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Translationalenergyspectrahavebeenobtainedfor capture-dissociationof 6 keYH~in collisionwith inertgastargets.Energy
lossmeasurementsprovidefurtherevidencein supportof a double-collisionmechanismfor theproductionofH~andH frag-
mentsviaan intermediateH~molecule.

ThedissociativecaptureofH~ionsinto H frag- In our study [1] of capture-dissociationof 6 keY
mentsis a subjectwhich hasbeenmuchneglectedin H~using a reversedgeometrymassspectrometer,
the literature.In a recentstudy[1], wehavereported translationalenergyspectrafor productH + andH
evidencethatthemajorityof H ionsproducedfrom ions were measuredusing the collision gas cell,
collision-induceddissociationofH~in H2 gastarget locatedat the focal point betweenthemagneticand
arisesfrom a double-collisionmechanism, electrostaticsectors,“floating” at a positivepoten-

tial of 700 V, relativeto its earthedentranceand
H~+A~H!+A~ (l) exit apertures.Positiveions were retardedon entry
followedby a secondcollisional excitationevent to the cell andacceleratedon exit, with the reverse

effect for the negativeions.This enabledus to iden-
H! +A—p H2 +A~—~H +H +A + , (2a) tify thesequencesof reactionsin this field-free region

of the mass spectrometer,and to ascertain the
or importanceof theintermediateneutralH! produced

from reaction (1).~ +A, (2b) TheH spectrumforH~in Kr is shown in fig. la.

whereA representsa targetatomor moleculein gen- PeakI canbe identified as the main processes(1),
eral, and H!* denotesthe possibility of a different (2a)I ( 2b) of dissociationoccurring insidethe col-
stateof excitationprior to dissociation.The main lision cell. PeakII is due to H ions producedfrom
evidenceforsucha doublecollision process((1) and H! precursorsin thecollisioncell, implying thatthese
eitheror bothof (2a), (2b)) is the almostquadratic neutralH! wereproducedin the field-free region
dependence[1] ofproductH intensityon thepres- prior to the collision cell via process(1). PeaksIII
sureof collision gas A. Process(2a) for captureof andIV are of minor importance,arising from pro-
a secondelectron,prior to spontaneousdissociation, cesses(1) and (2a)/ ( 2b) occurringoutsidethe col-
is the probablechannel[1] for productionof H lision cell [1]. Theseassertionscanbereadilyverified
ions. However,theunusualmechanism(2b) involv- by applying a deflectionfield prior to the collision
ing H±—H ion-pair formation has also beenpro- cell to preventions in the mainbeamfrom entering
posedby Fournier [2]. thecell.PeaksI andIII arecompletelyremovedfrom

theH -spectrum,leavingpeakII virtuallyunchanged
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~ H~+A-~H~+H+A. (4)

H~ions resulting from ionization of H atomspro-
I ducedfromprocess(4) wouldbeexpectedto exhibit

the characteristicspectralprofile of the parentH
atom.

The translationalenergyloss incurredin the dis-
sociationprocessis a furtherviabletestof thevalid-

“ ity of the double-collisionmechanismpreviously

~
identified [1], andit is theaim of thispresentcorn-

a munication to presentevidencein support of thisIV mechanismby extendingour investigationto colli-
I sionsofH~with inert gastargetsHe, Ne, Ar, Kr and

1500 2500 Vo~ 3500 Xe. Thereis no convenientand reliable meansof

J~
measuringthe energy loss for the combinedpro-
cessesfrom the H -spectra,but the translational
energy losscanbe convenientlyobtainedfrom the

I H~-spectra.Sincethe dissociationlimit for reioni-
zation (3a) is only ~0.754 eV [4,5] abovethat for
H~+H (is

2) ion-pair production (2a),a studyof
H~-spectra,at thepresentenergyresolutionof 0.5

IV’ eV cannotdistinguishtheseprocesses.However,an
estimateofthe lower limit for thetranslationalenergy
loss incurredin the combinedmechanismfor cap-

ture-dissociationinto the H+ —H pair is possible.
b Fig. lb displaysthe H~-spectrumfor H~in Kr
________________________________________ with thecollision cell maintainedat + 700 V. Peak
I I I’, exhibiting a wingedprofile, is dueto the produc-

2000 3000 4000 . + . . . . ‘ ±
Volts tion of H ions by direct dissociation(4) of H

2
Fig. 1. Translationalenergyspectrafor (a) H ionsand (b) H~ inside the collision cell; H~formed from the dis-
ions producedfrom capture-dissociationof H, in collision with sociationof theintermediateH! insidethecell (pro-
Kr target.Cell voltage V~ + 700V.

cess(3b)), gives rise to peak II . PeaksI and II
correspondto peaksI andII for H~,shown in fig.

