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Surface intercalation of gold underneath a graphite monolayer on Ni111) studied
by angle-resolved photoemission and high-resolution electron-energy-loss spectroscopy
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Quasi-two-dimensional intercalationlike systems, synthesized by surface intercalation of gold atoms under-
neath a monolayer of graphite formed on(MNil), have been investigated by angle-resolved photoemission
spectroscopyPES and high-resolution electron-energy-loss spectros¢bfiJEELS. Modifications of both
electronic structure and vibrational properties due to the presence of the intercalated Au monolayer between the
graphite monolayer and Mill) are reported. The surface intercalation of the gold atoms underneath the
graphite monolayer leads to a “stiffening” of the graphite-derived phonon modes and to an energetic shift of
the graphite-derivedr, o electronic states in the valence band toward lower binding energies. The observed
changes of the PE and HREEL spectra are explained by the saturation of the actiyebblids by the
intercalated gold atoms and by the weakening of the interaction between graphite monolayer and substrate, due
to the blockage of the graphite €}-Ni(d) hybrid bonds.

INTRODUCTION electron-energy-loss spectroscayREELS), in the present
investigation we have studied the processes of intercalation
The mechanism of formation and the electronic and crysof gold (with different thicknesses of the preliminary depos-
talline structure of surface quasi-two-dimensional intercalaited overlayey underneath a graphite monolayer formed on
tionlike systems, synthesized from a monolayer of graphité\li(lll). In part_icular, we have exploited the modifications
formed on N{111) by cracking of carbon-containing gases of the electronic structure of. the valenc_e band and of the
and by surface intercalation of different metals underneath if?honon spectra caused by this intercalation. The experiment

has been studied in recent yehr&These systems are char- Was performed by a combination of angle-resolved HREELS

acterized by a close fit between the lattice parameters of thfith @ngle-resolved photoelectron spectroscéBES. As
reported in Refs. 1-5, the analysis of the intercalation pro-

; 1 0-12
graphite monolayer and those of the(ML1) substrate cess was based on the modification of the energy and inten-

which allows formation of well-ordered commensurate ity of th hite-derived: tates in PES I
quasi-low-dimensional layered structures. Among the meta/§'Y 0! the graphile-terivear, o states in | upon anneal-
g of the systemand on the observation of graphitelike

that can be intercalated underneath a monolayer of graphitg1

noble metalsAu, Ag, CU) now attract enhanced interest be- structure in the phonon_ spectra, which are very sensitive to
cause under normal conditions they cannot form graphit he presence and chemical state of carbon at the sudeee

intercalation compoundéGIC’s) of buik typel® The ability or instance, Refs. 17 and L&nd can therefore indicate the

to form quasi-two-dimensional intercalationlike systems Onter\r;\];natlhon OT atrs]ystem W':h a gra;;rt1|ttcetﬁvgrlf\§7é4r.l i f
Ni(111) by the surface intercalation of noble metals under- € show in the present paper that the intercalation ot a

; - . thin Au layer underneath a graphite monolayer, which takes
neath a graphite monolayer therefore gives a unique poss‘i— !
bility to study the characteristics of such systems and to inflacéa upo!:_ therrpal ?r?neallrdg of thle Mgﬂén% system af-
vestigate the mechanism of their formation. er deposition of a thin gold overlayéB—9 A), causes a

Some recent investigations show that important physica‘I‘Stiffening” of the graphite-derived phonon modes and an

properties characterize such systems. In particular, in Ref. gnhergetic shift of the graphite-derived, o valence bands

the “semiconductor-metal” transition observed in plasma—toward lower binding energies, to the values characte_ri_stic
sputtered C-Cu films as a function of copper concentration i or bu|!< monocrystaline graphite. In contrast, the deposition
connected to the formation of clusters of Cu-derived GIC’sOf a th'?k gold overlaye(60 A) on MG/N'(HD follpwed by .

