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SUMMARY

This report documents  the probability of radiation

producing lons in speci cnic and vibraticnal levels. For example,
when a narrow band-pass of solar ionizing photdﬁs is incident on an atmospheric
species it is now possible to describe, accurately, how the radiant energy is
shared among the various electronic states of the ions produced. The mole-
cules studied were NZ’ CO, and COE‘ These molecules were photoionized by
radiation between 53 and T5 nm. fhe effects of autoionization are discussed
and continuum vibrational intensities are tabulated and compared with theo-
retical Franck-Condon factors where available. The Branching Ratios ang

Partial Cross Sections for ionization into various electronic states are

tabulated.



I. INTRODUCTION

The research discussed in this report is centred on the measurement: of
photoeiéctrdn branching ratios. ﬁhen a target absqrbs radiation sufficiently
Venergetic to form an ion, the ion will in general be able tc occupy a number-
of‘enefgy lévéls.. By méasuring the energy spéctrumlof the ejected electrons
(i.e. photoelecﬁron bpectroscoﬁy) the number of ions produced in each enérgy
level may be deterﬁined. The term "brapching ratic” then refers to the
number of ions left in a épecific.gnéréy levgl, és a fraction of the total
number of ions formed. If thérphotoionization cross section is known at ther
same wavelehgth, the product of the cross section and the branching rafio
gives the partisal photoionization cross secfion at fhat wavelength, i;é. the
cfoss‘section for ionization to a specific energy level of the ion.

lfThe pfimary interest of this researéh was tb measure photoelectron
Branching ratios in gases of aeronomic: interest at-solar wavelengths. If
rgutoionization oceurs in a gas at a given salar wavelength, it is very
important that the saﬁe:transition generating the line as in the sun be used
inithe.laboratory. These emission lines generaily come from highly ionized
species which in.general caﬂ.be produced in the laboratory only in a spark
type discharge which is diffiéult to handle experimentally. The radiation
. sources used in this research were DC glow dischﬁrges'in helium.and neon
aﬁd ﬁC are dischafges‘in argon and nitrogen (ggnerated in a duoplasmatfon
1ight source).l The radiation waé dispersed by either a m Seya—Nami@ka
‘monoehromatdr or a 2.2m gra;ing inecidence monochromator. Only some of the
1ineé“used appear in thg solar spectrum_;2 however, at the shorter wavelengths
(1ess ﬁhaﬁ.about 65 nm) autoionization is generally absent in thermolecules
stuaied here and the branching ratios presented can be interpolated to ﬁhe

solar lines.



Data are presented for a number of discrete lines ranging from the
first ionization threshclds in the gases Nz, CO, and 002 to a short wave-
length limit of 52.2 nm. |

~ If the icnization process is non-rescnant {continuum ionization}, the
distribution over the vibrational levels of a molecule is &t most a slowly
changing function with the wavelength of the incident photon, and vibra-
_tional intensities have been summed to give the photoelectron branching
ratioc for the sﬁecific electronic states of the ion. Anomalous intensity
distributions among the vibrational levels were observed at a number of
wavelengths, caused by the process of autoionization. These distributions

are noted at the relevant wavelengths.



I1. EXPERIMENTAL TECHNIQUES

The Energy Analyzer

(1) DescriEtion,

The”energyWanalyﬁer"usEd‘in‘thé'bﬁrrent‘étudy was ‘a cylifidrical mirror
_type with a retarding/accelerating-léns. The analyzer has been described in
_.the Literature:® a brief sumary will be given here.

The analyzef io-shown schematically in Figure 1. Electrons are col-
lected in a 6° cone centred about 54°k4' to the photon beam. At this angle,
the signal seen is independent of the-degroe of'polarization of the radistion
.(an important featufe when the radiation is disperged because the reflection
at the;grating:will partially polarize the radiation) and:independent of the
.ﬁngular distrioution of the ejected electrons.h

‘The .electrons passingvthroughrthe.lens.arévaccelerated or retarded to
have a constant energy when entering the region between the two cylinders;
The eléctrons'are focused back.onto the inner cylinder and then accelerated
to tﬁe ontrénce cone of a channel electron multiplief; The mulfiplied
curfent pulses are fed to the\sﬁahdafd NIM instrumentation of a charge
sensitive preomplifier and a linear amplifier, discriminated against noise
pulses and then storedrin a selected channel of a Nuclear Data type 2400 L096
;channel storé.

The voltage on the lens elements is controlled from a ramp generated
“ ‘either by ampllfylng and offsettlng the analog: address of the store or by a

dlgltally programmed stépping motor driving a potentlometer,_synchronlzed to
'ithe advaoce of the store. The spectrum is multlply scanned (typical dwell

" gime of 80 ms per channel per scan) to reduce errors associated with



Figure 1. Schematic cross section of the cylindrical

‘mirror electron energy analyzer.



A"ip

‘of 45 meV. Figure 3 shows a spectrum recorded from H

fluctuations in the intensity of the light source or in the source gas

pressure. The latter scahning method is much more aceurate over long'scans,‘
Thermal drifts in the aﬁpiifiers tended to obscure the vibrational structure
in spectra accumulasted cver a pericd of hours when the amplified analog
address method was used.

The resolution of the‘analyzer, with l mm slits in the inner cylinder,

“is plotted in Figure 2 as a function of the pass energy (the kinetic energy

at which the electrong must enter the region between the cylinders to pass

through the exit slit to the detector). In the current analyzer, this energy

(in electron velts) is 1.18 times the voltage across the two cylinders. The
spectra were generally analyzed at a pass energy of 3 eV, giving a resolution

5 at a wavelength of

73.6 nm with a pass energy of 06.75 eV; the rotational structure is clearly

;hiﬂ‘

-;along v1th the effecu of Wncreased Doppler broadenlngﬂ caused by the

“"35;\" ) ,ﬁ“:“-‘f LRy

#

thermal energy of the neutral molecule as the electron energy 1ncreases.
The gas pressure in the analyzzng reglon was typleally held at 0.2 m

