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ABSTRACT

The wmolecular photoionization (COE), disseciative photoionization

)4
2 ) cross sec-

(CD+, ¢" and C+) and double photoionization (COS+ and C
tions for 602 have boen measured from their onsets down to 90 A by

using various combinztions of mass spectrometers (a coincidence time-
of-flight wass speelrometor and a magnetic mess spectrometer) and light ' |

sources (syncheotron radiation, and glow and spark discharge). It is . |

concluded thet the one broad poeak and the three shouldars in the toval

absorstion cross zechion curve between 640 and 90 A are caused complolely

by dissaciative jonization processes. Several peaks observed in iha
cross saction curve for the total fragnentation (C0+, ot and C+) are
compared with thoze in tha photoctectron specirum reported for 002.

The accuvacy of the present cross sections is estimated to be about

10, 15 and 50 for o (COZ)’ a(cot, 0" and ¢') and a(cog’ and C2+),

resnactively.
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I, Imtroduction

Stnee the fivst study of dissociative photoionmization of gases at
wavelersths shorter than 1000 K same twenty years ago (1) numerous
groups have reportoed data over the wavelength range belween 304 and
1000 R (2-7). These studies ulilized mass specbromelers to ddentify
the ionic fragments proeduced,  With the excention of the data reported
by Fryar and Brouning (5) virtually all of the previously veported data
sufTer from underestimating the number of fraguent jons produccd because
they are relessed with considevable kinetic enevay velative to the
parent iens. lHest mass speclrometors diseriminate against energetic
fons. Thus, the donic abudances quoted in the Titeralwe vary depending
ot the {ype of wass spectrometer used and on the condilions of the
cxperimentys,  In fuet, when the fon fraguents have onorgics in the © eV
ranue the Titerature values cen vary by an order of mwgnitude or more,

It is dmportent to know the partial cross sections for the produc-
tion of the variaus fraguent fons Lo dwprove our understanding of the
moiccular photoionization procoess.  The daia ave also extremely valuable
Lo owr understamding of don production in planclary and cometary
atnosphores,

It the present work we report dissociatlive photoionization cross
sections and prauching ratios of fonic Mragments produced from CDH rrom
their thresholds dowvn Lo 922 R. The freoments observed Tor single ioniza-
Lion proceases wore coz, cot, 0%, and ¢". The doubly fonized Tragnents
obuurved wopg CO§+ and C2+. Diseriminatory effects have been wmiainized

by the use of a specially desianed Uime-of={1iuht mass speclrometer,
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The estinated cccuracy for the branching ratios Tor the singly fonized
fragments was 10 Lo 1 and for the doubly fonized Tragments about

boh

2o Iaporimental

A Lime-ot- flight and o convenliomal magnetic sector mase spectromelor
wore used to study the i produced by dissociative pholoiondzation,
The fanizing vadiation sources used were (a) a de glow discharge in
holiwa to produce the Hel L84 A and Hell 304 A Tites, (b) a high voltage
condensed spark discharge in ar to produce numerous discrele emission
Tines between 100 and 000 A (8), and (¢) synchrotron vadiation from
the storage ving at the Physical Sciences Labovalory of the Universily
of Hisconsin,  The synelrolron radiation available covered the spectral
Patige frnm‘QO o 300 R‘ In all measuresents grazing ineidence

monochrame bors wore used Lo disperse the radiation.

¥

2,7, Time-of 4 Tight mass spectrometor

The tite-or-TTight (TOI) muss spectromeler was specially constructed
Lo mindmize diseriminatory elfects and was operuted in a coincidence
mode. A schemetic deaving of the coincidence TOF mass spectirometer
is shown in Fig, 1.  The photon beww, cmerging fram the exit slit of
the wonochramator, had a rectangular cross section of approximately
3 x 7 mm in the fonization chamber of the mass spectrometer.  The
jonization chamber consisted of two parallel plates, 25 mm apart and
with civeular openings (12,5 wm in diamotor) covered with highly trans-
parent wive s With a voltade apalicd to the plates a weiform