in the bulk, and in Ref. 15 the highs superconductivity of annealing does not lead to the formation of an intercalation-

such systems is discussed. Another interesting aspect of tﬁ'ge system terminated by a graphite monolayer. The ob-

surface intercalation of noble metal underneath a monolay(%etirc\)'ﬁdacrgarg(ﬁa?rggebHyREEIC‘kﬁqngd EfE tizec&%;f:\leizé?terca'

g:a%rﬁs: Ié%gﬂ?é;;:;i ?cflrﬁiigltg%cg ff;TeM%]/?&r&lgn:ggs interaction due to the pgnetration of gold atom;; into the
MG/Ag/Ni(111).2~ Such an effect has not been observed upspace between the graphite monolayer and the Ni substrate.
to now for any other system of intercalationlike typie®
While our earlier works™ were mainly devoted to study-
ing the intercalation of copper and silver underneath a graph- The experiments were performed in two separate
ite monolayer on Nil11) by means of high-resolution ultrahigh-vacuum (UHV) chambers with basic pressure
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lower than 1x 10" *®mbar, equipped with low-energy elec- o= ' ' All,l*(ISS)L- Auld) = Au(Ss)

tron diffraction(LEED), ion gun, and gas inlet systems. The PE 8

angle-resolved HREEL spectra were measured by means o hv=50eV R s%& T

an ELS22 HREEL spectrometer consisting of two double- Au(111)W(110) 5%@’ o l\

cylindrical 127° deflectors. The energy resolution of the mmf ) w!?

spectrometer was 6—8 meV at a primary electron energy of » ! ‘-\ E

18.2 eV. This primary electron energy was chosen to provide B60A Au +MG/Ni(111): F4 74 , QWS

a parallel transferred momentum high enough to reach the s ® gs

Brillouin zone boundary. The incidence angle of the electron Tannea._=400°CM/ & of ‘@E\_r";

beam was either 75° or 60°, as measured from the direction g 3 ‘_

normal to the surface. The scattering geometry has been cho ﬁj 1

sen to coincide with th&€ M direction of the N{111) surface. "as-deposited” wmemege® | w

Angle-resolved photoemission measurements were carriec= _ ,-*"‘, g

out with an ARIES spectrometer at the Berliner Electron- @ 9A Au+ MG/Ni(111): Ky ’w“vf\ Yo

enspeicherring fiu SynchrotronstrahlungdBESSY-I, beam- qc) T _400°C/ & LR

line TGM-3) using monochromatic light with a photon en- = anneal”™ W,j U\.

ergy of 50 eV. — "as-deposited" g % fgl
The Ni(111) single crystal was prepared in UHV by sev- 4A AUMGNI(111): & Th ‘

eral cycles of Né sputtering and by high-temperature treat-

ments in oxygen and hydrogéh.The graphite monolayer T, . =400°C oo

was formed on the Ni11) surface by cracking propylene ' )

(CsHe) at a sample temperatuf€) of 500 °C as reported in "as-deposited’s”

Refs. 1-6. The sample was exposed to a pressure of 1

% 10~® mbar for 4-5 min to form a graphite monolayer and MG/Ni(111) e

to saturate the N111) surface. The corresponding LEED x

pattern displayed the sharp hexagonal structure that charac v

terizes monocrystalline graphite. Ly T e
Overlayers of gold of different thicknessés, 9, and 60

A) were deposited at room temperature on MGINI) from 141210 8 6 4 2 O

gold beads molten on a thin W-Re wire. The thickness of the Bmdmg energy (eV)

metal overlayer was monitored with a quartz microbalance.

