
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Photoelectron Spectroscopy and Dissociation Dynamics of Excited States of
Small Molecules.

Scheper, C.R.

Publication date
2000

Link to publication

Citation for published version (APA):
Scheper, C. R. (2000). Photoelectron Spectroscopy and Dissociation Dynamics of Excited
States of Small Molecules. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/photoelectron-spectroscopy-and-dissociation-dynamics-of-excited-states-of-small-molecules(5138a506-3cb4-4194-9970-f253e903f282).html


Chapterr 5 

Resonancee enhanced multiphoton ionization photoelectron 

spectroscopyy of gerade excited Rydberg states of the xenon dimer 

Abstract t 

Resonancee enhanced multiphoton ionization with high-resolution kinetic-energy-resolved 

electronn detection and with zero-kinetic-energy electron detection following pulsed-field 

ionizationn is performed on four excited gerade Rydberg states of the xenon dimer. Detailed 

informationn on the possible ionic cores and the dissociation limits of these states is obtained. 
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5.11 Introduction 

Thee study of Van der Waals dimers consisting of noble gas atoms is interesting both for 

fundamentall  and practical reasons. An understanding of the weak bonding characteristics of 

Vann der Waals dimers is relevant for the type of bonding which occurs in many clusters and 

inn transition states which play a key role in many chemical reactions [1]. From a pragmatic 

pointt of view a detailed understanding of the properties of Van der Waals species containing 

raree gas atoms is important in the context of excimer lasers [2,3]. 

Thee xenon dimer is an important representative of the class of rare-gas dimers. In the 

groundd state of the dimer all the valence orbitals deriving from the 5p atomic orbitals are 

occupied.. The potential energy curve of this ground state only shows a shallow minimum at 

largee internuclear distance typical for Van der Waals bonding. When a valence electron is 

excitedd into a higher molecular orbital, excited states of the dimer are formed which may 

showw characteristics very different from those of the ground state. In fact, excited states can 

showw a large variety of bonding properties, ranging from states which are much more strongly 

boundd than the ground state, to those that are fully dissociative [4-21]. 

Studiess on Van der Waals complexes are demanding. They must be produced under non-

collisionall  conditions which prevail in a molecular beam. In addition, since the shapes and 

positionss of the minima of the potential energy curves of ground and excited states are 

generallyy very different, the Franck-Condon factors for transitions from the ground state to 

excitedd states are usually very small, thus confronting the experimentalist with a detection 

problem.. Most of the information on the xenon dimer is therefore relatively recent. 

Ann experimental technique which has provided valuable information is one-photon 

absorptionn from the ground state to the various excited states [4-9]. Since the ground state has 

geradee symmetry, only excited states of ungerade symmetry can be addressed in this manner. 

InIn order to reach gerade states, photoabsorption involving an even number of photons is called 

for.. Studies on gerade states have been carried out on the two-photon excited transitions from 

thee Og ground state to Rydberg states possessing Xe ' So + Xe* (6s <— <- 5p), Xe ' So + Xe 

(5dd <- <— 5p),, and Xe lS0 + Xe (6p <- <— 5p) dissociation limits [10-21]. The atomic 

selectionn rule for two-photon absorption is ts.0, = 0 or  2. Therefore, two-photon transitions 

fromm the 5p valence orbital to 6s and 5d Rydberg orbitals are forbidden in a Xe atom, while 

thatt to the 6p Rydberg orbital is allowed. Although t is not a rigorously good quantum 

numberr in a molecule because of the anisotropy of the molecular potential, these 
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considerationss should still carry some weight when applied to the spectral intensities of the 

correspondingg transitions in the xenon dimer. 

Thee gerade states of Xe2 have been studied predominantly with (2+1) resonance 

enhancedd multiphoton ionization spectroscopy in combination with mass-resolved ion 

detectionn (REMPI) [12,14-16,18,20,21]. The mass-resolved REMPI studies have focused on 

specificc isotopomers and the excitation spectra for the bound intermediate states usually show 

well-resolvedd vibrational structure. From these studies the spectroscopic parameters of the 

geradee excited states have been derived in detail. The REMPI technique has one serious 

disadvantagee in that on ionization only the presence of ions is monitored, while no 

informationn about the internal energies of the ions formed can be derived. When Rydberg 

statess are considered, they can be viewed in a simple picture as consisting of an ionic core 

withh one electron in a Rydberg orbital. On ionization the Rydberg electron is removed and the 

ionicc core remains. In order to obtain more information about the electronic structure of 

