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FINAL REPORT OF WORK COMPLETED UNDER ONR CONTRACT

NO. N00014-77-C-0366

1. Yke vdle rbita eledrvAiceWciatiw of CO chanisorbalox Ni(I)) have been studied by Surface

Reflectance Spectroscopy and show that fundamental electronic excitations were not strongly al-

tered by chemisorptlon. Charge transfer excitations were also observed and identified (See Ref.

1).

2. Seledia rile effects in sadence orbital electron loss studies have been shown to suppress certain low-

lying valence transitions for chemisorbed CO and unsaturated hydrocarbons on surfaces (see Ref.

2).

3. The dehk~oeato of jrohewne to benzene on Pd and P1(111) wurface have been observed at

room temperature by photoentisslon spectroscopy (see Ref. 3).

4. A pulsed gas dosing sjsten has been developed which provides local pressures at the sample of 102

higher than the system and can be swvitched (on/off) in 2-3 msec. Used In conjunction ivith

photoemisslon, the dose enabled the measurement of desorption kinetics of CO on Ni(I 11) up to

temperatures of 230*C. Pre-exponential factors and desorption energies were determined and

found to show significant variations w'ith coverage (Ref. 4).

S. Pure hv - 40.8 eV radiation has been achievd by significantly Increasing the He H light of our d.c.

He resonance lamp and Inserting a carbon filter. The filtered lamp provided for photoemission

studies of entire valence band of chemisorbed molecules (Refs. 5, 6, 7, 8).

6. Low-lying C 2s-derived orbital shifts have been observed for chemisorbed unsaturated hydrocarbons

and attributed to initial state potential effects (Ret. 5).

7. Pholoenisuion and thrmal desoption sftdy of acetylene and eth~fene expoed to P0(I1I) at room

temperature has shown the formation of new chemical species. A methodology of analyzing the
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valence levels was developed and suggests C-CH and CH-CH, species form from acetylene and

ethylene, respectively (Ref. 6).

8. 77#e ceavafsien of CAH to C.11, on Ni(I11) has been studied by photoemisslon and thermal

desorption spectroscopy. Desorption of approimately half the initially chemisorbed ethylene oc-

curs during the conversion. INodels for the decomposition reactions proposed (Ref. 9).

9. Molecular gwmnetrier of acetylene and ethylene chenaorbed on NW10 0), NW(10O), NW(111). PdWl11)

and P1(011) have been determined fronm the entire valence band Ionization spectra. A methodology

was developed to obtain geometric Information from ionization spectra of adsorbed species via

comparison to gas phase spectra and the calculated relative changes in the orbital energies upon

geometric distortion (Ref. 7).

10. An angle-raol red photoenbsskmn study of hjkogen efienifrnbed on NWi(1 has shown no split-off

hydrogen-derived state. Direct transitions from sp-type bands are enhanced whereas d-Iike inter-

band transitions remain unchanged (Ref. 10).

11. The reacion of acetylene nftd Ni(100) and Ni(1O) at room tempfaflwe has been studied by

photoemisslon and thermal desorption spectroscopy. A methodology for predicting Ionization levels

of new chemical species developed. CH and CCH species isolated and identified (Ref. 8).

12. High-resolution deecton enegy lons studies of adsorbed specie; have been done in collaboration with

H. lbac0

a. Obwwfaion of soft CH modes and their relation to dehydrogenatlon reactions of ethylene on C

NiI11) and cydohexane on Pt(l 11) Ref. 11)....._

b. Identification of CH species on Ni(1 11) (Ref. 12). GV&

c. Isolation and identifi~cation of methoxy species on Ni(l 11) (Ret. 13). odes

or
d. Chemical nature and bonding sinmetry of benzene on NO~ 11) and P1(111) determined (Ref.

14).
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e. Chweawl m*re and bohiig sjumuey of oniborbt acleae oa NiA111) determined (Ref.

is).

13. Molecul oerbital calcudataons have been used to investigate the force constants and dynamic dipole

moments of acetylene bonded to Be atom clusters. The nature of dynamic surface charge coupling

to C-C bond vibrations was Investigated and related to surface studies (Ref. 16).

14. Phtoanksie bonding eneV shifts in tIe car levlds of surface atoms relative to bulk atoms are ob-

svdd for Ir(III ir(O 00)-45 x 1) and the mdasWable IrlO 0)-( x ) surfaceL These shifts provide

Information on the surface atom coordination number while surface atom core level emission give

direct Information on the number of surface atoms. The reconstructed Ir(100)-(5 xI) surface Is

described by a compressed hexagonal layer (Ref. 17).

