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Abstract

We have investigated the temperature dependence of the Na -2p-

photoemission linewidth from thin films of NaCl, We found a large

contribution to the linewidth due to coupling to lattice vibra-

+ — —tions. Widths of the Na -2s, Cl -3s, Cl -2p lines are given at

T • 300 K.
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Investigation ni t.he Phonon Broadening of Core l.evels in KaCl
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»'<? nave itivestigatfid tritt le"iptu>c;ium' depc-'tdc".eo of ihr rlu -•";•-

photccmififtion line.ifi.dLr> fr-or« thin films of NaCl. i/t: ("oufid L; /;;/•</<-

Gii'i'lrn.'bK t.ion to tke lim-width due r-o f:c,np ling l.o lai.ii.at '}ibf".i-

iions. Wiät^'-v of ike Jva -Zs,, Ci -3$, Cl -,'jp ii'icj :j/v eji.tx.fi

at T = ZOO K.

It was already recognized in the ea r ly days uf XPS Experiments Chat the widt l i

of core lines in alkali hal ides is considerably larger Chan the Auger w i d t h .

Citr in et al .1 and Matthew and DeveyJ have given an explanation of Lhat

w i d t h in terms of the excitation of optical phonons. In a simple minded

approach phonons appear to be unimportant f or core elecfron ext: i taticns since

the lat t icc motion is slow eompared to the excitation process. A t- los^r uiew

at the total wavefunction of the ground s tate and the exc- i t_ed statt1 , houever,

re.veals that the ground s tate l a tu ice i;ero point n s c i l l a t i o n er motion at

f in i t e temperatures is ref ] ecU?d thr t iug l i tlie Franr.k-Condon pr incip le in a

wid th of the Ul'S l in«. Figure l shows L h i s in .-i s impl if ied pic Cure which gives

schematical ly the energy of the initial <ind f i n a l s ta tes äs a f u n c t i o n of a

contigi i rat ion coordinate q, e .g. the Cl nearest neighbor d i s tance , Tlie relaxa-

tion energy E„ can be calculated frora tbe electroi^-LO phonon interact ion
R

Hamiltonian:''-

wticre t is the dynamic, ( the static dielectrit- constant, V the volume of

the primitive lattice cell. This yields E = 1.73 eV for (JaCl. The electronic
K

transitions occur i n L o the steep part of f h c final state potential curve at

f ixed q. In d i f f ^ r e n t cel ls in the .sample or at d i f f e r e n t t i m c s the la t t i ce

is ei ther contractcd or expanded or in a s ta te in-between. The re fo re d i f f e r e n t

numbers of phnnons are excited in Lhe. f ina l s ta te ( t h e average number depends

on the sn-ralled Huang-fthys f;it'.tor" E /t).1,. „ where in i s the l o n g i t u d i n a l
K Lu LlJ

opLic..-)! phonon f requency) . The phonon broadening is r e f lec ted in t_ lu> spectrum

o i" the ÖPS core liiie. The individual phonon l ine s are usual ly not rcsolved be-

cjiuse of thelr narrnw .sp;icing (tii.' = 33 m t1 V for NaCl) and hecausr of a

smearing due to d i sp^rs ion , The t'WHM ( f u l l w i d t h at ha l f maximum) of the L i n i ± s

nTL can be expres.sfd äs '

(2)

We have evaporated thin f i l m s of NaCl in clie L h i r . k n c s s ränge 36 - 240 Ä in

U11V w i t h a basic pressur« in the 10 -' Torr ränge onto Subs t ra t e layers ui

evaporated clean AI f i 1ms . Tlie invest ig;iL ions showed that therc was n o t h i c k -

i i t K s dependence in our L h i e k n e s s ränge, W i t h a l l f i l m s char^ ing was neg l i ^ ib l e

a L temperatures '-• 300 K . A t LNT ( l i q u i d n i t rogen temper; i i_ure) only w i t h the

3h A f i l m charging was nng l ig ib le .

Synchrotron r a d i a l i o n from the 7. S Ge.V Synchro t ron ai_ DESY was monnchroinatized

in the raTi^t1 ^-0 - 290 eV hy ;i spc-cially desigried grazing incideiic-.e monochroma-

tor . ' Thf c lectron a n a l y a ^ r was of the sphi^rir .al type . A l thuu^h investigations

were pcrf ormed a t sevc-ral photon energie.s the r e EU 11 of the Lemperature depen-

dence äs shown in F i g . 2 was obtained w i L h fiO eV photon energy and a jo in t re-

sn lu t ion of tho nonochrnmator and c lec t ron ana lyz i^r of 0.3 eV.



The theory according to tq. ( 2 ) is campared w i t h the experimental resul ts in

the temperature ränge LNT - 660 K in Fig. 2. The experimental resu l t s are

plotte.d without corrections for the ins t rumenta l r eso lu t ion o£ 0.3 eV and wi t l i -

out corrections for the spin orbit S p l i t t i n g of 0 . 1 7 eV of the two l e v e l s

2p ,, and 2p , . These eifects were estimated to coi i t r ibi i te only about 16 Z

to Llie total w i d t h . The experioental width of the Na -2p UPS core l i n e , how-

ever, is about 0.5 eV larger than the theoret ical on« and has a slope äs a

function of temperature which is equal to the predicted one. The measured

changes of the l ine width agrec w i t h the calculated changes w i t _ h i n 0.03 eV.

