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Increased Work Function in Few-Layer Graphene Sheets via

Metal Chloride Doping

Ki Chang Kwon, Kyoung Soon Choi, and Soo Young Kim*

A chemical approach to controlling the work function of few-layer graphene
is investigated. Graphene films are synthesized on Cu foil by chemical vapor
deposition. Six metal chlorides, AuCls, IrCl;, MoCl;, OsCl;, PdCl,, and RhCl;,
are used as dopants. The sheet resistance of the doped graphene decreases
from 1100 Q2/sq to ~500-700 Q2/sq and its transmittance at 550 nm also
decreases from 96.7% to 93% for 20 mm AuCl; due to the formation of metal
particles. The sheet resistance and transmittance are reduced with increasing
metal chloride concentration. The G peak in the Raman spectra is shifted

non-catalytic = CVD,  low-temperature
growth for easy synthesis, roll-to-roll pro-
duction of graphene films.1%13 Transmit-
tance and sheet resistance have thereby
become acceptable for replacing the com-
mercial transparent conducting electrodes
such as indium tin oxide (ITO). Even
though graphene was reported to be used
as a transparent electrode in light emit-
ting diodes, organic light emitting diodes,
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to a higher wavenumber after metal chloride doping, which indicates a
charge transfer from graphene to metal ions. The intensity ratio of Ic_c/lc_c
increases with doping, indicating an electron transfer from graphene sheets
to metal ions. Ultraviolet photoemission spectroscopy data shows that the
work function of graphene increases from 4.2 eV to 5.0, 4.9, 4.8, 4.68, 5.0,
and 5.14 eV for the graphene with 20 mM AuCls, IrCl;, MoCl3, OsCl;, PdCl,,
and RhCl;, respectively. It is considered that spontaneous charge transfer
occurs from the specific energy level of graphene to the metal ions, thus

increasing the work function.

1. Introduction

Graphene, a single layer of sp’-bonded carbon atoms, has
attracted much attention due to its unique physical properties
such as high mobility of charge carriers, anomalous quantum
Hall effect, superior thermal/electrical conductivity, ballistic
transport properties, and longest mean free path at room tem-
perature.l'®l The electronic properties of graphene sheets have
recently attracted strong experimental and theoretical interest.
Recently, large area graphene sheets were successfully synthe-
sized by chemical vapor deposition (CVD)."-") One of the most
attractive applications of large-scale graphene is as flexible
transparent conducting films for electronic devices. For applica-
tion to a large-area, flexible transparent conducting electrode,
many researchers have focused on the synthesis of graphene
with a high transmittance (>90%) and low sheet resistance
(<200 ©/sq.). The methods for achieving high transmittance and
low sheet resistance with easy synthesis are reported
to include control of individual grain and grain boundaries,
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and organic solar cells, graphene-based
devices have usually underperformed rela-
tive to ITO-based ones.'*2% One of these
problems was induced by the energy level
difference between the graphene electrode
and the other active layers in electronic
devices. Using a high work function metal
as an anode and a low work function metal
as a cathode is adequate to reduce the
potential barrier. Therefore, modulation
of the work function in the graphene layer
is crucial for improving device perform-
ances. Attempts have been made to modu-
late the work function in graphene by controlling the electronic
structure using an Au-ion, NHj3, self-assembled monolayer or
metal oxide interlayer.?'~2% Chemical doping was reported to be
effective for tailoring the electrical properties of graphene and
modulating the work function of graphene by charge transfer
on the graphene sheet.

Metals with high work function include Au, Ir, Mo, Os, Pd,
and Rh whose values are 5.47, 5.67, 4.95, 5.93, 5.6, and 4.98 eV,
respectively.?”l Metal chlorides can be added in these metals so
that they are soluble in specific solvents, which makes simple
process for doping. Furthermore, metal ions with positive
charge (Me*") in metal chlorides are spontaneously reduced to
metal ions with zero charge (Me?) after taking electrons from
other materials due to their negative Gibbs free energy. There-
fore, the use of AuCl;, IrCl;, MoCl;, OsCl;, PdCl;, and RhCl; as
dopants on graphene is expected to increase its work function.
Furthermore, such adsorption-induced chemical doping adjusts
the Fermi level without introducing substitutional impurities,
or basal plane reactions, that interrupt the conjugated network.

