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* .ON INELASTIC COL.LIS!ONS 

D. R. Herschbaoh 

___ Department o:f Chemistry and Lawrence 
.. ·· ·_f.: .Radiation Laboratory, University of 

.: · L ,; . · .:California, Berkeley, California .. 

• l •• 

'.' 
' 

i- • ! 
.• 1' ' .·- t ?.:' 

<r . 

said at the meeting. We have also contributed a 

paper, wRe_active Collisions in Crossed Molecular 

Beams rt .(UCRL-10096, Februal"y, 1962), to the 

Discussion. The complete collection of papers and 

comment.s will be published (probably in October, 

1962) as Voltillle M of Discussions of· the Faraday 

Society.·· 

\ 

* ,_: support received fr<>m. the Alfred F. Sloan FoundaticP c:.n.d 
' the u . .s. Atomic E':-1ergy Commission is gratefully 

acknowledged .• 
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·Comment orr excitation of products a.rtd the calculations of 

Bunker.and Blais. 

V1brat1ona.lly excited products have .now been detected in 

.about thirty exothermic atomic exchange reactions. However, 
1 . 

. ·.! ~::J!. ::.· .·::< • :as yet there are ·oiUy a few studies which indicate what fraction 
'l! .:.!'{· ;' f 

. :mi:, , :nr::a:::u::a e:::n:::~~ed:it::: :t:h::r::::~ ::7::::h::is 
. ~. ;':1 r : .:;. ': the excited products· represent the main course of the reaction 

:r \ J t ' .·~ ·l ~ } 

: ,!1 :; .. ; '· 'or merely an interesting but pl"actically negligible side effect. 

: •\;jj,
1
i:,•\J(. .' :The reactions ror whiCh there is such ini'oi'Jnation have all been 

. '., l·'"i' '"'i' . hi 'i i k 
• •

1 
Jl ~~~{ft: :il .··mentioned at t . s D scuss on. For the· al ali reactions 

• ! ;I!I11~~' :' .and 

M2 + X ...... J.V1X + ;M 

i 
M + RI ....... MI +i R 

' 

(la) 

(lb) 

, :; ~···~.~ ,:'? there is evidence that most of the products are highly excited, 

''1 
' 

.; 

·. '· ·. 

' 
'· t 

! , .•. 

whereas for some H atom· reactions 

H + BC ...... RB + c (2a) 

and 
H + BCD - HB + ·en, (2b) 

with BC = c1 2, BCD= 03, ClNO, N02, it is now established that 

the products are formed predominantly in low vibratfunal states. 

Perhaps the· most .fundamental motivation for the study of 

product excitation is that it may contribute to the experimental 
( ~··.{ ~ .... .. : ~ : ', 

• 11 · ~· characterization of' the potential surfaces .for reactions o The . •. - t ·: 

.·, 

.. 'j 
; t 

l 
' 

.:··. 

. ( . . ' ~ ~ 

' ) \· ' .~; .. 

.j 

pronounced difference between the .. reactions (1) and (2) is thus 

an encouraging sign, and presumably it can be interpretE:·d along 

lines.· indicated in early qualitative· discussions of potential 

surfaces .i~.zr· The· angu.lar distribution of products proy-:i.des · 



~;~~: .. ~j~:f~~h*~~-~~-~~:::V~.~~Ul:x·~:l2;~f~~~~~~~~~~~~~~~~~1:1~~~.'~¥~i..~~1.~~~~: ~<;;·/~, ~ · · .>. 17~~ ·' ~~· \v :~.,_: ~~ 
. '.·:ff ' ' ' 

i'.:!II,I;~J)j'•·. ~~o~er~nd-in principle a quite-:~at approach. to the etuey 

·: ::Jll·:li~~;~;l .':or these surfaces.. However, the theory·or scattering from a 
• l ' l· j- ~ • !'! J ~ ~ 

·::Jh\:~,;/.·.~ .... ~ultid1mens1onal potential surtaoe has until now remained 

· ·} ·
1
1t ~.·;:v· (;· . · i Slltaddled in formal theorems and so has been unable to or:rer 

; : ·j, 'lf' f "I ~ ' ' , 
.;- .,._· . ., ~ ~ '· >;~ ·f ~-.! ; ' . - i nj ~r~o>;," ' much praotioal gu1c:lanoe 1n the interpretation or experiments •. 

