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Abstract

Molecule-substrate interaction plays a vital role on the electronic structures and
charge transfer properties in organic-transition metal oxides (TMOs) hybridized
devices. In this work, the interactions at the FePc/MoOj; interface has been
investigated in detail by using the synchrotron radiation photoemission spectroscopy
(SRPES) and the near-edge x-ray absorption fine structure (NEXAFS) spectroscopy.
Compared with the annealing of bare MoOs film, the FePc adsorption is found to
promote the thermal reduction of the underlying MoO; film. XPS and NEXAFS
experimental results unanimously demonstrate a strong electronic coupling between
FePc molecules and the MoOy (x < 3) substrate. A direct Fe-O coordination at the
interface as well as an electron transfer from the molecule toward the substrate is
proposed. This strong coupling is compatible with the facile electron transfer from
FePc molecules toward electrode through a MoOy interlayer. The understanding of the
molecule-substrate interaction at the atomic level is of significance in engineering
functionalized surfaces with potential applications in nanoscience, molecular

electronics and photonics.

Introduction

In recent years, transition metal oxides (TMOSs) have been increasingly employed
as the anode buffer layers to achieve facile control of hole transfer and carriers
balance in the fabrication of various organic optoelectronic devices®. It has been

found that the hybridization of TMOs with functional organic molecules enables
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enhanced charge transfer property at the organic/TMO interface?®. Also, the atomic
morphologies and electronic structures of the interface play important roles on the
ultimate optical or electric performance of the device. For instance, the interfacial
energy level alignment determines energetically the charge transfer dynamics across
the interfaces” 8, and the chemical interactions influence significantly the interface
stabilities” 1°, including the interfacial diffusion and phase segregations. In addition,
the interfacial reactions between the functional organic molecules and the contact
TMOs could give rise to new electronic states in the TMO band gap, which may act
as electronic level ladders in the band gap and change essentially the properties and
functions of the TMOJ/organic interface™. Therefore, a comprehensive understanding
of the organic/TMO interface including the electronics structures and the interaction
details is urgently needed to better optimize the constructions and thus further

improve the performance of relevant devices.

Molybdenum trioxide (MoO3) has attracted considerable interests as an efficient
buffer layer for hole transport due to its high work function (WF = 6.8 eV) and
deep-lying conduction band (CB)" *2. The efficient hole injection from electrode can
proceed via electron extraction from the highest occupied molecular orbital (HOMO)
of the contacting organic layer across the low-lying CB of MoOs'. In addition, the
partial reduced MoOy (x < 3) rather than stoichiometric MoO3 was found to be better
for the charge exchange at the OSCs/MoOy interfaces, thus improve greatly the device
performance®. For instance, Sun et al. studied bulk heterojunction polymer solar cells

fabricated with the photoactive layer of PCDTBT:PC,,BM and the MoOy buffer layer
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at the anode™®. Thanks to the long-term air stability of MoO,, and the efficient charge
exchange between the polymer and electrodes, they gained a power conversion up to
7.2%. In contrast to the implementation of MoO; for the improvement of relevant
devices, however, investigations on the electronic structures and chemical interactions
on the atomic level at the OSC/MoOj; interface are limited. In a previous work, we
studied the energy level alignment at the FePc/MoO,/ITO interface and evidenced that
the partially reduced MoO;3; layer was more favorable for hole injection at the
interface’?. Whereas, the interactions between the FePc molecules and the MoOy
substrate is not clear enough. It is known that the chemical interplay between TMOs
and the anchored dye molecules vigorously influence the molecular orientation and
interfacial electronic structures'®. Thus the microscopic mechanism of the interaction
would be helpful for understanding the electronic properties and charge transfer

process at the OSC/MoQg3 interface.

In this work, we will investigate the interactions between a single layer of iron
phthalocyanine (FePc) molecules and the partially reduced MoOj layer by means of
the synchrotron radiation photoemission spectroscopy (SRPES) and near-edge x-ray
absorption fine structure (NEXAFS) spectroscopy. Through investigation of the
electronic structures and the recognition of the surface species, the core level
photoemission spectroscopy is a powerful and direct technique to unravel the
chemical reactions and the charge transfer nature that occurring on surface’®™,

NEXAFS spectroscopy is a very sensitive tool to probe the distribution and

symmetries of unoccupied electronic states which are intimately involved in a
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chemical reaction or a charge transfer process™. FePc is a typical planar molecule
with high chemical and thermal stability, and performs as a p-type organic
semiconductor with widespread applications in organic devices'®??. The thermal
desorption of FePc multilayer films on the MoOy surface leads to an unexpected

strong electronic coupling between the FePc molecules and the MoOy substrate.