In the present work, we investigated the increased work
function in the graphene layer achieved by chemical doping
using six metal chlorides as the p-dopant. AuCls, IrCl;, MoCl;,
OsCl;, PdCl,, and RhCl; were used as p-dopant materials. The
electrical properties of the metal-doped graphene were meas-
ured by 4-point probe. The optical properties of the metal-doped
graphene layer were characterized with UV-visible spectra and
optical microscopy (OM). X-ray photoemission spectroscopy
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bond-stretching motion of the sp*bonded
- carbon atoms and the 2D peak around 2700
N 2 cm™! to the monolayer graphene. The D
€ S peak around 1360 cm™ is absent in perfect
4 2 graphite and indicates the presence of dis-
s = order.® No peak shift occurred as the growth
2 %‘ temperature was increased. The intensity
g 850 § ratio of G peak to D peak (Ig/Ip) increased
E b = from 2.21 to 6.43 and that of 2D peak to G
, ‘ ‘ ‘ : —— peak (I,p/Ig) decreased from 2.10 to 1.13 as
1200 1400 1600 . (2(?3?_1) 2800 - 140&3:::‘:‘ Shift (22:::)_1) i the temperature was ipcrea§ed from 850 °C
1400 . , : 100 ; . : : to 950 °C. The intensity ratio data are sum-
§ . (c) (d) j marized in Table 1. Because the D peak
e, $95 indicates the presence of defects, 950 °C
7 19007 E was selected as the growth temperature due
% 800 £ %0 to the highest Ig/Ip. To determine the best
_‘g‘ 600 ’E 2 CH, to H, gas ratio at 950 °C, the change of
g | @ — L Raman spectra was investigated as a func-
5 400 E 40 = %tgyg:: tion of gas ratio, as shown in Figure 1b. The
% 200" = : = gtg¥::§ . lo/lp and I,p/I¢ data are summarized in
o » - w w . : : dall Table 2. A CH,: H, ratio of 6:1 was the best
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growth condition due to the highest values
of Ig/Ip and I,p/Ig. Figure 1lc,d show the
change of sheet resistance and transmittance
according to the number of graphene layers.
The sheet resistance of monolayer graphene
was 1.1 kQ/sq. and the transmittance at
550 nm was 97%. Both the transmittance
: and sheet resistance of the graphene film
decreased with increasing number of layers.
The sheet resistance of 5-layer graphene
with was 450 Q/sq. and the transmittance at

Figure 1. a) Change of Raman spectra as a function of growth temperature. The gas ratio of
CH, to H, was fixed at 6:1. b) Change of Raman spectra as a function of gas ratio. The synthesis
temperature was fixed at 950 °C. c) Change of sheet resistance as a function of the number of
graphene layers. d) Change of transmittance as a function of the number of graphene layers.
e) Photographic images of 1-, 3-, and 5-layer graphene on glass substrate.

550 nm was 87%. The photographic images of
1-, 3-, and 5-layer graphene on glass substrate
are shown in Figure le. The OM image of
graphene shown in Figure le reveals a clean

(XPS) and Raman spectroscopy were used to characterize the
doping process. Scanning electron microscopy (SEM) and
energy dispersive spectroscopy (EDS) were used to examine the
surface of the p-doped graphene layer. The change of work func-
tion after metal doping was confirmed by ultraviolet photoemis-
sion spectroscopy (UPS). The data of sheet resistance, Raman
spectra, XPS, and UPS were obtained from same graphene film
doped with each metal chloride at a concentration of 20 mM.
Based on these measurements, the effect of the six metal chlo-
rides on the change of work function in graphene sheets is
discussed.

2. Results and Discussion

2.1. Optimization of Graphene Synthesis Condition

Figure 1a shows the change of Raman spectra as a function
of growth temperature. The gas ratio of CH4 to H, was fixed
at 6:1. The G peak around 1550 cm™ was due to the in-plane
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and continuous graphene surface.

2.2. Characteristics and Properties of P-Doped Graphene Film

Metal chloride solutions with different concentrations were
spin-coated at 2500 rpm for 1 min with 300 uL on the trans-
ferred graphene substrate, as shown in Figure 2a. To inves-
tigate the effect of p-dopant on the graphene conductivity,
the sheet resistance of pristine graphene (PG) and the doped
graphene sheets was measured, as shown in Figure 2b. The

Table 1. Intensity ratio of Ig/lp and l,p/lg as a function of growth
temperature.

