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Two-color, two-photon resonant, three-photon ionization, and high-resolution photoelectron spectroscopy are
combined to characterize the photoionization dynamics of thﬁ%ﬁj electronic state of N® Direct
photoionization of selected vibrational levels of the N&po ZZj state shows a strong propensity to preserve

the vibrational quantum numbers of the intermediate state. Efficient methods for produci;ﬁg)q\lt):j

(000), (010), (100), and (001) with over 95% purity are discussed. This approach is expected to be applicable
to the study of the mode dependence of the effects of vibrational excitation-imiolecule reactions involving

NO,*.

. Introduction protonated nitric acid® high-temperature combustidfl’ and
astrochemistry® Studies of the vibrational mode dependence
The experimental conditions for iemmolecule reactions  of the reactions of Ng are expected to be particularly
naturally afford opportunities to investigate collision-energy jnformative. Unfortunately, conventional one-color multiphoton
thresholds for chemical transformation$.The degree to which jgnization has not provided an effective method for producing
internal energy drives such reactions can provide additional state-selected NO. This situation is a result of two effects.
dynamical insights, and with the advent of coincident photo- First, the geometry of ground state hi® bent, while the ground
electron spectroscopy and PEPICO techniques introduced bystate ion and the Rydberg states converging to it are linear. Thus,
Baer and co-workersit has become possible to compare cross the Franck-Condon factors from the ground state to any of
sections for ions in different, well-defined initial vibrational  the |ow-lying vibrational levels of the Rydberg states are very
states. Such photoelectrophotoion coincidence methodologies  small (with the exception of those involving the bending
have been refined to the rotational level for some reactions by yipration), and this results in a very low efficiency for ion
introduction of pulsed-field-ionization threshold photoelectron production. Second, when two-photon excitation is used to
spectroscopic monitoring? populate the Rydberg state, the energy of the first photon lies
Alternative approaches have tuned multiple-photon laser jn 4 strong absorption band that leads to the dissociation gf NO
ionization pathways through specific intermediate resonanceswhich further reduces the efficiency of ion production. In
to actively produce populations of cations in selected vibrational addition, NO produced by this dissociation is efficiently ionized,
states’™'* Studies using this direct strategy have successfully |eading to a large background of NQAlthough this background

exposed reaction dynamics influenced not only by the total can be removed by mass selecting the ions, it can still be a
energy and its partitioning between translation and vibration pyisance.

but also by the topology of internal motion as determined by
the combination of normal modes excit€d3Such experiments
rely on Franck-Condon factors that preserve vibrational
guantum numbers in photoionization from selected intermediate
Rydberg state¥! In the present work, we show how this effect
can be used along with the broad Fran€ondon envelope
normally associated with the geometry changes typically
encountered upon ionization of open-shell neutral molecules to
allow the production of state-selected ions in a wide range of
vibrational levels. Our molecule, NQis representative of the
important class of free radicals that transform from open-shell
neutrals to yield closed-shell cations. We demonstrate by
multiresonant photoelectron spectroscopy that efficient pathways
exist for creating abundant populations of NQyround state
ions in the (000), (100), (010), and (001) vibrational levels with
>95% purity.

The ion—molecule reactions of N& are important in a
number of contexts, including stratospheric chemistry involving

Our approach uses two-color, two-photon excitation to
prepare selected vibrational levels of theoS%E: Rydberg
state of NQ, which are then photoionized by a single photon
of either color. As shown by Grant and co-workers, this
photoexcitation strategy exploits the vibronically mixed char-
acter of the states that form the visible absorption system of
NO; to bridge the FranckCondon gap between the bent neutral
and the linear Rydberg stat&26 In the present paper, we
combine this two-color approach with high-resolution photo-
electron spectroscopy to characterize the direct photoionization
dynamics of the 3p 22: state. This work demonstrates that
the two-color stepwise excitation can overcome the difficulties
associated with one-color multiphoton ionization and be used
to produce vibrationally state-selected NGn all three normal
modes. The results also provide insight into the photoionization
dynamics of the 3p 2= state.