Torr. As the pressure was  increased much above this, the count rate decreased

A'“becauée of increased scattering out of the beam as the electrons travelled

the 18 em to the detector. The branching ratios were insensitive to pressure

up to about 1 m Torr, provided the spectrum was scanned at a constaﬁt.pass

. ‘energy. Then for most of the path, the electrons originally formed with

different energies had the same energies (the kinetic energy decreases as

the eélectrons travel to the apex of their path, then increases again back to

the seme value at the inner cylinder) and suffered the same integrated
gecattering in the gas. If the spectrum was recorded by scanning the voltage

across the two cylinders, the electrons having different'kinetic-enefgies-et

_ formation were scattered by different amounts, giving pressure sensitive

6
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pranching ratiocs. This is illustrated in Figure Y for the case of CO ionized
by 58.4 nm photons. The resonance in the electron scattering cross section5
shown in the Figure ig caused by the fofmation of CO ; the electron energies
following ionization at 58.4 nm are indicated on the scattering cross
section curve. The count rate of electrons from transitions to the v=0
level of the X 22+ ionic ground state, and the ratio of the measured inten-
gities of the A 2H and B 2Z+ ionic electroniclstates, as a function of
pressure, areas sgown for both methods of scanning. The relative intensities
derived from spectra recorded at a constant pass energy are seen to be much
less sensitive to the pressure than those'derived from specira reccorded by
seanning the voltage across the cylinders. (The ratios presented in the
graphs have not been corrected for the transmission of the analyzer and
shouid not be compared with results presented later in this report. )
Scattering effects within the ion chambép may alter the spectrum.
This has been dlscussed in the literature.3 The jon chamber of fhe analyzer
used to récord the branching ratios pfesented here was modified to provide
better trapping of the unwanted electrons than previous designs, and these

effects were not significant in the determination of the branching ratios.

(2) Calibration of the Collecting Efficiency

Accuraste branching ratics can be obtained only if the collecting
efficiency or transmission of the analyzer is known as a function of the
electron energy.

The collecting efficiency of the photoelectron spectrometer described
above was calibrated by recording a}gon and xenon photoelectron spectra at

a number of different argon emission lines produced in & duoplasmatron light
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source, dispersed with 2 * m Seya-Namioke monochromator. The rate at which
electrons are produced in the ionization chamber, for low gas pressures, is

given by

[ =]

=T vyoni
o

s
where 0 is the photcabsorption cross section of thg gag, IO is the photon
flux incident on thé source of length £, Y is ﬁhe ionization yield of the

gas, and n is the gas particle density. It has been shown fhat for an aﬁa—
lyzer utilising our geometiry, the number of electrons per second entering

the analyzer is proportiocnal to the solid angle § accepted by the entrance
slit, independently of the degree of polarization of the radiation and the
angular distribution of the ejected_electrons about the electric mac:tor.l‘L

The remaining factors influencing the number of eléctrons detected are the
transmission function of the analyzer and the efficiency of the detector
itself for electrons of different eﬁergies, including £he focussing onto the
entrance cone of the multiplier. These two factors may be combined into the
term C(E),.the collecting effigiency of the.analyzer. Thus the rate at which’
electrons are detected is

VNd =1 yonlQC(E) .

For the rare gases, Y'is a constant equal to unity. If the pressure in the
anslyzer is constant, n is constant. The source length 2 and solid angle @

" are fixed by the geometry of the analyzer. Hence at constant pressure,

N, <I @ c(e) .

C{E) may thus be determined on a relative basis by recording a number
of photoelectron spectra from one of the rare gases at a fixed scan rate and

at different wavelengths to give different electron energies. If the

pressure in the ion source remains constant during the recording, the relative

1l



‘collectihg efficiency is.given.by ﬁd/(Iob} at each wavelength. The calibra-
tion.results for a number of different ion chambers, obtained with a spark
discharge soﬁrce, have been‘-pre-sen‘ted‘f'els'ewhere'.3 The present ion chambef
was calibrated with the duoplasmatron light soufce, which provides radiation
continuous in timemand,consequently.electrén counting techniques may .be
utilised. The'inténsity of the light‘source was monitored on a ¢alibrated
éldmingm photocathode at the rear of the- ionization region.‘ The photon
sﬁec£rﬁm was fec§rded before and after the photoelectron spectra as a check
on the stability of the source, with no gas presént and a potential of
+100 V on the isolated ion chamber with respect.to the grounded inner
cylinder. The photocathode current, typically 10-11 ampere, was measured
with a Keithley type 416 picosmmeter.

-Photoéléctron spectra were recorded from both argon and xenén. The

_ :nglevant:crpggfseqﬁiggs wgrquagggtfrgm the liperaxure.é“ The intensities of

. the 2P3/2

energy was taken as the mean of the peaks, weighted by the 2:1 theoretical

and_2Pl/2‘peak3'in argon were summed at each wavelength and -the

statistical weight for 3/2:1/2 spin splitting. For xenon, separate curves

2
3/2 and - Pl/2

'anoﬁher at the higher electron energies. The 2133/2 to 2Pl/2 intensity ratio
' T

were plotted for the 2P peaks; these wére normalized fo one

in each of the rare gases has been shown to be constant with wavelength.

2
3/E.to Pl/2

gnalyzer shows if the collecting efficiency is changing over the energy span

~In fact, a‘plbt‘of the °P intensity ratio as measured by‘the
of thé;two peaks. -
| . The:datat§h0wing the-calibration of the presenf collecting efficiency
are plotted in Figure 5, for a péss eqergy.of 3 eV.
.The collecting efficiency was monitored és a function of time by |
ﬁerio@ically-recordiﬁg spectra from oxygen at a wavelength of 73.6 nm (Ne I)

12
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at a pass energy of 3 eV. A spectrunm (for a pass energy of 1.0 eV) is shown
in Figure 6. The ground state qf102+ is autoionized and vibratlonal
structure up to §=20 is cleariy seen., The 2H splitting of 2L.2 meV8 is also
resolved in ﬁhis spectrum. The spectrum provides a source of electrons of
‘feasonable intensity over the energy range O'ta'O.TS eV {(the =a 1'LH‘s1‘:at,e of

