HIGH-RESOLUTION PHOTOABSORPTION AND PHOTOIONIZATION SPECTRA OF

HD AND DZ

: * .. , .
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Relative photoabsorption and photoionization cross sections fo'roDz and
HD are reported in the wavelength region between approximately 805 A and
735 )y . Many members of the npo 12 and npm 1H Rydberg series for low n and
low v were identified from previous ass1gnments An attempt was made to extend
the assignments to higher vibrational quantum numbers for n = 3-6, using pre-.
viously reported spectroscopic constants. This attempt was only moderately suc-
cessful because of the overlap of vibrational bands at higher v. The increasing
complexity of the spectra at high v and at high n requires a more sophisticated:
analysis such as would be provided by multlchannel quantum defect theory
(MQDT).

Ionization efficiencies were calculated for all identified states. The ion-
ization efficiency was.1 for states which can autoionize by Av =1, i.e., the final
state of the ion has a vibrational quantum number 1 less than the autoionizing
state. In general, the ionization efficiency drops rapidly.with-Av > 1.. ‘The
“3pm 1]'[1‘l state, which can autoionize only with a Av 27, has essentially an ion-
ization efficiency of zero, so decay must proceed by predlssoc1at10n or. molecular
fluorescence. : .

Introduction

The photoabsorption spectrum from‘ the ground rotation_al state of
molecular HD or D2 consists of two interacting Rydberg series convergin_c to
each vibrationalvl’evel of the ion core. “The lower members of the s‘erié“s correspond
to npo 12 and npmw lll series of states, but as n mcreases there 1s a transnion
from Hund's case (b) to Hund's case (d) as a result of the effects of Zuncouphng,
and the series converge, respect1ve1y, to the N.=0 and N =2 ,rotational levels
of the ion core. During fhe course of the 1 ‘uncoupling the two series perturb '
each other strongly, resultmg in large energy level shifts and mtens1ty varia—

" tions. In addition to these interactions between the series convergmg to the

same vibrational level of the ion (Av = 0 interactions), there may be further_
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intense perturbations from low n Rydberg states convering to higher excited
vibrationall‘states of the ion (Av # 0interactions). ‘

" The present wor_l_< reports high resolution (0. 016 X , .FWHM) relative
absorption and photoionization cross sections for HD and IOD 2 at 78°K in the
region from the ionization thre,s‘hold to approximately 740 A .

We were able to identify many peaks based on previous assignments

4 ’

made by Monfils and by Takezaw_a and Tanaka from \}ery high resolution
photoabsorption spectira. -An attempt was made to extend these assignments bj}
“using (1) the vibrational and rotational term valueleXpa‘n'sion'c,oefficien,ts deter;
mined by the above workers and (2) the theoretical calculations 6f Kolos and
RYChleWSkls for the 3pﬂ lr[ state We were aided by being able to obberve

the states 1n both absorpt1on and 1onization For example a state W1th low ‘_

: pr1nc1pal quantum number wh1ch must auto1on1ze W1th a large change in v\ B

bl

would be expected to. have an 1onization etticiency less than 1

Exp’erimental

A detailed description of the apparatus can be found in references .6
and 7. Only a brief summary will be .given here. 4

The hght squrce was the Hopf1eld helium contmuum pulsed at 100 l’c/sec.
.The hght was monochromatlzed with a 3'm near normal incidence monochromator .
. before entermg the 1on1zat1on chamber. The ions were extracted from the
chamber focussed and then passed through a quadrupole mass. spectrometer
for detectlon Sample gas pressure was on the order of 10 um. The resolu-
“tion of the apparatus was observed to be 0.016 A (FWHM) using 10 ym shts in
3rd order Scanmng was done 1n 1ncrements of 1/300 A usmg a completely '

I

automated system

Ordmary D was used stranht from commermal cyhnders at 99.5% purity

2.
thhout further pur1f1cat1on Hydrogen deutende was made by the hydrolys1s

. of hthmm alummum hydrlde with deuter1um oxide. The HD produced was about

94% pure with 1mpur1t1es of 5% H2 and l D2 ’ The samples were cooled to hquld

n1trogen temperature (78°K) before entering the 1on1zat10n chamber



Slippage in the wavelength drive resulted in shifts in the absolute wave-
. ) * '
length scale of about 0.03 A in both the positive and negative direction throughout

the scanning range. Consequently, accurate absolute wavelengths are best

taken from plate spectras; such as those taken by Monfils and Takezawa and

[P
’

‘Tanaka.

Results and Discussion

Spectra“ _
Figures 1 and 2 show transmitted light and ionization plotted on the same

wavelength scale for D_, and HD, re‘spectiVely, starting near their ionization

2

thresholds. The data for D2 were obtaine'd from one continuous run. For HD,

the data were collected from three separate runs. Each run was scaled, ustng

the overlap between them, so that the final plot represents a smooth continuous

~ P T

spectrum

Asmgnments

Our spectra were simplified because the samples were cooled to liquid
nitrogen temperature,‘,so only transitions "-originating’in" the lower rotational
levels were observed We began by usmg prev1ously published assignments.

First, considering D_, we were able to 1dent1fy transitions to the 3pm state for

v =9-15, using a531gzrlments made by Monfils. 1 Then, with the assignments of
Takezawa and Tanaka, 4 all the npo and 'nﬁn t“r'ansitions (n = 4-6) that_they
identiﬁled.in. our wavelength region were identiﬁed. Also, some higher lytng ‘
states (n £10) were identified from assignments ‘by Takezawa and T‘anaka..4'- For
HD the 3pm, v =7,8 and 4p1r v =5,6 can be found : based on the assignments of

1
Monfils.” In some cases peaks were reass1gned on the basis of relatlve inténsities

‘.
FARTIN Cea - -

in absorptlon and 1on1zat1on
We next extended our as51gnments using- publishes constants Extension
of 3p7 transitions was the easiest to make usmg our data since they distinguish
themselves by neghg1b1y autommzmg From the expansion coeff1c1ents for the
3pm state g1Ven by Monflls f and the theoret1cal energy levels calculated by
Kolos and Rychlewski, > we were able to as51gn the 3pmw state transitions very
nearly to the dissociation limit. Several ot:fher new assignments are also shown

in Figures 1 and 2.
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_FIG. 1.--Relative photoabsorption and photoionization cross Sections for HD
taken at a wavelength resolution of 0.016 A anda temperature of 78°K.
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FIG. 2.-~Relative photéabsbrption and photgionization cross. sections for Djp
taken at a wavelength resolution of 0.0l16 A anda temperature of 78°K.
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