II. Experimental Section

T Part of the special issue “Tomas Baer Festschrift". . .
* Argonne Nat?onal Laboratory. The experiments employ a magnetic bottle electron spec-

8 Purdue University. trometer to measure the velocities of electrons produced by
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where they cross the molecular beam of N®he molecular

80000 ©01) beam is produc_ed by expanding a 1:1:20 mi_xture of QY
79500 —m—m— He at a stagnation pressure of 1600 Torr into a vacuum
chamber by using a piezoelectric pulsed valve. The resulting
79000 beam is skimmed approximately 5 cm downstream of the nozzle
78500 — (100 and crossed perpendicular to the laser beams in the interaction
region. The wavelengths of the two lasers were optimized by
78000 010) per_forming scans of, with A, fixed, and qfiz with ll_f_ixed,
E while monitoring the total photoelectron yield. In addition, lock
>3_ 77500 R scans were performed by scannibgup andi, down while
o B _—NOZ X 12 (000) maintaining a constant photon energy. This process was repeated
u T T for the 3p 23 (000), (100), (010), and (001) intermediate
“ 60000 25+ states, where the labeling;(v,,v3) corresponds to the symmetric
55000 1 3po"2,(001) stretch, »1, the bend,v,, and the asymmetric stretchy,
1 1 respectively. Optimizingl; can result in improved Franek
T % Condon factors for the overall two-photon transition to the
20000 // ////’Aﬁfﬂ B, selected vibrz_altiqnal_ Ieve_l of the_apZZj state, an(_j greatly
10000 ’ enhance the ionization yield. While the high density of states
at the one-photon energy ensures that a resonance will be nearby,
0] X #A, (000) as discussed below, it also can make it difficult to assign the

Figure 1. Schematic energy level diagram showing the relevant energy Structure in the two-photon spectrum. The lasers were calibrated
levels of NQ. The first photona,, accesses a selected level within a by using the optogalvanic effect in Ar, Ne, and U, and by using
region of high vibronic state density associated with levels ofhe commercial wavemeters.

2B,, and?A; excited states, all of which are vibronically coupled with The magnetic bottle electron spectrometer has been described
X 2A;. The second lasef,, drives the transition from this selected previously2’-2° Briefly, the photoelectrons are produced in a

level to a selected rotational level of thedR.! (001) Rydberg state : : o . .
(for example). lonization occurs by absorpti(l)Jn of a photon at either region of 1-T magnetic fl_eld’ which dlverges frpm 1 to 200
at the entrance to the flight tube. The diverging field acts to

oz parallelize the trajectories of the photoelectrons, while maintain-
TABLE 1: lonization Thresholds for Relevant Vibronic ing information on their velocities. Thus, high-resolution
Levels of NO* XlZ; photoelectron spectra can be recorded with high collection
vibronic state ionization threshold (c) efficiency. The drift tube can be biased to provide a retarding
or accelerating potential. The resolution for the present experi-
(000) 77316.7 . ) .
(010) 77943 6 ment |s~.7 meV for electrons with energies less than 0.1 eV
(02°0) 78551.% and considerably lower for the fast photoelectrons produced by
(0220) 78559.4 the @1 + A2 + 1) process. Nevertheless, this resolution is
(100) 78703.5 sufficient to resolve the vibrational structure of interest. The
Egg;g; ;g%igg rotational constant of Ng is too small to allow the observation
(001) 70678.7 of resolved rotational structure in the photoion.