+
0, )

and 1.9 to 4.8 eV (the X 2H state of 02+ up to v=l§). No significant
jbhanges in.the relative populations of these levels..as detected by the
‘analyzer were noted, indicating that the surfaces of the analyzer, coated
with colloldal graphite, did not change sufficiently to affect the results.
The relatlve collectlng efficiency as a function of the electron
energy was determlned for different pass energies by the cross section,
method for electron energies greater than 1.5 eV. It was found ‘that the
‘Gifferentrcurvés_c0uld'be nofmalized to be the same. The oxygen spectrum
'ngF T3f§ pmwygguglsq;ugeg as a check. Coliectiﬁg efficiencies for spectra
- rédorded af pass energies of 0.75, 1.0, 1.5, 2.0 and 2.5 eV, all relative to
~ that for a passrenergy of 3 eV, are plotted in Figure 7. The curves depart
VQHlY'bElOV 0.7 eV, ﬁhere the analyier becomes much more sensitive to low
‘eneigy electrons as the pass energy is lowered, with the sensitivity peaking
cat about'0.2,eV.‘
The collecting efficiency for electréns of different energies wﬁs
:.aiso.measured by =& method based on that of Poole et al-g They proposed a
technlque for measurlng the effect of a retarding lens on the transmissicn
of an electron energy anslyzer, which is summarized as.follows. Photo—
lelectfoh spgctra were recorded fme'afnﬁmber of_gases at a nﬁmber of
wavelengths, The cdunt rate {for a given primary electron enefgy) gt each
wavelength was measured as a function of the vass, energy, by varying.the

degree of acceleration or retardation in the lens. Then the assumption was

1h
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made that the transmission of the analyzer was unity when the electrons had
zero acceleration in the lens. Thus a family of curves of collecting
efficiency vs. pass energy for electrons of different energies was generated,
ail normalized at the point where the pass energy equaied the primary
electron energy. The curves were then interpolated to find the collecting
efficiency as a function of the electron energy, fof a given pass energy.
This curve was then used to correct a spectrum recorded at a given pass
energy by scanning the voltage on.the lens,

The above "pass energy" technique developed by Poole et al. for the
calibration of their analyzer has heen generalized by the present authors.
The theory can be expressed analytically without reference to any specific
experimental data. To do thisg it is.necessary to make a basic assumption.
Namely, that the collecting efficiency C of the analyzer, which is a function
of both the kinetic energ& of the electrons Ek and the pass energy EF, may

be separated into independent functions of the two variables. That is,
C(E,, EP) =f(8) - g(EP). (1)
The pass energy of the analyzer Ep is the energy of the electron after passing

through the accelerating/retarding lens. Thﬁs,

EP =E + V. > : (2}

where var is the variable voltage applied to the accelerating/retarding lens
and may be positive or negative.
To evaluate Eq. {1) we consider the collecting efficiency when E = Ep,

that is, when the lens voltage is zero. Eqﬁation (1) becomes

¢{E, E) = £{(E) » g(E) . (3)

17



The function f{E) is, therefore, given by
£(E) = C(E, E)/g(E) . ()

Inserting Eq. (4) intd:Eq.,(l) we get

C(Es B)) = C(B B) - g(E))/e(E,). B¢

If & spectrum is now analyzed at a fixed pass energy the function g(EP) will

be constant. Therefore,

. C{E _, E)
{E , B ) kK

K p' el(E) (6)

R

Fo?'Eq;_(s),to be useful the functions C(E, E) and.g(E) must be known. The
'fofms of the functions are discussed below.

The results of Poole et al. can be achieved quite simply from Eq. (6).
They assumed £hat c(e, B) was'é constant. Further, they found experimentally

10

" that the function g(E) was proportional to E. Thus, in their case,

. o ‘1
C(Ek, EP) o ETE;j' < E;"
This ié the result obtained for their particular analyzer. If.analytical
expressions.for the functions C(E; E) and g{E) are not available they must
 be determined experimentally. Determination of C(E, E) is not so straight-
forward'and-will be assuﬁéd to be constant for the present. The function
g(E) is readily méasured by piotting a curve of'thé count rate of pﬁoto-.

eiectrons from any source, at one wavelength, as a function of the pass

energy. (Poole gg_g;. d¢id-this for a number of different electron energies.

ALl the curves were straight lines passing ﬁhrough the origin.g’lo)

‘The present results show g(E) to increase linearly with E then they

level off approaching a plateau. The results are plotted in Figuré 8 for our

18
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analyzer. .The photoelectrons were produced by ionizipg xenon with 58.4 nm

radiation. Both the 2P and gP / electrons were used. The electrons were

3/2 i/2

retarded or éccelerateﬁ to cover -the energy range O to 40 eVi- The two curves

were normalized by multiplying the'EPlkE.count'rate by 1.5b; this is the

2
3/2 ° Pl/2

two electron energies are 1.31 eV -apart. No significant differences were

ratio of the EP states which we had determined previously. The

 observed in_the normallzed data and a. slngle curve was obtalned This curve

is 1nverted-1n Flgure 9, aﬁd normallzed to the 3 eV pass-curve (as determlned
by the cross section method) at an electron energy of 5 eV. The only signi-
ficant diffefences in the results obtained by the two methods.occurs at low
energies. The deviation between the two méthods at low electron energies is

caused by the assuﬁption that the function C(E, E} is constant with respect

3

to E.V We have ‘shown prev10usly, by the cross sectlon method,” that the col-

!

.leCtlng eff1c1ency”of bur analyzer w1tﬁwzero p@tentlal dlfference across the

i il

lens {(i.e. when the spectrum is taken by scanning the voltage across the

= EP) is not cénstant, but drops off at low énergies. This

ecylinders and E
‘curve‘is repfoducedﬁin Figure 10. However, the coliecfing efficiency doeé
' become constént above about 4 &V, and it is in this fegion that excellent
agreement oécurs between thé two methods. |

Equation (5} shows that all the'collecting efficiency curves obtained
- at different pass energles should be identicsal to within a normallzlng
constant The cross section method was used to ¢alibrate the collectlng
| eff1c1ency for pass energies of 2 and 4 ev, in. addltlon to the 3 eV curve
givén‘above. No significant:differences in_the normalized curves could be'-
" detected over the electron enérgy range of 2 to 11 eV. As a furthenucheck;
the photdelecfron spectrum of oxygen ﬁas recofdea at 73.6 nm-wi%h a-number.
of different passrenérgies. Differences between the intensity distributions

20
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only occurred in the energy range below 0.7 eV (see Figure T); above this
energy, the intensity distributions could be normalized to be identical to
within experimental error (% 5%). |

The collection efficiency of an analyzer, C(E; E), when Ek = EP might
be expected to be independent of the electrén energy and depend solely on
the geometry of the analyzer. Howevef, low energy electrons may be dis-
eriminated against because of localized contact potentials within the ion
chember and because of residual magnetic fields. Other factors affecting the
transmission include the selective scattering of electrons of specific
energies. Because Ek = Ep the electrons now traverse the analyzer at different
energies, and the path length may be appreciable (18 em in our cese). Thus
any structure in the electron scattering cross section over the energy range
of interest may produce differential scattering from the residual gas in the
deflecting region. Further, the efficiency at the detector itself may be a
function of energy, especially if the electrons are focussed into a channel-
tron by the voltage on the cone‘énd may impact on different regions. The
gain of such detectors has been shown to very greatly across the face of the

eone.ll The detector in the present analyzer is placed close to the focal

point on the axis, and a 300 V accelerating potential is applied to the cone.
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III. RESULTS