Experimental Details

The ITO glass (MTI Co., China) was ultrasonically cleaned in alcohol for 15
minutes. MoOs (> 99.9%) and FePc (> 95%) powders were purchased from the Strem
Chemicals, Inc. and the Tokyo Kasei Kogyo Co., Ltd., respectively. 3 nm MoO3; and
multilayer of FePc were successively deposited onto the ITO substrate in a molecular
beam epitaxial (MBE) system (CreaTec Fisher & Co. Gmbh). The film thickness was
detected by the quartz crystal monitor. The base pressure of the deposition chamber
was better than 5 x 10 mbar. The 3nm MoO; film was reduced via thermal annealing
at 400 <C for 40 minutes prior to the deposition of FePc film. FePc was deposited at
380 <C from a Knuson cell with the substrate keeping at room temperature. The single
layer of FePc was gained from the stepwise desorption of the multilayer FePc film at
temperature from 100 <C to 400 <C, In this temperature range, the FePc molecules

will not decompose 2% %,

The SRPES experiments were carried out at the 4B9B beamline in the Beijing
Synchrotron Radiation Facility (BSRF), Institute of High Energy Physics. The photon

energy of 4B9B beamline covers from 10 to 1000 eV with an energy resolution power
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(E/AE) of about 1500. The endstation comprises of three ultrahigh vacuum (UHV)
chambers, namely, the analysis chamber, the preparation chamber and the fast entry
chamber. The analysis chamber is equipped with a VG Scienta R4000 electron energy
analyzer with a base pressure of ~4 x 10™"" mbar. The Mo 3d, N 1s and C 1s spectra
were recorded using the photon energy of 500 eV and the O 1s was recorded at the
photon energy of 700 eV. Binding energies (BE) of these core levels were calibrated
with respect to the Au 4f7;, (BE = 84 eV) feature from a clean gold foil that attached
to the manipulator. All the data were recorded in UHV at room temperature. The
spectral fitting was performed wusing the XPSPeak 4.1 software with

Gaussian—Lorentzian functions after subtracting a Shirley background.

The NEXAFS measurements were carried out in total electron yield (TEY) mode at
the Wide-Range beamline (BL24A) of National Synchrotron Radiation Research
Center (NSRRC) in Hsinchu, Taiwan. All NEXAFS spectra (O K-edge and Fe L-edge
XAS spectra) were normalized to the incident photon intensity monitored by the gold
net that mounted after the rear mirror of the beamline. Then a linear non-resonance
background was subtracted and an edge-jump of one was taken for the spectral tail (at
~40 eV higher than the adsorption edge) intensity relative to the pre-edge. The
incident angle of X-ray was 90 “with respect to the substrate surface. The morphology
of the MoOs film was acquired by the atomic force microscopy (AFM, DI Innova)

operating in tapping mode. The image size was 3 um ><3um.

Results and discussion
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Firstly, the evolution of the bare MoOs film under the thermal annealing from room
temperature to 450 <C is studied. Fig. 1a shows the series of Mo 3d XPS spectra of
the MoO; film at different temperatures. The spectra were fitted using several
components in order to calculate the concentration of the reduced Mo ion species. To
allow for the intensity calculations, each spectrum was normalized to the 3ds,, peak of
Mo®. The parameters of the fittings are present in the Supporting Information (ESI
Table S1). For the as-deposited MoOs film, the dominant Mo 3ds, and 3ds;,; peaks
appear to be symmetric and can be well fitted with one component locating at 235.6
eV and 232.5 eV, respectively, indicative of the presence of Mo®* species™ ?>?°. With
the annealing temperature increasing, the Mo 3d profiles change pronouncedly with
the emergence of broad shoulders at the lower BE side of the Mo®", suggesting a
partial reduction of the MoO;3 film. A well resolved peak is observed at the BE of
229.2 eV after annealing at 300 <C, which is assigned to Mo** species™’. This peak
intensifies gradually when further increasing the annealing temperature. Also, the
amount of Mo** species among total Mo species is found to increase accordingly till
400 <C as shown in Fig. 1b. While after annealed at 450 <C, the concentration of Mo**
species is stabilized. This suggests that the thermal reduction of MoOj3 film saturates
at the temperature of ~ 400 <C. Based on this result the FePc adsorbed samples were
annealed within 400 <C in subsequent experiments. The partially reduced MoOs3 is
denoted as MoOy in this work, where x < 3. In addition, the morphology of the MoO3
film before and after the thermal annealing at 400 <C is also shown in Fig. 2a and 2b,

