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Abstract

Relative photoionization efficiency curves of the fragment
ions of 0,, NO, and CO were determined in the energy region
17eV to 30eV by means of synchrotron radiation. The photo-
ionization efficiency curves for 0~ and o' from molecular
oxygen, for 0" and N* from nitric oxide, and for 0 and C'
and C~ from carbon monoxicd- were determined with a wave-
length resolution of 0.2 nm. The data show predissociation
structure in the ion pair formation region and autoionization
structure in the region of dissociative ionization. Because
the mass spectrometric determination of negative photoions
exhibits a very low noise level, the investigation of ion
pair formation processes provides considerable information
on weak Rydberg series in the VUV enercv region.

Introduction

For many years the atmospheric gases have been the subject
of absorption- and photoionization-studies. Much work has
been done in this field up to the photon energy 2leV.

A review article covering the work qone for 0, to about
1975 up to this energy is given by Dehmer and Chupka (1).

Recently the feasability of synchrotron radiation sources
of high intensity gave rise to ahksorption mcasurements of
02. NO, and CO in the energy recion 2ieV to :0av.

»

For 02, Codling and Madden (2) reported the relative absorp-
tion cross section in the 20.7eV to 24.8eV region, and Watson
etal (3) published the absarption coefficients up to 3leV.

Absorption measurements for NO have been published from
Narayana and Price (4) in the energy region 17eV to 24.8eV,
and from Sasanuma etal (5). Hertz etal (6) determined the
photoionization efficiency curves of No+, N’, and 0% in the
region 18.5eV to 23eV.

The absorption spectrum of CO in the 19.6eV to 23.4eV energy
region has been reported by Codling and Potts (7). Absorption
cross sections in the energy region 17eV to 23.8eV have been
published by Lee etal (8) and Sasanuma etal (9). Branching
ratios up to 40eV for the dissociative ionization of 02, NO,
and CO have been measured by Kronebusch and Berkowitz (10),
using line sources.

The present work deals with the ion pair formation processes.
The mass spectrometric determination of the relative photo-
ionization efficiency curves of 0 /0" from 0,, o~/n* from

NO and 0'/C+ and C fram CO is reported. The apparatus used
in this study combines very low noise level for the negative
ion detection and high photon intensity. This enables the
study of the low intensity fragmentation processes

Experimental

The apparatus has been described in a previous paper (11).
Briefly, the synchrotron radiation of the storage ring

DORIS at DESY, Hamburg, was used as a light source. The
radiation was ¢ spersed by a normal incidence monochro-

mator (12). The wavelength resolution amounts to 0.2 nm

for all the measurements. The fragment ions were selected

by a guadrupole mass filter and 4/ tected by a channel electron
multiplier. Gases were used without further purification. Yhe
pressu;e in the ion source was held at about 4x10—5
(5x10

Torr
Pa) during the measurcuments, to avoid secondary

eollision effects.
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Previous mass spectrometric investigations of the photo-
dissociation and photoi~nization of mclecular oxygen have
been performed by scme groups using a helium continuum as

the source of exciting radiation {1, 13, 14). The most recent
measurocments have heen done by Dehmer and Chupka (1) with a
wavelength resolution of ©O.007 nm. They reported the relative

photoionization cfficiency curves for O, up to 21.3eV and the

+
curves for O and O up to 20.5eV.

Results

In fig 1 the O -yield curve in the cnergy region 17eV to

27¢V and the O+—yje1d curve from 17eV to 2%eV are shown.

The O -curve exhibits two distinct regions. The initiel
steep onset of the tirst one lies at 17.28eV. Up to 1¢.4cV
the 0 -yield curve shows a large number of [caturcs. cy
llave been investigaled and interpreted extensively by Delmer
and Chupka (1). Although they reported that there was no
discernable structure in the enargy rcgion 18.2¢V to 20.60V,

we observed weak but reproducible structure.

The sccond region is shown in fig 2. The steep onset lies
at 20.59%eV, feollowed by some struciure up to a scceond steep
onset at 21.28cV. The intensity decreases above 21.5%eV. Gn
the declining slope some features were observed. "he ratio

imwmoat 17.3eV to

of the O -intensilty at *he first pari
the sccond part maximum at 21.%6e¢V is 2. The ratic of the
D7- to the o'-intensity at 21.5eV is 0.024. Thesce ratios

arce purcly experimental and 60 not tuke into account dis-—

crimination effec s of the mass filter,

Table 1 contains the 0 -yield sitructurc ahove 20.4¢V to-
gether with data from electron-impact- and zbsorption-

sifled by

measuremenis. Thoe absorption Lands were ¢l

Codling and Modden

T AN S St
) 7 -

v'=0 and v' 1 viurational levels ¢f ihe Gg—jon state C'Eu.

