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ANALYSIS OF REACTIVE SCATTERING 

_:: ' * iN caOSSED MOLECULAR BEAMS 

Dudley R. Herschbach 
'-· 

Department of Chemistry and Lawrence Radiation 
Laboratory, University of California 

Berkeley 4, California 

In their recent paper, "variation of a Chemical Reaction 

Cross Sectiah with Energy," Greene, Roberts, and Roas1 report a study 

of. the K +HEr...:.. H + KBr reaction in crossed molecular beams. This 

is the first reaction.atudy in which the blurring due to velocity 

distributions has been·aubstantially reduced.~~ as the K velocity was 

selected mechanically and the HEr velocity spread d1niin1shed by hold

ing the source at a low temperature. The ratio of the scattered 

intensity of ~ to elastically scattered K1 observed at a laboratory 

angle of 35°, appeared to rise sharply above the background at a rela

tive initial kinetic energy. (RIKE, in kcal/mole) of 1. 4, reach a 

maximum at 3.3, and thereafter decline. Several d1scussions1• 2 of 1 

these results have interpreted them as a rather direct measurement of 

the variation of the reaction probability with relative energy. There

fore it seems necessary to point out that such information cannot be 

obtained from this experiment. 

We consider three effects, the first two of which appear even if· 

the intersecting beams are regarded as entirely monochromatic in speed 
/ 

and direction. The reaction probability as expressed in the differ-

ential cross section, a(v,v•,x), depends upon3 the magnitude of the 

initial and final relative velocity vectors, v and vv; and the angle ... ... 
between them~ X• If th~ collision yield is measured at a fixed lab

oratory angle while the speed of one of the beams is varied, the · 

Support received from the Alfred P. Sloan Foundation and the U.S. 
Atomic Energy Commission is gratefully acknowledged. 
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orientation of v and the center of maaa vector c witb respect to the 
~ . -

direction of observation will be continually changing. This cauaes 

the dependence on v and the dependence on X to be superposed in the 

results ("Problem I"). Calculations show the effect is quite seriousz 

for the example of Fig. la, the two values.of X that contribute to the 

yield at 35° in the laboratory undergo large changes, to 38° and 

123°, when the RIKE is raised 25% by increasing vK. 

The recoil velocity of KBr relative to the center of mass is 

emallJ (Mw'M)v' ::: (1/120)v•. From energy balance, v' = [2(E+Q)/J.l' ]112, 

where E is the RIKE and Q is the internal energy converted into trans

lational energy of separation of the products. The maximum possible 

value of Q is only about 6 kcal/rnole in this react1on. 4 Thus one finds 

that the recoil velocity vector of the KBr is confined within the small 

~phere indicated in Fig. la. Even for completely specified initial 

ponditiona there w111 always be some distribution of internal excita

t1ol1 in the product molecules (i.e., distribution of Q-values), and 

~ correspondin~ distribution in values of x that contribute at a given 

iabora1:;o:r¥ ~ngle ("Problem II"). However, if the strong correlation 

between v and x introduced by "Problem I" could be eliminate~ (using 

observations at other laboratory angles), it would be feasible to 

derive the energy dependence of the erose section averaged over a range 

. of X (and Q), becau'se it turns out this range would not vary much as 

RIKE is changed. 

Figs. lb,c,d and Table I demonstrate that the RIKE scale used in 

Ref. 1 must be modified ("Problem III"). This scale ("nominal" in 

Table I) was calculated for perpendicular collisions, using the most 

probable vHBr at l52°K and vK at the center of the triangular intensity 

distribution transmitted by the selector. As shown by the diagrams, 

KBr from such collisions could not appear at 35° in the laboratory 
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-v.rhen RIKE is· above about 3 (since th,en spheres for Q < 6 no lo~ger 

intercept the 35° line). The shaded areas (single shading for Q = 6J 

double for·Q, = 0) indicate the range of !HBr vectors which could 

yield KBr at 35°. Conservation of momentum and energy requires. !HBr to 

fall between lines roughly parallel to the 35° line; the areas are 

further delimited by the partial collimation of the HBr (±30° 1 a rather 

wide spray1) and by the 1% intensity level. The contour lines give 

the percentage of the peak intensity as computed from the Maxwellian 

and the cosine distributions. Table I lists the derived ranges in 

RIKE. These are conservative estimates., b.ased on the 10% contour and 

Q = 0 rather than the maximal Q = 6;. allowance is made for the 

remaining spread ~n vK and the contribution of out ... of-plane scattering 

(not included in Fig. 1). It will be noted that at a nominal RIKE of 

1.4., a substantial number .of collisions have RIKE as high as 2.8, near. 

the activation energy determined from the temperature var1ation., 5 so 

the appearance of the threshold in this experiment at a low nominal 

RIKE is perhaps not surprising. Furthermore., the systematic shift of 

the shaded areas relative to the contour lines shows that as RIKE 

increases; the yield at 35° must be increasingly attenuated and even

tually Will disappear., regardless of the actual form of the energy 

dependence of the cross section. 

We wish to thank Eo F. Greene, Ro W. Roberts, and J. Ross for 

helpful correspondence. 
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Footnotes 

1. Greene" Roberts" and Ross" J. Chem. Phys. 32, 9.40 (1960). 

2. Discussions at American Chemical Society Symposium on "MOlecular 
Beams and Chemical Kinetics 4

11 Cleveland, April, 1960, and the 
Atomic and Molecular Beams Symposium, Denver, June, 1960. 

3. See, for example, M. A. Eliason and J. 0. Hirschfelder, J. Chem. 
Phys. 30., 1426 (1959). . ·· 

4. Obtained _from the difference in dissociation energies of KBr and 
. HBr., D~ = 4. 2 :!." 1.1 kca.l/mole (A. G. Gayden, Dissociation Energies, 
(Chapman and Hall;~ London.; 1953) plus three times the most probable 
rotational energy of HBr, 0 •. 15 kcal/mole at 152°K. . . 

5. E~ :H. Taylor and s. Datz, ~· Chem •. J.>hys. 2S, 1711 (1955), and 
/private communication. 
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Table I. Analysis of energy variation 

~ 
(} 

KBr Recoil Velocity Range and Most 
Nomin~l Central vK 

RIKE 1: ' Probable RIKE~ 
(! 10 em/sec Q = 0 Q = 6 Q = 0 

0.5 3.65 0.18 0.62 0.2 ... LO; 0.4 
1.4 6.48 0.29 0.66 0.6 - 2.8; 1.,6 
3.3 10.21 0.44 0.75 2.7 - 5.7; 4.2 

5.0 12.48 0.54 0.81 3.9 .. 7.7; 6.1 
7.0 14.73 0.$5 0.88 6. 0 -10. 6; 8.1 

•• 

• 
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Fig. 1. 
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Constructions to find {a) x values that contribute 
to :35° yield for given Q (radius of sphere)l (b1 c 1 d) 
effect of remaining spread in beam speeds and · 
intersection angles . 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the. use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on beha1 f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to tqe extent that 
such employee or contractor of the Commission, or employee 
of such contract~r prepares, disseminates, or provides access 
td, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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