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Government. While this document is believed to contain correct information, neither the
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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The dissociation'energy D Oftthe Xez'+ fon:has'been estimated fromj'*
o4 and photo-

2,3 In the work of Huffman and Katayama,zvthe Tower

'bound-ﬂn*D was est1mated to be 0. 967 eV from the d1fference between the'_
B thresho]d energy of the photon 1nduced assoc1at1ve 1on1zat1on process '

‘Xe + Xe - Xe2 and the ‘ionization potent1a1 of Xe “In the work of

Samson and Ca1rns,3 the 1on1zat1on potent1a1 of Xe2 was Obtained by -
photo1onlzat1on in a h1gh pressure gas ce]] where the mechanism-of

produc1ng Xe2 was predom1nate1y the same associative ionization process.

’From such‘experlments D0 was found to be 0.99 * 0.02 eV, In thlS work

‘.we'report the first direct,photoionization.stUdieé of the van der Waals

mo1ecu1e Xez' |
| The exper1menta1 apparatus and procedureswereessent1a11y the same
as preV1ous descrxbed > Br1efly, the apparatus cons1sted of a hydrogen

]amp, a vacuum u]trav1o1et monochromator a quadrupole mass spectrometeri :
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and a mdduleted molecular beam prodgction system.  The 1tght.intensity
‘was monitqred by a sodium>§é1icy1ate coated photomu]tipiiem; The
vspectrometer grating‘is ruled with 1200 }1nes/mm.and has a reciprdca]
dispersion of 8.3 A/mm The Xe2 van'der Waals mo]ecu]es were‘prepared
'by supersonic expansion of Xe through a ~0. 005" diameter nozz]e with a
_stagnat1on pressure of .350 torr at room temperature. The beam of Xe2
mo]ecuies together with Xe atoms then intersected the dispersed Qacuum‘
u]traviolet-photon beam at a distance of apprdximate]y43 inches from
“the noizle,-efter.twb stéges ofvdifferehtia1 pumpfngtv-The'ibns pre-,
duced were]focused'end mass analyzed. The number.density at‘the'CO1lision

12 atom/c.c.

center as probedvby an electron gun was approximately I.S'X 10
for Xe. The counting rate of Xe2+'at 1020 A was about 10% that of Xe'.
' Assum1ng the photoionization cross section of Xe2 is twfce7that'of'Xe,‘
the Xe2 mo]ecu]es formed comprlse roughly 5% of the beam (-7.5 x']Q]O
molecule/c.c.). o | - |

The photo1on1zat1on eff1c1ency curve obta1ned for Xe2 is shown in
Fig. ](a) and 1(b) In Fig. 1(a), the photo1on yield ‘curve was obta1ned
with 300 u entrance and ex1t s]1ts correspond1ng to a resolut1on of -
2. 5 R (~ 25 meV) Data were taken at intervals of 1 A counts be1ng
co]lected for 100 sec at each po1nt from 965 R to 1100 A wh11e each
po1nt was counted_for 200.sec in the range from 1110 A to 1118 A where
the photoionization efficiency is low. Counting rates varied from
100 counts/sec to -0.5 cOunts/sec.. Between 965 A and ]080»A, the
standard deyiatinns wefelbetter than 4%. No fons were observed‘étt