eloctrie field, typically of the order of 1500 v/em, was produced
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perpendicular to the fncoming photon beam,  The pusitive jons and elec-
trons produoced Trom the pholoionization of neutral molecules were
actederated in opposite diveetions by the high eleetric field,  The
electrons, after acceleration, were detecled by an 18=-staye Venetian
blind electyan maltiplicr oporated in the counling mode.  The electron
pulses wore fod throngh a fast preamplitier and an amplifier-discriminator
andd the resulting pulses used o stort pulses for a time-Llo-ampTitude
converter (TAC).  The dons were accelerated in the opposite divection
and, after passing through o deift tube about 200 w long which was kept
at the same polential as the accelerating platle, viu detected hy a chevion
chanpel electron multiplier arvay, the front face of which was held at

a potential ef <4600 V.,  The don pulses afﬁer proper amplifTication were
used as stop pulses Tor Lthe TAC,  The coeincidence pulses obtained from
the TAD wore fod to a multichame? analyzer operated in the pulse height
analysis mode and @ mass epectrum was obtained for parent and fragmenta-
tion fons, A typicel mass specelrum obtained ds shown in g, 2 Tor CO.{3
joni.ed by 304 R padiation,  Decouse the measuromsnts were triggered hy
photocTechrons ejected from the molecules, the backyround or random
cofncidences were quite Tow, iowever, care had to be taken to collimale
the phaton beaw to prevent it from striking any metal parts vin the
vicinity ot the circular apertures as these photoclectrons could provide
false counts,

The raties of the traments to the parent ions were obtained by
measwring the integrated area under tho various peaks cormresponding to
different frawments,  The data acquisition time fTor CO2 at 304 R was
kop{ ab aboul 4800 see. Lo ensure a statistical accwracy of about ¢+ 30

i)
it .
for the smallest peak (LU; ) in the mass spectrum.

5 g

P

il




o

The gauple ges, comuercially available from Matheson, was used
without further pcification,  The sample gas pressure was typically
hetuorn b« 10“5 atel 1.0 X “l(l”4 tore inside the foni-ation region,
vheres o the baekavome! pressuire was 7 x 10“7 torr. The background
pressure increased Lo 1,0 % IO'G Lorr when helhe was introduced into
the Tight sowrce,  #e apprecialle change in the feaguentation ratio

could be Yound as ¢ funclien of pressuve,

2020 Diseriminetory effects of the timesof-Flight mass spectrowniop
Standatd wacs spectromelers show divertmination in the detoction
etficioney for various fons,  Seme of the discriminatory effoects
arising fron wss and chavge dependont factors in a time-of-11ight
wass spectromeler have  been discussed provieosly (9, 10),  The most
serious aiscriminaiory offect is that caured by the initial kinetic
energy ol the photodissociated fragments, causing spatial spread of
the don beam, and henee fractiona? Tesses of higher cnerey Traguients.,

The Kinetic encrgivs of fon Traoments Tormad in ”2’ Co. N?, and Ua

have been repertaed by ©odner and Samson (11-13), The maxtmen Frag-
ment enovgivs oxtend from about 5 eV for Ny 02, and €0 to 12 eV for
HZ at 304 R. Furthorsare, the angular disteibution of the energelic
ions can cause a pon-uniform spreading of the ion beam.

The characteristics ot the TOF instrument were investigated by
sludying the dissociotive photoionization of 02 by use of the 589 R
Tine.  The spectrum shown in Fig., 3 is centered on mass 16 and
clearly shows the situation in which the central peak arises from the ot

[ g + y I3 + 13 [ »
thermal fons, the right hand peak from the 00 dons with initial velocity

