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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 
Califomia. 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 
University of California. 
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rblecular Spectroscopy By Stepwise Two-Photon Ion-Pair Production at 71 nm 

A.H. Kung 
San Francisco Laser Center, Depart:r.ent of Chemistry, University of califor­
nia, Berkeley, CA 94720, U.S.A. 

R.H. Page, R.J. Larkin, Y.R. Shen, and Y.':'. Lee 
!-1aterials and· ~blecular :Research Division, Lawrence Berkeley Iaboratory, 
Universityof california, Berkeley, CA 94720, u.s.A. 

The Rydberg states of H2 have been a continuing subject of intensive study 
~1 various research groups. [l-41Ha.vever, understanding of the high lying 
electronic states of this rrolecule has been in..'fti.bi ted by the lack of ~c­
troscopic data in the region < 75 nm. EJ<perimental studies have been 
d.ifficul t because spectroscopic features are generally buriel under an 
intense absorption or photoionization continuum. [51 Intense, high-resolution 
excitation sources are not easily availabTe. Recent developrrents on tun­
able, na.rrowband, coherent XUV sources l6 provide new I':'leans of studying t.lie 
spectroscopy in this region with high resolution (± .0005 nrn). We have 
applied the technique of stepr.·ri.se two-photon excitation to study :r?hotoion­
ization of H2 in a rrolecular team using the two lowest excited states of H2 
as the internedi.ate level. This excitation, coupled with the detection of 
background-free H- ions has enabled us to uncover, for the first t.i.I!'e, S!;JeC~ 
tro5CQ9ic features that are difficult to observe in ~si ti ve ion detection. [ 71 
'fllese features have been successfully assi9!1ed to new R".fdberg series con­
verging to the high Vibrations of the H2+ ground electronic state. 

In this study, the first photon at "' 96 nm is derived by frequence trin­
ling of a pulsed tunable dye laser in a pulsed jet of co. '!'he fr~ency is 
tuned on resonance with a ro-vibronic level of H2 in the Lyren (B "! il) band 
with v'=l2, 13 or the ~Y9mer (C 1I!,,) band '·lith v'=2. The excited H2 rrolecule 
absorbs a second photon that is t:fie W output ~rom a second dye laser (see 
Figure 1). 'Ibe frequency of this second photon is chosen such that the sum 
of the frequencies of the first and the second photons can te higher than 
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!'igure 1: Potential energy dia­
gram of H2 , showinq two-photon 
excitation scherre. 



2 

HZ(N'=3,V~9 
18 20 22 24 26 2S 30 32 

I 
::z: 

139,536 594 651 709 ' 7'07 
TOTAL PHOTON ENERGY (cm"1) 

139,825 

Figure 2: H2 photoionization 
spectrum following step\·rise t<.vo­
photon excitation. The first 
photon is fixed at.the C 1Tiu 
(v'=2) Q(l) transition frequency. 

71.57 nm, the threshold for H'"' ion production. Here, the 11 ions are forrred 
fran H2 by photopredissociation through the ion-pair channel. Ibnitorins 
the negative ions with a qua.drupole mass spectrcr.eter and tuning the second 
laser will show the threshold for ion-pair production follat'~ by a H- ion 
continuum. Interference of this ion-pair continuum by the major, nolecular 
ion production channel will result in structure in the continuum.[ 8 l 

Figure 2 is an exarrple of the resulting spectrum. . This spectrum consists 
of a structured continuum with sharp dips super.ilr;:osed on the structures. 
The origin of the gross features is not understood at this point. Ib·Tever, 
the dips have been successfully assigned. They corres;x:md to previously 
unobserved Rydberg series of H2 that converge to the H2+ (v+=9, N=l) and 
H2+ (v+=9, N=3) vibrations as the series limit. By tuning to different inter-

. rredi.ate states, ~ have also observed several preli.rn:inary, new Rydberg series 
oonverging to the v+=9 vibration of the H2+ ion with the rotational quanttlr". 
number as high as N=S. These represent the first observation of large 
tN (~ 9) and t:. J (~ 3) transitions in the spectroscopy of H2. 

In conclusion, ~ have described a new technique that couples non-linear 
spectroscopy with negative ion detection for nolecular hydrogen spectroscooic 
studies in the )aN region. The technique should be easily extendable to 
studies of other ciiatc:r.lics and polyatan'ic rolecules. 
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