The mostprobableprocessfor the production of la
H~ions via the intermediateH! is that of reioni- .To obtain the expenmentaltranslationalenergy
zation followed by dissociation, . . . .

lossfor thecapture-dissociativereionizationprocess
H!+A~~.(Hfl*+e+A, (3a) ((1), (3a) and (3b)), the H~-peakfor direct dis-

sociation(4) was first obtainedwith thecollision cell
(H~)* H± +H. (3b) earthed.Applicationofa deflectionfield priortocol-

spontaneous lision cell then allows thedetectionof the H~-peak
Process(2b) probably only makesa minor con- due to processes(3a) and (3b); the shift of peak

tribution to the H~-spectra[1]. Contributionsaris- positions(fig. 2), as a result of applying the deflec-
ing from reionizationof H atoms producedfrom tion field, correspondsto the energylossincurredin
direct dissociationof H~also appearsto be small the combinedprocesses(1), (3a) and (3b). Since
[1] ascanbe deducedfrom the absenceof the char- eachproton carrieshalf the energyloss sufferedby
acteristicwings [3] signifying the vibrational pop- H2 prior to dissociation,theenergyloss for thecorn-
ulationof the H~precursorin the directdissociation bined capture-dissociationprocessis equal to twice
process the measuredenergyshift. The resultsof our meas-
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B A

Thesereactions allow for the possibledecay of
H! (13) inbto a differentstateH! (13’) prior to the
secondcollision. If no suchdecayoccurs,theoverall
energybalancewouldresultin anenergylossQ given
by

(6)

whereE(a), E(6), E(’y) andE(e) referto theenergy

states of the primary H~(a), theexcitedH~(~)
prior to spontaneousdissociation,the product ion
A~(y) andthe productatom A(c) respectively,rel-

__________________________________________ ativetothegroundstateatomA(0) ormolecularH2.
2950 • 3000 3050 The assumptionthat thetargetatomsare initially

VOLTS in thegroundstateA(O) hasbeentakenforgranted.
Fig.2. Translational energy spectra for H+ fragmentsfromdirect If 13 � 13’, the energy loss will be increasedby
dissociation(A) andcapture-dissociation(B) ofH~.The shifted [E( 13’) — E( 13)1. For minimumenergyof excitation
H * peakB (with deflectorfield on) relativeto themain H peak leadingto dissociationinto H andH ~ the primary
A (with deflection field removed) establishes the translational

ion H~(of) is assumedtobepopulatedat thehighest
energylosscarriedby eachprotonupon dissociation. vibrational level of its ground electronic state

X’ E5~(lsa~)[3], the final energyof the molecular
urernentfor the five inertgasesareshownin table 1.
To facilitatediscussionof thetheoreticalenergyloss, ion H~(~)mustbe formedcloseto thedissociation
we rewrite the double-collisionequationsfor disso- limit for H + +H (ls), andthe targetatom A ( c) is
ciation into H~via the H! intermediate,allowing left in the ground state. This implies that
for the initial, intermediateandfinal productsto exist [E( ~) E(a)] 0 andE( c) = 0. Accordingly
in variousstatesof excitation, Q=E[A~(y)J (7)

H~(a) +A(0)—+H!(13)+A~u’), the first ionization potentialof the targetatom.For

dissociationinto theH~—H channel(process(2b)),H!(13~)+A(0)_~(Hfl*(S)+A(E)+e
theenergyloss(7) is furtherreducedby theelectron

(Hfl(ö) H~+H. (5) affinity of H (—~0.8eV).
spontaneous In arriving at the figuresfor the minimum theo-

Table I
Translationalenergylossdata.

Collision gas Experimentalvalue Theoretical
(2xH’ energyloss)
(eV) minimum ‘~ verticaltransition“~

(eV)
ground state first excited

He 3l(+l) 24.6 32 52
Ne 31(±1) 21.6 29 45
Ar 27(±l) 15.8 23 34
Kr 26(+l) 14.0 21 30
Xe 26(±l) 12.1 19 27

a) Theoretical minimum. Seetext.

~“ Theoretical value involving vertical transition to 2po,, state of H~from v= 0 state of H! at dissociation limit (-~+ 7 eV), with target
product in ground state A(0) (first row) andtargetproductin first excitedstate.
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retial energyloss (table1), wehavenotallowedfor ler [7] on predissociationof the c3fl ~ stateof H
2 a’

the effect of the Franck—Condonprinciple. The stronglysuggestto usthat the metatablec 3fl u state a’

amountof excessenergyrequiredis largelydepend- andhigherRydbergstatesof H2 may be involved.
ent on the vibrational level of the intermediate
excitedmoleculeH!. Lower vibrational levels will We thank the Royal Society and the University
require more excessenergy to facilitate a vertical Collegeof Swanseafor supportof this work.
transitionto the repulsive2pa,statewhich leadsto
dissociationinto H~+H(ls), on accountoftheshift
of theouterclassicalturningpointof the vibrational
level towardssmaller internuclearseparations.A References
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