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Photoabsorption of Atomic Sodium in the VUV
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The absovption spectrwn of atomic sodium in the photon energy

‘rom EC eV te 150 eV has been investigated. A great vumber
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of sharp absovption lines which can be attributed Lo ihe exeit
s a Bp-or a fs-elecivon has been detected. Simultaneous excitalion
of one IZp- and one Zs—electron gives rise Lo considerably strong

broad and asymmetric absorpiion structures above Lhe highest series

/1

Limit (P ) for the excitations of a single Zp-electron. Some of the
assignments have been confirmed by Havtree-Fock calculations. The

relative spectral dependence of the absorpiion cross—-section in this
energy range has been determined for the first time. T

free Na atomsz has been compared with the L spectrun of solid

sodium.




I. INTRODUCTION

The sharp lines showing up in absorption spectra at the onset of inner
shell transitions of free atoms give detailed information on the electron
states. This information has in many cases also turned out to be of great
use for the interpretation of the absorption spectra of solids formed

by these atoms!. In this respect the atomic absorption spectra due to tran~
sitions of the tightly bound core electrons to continuum states can also

be very helpful. The investigation‘of the 2p—absorption of atomic sodium
has been initiated by absorption measurements on the simple metals Na,

Mg and Al?. The L absorption spectra of these metals show broad

II,IIT
periodic structures yp to 100 eV above threshold. These structures cannot
be explained in terms of the one-electron band model. Lundgqvist et al.?s"
have tried to interprete these maxima with the help of the so-called
"plasmaron theory" which demands simultaneous excitation of collective
modes and the core electron. This theory correctly describes the position

of these peaks for Al; it fails, however, to give the positions of these

peaks for Na and Mg.

Absorption measurements in the VUV showed that the continuum absorption
of many solids is very similar to that of the corresponding free atoms?!.
Most of the absorption spectra can be understood, at least qualitatively,
in terms of a one-electron model for free atoms>. Taking into account,
however, multiplet splitting, configuration interaction and.electron-—

correlation Dehmer et al.®>7 and Amusia et al.® achieved quantitative

agreement between their calculations and the experimental results.



L

Calculations?

of the photoionization cross-section for the 2p—absorption of
atomic Na, Mg and Al in terms of a one-electron model only give one broad
maximum above the onset of the 2p-absorption. Atomic data, on the other
hand, indicate that transitions from the 2s-states and simultaneous exci-
tations of one 2p-electron and one 3s-electron or two 2p-electrons respectively
might be responsible for at least part of the structures detected in the
2p-absorption spectra of these simple metals. As there were no measurements
of the 2p-continuum absorption of atomic Na available we measured the 2p
absorption of sodium vapour in the energy region from 30 eV to 150 eV. One
major object of these measurements was to find out how closely the 2p-
absorption of solid sodium resembled the 2p-spectrum of atomic sodium and

whether the periodic structures mentioned above were due to solid state

effects.




II. EXPERIMENTAL PROCEDURE

The 7.5 GeV electron synchrotron DESY served as a continuuﬁ background
sourcelO>11 The fine structure at the onset of the 2p-transitions of sodium
was measured with a 2 m grazing incidence Rowland spectrograph (McPherson
Model 247). The spectra were recorded on photographic plates (Kodak SWR,
I1ford Q2). Two different aluminum coated gratings were used, one with

600 lines/mm and one with 1,200 lines/mm. The blaze angle was 204' for both
gratings. Measurements at an angle of incidence of 82°30' and of 84°30'
were performed. The resolution achieved was better than 0.08 X with the

1,200 lines/mm grating and better than 0.15 & with the 600 lines/mm grating

over the entire energy region. The exposure times varied between some minutes

and several hours depending on the electron current in the accelerator,
the pressure conditions in the sodium vapour furnace and the thickness and

materials of the windows used for confining the vapour.

In order to avoid the tedious and difficult task of calibrating the
intensity response of the photqgraphic plates the spectral dependence of
the absorption cross-section was measured with a | m grazing incidence
Rowland spectrometer. In this case an open magnetic type multiplier
(Bendix M 306), mounted behind the exit slit was used as a detector. A
gold coated grating with 2,400 lines/mm and a blaze angle of 4°16' with
an angle of incidence of 77°14' was used. Because of the high absorption
of the sodium vapour we had to open the entrance slit and, as a result,
the wavelength resolution was limited to 0.2 & over the measured energy
range. Details of the experimental set-up and the experimental procedure
are given in Refs. 11,12. The spectrometer was calibrated by the known He

resonance lines!3. The He resonance lines and some very sharp absorption
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lines oif atomic Na determined by Connerade et al.'" were used for the wave-

lengtin calibration of the photographic plates.

