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Abstract

The orientation of large planar lead-phthalocyanine (Pb-PC) molecules re-

lative to a Cu(IOO) single c r y s t a l s Substrate was determined f ü r th in f i lms

in a photoemission experiroent w i th use of Synchrotron radiation to be

parallel to the surface . For the upperaost valence band peaks wi th energies

5.8 and 8.3 eV below the vacuum level a p_ - l ike emission pattern was ob-

served in agreement wi th their ligand TT and Pb-6p origin.

*This work has been supported in part by the Bundesministerium für Forschung

und Technologie (BMFT) from funds for Synchrotron radiation research.
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1 . Introduction

The electronic structure of organic molecular crystals has been extensively

studied by angle in tegra t ing photoemission spectroscopy [ l J . In part icular

the valence bands of the phthalocyanines (PC's) and their metal adducts

have a t t racted considerable at tention both from a theoret ical [zj äs well

äs an experimental point of view 3_: , because of the s imi la r i ty of their

structure (see the inset in Fig. I) to that of Chlorophyll and blood-pig-

ments, and because of the important technological applicat ions of the PC's

äs dyes , catalysts and äs material for organic semiconductor appli-

cations ; 4 . Lead phthalocyanine (Pb-PC) is of special interest since

one-dimensional conduct iv i ty has been observed for this mater ia ls Tsl .

Photoelectron spectroscopy is the Standard method for the elucidation of the

electronic structure of atoms, molecules and solids. In addition it has been

very successfully used for the determination of the electronic structure of

adsorbates and ordered layers on su r£aces (6J . Strong variations of photo-

electron emission intensity wi th the emission angle have been observed which

also depend on the l igh t energy and angle of incidence and the polariza-

tion of the incident l ight . The determination of such angular variat ions

of photoelectrons from oriented f i lms is of great interest for two inter-

related reasons. The f i rs t is, that one can obtain molecular orbital In-

formation about the symmetry assignments of the MO's involved. Secondly,

the angular d i s t r i bu t ion of photoemission from an orbi tal of a molecule

adsorbed on a surface contains Information concerning the orientat ion of

the molecule on the surface [_6-9 J. This Information in turn is of ira-

portance e.g. in surface chemistry. Most investigations of this k ind have
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so far been concerned with the »dsorption of simple di- or triatonic

molecules 6

Here we report on the preparation of oriented f i l m s of Pb-PC, a large metal-

organic molecule , prepared in s i tu under wel l def ined conditions on a Cu

(100) single c rys ta l Substrate. The ana lys is of our angle resolved photo-

electron energy d i s t r i b u t i o n curves (EDC's) shows that the planar molecules

fonn oriented f i l m s w i t h the plane of the planar molecules oriented paral lel

to the Substrate. Further we can show experiroentally that the uppermost

valence orbi ta ls have a p - l ike MO character.

2. Experimental details

We used our previously described apparatue MoJ at the DORIS II storage

ring in the Synchrotron Radiat ion Laboratory HASYLAB in Hamburg. The

System consists of a Im Seya-Namioka monochromator, a modified VC

ADES 40O angle resolving photoelectron spectrometer wi th two angular ro-

tations and a sample preparation and t r ans fe r stage. The count-rates were

4
about 10 /sec for the Pb-PC valence bands w i t h an overall resolut ion (mono-

chromator and electron energy analyzer) of 0.4 eV. This resolution was

s u f f i c i e n t for an accurate determination of all fea tures in the EDC's

vhich have typical widths of 0.8 - 1.0 eV ( f w l i m ) . The angular r e s o l u t i o n

was + 2°.

Special attention was given to the preparat ion of the t h i n Pb-PC f i l m s .

They were prepared by in s i tu Sublimation in a separate ultra-high vacuum

(UHV) preparat ion chamber at a pressure before and a f t e r evaporation of

l x 10 Torr and subsequently t ransferred to the photoelectron spectro-

m e t e r under UHV. Before evaporation the Pb-PC powder was repeatedly out-

gassed at elevated temperatures. As Subs t ra te mater ia l we have chosen a

Cu( IOO) surface which was cleaned by r epe t i t i ve Ar-ion bombardment and

annealing and checked by LEED prior to the preparation of the f i l m s . The

f i l m thickness, äs determined by sof t x-ray interference from the f i l m /

Substrate c o m b i n a t i o n I I , was about 80 S corresponding to roughly 20

monolyers. Ue were unable to obtain reasonable LEED pat terns from these

thin Pb-PC f i l m s , probably because of the weak scattering strennth of the

Pb-PC layers , e lec t ron beam damage to the f i l m s (see also R e f . 1 2 _ ; ),

and the fact that we did not obtain epi taxial orientat ion wi t lün the layers

(see below).

For the normalization of photoemission inteusities for spectra obtained at

a given photon energy under d i f f e r e n t angles of incidence a and electron take-

of angle 0 we used two procedures: (i) normalizat ion to the number of inci-

ü L ' i i L photons and ( ü ) normalization to the in tens i ty of the Pb 5d . - peak

at E. - -24.21 eV 13. , w h i c h w i t h i n our exper imenta l accuracy showed

an isotropic emission according to procedure ( i ) .

3. Resu l t s and Discussion

In Fig . l a f a m i l y of angle resolved EDC's is shown for a Pb-PC f i l m

at hv • 35 eV, measured w i t h an angle of incidence of the exci t ing li

of a • 20 , corresponding roughly to s-polarized exc i ta t ion . For the EDC's

the polar angle 0, the d i rec t ion of electron emission w i t h respect to the

normal of the sample, was varied between ü « 0 and ü - 75 . The spectra

have been normalized to the number of incident photons and are displaced

for clar i ty. For the uppermost valence bands peaks A and B, centi'red at
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an in i t i a l energy of -5.8 and -8.3 eV respect ively, an increase in inten-

gi ty w i th increasing G up to 0 '• 45° and a subsequent decrease is observed.

