
DEUTSCHES ELEKTRONEN-SYNCHROTRON

DESY

DESY-SR 72/15

Ph_qt_pabsorption of Atomic Sodlun^ in t\ie VUV

by

H.W. W o l f f , K. Radler, B. Sonntag, and R. Haensel

JJ. Institut für Experimentalphysik der Universität Hamburg, Hamburg, Germany

and
Deutsches Elektronen-Synchrotron DESY3 Hamburg^ Germany

2 H AM B U R G 5 2 N O T K E S T I E G l



To be sure that your preprints

are promptly included in the

HIGH ENERGY PHYSICS INDEX, send

them to the following address'

(if possible by air mail):

DESY

Bibliothek

2 Hamburg 52

Notkestieg l

Germany
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Thv aboorrpL.ion speetrw. of atornio sodium in the photon energy

pt-gion froin Zu eV i,o 150 eV has bßßn investigated. A gr'&at

of sharp Absorption 'Lines which oan bff attributed Lo ine fixcitation

of a 2p-OT a 2s-eteoLr>on has bßen detected, Sirnul-taneouo excitaiion

of one 2p- and one Zs-ß'le^tron g i v es rise Lo aonaiäerabl-y strong

limit i F t J for the excitations of a singie 2p~eteotTon. Some of the

asxignments have been confirmed by Har>tree-Fock calculations. The

relative L'pectral dependence of the äbsorpiion crow-ceetion in this

encTgij ränge has been detei'mined J'OT the first timv. The spef'tnw. of
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I. INTRODUCTION

The sharp lines showing up in absorption spectra at thc 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 forraed

by these atoms1. 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,

H-J

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

periodic structures up to 100 eV above threshold. These structures cannot

be explained in terms of the one-electron band model. Lundqvist et al. " »

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 AI; 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 atoms5. Taking into account,

however, multiplet Splitting, configuration interaction and.electron-

correlation Dehmer et al.&>7 and Amusia et al.e achieved quantitative

agreement between their calculations and the experimental results.







lines oi atomic Na determined by Connerade et al . ' 1+ werc used for the wave-

alibration öl the photographic plates.

The sodium vapour furnace using the heat pipe principle1 ' was ir.ounted in

front d thü spee trographs . A buf.fer gas öl heliuir. prevented the sodium

lro"i reaching the alu:ninum, magnesium or zapon Windows which confined the

vapour ro.gi on . The thickness öl the Windows ranged fron 500 A to 1,000 A.

They were supportcd by a 75 v.ri c.opper mesh. These windows also served äs

filters suppressing higher orders rcflected From the grating. We addition-

ally used S i pre l: i l ters in the energy region f rom 70 eV t o 100 eV. The

sodium vapour pressures varied from 0.1 Torr up (ro 0.5 Torr (temperature

up L o 410° C). Tm; temperature profile along the stainless steel furnace

was measured by therinocoup l es . The absorption path length was AO to 70 cm.

As the spectrurn oi the Synchrotron radiation is compietely smooth and

cont LIIUÜUS , any s trur. turc f ound in the spectra can , with a high degree o i

r u l i ab i i ity , be a L L ributed to the s öd i um vapour . The well-known structures

due U> tlie absorption ÖL the Windows and Lhe He buffer gas could easily

be separated fron. Lhe structures due to the sodium vapour.





rise co prominent, broad and asyminetric abSorption lines. Towards s tili

higher energies the cross-section decrcases smoothly. Up to 150 eV no

further structures could be detected.

Part of this spectrum has alrcady been reported by Connerade et al. .

Probably duc to a lower vapour pressure, lower intcnsity of the BRV source

used in these measurenents and the difficulties causcd by the line struc-

ture already present in the spectrum emitted by the source, Connerade et al.

have oniy been able to detect the strengest Lines in the energy ränge up

to 50 eV. Only the firs t strong line at 66 eV due to the excitation of the

2s-elcctrons has shown up in their measurements. Simultaneous to our measure-

ments Ederer et al . ' ' measured the absorption of atomic sodium using Synchro-

tron radiation. Arcording to preliminary results there seems to be good

agreeraent between the ir results and ours in the energy region up to 50 eV.