The sodium vapour furnace using the heat pipe principle!” was mounted in
front ¢t the spectrographs. A buffer gas of helium prevented the sodium
trom reaching the aluminum, magnesium or zapon windows which confined the
vapourregicon. The thickness of the windows ranged from 500 R to 1,000 .
They were supported by a 75 nm copper mesh. These windows also served as
filters suppressing higher orders reflected from the grating. We addition-—
ally used Si prefilters in the energy region from 70 eV to 100 eV. The
sodium vapour pressures varied from O.1 Torr up to 0.5 Torr (temperature
up Lo 4109 C). The temperature profile along the stainless steel furnace
was measured by thermocouples. The absorption path length was 40 to 70 cm.
As the spectrum of the synchrotron radiation Ls completely smooth and
continuous, any structure found in the spectra can, with a high degree of
reliabiiicy, be attributed to the sodium vapour. The well-known structures
due to Lhe absorption ol the windows and the He buifer gas could easily

be separated from rhe structures due to the sodium vapour.



ITII. EXPERIMENTAL RESULTS

The absorption spectrum of sodium vapour in the measured energy region
is shown by the solid line in Fig. 1. Since the temperature profile along
the furnace and consequently the pressure and the length of the sodium
vapour column could not be determined very exactly only the relative shape

of the absorption spectrum was measured. The absorption spectrum shown in

!
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Fig. 1 has been adjusted to the absolute cross-section calculated by i
McGuire? (dotted curve). The same holds for the absorption spectrum of ‘
solid Na? given by the dashed curve. As for atomic sodium no absolute cross- ‘
sections have been determined for solid sodium. Under the conditions of our |
measurements the percentage of Na2 molecules is expected to be about 3 716,

Though the absorption due to this molecular contribution is expected to

be small compared to the absorption due to Na atoms we cannot exclude that

some of the weak structures showing up in the spectra are due to Na2 mole-

cules. Careful study of the temperature dependence of the spectra over a

considerable temperature range might help to clarify this question but

these experiments still remain to be done.

At the onset of transitions from the 2p-shell of atomic sodium we find two
strong sharp lines. The background due to transitions of the outer 3s-—
electron seems to be almost exhausted in this energy region?. Apart from
some broader and weaker structures a considerable number of sharp lines
show up in the spectrum towards higher energies. The appearance of these
lines changes abruptly above 38.5 eV. Above this energy the spectrum is
dominated by relatively broad and asymmetric structures. These structures
could be detected up to 47 eV. Above 47 eV the absorption cross-section

increases smoothly. Between 65 and 71 eV transitions from the 2s-level give



rise to prominent, broad and asymmetric absorption lines. Towards still
higher energies the cross—-section decreases smoothly. Up to 150 eV no

further structures could be detected.

Part of this spectrum has already been reported by Connerade et al.l%,
Probably due to a lower vapour pressure, lower intensity of the BRV source
used in these measurements and the difficulties caused by the line struc-
ture already present in the spectrum emitted by the source, Connerade et al.
have only been able to detect the strongest lines in the energy range up

to 50 eV. Only the first strong line at 66 eV due to the ewxcitation of the
2s—elcctrons has shown up 1n their measurements. Simultaneous to our measure—
ments Ederer et al.!  measured the absorption of atomic sodium using synchro-
tren radiation. According to preliminary results there seems to be good
agreement between their results and ours in the energy region up to 50 eV.

They have not examined the structures between 65 eV and 71 eV.

The relative spectral dependence of the absorption coefficient between 30 eV
and 150 eV has been determined by our measurements using photoelectric detec~-

tion for the first time.