The assignment ©f the siates is teken from Lindholm (15)

ar-d Naravanz end Price (43,

Discussion

o

In the 17eV to 18.4eV c¢nergy region, the agreement with the
photoiconization efficiency curves of Dehmer and Chupka (1)
is gocod. Between 18.4eV and 20.5eV we observed some struc-
ture in conlrast to previous measurenents. Candidates for
neutral states predissociating in ion pair states could be
the Rydberg states converging to the Bzi;—ion state. The
same neuiral stales are responsible for structure in the
O+—ﬁfficjency curve. The branching ratio of O+~ and O_-pro—
duction from ncutral statces is about 100:1. The weakness

of ihat siructure prevents further interpretation. Contin-

auin centr ibutions seems to be absent.

AT 20.59¢V O and O mway be fermed in the ground siate
Y. : . . 2.0
ZF and in the first excited state "I, respectively. A

sicep onset i1s observed al this energy. Combinaticn of a
2Do—tcrm with & 2Po—tcrm gives rise to 2T, R 2), T3,

4 {2), ¢ molecular states with both singlei and triplet
multiplicities. rrom these states 32;(2)— and 3ﬂu(3)—states
can be populated through a dipole allowed transition from

the 3

Zgwground state. The width of the steep onset at 20,59V
amounts to the same value as the fwhm of the exciting radic-
tion. For these reasons we describe the steep onset as due

tc direct dissociation via an ion pair state or via a Ryd-
berg state with proper symmelry interacting sufficiently
strongly with the correspending ion siaie. This interaction
would result in an avoided crossing which would lead to a
potential curve with a deuble minimum with the intervening
naxinam below the asympicte (1). The seme interpreotation

ray hold for the crnset at 21,280V,

At 22.28eV, O and o’ may be formed in the groind state

D } cyos 2.0 R : ,
and in the second oexcited state "FP7, respectively. Opliically
2 howxi trensitions from the ©. orLunl state ie the cor-
roosnond T na Tl eaular slates are pos-opie. The onsct oat

. ) Lo - ) - . . . - 2.0
22.04€0V i intoerpreted ag direct dissociation into & (TPT)4



0+(2P°). These interpretations of the onsets to direct

fragmentation processes arc supported by investigations

of Locht etal (16). The onsets, observed by Locht etal (16)
above 23.5¢V by means of electron impact excitation, and
interpreted as direct dissociation, have not been confirmed
in the photolonisation efficiency curves. The processes

should be optically forbhidden, therefore.

pPeak structures has been observed in the 0 -efficicncy
curve in addition to the stcep onsets. The peaks result
from predissociating Rydberg states, converging to the
c42;—ion state. From all the Rydberg states, the 45cq(1,0)—
state gives the most intense contribution to the 0 -yield

(tab 1).

The same states give rise to peak structure in the o*-

and the O;—photoionization efficiency curves and in ths
efficicney curve for the production of f{luorcescence in

the wavelength region 105 nm - 180 rm, and 124 nm - 180 nu
(17).

Rydberg states at 20.85eV and 21.05eV interact with Lhe
0_(2Po) + O+(4SOJ- and the O-(2PO) + 0+(2Dol~continuum,
Rydberg statcs above 22.28ev interact with the 0_(2P°) +
0+(2P0)—continuum additionally. Because of the interaction
with differcent continna, one would expect different reso-

nance profiles, This is observed in fact.

1n absorption and in the O;—cfficiency curve, the members
of both the nsog— and ndc, - series besr observed with
asymmetric profiles. In f. orescence and ip 1he 0 -effi-
ciency curve, the Rydberg statcs have been chscrved with

syrmetric profiles. The resorances onserved in the O -effi-

cicney curve seems to be slightly asynmesiric.

Between 21.5eV and 22.4eV, further struciuvre has heen
observed in the O -efficiency curve. There arc scveral

pairs of peaks separated by &sbout 180 eV, This is the

camrgy dirfercnce of Lhe v'=C snd v'=l vibralional iove

of the ion state C4Z;. We interpret these structures as
members of two Rydberg series with quantum defects of

§ = 0.83 and § = 0.65 {(table 2). The peaks at 22.11eV
and 22.27eV are also observed in fluorescence (17}.

ot

The O*»photoionization cfficiency curve agrees well with
that of Dehmer and Chupka (1) up to 20.3eV. The laower
wavelength resolution makes the continuum more intense
relative to autoionizution structure. In the 20.4eV to
30eV region, the 0+—yield exhibits an intense continuum
coniripution with a maximum at 23cV, The onset at 20,87¢v
lkas been interpreted es direct dissocciation to o" and a
revtral oxygen atom in the 4S°—ground stale and first ex-
cited ]D-state, respeclively. Rydberg states, discussed

above, are responsible for structure above 22.5eV.