After the deposition of gold, the system showed a diffuse FiG. 1. PE spectra in normal emission upon deposition of gold
LEED pattern characterized by low-intensity diffraction overiayers of different thicknes@, 9, and 60 A on MG/Ni(111)
spots. After annealing at a temperature of 300-400 °C, th@jlowed by annealing af=400°C. PE spectra for MG/Ki11)
system showed an ordered LEED pattern accompanied by ghd Au111)/W(110 are shown for comparison.
significant increase of the reflected beam intensity, while
phonon modes with graphitelike dispersion appeared in thgE. The deposition 09 A of Au leads to a more significant
HREEL spectra. As will be shown later, the annealing of thedepletion of ther,, graphite and Nif) states. After depo-
system allows the intercalation of the gold atoms underneatbition of gold, the Aug) states located in the region between
the graphite monolayer and the restoring of a graphite over2 and 7 eV become dominant. However, in comparison with
layer on top of the systeitat least for the systems with 4 and a monocrystalline Au film on W10), the spectra of the Au
9 A of gold coveragg layer deposited on MG/NL11) (labeled in Fig. 1 as “as-
deposited’) are characterized by a significant depletion of
the features related to the Au surface stéfesidentification
of the features in the PE spectrum of gold, see Rej. 19
In Fig. 1 a series of normal-emission photoelectron specThese peaks are marked in Fig. 1 asggsiand AU‘(ss. In
tra, corresponding to different thickness of the Au lagr9,  addition, the spectrum of At11)/W(110 shows a weak
and 60 A deposited on MG/NiL11) before and after anneal- feature related to quantum-well stat@syhich is marked as
ing at 400 °C is shown. The spectrum of a monocrystallineQWS. The features related to Au surface states are located
film of Au(111) with a thickness of 20 A on \WL10) and that  near the Fermi levelH,~0.35eV) and at a BE of 7.7 eV.
corresponding to pure MG/Kill) are also presented for The QWS are situated at 1.4 eV. For a thicknekd & of
comparison. As one can see, the spectrum of M@MNI) is  the “as-deposited” Au overlayer, the feature near the Fermi
characterized by the Nil) states located at binding energy level connected with the Au surface states is totally absent in
(BF) of 0.5 and 1.5 eV and by the graphite;, and 0,5  the spectra. The absence of Au surface states and the pres-
states situated at BE of about 10 and 5 eV, respectively. Thence of C¢r;,) and Ni(d) states for the “as-deposited” 4 A
nomenclature used in the current paper for the graphiteAu overlayer shows the islandlike character of the deposited
derived states ofr and o types is normally used for identi- Au overlayer. The feature near the Fermi level related to the
fication of the electronic states in the valence band of pristindu surface states is clearly visible only when the gold layer
graphite(see, for instance, Ref. L3After deposition of Au  has a thickness of 9 A, i.e., when the whole surface is cov-
(=4 and 9 A the Ni(d) and graphiter,, ,0;3 States are  ered by gold.
significantly weakened without any visible changes in the Annealing of the system &af~300-400°C leads to a
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! ' ‘ ' ' spectra, while the intensity of the peak of thg, states
| | AOU(d) 6A Au+MG/Ni(111) [Cl(_wlv)] decreases significantly. On the other_ hand_, an-
. """ 0 nealing of the system at 250—300 °C leads to an inversion in
; : \ C2(n,) the peak intensities: the C2¢,) peak increases its intensity
o\ . /-/' after annealing at 375—400 °C almost up to the level charac-
o 8< o teristic of the initial MG/N{111) system, while the peak of
7 ° the Au(d) states becomes smaller.
C1(r,y) 2 The observed variations in the intensity of the PE peaks
after annealing, in combination with the significant change of
: — the BE of the graphiter,, states, is related to the penetration
/ of atoms of gold underneath the graphite monolayer and to
! ! L e . modification of the interaction of the graphite with the sub-
MGNi(111)  6A Au 100 200 300 400 strate due to surface intercalation. We can therefore conclude
(@) ras-deposted” T, .. (C) that the deposition of thin gold layefwith thicknesses of 4
and 9 A on MG/Ni(111) followed by annealing at about
' ' ‘ ' 300-400 °C leads to the intercalation of Au atoms under-
6A Au+MG/Ni(111) neath the gra.\phit.e monolayer. It_ i_s impor;ant to note that, as
one can see in Fig. 1, the deposition of thicker Au overlayers
or " t-0_o | (6~60A) with subsequent annealing at any temperature
C.lr) does not lead to restoration of the graphitg, states in the
o photoemission spectra. Even after annealing, the PE spectra
remain similar to those observed for a metallic Au overlayer,
showing that a surface intercalationlike compound with a
graphite monolayer on top of the system did not form in
these conditions.
In Fig. 3 a series of angle-resolved photoemission spectra
is presented for the system obtained by depositio® A of
"GN A Au 100 200 300 00 Au on MG/Ni(111) followed by annealing at 400 °C, i.e.,
(b) "as-deposited" °C) after intercalation of gold atoms underneath the graphite
monolayer. The spectra are measured for different polar
FIG. 2. (a) Variation of the intensity of the unshifted and shifted angles in thd”M direction of the graphite surface Brillouin
components of thew, states atE,~10eV[Cl(wy,)] and zone(SBZ) at hv=50eV. The graphite-derived, o, 3,
8 eV[02(m,)] and of the Augl) states E,~6 eV) upon deposi- and 1, states with their characteristic graphitelike disper-
tion of 6 A Au on MG/Ni(111) and annealing at different tempera- sion can easily be distinguished in the spectra. The corre-
tures. (b) Changes of the binding energies of the C1 and C2 comsponding dispersion relations in thiéV direction are repre-
ponents of ther,, states upon annealing at different temperaturessented in Fig. 4 by solid circles. Here, for comparison, the
dispersion curves of the initial MG/Kill) system and of
significant modification of the spectrum. In Fig. 1 the PEbulk monocrystalline graphite are shown by open circles
spectra after annealing at 400 °C are presented. As one césolid lineg and open squareglotted line$, respectively.
see, a significant growth of the peak intensity for the, ~ The curves for monocrystalline graphite were taken from
graphite states takes place after annealing, accompanied BRef. 21. From analysis of the photoemission spectra pre-
an energetic shift toward lower binding energies of about Zented it is possible to conclude that the graphite-derived
eV with respect to Mg/NiL11), while the Ni(d) states essen- states of MG/Au/Nil11) are shifted toward the Fermi level.
tially disappear. The feature near the Fermi level is alreadyrhis shift is about 2 eV for ther,, states and 0.5—1 eV for
visible in PE spectra after annealing and the dugtates are the o; ando, 3 States. After intercalation of Au the branch of
slightly shifted toward higher BE as compared with the “as-the 7;, states essentially coincides with that typical for bulk
deposited” Au overlayer and with the monocrystalline Au monocrystalline graphite. At the same time, thestates are
film on W(110. The system with a gold overlayer of 9 A located in a region of BE even lower than that characteristic
shows a shift of ther,, states slightly higher than that with of monocrystalline graphite. The minimum of the BE of the
4 A of gold. 1, ando, states was observed for polar angles of about 26°
The relative peak intensity of the Ad) stateslocated at relative to the surface normal, corresponding, la
about 6 eV is compared in Fig. @) with that of the graphite =50eV, to theM point of the graphite SBZ.
m,, State characteristic of the initial MG/Ni11) system In Fig. 5 we show a series of angle-resolved HREEL
(E,~10eV), which is marked as C#(,), and of the spectra for the system formed by the deposition of 6 A of Au
shifted 7, state €,~8 eV), which is marked as C2{,), on MG/Ni(111) followed by annealing al=400°C. The
observed after the depositiori ® A of Au on MG/Ni(111) spectra were measured in thévl direction of the graphite
and after annealing at different temperatures. The variatio®BZ for different angles of scattering and show a main
of the binding energy of the peak of thg, statedfor both  graphite-derived phonon mode which can be separated into
C1(m,,) and C24ry,)] upon increase of the annealing tem- the vertical acoustic mode ZA, the longitudinal acoustic
perature is presented in Fig(l. As one can see, after the mode LA, the acoustical shear horizontal mode SH, the ver-
deposition of gold an intense Ad) peak appears in the tical optical mode ZO, the optical shear horizontal mode
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2 I tretrgrst™® \/‘\\ﬁ— FIG. 4. Dispersion of the main graphite-derived valence band
— /T‘W | : .E electronic stategsolid circles as obtained from the PE spectra in
0 Au(d .\ Fig. 3. The dispersions of MG/Ki11) (open circles and straight
SF | | I'...... lines) and of bulk monocrystalline graphitepen squares and dot-