Thcy have not examined the structures between 65 eV and 7l 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 spectrurn (Fig. 1}

will be divided into four parts. In part A thc overall behaviour of the

neasured absorption spectrurn will be discusscd and compared to thc ab~

sorpt i on spectrurn o t solid sodiuir/ and t o the results of McGuire's cal-

cnlations for free söd i um atoms, Part B deais with the absorption Lines in

the energy ränge from 30 eV to 38.5 eV beeing dup to transitions from tho

2p-sht'li of atomi c. Na. The double excitations giving rise to the sLructures

hetween 38.5 eV and 50 eV will be discussed in part C. Transitions from

the. 2s-s he 1. L showi n g up bctwcen 65 eV and 72 eV will be treated in part D.

A.Continuum Absorption

MrOui re ' has cal culated the photoi onization cross-sec t'ion for atomic s öd i un

by a one-ciectron model using the atomic potential tabulated by Hcrmaii and

S k i l ] TCC'-UI • . The dotted l ine in Fig. I gives the resul t s of these r.alcul a-

tiutis. The onset of the transitions of the Na 2p-eler.trons into continuu;:i

states given by McGuire lies about A eV below the experi mcntally tletermiiied

energy posiLion of the lowest seri.es limits P. , , 'l 1,- ' P- 37.9Sfi eV,
-'»'r-

'P, 38.081 eV, 7P .38.155 cV, :P, 38.462 eV, thcse energies h;ivc beer

obfainnd by adding the ionization eiiergy of Na tn thc energy of thr lowest

exe i ted s tatcs of Na , all values taken from thc tables by C.E. Moore •' . )

Bö t h theory and exporinent show a cons iderabl e increase in the ab B or p t i 0:1

cross-sec: t_ion at Lhreshold. Above thi s threshold the absorption rrcsa-

.soecion incroases giving riso to a broad maximum at about 60 eV. Towards

s t i l l higher energies thc absorption dccrcascs. Thi s general featurc is

shown by botit the theoretical and the experimental curve. The broad niaximum

can be expl a i n e d in terms of a one-e l or.tron model for free ato::is äs br'eing
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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 shi fts 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 , *^ . 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. l also shows a broad maximum at about 60 eV. Three prominent maxima

are superimposed at 48.5 eV, 65.5 cV and 90 eV. Similar maxima have been

detected in the 2p-ab Sorption spectra of solid Mg, Al? and Si? ̂  . These

maxima cannot be explained by onc-electron band models. They mi.ght äs has

already been pointed out^'" be due to the simultaneous excitation of one

2p-eler.tron 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

äs comparcd to the energy of the normal bulk mode.

From atomic data- ' and front 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 l 10 cV. 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-
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absorption spectra of solid Mg and AI. Part öl these three maxima might,

therefore, be due to these excitations. However, no maxima show up in the

spcctrum 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 maximurn

around 65 eV do we find strong absorption structurcs in the spectrum of

sodium vapour being duc to 2s-transitions. These structures niight be

broadeued when going froni the free atoms to the solid and at least part

oi thi.s pcak might, thcrefore, bc duc t o 2s-excitations, A l l thi s leads

to the conclusion that these three maxima cannot be cxplained by atoiaic

e.xr itations alone. Solid s täte effects seem to be very important. At

present a ronviricing explanation for those maxima has not, äs yet, becn

gi von.

B. Region irom 30 eV to 38.5 eV

At the o iise t of the 2p—trans itions two strong lines show up at 30.768 eV

and at 30.934 eV. These lines arc duc to the transi tions 2pt:3s ''S. ,

2p 3s 'P of atomic sodium. The energy positions of these lines
'/•', l/:'

aro. very c Lose t o the pos ition of the L. (30. 68 ' 0. I eV) and L

(30.84 ! 0.1 oV) edgcs in solid sodium. The value of the spin orbit

spl.itling (0.16 eV) agrecs well with the result of Hartree-Kock cal-

culations for free sodium atoms and with the energy Separation of the

f and the L edge found for solid sodiuin. The structuros detcctcd

between 31 oV and 35 cV cannot be cxplained by atomic excitations and

art: possibly due to exci ta t i.ons of Na, molecules.
/

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

tabul a t e d togethcr with a tentative Interpretation in Tables I and II.