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Temperature [°C] I/lp lao/lg
800 2.69 1.63
850 2.21 2.10
900 2.64 1.46
950 6.43 1.13
1000 2.60 1.49
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Table 2. Intensity ratio of Ig/Ip and I,p/l¢ as a function of gas ratio.

CH4H, Ie/lp l20/lg
200:200 0.93 1.15
200:100 1.29 1.00
200:67 1.77 1.44
200:50 4.75 1.90
200:40 6.00 1.42
200:33 6.40 1.75
200:25 3n 1.77
200:10 4.40 2.23

monolayer PG on glass substrates was exposed to 60 wt%
HNO; in vapor phase. The sheet resistance of HNOs-treated
sample decreased from 1100 Q/sq. to 750 Q/sq. HNOj; is
known to be a p-dopant in graphitic materials, where an
electron is transferred from the graphene to the HNO; as a
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Dopant solution

/
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charge-transfer complex is formed. Therefore, we considered
that HNO; surface treatment increased the p-type proper-
ties of graphene, thus decreasing the sheet resistance. Metal
chloride doping solution with a concentration of 20 mM was
spin-coated on the HNOs-doped samples. The averaged sheet
resistance decreased from 750 Q/sq. to 500, 600, 720, 700,
520, and 620 Q/sq. with AuCl;, IrCl;, MoCl;, OsCl;, PdCls,
and RhCl; dopants, respectively. The statistical data of sheet
resistance for each metal chloride is presented in Figure SI1
(Supporting Information). AuCl;-doped sample showed the
lowest sheet resistance, and all samples exhibited lower
resistance than that of HNO;-doped graphene. The degree
of change in sheet resistance as a function of p-dopants is
depicted in the inset of Figure 2b. There is slight difference in
sheet resistance of PG in each sample, as shown in Figure SI2
(Supporting Information). Therefore, the sheet resistance was
normalized with respect to PG in order to avoid the ambiguity
which comes from sample-to-sample variation. We consid-
ered that this significant drop in sheet resistance indicates
the donation of electrons from graphene to the metal particles
by reducing Au®*, Ir3*, Mo3*, Os**, Pd3*, and Rh3* to Au®, Ir°,
Mo?, 0s°, Pd% and Rh®, respectively.

Figure 3a shows the transmittance of
graphene films doped with 5 mM solu-
tion in the 400-900 nm wavelength range.
The transmittance of PG at 550 nm was
about 96.7%. However, the transmittance of
p-doped graphene at 550 nm was decreased
by between 94.5% for AuCl; and 86.2% for
MoCl;. Figure 3b shows the transmittance
of graphene films doped with 20 mM solu-
tion. The transmittance of graphene films
doped with 20 mM solution was lower than
that with 5 mM solution. These results indi-
cated that the sample transmittance was
decreased with increasing doping solution

1200, T —— I
(b) g_;g B R, changes | |
! : IIIIIII
800 OHNO, Au Ir 6°nggnt0s Pd Rh -

[=2]
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Sheet resistance (Q/sq.)
S
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concentration. OM images of the graphene
films doped with 20 mM solution are shown
in Figure 3c. Metal particles, thought to have
been formed by the transfer of electrons
from graphene to metal ions, were uniformly
dispersed on the graphene surface. There-
fore, the number of metal particles increased
with increasing doping solution concentra-
1 tion, thus decreasing the transmittance of
graphene.

Figure 4a displays the SEM image
and EDS spectra of the graphene doped
with 20 mM solution. Particles, which
were absent on PG, were observed on the

P-G HNO,; Au Ir Mo Os
Dopant

Figure 2. a) Schematic image of the doping process. Six metal chloride solutions with three
different concentrations were spin-coated at 2500 rpm for 1 min with 300 pL on the transferred
graphene substrate. b) Sheet resistance of PG and doped graphene sheets. The degree of
change in the sheet resistance as a function of p-dopants is depicted in the inset of (b). The
highest and lowest degrees of sheet resistance reduction were about 55% for AuCl; and about

32% for MoCls, respectively.