IV. DISCUSSION

For the purpose of discussion the measured absorption spectrum (Fig. 1)
will be divided into four parts. In part A the overall behaviour of the
measured absorption spectrum will be discussed and compared to the ab-
sorption spectrum of solid sodium” and to the results of McGuire's’ cal-
culations for free sodium atoms. Part B deals with the absorption lines in
the energy range from 30 eV to 38.5 eV beeing due to transitions from the
2p—shell of atomic Na. The double excitatlions giving rise to the structures
hetween 38.5 eV and 5C eV wiil be discussed in part C. Transitions from

the 2s-shell showing up between 65 eV and 72 eV will be treated in part D.

A. Continuum Absorption

McGuire ' has calculated the photoionization cross—section for atomic sodium
by & one-clectron model using the atomic potential tabulated by Herman and
Skillman' . The dotted line in Fig. 1 gives tne results of these calcula-
tions. The onsel of the transitions of the Na 2p-electrons ilnto continuum
states given by McGuire lies about 4 eV helow the experimentally determined

N

eriergy position of the lowest series limits up*l”’ ‘P, (P 37.9% oV,
Gl : :

'P‘ 38.081 eV, j"P‘) 38.153 eV, :Ph 38.462 eV, these cnergles have bheen

obtained by adding the ionization energy of Na to the energy of the lowest
excited states of Na+,a11 values taken from the tables by C.E. Moore -.)
Bath theory and experiment show a considerable increase in the absorption
cross—secticn at threshold. Above this threshold the abscrption cross-—
section increases giving rise to a broad maximum at about 60 eV. Towards
still higher energies the absorption decreasecs. This general feature 1is
shown by both the theoretical and the experimental curve. The broad maximum

can he explained in terms of a cone-electron model for free atoms as beeing



due to the delayed onset of transitions” from the 2p-states to d-symmetric
final states. A potential barrier at the edge of the atom depresses these
transitions at threshold and shifts the oscillator strength towards higher
energies. Transitions to bound final states are not included in McGuire's
calculations. The sharp absorption lines and the prominent structures due
to double excitations are, therefore, not to be found in the theoretical
curve. The onset of the transitions from the 2s-states of Na to continuum
states given by the calculations also lies at about 4 eV below the series
limits 2s2p®3s ?S], 1SO. Again the structures found experimentally between

65 eV and 71 eV are not reproduced by the calculations.

The absorption spectrum of solid sodium given by the dashed line in

Fig. 1 also shows a broad maximum at about 60 eV. Three prominent maxima
are superimposed at 48.5 eV, 65.5 eV and 90 eV. Similar maxima have been
detected in the 2p-absorption spectra of solid Mg, Al? and Si?7. These
maxima cannot be explained by onc-electron band models. They might as has
already been pointed out®s” be due to the simultaneous excitation of one
2p—electron and one, two, or three plasmons. By coupling the plasmon to
the 2p-core hole the energy of the plasmon is shifted to higher energies

as compared to the energy of the normal bulk mode.

From atomic data- " and from the results of Hartree-Fock calculations’ ! one
can cstimate the highest series limit for the simultaneous excitation of
one 2p-electron and one 3s—electron to be at about 53 eV, for the exci-
tation of one 2s—electron at 72 eV, and for the simultaneous excitation

of two 2p-electrons at about 110 eV. This means that these series limits
approximately coincide with the high energy tail of the three maxima found

in the absorption spectra of solid sodium. The same holds for the 2p-



absorption spectra of solid Mg and Al. Part of these three maxima might,
therefore, be due to these exclitations. However, no maxima show up in the
spectrum of sodium vapour at the energy where we find the first and the
third maximum in the solid. Only at the position of the second maximum
around 65 eV do we find strong absorption structures in the spectrum of
sodium vapour being due to 2s-transitions. These structures might be
brovadened when going from the free atoms to the solid and at least part
oif this peak might, therefore, be due to 2s—excitations. All this leads
to the conclusion that these three maxima cannot be explained by atomnic
cxcltations alone. Solid state effects seem to be very important. At
present a convincing explanation for those maxima has not, as yet, been

glven.