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

lincs are due to follcwing type of t raris i tions :

Taking iiito account the seLeetion rules Tor dipole allowed trraiis i t ions

there are 17 series converging to Lhe serics l i m i t s 2p"3s -'P .., P , -

i "i

11 is impossible to pick out series by cye bei ow the P series l im i t

because öl Lhe comp L icated experimental spectru-i due to Lhe great nurr.bfr

öl o vor l app ins s er i es . Connerade et a l . ' calculated the ef l" er. t i.ve q u an t um

number f o r a l l . the l iries detected by t h cm and thereby ob t a ine d a teil t a t i ve

as.signment nl Lhe iines. Because oi rhe great number of verv closoly spacrd

lines and tlie elfecL öl interaction hetween overlapping cont'igurat i ons

which has to be taken into account, we question the rcliabi l i ty of assign-

nifcjnts based o n this procedure. Furthermore., the .s t r eng t h and th.e appearance

of Lhe Iines du noL Icad to an unambiguuus identi t Icat;on.

By di agonal i /.in;r, Lhe ener^y matr i r.es we ca ! cu Lated the cucrgy p o s i L ion and

the rclativc osc i 3 lator s t rength of the l ines belon^i ng Lo the 2p 3s4,s

and the 2p"'is3d coni igurat i on of atonic sodium. These maüricos have becn

obtalned with the help of th.p tables given by Slater'" and by London and

ShorLley , Furthermore, the encrgy matrict.-s obtained In this wav have

bi:t::i cher.k ed u s i :ig l n f1- g rapb i ca l tensor Opera t o r t echr. iqucs üi vt?:i by

BrLg.^s1 " and the c:-!de deveLopcd by Kibbert . The pertinent va'.ues ior

the Coulomb, exchange and spin-orbit energi.es have been calculated by

the Kartree-Fock code developed by Froese Fischer1 '. These two configu-

rations should correspond tu the Iines found in the spectru::i up Lo 36.7 eV.

The results ot the calculations aro included in Fig. 2. The cenLer of



gravity of t he calculated confi gurations bas been adjus ted t o t he experimental

results. No adjus tment h äs beon applied t o the Splitting of the lines cal-

culatpd ior onc- conf iguration . Between the calculated cnergy Splitting and

the expcr imcntal results we find reasonable agreement for the four lines

w i t h I owcs t ene rgy . Furthermore , the relative osciJlator strengths calculated

for these lines are in reasonable agreement with those determiiied expcri-

mentally. Towards higher energies therc are considerable dilferences betwecn

the calculated and the experi mental spectrum. This might be due t o the inter-

action beLween Lhe 2p 3s4s coniiguration and the overlapping 2p J3s3d confi-

guration, We have not taken coniiguration interaction into account in our

calculat i ons .

Similar cal c.ul ations have been made ior the confi gurations 2p 3sns and

2p '3snd with n up to 15. Because of the complexity oi the spectra no unam-

biguous correlation betwecn the results of these calculations and the experi-

mental results could be f o und . The interaction between L he overlapping con-

f i gnrac i.ons seerns to modify the spectrum corisiderab Ly . In order, therefore»

Lo give a reliablp Interpretation calculations taking into account the

i nterac t i ons be tween all o ve r läpp i ng configurations have to be perl'orraed .

V\ u have not tried to tackle thi s extensive t äs k.