respectively. It is seen that the average size of the particles is roughly estimated to be
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~ 100 nm for the MoOj3 film and ~ 30 nm for the MoOy film. The MoO; film appears
an average grain size with a root mean square (RMS) roughness of 2.5 nm, while the
roughness of the MoOy film is 1.2 nm. As a result, the MoOy film would expect to
have larger specific surface and supply more sites for FePc adsorption. And the
subsequent adsorption of FePc on this MoOy is found to have less influence on its

morphology, as seen in Fig. S1 of the ESI.

Fig. 3a and 3b show the Mo 3d XPS spectra for the bare and 1 ML FePc covered
MoOy (3nm) films on the ITO substrates, respectively. Both spectra were fitted by
four components corresponding to Mo®* (232.6 eV), Mo™ (231.3 eV), Mo ™ (230.4
eV) and Mo** (229 eV), respectively, according to previous work™ ?’. Mo™" and Mo™
are two intermediate reduced species with valence state values in a sequence of 6 >
m > n > 4. The value of spin-orbit splitting for Mo 3d is ~ 3.1 eV and is allowed to
vary within a small range during the fitting?’. The final fitting results and parameters

are listed in Table 1.

For the bare MoOy film, the annealing leads to an obvious reduction of the Mo®*
into several species of lower chemical states. The portion of Mo*" among the total Mo
ions is about 19.5%. Whereas for the 1 ML FePc covered MoOy sample, the reduction
of Mo®" appears higher under the same annealing temperature. The concentration of
Mo*" species is increased to 27.8%. The much higher yielding of Mo** ions implies
that the FePc adsorption promotes the thermal reduction of the MoOjs. Besides the

oxygen loss of MoOs in the annealing process, there should exist an additional
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reaction channel involving direct interactions between FePc molecules and the MoOs

substrate.

In order to verify the strong interactions at the FePc/MoOy interface, the C 1s, N 1s
and O 1s XPS as well as the O K-edge and Fe L-edge NEXAFS spectra were recorded
for both multilayer and monolayer of FePc film covered samples. The C 1s shown in
Fig. 4 demonstrates obvious differences under the two thicknesses of FePc on MoOsy.
The C 1s of the multilayer film includes three main spectral features and can be
deconvoluted with four components. The dominant peak at the BE of 284.8 eV
(FWHM=0.9 eV) can be ascribed to the contributions of benzene carbon atoms and
the peak at 286 eV (FWHM=0.9 eV) is from the pyrrole carbon atoms according to
previous reports®®. In addition, two peaks exist at the higher BE of 286.8 and 288.0 eV,
corresponding to the shake-up satellites from the benzene-type carbons and
pyrrole-type carbons, respectively.?® In contrast, the C 1s spectrum of the 1 ML FePc
film is comprised of two features and weaker satellite peaks. The main peak at 286.0
eV (FWHM=1.1 eV), corresponding to the benzene carbon, shifts to the higher BE
with a value of 1.2 eV with respect to the multilayer film. The peak at 287.2 eV
(FWHM = 1.2 eV) is associated with the pyrrole-type carbons. Furthermore, the N 1s
core level also shifts to the higher BE with a value of ~1.0 eV for the 1 ML FePc film
relative to the multilayer film (see Fig. S2 in ESI). This rigid shift of C 1s and N 1s
core levels to higher BE agrees well with previous reports regarding on the FePc
adsorption on TiO, surface?, suggesting a strong interaction at the FePc/MoOy

interface. For FePc adsorption on TiO, (110) surface, the first FePc monolayer was
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oxidized, and both occupied and unoccupied electronic structures were changed,
leading to the quenching of the HOMO-LUMO shakeup transitions in the C 1s and N
1s core level spectra. In this work, the shake-up satellites are also observed to
diminish clearly in the 1 ML FePc/MoOy sample, implying the excitation channel is
blocked or strongly reduced due to the strong electronic coupling between the FePc

molecules and the MoO, substrate?®.