ted lineg are shown for comparison.
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phonon modgswas observed for the ZO mode connected
Binding Energy (eV) with the vibrations of the carbon atom perpendicular to the
surface. The LA mode does not differ so much from that of
FIG. 3. Angle-resolved PE spectra for MG/Au(lii1) formed  bulk graphite and from the mode observed for MGANIL).
after deposition of 9 A of Au on MG/NL11) and annealing at  Since this mode is associated with the vibrations of the car-
400 °C. The spectra are measuretiat=50 eV in thel'M direction bon atom parallel to the surfacee., in the direction of ther
at different polar angles;) relative to the surface normal. bonds??) we can assign it to the graphite overlayer. For the
ZA mode an energetic shift toward higher loss energies was
SH*, and the longitudinal optical mode LO. All the features also observed in the region of thé point, at the edge of the
are characterized by a pronounced graphitelike dispersioBrillouin zone.
No other loss peak has been observed in the HREEL spectra, It is important to note that the changes in the phonon
showing that the system formed by annealing terminatedranch do not saturate near thepoint of the SBZ, as they
with a graphite monolayer and that surface intercalation oextend to transfer momentunyg,() bigger than about 1.4
Au atoms underneath the graphite monolayer has occurredd 1. Such behavior is similar to that observed in K
The dispersion relations of the graphite-derived phonondirection’™ where the edge of the SBZK point) corre-
modes measured by HREELS in thé/ direction are pre- sponds tay,=1.7 A~ and is probably related to some mis-
sented in Fig. 6 for different thicknesséand 6 A of the  orientation of areagdomaing in the graphite monolayer
Au overlayer. The spectra were measured at incidence angleaused by the Au intercalation. It is interesting to note that
of 60° and 75° relative to the surface nornisdlid symbols. for MG/Ni(111) the M point of the SBZ can be seen as the
The surface phonon dispersions for MG/Ni1) and pristine  border of the periodic changes of the phonon enéFay. 6).
(monocrystalling graphite are shown by open circles and Some support for this assumption comes from observation of
squares and dotted lines, respectively. The phonon dispersiahe optical shear horizontal mode SH in MG/Au(NL]),
for pristine graphite was taken from Ref. 22. As one can seevhich should be forbidden by the scattering geometry used
in Fig. 6, the surface intercalation of Au atoms underneath @n the experiment® The presence of this mode might be a
graphite monolayer leads to a noticeable shift of the phonoronsequence of a symmetry-breaking effect caused by modi-
modes to higher energy losses. Such modes are located digation of the graphite substrate bonding after the Au inter-
sentially at the energies characteristic of the phonon modesalation. By comparing the MG/Au/Kill) case with the
of bulk graphite. The maximal energy shifabout 15-20 MG/Ni(111) system one can observe for both systems an
meV) toward higher energieghe so-called stiffening of the energy shift and a variation of the (L.&8H*) mode. More-
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FIG. 6. Dispersion relations of the graphite-derived phonon
modes for MG/N{111) systems formed after deposition of Au lay-