Above the P( scri es limit series con verging to the - P series limit cm

be seon clcarly. The energy position of thcse lines and their interpre :ation

are llsted in Table II. The strong, broadcr lines are due to the folliwing

rrans i t ions :

2pri3s(]P)nd

These lines seem t o be broadened by the interaction with the underlying

r.ontlnuum. The differcnt levels could, Iherefore, not be resolved. The



sharp weaker l ine s are due to the t ransi tions

2p' 3s : S •• 2p-'3s(1P)ns ;'P
\

The interacjtion öl thesc Lines wirb the underlying continuum seems to be

s mal L er. l'h i s can be conr. 1 nded f rom the narrow 1 i ne wi dth which , in some

cascs, cven permi tted us to separate both components .

C. Region from 38. 5 eV to 50 eV

Abovc the- P series limit s iniul. taneous exe i ta ticms of a 2p-cleetron and

a 3s-eLecLron give rise to broad asymmetric structures extcnding up to

47 oV. These s truc t u r t? s are shown on an cnlarged scale in Fig. 3. Acrord-

ing to the se l cctr ion rulcs the f o l I owing di.pol e t r ans i t i op.s can Lake p l acc

-p' 3s - 2p"'nsri's n,n'>4

2p-'nsn'd n>4 n'_>3

2p npn' p n, n ' ̂ 3

2p 'ndn* d n,n ' "• 3

2p :npn ' f n̂ 3 n ' -4

Because of Lhe Large number of ovcrlapping series convcr^ing to e.xciLed

s La t: es of the Na i cm the interpretation öl this part of the s p*: et r um s e eins

r:o be very difficult. Part of the lower lying series limit s taken from

C.E. Moore 's L ab ] es ' ' are. i ncl ude.d in Fig . 3 . There s et: ms t o be c:ons i de.rnb 1. o

inLerartion between the overiapping serics and botween the sories and the

underlying continua which gives rise to a broado.ning of the struct.ure.s. The

intprartion of the series wi Lh the underlying continua also gives rise to

asymraetri r and window— type Lines. One series of window~type Lines converging



towards ehe 2p-' (^P. ,,; )3p 'S] level of Na l ° can easily be pickc-d out by

eyc . There seems tu be another seri.cs convcrging tu thc 2p '( P: )3p S
- /•' o

level of Na ! -'. The spectrum becomes cven :nore complicated towards higher

energies due to t he increasing number of series. According to atomic data -'

the high energy limit of these double excitations should be at "32.612 eV

which corresponds to thc encrgy position of the 2s 2pJ states of Na . The

spectrum becomes smooth already at 47 eV.

D. Region from 65 eV to 12 eV

Trans i ti ons from the 2s~level give rise to thc strong asymmetri c lincs J ound

in tha energy region betwep.n 65 eV and 72 cV. These lines arc shuwn on an

enlarged scale in Fig. 4. According to Hartree-Fock calculationa the onsct

nf the yimu Ltaneous excitation of two 2p-electrons or the s imultaneous

exe i t ,-i t i 011 of one 2y- and one 3s~electron should J i c above 73 e.V. We do not,

therc t'ore, tiave. t o take thcsc double excitat ions in thc energy ränge undcr

c:o ns iderat i on in t o account. Consequent 1y , in the followiug we w i l l concentraLe.

on transitions of the type:

^ 2s2pfc3?;np n''3

These transitions should give rise to series converging to the 2s2pr-'3s "S,

and 2s2p' 3s S., level oi Na . Hartree-Fock calculatlons place thc center

oL this Konfiguration betwe.cn 70 eV and 72 eV. The energy Splitting bctwccn

tlio ;S and the S. staLes is expected to be about 0.9 eV. The encrgy position

oL the .:.s2p' 3s conf" igurat ion o t' Na can. also be estimated from atomic data- J.

The 2s2plj configuration of Na lies 85.2 eV above the ground state of Na.

The binding energy oi thc 3s-elcctron in the 2s2pf" 3s configuration o t Na

should be very elose to the binding energy of the 3s~elec tron in thc s täte



2s- 2p1'3s o i" Mg , t h us rep l ac.ing L he Na 2s hole by a procon i n s i de the

Mg nucleus. By subtracti ng this binding nnergy of 15 eV from 85.2 eV

we end up wiLh an energy o t" 70.2 eV which i s in agreemenl with the results

of ehe Hartree.-Fück caleulations.