Likewise, the O 1s XPS spectra for the 1 ML FePc/MoOx and the bare MoOy
samples are compared as shown in the Fig. 5. Due to the limited energy resolution, it
is only seen a broad feature for both spectra regardless of a difference on the peak
intensity. Since there is no oxygen in FePc molecules, the O 1s spectra can be
decomposed into several species that bond to different Mo ions with different
chemical states as shown in Fig. 5. The fitting parameters are present in the Table S2
of the ESI. It is seen that the O 1s spectrum of the bare MoOy substrate can be well
fitted by three oxygen components at the BE of 530.2, 530.8 and 531.6 eV, which
correspond to the oxygen species bonding to Mo ions in different chemical states of
+6, immediate and +4, respectively. From the peak fitting, the relative amount of each
oxygen species is 42.4%, 36.1% and 21.5%, respectively, in agreement with the
calculations of each Mo ion from Mo 3d data in Fig. 3. While for the fitting of the O
1s spectrum of the 1 ML FePc/MoOy sample, besides the above three components, an
additional component at 532.3 eV is needed to well reproduce the spectrum envelop.
In this way, the concentration of oxygen species at 530.2 eV in FePc/MoOy sample

attenuates to 19% and the oxygen species at 530.7 eV and 531.6 eV increase to 48%

10
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and 33.8%, respectively. The variations of these three oxygen species at lower BE are
comparable with the tendency of the Mo ions after the 1 ML FePc deposited. The
concentration of the new oxygen species that appears at 532.3 eV is about 9.2%. This
oxygen species suggests the presence of a new type of oxygen species at the
FePc/MoOy interface. Since no Mo species with chemical states lower than +4 are
detected, we assign tentatively this new oxygen species to the terminal oxygen that

coupled with the FePc molecules.

Fig. 6 displays the O K-edge NEXAFS spectra for MoOs, MoOy, and 1 ML FePc
adsorbed MoOy samples. The resonances at O K-edge are extremely sensitive to the
electronic structure and chemical environment of O atoms®. For the stoichiometric
MoOs, six features at least are recognized, and are labeled as A-F. The resonances at
the energy range of 529-538 eV are assigned to the transitions from the O 1s level to
the 2p-4d hybridized orbitals. Due to the crystal field splitting of MoOg octahedron
field and the spin exchange effect, these resonances split into two dominant peaks at
530.8 eV with t,y symmetry (A) and 533.8 eV with e, symmetry (C)*"*. The energy
difference between A and C is ~ 3 eV, in good agreement with previous work® **,
Features of E at 539.3 eV and F at 543.8 eV are assigned to the transitions from O 1s
level to the O 2p-Mo 5s and O 2p-Mo 5p hybrid orbitals, respectively. Whereas, the
intensity of peak A of the MoOy film decreases slightly with respect to the MoO3 film.
According to the calculations of O K-edge NEXAFS spectra of MoO3*, peak A is
mainly contributed by the terminal oxygen and the asymmetrical bridging oxygen

species, while peak C is originated from the terminal oxygen and the symmetric

11
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bridging oxygen. The arrangement of these oxygen atoms is schematically shown in
Fig. 8. The reduction of peak A may be explained as following. After annealed at
400 <C, the MoOx film is reduced with a considerable amount of oxygen vacancies
yielding in the film. The production of oxygen vacancies leads to the partial filling of
the Mo 4d by the remaining electrons at the defects, thus inducing decreased density
of states of the unoccupied Mo 4d orbitals'®. Therefore the hybridization of O 2p with
the decayed Mo 4d unoccupied orbitals would expect to give rise to lower NEXAFS
intensities. Certainly, the oxygen loss of the annealed film also contributes the

decrease of the O K-edge.

For the 1 ML FePc covered MoOy sample, the intensity of peak A further declines,
suggesting a heavier reduction of MoOx with FePc adsorption than the bare MoOx
sample. This result agrees well with the Mo 3d XPS analysis. Simultaneously, the
energy separation between the t,g and ey is observed to enhance by a value of ~0.6 eV
with respect to that of both MoOy and MoO3; samples. It is known that the energy
splitting between tyg and ey is mainly determined by the strength of the crystal field*.
Therefore, the incremental separation of the O doublets may suggest a variation of the
coordination field around oxygen atoms at the FePc/MoOjy interface. For metal
phthalocyanine and porphyrin molecules adsorption on TMO surface, it has been
revealed that the molecules anchor on the surface via the combination of the core
metallic atoms with the surface terminated oxygen. For instance, Szymon et al. have
demonstrated CuPc molecules adsorbing on TiO, (011)-(2x1) surface arranged along

the outstanding rows of oxygen atoms with central Cu atoms located over oxygen

12
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rows>®*". Recently, Wang et al. observed that the NiTPP molecules prefer to assemble
with center Ni atoms above the top bridging O rows of the rutile TiO, (110) surface®.
Therefore, we suggest here the adsorbed FePc molecules bond to the surface through

a direct coordination of Fe with the outstanding terminal oxygen of MoOsx.

