototransition in

0

[2] in the case of w=w' was performed based on other considerations.

10
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Iin its order of magnitude the result proved to coincide with the one
presented above.

3. The Probabilities of Phototransitions to Quasiclassical Levels

1. In this case the calculation of wg with the aid of (21, is dif-

ficult because the transitions taking place are to the many nearby 5
vibration-rotational levels. A direct calculation of expression (1)
seems convenient to us with the aid of the known operator methods [4].

Just as above, we will assume that the main contribution is due to

the neighborhoods of points r; defined by equation (13). We will cal- A

J
culate the contribution made by one of such points, assuming, for the

sake of simplicity, that equation {13, has only one solution. We will

—r)? du,
assume that u,(r)z“,(';)"('“'i)’:g'*'( 2r)

i f£4...in the neighborhood of this

point and, considering the ug(r) a relatively smooth function, we make
use of the following approximation [4]:

i, :
tHy i od G'u glr;) % [W +Fg(’—’i)] . ;
e ~<1 unsta i} +...)e e .2 |
below we will also assume that
6% .
4“ dr‘ <<l (28,

We will make use of an integral representation of the 0@ function

for the following transfomation (1>0):

a|-

; . o
O(x)e = ; im j ‘S‘y+“dy (29)

Then taking into account (29,, we can write (22) as

Hg . 1 —Sy M
- ic e s PR
Re(H)=cO(Hde T == sdy“_“. (30

which makes it possible to obtain a convenient form for expression (1;:

25/, 3/3” | ( f’) Iz

,-—

© (M’)ﬁi v

14 i
j S de,dty ————— TSP (e ey, (31,
- 1l+‘l+ T




r——

it is simple to rewrite the exponent in (27, as follows [U4]:

l"'!"
-t [T ?Fl(r—'j)] -1F“r—r,)— e £ m- [— F‘+tF. —A,] _
KFg K e 8  He 5
"“""[' Fr—r)- Gt g e gy P &) ¥

Here we disregarded the noncommutativity %— with the operators of the

9 and assumed that % = %_. It is possible to show that such an
J

approximation does not introduce a significant error.

type

Omitting further details in the calculation of (31, using the com-

plete system of Fourier functions "'(21, we present the final result:

1
@’

16n%} U, o () (33;
wu, = —___—__—_(l) | F‘ (',) —F (’,)I P (")‘

where the value of P(r., is determined by the integral

J
. 4+ o» —mn-+u)-4ﬁ‘—'—";'
[
P(’ =;‘3—27 im SSde l')(f—iﬁ)
“,(r) #Fr)Fp. ) BF (r)Fp(r)(Fplr)+F,.(r)) (34
um e, 6= s..""m‘r“"—_r %, BT W BE, )= F )

Formula {34, was obtained by us for the case a:20, other cases can
be investigated analogously, but this leads to long expressions. The
integral over n is easily calculated in (34); however, for further de-
ductions, this type of expressions (34) is sufficient for us.

2. From the standpoint of accuracy, expression (33) coincides with
the classic expression obtained in work [2]; however, (34) differs from
the corresponding formulas of work [2]. A classical case is obtained
from (33) and (34) when M—=0, which corresponds to @1=0, a;==0. In reali-
ty, however, the last equalities never occur; hcwever, using the expan-
sion of expression (34, in values of g, and as, it is easy to show that
a classical result is obtained when

LRI S 0. i o1 \
8'7‘3\ ’8|u—|§« , <0, if lul * (35}

and
&, a ) (36)

3«1 3 KL u<O0or u>o0, if la]~i.

12




’ When criterion (36 is violated, m,, as a function of the quantity
u changes as follows: with jul>>1 in places where criterion (35) is
satisfied, @y is close to its quasiclassical value, which corresponds
to the phototransition passing from the state with high energy ~Tlul,
i.e., from a quasiclassical state; with a decrease in ju| the value of
we also decreases, exceeding the classical expression predicted in
work [2]. This is connected with the stopping point when u=0, increas- |
ing the probability of phototransition. When u>0, w, diminishes ex-
ponentially with an increase in uj; thus, when u>>1l, the following can
be obtained from (34;:

P(r)z-lvexp[—u(ri)+%+%l.u(’,-)>¢,+¢,- (37)

Thus, as before, the probability of phototransition w, remains a
steadily increasing function with a change in the value of lug(rj)l. |
Let us estimate @, and @, and also criterion (28), with the follow-

| ing values of the parameters: F_z2F_,=1.6.10"" erg-em™', u=10"%3 g,
m‘. & & 103 3 lol ] :
rJ=2-10'° cm, .7#u_= 10* erg.cm™2, Then ﬁ==05(77)v and @==Q7(TT)' !

where T? should be in degrees Kelvin. For estimating (28), we note

that, analogously to criteria (35) and (36, significant are such t

4 which are proportional to T~! when u>0 and lul~l and proportional to
% when u<0 and jul>>). For the above-given values of the parameters
00

and T=600°K ”2:: 0.1

4. The probabilities of Phototransitions in the Presence of a Centri-
fugal Barrier (case B;

1. In this case the potential energy ug(r) (I>0) is characterized by
a centrifugal barrier, whose maximum is situated with r=r, and the

height equals ug(n). These parameters are found easily from the fol-
lowing conditions:
du, (r,) Pu, lr)
g\ gt "1 .
3
Disregarding the tunneling of atoms through this barrier, we will
; use the following expression for the density operator in the re-
' gion: £
-
Regt =cBIE —u, (r))e . (39
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Such a form of the operator Rg corresponds to the fact that out of
the number of colliding atoms, whose relative rotation is characterized

by the quantum number I only the atoms, whose energy of translational

motion exceeds the height of the barrier ug(n) , are able to penetrate

to the distances g .
The constant ¢ in expression (39, is determined as before and equals

V(#)a/z.