‘Nitfogen

(1) Branching Ratios
Phofoelectron specira were recofdéd from nitrogen at wavelengths
ranging from T.0 to 52.2 nm. As an example, the 58.4 mm (He I) spectrum is
piotted in Figure.il. At-each-wafeléngth, the intensities‘of'the observed
‘vibrational peaks were summed after correcting for the collecting efficiency
of'thg analyzer, and the relative intensity that each electronic state
‘appearing in the spectrum contributed to the total was fecorded as the
bran;hiﬂg ratio for that state. The wavelengths of the spectra and the cor-
fesponding branching ratios are listed in Table l._ The wavelengths (in nm)
“and their origin are given as listed by Kelly,_l2 rounded to 4 decimal places.
..Those wavelengths given to 2 decimal places in the”table.represent an average
for those cases where a number of emission lines were included in the.pand-
pass of the monochfomator. The best obtaingble.bandpass was.0.05 nm; in

many éaSes,where.the emission lines were isclated, the monochromatef slits
ﬁere #idened‘to give an increase in intensity. Timés taken to record the
‘specfré ranged from minutes to 1 or 2 days.

At a number of'wavelengths, particularly those longer than the
_threshold for iomization to the B Qz: state of NEf, the effects of auto-
‘fpionizaiion could be seén in the vibrational intensity distributions. :Thé
final column in Table 1 indicates whether autoioﬁiiatién was present. A
spectrum reccrded from nitrogen at a wavelength of 73.6 nm (Ne'I) is plotted
.‘ in Figure 12. The vibrational structure of'thg i gﬂgf state éxténds up to
.thé A 2ﬁu étate, in contrast to the 58.4 nm spectrum.\ This T3.6 nm spec#rum

" was recorded with a 0.75 eV pass energy to resolve the X 2Z+-v=h reak from
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- Table 1. "Photoelectron Branching Ratios for Photoionization of N2

. o + 2 2. + |
(X 1ng) o the 1.7 (X Zg ), (A Hu) and (B Zu ) states.

2.
Branching Eatio (%)
Waﬁeiength {(am) - Origin X‘22g+‘J A Enu- B'Ez:
T4 .0270 . Ar IT 61.0 39.0 | *
- 73.5895 | Ne I 72.9 27.1 | *
73.0929 AT 506 b9 .
72.5548 Ar II b9.1 50.9 - *
72.3361 ar II 61.5  38.5 | *
71..8090 Ar IT 3i.9 68.1 . 'g
70.4523 AP I 32.3 67.7 o
.69.80' Ar IT 35,1 | '6&,9 ) *
67.7952 Ar II 29.0 71.0 *
67.1852 Ar TT 36.6 63.4 | | **
67.15 NI 323 61.7 | -
lé6uh563 . Ar II 3h.6 | 65.14 ‘W
66.1869 . ArII 37.6 6.1 i
.66.0286* N II 32.4 55.0 12.6
.'6-1&.50 _ | N II - 3L.9 51.4 13.7
63.7282 © Ar III 36.9 ~  51.8 11.3
61.23712 . Ar I1 | . 32,6 | 5?.7 9.7
59,7700 A II 337 58.6 7.7
5Bib33k 0 HeI  37.8 . 551 7.2

26



Table 1. Continued.

‘ Branching Ratio (%)

Wavelength (nm) Origin x % ¥ A°m g 25t
& u u

58.0263 Ar II 35.7 56.2 8.1
57.27 Ar II 36.1 56.6 7.3
56.0223 Ar II 36.7 5h.1 9.2
55.62 Ar II 33.2 56.6 10.3

54 .0806 Ar IT 37.3 53.7 9.0
53.7030 He I 37.6 53.0 9.5
52.2213 He I 38.2 53.2 8.6

* Autoionized structure present

L J
#¥ Weak autoionized structure present
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the v=0 peak of the A 2Hu state. The 2Hu state peak is broadened by the
9.3 meV spin orbit splitting of this 1eye1.l3

Table 2 lists the relative vivrational intensities of the X 22; state
at wavelengths where autoionization was present. A qualitative study of the
effects of autoionization has not been attempted here, as the emission
lines used may not coincide with the strongest point of the autoionizing
resonance. |

+
2II and B 22 states are
u u

The branching ratios for the X 22; s A
plotted ag a functicon of wavelength in Figure 13. Photoelectron branching
ratios have been reported for nitrogen by Blake and Carver for the wave-
length range from T4.0 to 58.4 nm. These data were recorded with a Lozier
type apparatus, collecting electrons norhal to the direction of the photon
beam (0.8 nm bandpass from a continuum source) and thus are distorted by
changes with wavelength in the polarization of the radiation and the
angular distrib;tions of the electrons. The vibrational structure in the
photoelectron spectra was also not resolved, Agreemént with the present
résults is poor, probably largely causéd by the éhange in the angular dis-
tributioﬁ parameter near the ionization threshold, and by the better
resolution of the present data.

The rapid changes with decreasing wavelength in the photoionization
cross section, caused by autoionization, terminate at the onset of ionization

+ +
to the B 22u state of N2 .15

At shorter wavelengths, the cross section
changes fairly smoothly and it is possible to interpolate literature cross
section516 to the wavelengths at whieh we recorded photoelectron spectra;

the measured branching ratios multiﬁlied by the photoionization cross section

then'give the partial photoionizatlion eross sections for formation of a

specific ionic state., Partial photoionization cross sections for formation
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. _ ‘ .
Table 2. Vibrational Intensity Distributions in the (x gzg } state

R
s 2

at Autoionization Resonances

“Relative Intensity

Wavelength (nm) Origin v=0 v=1 V=2 v=3 v=

- Th.S1 Ar 1T 100 32.3 32,1 20.2 1.1
74.3718 Ne I . 100 3.8 2h.T  16.7 6.9
T4.0270 Ar II 100 23.6 15.6 16.6 -
 73.5895 Ne I 100 13.7 W7 10.7 6.8
73.0929 Ar IT 100 27+6 6.3 TsT -