The photoelectron time-of-flight traces for individual laser
_ba\/taluels Iare ltaker} fzrgTVZElKE_eﬁpErim?nts (;EfKZEZ) and the ict)nic shots are recorded by sending the signal from a dual channelplate
E’r' efr";'z‘;rlfv ;j::g SS a(rr: ik gh f%lrjnez'sEKaE ‘(err;f r202n)1 i ;;g%'&?g S detector to a digital oscilloscope. Typically, data from 3000 laser
Q-branch assignments (ref 23). shots are averaged to produce a photoelectron spectrum. The
low photoelectron energies resulting from thg ¢ 1, + 11)
process makes it necessary to apply a potential of approximately
—0.4 V to a grid in the interaction region to push the electrons
into the flight tube of the spectrometer. To obtain reasonable
resolution for the fast photoelectron peaks produced by/he (

photon transition involving one photon fand one oflo. Here, 4 7 4 ) y hrocess, we recorded separate photoelectron spectra
/1 corresponds to the fundamental output of the first laser, while | i o retarding voltage applied to the flight tube grid. As

A2 corresponds to the frequency-doubled output of the second yise ssed previous;25 photoelectron spectra were calibrated
laser. The pulse energies of and/, are approximately 51mJ by using the energies of photoelectron peaks corresponding to
and 0.5 mJ, and the bandwidths are 0.03 and 0.I°tm  ynqwn photoionization processes. In particular, the vertical
respectively. The valugzs dﬁ.andlz are chosen so th.at'a smgle photoelectron peaks resulting froth (- 4> + A1) and ¢ + Az
photon of4, cannot dls_somate the_ NGut C.OU|d still lonize + 1) photoionization above the %5 (v1v5v3) thresholds

th_e selected mtermedlate_leve_l via a vertical transition (i.e., were used, as well as the NQX =+, »* = 0) photoelectrons
without a change in the vibrational quantum numbers of the produced byi, ionization of NO (AZ25+) state. Calibration

intermediate state). The first photon/atexcites theNO; to a . )
region of very high density of states produced by the complex uncertainty wast:5 meV for the low-energy photoelectrons.

vibronic structure of three interacting electronic states. The
pulses of the two lasers overlap in time, and becauses
considerably shorter thah;, the intermediate state can be The symmetry labels and selection rules relevant to the
ionized by the absorption of one photon from either laser. The present experiment have been discussed in detail previ-
relevant ionization thresholds are given in Table 1. ously2526:30|n what follows, the quantum numbers of the ground
The two laser beams copropagate collinearly, and focus state are labeled with double primes, those of the @ﬂ
loosely into the collision zone of the electron spectrometer, intermediate state with single primes, and those of the ion with

stepwise photoionization using two nanosecond pulsed Nd:
YAG-pumped dye lasers. As shown in Figure 1, the selected
vibrational level of the 3p 23 state is populated by a two-

[ll. Spectroscopic Considerations
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Figure 2. Rotational level diagram indicating rovibrational symmetries
in the 3w Rydberg state and two-photon transitions allowed from the
X 2A; ground state.

plus signs. As in earlier work®26the selection rules for the X
2A; to 3po 23, transition will be considered in terms of the
overall two-photon transition. The two most important symmetry
elements common to the NOX 2A; ground state, the 3p?,
intermediate state, and the electraan complex are the
inversion symmetry (or total parity}, and the permutation
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Figure 3. Rotational level diagram indicating rovibrational symmetries
in the X 12; cation ground state and two-photon transitions allowed
from the 3w =" intermediate state.

and levels exist for alN®™ = even. The, vibronic levels have
(—,s) symmetry, and levels exist for &I = odd.

IV. Results and Discussion

IV.A. lonization-Detected Absorption Spectra. The prepa-
ration of selected vibrational levels of the BpZ, state of
NO; relies heavily on the previous studies of the spectroscopy

symmetry for exchange of the oxygen nuclei, s/a. Because theof this state by Grant and co-workéfs24 The vibrational levels

terminal %0 nuclei are spin-zero bosons, the permutation
symmetry of all of the levels that exist must be s. Kie= 0
levels of the X2A; vibrational ground state have symmetry,
and, as shown in Figure 2, only those witH = even, which
have (+,s) symmetry, exist. Fd" = 1, all allowed levels have
(—,s) symmetry.