Addi t iona l ly we have. measured Lhe w i d t h of a l l UPS core lines in NaCl in the

ränge of photon energy of our monochromator ." ' The results, inelud mg Lhe

hinding energy En, the FWHM, tht> width of the resolution funct ion and t_hü
D

uidth corrected by quadtratic re.solution are given in Table I . Tht:re appoars

to be no significant difference between the widtli of t hü Na -:'p and the.

Cl -2p lines. The Na -2s and the Cl -3s lines obviousLy have a remarkablo contri-

bution to the width from Lhe Auger decay.

Table 1: Binding energies ( E„) relative to the top of the valence band and
—— D

FWIIM of core level photoemissioti lines at room temperature from 7ü R

thick NaCl f i lms . The data for the Cl -2p line were ohLa ined wit . l i a

240 A thick f i l m . The last column gives a r.orrectcd FWHM (quadratic

subtracLicm of the resolut ion f u n c t i o n )

Core level E (eV) exp. FWHM (eV) FWHM ( r e s . f c t . ) (eV) FWHM (corr.) <eV)

Cl"-3s

Na+-2p

Ha*-2s

Cl"-2p3/z

Cl -2p. ,,

13.010.2

27.310.2

60.410.2

196.210.3

197.8^0.3

2 .310 .1

1 .25*0.05

2 .1*0 .1

1 .710.3

1 .6+0 .3

0.9

0.3

0.6

0.7

0.7

2.1

1 . 2 1

2.0

1 .55

1 .44

Hi' i i ic l üde L hat L h e t I I K I T V a.s g i v e n by Eq, (2} ; ippi>; i r s l o bi1 qu;i l i t a t i v o l y COT-

r fc l . T hü d i L'f e r t> i i i - t L in L h t > a n s o l u L i ' ina^ni Lud i ; ö l t hü hroadtT.i ng can have many

r t ' aHdns . Th<' Li ieory i t" def i n i t e ly oversimpl i l ied in usin; ; tlie Eci rn-Oppi ' i ihu L nie r

apprax imat ion, in assuming the same phonon f requency f o r the t>si: i t öd und L h e

ground s tate and in neglect ing auy d i spe r s ion of the Lü phonon i r^quc 'nc i es.

Model ca lcula t ions by Matthew and Har t -üav iü on oni ' -dioensional cha ins , L a k i n g

a quantura s ta t is t ical average over a l l o:s L: i l l a L i on modcs m t ho l inc-ar approx i -

ma t ion , give values for O-E)1 which are 20 % larger than in L ! I Ü E l n s L e i n model.

Fur ther , sur face modes are not considered w h i c h migh t contr i b u t t f LO Lhe w i d t h .

We want t o stress t ha t our resolut ion i s inucli bet t er than in the measur erneut s

of C i t r i n et a l . ' on the po tass ium hal ides . We there fore do not depend on de-

convolution procedure for the ex t rac t ion of our r e s u L t s .

Recent ly Sunj ic and Lucas' t r ied Lo t-n l c : u l u t ü Lhe i i i f luor i f . t ! o i Lhe l" i n i Le l i f. e-

time o£ the hole due to Auger decay on Lhe w i d L h e i l L ho UPS and XPS l i n e s . They

found a reduction of the w i d t h when the Augt-r w i d L h becomes c-omparable Lo or

larger than hi.1 . We do not know the Auger l i f e L i m e bniadening of Ll ie 2p-hole,
LU

but we believe that it will be not J C S K Lh.in 33 m«V. Our rcnu lL does not show

a reduc t ion of the theoret ical width according to Eq. (2) but on the contrary

a wel l es tabl ished increase of the w i d t h .

One should , however, keep in m i n d t h a t tho Au^or proocss, w h i o h i s responsihle

for the decay of the Na -2p h o l e , hcre is the in tera tomlc Anger prüf*?:;;;. An

electron from the Cl dor ivod 3p band f a l l s into the Na 2p hole and an Hoo.-

t.ron from L h i s Cl dorived band i s ejected. As a consequence the potent ial curve

äs shown in Fig. l exists only for a l imited l i f e L i m e i and a f t e r the Auger

decay s h i f t s back to another equi l ibr ium p o s i t i o n near that of Lhe ground

state.
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Thus, wheii tlie lif et ime i bei-.oraes short, t bis wi l l liave t wo ef f ec t s . One i s
' A

the usual one, whic t i is considered äs the Lorentz ian l i f e t im e broadening oC

the Na -2p hole s t a t e . This Loreiitzian sliould bo convoluted wi th the d i s L r i -

bution of individual phonon lines according to Fig. l and I',,j. ( 2 ) . AnoLt ie r

influence on the line-shape ravist arise from the f in i t e l i f e L i m r öl" the exited

state po ten t i a l curvc in Fig. l . We eannot see, liuwever, whether this p ic ture

is identical to that on which the theory of Sun j i i-. ;md Lucas' is based, or if

not, how to proceed in a quantitative manner f rom it.
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Figiire Captions

Fig. l C o n f i g u r a t i o n diagram shuwing Che ground s l_ ; iLe ;i L t ho

equilihrium pcisi i ion q and Che douhly ionizcd s taCe of

Na in NaCl . A band of phonons arciund the n phonon s tate

is exiHtcd a f t t ' r thc photoe lec t ron h;is l e f t the lat t ice s i t u .

Fig. 2 Temperature dcpt'ndence of tlie N;i -2p photoeraissioa l ine

width />E.
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