- 72,5548 Ar II 100 33.7-  12.2  1k.0 -
72.336L Ar II - 100 47.3 14.3 7.0 -
T1.8090 Ar II 7100 19.0 ';2.3 11.9 -
T0.4523 Ar .TI ioo - 28.7 19.7 - -—
69.80 Ar II 100 13.0 10.3 8.5 -
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‘l of the N2 , X 22;‘; A ?Hu and B ei‘f states at wavelengthé-ranging-from
66.0 to 52 S nm are listed in Table 3 and plotted inm Figure 1k. Also plotted\
‘1n Flgure_lk are ‘the partial phot01on1zatlon cross sections for the N2+
B 22;+ state as measured by the study of the fluorescent radiation emitted
' by the B 22u+ state as. it decays.lT‘ Agreement;with the present results 'is
‘seen té‘be-good. 'Theoretical.continuum photcionization cross .sections have -
- been calculated for nltrogen by Tuckwsll. 18 _The agreement with the present
results is reascnable for- the X Zg state,.poof for the 2Hu state and for the
B 2Eu+ state the shepe of the theoretical curve agrees-fair}y well, although

the magnitude: is about a factor of 3 too high..

: (2) Continuum Vibrational Intensity Distributions ; .

A number of photoelectron spectra were recorded at wavelengths of .
58.4 and 53.7 om (He I) to determine the vibrationalKintensity distributions

‘ _ +
for continuum photoionization from the N, X lEg (v=0) level to each of the

2
2. + 2 A
X Zg s A Hu and B Zu ionic states, The spectra were recorded at a

_resolution of L5 meV for sufficienp time to show up the weaker memﬁers pf >
.£he—vibratiénal series, which could be safely iénored in determining the
ﬁranching ratios.forlthe electronic states. The pressure in the analyzer was
maintained a£ less than 0.1 m Torr to reduce préssure sensitive scattering
effécts.’ The relative vibrational intensities were corrected for the
analyzer:trénsmissioﬁ and the results of a number of spectra were averaged.
In.recording the averages,.the X 22g+ and B 22u+ distributions, dominated by
. the v=b iével, were normalized to lOQ at this.level. The individual A gﬁu
gtate distributions were normalized to have the éameqsum, then averaged.and

. the averages were renormalized to 100 at the v=l level.

- Up to 15 spectra were averaged to give the distributions'shown‘in
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' . s . 1.+
Table 3. Partial Cross Sections For Photecionization of N2 (X Zg )

+)s (A 2Hu) and (B 22u+) states

+ 2
to the N2 (X zg

Cross Section (x J_Oml8 cmg)

Wavelength (nm) Origin Total* X 22g+ A 2Hu B 22u+
66.0286 N II 23.3 T.5 12.8 2.9
64.50 N 1I 23.4 8.2 12.0 3.2
63.7282 Ar TII 23.4 8.6 12.1 2.6
61.2372 Ar II 23.3 7.6 13.4 2.3
59.7700 Ar II 23.0 T.6 113.6 1.8
58.4334 He I 23.1 _8.2‘ 13.0 1.9
58.0263 Ar IT 23.0 8.2 . 12.9 1.9
57.27 N Ar II 22.8 8.2 12.9 1.7
56.0223 Ar II 23.1 8.5 | 12.5 2.1
55.62 Ar II 23.3 7.7 13.1 2.4
5%, 0806 Ar II 2h.2 9.0 13.0 2,2
53.7030 He I 2k b 9.2 12.9 2.3
52.2213 He I 25.0 9.6 13.3 2.2

* Interpolsted from data of reference 16.
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Table 4, along with theoretical Franck-Condon factors for the tramsitions
involved.lg The errors represent RMS statistical errors in the count rates
only. The results for the B 22u+ étate include only 53.7 nm spectra as
anomalous pressure sensitive distributions, caused by :esonant scattering
through negative ion states,go were obhserved insall the 58.4 mm spectra in
the energy range covered by the B 28u+ transitions. This was true even at
the lowest useable pressures in the analyzer. The results for the X 22g+
and A 2Hu jonic states include both 58.4 and 53.7 nm spectra, thus ninimizing
errors in the determination of the'transmission through the analyzer as a
function of the electron energy. The error in the trensmission calibration
could be as high as 15% across the energy range covered by the A 2Hu el?ctrons
at each wavelength. WNo significant differences were noted in the distribu-
tion at the tﬁo wavelengths.

The N, vibrational intensity distributions, divided by the Franck-
Condon factors, are plotted in Figure 15, normalized to unity at the
étrongest peak in each bard. The A 2Hu and B 22u+ distributions are
reasonably well explained by the Franck-Condon factors (apart from the v=T7
level of the A 2Hﬁ state). A consistent deviation is seen about the v=U
level of the A Eﬂu sﬁate. This trend may be explicable by the variation of
- the electronic transition moment with the internuclear separation of the
atoms and/or with the variation in the energy of the emitted electron, as
in the case of hydrogen.21

The vibrational intensities for the X 22g+ state do not agree with
the Franck-Condon factprs. The v=1 to v=0 ratio presented here agrees well
with the ratio determined by Carlson-t at 5L°44 ', the angle to the photon
beam at which the present analyzer collects electrons. Carlson also found
that the v=1 to v=0 ratio at 58.% nm was dependent on the angle of detection;
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Tsble 4. Vibrational.Intensity Distributions and Franck-Condon

. . . . . 1. +
Factors for Continuum Photon-ionization of NE(X Zg )

.N2+ State . v Experimental Intemsity ror(19)
x e’ 0 100.0 | £ 100.0
1 6:9k £ 0.6 9.27
-2 - 0.32 0-.2'11 0.59
A EHu 0 87.1 * 3.1 8k.9
1 100.0 £ 2.8 100.0 - '
2 - 76.3 + 1.5 66.0
3 43.5 & 2.9 35.3
4 19.1 £ 2.4 - 15.9
5 7.09 & 0.77 6.37
6 2.51 & 0.k0 2.43
1.70 £ 0.34 0.89"
8 o7 to0a7 0.32
B Ezﬁf 0 100.0 | 100.0
| 1 9.8& t 2.51 13.1°
2 - 0.T6 2

o.ob 0.25

36



VIBRATIONAL INTENSITY/FCF

Tll'ﬁlllilflisl”llﬁL
3.0+ N + .'_
2

2.6}
)(22g+ A\Zﬂu__ ] E322d+
2.2
. o
1.8 |
1.4 - )
. 5 |
) I % 2 1 —i-0
. — T -
5 | ‘ %
0.6'— ® .
X ‘ | FTI | { j i 1 i | I i_u J | ‘
02 1T 2" " 012346678 012
Q

 VIBRATIONAL

UANTUM NUMBER

" Figure 15. Vibrational intensity distributions for

continuum photoionization of nitrocen.