Figure 2 also shows symmetry assignments for the first few
rotational levels for the,, Iy, X4 vibronic levels of the 3p
22: Rydberg state. As a result of the different u and g
symmetries for the different vibronic levels, accessing the
desired 3p 223 vibronic level requires starting from a suitable
K" level. In thellg vibronic components [e.g., (010)], only the
levels with (+,s) symmetry and\' > 1 exist. In theX, vibronic
states [e.g., (000), (100)], one finds only levels with,g)
symmetry andN' = odd, while they vibronic states [e.qg., (001)]
support only those levels withH{,;s) symmetry andN' = even.

of interest are fairly well separated from neighboring levels so
that it is not difficult to select the vibronic level of interest by

a suitable choice of; andA,. However, the detailed assignment
of the rotational level in the selected vibronic level of ther3p
22: state is considerably more challenging. In principle, once
a two-photon resonance is found, one could stamith 1,
fixed, or scanl, with A; fixed on a particular pump transition.

In the former case, thel; spectrum would show peaks
corresponding to transitions from several rotational levels in
the X 2A; state to the selected lower rotational level of fhe
transition. This approach has worked quite well in some studies
by Grant and co-worker$-24 Unfortunately, perhaps due to
the considerably shorter wavelength #f in the present
experiments, the density of states at the energy appears to

be high enough that, is resonant with more than one rovibronic
transition. This high density of optically accessible states results

The permutation symmetry is set by nuclear spin statistics, andfrom complex vibronic interactions among three different excited

the selection rules for the two-photon transition between the X
2A; ground state and the 8%Z, Rydberg state require that
the inversion symmetry does not change - +, — — —).
Thus, transitions to states of vibronic symmdifyor =, [(010)

or (001), respectively] can only originate fraff = even levels,

0, 2, ..., and transitions B, levels [i.e., (000), (100)] can only
originate fromK" = 1 levels (or more generally, frond" =

odd levels).

As discussed by Bryant et &L22the selection rules for a
single-photon transition from the 8;?2: state to the ioniza-
tion continuum constrain the inversion symmetry and permuta-
tion symmetry transformations te- — —, and s— s,
respectively. The 3p2%] state and the Ng X'Z state are
both linear, so there is also ati g selection rule on the vibronic
symmetry. As in the 3p 23 state, nuclear spin statistics
restrict the rotational levels of the NOX 1= jon that can
exist. These restrictions are shown in Figure 3. In particular,
the Iy, vibronic levels have{,s) symmetry, and levels exist
for all Nt = 1. TheXy vibronic levels have,s) symmetry,

electronic states of N This situation makes it difficult to
assign theN'"” value of the two-photon transition. Similarly, if

A1 is fixed and A, is scanned, a small number of peaks
corresponding to transitions from the selected intermediate level
to the allowed rotational levels\Q = 0, +1) in the 3w 2=
state should be observed. This spectrum should then support
an assignment of thd' value in the 3p 22: state. Again, as a
result of the high density of states at the one-photon endigy,
does not appear to pump a single rovibronic transition, and the
resultingA, spectrum typically contains many more than three
lines. The wavelengths used to excite the different vibronic
levels are given in Table 2. The most likely rotational assign-
ments for the two-photon transitions used in the present study
are provided in Table 3, but these should be regarded as
provisional.

An additional factor that contributes to the complexity of the
two-photon spectra is the presence of the 1-T magnetic field in
the interaction region. Although this field is necessary to achieve
high collection efficiency for the photoelectron spectra, it is
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TABLE 2: Excitation Wavelengths for the NO,* Vibrational

Levels Studied NO," X 'z " (000)
VL, U U4 A1 (nm A2 (N =l
(000) 455.598 296.900 %
(010) 455.737 291.407 E
(100) 456.000 284.901 z
(001) 459.699 276.054 g
]
aThe error bars for the wavelengths ak€©.001 nm. u . .
g g NO* X 's” (A state) N9, X ‘zg (0aa)
TABLE 3: Tentative Rotational Assignments for the 5 | |
Two-Photon Transitions P —~ L
3pO‘ 22:; energy (le) energy (le) (}'1 i }'2 i I"\'1) (}'1 i J"2 i ?'2)
U1, Ug,04 N N’ [v1] [v2]
I ] 1 I I ] 1 I I 1 I I I 1 I I I
(000) 1 5 21949.2 33681.4 0 0.4 0.8 12 16
((1)88) (1) g %iggsg ggiégg ELECTRON KINETIC ENERGY (eV)
EOOlg 2 4 21753:4 36224:9 Figure 4. Photoelectron spectrum following direct ionization via the

