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MOLECULAR PHYSICS, 1981, VOL. 43, No. 6, 1419-1428 

Dependence of diatomic photofragment fluorescence 
polarization on triatomic predissociation lifetime 

by GARY W. LOGE 
Depar tment  of Chemistry,  Cornell University, Ithaca, 

New York, 14853, U.S.A. 

and R I C H A R D  N. Z A R E  

Depar tment  of Chemistry,  Stanford University,  Stanford, 
California 94305, U.S.A. 

(Received 17 March 1981 ; accepted 26 April 1981) 

When a triatomic molecule, ABC, is dissociated by a beam of light to 
yield an electronically excited diatomic molecule, AB*, the degree of linear 
polarization of the AB* photofragment flourescence depends in general on 
the lifetime of the excited parent molecule, ABC*. Analytical expressions 
are developed for the polarization of diatomic flourescence as a function of 
predissociation lifetime. These calculations are carried out. under the as- 
sumptions that : (a) the absorption and emission transition dipole moments 
can be replaced by classical hertzian dipole oscillators ; (b) the AB* fragment 
rotates in the plane of the ABC* parent at the time of dissociation ; and (c) 
the motion of the ABC* parent can be approximated by the classical motion 
of a prolate or oblate symmetric top. 

1. INTRODUCTION 

Photodissociation dynamics can bc studied readily in those photoprocesses 
resulting in the formation of electronically excited fragments by examining the 
nature of the subsequent  fluorescence. For  example, an analysis of the 
fluorescence spectrum as a function of excitation wavelength reveals the dis- 
posal of energy in the dissociation process [1, 2], while a measurement  of the 
degree of polarization of the atomic [3, 4] or molecular [5-12] fluorescence may 
determine the symmetry  nature of the repulsive state f rom which dissociation 
precedes. A previous paper [10] considered the degree of polarization of the 
A B *  excited diatomic photofragment  when a triatomic molecule A B C  is photo-  
lyzed by a beam of light. In that t reatment  several assumptions were made : 

(1) the A B *  radiative lifetime is sufficiently short so that the fluorescence 
occurs under  essentially collision-free conditions at pressures of the 
parent molecule that allow measurable fluorescence signals ; 

(2) the absorption and emission process may be described by classical 
hertzian dipole oscillators ; 

(3) the parent rotational angular momen tum may be neglected relative to 
the diatomic fragment  rotational angular momen tum ; 

(4) the excited parent  molecule falls apart directly so that it has no t ime to 
rotate before dissociating. 
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1420 G . W .  Loge and R. N. Zare 

The third assumption considerably simplifies the calculation of the degree of 
polarization when the excited parent molecule is planar. Because the inter- 
actions of all sub-parts of the parent are directed in the plane of the molecule, 
the torque exerted on the A B *  fragment by the departing fragment C must be 
such that it causes the A B *  molecule to rotate in the plane of the parent mole- 
cule at the time of dissociation. The fourth assumption further simplifies 
the calculation in that a knowledge of the initial orientation of the excited parent 
molecule is all that it is needed to calculate the degree of polarization. 

In the present work this last assumption is relaxed. Instead, we suppose 
that A B C *  dissociates at a constant rate so that its population decreases to 
1/e of its original value in a time r ; we call 7 the predissociation lifetime. As 
we shall see, the effect of lengthening the predissociation lifetime is always in 
the direction of decreasing the observed degree of polarization, although there 
are certain cases where the degree of polarization is unaffected by predissociation. 

2. CALCULATION OF THE PHOTOFRAGMENT FLUORESCENCE POLARIZATION 

Traditionally, polarization measurements are carried out using a perpen- 
dicular excitation/detection geometry [13]. The fluorescence intensity polarized 
parallel and perpendicular to the polarization vector of the incident light beam 
is denoted by I ,  and I L, respectively. Then the degree of polarization, P, is 
defined by 

P = ( I , , -  I• + Ix) (1) 

and the polarization anisotropy, R, by 

R = ( I  ,, - I ~ _ ) / ( I  ,, + 21• (2) 

Note that P = 3 R / ( 2 + R )  so that knowledge of one implies knowledge of the 
other. 