Ho
Results

Figs 3 and 4 shows the results for nitric oxide: the
relative photoionization efficiency curve for O in the
enerqy region from 1%V to 25eV and the corresponding
efficiency curve for xt are shown in fig 3. The N'-cfFi-
ciency curve in the whole erergy region is shown in fig 4
separately. In table 3 the features ochserved in the ion
vair fooration yield are given with previous results from
absorpt ion mecasurcments and clectron-irpact studies.

The 0 -yicld curve exhibits a steep onset at 19.056ev,
fcllowed by two strong peaks and some weak peaks and

shoulders up Lo 21.5eV. After a

vp ascent at 21.49ev,

three broad bands emerge at 21.%9eV, 23.1%eV, apd 24.%eV.

atures a2s chserved

iciency curve



slowly increases from 27eV in two steps (fig 3). At 21.74eV
the N+~curve shows a very steep ascent and again at about
22,9eV (fig 4).

Most of the features can be compared with known data. The
values, summarized in column 3 and 4 of table 3, are taken
from clectreon-impact work. Hierl etal (18) have weasured

the N+—efficiency curve after excitation with 18eV to 25¢V
clectrons. They found a contribution below the threshold
energy for the dissociative ionization of WO and interpret
it as due to ion pair formation. Locht etal (16) excited

NO with 18eV to 30cV electrons and observed: the 0 ~yicld.
From their data they ohktained the onscts of several prec-
esses contributing ta ion pair formation, which are nainly
interpreted as dircct dissociation processcs. Colunn 5 of
table 3 summnarizes the kncwn absorption bands (4). The bands
are classified as Rydberg siates converging 1o Lhe Timit
21.72cV.

From tablc 3 one can see the extent of the agrveeriont hotween
the onsets observed in electren ‘mpect svudies, the absorp-
tion bands, and the features cbtained in this work.

Ir addition to the known fealurcs, there is some new slruc-
ture, which has been obscrved for the first tiec, An assign-

ment of these structure is viven.

Table 4 summarizes the caleculated threshold energies for

the formalion of different icn pairs.

In table 5, the features in the dissoaialive ioniza-ion
region (above 21.02¢V) are ccllected, Threshoid energies
of the appearence of different fragmenis are given, too.
There is no hint to the ion pair n-ocess KO - kv » N7+ o

found in tho mass spect rum.

Discussion

The N+—efficiency curve resembles the features of the 0 -yield
curve below 21.0ev (fig 3). The N+—yield curve is over lapped
by contributions due to the effliciency of second order radia-
tion of the monochromator grating. That is the reason why the
N+— and the O -curve are not ideniical helow 21.0eV. Above
21.0eV, dissociative ionization processes contribute to the
N+—yiﬂ7d curve. The NU+ éecays to positive ions and necutral
oxygen atoms. The cross sccotion for these processes is orders
of nagnitude larger than that for the ion pair processes. In
thig cnergy region, the ion pair formation cross scction can

be orbscrved only in the O -efficiency curve.

.
5 Do weer - L -t . B 2 0
At the cnoeray $9.5%60V, © and ¥ nmay be formed in the "F-

; : 3 . o s
ground siate and in the "I-ground state, respectively. This
onset is obscrved in the efficigncy curve. the ions are

. Since specific

formed without kinetic encrgy &t the on

neuwral molecular states are unknown in this reygicn, our
interpretation folleows the discussion of Dehmer and Chupka

(1) . They have in:efpreted the icn wair formation in O2 at
the minimun energy of the process O2 + hv O_(EPO) - o*
(éSoj at 17.27¢V due to dircer dissocial.ion: they found

the rotational states of the Oz—gxound state as sieps in

. -
the onsct slepe of the O -yield curve. Although the reso-

latior of our monochromater nct ernekie a rotetional

C I inresheld, we assume that Lhe

arelysis of the slc

direct dissociation process as describing the decay of

HO a2t 19

56eV. The shaps of ihe curve in the cruct region

Tae siep ascont Gces not re-

excitaticn procese. Tne fragment's

’

atumic states give risc to molecular svates &, L, and &

with ba doutel. and quartet multiplicitics,

wre °7 NG around state dis allcwed to the

rair fermation.