Rydbergg states it is essential to determine the internal energies of the ions formed, from which 

ann attempt may be made to deduce the state of the ionic core. In this context photoelectron 

spectroscopyy (PES) is an invaluable tool. When configuration interaction is prevalent, 

Rydbergg states can no longer be described in terms of a single ionic core with an added 

Rydbergg electron. Laser photoelectron spectroscopy, either by conventional means (REMPI-

PES)) or by more sophisticated methods such as zero-kinetic-energy electron detection with 

pulsed-fieldd ionization (ZEKE-PFI) possesses the unique capability of making configuration 

interactionn experimentally visible. A limited number of REMPI-PES studies on the gerade 

statess of Xe2 have been carried out to date [13,17,19]. 

Inn order to obtain more information about the ionic cores of the excited Rydberg states 

studiedd in this work, the lowest ionic states are important. When a 5p electron is removed 

fromm the dimer, six low-lying ionic states can be formed when spin-orbit coupling is taken 

intoo account. For small internuclear distances these states are in order of increasing energy: 

A 2S^uu (which in the conventional labeling of the rare gas dimer cations is the ground 

electronicc state), B 2Tli/2g, B 2ri]/2g, C 2n3/2U, C 2Umu and D2Sjh/2g. These ionic states have 

beenn studied in some detail employing both experimental [22-24] and theoretical methods 

[25-29]. . 
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TableTable I 

SpectroscopicSpectroscopic constants for the states ofXe2 and Xe\ involved in the present study. 

Electronicc state Dissociation limit Ree Te De C0e tOeXe 

(A)) (cm"1) (cm"1) (cm"1) (cm"1) 

Xe22 l g
a 

Xe22 ? b 

Xe22 0!  c 

Xe'S00 + Xe*6s[3/2]i 5.36 68082.0 150.1 9.10 0.140 
Xe'Soo + X e ' ó p ^k 4.33 78015.1 300.8 21.5 0.4 
Xe'Soo + Xe*5d[5/2]3 5.51 82514.9 112.10 5.7955 0.07491 

V p ++ A2Y+  d 
A . e22 / \ ^ i / 2 u 

Xe**  B2n3 / 2 g
d 

Xe22 c n3 / 2u 

Xe^B2n i / 2 g
f f 

A e 22 ^ 1 A l /2u 

A e 22 u Z j l /2g 

3.17 7 

3.19 9 

4.76 6 

6.35 5 

4.13 3 

5.29 9 

90107 7 

96208 8 

97575 5 

107097 7 

7923 3 

1822 2 

453 3 

78 8 

1472 2 

242 2 

123.41 1 

58.36 6 

23.1 1 

repulsive e 

49.96 6 

21.15 5 

0.486 6 

0.484 4 

0.55 5 

0.458 8 

aRef.21 1 
bRef.. 12 
cRef.. 20 
dRef.. 24,27 
eReff  23,27 
fRef.. 27 

Inn the present work high-resolution time-of-flight photoelectron spectroscopy was applied 

too four gerade Rydberg states which arise from excitation of a 5p electron into a molecular 

Rydbergg orbital. These states are the lg state with a Xe 'S0 + Xe* 6s[3/2]] dissociation limit, 

thee 0g state with a Xe 'S0 + Xe* 6s[3/2]i dissociation limit, the state at ~ 78000 cm'1 with a 

Xee 'So + Xe*  6p[5/2]2 dissociation limit, and the 0g state with a Xe 'S0 + Xe*  5d[5/2]3 

dissociationn limit. In addition, ZEKE-PFI was attempted for all states, but could only be 

carriedd out successfully on the state at ~ 78000 cm"1 with a Xe 'S0 + Xe*  6p[5/2]2 

dissociationn limit, and on the excited Xe* 5d[5/2]3 atoms produced on photofragmentation of 

thee 0g state with a Xe 'So + Xe* 5d[5/2]3 dissociation limit. Although a definitive assignment 

off  the final states is still not conclusive in all cases, the results obtained pose strong 

restrictionss on the ionic states which can be reached on photoionization. In addition, reliable 
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informationn on dissociation limits is derived. Spectroscopic parameters of the bound excited 

statess of Xe2 and the ionic states involved in the present study are given in Table I. 