In the classical high J limit, the electric dipole transition moment of the 
molecule may be replaced by a hertzian dipole oscillator, ix, pointing in the 
same direction and attached rigidly to the molecular framework. Let the 
absorption and emission oscillators be denoted by g.abs and ~em" We define 
the average square of the cosine of the angle between [Labs and ~em by (cos ~ y) .  
Then it may be shown [13, 14] that the polarization parameters, P and R, can 
be rewritten in terms of (cos 2 7)  : 

P =  [3( cosz 7) - 1]/[( c~ ~') + 3] (3) 

and 
R = [3(cos 2 y )  - 1]/5, 

= ~(P~(cos y)) .  (4) 

Thus P or R can be determined once (cos ~ 7) has been calculated. This 
assumes a beam of linearly polarized light causes dissociation. If the light 
beam is unpolarized then a reduced degree of polarization P ' = - P / ( 2 - P )  
results [13], where I ,  and I• refer to the fluorescence intensities parallel and 
perpendicular to the unpolarized light beam. 
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Photo[ragment [luorescence polarizat ion 1421 

We find cos 2 y by taking the appropriate t ime weighted average of cos 2 y( t )  = 

]l~bs(0). 0%m(t)] 2, i.e. 
oo 

cos 2 y = J" cos z y(t) exp ( - t / r )  d(t/ 'r),  
0 

= Ze{cos  y(t)). (5) 

In general, I~em may have a spatial distribution due to the rotation of the A B *  
fragment.  An appropriate average over this distribution must be included in 
the calculation of cos ~ 7. In addition, we must average over all initial orienta- 
tions of the A B C *  molecule to form the ensemble average 

(cos z ~)  = [~(cos  z 7(t)}]av. (6) 

Figure 1. The Euler angles, ~, O, x, relating the laboratory frame F =  X Y Z a n d  the body- 
fixed frame g = x y z  with the common origin O. The X Y  and xy planes intersect 
along the lines of nodes, ON. 

Let the A B C *  molecule be approximated by a symmetric top. We denote 
the figure axis by z and the total angular momentum by d. At any instant, 
the principal axes can be described relative to d (chosen to be along the Z axis) 
by the three Euler angles, ~b, 0, X, defined in figure 1. Here 0 describes the 
angle z makes with Z ;  4~ describes the precession of the figure axis about 
d(Z) ; and X describes the rotation of the top about its own figure axis (z). For 
a symmetric  top [15] 

0--0, 

(~=J/ I~ ,  (7) 

= ( J I I  z - J / I x )  cos 0, 

where I z =  Iu, I z are the three moments  of inertia. It follows from (7) that the 
angle 0, the rate of precession of the figure axis about d ,and the rate of pre- 
cession of the top about its figure axis are all constant with time. In particular 

cos 2 0 = K 2 / J ( J +  1), (8) 

where K is the (quantized) projection d makes on the figure axis. 
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1422 G . W .  Loge and R. N. Zare 

By symmet ry  ~abs must  lie either in the plane of the non-l inear  A B C  mole- 
cule or perpendicular  to this plane. Also, ~au.~ must  be either parallel or per-  
pendicular  to the symmetr ic  top figure axis. For the special case of a l inear-+ 
linear transition, ~abs is specified only to whether  it lies either along the inter-  
nuclear axis of the A B C  molecule or perpendicular  to it. Similarly, symmet ry  
restricts the possible directions of ~ m .  In  particular,  /~m lies either along the 
internuclear  axis of the A B *  excited photof ragment  ([t-type transit ion) or in 
a plane perpendicular  to the internuclear  axis ( l - t y p e  transit ion).  Fur ther -  
more,  ~em lies in the rotational plane of the A B *  photof ragment  for a P or R 
transition, or ~em lies perpendicular  to the plane of rotat ion for a Q transition. 
All these cases are summar ized  in table 1. 

Table 1. Different orientations of the absorption and emission hertzian dipole oscillators, 
I~abs and ~em, for the process A B C  + h v-~ABC* ~ A B *  + C + A B  + C + h v'. The 
ABC* molecule is approximated as a symmetric top and the AB* fragment is 
assumed to be formed with its angular momentum j perpendicular to the ABC* 
plane at the time of dissociation. Between the time of absorption and dissociation 
the ABC* molecule may rotate. We denote the initial orientation of the ABC* 
plane by A and the final one by A'. The direction of ~abs may point either along 
the figure axis z of the ABC'* top for a AK= 0 transition or perpendicular to z for 
a AK= + 1 transition. In addition, P~abs may lie either in the plane A or be per- 
pendicular to A. The direction of IJ.em is either perpendicular to the plane A' for 
a O line (AJ = 0 transition) or in the A' plane for an R or P line (AJ = + 1 transition). 