B da 2 R < 1
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vectors directed away from the detector (Lhe kinetic energy peaks at

aabout 1 eV (13), and the left hand peak Trom the 0+ ions with the

velocily vectors directed towards the detector. These results were
oblained when the TOF mass spectrometer was operated with a low accel~-
erating potential in the fonization chamber and with a uniform accelera-
tion during the f1ight path (this was provided by 24 parallel ion-
accelerating plates each with an aperture of about 12 mn in diamceter).
This is similar to the arrangement used by Harvey et al. (14). The
Tower diagram in Fig. 3 shows the effect of increasing the accelerating
potential in the ion chamber only. This arrangement of the electrodes
in the TOF mass specirometer ¢learly illustrates that most of the ions
with a lateral velocity, with respect to the instrument axis, were lost.
Thus, we reioved the apertures, used a hiah field in tha ion chamber
and installed a large diameter detector, as shown in Fig, 1. Assuming
the drift region of the TOF inatrument was field free then ions with
Tateral kinetic encrgics up to about 20 eV should still strike the
detector, The actlual arrangement produces acceleration and some
focusing near the detector allowing ions of greater lateral energies
to be collected.

Another problem that can cause discriminatory effects in a mass
spectrum is that associated with the variation in seccondary electron
emission from the first dynode of an electron multiplicr caused by ions

of different masses, charges, energies, and chemical structure (15-19).

IT the sccondary electron emission is greater than 1 electron per incident

ion then there should be less discrimination between ions when the

detector is used in the counting mode. No data exist for the secondary
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electron emission cucifictonts for a CCMA,  NHowever, the various publica-
tions deating with the detection efficiencies of channeltrons in the
counting mode indicate that a plateau in the relative counting efficiency
is reached for most fons with energies in excess of 4 kv (18,19),
Further, the platcaus of the atomic and wolecular ions studicd have a
maximn variation of about 10 te 20%, H; appears to deviate the most

and produces the largest efficiency, Both Burrous et al. (18) and

Fields e¢b o1, (19) show that their detector sensitivities ave about 187

o s
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. ]
Figure 4 shows the fraguentation ratio O+/0§ measured at 304 A @s a

function of kinetic encrgy of ions impinging on the chevron CEMA,  The

Kinetic energy of Lhe dons was varied by changing the applied voltage (V])

to the seceloration electrode on the electvon myltinitier side, while the
potentic] (VZ} af the acceleration eluectiode un the fon side was hept
constunt. The ratio O*/Og was found Lo be constant within experinental
error Tor ions with incident eneray of more Lhan about 4.0 keV, This is
a necessiry although not a sufiicient condition to produce a true ratio,
The vatio O+/O; at 304 A was measured as a function of the diancter
of the {un detector by use of a vaviable diapbragm near the front face
of the ion detector. The ratio 0+/0; increased with increasing diameter
of the diapiragm but reached a saturation value as expected, The result
shown in Fig. 5 clearly indicates the absence of any discyiminatery
effects caused by the spatial spread of the ion beams for the detestor

]
diameter larger than about 28 and 20 ww for 304 and 584 A, respectively.

Thus, in the present design of the TOF mass spectrometer discriminatory

effects have been minimized by providing an appropriate high field in
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the fonization reyion, using a large diameter chevron CEMA (40 mm in

‘diameter), operating in the counting mode, and by keeping the electron
multiplier as close to the acceleration electrode as possible to mini~
mize any loss of ¢lectrons caused by their initial angular distribution

and encrgy.

2.3, Magnetic sector mass spectrometer
This instrument was a 180° magnetic sector mass analyzer based on

the design of Poschenrieder and Warneck (20). Like all instruments of

this type (narrow entrance and exit slits) it discriminates sirongly

against ions Tormed initially with some kinetic energy. However, becausc

of its extremely efficient ion collection optics it could readily be

used in the analog mode with conventional pico-ammeters, This aliowed

use of the intense spark source with its large spectral range. The spark

source emits microsccond pulses and, therefore, is not readily adapted

to digital counting methods, but is ideal for analog measurements,

To aveid the major problem of ion discrimination no ratios of dif-
ferent ians were measured, Instead, the vatio of the relative intensity
of a single fon (e.g. O+) to the intensity of the ionizing radiation was
measured as a function of wavelength., With the low pressures used fin
the ion chamber this ratic of ions/photon is directly propovtional to
the photoionization cross section for this process., These relative cross
sections were then placed on an absolute pasis by normalizing them
to the data obtained at 5&4 R with the TOF mass spectrometer. The
intensity of the incident radiation was weasured with a calibrated