Hartrce-Fock calculations for the 2s2p'3s3p and the 2s2p' 3s7ip configurations

o i sodiuin, taking intu account osci. llator sL rengths, lead to the assignment

of ehe sirong l ine at 66.6 cV t o the 2s 2p'3s ("'S) 3p '°P states and tu the

äs s i gnmen t of the line at 69.6 eV to the 2s 2pt; 3s (''S) 4p ^P states. These

iines aru highly aaymmetric indicating a r.onsiderablc i n te.ractiori with the

underlying continua. We tried, therefore, to fit these lines by proiilcs

by the furtimla

given by U. Fano and J.W. Cooper1 '- . Here •<. gives the doparture of the

inridcnr photon energy E from the resonance energy E . This departure is

expressed in a scaln wliose uni t is the hali-width —l" of the line, o(,-. )

represents the absorption cross~section für phuton energy V. whereas ;i
a

and •, represent twc portions of the cross-seetion corresponding, respec-
D

tively, to trän s i t. ions L o staLes of the conti nimm whi ch do and du not inter-

act with the disrrete state. q is a numerical index whirh characterizes the

line profil.e. These rclations hold for the interaction of one discrete line

with one continuum.
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The calculated profiles, giving the best fit to the experimental data,

are shown by the dashed curves in Fig. 4 . The paraneter q we uscd was

-2 for the l inc at 66.6 eV and -i.8 for the linc at 69.6 eV. A value

- ' . 6 for the q parameter has also been found for the auto-icni zing

2s 2p' •* 2s2pr 3p line in Ne~ ', which is next to Na in Lhe periodir table

The shouldcr a t 66 eV might be due t o the 2s 2ph 3s (:'S) 3p MF states. Tlie

maxiiTiurn aL 68 eV has been assigned to the 2s 2p^ 3s ( S) 3p • V staLes. The

su^gested energy positions of the 'S and 'S series liraits are. indlr.atcd

by bars in Fig. .̂ The Splitting uf the LS terms duo t o the s p i r. orb i t

interaction is not expected to show up in the. sper.trurn due to the. s^ali

vaiue öl the spin orbit parameter (r,., "', 0.004 eV, r , " 0.0005 eV)- ].
3p ^P
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Table C ap t i o n s

Table I Obscrved 2p-clcctron excitation up to thc 2p^'3s "'P

'Vr

ionization limits . Identified transitions are given

in cülumn 5, The assignments for Lhe lines above 35.8 eV

are less reliable than those for the lines at lowcr

energy because of the dif ferences hetucen thc r.alcuLated

energy positions and Oücillator strengths and the tixpcri-

mental rc.sults (sef: chapter IV R and Fig. 2). "C" denotcs

the lines previously published in Rel. 14.

T ab l e I I Series of l ineis con verging to the 2p:3s -P ionization

lirait' '- The effective quantum number n is givcn in

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

Ref. U.



Figure C ap_t_i_o_ns_

Fig. l Spectral dependence of the absorption cross-section of

atomic sodium (solid line) and solid sodium- (dashed line)

in the energy ränge 30 - 150 eV given in arbitrary units.

For cornparison the absolute cross-sections calculated by

McGuire'1 are included (dotted line) .

Fig. 2 Absorption of atomic sodium in the energy ränge 35 - 39 eV.

