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Modulations of the relative peak heights of the d band maxim;i

previously observed in UPS spectra of Au and Ag are shown to

correspnnd to the thresholds of e x c i t a t i n n s Irom inner levels

with equal principal quan tum number, Contrary to var i ier proposed

interpretations the correspondence leads to an explanation of the

modulations äs an e f f e c t of atomic electron co r re l r i t i un interact lon.

In a previous pub l i ca t in r I rom 1976 Lindau et al, reported an their

photoemission TTieasurements on polycrystalline gold f i l m s in the energy

ränge 30 - 300 eV , As one resul t they showed that an unexpected modulation

of the relative amplitudes of the two maxima in the valence band occurs

for plioton energies between 100 eV and 200 e.V. The authors had no really

sa t i s fac tory explanation for this e f f e c t . It was held most likely that

d i f fe rences in the energy dependence of the photoionization cross-sections

for the two spin o rh i t tomponents, Sd^ ,,, and 5d, ,,,, are r c spons ih le for

the observed modulation. In a later publication Stöhr et al. took up

L l i i s discussion on the basis of their ang'e resulved photoemission
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measurcmenth of L h e Au valence band . Since thcy t wund a s imilar e f fec t

only for t h e [ _ ! l } J siirfac:e but not for the r°0|J surface, thcy cxcluded L h e

explanat ion of ! ind.in c-t al . c.ar\c lud ing that band struc ture induced

cross-section e f f e c t s in conncc t i cm w i t h a preferential orientation of the.

crystall i tes in evaporated Au f i l m s m i ^ h t have lieen reaponsiblt; for the

above nentioned e l f et: L .

IL ih tbe object ive of this paper to show L h a L a by far more sa t i s fac to ry

I n t e r p r e t a t i o n of the observed ampl i tude nodula t ion Is ac:hieved, if i L is con-

sidered in connection with older measurements o'. Freecmf et al. in tl ie

3 . . .
cnt-rgy rang i - bi ' low 100 eV . The result is that the modu la t i n n i -i r.auscd

by e l e c t r o n cor re la i ions in the d i f f e r e n t 0-subshells (i.e. 5s, 5p and 5d)

of the a t o m , This i s supported by a re inLerpre ta t ion of a similar e f f e c t
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observed for Ap, leading to a correspondmg r e s u l t .

Freeeiuf et al. p u b l i s h e d in 1 4 V 3 :i sei. of energy distribution

curves ( E D C ' s ) f r o m the Au valence band for excitation energies below

100 eV . The comparison w i t h an X-ray photoemission spectrum led the



authors to the conclusion that the "X-ray lirrit'1 f r o m which u r. the

spectra resemble the dens i ty of init ial states, is reached at. around

30 eV for Au. However, small cbanges in the spectra w i r b p h u t u n
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energy have also been noted . Their e':perimentsl results have been

conf i rmed by Lindau et al. . Never theless , no attempt has been nade

to analyze the relative peak heights of the valence band maxima f rom

the EDC's presented by Freeouf et al. and to connect theu; to the above

mentioned results for photon energijs above 100 eV. This is done in

Fig. l shnuing r ieh siructiire over the ent ire energy ränge. Three

pronounced modula t ions are to be se^n and they all set in at the

thresholds of the 5p ,,nd 5s exc i t a t ions . Whi le thc intensity ratio

in Fig. l increases a i the tuo 5p thresholds, it der.reases at the 5s

threshold, It should be mentioned that the onset of 4f excitations at

84 eV h.is no inf l u e n - e 0:1 the re la t ive peak heiphts . This str iking

result points out th t role of comlat ion interaction between e lect rons

helonging to Shells v. L t h equal principal quantum number even in a

clüsed shel l System.

The explanat ion is in direct contradict ion to the one of Stöhr et al.
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based on a solid state effect . Such an effect should also show up in

the subshell cross-section of the valence band. In f a c t , this cruss-
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section measured by Stöhr et al. in the angular integrated mode is in

excellent agreement with theoretic.il predict ions for the Au 5d cross-

section based on pure ly a tomic ca lcu la t ions ' .

An assignment of the valence band maxima to the atomic spin orbit

components is irnplicitly involved in the Interpretation of Lindau et al.

äs it is in Lhe onc presented here. It has bt'ün shown tha t ca lcula tc .d

d e n s i t i e s of s t a i t s on ly agree v:ith thc XPS valence band spect rum if

spin orbi t coupli 'n^ is i nc luded . Howevcr , the energv scpara t - i im of the

d band maxima is about 3 nV wli i le the atonic spin orbit S p l i t t i n g is

only l . 5 eV9.