FIG. 5. Angle-resolved HREEL spectra of MG(iiL1) formed  ers of different thicknesses (3olid triangles and squaseand 6 A
after deposition of 6 A of Au on MG/NL1Y) and annealing at  (solid circles and rhombiisand subsequent annealing at 400 °C.
400 °C. The spectra are measured in Iid direction at different  The measurements were performed in fAk! direction at the
angles of incidence relative to the surface normal: 60° for scatterang|es of incidence 60ttriangles and rhombyisand 75° (circles
ing angles lower than 27° and 75° for scattering angles above 393nd squaresrelative to the surface normal. The surface phonon

dispersions for the MG/N111) system(open symbolsand for bulk

over, if for MG/Ni(111) the SH mode is dominant, for MG/ monocrystalline graphite taken from Ref. @btted lineg are also
Au/Ni(112) mainly the LO mode was observed.

DISCUSSION

shown.

characterized by a very low mutual chemical activity in nor-
mal conditions. On the other hand, the phase diagram of the

It is now well establishetf?? that the interaction of a binary (Ni-Au) system displays good solubility of the differ-
graphite monolayer with a Kill) substrate causes orbital ent elements and high mutual chemical activftyrherefore
mixing of the graphiter states withd states of the Ni sub- one would expect that the intercalation of gold underneath a
strate. This interaction is covalentlike and leads to an elecgraphite monolayer would lead to saturation of the active
tronic redistribution between the bondiagand antibonding  Ni(d) states and to blockade of the (G))-Ni(d) hybridiza-