electron multiplier.
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This method can be expected 1o give good results when the kinetic
energy of the fens remain constant as o Tunction of wavelength or when
the den energics arve very Tow as frequently encountered near the Towest
threshold for dissociative photofonization, As Lhe photon energy increascs
more energetic ions appeer ithus discriwination is Tikely to appear in
these cross section at the higher photon energies, [xamples of these
effects are shoun in the next scclion,
The data were obtained using three basic modes of opevation, namely,
1. TOF mass specirvomcter with de glow dischavge source
(584 and 304 R).

2, TOI mass speclrometer with synchrotran radiation source
(90 - 300 R),

3, Magnetic mass spectromeler with spark discharge sowrce
(190 - oAU R).

In all cases the gas pressure was kepl constant by use of an MKS

Barvalyon pressure controlles,
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3. Results and Discussion

The analysis of the data can he performed in two separate ways in
order to obtain cross section data as a function of wavelength,

Branching Ratie_Methed, In this case, a mass spectrun is accumulated
at a given wavelength, then a branching ratio can be obtained for a
specific fon by taking the ratio of the number of fons collected for that
species to the total nuwber of fons produced, Uhen this branching ratio
is multiplied by the total photofonization cross section the result is the
partial photloionization cruss section for producing that particular ion,
This method will provide accurate partial cross sections provided there
are no fons lost or discriminated against because of varying jon kinetic
chergies, '

lons/Pholon Fethod.  Here the wavelength, 1s scanned for a fixed mass.,
Tha intensity of the radiution fs monitored siweltancously with the fon
intensity. At the Tow gas pressures used, the ratio of jons per incident
photon is proportional to the partial photoionization cross section, As
mentioned previously these relalive cross sectiuns can be put on an abso-
Tute basis by normalization at some known point,

The date obtained with the TOF mass spectrowcter are assumed to be
free from any serious discrimination effects, Thus, the Ffirst method.
using ihe branching ratio measurements, was used with this fnstrument to
determine absolute partial cross sections, The wavelength vange covered
was from 90 to 308 K, using synchrotron radiation, and 534 to 304 R radia-
tion from a glow discharge in helium. The hranching ratios are tahulated

in Table 1 and the resulting partial cross sections are shown in

Figs, 6-11 (data points are closed circles).
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To completn the spectral coverage from the dissociative fonfzation
3 [
threshold (042 A) to 193 A the spark Tiaht source was used with the

magnetic muss spectrometer Lo measure fons/photon,  Thus, relative partial

cross sections were obtafned, These were normolized wo the TOF absolute
date at 594 R, and vhere necessary, for example ¢t in Fig, 9, the Hell
30 X Tine was used, This method 18 accurate only when the Linetie
energy of the fen fragwent remains constant (or is small) as a function
of wavelength, Provided the froament fon is produced from a given state
its kinetic encray 1s centered on a fixed value with a narrow energy
sproead given by the width of the Franck-Condon region, regardless of

the energy of the photon. Hovever, when the same fragment fon is pro-

duced from a different stats is encray 1s usually quite different,

thus, causing diserdminations. The kinetic energy 15 usually greater
Tor greator phaten cnergies (1113).  This offect is TTustrated 4n
Fiys. 7 and 8 for c0* and 0*, respeciively, where the data overlap 1
those obtained Trom the TGP mass spectrometer. Although the data were
novialized at 664 K Lo the TOF data thoy show severe discrimination for

o
wavelengths shonrtor than 500 A, Data oblained with this method arc tabu-

Tated in Table II. lowever, the cross sections for a specific ion were

) meastred independently and the sum of the branching ratios for all of
| the fons in Table IT docs not equal unity, 1
k In the case of CO; the ions are formed with thermal kinetic enerygies
independent of wavelength, Thus, the above problem of discrimination is
absent and accurate partial crnss soclions for the production of cog