B. Region from 30 eV to 38.5 eV

At the onset of the 2p—transitions two strong lines show up at 30.768 eV

and at 30.934 eV. These lines are due to the transitions 2p"3s /S./U :

2p13s P Y of atomic sodium. The energy positiens ol these lines
VYR

are very close to the position of the L (30.68 © Q.1 eV)and LII

II]
(30.84 ¢+ 0.1 eV) edges in solid sodium. The value of the spin orbit

splitting (0.16 eV) agrees well with the result of Hartree-Fock™! cal-
culations for free sodium atoms and with the energy separation ol the
LILI and the LIT edge found for solid sodium. The structures detected

between 31 eV and 35 eV cannot be cxplained by atomic excitations and

are possibly due to excitations of Na, molecules.
7

The lines experimentally determined in the region up to 38.5 eV are

tabulated together with a tentative 1nterpretation in Tables [ and LI.



The lines above 35 eV are shown on an enlarged scale in Fig. 2. These

iines are due to following type of transitions:

2pt 3s -S_}H - 2p¥3sns n - 4
L7

Zpg35nd n 3

Taking lnto account the selection rules lor dipole alleowed transitions

there are 17 serles couverging to the series limits 2p-3s ?P_,,, ‘P
[

It Is Impossible to pick out series by cye below the hPl series limit

because of the complicated experimental spectrum due to the great numher

o)l overlapping series. Connerade et al. ° calculated the effective quancum

number for all the lines detected by them and thereby obtained a tentarive

assignment of the lines. Because of the great number of very closcly spaced

lines and the effect ol Interaction between overlapping configurations

which has to be taken into account, we question the reliability of assign-

ments based on this procedure. Furthermore, the strength and the appearance

of the lines do not lcad to an unambiguonus identitication.

By diagonalizing the eneryy matrices we calculated the energy position and

the relative oscillator strength of the lines helonging to the 2p° 3sis

and the 2p~3s3d configuration of atomic sodium. These matrices have been

obtained with the help of the tables given by Slater’ and by Condon and

ShurLley” . Furthermore, the cnergy matrices obtained in this way have

been checsed using the graphical tensor cperator techniques given by

Briggs " and the code devetioped by Hibhert “. The pertinent va.ues lor

the Coulomb, exchange aad spin-orbit encrgies have been calculated by

the Hartree-Fock code developed by Froese Fischer’'. These two configu-

rations should correspond to the lines found in the spectrum up to 346.7 eV.

The results of the calculations are included in Fig. 2. The center of



szravity of the calculated configurations has been adjusted to the experimental
results. No adjustment has been applied to the splitting of the lines cal-
culated for one configuration. Between the calculated energy splitting and

the experimental results we find reasonable agreement for the four lines

with lowest energy. Furthermore, the relative oscillator strengths calculated
for these lines are in reasonable agreement with those determined experi-
mental ly. Towards higher energies there are considerable diiferences between
the calculated and the experimental spectrum. This might be due to the inter-
action between the 2p ‘3s4s configuration and the overlapping ?p“3s3d confi-
guration. We have mot taken configuration interaction into account in our

calculations.

Simiiar calculations have been made lor the configurations 2p- 3sns and

2p '3snd with n up to 15. Because of the complexity ol the spectra no unam-
biguous correlation between the results of these calculations and the experi-
mertal results could be found. The interaction between the overlapping con-—
figurations seems to modify the spectrum considerably. In order, therefore,
to give a reliable interpretation calculations taking into account the
interactions between all overlapping configurations have to be perlormed.

We have not tried to tackle this extensive task.

Above the 4“P,_I series limit serles converging to the :Pl serles limit cain
be seen clearly. The energy position of these lines and their interpre:ation

are listed in Table TI. The strong, broader lines are due to the follcwing

transitions:

2pt3s <§ ~ 2p®3s('P)nd ZP,/

2/ 2

3

These lines seem to be broadened by the interaction with the underlying

continuum. The different levels could, therefore, not be resolved. The



sharp weaker lines are due to the transitions

2p3s S » 2p°3s('P)ns 7P
boas by p*3s ("F)ms 1/2 242

The interaction of these lines with the underlying continuum scems to be
smaller. This can be concluded from the narrow line width which, in some

cases, even permitted us to separate both components.

C. Region from 38.5 eV to 30 eV

Above the ]Pl series limit simultaneous excitations of a 2p-cliectron and
a 3s-electron give rise to broad asymmetric structures extending up to
47 eV. These structures are shown on an enlarged scale in Fig. 3. Accord-

ing to the selectrion rules the following dipole transitions can take place.