Since in the photoelcctric measurements not all i ine s tructure

found in this energy ränge could be resolved, the relative

oscilLator s trengths of the absorption lines häs been ob-

tained by taking into account both the pho toel er.tric and

the photographic measurements . Most of the absorption l i n es

are due to trans itions o i" the type 2p''3s - 2p "3s n s and

2pc'3s -r 2p:3snd, The energy positions of the seriös limits

are taken from Ref. 19. The calculated energy Splittings

and relative oscillator strengths of the l ine s of the

2p'J2s4s and 2p J3s3d conf igurati ons are included.

t'i g- 3 Absorption spectrum of atomic sodium in the energy ränge

38.5 - 46.5 cV. The s tructure is due to the s imultaneous

cxcitation of one 2p- and one 3s~electron. The energy

Position of the ten lowest series limits, all of them

belonging t o the 2pr'3p conf igurati on of the Na ion, have

been takcn from Ref. 1 9 -



F j g. 4 Ab s o r p t Li_>n L ir.es due t o 2s~elect ron excitation. The s nr i es

limits have been obtained from Hartrfe-Fock r.alc.ul at Ions .

The best fit. of Lhe da t. a by a Fano prciile ' is givcn by

the dashed curves.



Table I

(X)
402

400

394

392

363

359

358

353

351

350

348

347

346

346

346

345

344

344

343

343

343

342

342

341

341

340

338

338

338

336

335

335

335

334

333

.97

.80

.6

.6

.30

.71

.05

.44

.69

.22

.61

.97

.64

.42

.07

.83

. 55

.23

.87

.49

. 17

.34

. 10

.28

. 19

.68

.62

.36

. 1 1

.61

.95

.74

. J8

.46

.98

h v

(eV)

30

30

31

31

34

34

34

35

35

35

35

35

35

35

35

35

35

36

36

36

36

36

36

36

36

36

36

36

36

36

36

36

36

37

37

.768

.934

.42

.58

. 128

.468

.628

.080

.254

.402

.566

.631

.768

.790

.827

.852

.985

.018

.056

.096

. 129

.217

.242

.330

.339

.394

.615

.643

.670

.834

.906

.929

.991

.070

. 124

very

very

very

very

very

fairly

fairly

fairly

fairly

fairly

fairly

f air I y

fairly

fairly

fairly

fairly

fairly

Appearance

broad ,

broad

broad ,

broad ,

broad ,

broad ,

broad,

broad ,

broad ,

broad ,

broad ,

broad ,

broad ,

broad ,

broad ,

broad »

broad ,

broad ,

broad ,

broad ,

broad ,

broad ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

broad ,

broad ,

broad ,

broad ,

broad ,

sharp,

very strong C

very strong C

strong

strong

weak

weak

weak

weak

weak

weak

weak

weak

strong C

fairly strong C

weak

weak

very strong C

strong C

strong C

very weak

strong C

strong C

very weak

very weak

very weak

very weak

fairly strong C

weak C

very weak

weak

very strong C

strong C

weak

strong

very weak

Assignment

Is?2s22p53s2 2P
3/2

Is22s?2p53sz 2P /0

molecular abs .

raolecular abs.

2p53s(3P)4s lfP,

2p53s(3P)4s '4P
F 1/2

2p^3s(3P)4s 2P„ .
2 /'

2p-3s(3P)4s 2 P n / ^

2p-3s(-P)3d ^P-,,,

2pb3s(3P)3d 4P]/?

2p'J3s('P)3d

2pi;3s(3P)3d

2p-!3s(3P)3d

2p33s(3P)3d

2p-3s(3P)4d

2p53s (-P)4d

2P53s(3P)4d



Appearance ASS i gnmeii t

.3.32.

332.

.332.

331 .

331 .

331 .

331 .

.330.

3.30.

33ü.

330.

330.

329.

329 .

329.

329.

329.

329.

329.

328.

328.

323.

328.

328.

3? 8.

328.

.328.

328.

327.

'127.

327.

327.

327.

.327.

327.

327.

'327.

64

47

27

76

69

58

15

98

65

37

24

10

78

70

58

47

37

24

07

97

94

88

57

46

33

22

13

00

93

82

70

64

53

44

28

16

06

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

37.

.37.

37,

37.

37.

.37.

.37,

37.

37,

37,

37.

37.

37,

37,

37

37

37

273

292

313

37?.

380

392

44 1

460

497

529

.544

.560

,596

, 606

,619

,632

,643

,658

.678

,689

.692

.699

.735

.747

,760

,775

,785

.800

.808

. 82 1

.835

.842.