2. The simplest way to cal~ul-t the probability of phototransition

is by means of a quasiclassical approximation. This calculation is
performed conveniently with the use of the complete system of functions

O = %m"' Y (0, 9) Omitting the details, we present the final re-

{the calculation is performed similarly to the way it was done in

sult
work [2]
w _ 4ne* P )V, )12 (40
(7 o ’w 00 . )
?
where
Pinn=NV @+ e (N Y @A+1 -dkR LS o
. - : u Z ) P (_2',,— +u, (')) ’
‘ !
s _ 7D l with #,,(r)) > u,(r),
Pu(fl)——i:‘rh e T ’ S ug ) =u, v ) " 5
l—o[y _!‘_’_f__"_ijwith“,,(f,-)<“,.(',)- .
/

rj is the root of equation (13), m(x)--) dye™.

The following extreme cases are easily obtained from (40;—-(U2;.
With u"(r')>b we find the exact formula
o, lome P, )P -5
A E ldQ V) . (43
: dr

With w (r)<0, fu, (r)|Su,(r)~T , we rind approximately

- _ 8% U
Wiy ’;T"ﬁ l eI (r)l'o, (4}
V[,
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where L)
o=@+ Ne T - (45)
i
3. In the case w=w’ we employ formulas (18) and (19}, from which,
with u,(r) 0. lu ) Duyr)~T, foilows the

17 8

2% a7 eg) U, DF o,

U = 7O x
o)Tmp.m —‘2.1—3@ ‘I/! ',u' (,?)2/3 l v
0®—o . e
XA ——————, If e >e .
[ sz(,‘;) e, ] (467
2n dr?
o 217/5"5/%2””‘“’ (,l_”z o ‘Azl_ A
= T Q. (r) PP ' .
ur'/zpl/‘l dur’(r’) |u‘(f?) l?l?v ( 47 )
_ Ay B V3 dQe- \7P ®
C==% .,(4P(r,)) ( art ),,- AP ese

For definiteness, it is assumed in (46, and (47, that w® is the up-
per limit of the region, in which equation (13, has a solution. On the
basis of (U6, and (47, it is possible to observe a spectral dependence
of the probability of the phototransition wee(w). First of all, it can
be seen that w® determines the edge of the luminescence line, since
with w>w? the probability of phototransition decreases exponentially:

oI (N
e ~exp[———-"-—(———37; :

d*Qge-
wol S
?

To determine the frequency dependence of the phototransition proba-
bility when w<w®, we have to determine rj=rj(w) from (13). Close to

-1
A =t =VTe—e () L POy

’ dr*
values in (47;, we find that formula (46, describes approximately the

/2
LJ ; substituting these
Vi

:::l2 u‘—ml
ri 7 .[ ( ) i

* spectral dependence wud@)also when w<w®. Now we can see that the
u‘ (’7, (mu’ ) ]l/3
B —a’ /0 and equals

maximum wge(@ is realized with @ —o=

5.2n%he’| U, . ()0,
Qg \ W
T ) (5 )

max weg- (©) = (48

15
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The half-width of the chemiluminescence "line," determined by the
conventional method from (46, and (u47),, proves to be equal to

Q- ()49‘)

[

Ao=08 V f—'rf'—?’— (d’-%f-)

Let us estimate expressions (48) and (49;, using the following
values of the parameters in addition to (2u4;: wu=10"%% g, Ju ()I=1eV,
m%%r({wbﬂ==240“s’l-cm“2 (concerning the estimation of the last para-
meter, see work [2)). We estimate the quantity 9 using the usual para-
meters of curves ug(r) (see, for example, [7])), as a result we find

ogsso—loo. The substitution of these values in (48, and (49, yields

Aw=1.10'* s~!, max we (@)=@—6)-10"" em™'/V, a = (0.1 —0.2) em™".
"The author is very grateful to S. I. Pekar, academician of the AS
UkrSSR, for the numerous discussions of this work.

Bibliography
1. S. I. Pekar. DAN USSR, 187, 555, 1969.
2. V. A. Kochelap, S. I. Pekar. Zh&TF, 58, 854, 1970.

3. L. D. Landau, Ye. M. Lifshits. Quantum Mechanics, M., Fizmatgiz,
1963.

4, D. A. Kirzhnits. Field Methods of the Theory of Many Particles, M.,
Gosatomizdat, 1963.

5. Appl. Optics Suppl., No. 2, 1965.
6. R. A. Young. J. Chem. Phys., 40, 1848, 1964.

7. G. Herzberg. Spectra and Structure of Diatomic Molecules, M., IL.,
1949,
Institute of Semiconductors, Received

AS UkrSSR, Kiev. 9/9/1969.

CALCULATION OF PROBABILITY OF RADIATION
FROM BIATOMIC MOLECULE DISSOCIATION STATES

V. A. Kochelap

Summary

To estimate possibilities of a laser, where a photostimulated chemical reaction is
used, calculation was carried out of rrobabilities of radiation from diatomic molecule dis-
sociation states. Quantum considerstion made it possible to investigate in detail those
cases when the classical theory is not spplicable and to find out the applicability criteria
of the quasi-classical results obtained earlier. Numerical estimations substantiate the
possibility to realize the laser where the photostimulated chemical reaction is used.
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