The same interpretation holds for the next steep at 21.46eV.
1t is as distinct as the first one. The excitation energy
enables the ion pair O and N' to be formed in the ground
state, 2P°, and in the first excited state, 1D, respectively.
The steepness of the slope and the threshold energy supports
the interpretatidn as direct dissociation via the ion pair
state. The combination of 2PO and 1
M, 8, and ® states with doublet multiplicity. The three

D terms gives rise to I,

states I, N, and 4 are allowed to be reached by photoex-—
citation from the NO ground state. Although neutral states
are known to exist near 21.5eV - viz. Rydberg states con-
verging to the ion state at 21.72eV - the contribution via
predissociating Rydberg states should be small, because of
the low transition probability into Rydberg states with

large principle quantum numbers.

Between 20eV and 22eV there are two strong and some weaker
bands. They result from predissociating Rydberg states.
The features with the maximum at 20.23¢V and 20.48cV give
the most intense contribution to the efficicncy curve.
These Rydberg states have been observed in absorption
spectra (4, 5). Narayana and Price (4) have found ten
bands and classified them in threc series converging to
the limit of 21.72eV. That is the ionization potential

for the ion state c3H<v'=0) (19). They assigned the series
as nd7m, npc, and npm with 2H—symmel_ry. Sasanura etal (5)
observed itwelve bands and classified additional ndo 2y-
Rydberg states converging to the same limit. The series

are summarized in table 6.

The members of the ndrn series show asymmetric profiles

of the Fano-Becutler-type (20) resulting from the inter-
action of the bound Rydberg statcs with jonization and
dissociation continua. The other series exhibit symmetric

profiles.

The corresponding ionization eificiency curves of O and

N+ show gistinct feaitures rclated to {he 36-- znd dprv/c-

Rydberg states. The 3dn-state shows an asymmetric profile

as in the absorption spectrum. The Rydberg states with higher
principal at guantum numbers should be responsible for the
appearence of shoulders and small peaks in the 0 -yield curve
up to 21.5ev {fig 3}.

.

We suggest, that the ion pair state potential energy curve
crosses the potential curve of the Rydberg state 3dn and
4pr/o at or near its minimum in the Franck-Condon-region.
The ion pair appearing by predissociation of the Rydberg
states carries away kinetic energy depending on the position
of the Rydberg stale above the dissociation limit.

The same Rydberg states give rise (Lo structure in the NO+—
and O+—efficiency curves observed by Hertz etal (6), as

well as in the molecular fluorescence spectra N0+X(A(v'=0,1)
-+ X) and in the atomic fluorcscence specira NX(124,3 nm})
obscerved by Zietz (21). Our data as well as the data of
those groups show symmetric profiles of the npn/c state

as in the absorption spectra. The coupling of the ndr Rydberg
states to the various decay continua seems to be different.
The profiles of the ndr states observed in the different
Gecay channels (table 7) indicate the different ways of
coupling to the dissociation and ionization continua.

Above the c3ﬂ state at 21.72eV, ion states with (025)_1

and (v2p)»1 electronic configurations are cxpected with
Ty and 1Z+— symmetry, respectively. The 1 and 1Z+ ion
states have been observed in  photoelectron spectra (19).
They have been assigned based on a discussion of the
vibrational structure and the intensity ratios. A com-
parison with the iscelcctronic molecules CO and N, con-

firmed the interpretation.

In the absorption spectrum there is no evidence for Ryd-

berg states converging to these ion states.

Howsver , therc are some features in the O -efficiency

¢curve, which carnol be assigned in correlction with states



converging to the C3H NO+ state. This group of structures
consists of bands emerging as shoulders on the low energy
side as well as the high engrgy side of the 4pw/o Rydberg
state. And there is a broad band al 21,9¢V.

These new structures are interpreted as a vibrational pro-
gression of Rydberyg stales converging Lo the B'1E+—NO+ ion
state (19). In the photoelectron spectrum, this ion siate

exhibits thirtecn vibraticonal levels with maximum at 23.37¢V.