Case ABC* top ~abs g.em 

A Oblate IIz, 2-A • A'(Q) 
B Oblate llz, •  II~'(P, R) 
C Oblate • 11A • A'(Q) 
D Oblate &z, L] • li a '(P, R) 
E Prolate [I z, [I A • A'(Q) 
F Prolate I! z, 11 A [1A'(p, R) 
G Prolate • II A • A'(Q) 
H Prolate • II A II A'(P, R) 
I Prolate • • A 2_A'(Q) 
J Prolate _l_z, • A II A'(P, R) 

Note  that we must  distinguish whether  the A B C *  molecule behaves as an 
oblate top ( I x = I u <  Iz) or a prolate top ( I x = I u > I z ) .  Actually, the A B C *  
molecule can only be a perfect  symmet r ic  top when it is linear. However ,  
there are many  cases where its behaviour  is that  of a near oblate or prolate 
top. For example,  the symmet r ic  B A B  molecule is usually well approxi-  
mated  as a near prolate top [16]. 

In  calculating cos~y it is useful to introduce three reference f r a m e s :  the 
space-fixed F =  X, Y, Z f rame in which d is along the Z axis ; the body-f ixed 
g = x, y, z f rame at t ime t = 0 that  describes the initial orientat ion of the excited 
A B C *  top ; and the body-f ixed g '  = x' ,  y ' ,  z '  f rame that  describes the orientat ion 
of the A B C *  top at the t ime of dissociation t. We choose the figure axis of the 
top to lie along the z axis of the body-f ixed frame.  T h e  Choice of the x and y 
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Photo[r agment [ luor escence polarization 1423 

(a) 

(b) 

X Z 

Y 

X 

Z 

L y  

Figure 2. Moment of inertia ellipsoid for (a) a prolate symmetric top and (b) an oblate 
symmetric top. In both cases z is chosen to lie along the figure axis making an 
angle 0 with respect to the total angular momentum J, which lies along the Z axis of 
the space-fixed frame. In the prolate top the molecular plane lies in the yz plane 
while in an oblate top the molecular plane lies in the xy plane. 

axes for a symmetr ic  top is arbitrary. For  a prolate top we choose the y axis 
at any t ime t so that y '  and z '  lie in the molecular plane (figure 2 (a)) while for 
an oblate top, x' and y '  always lie in the molecular plane (see figure 2 (b)). Th e  
quanti ty cos2y is calculated by identifying ~ab~ with one of the top axes g at 
t = 0  and identifying [l.er n with one or more of the axes g'  at t ime t. Then ,  
according to (5) 

cos  y =  ze{l (0 ) . 

where @g~ and ~Fg, are the direction cosine matrix elements relating the initial 
body-f ixed frame g to the space-fixed frame F and the frame F to the final 
body-f ixed frame g', respectively. 

We must average cos~ ?, over all initial orientations of the A B C *  top to 
obtain (cos 2 7)-  Because the choice of the space-fixed X and Y axes are 
arbitrary, we set 4~(0)=ffo=0 so that z lies in the X Z  plane. Th e  average 
over X(0)= X o (which ranges f rom 0 to 21r) is equivalent to taking the average 
of cos~7 for X o = 0  and X o=rr/2,  since all values of X are equally probable. 
Alternatively, it is more convenient  to carry out the average over X o by setting 
X o = 0 and taking the average of cos ~ 7 obtained when x and y (and hence x' and 
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1424 G . W .  Loge and R. N. Zare 

Table  2. The  direction cosine matrix elements that relate the initial body-f ixed frame 
g to the space-fixed frame F at absorption (t = 0) and the space-fixed frame F to the 
final body-fixed frame g '  at the time, t, of dissociation. 

{~gF = 

f~Fg" 

-: cos 0 0 - s i n  0 -] 

0 1 0 

sm 0 0 cos 0 

-cos 6 t  cos 0 cos )~t-  sin q~t sin )~t - cos q~t cos 0 sin )~t-  sin q~t cos )~t cos 6 t  sin ~-] 

sin q~t cos 0 cos :~t + cos q~t sin :~t - sin q~t cos 0 sin )~t + cos 6 t  cos :~t sin q~t sin ] 
- sin 0 cos )~t sin 0 sin )~t cos 0 

y')  are interchanged (corresponding to taking the average by placing x and then 
y along the line of nodes in figure 1). For this purpose (9) is evaluated using 
the direction cosine matrix elements given in table 2. Note that in the @Fo, 
the angles x(t) and ~(t) have been replaced by 2t and ~t where 2 and ~ are 
given by (7). In this manner (cos 2 y> is calculated for each entry appearing in 
table 1. 