15. Combie LEED, UVphotoe.ion, and Auger studies of the adsorption and reaction of silane and

slion wit clean Pd(I 00) between 80-1000 K reveal the formation of a quasi-stable Pd2Si surface

compound. Silane decomposes starting at 150 K. The remaining silicon or deposited atomic silicon

reacts with the surface at 425 K to produce a Pd2SI surface compound with excellent long-range

order on the Pd(100) substrate. Heating to 500 K decomposes this Pd2Sl and drives silicon into the

bulk (Ref. 18).

16. The adsorption, dewption and decomposition of CH3OH on Pd(O00) using LEED, thermal

desorption, UV photoemisson and vibrational loss spectroscopy show the formation of a weakly

bound methoxy species. A low coverage phase (2 x 1013 molecules/cm2 ) of methoxy species initially

forms (E,, 1 I.SK cal/mole) about 50 of which can be hydrogenated and desorbed as methanol.

The remaining methoxy decomposes to form CO and hydrogen. This branched reaction path for

the methoxyspedes on Pd( 100) provides a possible explanation for the selectivity of Pd in catalyt-

Ically forming methanol from CO+H (Ref. 19).
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17. Ike IBM-deWlepudfiwud egle hkh-vesid~aduc,. CAN&" 4. spu&9Vcftrwnd is nude .p~wtod

for sawface Madie (J. L. Demuth):

a. MetharaAducepeuitie studies.an Pd(IOO) are performed as described in 3 (Ref. 19).

b. Spedrescepi dhwt*akr of "0ft." parks on A(I I]) show dhem to be consistent with

graphitic carbon and no carbonate species (Ref. 20).

PjC. a~iawikn en AS(]])) shows at flat-lying ir-bonded phase which compresses for cov-

erages above 3 x 1014 molecules/cin to form a 2K cal/mole weakly bound, Inclined, nitrogen

lone-pair bonded phase (Ref. 21).

d. Benine, cyclohexane, methanol, water, n-hexane ethylene have also been examined on

Ag(ll11) (Ref. 22).

18. AngI-rnerephtoanhuibn Identifies a new surface sarte on Mrf332), which can be unambiguously

associated with step sites. This state Is located near the Fermi level and can be distinguished from

a terrace-related state by preferential adsorption of hydrogen on the rows of step atoms. Both

states have A, symmetry and are located In a relative sp-hybrldization gap above the L, point (Ref.

23).

19. A ngle uolwd poo-stunidatedewrptoan of oxygen ions from a WUI11) surface is performed In the

2-D "photoemision" spectrometer and compared to electron-stimulated desorption. Ion angular

distributions, energy distributions and photon excitation spectra for 0* desorption from W(1 11)

have been measured for a wide range of oxygen coverages (Ref. 24).

20. Surf ace enhanced Ronan scattahng Is ebswei frm pNvidine adwobal on a AgOl 11) stepped surface

formed by etching weak (500A high) 10,0001 periodicity sinusoidal profile into a Ag(1 11) crystal.

A large mode selective enhancement (- 10A) of the Raman signal from the first monolayer is ob-

served at surface-plasmon-polariton resonance. Coverages greater than one monolayer show a

smaller enhancement (-102) (Ref. 25).
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21. EIF&mw Ass seowp ym eam- low lyig drecooek smae for pyrldine and pMwzhv on an

410111) wjea These new states occur at 2-3 eV, are localized at the metal-molecule Interface,

and are attributed to mea-oeiecharge trausfer excitations (Refs. 26 and 27).

22. Eladftmfk hwwkbiu of bmvue, pyrv~ aid pymdzin on ASO 11) have been studied. All expected

Intamoecuarexcitation of these meclsadsorbed directly on the surface are observed and He.

within 0.2 eV of their free molecule values (Ref. 27).

23. The lifetkne of arch.! pjwimt on 4(111) las been deeined iia coverage-dependent electron

energy loss measurements of the vibrouic structure In the I B3. excitation. The determined lifetimes

are within a factor of 10 to those predicted by simple clasuical theory (Ref. 28).