37T




. ‘fﬁo otﬁer eiectronic states of diatomid molecples have been reported to show
angular effects within the vibrational distribution when autoionization is
not present. We also measured the v=1 fo v=0 ratio for cdntinuum jonization
_ toithe.N2+ X Qng state at other wavelengths ranging up to-64.5 nm. All
resﬁlts agreed with the 58.4% nm value, indicatimg that the anomaly is not

. confined to 58.4 nm.

Carbon Monoxide

:(l); Branching Ratios .

_Phofoelectrbn spectra were recqrded from CO at wavelengths ranging -

f fromwTh.S-to 52.2 nm. Tﬁe 58.4 nm (He Ij spectrum, uncorrected: for the
'anaiyﬁer’s collecting efficiency, is'plotted-in Figure 16. Branching ratios
- for the -electronic states energetically accessible at each wavelength are
listed in Table 5 and plétted'ip‘Figure’lT. As "in the case of nitrogen,
:wavelengthé rou&ded-toié»decimalfplaces.indicaté“that more than one emission
iine was included in the bandpass of the monochromator.

Autoionization was observed at a numﬁer of‘Wavelengths; these are
iﬁdicated in Table 5. A spectrumrrecofded at 73.6 nm (Ne I) at a pass -
énergy of 3 eV is élotted in Figure 18. The vibfational population of the
:-X 22+ ionic state is clearly seen up to v=9, in contrast to the 58.h mm
'épeétrum of Figure 16. The low energy region of the 73.6 nm spectrum was

; ré—recor&ed at a~paSs-énerg&—of 0;75 eV, and the resﬁlt is plotted in

: Figure 19. The v=11 level of the ground state is clearly present, and the
" doublet splitting of the.A»EHi state {spin-orbit splitting of 1L.6 meV) is
clearly resolved. Thgiautoionized gfound state vibrational intensity“
distribuﬁions; corrected for the analyzer transmission, are tabulated in

" Table 6.
38 -
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Table 5. Photoelectron Branching Ratios for Photoionization of CO(X 1z )

to the CO+ (X 22+), (A 2]'[) and (B 22+) states.

_ Branching Ratio. (%) .

Wavelength (nm) Origin X sz A°n p °gt
Th.51 Ar IT 81.5. 18.5 _ *
T4.3718 Ne I 88.4 1.6 *
T4 .0270 Ar TI 59.6 ho.k ' #
73.5895 Ne I 68.9 1.1 *
73.0929 Ar IT 52.0 48.0 | #%
72.5548 Ar iI L6.4 53.6 *
72.3361 7 A%II, © Lo.9 591 ‘ W
71.8090 Ar II B4 58.6 -
~ 70.4523 Ar II ho;s " s0.2 |
1 69.80 Ar I 43.8 56.2 -
67.7952 Ar II 39.4% 59.6
67.1852 Ar II B3 55,7 #%
61.15 N II 38.4 61.6 -
' 66.4563 ar II 49.1 50.9 |
66.1869 | . A II k.6 55,4
64,50 N IT 40.5 59.5
63.7é82 Ar III N1.7 58,3
62.93 | N II | 39.1. sh.T 6.2
@232 ArIT 3T 53T 9.3
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Table 5. Continued

Branching Ratio (%)

Wavelength (nm) Origin x 25t . A %n B 25t
59.7700 Ar II b 58.0 7.7
58,4334  He I 33.9 - .57.h 8.7
58.0263 Av IT 28.6 63.2 8.3
57.27 Ar II 31.9  60.7 T4
56.0223 Ar II 3k4.9 56.5 8.6
53.7030 He I 37.0 52.6 10.k

52.2213 . He I 36.8 53.9 9.3

% Autoionized structure present.

#* Weak autoionized structure present.
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Figure 17.
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Teble 6. Vibrationsl Intensity Distributions in the (X 22+) State

+ . e
of 0O at Autcoionization Resonances.

Relative Intensity

Wwavelength {(nm} Origin v=0 1 2 3 N 5 6 T 8 9 10 11
7h.51 Ar II 100 19.1 5.6 6.2 10.1 5.6 15.3 10.8 9.1 11.9 -~
TH.3718 Ne I 100 6.7 3.6 2.2 L1 3.2 3.8 3.1 3.6 2,h -
74.0270 Ar II 100 16.3 6.2 5.9 8.7 9.3 12.8 9.3 9.h 8.6 -—-
73.5895 Ne I 100 12.4 2.7 3.6 1.9 1.3 2.1 b1 2.7 3.5 -= 2.6
T2.5548 Ai 1T 100 39.4  21.6 8.3 3.9 .h.2 6.2 3.2 8,9 3.8 - -




inglu&ed in Figure 17 are the branching ratios reported by Van der
Weil and Brion.23 These data were rgcorded ffoﬁ lO.kéV electron impéct
éx?eriments, measuring énergy‘loss spectra in the forward direction. Under
these conditions,idipﬁle transitions dominate the scattering process and
the transition rates may be compared with photon impact data at the  same
energy transfer. The data of Van der Weil and.Bfion depends on the
asymmeﬁry parameter B, which is known at 8.4 nm.2h Thus their déta were
.gdfrééted for B at 58.4 nm and;the.agreement with the pfesent results is
good at that waveléngfh. Agreement  is worse at Waveleﬁgths near 69.0 nm,
where the branching ratios depend on the bandpass becauseiof'autoionization,
and the X 25" ana 4 EHi points also differ from the present results at
éhorter wavelengths.thén 58.4 nm.