are obtained. As can be seen from Fig, 6 when the spark data are i

o

normalized at 584 A Lo the TOF data they are also in excellent agrecment




with the TOF data below 300 R. It should be noted from Table I that
947 of the 1ons priteced at L84 X are CO; jons, whereas, at 304 R only
62 F the fons have not dissociated, The good agrecment beilween the
two sets of independent measuremcnis implies that discrimination effects
in the TOF measurcuents caused by the detector's unknown efficiency

to dons of diffcrent mass are not serfous. The scatter in the open
circle data points, bLetween 300 and 400 3, is caused by the overlap of
second order spectra that coincide with the blazed region of the
diffraction grating, _

The CO% cross scctions decrease monotonically as a function of
photon energy with no obvious structure. This is to be compared with
the total photoionization cross section (215, q1so showm in Fig, 6,
vidieh reveals four major structures labeled A, B, €, and D {not to be
confused with the cpectreccopic netatien). Thus, the origin of these
structures nust be dizsociative fonization. In fact, by subtracting
the partial cross scetion data for COZ from the total cross seclion
we obtain the total cross scction for Tragmentation, These results
are shown in Fig. 10,

Eland (22) has reported that the excited fon 60;(3 ng) predic-

sociates completely to Tragment dons, whereas the i ang, K znu and
B EH: states do not predissociate, Consequently the data obtained by

photoelectron spectrascopy, which include the branching ratios for
those states, are compared with the present results in g, 6, assuming
that the X, A, and B states contribute only to cog ions, In the com-
parison, Lhe same total absorption cross scection shown in Fig, 6 was

taken to avoid any ambiguily arising from ithe use of different cross

12
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sections in the Vitersture, There is good agreement between the resent

results and those reported by Brion and Tan (23), and by Samson and
) -]
Gardner (P4) above 500 A, Howwver, at shorter wavelengihs the phuto~

electron spectroscopy data tend to be higher. This could be caused by

underestimating the contribution of the ¢ state and other highlying

dissociative states, Gustafseon ¢t al. (?58) have also reported the

branching ratios for the X, A, B8, and € stete af CO?. Their results
[ +]
are in good agreement betwecn G20 and 500 A, whereas they are 31 and

46% high compared with the present results at 400 and 310 X,
respectively.

The only phototonization-mass spectroscopy data veported at wave-
e
Tengthe shorter than 600 A are those of Weissler ¢t al., (1) and
Kronelbusch and Berkowitz (4), Both sets of data show discri..atory

effects covsed by varying don Kinetic encrgics, Only the data of

ref. 4 are reproduced in Fiq., 6. Gooud agrecment is found down to

o

about 460 A, However, as other dissociative channels open up producing
» 3 a L] (] o +

ions with greater kinetic energics the branching ratios for the 602

ion become too high because of the increased loss of Lhe more energetic
ions,

) , y o) .
The threshold for produclion of the fragments 04, 20, and c* is

at 19,07, 19.47 and 22.69 oV, respectively. Fland (22) has reported

° e
that at 584 & the O' iorn results from predissociation of the vibra-

tionless (0,0,0) Tevel of the Elzxg state, while the €O¥ fon results

from predissociation of the higher vibrational Tevels of the same
state,
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The cross sections c(co+), U(O+), and c(C*) are shown in Figs. 7,
8 ané 9, respectively, along with those of Kronebusch and Berkowitz,
in which good agreement is seen down to 400 A for co* and 0%, At
shorter wavelengths, their results and our open circle data points
are obviously affected by the discriminatory effect caused by the
initial kinetic energies of co* and 0+. For C+. their data appear to
be discriminated against at all wavelengths,

The structure in all the fragmentation curves can be correlated
with the mu1t1é1éctron transitions observed in the photoelectron
spectra reported by Brion and Tan (23), inc1uding’the complete disso-
ciation of the C 22; state, This is more obvious when their results
are compared with the total fragmentation c}os§'section in Fig. 10,