The cnvelope of this proyression shows a
Because of the Franck-Condon-principle, the c¢nercctic width
of the Rydberg states shouald correspond re the width of the
ion state in the case of onc-clectron-excitation. In fact,
the band at 21.%eV shows a width of about 400 meV. The
snoulders of the low and high energy side of 1he 4pr/ce Ryd-
berg state peak are both inte:rprete? o belonging to the

same state. These two s:ialeg erc

a Rydbore vorios
oY LT G ne H R ; - ;
converging to the B' L -state. The defect of this

serics amcunis to about 0.86. ko

Cis

cliectron sheoul

be in a v-orkital, i‘herefore, “his is feand for all

RydhLorg scries in NO ac

vergling te arn don statc with o donizoed

(72p) -clectron (22) .

These Rydberg states should predissosiatle to ion pair statces
feading te the dissociation limit at 1%.%6eV or 21.46eV; 1.o.
07 in the yrcund state and K' in the vroant statc or in the
first excited 10 state, respectively, shovld be fornmed. o
symmetry allewed transition is peesikle

The broad Lands at 23.1cV ond 24,0«

C ot Ticiency

curve have also hweon observed o ¢ does studies

{16). Those authors interp:oied ti

Franck-Condorn-iransitions into -on o Touding to

the dissociation g at 21.3eV aznd flable &),

he ions should carry away a Tain arount of kosetic

cnergy in this case. The coanbinar ion of the atormics (errs

rise 1o moiecular stoios in which Sipnie at)

ir msi-

.

e

rer

Piomg ere

Twhm of about 40C meV.

+
N

Above 21.02eV in addition to ion pair formation, the pro-
duction of N+ may occur by dissociative ionization. The
lowest dissociation limit is at 21.02eV, where N+ and a
neutral oxygen atgm are formed both in the ground state.
Wwe interpret the onsets at 21.00eV and 21.34eV observed
in the N+—yicld curve (fig 3) as due to precionization of
higher memkers of the Rydberg states converging to the
3J_—Lon state in a repulsive part of an jon state leading
to the 21.02c¢V-dissociaticn limit. (23, 24).

The stcep ascent at 21.74eV is due to direct ienization

“T-ion state {ollowed by predissociation via ion

in the ¢
states leading to the same limit at 21.02ev (23, 24) . The

came interpretation las boen given by Herte ctal (61,

Lefore t end of the steoep coscl, woe ehscerved at loast

fcur swmall steps (fig 4). Pessibly predisseciavion oscurs

from the vikraticnal levels observed in the photoclecIraon

spectrum ané assigned as vibralional levels (19) of the
B'i ion siate. The height «f the stups decreascs with
increcsing cnergy. This resenbles the intonsity ratio

found in the photoclectron specltrum.

. . s i
Al11 the processes contributing to the N -yield above
21.0eV and below 22.92eV form N° oand neutral cxygen aloms
beth in the ground state. Above the threshold erergy,
kinetic energy is carried away by ihe fracments.
cved for thc

) . : . . T
first time. The vibratienal Jevels of tne B' ' jaon

2o Turther ascent at 22.00V Lus Loon o

siate ocour ai 22.72eV. Tessible dlrect dopicaticon 1s

resper-ible, follicwed by pridissociation o tle repulsive
- ot - I . .
part « I iha 1_ - andé/or Torniales leading to

the disscciation liimit at 21.00V. is guite sliow

the minimuam of the pricrtiel eovroy curve at
+,3 Ty - L+
R (22). ke nTCP) + 0¢'pi- ang the BT(D) #

aclation Jimdt oat fooveoh oana

T oke reached at this cnercy asg
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CO

Results

Ion pair formation processes leading to o +ctand ¢ + of
from carbon moncxide have been studied. The photoionization
efficiency curves are shown in fig 5, 6, and 7. The 0 -effi~
ciency curve (fig 5) exhibits a steep onset at 20.91eV. There
are several steps on the slope. Up to 22.5eV seven intense’
bands are obserQed as well as a number of weak features and
shoulders. In the energy region 22.5eV to 23.5eV, some weak
and broader bands occur. Above 23.5eV, the O -yield curve

increases and three broad structureless bands are observed.

In the corresponding C+—efficiency curve the same features
as observed in the 0 -efficiency curve appear up to about
22.4eV. The peak structure is somewhat less distinct becausc
of contributions due to second order radiation from the
grating. This contribution smooths the sharp peak structure

of the C+~ion yield curve.

The C+-efficiency curve above 22.4eV (fig 6) shows a steep
increase with several shoulders on the slope. Dissociative
ionization of the CO-molecule can occur at this energy. A

second ascent is observed at 24.3eV.