' : !! ! !<~·; ':! ( ' ' ' ' ' ' ' 

r.i .fJl?!:~.g~ '' :; · .. '. Recently 'at) extensive program of calculations on reactive· 
·:-~.;~.-.t.j.~~~·(?·:.,··· .. '. . ' -

' ·.~ }j f ;:!~i' }; .. ':'>;scattering has been· undertaken by Bunker and Blais,:> who use· 
- ~ f.L ;,}{~ri .. · ~ . . 
· ·· 1! :·~·~,-" ? · Mont$ Carlo methods to integl'ate the classical equations or 

f ;t ' ·- l .::;~,: ~. ' 

~-:·: ·~tJ~:1ZLr· ... ·motion.· '!hey have begun with a study· ot reaotion· (lb), based 

on a surface oonatruoted so th,\t most ot the fall in potential 

;;: energy 1s associated with attr&.\1:t1on between the reactants, and 
. :~ ._· .. 

'':, .not repulsion between the. produat~s. T"nis feature \.~as suggested 

.. as a necessary condition tor vibr:,ttional e.xa1tat1on by EYans 

, ·: .. •:'and .Polanyl. in their analyais2 of reaction (la) 1 and has been 
; J ! !v: hi ·· 4 _J 

:·; 11!~ ·.f;:. ·· (.:. discussed more re~ently by' Smith·. In the calculations of Bu.nker 

J Tlf'·~!;.'"' and Blais, the three interacting parttclea (cH3 is treated as a 

r;.:.;;.;; 'single atom) are not rilstriated to be c-ollinear. For the. sake 

<:i . , •... , ·of economy in ,computing time, however.; it did prove necessary 
• l, • 

<! ;{ • .···:.to 
' ' 

z-estrict the trajectories to a plane. · E~oh collision is 
;,'t.J . \ . . 

; i't · · init.iated with :a randomly chosen.impact parameter and ang-ular 
i ·,r.-· · 

t :i ··.i l ., ; 1 :·; ·:, · .~· orientation of. the CH3I molecule. The thermal distributions of 

l ·~. · l. : relative velocity and rotat1o~ and vibration of cH
3

I are also 
i;.{ -~<, 

·' ; i, i· included • 
. : . -~ ' . 

. ,\i ·, :·';': · The reaulte obtained :indicate that the assumed potential oan 

:; L ... :• · indeed account for all of '.~he qualitative features infel"'red from 
1 ~· . ;-/.\. '•I' 

c I ! . 
' l .. '. 

l' 
. ; ~ ·.t 
t ''(; 

., t ~ J, ' 

./' 
. . -~ j 

' 

. _f. 

' . . ' ·~ 

the molecular beam experimEf:\\ts. The predicted d1strib1~tson of 
. ' 

product ~xoitation 1a. broad ~'ut. shows a pronounced peak ~vhich 
·l . 

.. , " 

puts most of; the energy of rt'-~1ot1on into vibrational excitation 
i ' 

\ . ,-1: . 
'); ' 

;_. 

' 

... · 
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the MI molecule.. The angular distribution in. the plane, da/dX1 

r 1
· TL .,!1J )r , falls oft more or less linearly from a· maximum near x = 0° to a 

HJ!l"!~~t •··.·•· value abM one~tenth the maxinnJm at X = l&o•. Thus the 1ntens1ty 
( ~}t:·:;n) ., per unit· solid angle (derived by averaging da/dX over azimuthal 

~ J I ~- ! . jo. • • 

:}.Jj. :~:{i ·:t~ r: ; angles) is predicted to be strongly peaked along the direction or · 