5.22 Experimental 

Inn the present study a nanosecond laser system in combination with a new home-built 2TI 

"magneticc bottle" spectrometer is used. The laser system has been described previously [30]. 

Itt consists of a XeCl excimer laser (Lumonics HyperEx 460) which in one-colour experiments 

pumpss a Lumonics HD 500 dye laser operating on Rhodamine 6G, Coumarin 480 or 

Coumarinn 500. The output of the dye laser is frequency-doubled in a Lumonics HyperTrak 

10000 unit using an angle-tuned BBO or KD*P crystal and focused into the ionization region of 

thee spectrometer by a quartz lens with a focal length of 25 mm. In two-colour experiments the 

pumpp beam is split and used to pump the Lumonics HD 500 dye laser, as well as a Lumonics 

HDD 300 dye laser operating on DCM or Coumarin 500. The output of the HD 300 dye laser is 

doubled,, when necessary, in an Inrad Autotracker II system with a KD*P crystal, and focused 

byy an identical lens on the opposite side of the spectrometer. The pulses of both dye lasers are 

overlappedd in time using a fast silicon photodiode (HP5082-4203). 

Thee spectrometer consists of a 2TT analyser, based upon the original design by Kruit and 

Readd [31], which is equipped with a molecular beam gas inlet system. In the ionization region 

off  the spectrometer a strongly diverging magnetic field parallelizes the trajectories of 50% of 

thee electrons produced in a laser shot. The kinetic energies of these electrons are subsequently 

analysedd by means of a time-of-flight technique. After detection by a pair of microchannel 

plates,, the signal is amplified (Stanford Research 445) and stored in a 500 MHz digital 

oscilloscopee (Tektronix TDS540) which is connected to a computer (Intel 80486 DX2 66 

MHz). . 

AA photoelectron spectrum is constructed by increasing in steps the retarding voltage on a 

gridd in the flight tube and transforming each time only the high-resolution part of the time-of-

flightt spectrum. In this way, an optimum energy resolution of about 10 meV can be obtained 

forr all kinetic energies. The energy scale of the photoelectrons as well as the laser 

wavelengthss were calibrated using resonance enhanced multiphoton ionization of krypton or 

xenonn atoms via known excited states [32]. 

Thee pulsed supersonic expansion is generated by a General Valve Iota One System in a 

chamberr which is pumped by an Edwards Diffstak 2000 oil diffusion pump backed by an 
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Edwardss E2M40 rotary pump. The expansion chamber is connected to the ionization chamber 

throughh a Beam Dynamics skimmer with a diameter of 100 urn. The ionization region is 

evacuatedd by a Balzers TPH 170 turbomolecular pump backed by a Leybold Trivac D16B 

rotaryy pump. The flight tube is pumped by a Leybold Turbovac 450 turbomolecular pump 

backedd by a Leybold Trivac D16B rotary pump. A backing pressure of 2 bar for an expansion 

off  10% Xe seeded in He was used in order to create an expansion with maximum dimer 

concentrationn and few larger clusters. A pulse duration of typically 280 us at a repetition rate 

off  30 Hz was employed. Under these conditions, the pressure in the expansion chamber is 

aboutt 6-10"5 mbar, measured with a Penning gauge (Edwards CP25-K). Without gas input the 

pressuree is about M0"7 mbar. The pressure in the flight tube, monitored by a high-vacuum 

ionizationn gauge, is typically M0"7 mbar, which remains almost the same when gas is 

introducedd into the spectrometer. A home-built delay/pulse generator is used to control the 

timingg of the gas pulse relative to the laser pulse. 

Twoo grids are installed on the magnetic pole faces in the ionization chamber which allow 

forr the application of static or pulsed electric fields. By putting appropriate voltages on these 

grids,, the spectrometer can be used as a time-of-flight mass spectrometer, although the 

detectionn efficiency is somewhat lower than in the case of electrons. In a typical ZEKE-PFI 

experiment,, the grid nearest the flight tube is grounded, while a negative variable bias is 

appliedd at the other grid. In the present ZEKE-PFI experiments a fixed DC electric field of 2.5 

V/cmm was applied to sweep out the prompt electrons. After a delay of about 100 ns, a fast 

electricc field pulse of 15 or 17.5 V/cm was used to ionize the high-n Rydberg states 

convergingg upon the ionic limit studied and excited by two-colour multiphoton absorption. 

