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Several experimentall’z and theoretical}-5 investigations of

4nibrational_predissociation of van der Weals molecules heve been carried

out recently. ';In this communication we report the experimentalvestima—

tlon of the v1brat10nal predissociation rate of v1bron1ca11y excited

hydrogen molecule dimers using the known aut01onlzat10n rate of hydrogen

molecules as a clock. The scheme is based on the Competltlon between
autoionization and vibrational predissociation following photoexcitation
of.hydrogen molecule dimers thus:
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Since (Hz)2 is very weakly bound, it is expected that the.(HZ)2

excitation spectrum should be very similar to that of H2.

*Permanent Address: Instituto de Qu1m1ca, Unlver51dade de Sao Paulo,

C.P. 20780, Sao Paulo, Brazil.
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In the absence of vibrational_predissociation of HZ 7H2~-the photo—
should be nearly 1dent1cal to

. ] i G .
ionization spectrum of_H3.vfrom (H
at least above the H2 '1onizatLon threshold,

+ Htrapidly.*'on the’other hand, by =

2)2
- that of HZ from H2,

. t, o
31ncebH2 H2 decomposes.to HB .
carefully_examining'the differences that appear in the spectra, one

can learn something.ahont'the vihrétionai'predissociation process ‘in

The experimentvwas done using,e'molecular beam photoionization
arrangement described previousiy.6 vadrogen dimer Was produced‘by
exoending‘hydtogennatv1874“etm‘ptessnte through;a'liqnidfnitroﬁen
'_cooleduiormictonknozZle,;iFormgtion of:iarget cluetets_nas negiigihie
'under these conditions.»'The beam containing both'H2 and (H2)2
then crossed w1th a dispereed vacuum UV photon beam._ PreSSure 1n‘the
vinterection’region,was 3 x 10 ? torr ' The llght source was the helium
xHopfield continupm, To obtaln suff1c1ent llght 1nten51ty,_the l m VUV
‘monochromater was.set for 4 A‘resolution. The H2+5Phot01onization‘f
spectrum was obtalned at much lower stagnatlon pressure to av01d con-
ftaminatlon with - (H2)2 | |

The photoionization'epectra of H3+dand H2+ are shoWn.in Fig. la.
The two spectra are normalized ath77é K_end 799 A to faciiitate come
parison. The high resolution phot01onizat10n spectrum of H2 repofted
by Dehmer and Chupka clearly 1nd1cates that the 1on1zatlon near the
threshold is'entitely domlneted by 1ntense and4narrow”eut01oninatlon

lines. The observed features in our spectra result from resolution

averaging of this sharp structure.



vaut01onlze v1a a Av > 2 process

" . Lo c7 D
In H, photoionization, it has been shown. ‘that vibrational auto-

el e e e T L 120
1onlzation-wh1ch.occurs via Av = 1 1s-much faster (k ;;10._:5510. o
';sﬂ. ) than that Wthh occurs v1a Av > 2. (k . lO8 - 109 secfl).:llﬁ;f

F1g la, we have plotted under our spectra those states whlch must

- but llkely to aut01onlze via: Av > 2,_are shown with dashed llnes The:.

o
arrows show the‘thresholds for various H2 vibrational states.

o+ ‘ | . :
When the H3 ~and H2+ spectra are compared, it is apparent that

S oy o | N o - |
above the H2 threshold, they are very similar as predicted. However,

" there are regions where the H3 spectrum lacks the intensity of the

H2+ spectrum. The parts which are identical, 780 - 790 A and 797 -

_ : o - , :
802 A, are the regions where H2 autoionization is dominated by Av =1

processes and the parts where H3 is less intense are those where
Av:i 2 processes contribute significantly. Since Av > 2 autoionization
is slow, . it seems possible that vibrational predissociation is removing

% : : -
these (H2)2 states before they can autoionize, lowering the ion ,

intensity. We can therefore estimate the rate of vibrational pre-
dissociation by assuming that for, these states which autoionize via

Av > 2, k, > ka' From the reported values for ka_for different states,

z d ~ _ v
which are 2.1 x_lO8 sec-l’for Q(1) 6pm, v = 2 (795.9 K); and 7.6 x lO8

sec:"l for Q(1) 5pm, v = 4 (780.4'&);7 we estimate kd 25 x 108 secn1
9 | ‘

* : - v
for H2 (v=2)'H2 and k, > 10° sec 1 for H (v—4) H .Since Av = 1

K |
.. . . ll N iy
autoionization seems uneffected 'kd 0 sec in both cases.

The pred1ssoc1at10n rate of H (v=1)- H2 was calculated by Ewing4

to be 4 x 103 _l. However, there are at least two-effects present

States w1th uncertaln a831gnments,.y'”



in the high excited (H2)2 that we are dealing with that would lead v

*
2)2 the Rydberg

one to expect higher prediSSociation rates. In (H
electron has a principal quantum number of’at least 5, 1ending con—
siderable ionic characterter to the excited hydrogen. This pre=-
sumably reduces the.v1brational level spacings in the exc1ted hydro—
gen and increases the depth and steepness of the intermolecular |
potential in=thevdimer: hBoth these eifects are expected to lead

to higher'predissociation‘rates. ’ blAn'increase’in the predissociation
rate with vibrational quantun.nunber is‘also expected. |

: ' S - o S
The H + spectrum below the H, ionization threshold corresponds

3 2
primarily to transitions to the H2 -H2 Rydberg series converging on

(V—O) H Slnce these states can neither vibratlonally predissoc1ate
nor aut01onlze w1thout additional 1nteract10n between H2 and H .

ionization in this spectral region must occur via a chemiionizatlon

*

process in H2 'Hz.

Figure 1b shows the experlmentally observed H3+

intensity near
threshold w1thout photon flux normallzation This allows better.

estimation of background ion 1nten31ty The measured threshold is
14.09 + 0.05 eV. Taking the proton affinity of H2 to be 4.37 eV9

we, calculate a thermodynamic threshold of 13.70 eV. Theldifference
of 0. 37 eV in the threshold presumably is due to the limited sen-

* _
3 51gnal from H2 -H2 near the

threshold, rather than a real discrepancy in the proton affinity of

sitivity of detecting the low level H

_H2.
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FIG. 1. (a) The photoionization efficiency curve of H
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FIGURE CAPTION

+

5 from (Hy),
nd H + f: m H. ‘

a 9 To 9% ,
states with Av 2;2 frdvaef.l7; (b) the threshold region of H

The ‘lines at the bottom shows the autoionization
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