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Evidencé for Long—liVédwallisionﬁCompléxes in;_

' Ion-Molecule Reactions: . DO from O and D,.

E. A. Gislason, Bruce H. Mahan, Chi-wing Tsao, and
” - Arthur S. Wefner_ ,
Department of Chemistry, University of California, and
Inorganic-Materials-RésearchVDivision of the
Lawrence Radiation Laboratory;fBérkeley, California.

ReCently, there has been discussion concerning the
. importance of‘long—livéd collision complexes in jon-molecule
‘reactiOns.l Some collision complexes have lifetimes long

6 _

enough (>10"° sec) to permit'éirect detection by mass -

spectromeﬁQy.z Such detection is'impOSSible-fpr those com-

10

plexes which survive only a few rotational periods (<107*Y sec).

Measurément of the velocityvvecto}'distribution of the reaction
- products provides the lean equivocal meané of demonstratihg
the occurrence of these shorter-liVed'cdmpiexes. Such

3T of the reactions N; (D,,D) N2D+, Art (D,,D)

8

investigations
ArD+{ N; (CH4,CH3) N2H+'and other® exothermic hydrogenjatom
transfers have shown that products are distributed asymmetrically
in,the'center-of—mass coordinéte system-. Consequently; these
reactions prgceed, in thé énergy range:investigated, by direcf

. Or Very short-1lived ihteractibn mechanisms in which collision
partners remain cloge for less than onegrotatiénal period. We
report hé;e measurements of the veiocity distribution_bf DO;
of

from the endothermic (AEg = 1.9 eV) reaction Og (DZ,D)‘D N
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' whieh‘strongly suggest that this-prooess occurs via.a collision
;complex which lasts several rotatlonal periods. |
Experiments were performed w1th the apparatus described
earller.6 A microwave dlscharge in O2 produced 02, and the
method of Turner 93_3;? showed that the momentum analysed beam
}.cohtained less than‘S%v0; in€meta§table'exoited”electronicv_
states. Reactlon threshold measurements indicated fhat the
average v1bratlonal exc1tat10n of O was approximately 0.5 ev.
Flgure la shows a typlcal contour map of the 1ntens1ty
. of DO2 per unltiveloc1ty space volume. The dlstrlbutlon is
very'heariy isotropic, and the greatest intensity occurs at
the centef—of—Mass velooity. ZWhiie the symmetry of the intensity
about the barycentrlc angles of 90 indicates the occurrence .
of a collls1on complex which lasts several rotatlonal perlods,
‘the isotropy suggests that the angular momentum_of the complex
is relatively small, and its temperaﬁure;(or internai energy
’per mode, is 1arge.10 This deduotion is consistent with the
relatlvely small total reaction cross sectlon (< 1 A ) and
w1th the relatlvely large binding energy (2.6 eV) of D202 with
respect to O2 and D2. The high intensity of product near the
center-of-mass velocity indicates substantial internal excitation
of-the‘Dog,'which is to be expected ff energy is distributed
stétistically among internal and.translatiohal modes of a
v decaying complex. |
Figure 1b shows profilés along the 0-180° line of the
“intensity distributions of HOj and DO, from collisions of OF
}With,HD. " The slight asymmetry about the center of mass velocity

can be traced to intefferenoe of the O; beam with the detection

i
i
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of the forward scatteredmproducts.' The;iSotopeveffect,.which
favors Dog by a factor of eight, is opposite in sense to that
:found for products scattered in the ion'beam‘direction’from

6,7

the reactions of N; with HD and isotopicfmethanes, but is

the one to be expected if the collision complex were decaying
accofding fo.statistical or phase'spéce COnsiaerations-ll |
The greater dens1ty of v1bratlonal levels of DO2 and its lower
'zero point energy favor its formatlon | |
| Flgure lc shows proflle of the dlstrlbutlon of DO2 formed
-Lfrom OZ—D2 collisions of different relatlve energy. As the -
~ relative energy increases, the productAdistributlonvbecomes»
Qasymmetric,'and‘evenﬁually disploys the forward-peaking.char—
‘acteristic of difect hydrogen aﬁom abstracﬁions.ﬂ Transition
from a long-lived complex to a_direct interectiongds the
COlllsion energy is increased is to be expected, since uni- -
,molecular reaction rate‘t.h_e‘oryl2 shows that the_lifesime with
respect to dissociétionlof an excited molecule decreases and

‘approaches 10714

sec-asvthe‘excitatiOn'in excess of the disso-
‘cietion tnresnold increases. |
We believe that there afe two significant reasons why the

g (DZ’D) DO reaction proceeds through a long -lived complex

-0
;at'lower energy. Flrst, the Dzog 1ntermed1ate represents a
potentlal well whose depth, excludlng actlvatlon barrlers, 1s
2. 6 eV with respect to reactants Second, the reactlon is

'vendothermlc by 1.9 eV. Consequently, the lifetime of the com-

plex for a_given initial energy is lengthened'since the threshold
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for dissociation to pfoducts is correspondingly high.’ Moreover,
the direct reaéﬁion processes which\might,proceed with large
cross section are éxcluded, since; for example, in ordér for
an endothermic reaction to proceed via the ideal stripping
process, the.projectile energy relative to one atom must be
greater than the endothermicity. ’Cléarly,'this condition 1is
met only ét projectile energies relative to the target molecule-
that exceed thefminimum necessary.for.reaction.'

A more,detailed account'of'thié reaction and of formation
of the other ionic products OHY, 0¥, and H,0" will be published

later.

Acknowledgement: This work-wgs,supported by thg U. S. 

~Atomic Energy Commission.
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Fig. 1 (a) A contour map in the center-of-mass syStem of

the intensity per unit velocity space volume of Dog

from_OZ-D2 collisions at 3.86 eV initial relative trans-

lational energy. The scattering from a stationary
farget gas with no beam energy and angie spread, and
no ihitial internal excitation shouldafallwwithin the
circle marked @ = -2.0. (b) Intensities at 0° LAB
of Dog’and HOZ-from 2.1 ev Eollisions of O; with HD,
plotted as functions of v/vé, the ratio of product to
projectile laboratory velocity. (c) Intensities at
O°LABXD0; from O;-Dz collisions at three relative
energies. The greater spread of the 3.36 eV experi-

ment - is due to the relatively greater:importance of

initiai_internal-excitation of Q;.
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LEGAL NOTICE

'This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,

- apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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