5.33 Results and discussion 

5.3.11 The lg state with a Xe % + Xe* 6s[3/2Ji dissociation limit 

Thee lg state with a Xe lS0 + Xe* 6s[3/2][ dissociation limit, designated as lg(6s), was first 

investigatedd by Koeckhoven et al. using (2+1) REMPI in combination with mass-resolved ion 

detectionn [21]. Since only a narrow mass range was monitored in these experiments, the 

excitationn spectrum corresponded to few isotopomers and showed clearly resolved vibrational 

structure.. By employing REMPI in combination with kinetic-energy-resolved electron 

detection,, in the present study all the isotopomers contributed to the excitation spectrum, 
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Xe**  6s[3/2], 

0.255 0.35 0.45 0.55 0.65 
Electronn kinetic energy (eV) 

0.7 7 

 Figure 1 

PhotoelectronPhotoelectron spectra obtained for excitation a) below the lg(6s) dissociation limit using a 

one-photonone-photon energy of 34110.5 cm ; b) above the lg(6s) dissociation limit using a one-photon 

energyenergy of 34128.5 cm'. 

leadingg to a structureless vibrational envelope. The photoelectron spectrum which was 

obtainedd for (2+1) ionization via the lg(6s) state at a one-photon energy of 34110.5 cm"1, i.e. 

belowbelow the dissociation limi t of lg(6s), is depicted in Figure la. Apart from photoelectrons 

derivingg from the molecular photoionization process, the spectrum also shows photoelectrons 

resultingg from non-resonant three-photon ionization of ground-state So atomic Xe. Figure lb 

displayss the photoelectron spectrum obtained at 34128.5 cm"1, i.e. above the dissociation limi t 

off  lg(6s). Here, the observed peaks can be associated with one-photon ionization of excited 

Xee 6s[3/2]i atoms formed in the dissociation process, as well as non-resonant three-photon 

ionizationn of ground-state So Xe. 
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 Figure 2 

CorrelationCorrelation diagram between molecular dimer states at a distance corresponding to the 

equilibriumequilibrium distance in the ground state and in the separated atom approximation (see text 

forfor explanation). 

Inn a simple one-electron picture the lg(6s) state can be described by one particular ionic 

coree with a Rydberg electron occupying an orbital of 6sag symmetry [28,29]. In Figure 2, a 

diagramm of Koeckhoven et al. [21] is presented in which molecular states derived from dimer 

electronicc configurations are correlated to molecular states derived from the appropriate 

dissociationn limits. The electron configurations considered in the diagram involve excitation 

off  a 5pau, 5p7ig, 5p7ru or 5pag valence electron to the lowest unoccupied molecular 6sog 

orbital.. Combination of the lowest six molecular ionic states with a 6sag electron results in 

sixteenn excited states which are given on the left-hand side in the diagram using Hund's case 

aa (2S+1A) and Hund's case c (Qg/U) notation. The ordening of these excited states is obtained 

fromm a theoretical study of Ermler et al. for an internuclear distance which is equal to the 

equilibriumm distance of the ground state [28]. On the right-hand side the molecular states are 
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consideredd in the separated atom limit. Here, the atomic states are given using both LS 

couplingg (2S+1Lj) and jc£ coupling (n '̂[jcore+ R̂ydberg electron];) notation. Removal of a 5p 

electronn from atomic Xe in its ground state results in two ionic states, 2p3# and 2Pi/2-

Combinationn of these atomic ion states with a 6s electron results in four atomic excited states 

[32].. If the atoms in these excited states are combined with a Xe atom in its ground state, 

againn sixteen molecular states are formed. In the Xe dimer only Q, the projection of the total 

electronicc angular momentum on the internuclear axis, rather than A and S separately, is a 

well-definedd quantum number [27-29]. In the diagram, electronic states derived from 

electronicc configurations and dissociation limits are therefore adiabatically correlated using 

onlyy Qg/U. The validity of a description of the excited states by a single- electron configuration 

wil ll  be determined to a large extent by the degree of mixing of states with the same values of 