7* states and to a significant “softening” of the graphite- tion, resulting in a weakening of the graphite-monolayer—
derived phonon modes in comparison with those of bulksubstrate covalent interaction. As a consequence we expect
graphite. In the valence band, the hybridization of the graphto observe a reversal of the energetic shift of the graphite-
ite 7 states with the substrate M states causes a shift of derived electronic states in the valence band and of the pho-
the graphite-derivedr and o states toward higher binding non modes toward the positions characteristic for pristine
energies. As the interaction of the Mj( states of the sub- graphite, where the interaction between the graphite planes is
strate with the graphiter states is stronger than with the  weak. Such an effect was indeed observed in the present
states, the binding energies of thestates are less influenced experiment and, in the phonon spectra, it displays itself as a
than those of the graphite states. The dispersion dependen-‘stiffening” of the ZO, ZA, and LO modes. The ZO and ZA
cies in Fig. 4 manifest these effects, where the shift ofithe modes are responsible for the vertical vibrations of the car-
states is about 2 eV, while the states of MG/Ni111) are  bon atoms(i.e., in the direction of the graphite bonds.
shifted only by 0.5-1 eV as compared to those of pristineTherefore, the weakening of the graphite-monolayer—

graphite.

substrate interaction, which works mainly via the graphite

The intercalation of gold atoms leads to a modification ofbonds, leads to modification of these phonon modes toward
the interaction between graphite monolayer and substrat¢he energy characteristic of bulk graphite. The LA mode for
According to their phase diagrafisgold and carbon are MG/Au/Ni(111) is situated in the same region for both bulk
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graphite and MG/NiL11), demonstrating that the top over- of the peak of ther,, states in PE spectra. The correspond-
layer of the systems is graphite. As one can see from Fig. 8ng PE spectra are characterized by a structure mainly similar
the effect of “stiffening” of the phonon vibrations is also to that of a metallic gold film on {10 with significantly
observed for the LO mode as compared with the initial MG/depleted Au surface states. We can then conclude, therefore,
Ni(111) system. According to Refs. 7, 8, and 22, the energythat the deposition of a thick gold overlayer on MG/Ni1)
of this mode is strongly influenced by filling of the graphite followed by annealing does not lead to the formation of a
7 antibonding states. In the case of blockade of thesurface intercalationlike system with a graphite monolayer
C(m)-Ni(d) interaction due to Au intercalation, the addi- On top. It is interesting to note_that the deposition of thick
tional occupation of ther* antibonding states, which takes layers of other noble metalgor instance, Cyfollowed by
place for MG/N{111), is decreased and results in the ob-annealing at about 400 °C restores the graphifg states,
served “stiffening” of the LO mode for MG/Au/NiL1). In shifted toward lower energies, indicating the formation of
addition, after intercalation of Au, the SH mode can beWell-identified surface-intercalation-like systefh3he dif-
clearly distinguished in the HREEL spectra, probably be-ferent behavior of gold can be primarily related to its bigger
cause of the symmetry-breaking effécintroduced by an atomic radius. The maximal amount of intercalated gold
orientation misfit between the graphite monolayer and thé€ems to be about one monolayer, as supported by the fact
underlying intercalated Au layer. It should be noted that thehat the intensity of the Au) peaks after annealing is simi-
energetic position of this mode is essentially the same as ilgr for gold overlayers with different thicknes4 and 9 A.
the case of bulk graphite. For the MG/Cu/N{111 system we observed, on the other
We can therefore conclude that all the observed modifihand, a strong dependence of the intensity of thedTu(
cations in the photoemission and phonon spectra are cofiates after intercalation on the thickness of the deposited Cu
nected to the penetration of gold atoms into the space beverlayer® In relation to MG/Au/N{111), as the first inter-
tween graphite and Ni and can be explained in terms of &alated gold monolayer saturates all active dYi(states,
Significant Weakening of the graphite-m0n0|ayer_substratg1ere is afterwards no additional stimulus for further interca-
interaction, due to blocking of the @{-Ni(d) hybridization  lation of gold. On the other hand, the fact that a graphite
after the intercalation. These changes in the spectral structufBonolayer does not segregate to the surface through the
are similar to those observed upon intercalation of Cu andhick gold overlaye(it is absent on top of the system with 60
Ag underneath a graphite monoiayer or(:l\'i_i]_)’l_‘1 and are A of AU) can also be related to the diSSOlVing of graphite in
typical for all intercalationlike systems based on graphite andhick (massivelikg gold during its segregation to the surface.
noble metals. According to the binary phase diagrafissuch processes
We now discuss in more detail the changes of PE spectré@n take place in a bulk Au-C system in the presence of a
observed upon intercalation of gold atoms underneath &mall carbon concentration. .
monolayer of graphite. As one can see in Fig. 1, the deposi- Furthermore, as one can see from Fig. 1, the observed
tion of 4 A of Au causes depletion of the;, graphite and shift of the_wlv states is visibly blg_ger in the casé ® A of
Ni(d) states, while the increase of thickness ot leads ~ 9old than in the case of 4 A. This effect can be related to
essentially to the disappearance of these states from the Fiverlapping with the Ati(s9 states located at about of 7.7
spectra. Au() states are present in PE spectra alread)PV’ which is expected to _be strpnggr for a continuous and
from the first stages of gold deposition. However, in com-thicker Au layer. Alternatively, it might be connected to
parison with Au/W(110), the Au(d) states upon deposition SOme healing of d.efects at steps of thé]l‘ia-) surface and to
of Au on MG/Ni(111) are characterized by a slight energy the bet_ter saturation of the N states by mtercalateq gold
shift toward higher binding energies and by a significantatoms in tie 9 A case. The gold atoms that are not interca-
depletion of the features related to the Au surface states IJateéd can accumulate in the form of islands near these de-
cated at 8 and 0.4 eXsee Ref. 19 for the assignment of Au fects. The experimental fact that in the d|s_perS|0n curves the
surface statésFor a 4 Agold overlayer the feature near the branch of theo, states(Fig. 4) is located slightly above the
Fermi level related to Aiss is essentially absent in the PE corresponding branch in bulk graphite can also be explained
spectra. Annealing of both systerfsand 9 A ofgold) leads by assuming that the intercalated gold Iaye_r totally saturates
to restoration of ther;, states(shifted toward lower BE to  the Ni(d) bonds[and the defects at the {il1) surfacd,
the total disappearance of the N(states, and to the appear- significantly weakening the covalent interaction between
ance of the feature near the Fermi level. We connect thes@/aphite monolayer and substrate. In this case the properties
changes of the PE spectra with the transformation of th®f the surface graphite monolayer become closer to those
system from Au islands on top of the MGANILY) surface to  typical of a single graphite sheéte., graphene
a continuously distributed smooth gold interlayer between
graphite monolayer and Ni substrate which was formed after
gold intercalation. The presence of the fl)i(states in the 4
A case, their disappearance after annealing, and the appear- By using angle-resolved photoemission and HREELS, we
ance of the feature near the Fermi level support such assumpave investigated the process of surface intercalation of gold
tions[the weakened surface-derived states at the Fermi levgltoms underneath a graphite monolayer deposited on the
was also observed in Refs. 25 and 26 upon deposition of FNi(111) surface and the modifications induced by such inter-
and benzenethiol monolayers on (CLl) and Aul11l), re- calation in the electronic and vibrational structure. We have
spectively. shown that intercalation takes place when a thin layer of gold
As we noted before, the deposition of 60 A of gold fol- (3—-9 A) is deposited on MG/N111) and then annealed at
lowed by annealing af =400 °C does not lead to restoration T=350—-400°C. The deposition of thicker gold overlayers