24. Vlkrafiwal oveone speaiwwpy of beane andpridrne adswebd on Ag(lllP has been performed

sing electron energy loss spectroscopy. The overtone frequencies are not significantly changed for

these weak adsorption system and the overtone lifetimes are estimated (Ref. 29).

25. Pheiou,-Ohnad~ deorptk froma CO adarbed on M~OW) has been performed. This represents

the first covalently bonded system to be studied by this method (Ref. 30).

26. Resoanae elve saomering from, N, CO. 0F and H2 elsebel en Ag has bees tWiert Temporary

negative Ion states are Identified for these adsorbed species and found to occur at lower energies

and have shorter lifetimes than in the gas phase (Ref. 31).

27. Inteme kow lig nvetal-moleuie ercdaiions are os .! for CO. Cr Hr 02 and NCH 5 on Ag-film

evaprWleil W -20K but not on annealed or room temperature evaporated films. These results cor-

relate well with the abilty to observe SERS on evaporated films and suggest that localized (defect)

sites on these films allow strong charge transfer states (Ref. 32).



2& Obsralioa of remisual modes of H. ahw*rh on AgOll) by delo tan en lo swPMoDopy. The

roadonal constants indicate a H-H bond length within 0.02A of the free molecule and show com-

plete conversion of orthohydrogen to parahydrogen on the surface (Ref. 33).

29. Dettrmhatoa of the moaecidar CoMnls fOr moleadarly ads red 02 On Ag. An analysis of the

vibrational overtone spectra observed via resonance electron scattering increased anharmordously

and a reduced dissociation limit (Ref. 34).

30. Detrmination of the molecular orientation of C211 on Ni(1O0) Wing impact electron scattering.

Angle-dependent electron scattering measurements and the application of impact scattering se-

lection rules show that the mirror plane of the molecule is aligned along (110) directions and that

the plane of the molecule Is tilted with respect to the surface (Ref. 35).

31. Determination of the excited state lifetnes of rare gas atoms aidorbed on AI(111), Agfl I), Cu and

An surfac. Electron energy loss measurements of the electronic transitions of adsorbed rare gases

show broadened atomic-like transitions. Lifetimes for Ar and Xe on Al(1 11) are -0.2 ± 0.1 eV and

well below those predicted theoretically (Ref. 36).

32. LEED sftdies of p(2 x 2) and c2x 2) oxyjen on Ni(lOO) rveal an unepedetl new bonding geomefty

ad local caoninaion for oxjgen. The results suggest a Jahn-Teller like distortion which results In

a pseudo-bridge bonding configuration for 0 to NI and a relatively short 1.851, O-NI bond length

(Ref. 37).

33. Low temparowe studie of the surface elecronic states and tramirions of the Sill) 7x 7 surfacm

Using EELS, UPS and LEED reveal the true ridge lattice surface electronic structure. A physical

different picture of the surface electronic structure emerges than deduced at room temperature

(Ref. 33).

34. Rare ga tiration studis of the Sifl l) 7 x 7 surface. UPS measurements of rare gas binding en-

ergies on SI( 11) proside quantitative information regarding local %orkfunctions of the surface as

6t
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well as qualitative Information regarding geometric structure and topography of the surface (Ref.

39).

35. T7ehretki formulation of dectron scattering from dean and metallic layes on semkondudcr surfaces

to allow quantitative analysis and understanding of the quasielastic scattering which can occur In such

systems (Ref. 40).

36. Determination of elec&Wl traport propeies in ultrathin (2-10A) metallic layers of Pd and Au

on SI(I 11) surfaces by electron energy loss measurements. Such "contactiess" measurements en-

able the extension of transport measurement to ultrathin films which have not been possible with

conventional measurement methods (Ref. 41).

37. Determination of molecular and atomic ox)Ven species formed on Si(Zl l) 7x 7 at low tenpetawes

(15 K). Two new atomic phases, a silicon monoxide diatomic molecule, and a bulk-like monoxide

phase are observed to form (Ref. 42).

38. Formation of embedded metallic microclusters on Si(I 11) detected upon initial Pd metallization of

Si(111) at 300 K. Frequency dependent electrical transport measurements derived from

electron loss spectroscopy (Ref. 43) together with atomic hydrogen titration studies reveal this

clustering (Ref. 43).

39. First surface vibrational studies of polymer surfaces using high resolution EELS. Several main

functional groups observed with EELS and their reactions upon water removal and metal evap-

oration were studied (Ref. 44-45).
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