Og/u.. If such mixing is assumed to be small, the diagram in Figure 2 suggests that the lg(6s) 

statee with a Xe lSo + Xe* 6s[3/2]i dissociation limit has predominantly lTl(lg) character, 

whichh corresponds with a 2Yl\n% ionic core. Theoretical studies by Wadt [25] and Michels et 

al.al. [26] predict that the B 2Tl\a& state is purely repulsive. The potential energy curve 

calculatedd by Daskalopoulou et al. is mainly dissociative, but shows a very shallow well with 

aa depth of only 0.0097 eV (78 cm"1) at an internuclear distance Re = 6.35 A [27]. If the B 
2rii/2gg state is indeed repulsive, we can conclude that ionization does not take place into this 

statee on the basis of two arguments. First, the excitation spectrum of Koeckhoven et al. [21] 

off  the lg(6s) state has been obtained by detecting Xe£ ions. Secondly, the photoelectron 

spectrumm for excitation below the dissociation limit of the lg(6s) state shows a feature which 

cann only be explained by formation of Xe2. Since the ionization energies of the C 2Yl\au and 

thee D2E^/2g ion states are too high to be reached in a (2+1) REMPI process via the lg(6s) 

state,, only the A 2Sjh/2u, B
 2Hm% and C 2Ylm.u ionic states remain to be considered. 

Thee photoelectron spectrum obtained for excitation below the lg(6s) dissociation limit 

hass been simulated by calculation of the Franck-Condon factors between the vibrational levels 

associatedd with the intermediate lg(6s) state and the A22Jh
/2u, B 2ri3/2g and C 2Yhrht ionic 

states.. The spectroscopic parameters of the lg(6s) and the C 2Tl3/2u state were taken from [21] 

andd [23,27], respectively. The constants of the A 2 ! ^ , , and B 2Ylza  ̂ ionic states of [24,27] 
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 Figure 3 

Franck-CondonFranck-Condon simulated photoelectron spectra for excitation below the lg(6s) dissociation 

limitlimit  for ion formation in the A Zf/2u- B IJwgOrC IT3/2U state. 

weree used. These experimental parameters have all been obtained from observed vibrational 

progressions,, assuming Morse potentials for the description of the potential energy curves. 

Sincee at large internuclear distances the Morse curve does not give a completely correct 

descriptionn of the potential of the lg(6s) state, the dissociation limit of the Morse potential 

(68221.88 cm"1) is slightly lower than the limit determined from the experimental spectrum 

(68229.66 cm"1) [21]. Vibrational levels of the lg(6s) state are excited all the way up to its 

dissociationn limit [21]. In order to calculate Franck-Condon factors we compute the 

vibrationall  overlap between a vibrational level close to the theoretical dissociation limit of the 

Morsee potential (e.g. v'=24) and the ionic vibrational levels. The simulated photoelectron 

spectraa obtained by using a Gaussian line shape with a width (FWHM) of 100 cm"1 (12 meV) 

aree shown in Figure 3. Comparison of the photoelectron spectrum (Figure la) with the 

l/2u u 

B^l l 
3.22 c 

C\l C\l 
3/2u u 
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simulatedd spectra immediately shows that the ions cannot be formed in the A2E/"/2u state. The 

positionn of the strongest peak in the simulated spectra for the B 2n3/2g and the C 2n3/2u state 

aree both in very good agreement with the peak caused by the molecular ionization process in 

thee experimental spectrum. However, the smaller peaks apparent in the simulated spectra are 

nott observed in the photoelectron spectrum. On the basis of these Franck-Condon simulations 

wee can therefore not distinguish between formation of the B Yl-in.% or C n^u ionic states. 

Iff  the lg(6s) state is regarded as a Rydberg state, one would expect that the spectroscopic 

parameterss of the lg(6s) and the corresponding ionic state would be very similar in shape and 

position.. The constants of the lg(6s) state are more consistent with a C 2n3/2U ionic core than 

withh a B 2ri3/2g ionic core (see Table I). 

Forr a bound-free one-photon ionization process, the transition dipole matrix element 

(^ionOTphotoeiectronlfilTneutra!)) must be nonvanishing [33]. Here, Tneutra] is the 

wavefunctionn of the excited state of Xe2, and ^ n and p̂hotoelectron are the wavefunctions of 

thee final state of Xe2 and the final state of the photoelectron, respectively. In an atomic-like 

picturee ionization of the 6so-g electron is expected to lead to a p (^=1) electron partial wave. 