.;f:H ~· ~-. the initial relative velocity vector and quite as~etrio about 
·~~~t < .. ·' ~·t . . . . ' rtj 1:. ·. x = 90°, just as observed~ (It should be noted, however, that 

~Jf. ., :restricting the trajectories to a plane automatically imposes the 

;l; ;: .. ;·'' ·•· :glory effect,· regardless of how the a.ngular momentum is partitioned 
!Jt '· 
ll:J· ' !. ' ' -;t; :; ·. · between orbital and rotational motion.) In virtually all the 
:·a· x. :· 
'l• "·''. i' successful collisions the trajeotor~es "turn the corner" smoothly, 

1JJ X;;, ;: :
9 
t:: ::P~:=~r::e::st:: ::::m::: ::h::l:u::::::1::a~1::::d. · 

. 1_!, ~' 
-(~ .. ; .: . ' 
rJi 

to head-on collisions (1~e~ ~ b = 0 only); a large fraction of the 

collisions then lead to complicated, "snarled" trajectories, and 
;p;·.: 

.li1 d; > · :< dcr/dX has a· maximum in the vicinity of x = 90° ~ Bunker· and Blais 

.~ :l 'i p' ~: . ·.; 
·. 1 ·. I ' · , ,, J' '• c. 

c) l' ',, .,_ 

.. 4 . 

. l' 3 

. :1' . 
. !; ' 

are now extending these calculations to different potential 

surfaces and to other reao~ions~ . ' 

: ~ ~:, ' ~ :, ;:;·.·.· ... !1.:.</::; 1
Eyr1ng, Gershinowitz, an!i1 sun, ·J. Chern. Physics. 1935, ~~ T86; 

) :: Qlasstone, Laidler and }o/ring, Theory of Rate Processes. (IvlcGra~i­
. Jr · i .. ·• Hi. 11 .N " k 1941. ) . , (...; > l . . , ew .~-or , . • 

. ~'i i i :;_ ;,> : ' .. ' ,:. ~ ; --~ ·.; 

'·.l 
~ : ;, ,; ! ! ~' 

'1 - 1. 
~r.· . 

•. ·~ .{ 
I.} 
.. ;i ·: ·, 

... f 

't - ' t. ~· 
•: .} ~ .1 ; ·. . . ·, ' 

'~: 

2Evans and Polanyi, Trans •. Faraday Soc .• 1939, 35, 178. ........ 
3Private communication from Dr. Bunker (Los Alamos Scie~tific 
Laboratory, New Mexico, March, 1962), who has kindly permi·tted 

me to describe this work here. 
4 . ' . ·. ' 
Smith; J.· Chem. Physics 1959., 31, 1352 .. ...... 

i 
.. {" '· 

... -.. :.: .· 
t . 

~; ... 

. ... 
• t •. " .a: . . 

: : "· 

-~ .. 
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.2. Renly to a question from Dr. H. o. Pritchard (Manchester 

University). 

Unfortunately the direct experiment suggeste:d by Dr. 

Pritchard would be extremely difficult. If velocity selectors 

( w.i th resO:lution1 cf 10%) we.re placed in both beams, the yield 

of product would be reduced by a factor of about 10-5 or 10-6; 

at .the peak of the angular dj_stribution only 103 to 104 product 

molecules sec·-l em - 2 would ar:c:Lve at the detector (a. monolayer 
' 4 . 

in 10 year·s). Signals this wei:.'k have been detected in beam 
' . 2 . - . ' 
-experiments, but elaborate instru:.tentation is required. There 

is the' further handicap that even a(1200°K practically all of 

·the HBr would st.ill be in. the ground ,;.lbrational stat-e. 

~-. It is .possible to· select a partic~J.ar vibrational and 

:, '.:rotational state of· a beam by means of an electric resonance 

Stark-effect spectrometer. 3 In favorable cases seve;ral of the 

lowest _states can be resolved, and the fra(~tion of the oric_;inal 

; intensity transmitted in a s6lected beam is as much as 10-4 . 
iy .. 