3po 22: (000) level with a small retarding voltage on the flight tube.
The weak peak labeled NOX =+ (A state) is assigned to the one-
possible to record wavelength scans of bbtland, with the photon 4, ionization of NO A ?Z* produced by the multiphoton
electromagnet turned off, albeit with a poorer signal-to-noise dissociation of NG

ratio. Comparison of such “field-off” spectra with “field-on” ) )
spectra shows that the latter are considerably more complex,Franck-Condon factor will be very small. However, if the
with many lines showing splittings and a significant number of intermediate state has a geometry intermediate between that of
extra lines. While the Zeeman effect in the ground state of NO the X ?A; and 3w 25 states (or an indeterminate geometry
is well-characterized! it is considerably less characterized at Owing to vibronic coupling), it is possible that the Franck
the one-photon enerd¥,and is a subject of active reseaféh.  Condon factors for both thé; and 4, transitions will be

In contrast, the Zeeman effect in theddfs, state is likely significant, with the overall product FranelCondon factor
relatively simple, as the state appears to be relatively isolated.being substantially larger than that for the one-photon &

In that case, the Rydberg electron is expected to act more or— X %A1 transition. While the spectroscopy at the first-photon

less as a free electron, with a splitting of approximately® energy is incredibly complex and unassigned, the lock-scan
between théVls = £/, levels of a given state, wheyg; is the method allows an empirical approach for optimizing the

Bohr magneton 0f0.467 cnTY/T and B is the field in tesl& Franck-Condon overlaps, as well as the electronic transition
This splitting can be observed in the double-resonance spectranoments, for the two-photon transition.

via the 3w 223 state. Levels with different values My will IV.B. Photoelectron Spectra.The photoelectron spectrum

also be split by the field, but these splittings are not expected for the 3pr 22: (000) band recorded with a minimal retarding
to be resolved at the present field strength and laser resolution.voltage on the flight tube is shown in Figure 4. The low-energy
Although weak field-induced mixing with other states may (<0.5 eV) peaks in this spectrum are well resolved, but the
occur, and although the magnetic field increases the complexity faster peak near 1.5 eV is not resolved. The slowest peak
of the two-photon transition to the apzij state, the photo-  corresponds to the ionization of the@%ﬁj (000) level by one
electron spectra reported below suggest that the vibronic photon ati,, that is, by a1 + 4> + A1) process. The fastest
character of the selected levels are not substantially modified peak is produced by ionization of the BBZ, (000) level by

by the field. one photon afl,, that is, by a {1 + 42 + 4,) process. As a
Before moving to the photoelectron spectra, it is worth result of the nature of the time-of-flight spectrometer, the
discussing the enhancement of the two-photoo @5] — X instrumental width of the peaks broaden with decreasing flight

2A; transition that is achieved by using a two-color excitation time. The widths of the higher energy peaks can be reduced by
process. As discussed above, the first benefit results from applying a retarding voltage to increase the flight times. Figure
choosing at; photon energy that is below the dissociation 5 shows a portion of a second spectrum via the same intermedi-
threshold for NQ. A second benefit is that the two-color process ate level that was recorded with a larger retarding voltage on
allows both steps to be resonant, leading to a significant the flight tube. This provides significantly better resolution for
enhancement over a nonresonant two-photon transition. Finally,the faster photoelectron peaks. The spectrum in Figure 4 also
although it is difficult to characterize, it is possible that the shows a photoelectron peak resulting from the ionization of NO
optimization ofd; andA, can significantly improve the overall  in the A 2Z* state. NO is present as an impurity in the gas
Franck-Condon factor between the bent24; state and the  cylinder and is also produced by the multiphoton dissociation
linear 3w 23 state. This can be understood as follows. If the of NO,, which may populate the A=+ state; once identified,
geometry and potential surface of the intermediate state isthis NO peak is helpful in calibrating the photoelectron spectra.
identical to that of the ground state, the Fran€ondon factor A weak peak in Figure 5 is also tentatively assigned to fhe (
for the 1, transition will be unity, but the FranekCondon factor + A2 + A) ionization of ground state NO XI1. Because the