Onn the basis of this approximation, the transition dipole matrix element for formation of the C 
2Fl3/2uu ionic state has an integrand of ungerade symmetry and therefore vanishes. From this 

pointt of view, ionization into the B 2Yhn% state is more likely. In order to obtain more 

informationn about the ionic states which are formed, we have performed a (2+1') ZEKE-PFI 

experimentt by pumping the two-photon transition to the lg(6s) state with the first laser, while 

scanningg the second laser across the energy region where the ZEKE-PFI signal is expected on 

thee basis of the kinetic energies of the photoelectrons. However, a ZEKE-PFI signal of Xe2 

couldd not be found. If the lg(6s) state can be described in terms of one particular ionic core, 

wee conclude that a B 2n3/2g or a C F^u assignment would be consistent with the present 

results. . 

5.3.22 The 0+ state with a Xe % + Xe* 6s[3/2]i dissociation limit 

Thee Og excited state with a Xe 'So + Xe* 6s[3/2]i dissociation limit, designated as 

0g(6s),, has been first studied by Koeckhoven et al. using (2+1) REMPI in combination with 
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Xe'' 6s[3/2], 

ii  1 1 1 1 1 1  ' 1 ' ' 1 ' ' 1 

0.33 0.4 0.5 0.6 0.7 0.8 

Electronn kinetic energy (eV) 

•• Figure 4 

PhotoelectronPhotoelectron spectrum obtained for excitation via the repulsive 0„(6s) state using a one-

photonphoton energy of 34403.5 cm . 

mass-resolvedd ion detection [21]. The 0*(6s) state has been observed for two-photon energies 

betweenn 68500 and 69000 cm"'. Since Koeckhoven et al. found that this state is fully 

dissociative,, the dissociation limit must be lower in energy. On the basis of the correlation 

diagramm of Figure 2, they concluded that the dissociation limit has to be Xe So + Xe 

6s[3/2]i,, because the combination Xe 'So + Xe* 6s[3/2]2 cannot result in a 0* state. 

Thee use of REMPI-PES allows for an independent determination of the dissociation limit 

off the 0g (6s) state. We have taken photoelectron spectra at various positions of the excitation 

spectrumm of this state. The photoelectron spectrum taken at a one-photon energy of 34403.5 

cm"11 is shown in Figure 4. All spectra show two peaks: one, which is compatible with one-

photonn ionization of excited Xe 6s[3/2]i atoms, whereas the second peak is associated with 

non-resonantt three-photon ionization of ground-state atomic Xe. From the photoelectron 

spectraa we conclude unambiguously that the 0g (6s) state has indeed a Xe 'So + Xe 6s[3/2]i 

dissociationn limit. 
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•• Figure 5 

ZEKE-PFIZEKE-PFI spectrum resulting from ionization via the (0,0) band at 78016 cm'. 

5.3.33 The state at -78000 cm with a Xe % + Xe 6p[5/2]2 dissociation limit 

Anotherr state of gerade symmetry has been observed in previous REMPI and REMPI-

PESS experiments at a two-photon energy of approximately 78000 cm"1 [12-15,17]. The 

strongestt feature in the (2+1) REMPI excitation spectrum of this state which is located near 

thee Xe 'So + Xe* 6p[5/2]2 limit is a (0,0) band at 78016 cm"1. The (0,1) and (1,0) bands have 

alsoo been observed, but are much weaker. The electronic symmetry of the excited state 

involvedd in the transition is still uncertain. Dimov et al. proposed a 2g assignment [15], while 

aa 0g assignment was suggested by Dehmer et al. [12]. A photoelectron spectrum obtained via 

thee (0,0) band by Dehmer et al. shows two peaks, which they assigned to transitions to the B 
2ri3/2gg and C 2ri3/2u ionic states, with the C 2n3/2U transition being the more intense [13]. A 

photoelectronn spectrum of Hu et al. of this band obtained with a much lower energy 

resolutionn shows only one peak, on the basis of which a C IT3/2U ionic core was assigned to 

thiss Rydberg state [17]. A correlation diagram for the gerade excited states of Xe2 dissociating 

too Xe 'So + Xe 6p is given in ref. 17. 