. Again the apparatus required 13 quite complicated, however. 

· ;· In a shock tube experi:ment, ~'Jhott; and Kinsey4 have obta.ine:l 

result.s which indicate that the ra·(e ·, ofl the reaction H + o2 -+ 0 -; .. ..JH 

is enhanced when the 02 is vibratim;ally excited. 

1Hostett1er and Bernstein, Rev. Sci. Ir~,:str. 1960, ~~_, 872. 
2 . ' 
Ramsey, Molecular Beams (Glar:mdon PresL_, Oxford., 1956)., p.387. 

3Moranand Trischka_, J. Chern . ..Physics 1961, 34, 923 . ,,... 
; ' . 
~ ' t 

"i". 

. . : . ~·. ·: l 
; ·. · 4 schott and Kinsey, .J. Chern·. ·l1[lYSics 1958, · 29, 1177. 

!; .'• ... 

'.i .. ; i. 
:'' 

p' . 
.. _.i r ' . r i. 

-·• 
' . 

' ·-
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Comment on remarks of Dr•. J. C. Polanyi (University of Toronto). i 

From the· o·ons·ervation laws alone it is not possible to · 

·i'establish a ma:rlniwn traction ot W-. that can appear as rotational 

:1-H?~J-;~ < ~exoi t~tion. :'The pr.odu:ota· are allowed to have any values of L' and· 

3H i~W 1 ,:!: 
1 c~m.s:!Jftent ~fth ..,nergy oonaerva tion. a:; long as· the vector-sum, 

• 'j ,, ''·~' . . . 

·-~Tt:~~; . ·::··L1 +-:Tt t equals· the· tota~ angular momentum supplied by the· 
.tt· -~;~r ': v:~~- -- ·. lilJEJ, !.reactantss !: + :[• ln a reaction A + BC ....... A:B +. C$ '!;he' rotational 

_:·
1
J Y;(;:,_·. ~:energy or Ai3' is proportional to 

J:
12

' = lt+JI 2 + L' 2 
- 2IL+JIL'' cost 

,..., ~ ·"'-# ,..,. 

; ) where t is the angle between L • and L + J'. When t > n/ 2, the L 1 

!J i ·'·· r-. ' and J 1 v·ectors can both have ·much larger niagni tude than L + J. 
·.·t -l:L; ~ :.' i -) -. ·. ·t~~<- ,..,. - ...., 

:J;.}J;:>;L··~·Thus.the conservation laws allow all of the energy released in the 
rj J .i~<: ~.:~.r· ."·<· >"r. . . . 
·q~:':;,;. ; ~ ·reaction to go into :rotation. of AB; what fraction ac.tually does 

.J iff{.:·H:. . :, cannot be predicted ·without assuming something about the forces 
'. 

•invo-lved in. reactive collisions • 

. ; ::_:.~ ;· " 
' - ~ ~ . .:- tl ;::' _; ;.; ,_· '· ... 

. These· forc·es are expected to become effective only in. suffi-
, 1' !:\:. ·li 

.. J; · ._:,\:·.: 'clently close' 'o·ollisions. 

. ijl. :_,: ; .(maximum initial impact parameter, b:;: and the total angular momentum 

This permits a rough estimate of the 

' ''t- ,. ' 

{:j_. :--~-;-
~· . ~ . } 

t ( · .• ,f ,. 
J.:.r ' . ,. 

! 

;"that can contribute· significantly to reaction [as indicated alr~ady 
; }· ~ . . 

:~under eqn., (17) .or· ·our paper]. The range ·or the· final impact 
,·: 

parameter, b 1 j· ·is likewise expected to be Iimfted by the short 

. ! · · · .. ' i . ·-. range of the: forces. { 1 .. ~·- . Here we define b' as the distance of closest 

f :) :( jt~ ./ ; ' approach or· a pair of product molecules when their asymptotic 
-~ ~, . ~ L~-:. . i' 

The maximum j.) ··Jl· ·~. , . : straight-line: trajectories are extrapolated backwards. 