2p' 3s . 2p°nsn's n,n'>4%
2p“nsn’d n>4 n'=3
2p npn'p n,n' >3
2pndn'd a,n' >3
2p npu'f n-3 n' 4

Because of the large number of overlapping series converging to exclted

) + . . . . .
sLates of the Na 1on the interpretation of this part of the spectrum seems
ro be very difficult. Part of the lower lying series limits taken from

C.E.Moore's Lables: '

are included in Fig. 3. There seems to be considerable
interaction between the overlapping serics and between the scries and the
underliying continua which gives rise to a broadening of the structures. The

interaction of the series with the underlying continua also gives rise to

asymmetric and window—type lines. One series of window—type lines converging



towards the 2p5(;P./7)3p 3S1 level of Na 1? can easily be picked out by

eyc. There seems to be another series converging to the Zpb(”PI/CBp s
L/ o

+ ., . .
level of Na '?, The spectrum becomes even more complicated towards higher
- - - - . . - @
energies due to the increasing number of series. According to atomic datal®
the high energy limit of these double excitations should be at 32.612 eV
++

which corresponds to the energy position of the 2s72p’ states of Na . The

spectrum becomes smooth already at 47 eV.

D. Region from 65 eV to 72 eV

Transitions from the Zs—level give rise to the strong asymmetric lines found
in the energy region between 65 eV and 72 eV. These lines are shown on an
enlarged scale in Fig. 4. According to Hartrece-Fock calculations the onset

of the simultaneous excitation of two Zp-electrons or the simultaneous
excitation of one 2s— and one 3s—electron should lie above 73 eV. We do not,
therefore, have to take these double excitations in the energy range under
consideration into account. Comsequently, in the following we will concentrate

on transitions of the type:

25°2p“3s “8 = 2s2p®3snp n»3

/e

These transitions should give rise to series converging to the 2s2p©3s 381
and 252p' 3s 'Sﬁ level of Na'. Hartree-Fock calculations place the center

of this configuration between 70 eV and 72 eV. The energy splitting between
the 3sland the 1S;staLes is expected to be about 0.9 eV. The energy position

- . . + . ; e
2s2p 3s configuration of Na can also be estimated from atomic data -.

of the
. ; ++
The 2s2p” configuration of Na lies 85.2 eV above the ground state of Na.

. . - . " . . +
The binding energy of the 3s-electron in the 252p“3s configuration of Na

should be very close to the binding energy of the 3s—electron in the state



N ) + . + .
2872p73s ol Mg , thus replacing the Na 2s hole by a proton inside the
+ - . . . =
Mg  nucleus. By subtracting this binding energy of 15 eV from 85.2 eV
we end up with an energy of 70.2 eV which is in agreement with the results

of the Hartree-Fock calculations.

Hartree-Fock calculations for the 2s2p“3s3p and the 252p“3s4p configurations
of sodium, taking into account oscillator strengths, lead to the assignment
of the strong line at 66.6 eV to the 2s2p'3s (7S) 3p “P states and to the
assignment of the line at 69.6 eV to the 2s2p®3s (7%) 4p 7P states. These
lines arc highly asymmetric indicating a considerable interaction with the
underlying continua. We tried, therefore, to fit these lines by profiles

respresented by the formula

hey
a(e)y = <y iﬂ_ﬁl_.+ b
(1+c)"
, ey )
L= (L_hr)'H
given by U. Fano and J.W. Cooper'". Here . gives the deparfture of the
incident photon energy E from the resonance encrgy Er' This departure 1is

expressed 1n 4 scale whose unit 1s the half-width 5 of cthe line. o (.)

represents the absorption cross—section for photon encrgy T whereas SR

and i, Tepreseat twe portions of the cross-section corresponding, respec—
tively, to transitions to states of the continuum which do and do not inter-
act with the discrete state. q is a numerical index which characterizes the
line profile. These relations hold for the interaction of one discrete line

with one contlnuum.