.8.5.5

.865

.884

.897

. 909

f air 1 y broad ,

f airly brcad ,

sharp ,

sharp ,

sharp ,

sharp ,

fairly broad,

sharp ,

fair 1 y broad ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp,

sharp ,

1 airly broad ,

sharp ,

sharp ,

fair ly bruad ,

sharp ,

sharp ,

iairly bruad,

sharp ,

sharp ,

sharp ,

sharp.

sharp ,

fairly broad ,

sharp ,

sharp ,

sharp ,

fairly

fairly

very

very

fairly

fairly

vor y

very

very

very

v e r y

very

vor y

v G ry

very

ve.rv

very

very

very

fairly

very

very

very

fairly

very

fairly

very

atrong C 2p '3s (:'t')5d

s trong G 2p • 3s ( "F) 3d

wcak

weak

weak

weak

strong C 2p''3s("'P)5d

weak C

strong C

we_ak

weak C

weak

weak C

weak

weak C

weak

weak

weak C

weak

weak

weak

s t r n n g C

weak

wo. a k

strong C

weak

weak C

strong C

weak

weak

weak

strony, G

weak

strong C

weak

strong C

wcak



h v

Appearance Assignmcnt

326

326

326

326

326

326

326

326

326

326

325

324

.98

.91

.85

.75

.63

.53

.34

.25

. 12

. 40

.58

.95

37

37

37

37

37

37

37

38

38

37

38

38

.918

.926

.933

.945

.959

.971

.993

.003

.018

.986

.081

. 155

sharp,

sharp,

sharp,

sharp, very

sharp, very

fairly broad,

broad ,

sharp , very

sharp, very

weak

weak

weak

weak

weak

weak

strong C

weak

weak

2P--3S('-P„)

,-.„, 1 imi ts
( P,)i

C? )



Tatale T T

32

32

32

5.

5 .

4.

324.

324.

32

32

32

4 .

4 .

3.

323.

32

32

3.

3.

323.

32

32

32

32

32

31

32

j Jr

32

32

32

3.

3.

3.

3.

i

2 .

2.

2 .

- •

2,

85

21

90

53

30

08

02

90

74

69

60

46

39

23

1 1

0 !

9'',

88

83

79

7 5

72

36

h

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

38.

Appearariee

050

125

161

205

232

258

265

279

298

304

314

331

339

358

373

384

393

400

406

4l 1

415

4!9

••'i 6 i

broad ,

fairly broad ,

broad ,

f ai r 1 y broad ,

broad ,

sharp ,

sharp ,

fairly broad,

sharp ,

sharp,

fairly broad ,

sharp ,

fairly broad ,

fairly broad,

1 ai r ly broad ,

sharp ,

sharp ,

sharp ,

sharp ,

sharp,

sharp ,

sharp ,

very

fairly

very

very

very

very

vcry

i" airly

very

fairly

very

very

very

very

very

very

sr.roug C

strong C

strong C

weak C

strong C

weak

weak

strong C

weak

weak

strong C

weak

strong C

weak C

weak

we a k

weak

weak

weak

weak

weak

weak

n'

5 .

6.

6.

7.

7.

8.

8.

8.

9.

9.

9.

10.

10.

1 1 .

1 2

13.

13.

14.

15.

16.

17.

1 7.

74

35

72

27

68

1 5

30

6!

10

26

59

18

51

44

31

22

98

76

52

22

02

.70

Assignment

2pJ3s(1P.)6d

(ipJSs

:' P

'--P

P

(1P])7d

(1V})9s

(]P )8d

(]P.)10s

('P.)10s

('P.)9d

C'P.Mls ;

(]P,) l 1s

(]P.)10d

(]P-) l 2s

C1^)! ld

(]P,J I2d

(]P.)l3d

(•P )I4d

(]P.)15d

(!P.)I6d

C 1 t% ) 1 / d

(;P,) 18ü

) I9d

)20d

) l imi t

P
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