CONCLUSION
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(~60 A) with subsequent annealing does not lead to theblocking of the MG-Ni interaction due to the intercalation of
expected termination of the system by a graphite overlayethe gold atoms in the space between the graphite sheet and
on to the formation of a surface-intercalation-like system.the Ni(111) surface. As a consequence the electronic and
Analysis of the measured spectra allows us to conclude thafibrational properties of the topmost graphite layer become
only about one monolayer from the 3—-9 A thick Au over- similar to those of bulk graphite.

layer deposited can be inculcated between a monolayer of
graphite and the Ni11) surface. The gold atoms not inter-
calated accumulate on the surface in the form of islands. We
have also shown that the intercalation of gold underneath a
graphite monolayer causes a “stiffening” of the graphite- This work was supported by the Deutsche Forschungsge-
derived phonon modes as observed in the HREEL spectnmeinschaft, by the programs “Surface atomic structure” and
and a shift of the graphite electronic states in the valenc&Fullerenes and atomic clusters,” and by the RFFI-DFG
band toward lower binding energies, to the typical valuesProgram(Project No. 98-03-04071 A.M.Sh. is grateful to
observed for bulk monocrystalline graphite. The observedhe Freie UniversitaBerlin for financial support and hospi-
modifications of the HREEL and PE spectra can be exiality. The authors thank Christian Roth for technical assis-
plained by saturation of the active Mi( bonds and by tance.
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