;~-~ :1; ''· _: values o.r- b. and b.1 in a react-ive collision probably ca-:tnot be much 
:: ; t: .. ··· n i ' ' greater than·-.bond. lengths in the r·eac'tant-s and product molecules. 

• .,' ~ ) ·r ; ~ . .. ,, '.; ,q; '. 
~ • ,{I 

I ~ 

. .. ~ 

. '~ .-
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'!'he restriction 'Which this rulaumption imposes on the orbital.· ... 

. ·i- ·_ angul&J:¥ liloment\Ul1 or the products,. t• • tJ.'V'b 1 1 has 'been discussed 

.. '. ?el.se\'fue~e·.l.-~ lt alsc:> implies an \tpper Umit on the rotational 

. ~- . \ ... 

'. 

:~.:">"/: ~\·::··~P :· . : : :j'r.' •·. J. L + JJ. . . + ··r..'· ·.. . . 
~,~ i ~:.· >-.. :~ · · -. · ·.,... max.·. ·-,uu 

·~:~· limi~· t~'\i~temin~d ~ith L' oriented opposite;;·to·L· ~ J. 
·~ ' ... ,., .-., . ...... ,.,. 

. . r , ?·.·· .• ·; .. -;.· .,: '. ·, ·. . . . ·. ; ! ·. ..· :-! . 
.. ,):.Anothe~ rough b~, probably tnore representative ot the average 

., . . ' (l) 

·.~;.rotational excitation; may be 
_: ~ ;. : .· ~' ~ f : .• : . . ; • • ':- ' '. . • : ; : ; : : ~ •, ' ' 

obtained by assuming L' iS distributed 
' .... ' .. 

· ··tso1;~opioa.ll7 With respect to 
: .. ~ ·\ ·. '• . : ' . ' ~. ' .. ;, \ : . . ; . ' . 

L + JJ an average over all orientations -
.,.."",., ......... #elda 

' :··,·. . •" 

'~-.··~~<J' 2> < l::.+:~l!ax + ~;.~ • (2} 

:: ~· we . obtain the· hourid · oons1de!'ed by Polan;yi~ ., 

J' < ~~ + ~lma.x . 
'~(. ,: . . 

,tl. .. , • . ' 

'."'!lQn~·'' .'(3) may aia~ ·b~ ···dar1Ved .from the, less' ·strinSent. 8.tsm.:.~pt:i.Ol1 
•·!'. ". •' . . 

Y':th~t··£• · < · zf ;+.~f¢os ·f. .t~:z' t.he dominant'.ooritritrUticm$ to x·eactionJI 

.;;::;;~I~:~a···;eq-..l~es; ·f·~ Jir/2 and~t) ,< '2JL.+J(_. ·fujW~Ve;~:: ···lfhes$ variOUS 
·._r.\ -·~~.• :·~;T.:~.•<•' •i ~. ~ 1 !·, :,., .. :, ··~ .'_.,,·:/ > '\, •• ,,... """: , 1 , •'' I' 
;:: ·'':.:t:;o1mda 'are ooni~ed in. '.rabl'e ;l~ · For the· · ... 

' .. 
. ,· (3) 

,·:.~,:.;~ .:~<(;'· .. ~. • ~I 
1 .·, <·. ·. 

': .·•;:'~:::;\ ;~t:>:\.i::V:::·, : 
TABLE l 

"' ' '~"'. : ' ·.~. I • • : ! '' • ' • ' '' ~ ·' •• < • '• I •' 

·· :., ..... ,., · ,., .. ::jf'':- .. A~sum~d ·1 • ••• Bound .t¢ Rotational .. 
·· Reaot~on, · · (.:/': bmax(A) · · · Excitation (lcoal/mol~) 

·. '·'.:1,'' ', :; ', : ·: .' ·' '···,(~~ '.:(?) .·. (3). '',• 

Na2. ~· 01 .. ' ~·. · · .2.5 , '· : ... 43 .<> .. 3Q ... ·.··.' 2 . , 

lt.~.Cl2 •,·.~··· .. ·:,1·:, ,36 .,, ;~6·'·;. SS 
. ' '! " • • ' • .' . ~- :' . . : 