Pd Rh
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surface of p-doped graphene. The EDS
spectra indicated that these metal particles
originated from the doping solution. The
positive charge of the metal ions in metal
chlorides is reduced to zero after the cap-
ture of electrons from graphene, leading
to the formation of metal particles on the
graphene surface. Therefore, we considered
that graphene was well doped with metal

Adv. Funct. Mater. 2012, 22, 4724-4731
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Figure 3. a) Transmittance data of PG and graphene sheets doped with six metal chlorides at a concentration of 5 mM. The transmittance of pristine

graphene sheet at 550 nm was about 96.7%. The graphene doped with MoCl; at 550 nm showed the lowest transmittance of 86%.

b) Transmittance

data of PG and graphene sheets doped with six metal chlorides at a concentration of 20 mM. The graphene doped with MoCl; at 550 nm showed

the lowest transmittance of 81%.
graphene surface.

chloride solution. Figure 4b shows the Raman spectra of
p-doped graphene with metal chloride solutions. The G band
was shifted to a higher wavenumber of about 21.2, 12.5, 6.5,
5.4, 8.2, and 7.1 cm™! for AuCl;, IrCl;, MoCl;, OsCl;, PdCl,,
and RhCl; dopants, respectively. Both electrons and hole
doping on graphene have been reported to shift the G band
to a higher wavenumber.?®2) Therefore, the large peak shift
of the G band in graphene indicates the strongly doped state
of graphene. In addition, there was no detectable shift of the
D peak between doped graphene and PG, suggesting that the
metal chloride doping process does not increase the number
of defects in graphene. Therefore, it is considered that the
chemical doping of graphene with metal chlorides is more

Adv. Funct. Mater. 2012, 22, 4724-4731
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c) OM images of the graphene doped with 20 mM solution. Metal particles can be seen uniformly dispersed on the

effective than destructive doping techniques such as substitu-
tional doping or covalent functionalization of graphene.

2.3. The Increased Work Function in p-Doped Graphene Film

Figure 5a shows the XPS C 1s spectra of the p-doped graphene
film. In order to separate the chemical bonding states,
including those in the spectra, the spectral line shape was simu-
lated using a suitable combination of Gaussian and Lorentzian
functions.’% For all fitting multiplets, the full-width-at-half
maximums were fixed accordingly. The C 1s peak of PG was
separated into four components: sp? carbon (C=C) at 284.3 eV,

wileyonlinelibrary.com
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Figure 4. a) SEM image and EDS spectra of graphene doped with 20 mM solution. The evident metal particles, which were not observed in PG,
originated from the doping solution. b) Raman spectra of p-doped graphene with six metal chloride solutions. The large peak shift of the G band in

graphene indicates the strongly doped states of graphene.

sp® carbon (C—C) at 285.4 eV, C—O bond at 286.6 €V, and a
carbonyl group (C=O0) near 288.5 eV.?2l Although PG was
synthesized by CVD, it had some oxide functional groups on
its surface, which were thought to have been induced by the
wet transfer process that used acetone, isopropyl alcohol, and

wileyonlinelibrary.com
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de-ionized water. No peak shift was found in the C=C and
C—C peaks. The peak intensity of the C—C (Ic_c) and C=0
bonds was reduced, but that of the C=C bond (Ic_c) was sig-
nificantly increased after p-doping process. The peak intensity
ratios of each component in the C 1s spectra are summarized

Adv. Funct. Mater. 2012, 22, 4724-4731



'a\
Maest

Viewd

www.MaterialsViews.com

c=C
@  c0 cocgs

; - = RhCI,

i z\ PdCl,

A OsCl,
/A MoCl,
. A AuCl,
LA ke

292 290 288 286 284 282 280
Binding Energy (eV)

Intensity (arb. units)

_
(=)}
-

T T T T T

-
o
o

©

oo
o

le=c/lc.c

Peak intensity ratio (%)
2
B e % 'OV oy N

o 1 1 1 Il Il 1 Il
P-G Au Ir Mo Os Pd Rh
Dopant

0
P-G Au Ir

Mo Os Pd Rh
Dopant

Figure 5. a) XPS C 1s spectra of p-doped graphene film: sp? carbon (C=C) at 284.3 eV,
sp® carbon (C=C) at 285.4 eV, C—O bond at 286.6 eV, and a carbonyl group (C=0) near
288.5 eV were considered. b) Peak intensity ratios of each component in C 1s spectra.
c) Ratio of lc_c to Ic_c. The lc_c/lc_c intensity ratio increased after doping treatment in
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variation as a function of each p-dopant
with different concentrations. The work
function of the PG sample was determined
to be about 4.2 eV, which is close to that of
graphite. The work function increased with
increasing dopant concentration. Figure 6b
shows the work function of graphene doped
with 20 mM solution. UPS data were taken
from different sample positions and the
averaged results are shown in Figure 6b.
The work function of all samples was
greater than that of PG. The work function
of AuCls-doped graphene, a well-known
p-dopant material, in our result was
similar to that of previous reports.[21-22]
Among our six p-dopants, the work func-
tion of RhCl;-doped graphene was 5.14 eV,
indicating that RhCl; was the strongest
p-dopant.