The ¢ ~efficiency curve is shown in fig 7. The onset of the
yield is determined to lie at 23.45eV. Because the ion pair,
¢7/0%, is formed with very low intensity, the ot-yield re-
sulting from the ion pair formation is too small for direct
observation. The O+—yield from ion formation processes is

also masked by very small contaminations of the CO gas.

The table 8 summarizes the fcatures obgerved in the O -
efficiency curve and previous results obtained by means

of absorption measurcments and electron impact studies.

Codling and Potts (7) assigned the absorption bands as
Rydberg states converging to two-electron-excited ion
states. Locht etal (16) observed the ¢ -vield in the

20eV to 26eV energy region. Kinetic energy distribution

studies of the C' ion have been performed by the same
authors (25, 26). They excited the CO-molecule with 22eV
electrons and ascribed the observed features to predisso-
ciation of 3doc or 3po Rydberg states.

In the O -yield, they observed the threshold at 20.88eV
and six further onsets up to 25.4eV. They interpreted these

six peaks as due to dissociation to ion pair states.

The agreement with our data is good. There are some features
which had not been observed in the absorption spectra. The
additional features are accounted for by the proposed Ryd-
berg series, by extrapolation with the known gquantum de-
fects.

Discussgion

o

In the whole investigated energy range, the ion pair frag-
ments QO and ct are formed in the ground state. Excited
states of C' should appear 5.33eV above the threshold energy
of 20.91eV. The structure observed up to 23.5¢cV is due to
Rydberg states predissociating via the repulsive part of the
ion pair potential energy curve.

These Rydberg states have been observed in the absorption
spectrum (7, 9, 17, 27). The sam¢ states have been found
in the kinetic cnergy distributicn curves of ct (25, 286)

and in VUV-fluorescence spectra (28).

Codling and Potts {7) classified the abscrption bands
using the photoelectron spectrum performed by Potts and
Williams {29). Later, a somewhat different assignment of
the absorption bids was propose. by 2sbrink etal (30)

based on a high rcsolution photoelectron spectrum.

In the 27eV to 37eV energy region onc-elcctron excited
ion states do not exist; structure observed in that cncrgy

recion by means cf UPS-, XPS- or eleciron energy-loss



+

C

measurements is ascribed to two-eleciron excitation made

3 +_\' ici ; T £ 3 ~ v " as
possible by configuration interaction {31). The assignrient The C -cificiency curve (fig 6) shows the same structure

and the electron configuration of the two-electron cxcited the ¢ -efficiency curve up td 22.35%V. Above the encrgy of

’ + 117 . = i .
ion states of CO observed in the photoeleciron spectrum are 22.37ev, C' and neutral oxygen atoms, hoth in the ground

summarized ir table 9. Okuda etal (32) hLave described the state, may be formed. At 22.4eV we oObserve a steep onset

b%7-ion state as having an ionized n2p-electron and a 2p- with steps in the slope, followed by a second onset at 24.3eV.
electron excited in the H*Zp-orbétal, while the C22+—ion The steps of the first ascent are identified as the vibra-
state has an ionized c2p-cleciron and a “Zp-cleclron excited tioral levels of the Dzﬁ—ion state: the fermatien of C+ in

in the ﬂ*Zp orbitai. This assignment has been adaptcc by the thresheld region above 22.45eV is interpreted as due to
Potts and Williamns (29) and Rebrink etal (30). Schirmer predissociation of the DZE state. Locht (26) okscrved the

etal (33) have given a method to calculate weak satellite same fcatures in the ¢F retarding potential curve. He pro-
lines in the photoeleciron spectrum in the recion of inncs posed the D i-predissociation to occur through & Zir-state
valence eleclron ieonization, which does rot represent the (ref 2 ir (25) ) lecading to the C+[2p0) + O(EP}-dissocia:iﬂn
ionization of an cloectron cut cf a particuliar ooleoolar limit.

LE3eV end

- o . . - '
22.93¢V, which derive their arnternsities from the o7 Z2s-

oriital, They chiainad twe satellite lines at 2

I

s obweived by Lockht as well (&

The:

iaterpreted here as due to direct dissociation. thirough

.

and s
. 2.¢ Lol
the ¢“t¥-state. The fragments should he C ¢ % o+ o('p) .