; , · .:x: .. -t· CH3X. ::: .: .. ·~ .·.".•0 .... ·.~.~ .. :-.··: . ;:,.·:, lO. 5 ;·.:·. 3 
~;, . ~ ' ' ~ . . • ; ' .. • t - .. •' 

··i·· ,.Rbt.Clt3;. '.-'•0.> l·,;~ ,;.;.·.·.s ·s' 
. ' ! . *• 

,":; ... :. ,c~ -t. cm3I.. : ·:::··.:. :.:'· o . .'·. ·1 ·, , ..•• ,5. . , 2 
. ~ . ' ... . . ~ 

' ~ ~ . . ;, . 
!~• .J /, :;::\ ('; ~:· :'j \;' ~ '.: :;:,:, • ', I . ; ·.(<~ 

.: .;,. 

2 

~- ';. 
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., ~ :f}J:. 1 , , .; , ;examples t:oeated by Polanyi,. we :used the same parameters a.nd 
· .~'<:<~.A-t >· ;_ .1i ---. ;.: -
· :,: ~~li ,· · '( :/ asaumed tltat the probability- of reaction ~s ·negligible unless 

;/~i·J~;~~~L:~.:, '~ b ~ 2.5 1. ~or the 'M + RI react.iona w~·used· values of the final 
~~- ... }.1 .f··-~·4::·;-:;;.~;~ :· ~ '_ . ' ~ 

I ~:,;~'Mt~i~;.:. "1'~~rela~~ve velocity~ v • .,.. derived trom> the observed angular diatri ... 
! ·.· '• 'l' l'""' 1.,' ., ' 'l ' ' 

I· .• ·; ,:H ;·\:~·;: 4 ,· butions -~ took b·"<it 4.0 Jt. · 'J.'he results given in the 'table refer 
I .• : ;ii' .. : . ,, · 

··.1 'j'~ :.::·· P t to the rotational .excitation of MI· ·and· do not· include al'lY . 
l. 'l ' ' 

. ; _'!;. t · r ' .. ·~ • , 1 ' · ;q, . · 1· :·: excitation of CH3• · Since the small moment of inertia of the CH3 
; . ~ 

' : ., : . . :~ 
radical enables it to oarr;y away large amounts of 'rotational 

' '1 ,, 
. : [: ·., energy wit~ relati:vel~ low angular momentum (e. g • ., 10 kcal/mole 

. ! , .. for J $ = 20 ~211'i in contrast to K!1 \'lhich has only 1. 7. 1-tcal/mole 
' l .. ';,' ' ' ' 

. ::',Jt.~:'~,:f ·:~for J 4 = 100 -!:/27r), the observation that in reactions involving. 
·' -.. ~ ·i~'J .L ';· ·.~~.:i~.f~~ <-~.:. '). •' . . . .. . . 
· :: '.t,/1.: .'<:· >larger a groups the internal excitation does not decrea.se (but 
... :t: ·~ ~ L ~ < .. ~. ·. _.. . . ; .. ·.: . . 
>:; ·,7-lJ ~:·.~·-!·· ··.,.'.rather increases ~omewhat) suggests that CH3· must· ha.ve little 

i . ~ -~ < ·, ' f . : . ' .. . 

J;;ji.' :·. ;:, ·::~·~.;o~ational momentum, probably no more than .10 W2n •. 