for the A, transition (and thus the product of Frarg&ondon photon energy at; is just barely above the NO X12(_;r (000)
factors for the overall transition) will be the same as that for ionization threshold, only a single slow photoelectron peak from
the one-photon 3p22u+ — X 2A; transition. Similarly, if the NO; is observed in Figure 4. In contrast, the photon energy at
intermediate state is identical to the BFE, state, the A lies approximately 1.5 eV above the NOX!Z; (000)
Franck-Condon factor for théd, transition will be unity, but threshold, and there is the potential for producinggN(Xilzg+

that for thed, transition will be the same as that for the one- in a number of different vibrational levels. The dominance of
photon 3@ ZZI < X 2A; transition. In either case, the overall the NG X12;r (000) photoelectron peak in Figure 5 clearly
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Figure 5. Photoelectron spectrum following direct ionization of the
3po sz (000) level. The spectrum was recorded with a retarding
voltage on the flight tube to enhance the resolution of thet 1, +
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is tentatively assigned to the photoionization of NGIX via a (1 +
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Figure 6. Photoelectron spectrum following direct ionization via the
3po 2= (100) level with a small retarding voltage on the flight tube.
The weak peak labeled NOX =+ (A state) is assigned to the one-
photon A, ionization of NO A 2Z* produced by the multiphoton
dissociation of N@.

indicates that the geometries and potential surfaces of the NO
3po 25 and NQ* X'S; states are very similar.

Pairs of photoelectron spectra for the N8po ZZI (100),
(010), and (001) bands are shown in Figured &, respectively.
These spectra are similar to those for the BEI (000) band,
in that they show slow photoelectrons produced by theH
A2 + A1) process and fast photoelectrons produced bythe-(

A2 + ) process. As in the (000) spectrum, the observed
vibrational progressions for thely + A, + A1) process are
limited by theA; photon energy and are all very short, while
those for the 41 + A2 + A,) process are generally somewhat
longer. Nevertheless, the vertical transitions (that is, where
vy = vy vy = vy,andsy = v3) in both the 41 + A2 + A1) and @4

+ A2 + Ap) processes totally dominate the photoionization of
the 3w 223 state. The photoelectron branching fractions for
the four intermediate vibrational levels and both the € 12

+ A1) and @1 + 42 + 4,) ionization schemes are given in Table
4. Before discussing these branching fractions in more detalil,
the relative intensities of thé{ + 1, + A1) and @1 + 12 + 1)
bands are first considered.

The relative intensities of thel{ + 1, + 11) and @1 + 4> +
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Figure 8. Photoelectron spectrum following direct ionization via the
3po 22: (010) level with a small retarding voltage on the flight tube.
The weak peak labeled NOX =t (A state) is assigned to the one-
photon A, ionization of NO A 2=* produced by the multiphoton
dissociation of N@.
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Figure 9. Photoelectron spectrum following direct ionization of the
3po =7 (010) level. The spectrum was recorded with a retarding
voltage on the flight tube to enhance the resolution of heH 1, +

A2) photoelectron peaks.

factors. The first is the relative intensity of the two laser beams,
which was different in all four spectra. Although the pulse
energy of thel; beam is considerably larger than that of fhe
beam, the relative intensity in the interaction region is difficult

A2) processes in Figures 4, 6, 8, and 10 are determined by severato quantify. In particular, the beams were only loosely focused
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dissociation of N@.
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in the interaction region, thé.{ + 1, + 4;) process is expected

to dominate because the electronic part of the photoionization
matrix element for Rydberg states is typically greatest close to
threshold and decreases substantially as the photon energy is
increased well above the ionization threshold of the sfate.