Inn the present study we carried out a ZEKE-PFI experiment on this state. A ZEKE-PFI 

spectrumm was obtained by fixing the first laser on the (0,0) resonance, while scanning the 
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secondd laser over the C Tl^nu ionic limit. In this way, we could study the ionization process 

fromfrom the (0,0) band under much higher resolution than had previously been achieved. The 

resultingg spectrum is shown in Figure 5. The peak observed at 19794 cm"1 is a (2+1') ZEKE-

PFII signal of ground-state ' So Xe atoms. Since the lowest ionic P3/2 limit of xenon is well 

knownn [32], the deviation of this limit from the literature value can be determined accurately. 

Thee observed difference of 24.5 cm"1 is a result of the combination of the applied DC and 

pulsedd electric fields and any stray fields present in our spectrometer. This correction is 

somewhatt larger than the one required in a previous study which also employed the "magnetic 

bottle"" spectrometer [34], because of the larger pulsed field used here. The total excitation 

energyy of the strongest feature in the spectrum is 97579  4 cm"1 after a correction of 24.5 

cmm has been applied. This value is in good agreement with the ionization energy of 97582 

 4 cm"' for formation of Xej in the C 2rÏ3/2U state obtained by Lu et al. from a threshold 

photoelectronn spectrum [24]. Hu et al. calculated on the basis of Franck-Condon factors that 

formationn of the ion in the C 2Ti3/2u state results in population of the v+= 0 level [17]. This is 

confirmedd by our ZEKE-PFI results. 

5.3.44 The 0* state with a Xe !S0 + Xe* 5d[5/2]3 dissociation limit 

AA new low-lying state of gerade symmetry has been observed recently employing REMPI 

andd REMPI-PES experiments at a two-photon energy of approximately 82600 cm*1 [18-20]. 

Thee (2+1) REMPI mass-resolved spectrum in the spectral region of the atomic Xe 5d[5/2]3 

resonancee was first investigated by Green and Wallace [20], By selecting one isotopomer, 

theirr excitation spectrum shows a progression of clearly resolved vibrational bands. Green and 

Wallacee assumed that the observed state is built on either the B 2U.m% or D2SJ
t
/2g ionic core 

onn the basis of its small dissociation energy (De'=l 12.1 cm'1) which they derived from their 

vibrationall analysis (see Table I). Hu et al. have obtained mass-resolved REMPI excitation 

spectraa on one isotopomer using both linearly and circularly polarized light [18]. Their 

measurementss showed conclusively that this excited state has 0* symmetry. In addition, Hu 

etet al. have obtained a low-resolution photoelectron spectrum below the dissociation limit of 

thee 0g state [19]. Although they were not able to distinguish conclusively between a B 2rii/2g 

orr a B 2Fl3/2g ionic core assignment, they suggested that a B 2Y\\n% ionic core assignment 
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PhotoelectronPhotoelectron spectra obtained for excitation a) below the Ot (5d) dissociation limit using a 

one-photonone-photon energy of'41303 cm' ; b) above the Ot (5d) dissociation limit using a one-photon 

energyenergy of 41323 cm . 

wouldd be most likely. A correlation diagram for the gerade excited states of Xe2 dissociating 

too Xe ' So + Xe 5d is given in ref. 17. 

Inn the present study we employed REMPI in combination with high-resolution kinetic-

energy-resolvedd electron detection in which all the isotopomers contributed to the excitation 

spectrum,, again leading to a structureless vibrational envelope of the 0g(5d) band. We 

obtainedd photoelectron spectra for excitation of the 0g(5d) state below and above its 

dissociationn limit. These spectra are depicted in Figures 6a and b, respectively. The peaks in 
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thee photoelectron spectrum above the dissociation limit can be associated with one-photon 

ionizationn of the excited Xe 5d[5/2]3 fragment, as well as non-resonant three-photon 

ionizationn of ground-state So Xe. The peak in the photoelectron spectrum which arises from 

excitationn below the dissociation limit can only be caused by the formation of Xe^. In 

addition,, the excitation spectra of Hu et al. [18] and Green and Wallace [20] have been 

obtainedd by detecting Xe£ - Therefore, we are forced to conclude that ionization cannot take 

placee into the fully repulsive B Tli/2g ionic state. Formation of the C rii/2u or the D2S^ /2g 

statee would result in photoelectrons with kinetic energies < 2.1 eV or < 2.0 eV, respectively. 