2.4. The Mechanism of p-Doped
Graphene Film

Based on these experimental observations,
the electron transfer mechanism from
graphene to metal ion can be explained as
follows. Figure 7 presents the schematic
doping mechanism of graphene by a metal
chloride. It has been reported that AuCls,
IrCl;, MoCl;, OsCls, PdCl;, and RhCl; have
positive reduction potentials, suggesting
a great tendency to accept charges from
other materials,3? and the Gibbs free ener-

all samples.

in Figure 5b. The percentage of the C=C bond was signifi-
cantly increased, but that of the C—C bond was decreased.
The largest change of Ic_c was found in the case of rhodium.
Figure 5c shows the ratio of Ic_¢ to Ic_c. The Ic_¢/Ic_c inten-
sity ratio increased after doping treatment in all samples. We
considered the increase of the Ic_¢/I-_¢ intensity ratio to rep-
resent further evidence for p-doping by electron transfer from
graphene sheets to metal ions.

In order to verify the p-doping of graphene films by
metal chloride solutions, the UPS spectra were measured.
Figures SI3, SI4, and SIS show the UPS spectra around the
secondary electrons threshold region of the graphene films
treated with metal chloride solution of concentrations 5, 10,
and 20 mM, respectively. A gold plate is used for correction
values. The secondary electron threshold was determined
by extrapolating two solid lines from the background and
straight onset in the secondary electron threshold region
of the UPS spectra.?”l The work function (@) is determined
from the secondary electron threshold as @ = hv-Ey,, where
hv and Ey, are the photon energy of excitation light (He I dis-
charge lamp, 21.2 eV) and the secondary electron threshold
energy, respectively. Figure 6a shows the work function

Adv. Funct. Mater. 2012, 22, 4724-4731
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gies obtained from the Nernst equation

are —145.7, -179.912, -57.969, -121.330,

-125.102, and —156.7 k]/mol, respectively.?*!
These data indicates that metal ions have positive reduction
potentials and that the reduction process from Me3** from
Me? is a spontaneous reaction. The expected reaction between
metal chloride and graphene is written as follows.

Graphene + 3MeCl; — Graphene + MeCl, + Me(I) + MeCl,
3MeCl; — Me® + 2MeCl; + 2Cl~

MeCl; + Graphene — Graphene® 4 Me® + 4Cl~

According to this reaction, electron transfer occurred from
graphene to metal chloride and the resulting depletion of elec-
trons near the Dirac point of PG increased the work function of
graphene. The increase of Ic_c/I¢_c intensity ratio, as shown in
Figure 5c, represented further evidence for p-doping by electron
transfer from graphene sheets to metal ions. However, it has
been observed that sheet resistance of doped graphene slightly
increased with keeping time in air, as shown in Figure SI6
(Supporting Information).
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Figure 6. a) Work function variation as a function of each p-dopant with
different concentrations. The work function increased with increasing
dopant concentration. b) Work function of graphene doped with 20 mM
solution. UPS data were taken from different sample positions and the
results were averaged.

Figure 7. Schematic of the mechanism for graphene doping by metal
chloride. Metal ions have positive reduction potentials and the reduction
process from Me3* to Me® is a spontaneous reaction. The transfer of elec-
trons from graphene to the metal chloride depleted the electrons near the
Dirac point of PG, thereby increasing the work function of graphene.