3. RESULTS AND DISCUSSION 

Let us illustrate the calculation of <cos 2 7> by considering a typical example, 
namely, Case F of table 1. Here lXabs lies along the figure axis, z, of a prolate 
top, and [.Lcm is in the plane of rotation of the AB* fragment. From the choice 
of axes (see figure 2 (a)), II~m lies equiprobably in the y'z' plane, while V~abs 
lies along z. Averaging over the rotational motion of the AB* fragment, we 
find 

cos ~ y = � 8 9 1 6 2  i '12}+ ~ { ] i .  9'12}]. (10) 

Then (cos ~ y> is found from (10) by averaging over X0, i.e. by taking the 
average of cos 2 y when x' and y '  are interchanged : 

<cos 2 y> = �88 i'12}+ 2#{1 i . 9'12}+ ~{I i . i'12}]. (11) 

In the same way <cos 2 y> is expressed in terms of the .g{] 0 . ~'[~} for all the 
cases considered in table 1. The resulting expressions are displayed in table 3. 

Table  3. Relation between <cos = r> and the -g~ } . ~'12}. 

Case <cos 2 y> 

A ~ { l l .  V l q  

D }[.~{ll .  ~'12} +_~{ll.  9'12} +.~{19. i'l=} +_~{19.9'1~}1 
E ~[.~'{ll. i,l=} + .~{ l l .  9,1=}1 
F I[2~'{li. i']2} + ~{l t .  i'l-'} + ~{l l .  9'['q] 
G }[~{l i -9'12}+-~'{19-i '12}]  
H I[~{1~-  i ' l q + ~ { 1 9 . 9 ' l = } + - ~ " { l l .  2'12}+-~'{19 �9 Vl2}I 
I } [~{1~ .  i'1:}+.~{19.9'12}1 
a }[ae{l~ �9 9'12}+ ~'{19 �9 i'12}+-~{ll �9 2'12} +-~"{19 �9 Vlq] 
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Photolr agment l luor escence polarization 1425 

The  various f f{10 . .~ ' l  2} are evaluated using (9). For example 

9'lq 

= I E ( I ) :F(: I )Fu'  exp ( - - t / r )  d(tlr), 
0 F 

1 ~o [ - s i n  0(cos 0 cos 4t sin 2t +s in  4t cos ;~t) 
r 0 

+ cos 0(sin 0 sin 8t)] 2 exp ( - t/r) dt, 

sin = 0(cos 2 0 + 1 )T214 = + ;~2 + 4r2(42 _ 2=)2] + 442r2 COS 0 

[1 + 4(4 + 2) 2 r~][1 + 4(4 - 2) = r 2 ] 

sin 4 0r=(42 - 2 =) 
(1 + 4 4  = r2)(1 + 4 2  = r 2) 

4 sin = 0 cos O[r = 2 = cos 0(1 - 34 = r 2 + 42 = r 2) + r 2 42(1 + 42 r=)] 
[1 + rU(4 + 22)2][1 + ( 4 -  22) 2 rU]( 1 + 42 rs) 

2 cos 2 0 sin 2 022 r 2 
+ (12) 

(1 + 4 r  2 22) 

Using a similar procedure, ~r i '[  2} and .L~{[~. ~,[2} can be found (see 
table 4). I t  follows from (11) that for case F 

(cos 2 y )  = 1 + (4r)2(4 + cos 2 O) + (4r)4(3 - 2 cos 2 O + 3 cos 4 O) 
2 + 10(4r) 2 + 8(4r) '  (13) 

In an analogous manner analytical expressions for (cos 2 y} can be derived for 
all the cases listed in table 1 using the results of tables 3 and 4. Then  the 
polarization of the photofragment fluorescence is calculated from (cos 2 y} using 
either (3) or (4). 