This can be seen most clearly by observing the relat ive increase and decrease

of the peak intensity for B wi th respect to peak C. Similar sets of da ta

have been taken for a • 0 , 45 and 60 . We note in passing that we did

not observe an i n t e n s i t y V a r i a t i o n upon changing the az imutua l angle.

From EDC's such äs displayed in Fig. l the in tens i ty of each peak äs a func-

tion of the polar-angle 0 was deternined (Fig. 2). The in tens i t i e s of peak A

to 0 have been normal ized to the in tens i ty of the Pb 5d - peak. Furthermre,

a smooth background of scattered electrone äs indicated in Fig. l was subtraced

from each spectrum before p lot t ing the polar diagrams. For rh i s background

an isiropic behaviour was assumed.

The experimental resul ts for the intensi ty of f ach peak are represented

by the crosses in Fig. 2. He es t imate the error in these in t ens i ty de-

t e r m i n a t i o n s to be < 30 Z for peak A and B and s l igh t ly larger for the

other peaks because of the b a c k g r o u n d s u h t r a c t i o n . He note, however, that

the conclusions drawn below are in any case independent f ron these com-

p l i r a t i n g factors . Peak A and B show llie strengest in tens i ty var ia t ions

w i t h H and both e x h i b i t roughly the same angu la r pa t t e rn . The maxitnum

in tens i ty is observed for 0 « 35 + 5 . The maxinum emiss ion i n t e n s i t y for

peak C and D is s h i f t e d to larger U v a l u e s . Here an accurate intensi ty

determination becotnes more d i f f i c u l t du«? to the background of scattered

i ' l f c t r o t i s or ig inat ing f rom A and B.

In the l u l l d w i n g wt* use b i n . p l t s y m m t r y i -uns i idura t ion, a.id Lompar i sons

o( thf u l i l j i u t u daLa wi th rauUtl caltulat ioiis in order to get i n f u r m a t i o n
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on the orientation of the Pb-PC f i l m s , fo l lowing closely the arguments

reviewed by Gadzuk 7 and Smith 9 (see also 8 ). In a s imple MO

approximat ion it is assumed that the f i n a l state wavefunct ion in the

photoemission process is represented äs a s iegle plane wave whi le the

i n i t i a l state wave f u n c t i o n is expressed äs a t i gh t -b ind ing Bloch sum

over atomic Orb i t a l s or a l inear combination of alomic Orb i ta l s . It can

be shown that the strsngth of the opt ica l t r ans i t ion between i n i t i a l s tate

|i>and f i na l state |f>is given by AM .| et (Ap) |f(j) where J(g) is

the momentum representa t ion of the orbital , ( r ) , A is the vector po ten t ia l

and p the momentum of the outgoing photoelectron (aee e.g. 7-9 ). The

angular parts of the molecular orbital are the same in the usual radial

expansion v (r) - R ( r ) Y. (G ,<f ) and in i t s Fourier t r ans form '.(p). Thus
> ,ra r r

the angular dependence of the emission should repl icate the angular depen-

dence of the o rb i ta l s under observation.

In Fig. 2 we havt' p lo t ted the angular V a r i a t i o n prcdi t ted by the s imple

mutiel for p -type o rb i t a l s for the geometry of our f x p t r imi -n t w i t h

i - 20 äs angle uf incidence. We not L- an excel lenl agn-ritu-m n f the

(.•xperimental results w i l h the shapi- u f t he ca l cu la t ed e m i s s i f i n p r u f i l e

for the uppermost two valen^e bands (peak A and B) once an I so t ropie

background has been sub t rac ted . An ana lys i s of angular p . i t terns for

the lower lyinn features in the Hüc's is more cumbersumL' s i n v e it is

d i f f i c u l t to atci iunl for a va ry ing background of scat iurcd e lec t rona .

Buchholz and Somurjai J12J coii t ludtd f r o m t h e i r LLEI) s t u d i f s f ü r a Cu-, \i--
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and meta l free. PC ' s that aL Icast ior l i Im L l i i c k n e s K i i s up to severa l

monolaye.rs all thrp« PC's y i e ld ordernd monolayers on C u ( l l l ) and C u ( I O O )

Substrate surfai ies wi th Lhe planer PC-molecules or ienLed p a r a l l e l Lo Lhe

surface. Assuining this u r ien ta t ion also f ü r Pb-PC the p -like cliarac ti?r of

tlie upperraost urbi ta ls in Pb-PC is c lea r ly esCablished by our e x p e r i r a i m L K .

This arguraent can also be reversed: there i s general agreement among Mü-

calculat ions for PC's (see e.g. 2 , 1 4 } tha t the uppermnst band A in PC's

is largely formed by r-orbi tals of a. -type (in D -symnetry) extending

over the inner porphyrine ring of the PC's. In Pb-PC wn uxpcct also a con-

tribution to the density of states in this binding cncrgy ränge Crom l'b 6p-

derived Orbi ta ls . Thus our experimental r e s u l t s arc in e x c e l l e n L accord with

the LEED results showing tha t the p l ana r Pb-PC mti l ecu l e ü are oriented parallel

to the Cu( iOO) Substrate. The succcssiul preparaLioii and charac te r iaa t ion

of such orienLed f i lms may öf te r new poss ib i l iL ies Lo perforra detailed

surface experiments (e.g. ca ta ly t ic reactions) on such surfaces .
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Pb-PC on Cu(lOO)

POLAR INTENSITY

Q = 20°

hV=35eV

PEAK A

PEAK C

Fig. 2 35525