Branching ratios for photoionization of CO have also been reported by

e siilt’s ag

“@e?yitﬁ“the«pre§§ﬁ%?régﬁiﬁﬁﬂwithin.about 30%,

Al 2

I;ith_larger discrepancies_nearlthe tﬁrésbﬁids of the ionic statés. Their
results weré recorded at a bandpass of 0.8 nm With é spheriéal grid |
<£etar§ing system sampling e;ecfrons hormal to the photOn.bemm and thus
depend-@ﬁ-the polarization of the fadi&tiﬁnaand the angular distribution
. of the electrons;

At Wavelengths shafter than about 68.0 nm, the CO photoabsorption
.'croéé sectioﬁ26 does not shoy muchrstructure due to autoionization and thus
may_be reasénably interpolated to the wavelengths'at“which'phdtOelectron _
_branching ratios were recorded. The"photoionization-yield has not been‘
measuﬁed 6ver much of this region, but can be reasdnably aséumed to be
unity, and the photoionizaticn cross sectioﬁ.can be taken to be eqﬁalwto thé ‘
' photo@bsorption cross section. Parfiél phdtoioﬁizatién cross sections-

. . o7

deduced . from the-produqt of the interpolated photoabsorption crossfsectiohs

L6



and the branching ratios given above are listed in Table 7 and ploited in
Figure 20. Also plotted in the Figure are the partial cross sections for

+ 2 ) +
photoionization to the CO A Hi and B EE states measured by Judge and Lee

28

. .
i) e pvimmmant Yo assawm o+
from flucrescences studies. bgreement is seen 1o

43

T 7 - 4 P
2 reazonable for the

2

B % setate, but the fluorescence values for tﬁe A HiIState are lower than

the present results.

(2) Contimuum Vibrational Intensity Distributions

A number of photoelectron spectra wére %eéofded from CO at wave-
lengths of 58.4 and 53.7 nm (He I) to determine the vibrational intensity
distribution for photcicrizing transitions from CO X 1Z+ (v=0) to each of
the X 22+ , A 2Hi , and B 22+ electronic states of COf. The experimental
details are the same as those dichssed in the case of the nitrogen vibra-
ticnal intensity distributions. _The vibrational distributions over the
ionie states are listed in Table 8 along with £heoretica1 Franck-Condon
'factors.la As in the case of Ng, the B 22+ distribution includes only
53.7 nm spectra, while the X 28+ and A Eﬂi results are derived from 58.4
and 53.7 nm spectra, with no significant differences observed between the
two wavelengths.

The CO+ vibrational intensities, divided by the Franck-Condon
factors, are plotted in Figure 21, normalized to unity at the strongest
peak in each band. It can be seen that the X 22+ and B 22+ distributions
are well explained by the Franck-Condon factors, and that the A Eﬂi distri-
bution deviates consistentl& higher than the Franck-Condon factors as the
vibra?ional quantum nurber increases. As in the case of HE’ this deviation
ﬁay be explicable by the variation of the electronic transition mement with
both the energy of the emitted electron and/or the internuclear separation

of the atoms.al

b7



' . ‘ 1+,
" Tgble T. Partial Cross Sections for Photoionization of CO (X "L )

: +
to the CO

2.+

(x “I

y, (4 21) and (B 25%) states.

18

CI_‘OSS-'-.SECtiOn& (x ;0- cm2)
Wavelength (nm)} Origin’  Total¥ X EEf A g B 2yt
67.7952 Ar II 22,1 8.8 13.3
67.1852 Ar II 22.2 9.8 -+ 12.k4
67.15 | N II 22.1 8.5 13.6
66,4563 . Ar II 22.2 10.9 11.3
66.1869 Ar II 2.2 9.9 12.3
64.50 N II 0.3 9.0 13.3
" Ga7RE | Ar TIT 22.3 9.3 13.0
62.93 N II 22.3 8.7 12.2 1
61.2372 Ar IT 224 8.3 12.0 2.1
59.7706 Ar 1T 22.6 _-7.8 13.1 1.7
58.433% - He I - 22.6 7T 13.0 - 2.0
58.0263 Ar II 22.6 6.5 1.3 1.9
s7.27 Ar IT 22.5 7.2 13.7 1.7
56.0223 Ar II 22.5 7.9 127 1.9
'53.7030. He I 22.1 8.2 11.6 2.3
CHe I 21.6 7.9 2.0

52.2213

11,6

. # Interpolated from data of reference 27.
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Figure 20. Partial photoionization cross sections for

. + .
. producing the CO ' states listed. The data

points o and A4 are the A-X and B-X fluorescence

cross sections respectively from ref. 28.
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Table 8. Vibrational Intensity Distributions and Franck~Condon

o B
Factors for Continuum Photo-ionization of’CO (x 72°)

co state v Experimental Intensity pertt9)
x 2% o 100.0 | 100.0
1 3.46 = 0.27 3.8%4
A 2n‘ 0 .' 39.4 = 2.k 37.3
L 83.4 + 1.b 82.1
o ioo.o + 3.1 100.0
3 . 86.7 t 1.6 : ' 89.5
L 67.8 + 1.9 - 66.0
5 50,3 xt 1.7 42.6
° 6 | 22 i 1.5 . 25.0
| i 4.8 0.5 13.7
8.31 + 0.47 7.15
9 5.08 +0.97 3.59
10 2.53 + 0.56 1.7
11 | 1.03 & 0.22 0.84
B 21 0 © 100.0 | 100.0
1 35.0' + 1.0 ~35.h |
2 T7.75 £-1.61 7.06
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Figure'21l.  Vibrational intensity distrihutions for
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continuum photoionization of carbon monoxide.
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~Carbon Dioxide

(1). Branching Ratios

Photoelectron spectra were recorded from carbon dioxide at wavelengths
ranging from 70.5 to 51.9 nm. A spectrum recorded at 58.4 nm (He I) with a
pﬁss enérgy is shown in Figure 22. At the corresponding resdlution of 45 meV,

+ : : -
" the CO2 A 2Hu v=5 and v=6 peaks are not resolved from the wings of the

, | | _
B Ezu v=0 peak. A spectrum taken at 58.4 nm with a pass energy of 0.75 eV,

+ ) .
_over the A 2Hu and B 22u vibrational structure, is plotted in Figure 23. The

v=5 and v=6 levels of the A 2Hu state are clearly resolved. The spin-orbit

29

splitting of 11 meV in the A'2H peaks™” 1s not resolved, largely due to the
! 51 .

Doppler broadeﬁing.of these peaks at a wavelength of 58.4 nm.. From this.
spectrum, we estimate that the A EHufv=5 and v=6. levels occupy 9.5% of the v=0
to v=k intensit&. In reccrding‘the branching ratios, 9.5% of the v=0 to v=b
ihté%sity was added to the v=d to v=L sum to give the integrated A 2Hu inten-
sity and this amount added was subtracte& from the intensity meaéured‘in the

2 2

. : ' + : - + ' L
(A Hu v=5,6 : B 2211 v=0)} peak to determine the B Eu v=0 intensity.