Equation (13) shows that (cos 2 y} in this case has no dependence on X, the 
rate of precession of the ABC* molecule about its figure axis. Indeed, the 
X dependence vanishes except for cases G, H, I and J. Only in these cases does 
the precession rate of the molecular plane about the figure axis affect the average 
over the initial orientation of Y'ab.~ and the final orientation of ~%m. 

We summarize in table 5 the expressions for the polarization anisotropy 
R =  w y)} [see (4)] in the limit of direct photodissociation (r-~0) and in 
the limit of slow predissociation (4r-)-oo and 2 r ~ o o ) .  The latter is of par- 
ticular interest in the context of this s tudy because resolved rotational structure 
in a predissociative transition is only expected under these conditions. Here it 
it seen that R is proportional to [P~(cos 0)] 2 where cos 2 O=KS/J(J+ 1). Thus  
R = 0 when cos 2 0 = 1 in which the figure axis of the ABC* top makes the magic 
angle of 54.7 ~ with respect to g. We list in table 5 the values of R obtained 
when cos 2 0 = 0  (K---0) and cos 2 0=1  ( K = J  for large J). For K = J  and 
r-~oo, the polarization anisotropy is unaltered in cases A - F  from its value for-  
direct photodissociation ( r =  0). In these cases the rotational motion of the top 
cannot change the average angle ~em makes with respect to Y'~bs. 

In the general case the value of R for r = 0 differs from that for r-~oo. For 
example, the cases G and H appear at first glance to be puzzling because the 
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1426 G . W .  L o g e  and  R. N.  Zare 

oO 

Table 4 . . $ a { ] ~ .  {~,[,}= I [~. ~'[~ exp (-t/r) d(t/r) where the body-fixedg andg '  frames are related 
0 

to each other by the classical motion of a symmetric top. 

cos 2 0(cos 2 0 + 1)[1 + 6r2(4 * + 2')  + 87 ' (4 '  - 22)'] - 8~2 42  eosS .0 

211 + 4r2(~ + 2)'][1 + 47 ' (4  - 2) 2] 

sin 2 0 cos' 0[1 + 2r2(42 + 2')] 

2(1 +4z2 4')(1 + 4 7 '  2')  
2 sin 2 0 cos 2 0[1 + 2rz(~ ' + 322) + ~r*(4' -- 2q~' 2 '  + 82')] -- 4rz 42  sin' 0 cos 0(1 + 7' 4 ' )  

+ 

9 

9 

, 

[1 + 7'( 4 + 22)'][1 + 72(4 - 22)2](1 + 72 42) 

r2 cos  ~ O(cos 2 0 + 1 ) [~2  + 22 + 4z'(q~"- - 2 ' ) ' ]  + 4 7 : 4 2  c~ 0 

[1 + 4~-'( 4 + 2)'][1 +47'( 4 - 2)'] 
7' cos' 0 sin 2 0(42 - 2')  -+ 
(1 + 4 r  "~ ~')(1 + 4 , '  22) 

+ 4 7 '  cos 0 sin' 0[22 cos 0 (1-3~  2 42+47  ' 2')+24(1 + 7, 4')] + 

[1 + 72(4 + 22)'111 + .2( 4 - 22)2](1 + 7' 42) 

67' 4 '  cosZ 0 sin 2 0 

(1 + 4 . '  42)(1 + ~' 42) 

~-2(cos' 0 + 1)[~'  + 22 + 4~-'(42- 2')'] + 472 42  cos 0 

sin 4 0(1 + 27' ~2) 
(1 + 4 r '  )~') 

2z2 2 '  s in '  0 

(1 + 4T' ~z) 

~' s in2 0 ( 4 z - -  2 ' )  

[1 + 4r ' (  4 + 2)'][1 + 4 7 ' ( 4 -  2)z] (1 + 4 r '  42)(1 + 47z 22) 

(1 +cos 2 0)[1 +672(42 + 22) + 8 7 ' ( 4 ' - 2 ' ) 2 ] - 8 7  ' 42  cos 0 sin' 0[1 +2~2(4 '+  2')] 

2[1 + 472(4 + 2)'][1 + 47'( 4 - 2 ) ' ]  2(1 + 472 42)(1 + 4~ 2 22) 

27' 42 sin 2 0 i '  
(1 + 4 7 '  4 ' )  
sin' 0(1 +cos 2 0)[1 + 672(42 + 2~')+ 8~ ' (42-22)  2] - 8 r  2 42  cos 0 sin 2 0 