In ordrr to c l a r i f y the r e l a t i o n between the a tnmi t : spir. orbit compDncnts

and the d band ut solid Au, Tnany a t t empts have becn -.v.adfe to iteasurc thi'

atom-to-sol Lei t rans i t ion by a l l o y i n g Au in d i f f e r e n t concentr; i t ions Lo

ot l icr nie La l s ° ? As a cons ia t enL resul t 01 a l l of these exp^rir.ents it

was shown Lhat the d band maxima in the solid i'.ontinually dcvelop out of

tht: spin otbit components when the interactinn between the Au atoms in-

crc.asea. Furthurmore, McAlister et al. have be^n able to explain their

N, -, X-ray e^ission spectrum of solid Au in tcrms of atomic-1 iki : 5d levels
h , /

These results demonst ra te a v i>ry dose re la t ionsh ip betweer. the Sd , and

5 r i _ , levels and the d band maxima in solid Au. 1t is the re fore not sur-

prising that the re la t ive in ten .y i ty of the two valence band maxima is

sensit ive to inner atomic correlation e f fec t s .

For the case of Ag a sitnilar ampl itude modulat ion of the two valence

band maxima äs observed for Au has been reported by wehner et al. . They

explained their result äs due to the strnng decrease of thc 4d subshell

cross-section between 100 eV and 130 eV leading to an enhancement of the valence

band peak at higher binding energy by a maximum value of 17%4. A quantitative

analysis of the 4d peak heights r a t i o is presented in Fig. 2. The ratio

increases above 60 cV to a maximum of 1 .67 at 80 eV and then decreases to
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a minimum of 0.94 at 120 eV followe.d by an increase again, This

gives a modulation of - 28% relative to the mean valuc. Although

the mechanism discussed in R e f . 4 must l>e considered Eor the valenc.e

band peak height modulation in Ag, it falls to explain the increase

of the intensity ratio below 100 eV and ic does not give the lull

magnitude of the modulation above 100 eV. On the contrary, the

correlation between the modulations and the thresholds of the 4s and

4p core level excitations is obvious again (see Fig. 2 ) , Tn f a r t , the

same arguments äs above can be applied for Ag. The atomic spin orbit
G

Splitting of the 4d level is 0.6 eV and the comparison between the

XPS valence band spectruni and c-.alculaLed density o£ states revealed thr.

importance of Spin orbit coupling also in the solid . Again, photo-

emission measurBments of alloys with dif ferent concentr;iti(ms of Ag

deiaonstrate a similar re la t ion bet_iueen the atoroic spin orbit compiiyie.nLs

and the d band maxima ot the solid ' . Furthermore, a comparison of

the 4d photoemission from Pd to Xc shows that for the case of Ag band

19
ef fec t s and the spin orbit coupling appear Lo be equally important

In conclusion, it can be stated that the intensity modulations of i_he

photoemission from the d bands of Au and Ag both find an explanation äs

due to an atomic correlation interaction between electrons belon^inK to

subshells with equal principal quantum number. This was demonstrated hy

the correspondence between the modulat ion onsets and the thresholds of

20 .21 22
inner level excitations. Eecent measurements on Pt , Ni and Cr show

that the 5d (3d) subshell cross-section is coupled Lo excitations f r u n i

inner Shells into the empty d staLes. While these resul ts point out the

i^portance ot ttnc. inLeract ion of an inc.oinp] eti;l y fill ed outer d shell

w i t h inTier t-.orc lcvc.1 exe i tat ions, ccirrelat inn ef f ec t s havc> a l so bcen
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found in gaseous Xe . Tn this case oscillator strength of the huge 4d

absorption raaxinun is given to the 5s and 5p excitations. For Au and Ag

the Si tuat ion is rather d i f f e r e n t because the inner shell ex-

ci tat ions do not lead to spectacular feaCures in the absorption spei-trum.

In this respect , Au and Ag turn out to be unexpected examples for inter-

shell correlations. Ih i s resul t s t resseK tht? impurLance of correlation

interaction fo r photoein i ssion spertra introdiu 'ed by inner leve.l exci tat ions

even if the corre.sponHing photoionization cross-section is very low.
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Figure Captions

Fig. l Ratio between the phuLueiaission peak heights uf ehe

low binding cnergy and Lhe high binding energy maximum

in the Au valence band (;ifi_er subtraction of linear

background) äs a functicm of phuton energy. The values

are obtained from Ref . 3 (+) and R e f . l ( I ) . The arrows

indicate the thresholds of 5p and 5s e x c i t a t i o n s äs

given by the binding energies f rom lief, l (5p) and R e f . 5

(5s) .

Fig. 2 Ratio between the photoemission peak heights of the

two d band maxima in Ag, The values are obtained in the

saroe wny äs for Au af ter Ref . 4 <+> and Ref . 18 (© ). The

arrows indicate the thresholds of the 4p and 4s excitat ions

äs given by the binding energies t r<™ R e f . 5.
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