The branching ratios at the various wavelengths are-listed in
Table 9 and plottedlin Figure 24. The extended vibrational structure that

characterizes autoionization was not as prevalent in the CO. spectra as in

2

Né-and‘CD. In fact, extended vibrational structure in the ground state of

Co, was only significant in a spectrum recorded at T7.5965 mm (NII); at

+ T
this wavelength, only ﬁhe-COz ground state is energetically accessible,. and
the spectrum is not included in Table 9.

The strongest effect of autoionization appeared in the spectrum

recorded at a wavelength of.66.1869 nm (Ar II). This wavelength coincides

with a "window resonance" in.the 002 photoabsorption cross seétibn.3o . The
. | . +
vibrational distributions in each of the X eﬂg s A 2Hu » and B EEu bands
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Figure 22. Photoelectron spectrum recorded from carbon

dioxide at a wavelength of 58.4 nm.
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+
Table 9. Photoelectron Branching Ratios for Photoionization of 002 (x lE )

+ 2 2 .2 2
to the 002 (X Hg), (A Hu), (B Eu), and (C zg) States.

Branching Ratio (%)

Wavelength (nm) Origin X IIg A 2Hu B ezu o Ezg
70.4523 Ar II Th.6 25.4
69.80‘ Ar II 65.1 3h.6
67.7952 Ar II h2.6 32.4 25.0
67.1852 Ar II 36.0 26.8 37.2
67.15 N IT 36.8 25.5 37.7
66.4563 Ar 11 35.1 25.2 - 39.7
66.1869 Ar II b1.1 30.0 ' 28.9
64.50 N IT 3.2 23.8 k2.0
63.7282 Ar TIT 38.5 26.3 | 30.9 4.3
61.2372 Ar 11 39.7 26.2 30.h4 3.7
59.7700 Ar II 35.8 25.2 35.8 3.2
58.4334 He I 33.7 25.6 37.0 3.7
58,0263 Ar II 33.0 26.9 36.6 3.4
57.27 Ar II 32.1 27.7 36.4 3.7
56.0223 Ar 11 32.6 26.5 35.1 5.7
55. 5766 Ar II 29.6 28.0 37.8 4.6
54,0806 Ar 11 29.9 29.2 35.8 5.1
53.7030 He I 30.0 28.6 36.4 5.1
52.2213 He I - 30.3 27.1 36.8 5.7
51.91 Ar II 31.2 29.h 33.6 5.8

22
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_fFigure 24, Branching ratios for photoionization of carbon

- dioxide ‘to the -ionic states listed.
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remained the saﬁe as the continuum distributions at 58.4 am, but the A 2Hu
to B 22u+ intensity ratio changed from 0.66 at surrounding wavelengths to
1.04 at the resonance.

At wavelengths below 63.7 nm, the literature values of the photo-
ionizatlion cross section were interpolated-to the wavelengths of the present
study and multiplied by the branching ratics to determine partial photo-

jonization cross sections for ionization to each of the X gﬁg » & EH ’

u
B 22u+ , and C 22g+ states of C02+. These are listed in Table 10 and
plotted in Figure 25. Also plotted in Figure 25 are the cross sections for
producing the 002+ A ?Hu to X Qng and B 2zu+ to X 2Hg fluorescent
bands as a function of the exciting wavelength.3l While the sum of the

A EHu and B 22+ cross sections for the flucrescenée and photoelectron
experiments are in reasonable agreement, the cross section for the A Eﬂu
fluorescence emission system is higher than that for initial production of
the A Eﬁu level (which is measured in the photoelectron experiment), while
the B 2Eufrfluorescence emissiph system hasla lower cross section than that
for the preduction of the B 22u+ level. This suggests that some of the
initial population of the B 2Eu+ level is transferred to the A 2Hu level.
The mechanism of this transfer is unknown, although possiblé explanations

héve been discussed in the literature.32

" (2) Continuum Vibrational Intensity Distributions

Several photoelectron spectra were recorded at 58.4 nm to determine
the vibrational intensity distribution for photolonizing transitions from

" ‘
002 X lZ to each of the }{QHg, A EHu, B 22:, and C EZg electronic states of

+
002 . The results are listed in Table 11.

2T



: L ' ; 1.+
. Table 10. Partiasl Cross-Sections for'Ph{jtoioniza.tion‘of.co2 (x 727)

+ 2 2 2 2
to the co2 (X Hg), (A Hu),;(B zu), and (C zg) States.

18 2

51.91

10.0 - 9.k

Cross-section (x 10 em”)
Wavelength (m)  Origin  Total®* X Qﬂg A.?Hu, B.°x
63.7282 . Ar III 345 13.3 9.1 10.7 1.5
61.2372 Ar TII 35.7 1h,2-. | 9.k 10.9 1.3
59.7700 Ar IT 37.0 13.2° 9.3 13.2 1.9
58.4334 He T 37.5 12.6 . 9.6 13.9 1.k
58.0263 Ar II 37.5 125 7 101 13.7 1.3
ST7.27 CAp I, éj.é T 11iGe, 10%3 - 13.57 1.k
56.0223 - Ar IT 36.h 11.9 9.6 12.8 2.1
55.5766 Ar II 35.7 10.6 10.0. 13.5 1.6
"5h;0806 Ar II - 34.3 10.3 10.0° 12.3 1.7
53.7030 . | He I 3k.2. 10.3 9.8 12.h 1.7
 ‘52.2213 He I 32.2 9.8 8.7 11.8 - 1.8
‘ Ar II 32.0 . 10.8 1.9

* Interpolated from the data of reference 27.
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Figure 25. Partial photoionization cross sections for

. + s
producing the CO, states listed. The data
points o and + represent-the A-X and B-X

fluorescence cross sections respectively
(data from ref. 31).
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Table 11. Vibrational Intensity Distributions for

. : .. . 1.+
Continuum Photoicnization of CO2 (x ~“z).

COE State {v,0,0) Experimental Intensity
X 2H 0 100
g .
1 184
2
20 ' )
AT 0 32.6
1. 85.5
2. 100
3 74.8
L 5_}4-"‘.7?%
5 2h .7
6 11.8
g 25t 0 | 100,
u
_l 15.7
2 "2.3
24+ '
X 0
| C g | | 100
1 6.5
2
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IV. CONCLUSIOKS

The goal of the present work was.to obtain partial photoionization
of N, CC, and CO

cross sections © 5s CC, an 5"

range 53 to 75 nm. Between 53 and 65 nm the partial cross sections do not

Thisz has been achieved over the wavelength

exhibit discrete structure. Thus, these results can be used directly in
conjunction with solar radiation wavelengths in this region for calculating

the ionizing effects on an atmosphere containing these gases.
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