These cross sections were obtained by two methods, The first metiod
.'.
Z
cross section (dashed line in Fig. 10), The second method was to add

consisted simply of subtracting the CO, cross section from the total
up the cross sections for all fragments after smoothing the data,
from Table T (s01id circle data points) and Table II (open circle
data points). The subtraction method provides the most meaningful
and accurate technique to obtain the total fragmentation cross sec-
tions over the region where discrimination occurs. However, it is
interesting to note the good agreement near the dissociative-ioniza-
tion threshold between the two methods., This implies that the data
obtained with the magnetic mass spectrometer has 1ittle discrimina-
tion between about 475 R and threshold., Agreement occurs as expected,
with the TCF mass spectrometer data. The photoelectron data of Brion

and Tan, as discussed above, show identical structure in the
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fragmentation curve, leading to the conclusion that the multielectron
28* peaks, seen in the photoelectron spectra,
represent dissociative ionization states, The origin of the discrepancy
in the absolute amount of fragmentation in the region 200 to 500 R
between their data and the present data (dashed line) is not clear.
However, the possibility of underestimating the number of continuum
electrons and the contribution of the unresolved §~state must be
considered. Underestimation of the number of continuum electrons is
a possibility in the data of Samson and Gardner (24) shown in Fig, 10
(square box data).

The double photoionization cross sections, o(Cog*), and the dis-
sociative double ionization cross sections, 0(02+), are shown in
Fig. 11(a) and (b), respectively. The corrasponding branching ratios
are tabulated in Table I. The cross section 0(02*) is the first
measurement of dissociative double fonization of 002 taken in the

region of vacuum ultraviolet., The ratio of C24

" to all ions produced
from 002 is enly 0,1 - 0.4% in the region observed, which is similar

to the value of 0.2% obtained with soft X-rays at 44 R (26). The
absolute magnitude of the cross sections shown in Fig. 11 is considered
to be accurate only within about + 50% because of the unknown effi-
ciency of the detector for doubly charged ions. Recently, Tsai and
Eland (27) reported the branching ratio of cog* at 304 R as 0,66%,

which is in good agreement with the present results of 0.7% interpolated
from the data in Table I. The present data also show that the

branching ratio values increase with incident photon energy and reach

o]
a plateau value of 2.6% at 200 A. This behaviour of the branching
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ratio is similar to that reported by Samson et al. (28)., However, their
plateau value is only about 30% of the present value, If some of the g
cog* jons have 1ife times shorter than the flight times in the mass .
spectrometer, losses could he expested, In the previous experiment -
the flight times were of the order of 5 to 10 us, whercas, in the |

present measurements the flight time was about 2 yus (see Fig. 2), g

There have been two values reported in the literature for the lifetime g ;
of CO§+, namely, 2.3 us and 21.6 ps by electron impact (29) and photon =
impact (27) methods, respectively., Thus, the present results could be
expected to observe more doubly charged dons than obsevved by ref, 28,

It is also possible that some CO%+ fons have extremely short Vife

times and essentially dissociate immediately producing the following

fragments,
cos* -—» co* + 0"
ct+ 0t o
0"+ 0"+ ¢

The minimum thresholds for each of these processes are 33,7, 41,5, and
e

. + + .
43.8 eV, respectively. [Cach of the fragments CO, €, and 0 shown in

T TEe

Figs. 7-9 show structure in thesec cross sections between 40 and 60 oV.

Lee et al. (30) have observed undispersed vacuum ultraviolet

fluorescence {rom C02 excited by synchrotron radiation in the wavelength

B

[+]
region 176 - 800 A, In particular, they observe a broad hand of

Q
fluorescence between 175 and 530 A that bears a striking resemblance

hd
e i e Xt

to the shape of the total fragmentatiun curve (Fig. 10). The absolute

fluorescance cross seclions are about 5 - 107 of the total fragmentation :

P
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cross section. It appears certain that the fluorescence originates

from excited fragments produced by dissociative photoionization,
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TABLL I.  Branching ratios for dissociative and double photoionization
of CO2 obtained by TOF mass spectrometer.