c2u-orbital, respectively. I these lines cosvespond to the
C and D ion stales observed in the photoelectron spoctra by
HAsbrink etal (30}, the interpretaticn differe from Ckuca

etal (32) and the final

giment of these staies remains C

unsettled. In the following discussion the assigument of

) . The rinimae energy of the ion pair process ¢+ 0" is cal-
Okuda cral (32) 1s used. calaied to be 22.45eV, using D{CO) = 11.7108eV (34), 1IP(Q) =
Esbrink etal (30) arranged the absorpuion kbands in vibra- 13.814eV (35), and EA(C) = 1.272eV (36). The ¢ -threshold
tional progressions of the 3p, 4p, and 5p Rydberg stetoes has been ebserved at 23.34eV in agrecment with the calcu-
converging to the DL state. There werc also Progressions lated value. The ¢ —«fficiency varve shows a broad band
of the 3s, 4s, 5s, ané 3p, and 4p I states converaing with a maximun at 22.8¢V. The curve decrcoases to noarly
to the ¢*5% ion srate. The interpieiation of the 3s vibra- cere at 24.8cvV. The C_/"O+ ion pair formation oocurs in
ticnal progressions convercing probvabdy to the pR state that small energy regiorn only. The C-(4SO) and 0+(450)
is st1ll ambiguons. Some zands arce unclassificd in that atomic states combine to 1’3’5'71+ mclecular siates.
assignment. Probebly, at chreshold erevgy, ihe CO melecule is ox-

. - + . . \ T+
In this work, rclative indoreis citea fram the ]E cround state directly to the T -10n
¥ , Tati oreis

i . Tk 3 - 3 nal K ol ed by Sissociati .
states have been mecsared. The compoy ison of the Dranchk- rair state, ifollowed by &issociation

Conden-factors cf the phoiceleciron spectvyum and of the

Rydberg states supperis the avs wents perforsed by

~Tasan

Qebrink etal {30).

lens,

In the phetcienizarion efficiency carves of nogauive

forned in ion pair fersation proc. sses from O,, NO, unc COC,
2
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Table 1

Energetic positions (eV) of features observed in the

0 -efficiency curve from 02

Table 2

New Rydberg states converging to the CAH;-iDn state.

The numbers of the peaks of tahkle 1 are given in
brackets. Energetic values in eV.

! vibraticnal

" transition no=3 n=4
{CG,0) 21.70 ( 7) 23.20 (17
(1,0 21.85 ( 8) 23.39 (19) 0.83
(OJO) 22.22 (14) 23.34 (18)

(1,0 22.27 (11) 23.53 (-) 0.65

guantum defect

i this work ref 16 ' ref 2
l -
! photeoionization electron absorption
' impact
. C— - e —
1 20.59+0.03 steep onset 20.6
2 20.73 peak !
3 20.85 peak 20.862 3809(0.0)
4 20.94 peak
5 21.05 small peak 21.050 350g[1'0)1
6 21.28 steep onset : 21.3
7 21.70 small peak
8 21.85 small peak
19 21.94 onset (?)
P10 22.11 small pcak
-1 22.27 small peak
P12 22.46 onset 22,5
13 22.83 small peak 22.863 BGoq(0.0)
14 22.92 small peak :
13 23.04 small peak 23.05Q 3de _(71.0)
16 23.13 shoulder -9
17 23.22 peak 23.262 4s3_ (1.0)
18 23.34 small peak 9
19 23.39 peak
20 23.79 small pcak 23.625 4da _(1.0)
23.55 9
23.9
25.2



Tablece 3

Energctic positions (eV) of features observed in the
O -efficiency curve from NO
i this work ref 16 ref 18 i ref 4
R ; .. . electron Eclcctron L .
photoionization impact ‘ impact absorption

1 19.5610.03 steep onset 19.6+0.2 | 19.3:0.3
2 20.10 shoulder
3 20.23 peak 20.242  3dn
4 20.33 small peak
5 20.48 peak 20.486  dpn
6 20.63 shoulder
7 20.69 sheoulder " .
8 20.84 small peak 20.78% 4dc
9 20.92 small peak 20,897  4d=
10 21.00C small peak 20,993  bLHpu
11 21.13 small peak
12 21.21 small peak 21.190 bLdn
13 21.26 small peak 21.245 Gow
14 21.31 small peak
15 21.37 small peak 21.354  6d-
16 21.45 sheoulder B 21,45 Jda
17 21.49 o) steep onsel 21.47
18 21.9:0.17 broad peak a
19 23.110.1‘3 broad peak 23,10
20 24.5t0.1° broad peak 24.0

- a) ref 5

;b) threshold
¢) maximum of the bread peak

“d) maximum of the peak

Table 4

Threshold energies (¢V) tor ien
pair formation from NO

1 19.565
2 21.464
3 23.618

ey o+ o7 (°PY)
("o o+ o7 (p%) -
s) + o (%P9

Table 5

Encrgetic positions (eV) of features ocbserved above 21eV
. + N .
in the N' -efficiency curve, and threshold energics of

dissociative ionization processes

e ———

. . : X
‘ Ethreshold !