wavelengths greater than'1114.3'A,'and this can. be taken to be the ‘



adiabatio-ioni;ation potential of Xez, wfth an unoertainty of tll A.
This value together_with the ionization potentiaTlof'Xe:and dissOciation.
| energy of Xe, (~24 meV)6,gives 1.03 + 0.01 eV as the dissociation.energy
D, for’Xe2+. We note that our.result is somewhat larger'than the_vaiue
- given by'SamSOn.and Cairns.3 | o
| “The photoionization efficiency of Xe2 1ncreases very s]ow]y from :
the threshold up to 1080 A and then increases dramat1ca1]y w1th the
auto1on12at1on structure dom1natjng the spectrum. “A small Franck-
‘Condon factOr for.direct ionization is to be expected, since the ground
state_of Xe2 is essentfal]y a repulsive state_nith a sha]]ow‘van der
"hNaais we]]j(~24 meV) and an equi]ibrium internuclear-distance (Re) of
‘:eappr0ximate1y 4.4'5;6 whereasvthe'Xe2+ ground state is bound'with"Re
._estfmated'to be about-2.85 K.7t Thevam0unt'ot Xe2+ produced by associ- .
ative ionizationhof ndrmal and excited Xe atoms in the beam js negligib]eV:'
under'oor experimental conditions,h The photoion yield curve does not
fshow-the same7structure as the work of Huf fman and-katayama 2 This
| 1nd1cates that the. Xe2 we. observed is not formed by secondary processes,
but rather by Xe2 mo]ecu]es which are synthe51zed by superson1c expans1on;
| In order to examine the coup11ng between the molecular excited

Rydberg states and the mo]ecular ionic states of Xez, the photo-
ion1zatlon eff1c1ency curve was measured again w1th ]00 3] %Ilt and
entrance s]1ts (i.e. ~10 meV reso]utjon), wlth-these narrower'slyts;:_'
the counting rate at'a partiou1ar wavelength'setting deoreased by near]y
one order of magnitude.‘_bata were taken at 0.5_3 interva]s‘with a 200 =

sec counting time for each point. The results are shown in Fig..1(b),



-

where much detailed structure‘isvevidenf} This spectrdm was §cannéd
twice and all the structure:was found td bé'réproducible. iIn order to
verify the WayeTength célibration, thetioniiation'thheshold of-Xé+.waS<
“also measured and thé data_fs'shoWn in Fig. l(é). The iohiiation
poténfial of atomic xénon in this work;fs.found.to be 1022.3,3 which-i$'
in good.agreement wjth Spectr05c6pjc vé]ues.8 The.standard;déviations‘
‘at several pointS»aré shown on the graph. N | |

“An attempf'was made to assign the excited‘atomic levels to which-
the molecular RydbergAstates are corre]ated-upon'diSSOCiation} fn
the Franck—Candn_transition regioﬁ‘of Xeé, i.e. the nefghborhood'of
the equi]ibridm distance for the ground state, the molecular states
“ should correspond to the Hund-Mu]ffken gaﬁe (C).g-'Thé'ground’state_ofv
Xé2 has closed e]ectfonic.shélls;:and thus isia OQ*Stétg{ By the
selection rules of case (c), tfansitions for'Og+ toVOU+ or Tu'excjted
'mo]eculér states aré the only ones which are electric dipole allowed.
A1l the exCifed atomic_states (except those with J=0) can couple With

the ground state Xe atom (5p6 !

S,) to give an-0u+band/qr an~]u”m01é-
cular state. Thié makesthe assignmenté}of.excited atomic states to
the corresponding excited}mo]écuTar statés4hear]y impossible within '
‘the pfeéeﬁt restution‘of our experiment. Ohly thé'e]ecfric,dipole.‘
allowed atomic RydEefg sefiesf are shoWn.in'Fiéf 1(b). For example;
-vbetween the ]Os[%]; dnd'8d[%]. whéré the sfrdnéest obéeryed autb-*v |
ionization peak is-]otated in this spectrum, there exi;f'a tbtél»of

14 other excited atbmic levels which can couple wfth'tﬂe grQund‘atomit

. state to give excited molecular sfates']u and/or 0u+; The number of



" possible atomic states increases as one approaches the jonization thres-

hold of the xenon atom.
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FIGURE CAPTIONS

. Photoionization efficienty_curye of Xe2;-_(a) Photonion

yield curve obtained with 3do'p enfrance-and exit slit. .

(b)-Photoion yield curve 6btained with ]OO'ﬁ entrance

andAexit,s]it.
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