The observation that two different ionization processes [i.e.,
(Ar + A2 + A1) and @1 + A2 + Ay)] contribute to the
photoelectron spectra of the 13623 vibrational levels would
create a problem in using this approach for producing state-
selected ions if the vibrational branching fractions were
significantly different for the two processes. Fortunately, Table
4 indicates that the ionization process creates state-selected ions
with >96% purity regardless of the ionization path for all four
3po 23 vibrational levels. Thus, control over which laser
ionizes the intermediate state is not so important, and the relative
intensities of the two can be optimized based on other
considerations.

The observation that the vertical transition completely
dominates the photoionization dynamics for the four vibrational
levels of the 3p 2= state studied clearly indicates that the
potential surfaces for this state and the ZNOGEJ state are
very similar, at least near the bottoms of their wells. The small
signal observed for off-diagonal transitions could be readily
explained in terms of small differences in the two surfaces, but
their low intensity makes these difficult to quantify as several
factors could influence the branching ratios. For example, the
electronic photoionization matrix elements may depend on the
electron kinetic energy and thus depend on the final vibrational
level that is accessed. This effect would skew the distributions
expected from the purely vibrational Frare€ondon factors.
The extent of such effects will only become clear when detailed
calculations of the photoionization dynamics of the N&po
23" state are performed.

The small FranckCondon factors for all but the vertical
transition minimize the likelihood that vibrationally autoionizing
states influence the branching fractions. In particular, any
vibrationally autoionizing level would have at least one mode
with o = ui+ + 1, as the three-photon energy in either
ionization scheme lies above the diagonal threshold. The

into the interaction region and a nonachromatic lens was used,observation that the branching fractions are strongly diagonal
making it difficult to characterize the relative spot size of the @ISO indicates that electronically autoionizing states are not
two beams. The relative intensities of the two beams could be @ccessed at the three-photon energy in this study.

varied by introducing neutral density filters into the beam paths, ~ Finally, Figure 7 shows the onéy(+ A2 + 42) photoelectron
and as expected, decreasing the intensity of a beam results in gpectrum we obtained that exhibits anything like a vibrational
decrease in the relative intensity of the corresponding photo- progression, with peaks observed fg@r= 0—3. However, even
electron peaks. Even if the two beams had identical intensitiesin this case, which was found for ionization via theo?;ﬁu+

TABLE 4: Branching Fractions for Direct lonization of Selected NO,* X 13 (vy ,v; v;) States

A1 ionization

prepared state Az ionization

3po = : branching fraction for branching fraction for
vi, vh, V3 CEZED) NO,* 157 (v) 05 .,05)° (v1,02.03) NO,* 157 (v, v5, 5)
(000) (000) 1.00 (000) 0.97
(020) 0.03
(100) (000) 0.04 (000) 0.01
(100) 0.96 (200) 0.97
(200) 0.02
(300) 0.01
(010) (000) 0.01 (010) 0.99
(010) 0.99 (030) 0.01
(001) (000) 0.01 (002) 0.01
(100) 0.00 ? 0.01
(001) 0.99 (001) 0.99

2 The branching fractions with values less than 0.05 have error bat$ @f1.



Production of Vibrationally Excited N&

(100) level, the vertical transition accounts f808% of the

signal, and a small difference in the potential surfaces of the
Rydberg and ionic states could easily account for the progressionNg,

in NO,™. It is interesting to note that, below the Nbxlig
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vibrationally state-selected NO via two-color ionization via

the 3@ 22: (vivov3) Rydberg state has been developed.

Specific approaches have been presented for producing NO

Xlﬁg in the (000), (001), (010), and (100) vibrational states.

Photoionization of the 3pzij (v1v0v3) by a single photon of
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