211 + 47 ' (4  + 2)2][1 + 4 r ' ( 4  - 2) ']  
sin' 0[1 + 2r2(~ ' + 22)] 

2(1 +4~ '  4')(1 +472 2')  
2 sin' 0 cos' 0[1 + 27 ' (~ '  + 32') + 7'( 4 ' -  2 4 '  2 '  + 82')] - 47'  42  sin' 0 cos 0(1 + ~" 4 ' )  

[1 + ~ ( 4  + 22)~][ 1 + T2(4-  22)2]( 1 + ~2 42) 
cos 2 0 sin ~ 0(1 +27 ~ ~2) 

+ 
(1 +4~ "2 ~2) 

,r' sin 2 0(cos 2 0 + 1 ) [4 '  + 2 '  + 4r2(t~ 2 - 2 ' ) ' ]  + 4~" 42  sin' O cos 0 
9' [1 + 4"r2(~ + 2)'][1 + 472(4 - 2) z] 

T2 sin4 0 ( 4 ' -  2z) 
+ 

(1 +472 42)(1 +472 2') 
_ 2~ 2 22 cos 2 0 sin' 0 4r '  sin' e cos 0[22 cos O(1-3r  2 4 2 + 4 r  2 2 2 ) + 4 2 ( 1 +  72 4 ' ) ] +  

[1 + C-( 4 + 22)'][1 + z'( 4 - 22)2](1 + z 2 4 ' )  (1 + 472 2')  

1 + ~ '  4 ' ( 3 + 2  cos a 0)+274 4'(1 - 2  cos 2 0+3  cos' 0) 

(1+472 42)(1+72 42 ) 
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Photo[ragment [luorescence polarization 1427 

Table5. The polarization anisotropy R=~<P2(cosO)> for direct photodissociation 
(7=0) and in the limit of slow predissociation (z-+oo). For the column labelled 
K=0 ,  cos O and ~ are first set to zero and then the limit T-*~ is taken. Note 
that the column labelled General is not valid when cos 0 = 0 in cases G-J. 

R 

Case r = 0 General K =  0 K =  J 

A $ ! [/',(cos 0)] 2 11o 
B, C, E - J - ~ [/',(cos 0)]~ -§ - 

D, F ~ ~[P2(cos 0)] 2 ~x# 
G - ~  ~[P2(cos 0)] 2 - ~ 
H ~ - ,-~[P2(cos 0)] 2 ~ - § 
I i ~[P~(cos 0)] ~ �88 -~ 
J - {~ - ~ [ P 2 ( c o s  0)] 2 - { t  - 

value of R for r = 0  changes sign f rom that for r-+oo.  This  behaviour can be 
unders tood by examining what happens when K = J (0 = 0 ~ and z coincides with 
Z in figure 2 (a)). In case G I*abs lies along i while ~em lies along 9 at ~" = 0 ; 
hence (cos 2 y ) = 0  and R =  -~-. As r ~ c ~ ,  the xz  molecular plane rotates about  
the z axis, causing (cos ~ 7>.+1 and R-+~o. In case H IJ'abs has the same 
direction as in case G but ~l.em is found to be uniformly distr ibuted in the xz  
molecular plane. Hence at ~ = 0 ,  ( c o s ~ y ) =  1 and R =  1 .  As r ~ o o ,  ~a~s 
and lXem lie uniformly distr ibuted in two orthogonal planes, the xy plane for 
l~abs and the xz  plane for b%m" Hence (cos 2 y ) = � 8 8  and R = - 1 .  A com- 
parison of the value of R at ~'= 0 to that at ~-~o0 shows that the latter approaches 
more closely the value of zero, corresponding to an isotropic distribution of 
~em with respect to l~abs. Finally, we note that individual rotational lines are 
often not resolved. T h e n  an appropriate average of R, weighted by rotational 
line strengths,  must be carried out [17]. 

This  t reatment  could be generalized in a number  of respects. For  example, 
it applies to the dissociation of any planar parent  molecule that yields an elec- 
tronically excited symmetr ic  top fragment.  It  is possible to consider the motion 
of an asymmetric top or  to relax the assumption that the angular m o m en tu m  of 
the fragment is perpendicular  to the plane of the parent  molecule. However,  
such t reatments  become very complex and will not be considered fur ther  here. 

This  work is supported by the U.S. National Science Foundat ion under  
N S F  P H Y  79-08694 and N S F  C H E  80-17066. 
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