·i .<J' .·. :>:·{f_'·::· : ·· i'able l and other calculat1ons112 l~ad to the rule stated 
'J .; ~ •t ~ . ~~ :· ;, ' . . .' t ' 

' '! · · : > by Polanyi, With two amendments which recognize the role of' I). 'l;: • ·? .. ·.·... -. 
; 

1 
b .. ··.':· First, even tor·~ ·prod~ct with· a l.arg~ moment o:r ine.rtia, we can 

• ry,! 
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. •:.·: set a low limit • on the rotational excitation only VJhen \lie have 
,. 
~· -~ evidenoe that ~ax is not· too large. The reason the rJI + RI 

·,·. . reactions conform to the .rule is that the v' estimated from 

·." :e:J~.."Pel,'liment £s rather ·small, and ·thua. ~ 1~ less than I~ + :! txr,axo 
: ·; ··.For the Na2 + Cl. example this is no louier the oase because the · 

. ' . . . 
value o:r v1 used .is much larger.-· Also$ the mcllnent of in~::l:'tiB" 0f' 

Nac·l is considerably ·smaller than that of. the Mt molecules. 
! . ' 

.. 1 Second, for R atom re·aotions as well as others., we must expect· t;he 

actual distribution of Ntational excitation (in con·b;.·:.~t to 'che 
• . . . t ' I 

. ·upper. bound) to· be sensitive to the di$tribut1on of b_ot,h. b and b' ~ 
. . , ... ·, ·. ,. I . , 

, .in th$ H +: Cl2. ~x8.mp1~, we p.~t,e ·that_ up to 36 koa.i/mole (100% of 
t . . . ' . ~ • ~ ' 

•.'' ... 
::.· 
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l-m.a.Y go into rotational exaitati.on regardless of the value 

'h.l ' 
loJ ..... 

.. "~";',-

However, 1~ H atom reactions th~re is usually a large 

. . :: .increasa in reduced mae$ on formation ot the productlS (IJ.<<IJ. • ). 
'·; . ' ' . ' . ' 

·:i: ·-.;.Angular momentum theraf'ore can be read11y taken up in orbital 
, '~ , ;.. ~ • I I • • ' 

·: , motion, even tor rather- small values of v t and b' • Thus., the . 
. ' . . . . ' ' ' . 

' ' ~ ·: 

. ',·:: upper .bound. to ,tha rotational excitation \i'ill always be high when. -. 
:.''···. ' ·. ' . . ; 

· a product has a· very small moment ot .inertia, but the actual 
. ' .' . . ' 

: _exc1tat1ol'l pl:'Qduced .in the main course of the reaction may be far 

' below the bound (as -in the CH3 example) and wi~l. be strongly 

affected by the forces that govern the break-up or th~ collision 

The~"e is a case; exemplified by the reactions 

. M + HX _.. r.pe + H, 

>. :in which a high level. ot rotational _excitation in a. product is 

required by the postulated bounds on·the 1mpaot.parameters. 

On ,the reactant side, k >> j[, 1 whereas on Jche product side \>Je 

;: .. :expect k*<<ll' and c.ons<;quentlyk ~ Jl'• That is,~~ h<;;l"'e life 

·expect tJ.Vb >> ;~' v¥bl 1 since the reduced mass of' the products 

(approximately Just the mass of H) is far smaller than that ot" 

the reactants (26 tinles smaller for K + HBr 1 66 for cs· + Iii) • 

Because the reaction is only slightly exothern1io, v' cannot 

· · become large enough to offset more than a fraction of the mass 

ratl06 The velocity dependence, of the scattering or K + E~r 

' · be&:i1S does indeed indicate that KBr is termed t-rith htgh ro­

tational momentum.:2 .. An 1nte~esting consequence of J; 1-'.1 i[, t ie 
~ ' ! 

that the angular_ momentum or MX is predicted to be strcn,gly 
r 

,• 

... · : :polarised, with N./ .. nearly perpendicular to the direct :ton of 
; 'I 

•1;-P'lt'-• 

. ~:.-.. ~ ·.·~-~ 
>ll 

: , _J t. · .. : " the initial relative v~locity vector. 
. ' ' :.~ . . : : ': 
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·aef'leetion pattern Obtained When the M'X molecules are made to 

through an inhomogeneous eleotric tield.1 Such an experi• 

.ia 'beln; attempted at Berkeley. !n principle it .should. 

give 1ntorrnation about the distribution ot' J;: 1n those il.'· 
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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 behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