Wave-

1?§?L" ca; co” ot ct co* c?*
89.6 0.28 0.12 0.37 0.21 0,027 0.0036
99,5 0.29 0.12 0.36 0.21 0.026 0.0024
109.4 0.30 0.12 0.35 0.20 0.027 0.0024
119.3 0.32 0.12 0,35 0.18 0.027 0.0018
129.2 0.34 0.13 0,34 0.18 0.026 0.0018
139.2 0.36 0.12 0.32 0.17 0.028 0.0010
149,2 0.37 0.13 0.31 0.16 0.025 0.0012
159.0 0.39 0.13 0,30 0.16 0.026 0.0017
168,9 0.4 0.13 0.28 0.15 0.026

178.8 0.43 0.14 0.27 0.14 0.025

188.7 0.44 0.14 0.27 0.14 0.027

198.6 0.44 0.14 0.26 0.14 0,026

208.5 0.44 0.14 0.26 0.14 0.025

218.4 0.45 0.14 0.25 0.13 0.024

228.4 0.48 0.14 0.24 0.12 0,023

238.3 0.517 0.14 0.22 0.1 .019

248.2 0.55 0.13 0.20 0.10 0.018

258.0 0.60 0.12 0.18 0.091 0.016

268.0 0.63 c.1 0.17 0.082 0.013

277.9 0.64 0.1 0.16 0.078 0.012

287.8 0.64 0.1 0.16 0.081 0.010

2497.7 ¢.63 0.11 0.17 0.086 0.0090

3048 0.63 0,096 0.17 0.10 0.012

307.6 0.62 a1 0.18 0.092 0.0060

5343 0.94 0.019 0.045

a,,

icasured with a glow discharge




TABLE IT. Branching ratios for dissociative photoionization
of 002 obtained by magnetic mass spectrometer,

I - e i 2 Er L

HWavelength

(h) o, co” o* ¢t
192.6 0.49 0,075  0.09] 0,12
215,2 .63 082 ,080 BN
220,7 .51 ,087 079 2
230,9 46 ,075 073 M
250,9 57 ,078 .083 1
257.0 .56 .074 .073 ,092
260.3 .53 063 065 .081
279.9 .61 080 085 .080
282 .4 .63 075 .087 085
292.6 .52 061 085 .081
294.3 54 069 .090 073
| 297.7 .56 ,074 10 085
g 304° .59 |
| 307.5 49 .077 Y .094
329.0 43 .088 2 10
: 337.3 .57 086 2 10
1 | 351.4 67 095 12 094
:  363.0 .68 .096 RE 082
3 374,7 .58 ,086 10 056
} 390.0 .62 ,080 1 035
%1 405 ,4 .66 ,088 10 .021
: 410.0 .69 .098 R b 017
: 15,9 4N Y .014
; 436.7 .66 L0904 088
f 2422 74 11 ,097
' 447.0 \76 1 ,092
449.7 .81 10 ,089
457 .5 .80 ,096 086
: 459,3 .83 .097 .090
462.0 77 086 ,084
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TABLE II (cont.)

e STEIRTR L T N e e

Wavelength

() c0, co* 0"
465.4 .81 .092 .085
471.5 .86 .088 .085
475.3 .76 071 .074
479.4 77 .069 .073
486,6 ,87 .07 ,075
491,7 .87 .059 .074
495,9 .92 .057 071
500,2 .83 047 .067
508, 5 .88 .040 .067
514,0 .88 047 ,065
519,4 89 034 . 065
5228 .92 '

526,5 .96 .031 .061
5377 .89

538.5 .99 .028 .059
5447 .87 025 .055
548, 9 .90 .024 ,049
551,4 .92 .025 .048
555, 5 Nk .024 ,053
558.5 .99 .030 .050
564 .4 .94 .035 .051
571.0 .96 .029 .042
5842 .94

585.8 .95 015 041
594 ,1 .93 .018 ,043
5967 .88 .01 .04
609.9 .97 .003 042
619.1 .97 ,014 ,038
630.3 .94 .004 ,033
634.3 1,02 .003 ,035
637.3 .98 ,033
641.5 .95 ,007

AMeasured with a glow discharge
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Fig. 1,

Fig. 2.

