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Evidence for Long-lived Collision, Complexes in. 

Ion-Molecule Reactions: DO+ from 0+ and D2 • 
2 2 

. E. A. Gislason, Bruce H. Mahan, Chi-wing Tsao, and 

Arthur S. Werner 
'.' 

Department of Chemistry, University of California, and 
Illorganic Materials .ResearchDivision of the 

Lawrence Radiat,ion Laboratory ,Berkeley, . Gal.ifornia. 
I 

Recently, there has been discussion concerning the 

importance of long-lived colliSion complexes in ion-mol'ecule 

reactions. l Some collision complexes have lifetimes long 

enough (>10- 6 sec) to permit ~irect detection by mass 
. ,':' 2 

spectrometry. Such detection is impossible for those com-

plex'es whi~h survive. 'only a few rotational periods ( <10-10 sec). 
, . 

Measurement of the velocityvecto~ di~tribution of the reaction 

products proyides the least equivocal means of demonstrating 

the occurrence of these shorter-lived complexes. Such 

3-7 + ( ) + + ( ) investigations of the reactions N2 ,D2 ,D N2D, Ar D2 ,D 

+ + ( ) + 8 ArD , N2 CH4,CH3 N2Hand other exothermic hydrogen atom 

transfers have shown that products are distributed asymmetrically 

in. the center-of-mass coordinate system. Consequently, these 

reactions prQceed, in the energy range investigated, by direct 

or very short-lived interaction mechanisms in which collision 

partners remain clo~~e for less than one; rotational period. We 

report here measur~ments of the velocity distribution of DO; 

," (0)' +( ) + from the endothermic~Eo = 1 .. geV reaction 02 D2 ' D D02 

. 
' .. ~ 
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which'strongly suggest that thisp,rocess occurs via. a collision 

'. complex which lasts several rotational; periods . 

Experiments were performed .with the apparatus described 
. 6 ' + 

earlier. A microwave discharge in 02 p.roduced O2 , and the 

method of Turner et al 9 sho~ed that the momentum analysed beam 

contained less than 3% 0; inmetas'tableexcitedelectronic 

states. Reaction threshold measurements indicated that the 

average vibrational excitation of O~ was approximately 0.5 eVe 

Figure la shows a typical contour map of the intensity 

of DO~ per unit velocity space volume. The distribution is 

very nearly isotropiC, and .the greatest intensity occurs at 

the center-of-mass velOCity. Whil'e the symmetry of the intensity 

abo~t the barycentric angles of ± 90 0 indicates the occurrence 

of a collision complex which lasts several rotational periods, 

the isotropy suggests that the angular momentum of the complex, 

is relatively small, and its temperature, or internal energy 
. 10 per mode, is large. This deduction is consistent with the 

02 
relatively small total reaction cross section (~ 1 A ) and 

with the relatively large binding energy (2.6 eV) of D20~With 
+ ' 

respect to O2 and D2 . The high intensity of product near the 

cehter-of-mass velo~ity ind~cates subst&ntial internal excitation 
. + 

of the D02 , which is to be expected ff energy is distributed 

statistically among internal and.translational modes of a 

. decaying complex. 

Figure lb shows profiles along the 0-1800 line of the 

intensity distributions of HO; and DO; from collisions of 0; 

'with lID. The slight asymmetry about the center of mass velOCity 

can be traced to interference of the 0; beam with the detection 
,'I 

.' 

" 
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of the forward scattered products.' The isotope e:ffec~, which 

favors DO; by a factor of eight, is oppos1tein sense to that 

found for products scattered in the ion beam directiorifrom 

the reactions of N~ with HD and isotopic methanes,S,7 but is 

the one to be expected if the collision complex were decaying . 

according to statistical or phase space considerations. ll 

The greater density 'of vibrational levels of DO~and its lower 

zero point energy favor its formation.; 

Figure Ic shows profiles of the distribution of DO; formed 
! + 

from 0 -D collisions of different relative energy. As the.· ..... 2 2 

relative energy increases, the product distribution becomes' 

.. asymmetric ,and eventually displays the forwo.rd peaking char­

acteristic of direct hydrogen atom abstractions. Transition 

from a long-lived complex to a direct interaction as the 

collision energy is increased is to be expected, since uni­

molecular reaction rate theory12 show's that the lifetime with 

respect to dissociation of an .excited molecule decreases and 
-14 approaches 10 sec as the excitation in excess of the dis so-

:,'. 

ciation threshold increases. 

We believe that there are two sign:iLficant reaSons why the 

: 0; (D2 ,D) DO; reacti;n proceeds through a long-lived complex 

'at lower energy. First, .the 'D20~ intermediate represents a 
~'lf j 

potential well "Those d~pth, exci~ding activation barriers, is . 

. 2.S eV with respect to reacta,nts. Second, the reaction is 

endothermic by 1.9 eV. Consequently, the l·ifetime of the com­

plex for a given initial energy is lengthened since the threshold 
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for dissociation to products is correspondingly high. Moreover, 

the direct reaction processes which might proceed with large 

cross section are excluded, since, for example, in order for 

an endothermic reaction to proceed via the ideal stripping 

process, the projectile energy relative to one atom must be 

greater than the endothe.rmicity. 'Clea:rly, -this caridi tion is 

met only at projectile energies relative to the target molecule' 

that exceed the/minimum necessary for reaction. 

A more.detailed account of this reaction and of formation 

of the other ionic products OH+, 0+, and H20+ will. be published 

later. 
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Fig. 1 (a) A contour map in the center-of-mass system of 

the intensity per unit velocity space vol:ume of DO; 

from O;-D2 collisions at 3.86 eV initial relative trans­

lational energy. The scattering from a stationary 

target gas with no beam energy and angle spread~ and 

no initial internal' excitation should ·fallw.ithin the 

circle. marked Q = -2.0. (b) Intensiti·es at 0° LAB 

+- + " + of D02 and H02 from 2.1 eV collisions of 02 with HD ~ 

plotted as functions of vivo, the ratio of product to 

projectile laboratory velocity. (c) Intensi t'ies at 
c~ + + 

OOLAlfD02 from 02-D2 collisions at three relative 

energies~ The greater spread of the 3.36 eV experi-

ment-is due to the relatively greater importance of 

initial internal excitation of o~. 

. : 
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such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
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with the Commission, or his employrnent with such contractor. 
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