Sincee no peaks are observed at these kinetic energies in the photoelectron spectrum, these 

possibilitiess can also be excluded. The spectroscopic constants of the 1 g(6s) and the 0g(5d) 

statee are quite similar (see Table I), so that Franck-Condon simulations for ionization via the 

0g(5d)) state should be comparable to those for ionization via the lg(6s) state, which would 

excludee ionization into A I>l /2u  Therefore, we conclude that ionization from the 01" (5d) 

statee takes place into either the B 2n3/2g or the C 2Yl3/2{S ionic state. 

Inn order to obtain additional information, a ZEKE-PFI experiment was attempted in the 

samee way as described for the lg(6s) state. Again, a ZEKE-PFI signal of Xe2 was not found, 

althoughh very slow photoelectrons deriving from direct (2+1') photoionization could be 

observed,, whose dependence on the two-photon excitation wavelength closely followed 

previouslyy obtained excitation spectra for Xe2 [18,20]. Although ZEKE-PFI experiments via 

thee Og (5d) state of the dimer were unsuccessful, we managed to monitor the excited Xe 

5d[5/2]33 atoms formed in the photodissociation process employing ZEKE-PFI. This provides 

aa means of measuring the dissociation energy of the Og (5d) state. First, one laser is used to 

pumpp the atomic Xe* 5d[5/2]3 <— <— 'So transition, while the second laser scans the lowest 
2P3/22 ionic limit of the Xe atom. In this way, the excitation energy is determined at which the 

ZEKE-PFII signal of Xe 5d[5/2]3 appears. In a follow-up experiment, the first laser was used 

too scan across the Og (5d) band, while the second laser was fixed at the excitation wavelength 

forr the Xe* 5d[5/2]3 ZEKE-PFI signal. The resulting spectrum is shown in Figure 7, which 

allowss for a direct determination of the dissociation limit of the 0g(5d) dimer state. The 

dissociationn limit obtained from this spectrum is 82615  2 cm" , in good agreement with the 
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ZEKE-PFIZEKE-PFI signal of Xe 5d[5/2]$, where one laser is fixed on the Xe+ 2P3/2 <— Xe* 5d[5/2]3 

transition,transition, while the second laser is scanned across the O  ̂(5d) band. 

valuee of 82616.73  0.05 cm" of Green and Wallace, derived from an extrapolation of their 

vibrationall band positions [20]. 

5.44 Conclusions 

Inn this paper four gerade excited Rydberg states of Xe2 are studied with REMPI-PES and 

wheree possible with ZEKE-PFI. From REMPI-PES on the lg state with a Xe 'S0 + Xe* 

6s[3/2]ii dissociation limit and the 0g state with a Xe 'S0 + Xe* 5d[5/2]3 dissociation limit it is 

concludedd that the ionic core of these Rydberg states is either B 2n3/2g or C 2ri3/2U. REMPI-

PESS on the repulsive 0g state with a Xe 'S0 + Xe* 6s[3/2]i dissociation limit shows that its 

dissociationn limit is indeed as suggested before. 

Inn a ZEKE-PFI experiment, high-n Rydberg levels leading up to ground or excited ionic 

statess are employed as stepping stones, and pulsed-field ionization then takes place into the 

correspondingg ionic continuum. ZEKE-PFI experiments were attempted for the three bound 

molecularr Rydberg states mentioned earlier, but were only successful for the state at ~ 78000 

cm"'' with a Xe 'S0 + Xe* 6p[5/2]2 dissociation limit. From this study it is concluded that the 
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ionicc core associated with this state is C 2n3/2U- From excitation of the Og state with a Xe 'So 

++ Xe* 5d[5/2]3 dissociation limit above its dissociation limit, excited xenon atoms were 

formedd on which a separate ZEKE-PFI experiment was performed. This study independently 

confirmedd the dissociation energy of this intermediate Og state. 

Itt may seem surprising that ZEKE-PFI on the other bound Rydberg states failed. We 

ascribee this failure to the fact that only for the state at ~ 78000 cm"1 we consider a nominally 

allowedd 6p <— <— 5p transition. For the other two transitions to bound excited states the 

ZEKE-PFII signals are expected to be inherently weak for two reasons. First, excitation of the 

intermediatee states is "forbidden". Secondly, the high-n Rydberg states in ZEKE-PFI 

convergee in both cases upon excited states of the ion, thus allowing autoionization decay 

processess into the continua of lower-lying ionic states. Moreover, every ZEKE-PFI signal 

mustt compete with slow electrons arising from non-resonant ionization processes. 
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