The Fe-O bonding may be evidenced by the Fe L-edge data that are shown in Fig. 7.
The spectra are dominated by two groups of peaks, marked as L3 and L, which are
originated from the electronic transitions from the Fe 2ps;, and 2py, levels to the Fe
3d orbital, respectively. For the L; resonance, it is roughly resolved with A (~705.8 eV)
and B (~708.0 eV) sub-bands. It can be also seen that the intensity of A sub-band
weakens more pronouncedly than B at the interface. The shape of Fe L-edge is known
to be fundamentally dependent on the multiplet effects®® and the polarization effects.
The latter factor can be ruled out because the FePc film deposited on the MoOx
substrate appears polymorphous and lack of uniform molecular orientation (see the
angle dependence of C K-edge for the multilayer of FePc film in Fig. S3 of ESI). In a
recent work, the resonance A of the FePc molecule was ascribed to the d orbitals
mainly with out-of plane symmetry such as d,, orbital, while resonance B consists of
d orbitals with both in-plane and out-of plane symmetries®**’. Therefore, the relative
fast decrease of A sub-band could be associated with the electronic coupling between
the Fe ion and the terminal oxygen along the z axial of the molecule. It might result in
a coordination of Fe-O bonding where the oxygen provides an electron pair and the Fe
supplies unoccupied d orbitals. This interaction nature is consolidated by the ~0.7 eV

shift of Fe 2p core level to the higher BE in the monolayer film with respect to the
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multilayer film (Fig. S4 in ESI). The higher BE of Fe 2p core level for the 1 ML FePc
film suggests a partial oxidation of the Fe ion, in agreement to the augment of
coordination number of the Fe ion*". This coordination of central Fe of FePc with
extra oxygen have been widely demonstrated to play crucial role for the oxygen
reduction reaction (ORR) in which the FeN, structures including the phthalocyanine

and porphrine molecules are regarded as the active site for oxygen adsorption®**,

Overall, core levels of C 1s, N 1s and Fe 2p of the FePc molecules have shown
unanimously to shift toward higher BE, suggesting an oxidation of the FePc
molecules at the FePc/MoOy interface. Except for the loss of the lattice oxygen during
the thermal annealing, the interaction between the FePc and the MoOy accounts for
the improved reduction of the substrate covered with FePc. The oxidation of FePc and
the reduction of the MoOy substrate suggest a charge transfer from the FePc molecule
to the substrate. From the inorganic semiconductor theory point of view, the charge
transfer from molecules towards the substrate suggests a p-type doping to the
molecules, thus should cause a rigid shift of core levels of the molecules to lower BE.
This is opposite to what we measured in the XPS data. In fact, the energy band theory
or doping theory model that developed from the inorganic crystalline matter should be
applied cautiously in organic systems due to the localization of the electronic wave
functions and the resulting strong correlation effects between the electrons and the
nuclei in organics***°. In particular, the 1 ML FePc film on the MoOy in this work
shows to be highly disorder, and the molecule-substrate interaction seems much

stronger than the molecule-molecule interaction. In this way, the charge transfer is

14
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believed to be rather localized at the molecules and the band theory is not applicable
any more. Therefore, the charge transfer from the molecule to the substrate would
arouse the decrease of the electron density around the Pc ring and thus the BEs of C
1s, N 1s and Fe 2p core levels increase at the interface. It is also noticed that the shift
value of each core level is different, indicative of a site dependence on the molecule
for the interaction with the MoOy. The relative small shift (0.7 eV) for the Fe 2p core
level may be reconciled by the back donation of the electrons from the terminal
oxygen of the substrate to the central Fe ion of the FePc molecule. Such bidirectional
charge transfer process was also discussed recently for several phthalocyanines on
metal supports**“*®. In the other hand, the O 1s and Mo 3d core levels of the MoOy
substrate show a negligible energy shift (Fig. 3 and Fig. 5) during the interface
formation. The fixing of the core levels of the MoOy substrate may be due to the
pinning of the Fermi level at the band gap where Mo 4d derived band gap states have
been revealed for the reduced MoO3z*. Finally, the O K-edge and the Fe L-edge
NEXAFS data unanimously support a strong interaction involving a Fe-O
coordination at the FePc/MoOy interface. A tentative adsorption model for a
monolayer FePc molecules adsorbed on MoOy is schematically shown in Fig. 7. The
MoOs bilayer structure is referred from literatures®”. In this adsorption model, the
center of the FePc molecule locates above the terminal O string, facilitating the local
bonding between the terminal O and the Fe (Il) center. This local bridging via Fe-O
coordination may facilitate the charge transfer from FePc molecules to the MoOy