The calculated profiles, giving the best fit to the experimental data,
are shown by the dashed curves in Fig. 4. The parameter ¢ we used was

-2 for the line at 66.6 eV and -1.8 for the line at 69.6 eV. A value

-t.6 for the q parameter has also been found for the auto-ionizing

2g 2p' =+ 282p”3p line in Ne' ', which is next to Na in the periodic table.
The shoulder at 66 eV might be due to the 282p63s (?S) 3p “P states. The
maximum at A8 eV has been assipgned to the 2s2p®3s ('8) 3p P states. The

.
'

suggested energy positions of the ‘S and 'S series limits are indicated
by bars in Fig. 4. The splitting of the LS terms due to the spin orbit
interaction 1s not expected to show up in the spectrum due tc the small

vaiue ol the spin orbit parameter (g T 0.004 eV, r’p ©0.0005 eV): .

3p
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Table Captions

Table I Obscrved 2p-electron excitation up to the 2p-3s 31’Hr

1

"9 Identified transitions are given

ionization limits
in column 5. The assignments for the lines above 35.8 eV
are less reliable than those for the lines at lower

energy because of the differences between the calculated
energy positions and oscillator strengths and the cxperi-

mental results (see chapter 1V B and Fig. 2). "C" denctes
p

the lines previously published in Ref. 4.

Table 11 Series of lines converging to the 2p533 :P] lonlzation
R . F . . .
Timit* . The effective quantum number n’ is given in

column 5. "C" denotes the lines previously published in




Figure Captions

Fig.

Fig.

Fig.

1

2

Spectral dependence of the absorption cross-section of
atomic sodium (solid line) and solid sodium® (dashed line)
in the energy range 30 - 150 eV given in arbitrary units.
For comparison the absclute cross—sections calculated by

McGuire? are included (dotted line).

Absorption of atomic sodium in the energy range 35 = 39 eV.
Since in the photoelectric measurements not all fine structure
found in this energy range could be resclved, the relative
oscillator strengths of the absorption lines has been ob-
tained by taking into account both the photoelectric and

the photographic measurements. Most of the absorption lines
are due to transitions of the type 2p”3s - 2p“3sns and

2p3s - 2p°“3snd. The energy positions of the series limits

are taken from Ref. 19, The calculated energy spiittings

and relative oscillator strengths of the lines of the

2p°2s4s and 2p~3s3d configurations are included.

Absorption spectrum of atomic sodium in the energy range
38.5 — 46.5 eV, The structure (s due to the simultancous
excitation of one 2p- and one 3s-electron. The energy
position of the ten lowest series limits, all of them
belonging to the 2953p configuration of the Na© 1on, have

been taken from Ref. 19.



Fig.

o~

Absorption lires due to Zs-electron excitation. The series
limits have been obtained from Hartree-Fock calculations.
The best fit of the data by a Fanc proiile ' is given hy

the dashed curves.



Table I
h hv

[X] {eV) Appearance Assignment
402.97 30.768 broad, very strong 1572s22p” 387 2P3/2
400. 80 30.934 broad very strong 152257 2p°3s2 2P1/?
394, 64 31.42 very broad, strong molecular abs.
362.6 31.58 very broad, strong molecular abs.
363.30 34.128 broad, weak
359.71 34.468 broad, weak
358.05 34.628 broad, weak
353.44 35.080 very broad, weak
351.69 35.254 very broad, weak
350.22 35.402 very  broad, weak
348.61 35.566 fairly broad, weak 2p°3s (3P)4s ¥ 32
347.97 35.631  fairly broad, weak 2p%3s(°P)4s M 12
346.64  35.768 broad, strong 2p3s (°P)4s 7P,
346,42 35.790 fairly broad, fairly strong 2p“3s(*P)4s 2P1/?
346.07 35.827 fairly broad, weak 2p®3s ("P)3d P,
345.83 35.852 fairly broad, weak 2p°3s (*P)3d ”PI/Q
344.55 35.985 broad, very strong 2p“3s(3P)3d
344,23 36.018 fairly broad, strong 2p“3s (3P)3d
143.87 36.056 broad, strong 2p°3s (°P)3d
343.49 36.096 fairly broad, very weak
343,17 36.129 fairly broad, strong 2p33s(3P)3d
342.34 36.217 broad, strong
342.10 36.242 sharp, very weak
341.28 36.330 sharp, very weak
341.19 36.339 sharp, very weak
340,68 36.394 sharp, very weak
338.62 36.615 sharp, fairly strong
338.36 36.643 sharp, weak
338.11 36.670 sharp, very weak
336.61 36.834 fairly broad, weak
335.95 36.906 broad, very strong 2p°3s G P)ad
335.74 36.929 fairly broad, strong 2p°3s (3P)4d
335.18 36.991 fairly bread, weak
334.46  37.070 fairly broad, strong 2p®3s (°PY4d
333.98 37.124 sharp, very weak