Fig. 3.

Fig. 4.

. A

FIGURE CAPTIONS

A schematic diagram of the coincidence time-of-flight mass
spectrometer. The width of the 1ight beam was about 3 wm,
The separation of the ion plates was 25 mm and the fon and
electron extraction holes had a diameter of 12.5 mm.

A: experimental condition used with a glow discharge.

B: experimental condiiion used with synchrotron radiation.
A typical time-of-flight mass spectrum obtained for 002 at
304 R in which all possible fragments @kcept O; are
observed, including CO§+.
Time-of-flight mass spectra of Oé obtained at 584 K, which
show the kinetic energy distributioﬁ of 0%, a) the field
strength in the ionization chamber was 11,8 V/cm,

b) the field strength was 52.8 V/cm, These spectra were
obtained with a narrow flight tube that discriminated

against energetic ions, A time scale is shown in the

figure toridentify the width of arrival time. The central
peak is arbitrarily centered on 0.5 us,

The fragmentation ratio 0+/OZ measured at 304 K as a function
of kinetic energy of ions impinging on the chevron CEMA.

The ratio 0°/0, is proportional to n(0*)P(0")/n(0})p(0}),
vhere n(0+) and n(OZ) are the detection efficiencies of the
cheviron CEMA for 0% and OZ, respectively, and P(0+) and P(O;)
are the loss probabilities of 0+ and 0;, respectively, in the
drift tube. As P(O+)/P(Og) is constant over a certain range
of the dectector diameter as shown in Fig. 5, it is obvious

that n(0+)/n(0;) is also constant,




H A

[ES—

Fig. 8.

iy i

Variations of the fragmentation ratio o*/oz at 584 and
304 A as a function of the fon detector diameter,
Partial photcionization cross sections for co; as a
function of wavelength, e, present results from Table I;
0, present results from Table II; A, Kronebusch and
Berkowitz (ref, 4); @, Samson and Gardner (ref, 24);

Y% » Brion and Ten (ref. 23); + , total zbsorption cross
sections (ref, 21), The bars show the reproducibility of
the results obtained from three experimental runs,
Partial dissociative photoionization cross sections for
co* as a function of wavelength, O, present results
from Table II; @, present results from Table I;

A, Kronebusch and Berkowitz {ref. 4). The vertical
arrow indicates the thermcchemical onset for 0%,
Partial dissociative photofonization cross sections for
0"L as a function of wavelength. O, present results from
Table II; @, present results from Table I; &, Kronabusch
and Berkowitz (ref. 4). The vertical arrow indicates
the thermochemical onset for 07,

Partial dissociative photoionization cross sections for
C+ as a function of wavelength, O, present results

from Table IT; @, present results from Table I;

A, Kronebusch and Berkowitz (ref. 4). The vertical
arrow indicates the thermochemical onset for the process
¢t o+ 20, while the onset for ct o 0, is at 544 R. The

Tatter is not likely for the symmetric triatomic molecule,

SO ———

it ibiai




Fig. 10,

Fig. 11,

o D PP > A SRR RNt S A 3 KRNt B e O SR e R R Rt s RN i & i 3

Fn

Cross sections for the total fragmentation as a function
of wavelength, O, present results from Table II, (see
the text); @, present results from Table I} ———o——,
present results (subtraction method, see the text);

A, Kronebusch and Berkowitz (ref. 4); ¥, Brion and Tan
(ref. 23).

a, Double photoicnization cross sections for Cﬂg* and
b, dissociative double ionization cross sections for

02+

as a function of wavelength. @, present results from
Table I. The error bars show “he counting statistics,
The vertical arrow indicates the ons?t for cog* reported
by Dorman and Morrison (ref, 31) aru the thermochemical

onset for G2T, ;
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