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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3. Conclusions

The increased work function in graphene achieved by chemical
doping using six metal chlorides was investigated. Graphene
sheets were synthesized by CVD in optimized condition. The
sheet resistance of the doped graphene decreased from 1100
€Q/sq to 500-700 Q/sq, indicating an increased hole concentration
due to charge transfer. However, the transmittance of the doped
graphene at 550 nm also decreased from 96.7% to 93% for 20 mM
AuCl; due to the formation of metal particles. The sheet resist-
ance and transmittance were decreased with increasing metal
chloride concentration. EDS and XPS data revealed a reduction
reaction between the graphene layer and the p-dopant metal ions,
leading to the formation of metal particles on the surface. The G
peak in the Raman spectra was shifted to a higher wavenumber
after metal chloride doping, indicative of a charge transfer from
graphene to metal ions. The intensity ratio of Ic_¢/I¢_c increased
with doping, indicating an electron transfer from graphene
sheets to metal ions. According to UPS data, the work function
of graphene increased from 4.2 eV to 5.14 eV for the RhCl;-doped
graphene, which was the strongest p-dopant. We considered that
spontaneous charge transfer occurred from the specific energy
level of graphene to the metal ions, thus increasing the work func-
tion. Therefore, the metal chlorides increased the hole concen-
tration at the pristine graphene surface by charge transfer, thus
increasing the work function and decreasing the sheet resistance.

4. Experimental Section

Preparation of Graphene: Few-layer graphene samples were grown on
25-um-thick copper foil in a quartz tube furnace system using chemical
vapor deposition (CVD) involving methane (CH,) and hydrogen (H,)
gas. Under vacuum condtions of 90 mTorr, the furnace was heated
without any gas flow for 30 min. Before the graphene growth, copper foil
was preheated at 950 °C for 30 min. In order to obtain a large, single-
crystal copper surface, hydrogen gas at 35 sccm flowed in the furnace
under 150 mTorr. After the preheating step, a gas mixture of CH,:H, =
100 sccm:35 scem flowed at ambient condition for 10 min to synthesize
of graphene. After 10 min of growth, the furnace was cooled quickly to
room temperature under 35 sccm hydrogen flow.

Transfer of Graphene: After graphene growth, poly[methyl methacrylate]
(PMMA, 46 mg/mL in chlorobenzene) was spin-coated on the graphene-
coated coated copper foil, which was then baked at 180 °C for 1 min.
Then, O, plasma was used to etch the graphene on the other side of the
copper foil. The sample was then immersed in a ferric chloride (1 M FeCl;)
bath at room temperature for at least 12 h to etch away the copper foil.
After etching, the remaining PMMA-coated graphene on the copper foil
was carefully dipped into a deionized water bath more than 7 times to
remove any residual etchant. Then, the PMMA-coated graphene sheets
were transferred onto an arbitrary substrate. PMMA was removed by
immersion in an acetone bath at 80 °C for 30 min after the PMMA/
graphene layer had completely adhered onto the target substrate.

Doping of Transferred Graphene: Six metal chloride powders, namely,
AuClz, MoCls, OsCls, IrCls, PdCl,, and RhCls, with high work function were
prepared. The each metal chloride powder was dissolved in nitromethane
(AuCls), tetrahydrofuran (MoCls), acetonitrile (OsCls, IrCls), diethyl ether
(PdCly), and methyl alcohol (RhCl;) at a concentration of 5 mM, 10 mM,
and 20 mM. After the metal chloride powder had been dissolved in each
solvent, the doping solution with three different concentrations was spin-
coated (2500 rpm, 1 min, 300 pL) on the transferred graphene substrates.

Characterization of Graphene and Doped Graphene Films: Optical
micrographs (OM) were acquired by a digital camera (Lumix DMC-LXS5,
Panasonic). UV-visible spectra were recorded out on a JASCO V-740

Adv. Funct. Mater. 2012, 22, 4724-4731
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photospectrometer with wavelength range from 400 nm to 900 nm.
Field emission scanning electron microscopy (FE-SEM; JEOL, JSM-
5410LV, Japan) images of the pristine and doped graphene films were
also obtained. Raman spectroscopy spectra of graphene were obtained
with LabRAM HR (Horiba Jobin Yvon) at an excitation wavelength of
514.54 nm. X-ray photoemission spectroscopy (XPS) was conducted on
a Sigma Probe model (ThermoVG, U.K) operating at a base pressure
of 5 x 1071% mbar at 300 K with a nonmonochromatized Al Ko line
at 1486.6 eV, a spherical sector analyzer of 180°, a mean diameter of
275 mm, an analysis area of 15 um to 400 um, and multichannel
detectors. The results were corrected for charging effects by using C 1s
as an internal reference and the Fermi edge of a gold sample. Ultraviolet
photoemission spectroscopy (UPS) was performed by on a PHI 5000
VersaProbe with an He | (21.2eV) source.
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