hw

{33 {@V? Appearance Aggignment
332.64 37.273  fairly broad, fairly strong C 2p c3s(7P)5d
332.4 37.292  fairly broad, fairly strong C 2p- 3s(P)5d
332.27 37.315 sharp, very weal
331.76 37.372 sharp, weak
331.69 37.380 sharp, weak
331.58 37.392 sharp, vwvery weak
331,15 37.44] fairly broad, fairly strong C 2p73s(°P)5d
330.98 37.460 sharp, weak C
330.65 37.497 fairly broad, falirly strong C
330.37 37.529 sharp, vory weaak
330.24 37.544 sharp, weak C
330.10 37.560 sharp, very weak
329.78 37.596 sharp, wealk C
329.70 37.606 sharp, very weak
329.58 37.619 sharp, very weak C
329,47 37.632 sharp, very weak
329,37 37.64 sharp, very weak
326.24 37.658 sharp, very weak C
329.07 37.678 sharp, very weak
328.97 37.689 sharp, very weal
328.94 37.692 sharp, very weak
328,88 37.699 fairly broad, streng C
328.57 37.735 sharp, vory weak
328.46 37.747 sharp, very weak
378.35 37.760 Tairly broad, strong C
328.272 37.775 sharp, very weak
328,13 37.785 sharp, weak C
328,00 37.800 fairly broad, fairly strong C
327.93 37.808 sharp, very weak
327,82 37.821 sharp, very weak
327.70 37.835 sharp, very weak
327.64 37.8472 sharp, falrly strong C
327.93 37.855 sharp, very weak
327.44 37.865 fairly broad, strong C
327.28 37.884 sharp, weak
327.16 37.897 sharp, f{alrly strong C
327.06 37.909 sharp, very weak



LK] (ev] Appearance Assignment
326.98 37.918 sharp, weak
326.91 37.926 sharp, weak
326.85 37.933 sharp, weak
326.75 37.945 sharp, very  weak
326.63 37.959 sharp, very weak
326.53 37.971 [airly broad, weak
326.34 37.993 broad, strong C
326.25 38.003 sharp, very weak
326.12 38.018 sharp, very weak
326,40 37.986 2p3s ("P) ,
325.58  38.08! Cpy  Himiee
324.95 38.155 )



Table IT

rX} :¢} Appearance nf Assignnent

325.85 38.050 broad, very strong C 5.74 2p33s(1P_)6d
325.21 38.125 fairly broad, fairly strong C 6.35 (]P;)8s P
324.90  38.16] broad, very strong C 6.72 (1P ) 7d
324.53  38.205  fairly broad, weak o 7.27 (‘v )9s -p
324.30  38.232 broad, strong C 7.68 ('r )8d
324,08  38.258 sharp, very weak 8.15 (‘P.)10s 7P
324,02 38,265 sharp, very weak 8.30 (IP;)[OS ‘p
323.90 38.279 fairly broad, strong C 8.61 (]Pj)9d
323.74  38.298 sharp, very weak 9.10 ('pytls <P
323.69 38. 304 sharp, very weak 9.26 (]P:)Ils cp ;
323.60 38,314  fairly broad, fairly strong C 9.59 (]P:)IOd
323,46 38.331 sharp, very weal 10.18 (IP:)IZS
323.39 38.339 falrly broad, fairly strong C 10.51 (1P1)l}d
323.23 38,1358 fairly broad, weak C 11.44 (IP:)IEd
323,11 38.373  fairly broad, weak 12,31 (?p:)13d
323,01 38. 384 sharp, weak 13,22 (TP-)lhd
322.94 38.323 sharp, very weak 13.98 (’P:)lSd
372,88  38.400 sharp, very  weak 14.76 CIP:)I6d
322,83 38. 406 sharp, very wealk 15.52 (iPw)de
322.7G 38,411 sharp, very weal 16,22 (1P1)18d
322.75 18.415 sharp, very weak 17.02 ("P 194
322,72 38.419 sharp, very weak 17.70 (!Pl)20d
322,030 38.46 2p'3s(lv;> limit
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