substrate.
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Conclusions

In this work, the interaction at the FePc/MoOy interface was investigated using the
SRPES and NEXAFS spectroscopies at room temperature. The monolayer FePc
covered MoOy sample was obtained from the annealing of FePc multilayer deposited
MoO3; sample at 400 <. Compared with the bare MoOj3 film, the FePc adsorption is
found to improve the thermal reduction of the MoOj; substrate. Regardless of the loss
of lattice oxygen, this effect is associated with the extra chemical reactions between
FePc and MoOy at the interface. Simultaneously, a partial oxidation of the FePc
molecules at the interface is revealed. A strong electronic coupling, involved with a
direct Fe-O coordination and an electron transfer from the phthalocyanine ring toward
the substrate, is suggested for FePc adsorption on MoOy after a thermal annealing.
This Fe-O coupling at FePc/MoOg interface may supply a straightforward channel for

the fast charge transfer from the FePc adlayer to the MoOs.
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Fig. 1 Mo 3d XPS spectra of MoOs film (a) and the portion of Mo** species in the

MoO; film (b) as a function of annealing temperature.
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Fig. 2 The AFM images of MoOj3 film (a) and MoOy film (b) that was annealed at

400 <C.
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Fig. 3
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Fig. 3 Mo 3d XPS spectra of (a) bare MoOxand of (b) MoOy adsorbed with one ML

FePc.
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Fig. 4
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Fig. 4 C 1s XPS spectra of the multilayer (top) and monolayer (bottom) FePc films
adsorbed on MoOy. The FWHMs of the Cg and Cp species for the multilayer FePc are
both 0.9 eV, and for the one monolayer FePc are both 1.1 eV. The G-L% are fixed as

20% during the fitting process.
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Fig. 5
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Fig. 5 O 1s XPS spectra of bare MoOx (top) and of MoOx adsorbed with one ML

FePc (bottom).
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Fig. 6

530.8 534.4
1 ML FePchoOx

Intensity (a. u.)

530 535 540 545 550
Photon Energy (eV)

Fig. 6 O K-edge XAS spectra of MoOs, MoOy, and 1 ML FePc/MoOy with the

x-ray incident angle of 90 <with respect to the substrate surface plane.
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Fig. 7
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Fig. 7 Fe L-edge XAS spectra of Fe ions in multilayer and a monolayer FePc with

the x-ray incident angle of 90 °with respect to the substrate surface plane.
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Fig. 8
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Fig. 8 The molecular structure of FePc (left), and schematic diagram for the

adsorption configuration of FePc on MoOy (right).
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Table
Table 1
. E . FWHM
Mo species (e\/B) Intensity (V) Amount

3dy, 2355 | 150 1.20

+6 43.7%
3ds) 2326 | 208 1.20
3dy, 2345 | 65 1.20

+m 20.8%
3ds, 2313 | 105 1.20

(@)

3dzp 233.7 50 1.20

+n 15.9%
3dsp, 230.4 80 1.20
3dzp 232.2 70 0.50

+4 19.5%
3ds, 2290 | 90 0.55
3dy, 2355 | 50 1.25

+6 17.8%
3ds, 2326 | 80 1.23
3dy, 2345 | 75 1.23

m 25.6%
3ds, 2313 | 112 1.23

(b)

3dy, 2337 | 83 1.23

+n 28.8%
3ds, 2304 | 127 1.23
3dy, 2322 | 73 0.60

+4 27.8%
3ds, 2290 | 130 0.60

Table 1. Mo 3d XPS peak fitting results including BE (Eg), peak area (Area), full

width at half maximum (FWHM) and the amount of each component peak of Mo

species, for both bare MoOy and 1 ML FePc adsorbed MoO.

Note: Symbol (a) and (b) in the table stand for the fitting results of Fig. 2a, and 2b.
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“+m” and “+n” are for the medium states of Mo ions between +6 and +4 valence

states. The Lorentz-Gaussian (GL%) is 20% during the fitting process.
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