energy fragments
21.00:0.05  onsct 21,02 vTCRy o+ o%e)
21.34+0.05  onset
21.7410.03 steep onsel
22.9 10.1 onset 22.92  w (';y + o(’Pp)
22.98  nt(’e) + of'm

Table 6

s ; . LI . .
Aydberg series convercing to the c¢’ii N0 siate (in the

symnetry assignment we follow Narayama and Price {(4) )

quantum defect

assigrrent intensity

N

nan Ii -0.03 strong
npa ‘M 0.72 meditum
2
npw s C.78 madium
ndc 23 c.1¢9 weak
Taile 7

Frofiles of the nas states cbserved in

¢ifferent decay channels
decay channel profile ref

1 ¢} asyrmelric this work
. +

2 NG dsymmetric { €}

N L+ .

3 &} symietric { 6)

4 HO:X(A(\'ﬂO) - XY asyaumnetric (21)

5 NGTH(A(v' 1)~ X) symimctric (21)

& Nx syTetric : (21)

{124.3nm) (+0)

Bgorgtior o

cLrum




Table

8

Energetic positions (eV) features observed in the

0 -efficiency curve from CO

: this work ref 16 ref 7
' g photoionization eii;;g:n [absorption
1 20.94:0.02 shoulder 20.884¢0.02 | 20.936
2 - 21.07 | shoulder | 21.068
3 21.1340.017 peak 21,126
4 21.27 peak 21.241
5 21.31 . shoulder 21.313
6 21.42 ' small peak 21.476
7 21.52 . peak 21.475
8 21.61 peak 21.604
9 21.65 shoulder 21.653
10 21.74 small peak 21.743
11 21.82 peak 21.823
12 21.86 shoulder
13 21.93 shoulder
14 22.04 small peak 22.049
15 22.11 shoulder 22.098
16 22.13 peak 22.164
17 22.28 peak 22.254
18 22.40 shoulder
19 22.42 small peak 22.415
20 22.50 small peak 22.495
21 22.63 small peak 22.580
22 22.68 small peak
23 22.80 small peak
24 22.93 small peak 22.915
©25  23.22 small peak
26 23.38 small pecak
27 23.72£0.05  onset 22.65%)
28 24.220.08  onset 2¢4.1 *)
129 24.9£0.08  onset 26,6 2
22.8 @
23.1 &
25.3 @)
a) position of the maximum of the prak

Table 9

The ionization potentials and the fegions of vibrational
progressions of two-electron-excited ion
states in CO (eV)

2
The ground state of the neutral CO molecule may be written as KK (02s)

(G*ZSlz(ﬂ2pl4(c2p]2 1E+. Configuraticns of the iorn states correspond to
the number of the eléctrons in the orbitals (02s) (6™2s) (n2p) (a2p) (5 2p)

(¢"2p), in that order.

e R — |
vertical region of the } calculated | electron configuration |
icnization vibrational : P and symmetry of the ion
. : vert
potential progressions state
ref 30 ref 30 ref 32
22.73 22.04 - 23.23 :  20.33 ! 222210 | D1
I
23.38 23,04 - 23.99 22.19 223110+ ¢t
: +
25.48 24.77 - 26.53 26.11 223110 (E)zi
28.09 27.7 - 28.43 29.62 213210 (Fy 25t
Tt
CO ground state 224200 T
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Figure 1

Figure 2

Figure 3

Ficgure 4

Figure 5

Figure 6

Figure 7

ot- and 0 -efficiency curves from O,. The O+—yield
curve is reduced here by a factor of 40. The curves

cross at 18.5eV (67 nm).

0 -efficiency curve from O, in the 20eV to 27¢V

cnergy region.

N+— and 0 -efficiency curves from NO. The Né—yield
curve is reduced by a factor of 7. The curves cross

at 19.6eV anc auain between 21.3eV and 21.8c¢V.

4 L ) -
N -eificiency curve from KO in the 18eV to 25eV

energy recion.

C*— and 0 -efficiency curves from CO. ‘ihe C+-yjeid
curve is reduced by a factor of 6. The curves cross
at 2ieV and 22.5eV.

C+—efficiency curve from CO in the 20eV Lo 26eV

enerqgy region.

¢ ~efficiency curve from CO in the Z3eV to 23eV

encrgy region.
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