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Manganese-phthalocyanines form assembled chains with a variety of ordered super-structures, flat
lying along the Au(110) reconstructed channels. The chains first give rise to a ×5 symmetry recon-
struction, while further deposition of MnPc leads to a ×7 periodicity at the completion of the first
single layer. A net polarization with the formation of an interface dipole is mainly due to the molecular
π-states located on the macrocycles pyrrole rings, while the central metal ion induces a reduction in
the polarization, whose amount is related to the Mn-Au interaction. The adsorption-induced inter-
face polarization is compared to other 3d-metal phthalocyanines, to unravel the role of the central
metal atom configuration in the interaction process of the d-states. The MnPc adsorption on Au(110)
induces the re-hybridization of the electronic states localized on the central metal atom, promoting a
charge redistribution of the molecular orbitals of the MnPc molecules. The molecule-substrate inter-
action is controlled by a symmetry-determined mixing between the electronic states, involving also
the molecular empty orbitals with d character hybridized with the nitrogen atoms of the pyrrole ring,
as deduced by photoemission and X-ray absorption spectroscopy exploiting light polarization. The
symmetry-determined mixing between the electronic states of the Mn metal center and of the Au
substrate induces a density of states close to the Fermi level for the ×5 phase. Published by AIP
Publishing. https://doi.org/10.1063/1.4996979

I. INTRODUCTION

A fascinating perspective in nanoscale systems is to
investigate the assembling of molecular size-selected long
range ordered two-dimensional (2D) structures, to precisely
describe and control the molecular building block assem-
bly and the interaction process with the underlying tem-
plate.1 Supramolecular assembly of metal-organic molecules
on metallic substrates can be a convenient way for building
up regular arrays exploiting the nano-patterning of suitable
substrates, e.g. reconstructed channels2 or vicinal surfaces.3

The controlled adsorption on the surface can lead to long-
range ordered architectures with exotic electronic and mag-
netic properties, in the perspective of engineering nanoscale
structures exploitable for nanoelectronics or spintronic
devices.4

Metal-phthalocyanines (MPcs) are planar π-conjugated
molecules with a central metal ion, which can be regularly
assembled onto a naturally patterned surface.2 Hybrid metal-
organic interfaces with transition MPcs have been attracting
interest thanks to their dual nature. In these molecules, a metal
of the 3d series (i.e. Mn, Fe, Co, Ni, Cu, and Zn) is embedded
in a π-conjugated organic cage and the organic macrocycles
foster ordered arrays of regularly spaced metallic atoms firmly
anchored to the surface, ensuring high thermal stability. The
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central metal ion may give rise to intriguing properties, such as
stable ferromagnetic phases obtained by stabilizing the metal-
metal super-exchange coupling by means of the delocalized
organic orbitals.5

Manganese phthalocyanines (MnPcs) are ferromagnetic
molecular magnets in the solid-β-phase below 8.6 K,6 the
highest Curie temperature among MPcs. The magnetic
response is driven by a super-exchange interaction between
the nearest neighbouring Mn atoms via π-orbitals on the Pc
ring.7–10 The adsorption of MPcs on metal surfaces can alter
their magnetic state due to the formation of new ligand bonds
and the hybridization of molecular and substrate states,2,11–14

thus affecting the electronic and magnetic coupling of the
metal ion to the substrate.15–17

Understanding the change in chemical coordination and
the electronic-state re-hybridization process is a preliminary
step to achieve a full control over the functionality of these
molecular systems adsorbed on surfaces. In particular, the
chemical bond of the adsorbed molecule to the underly-
ing surface can induce the redistribution of charge in the d
orbitals of the metal center, modifying the ligand field of
the metal ion and leading to a strong modification of the
magnetic ground state (GS) of the system, as discussed for
FePc, CoPc, and CuPc adsorbed on the Au(110) reconstructed
channels.15

The interrelationship between the magnetic state and
the symmetry of the involved orbitals is a key point to
understand the interaction process. In the MnPc-Au(110)
interaction, not only the central metal atom but also the
pyrrole rings are involved in the process.18 Furthermore,
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polarization, dipoles at the interfaces, and charge transfer
effects can induce a substantial charge redistribution, influenc-
ing the transport response at the organic-metal interfaces. In
this paper, the interaction strength, the molecular orbital mix-
ing, and the polarization effects of MnPc chains on Au(110)
will be unraveled and then compared with the single layer (SL)
formed by other 3d-metal phthalocyanines on the same Au
template.

A. Experimental details

X-ray and high-resolution ultraviolet photoemission mea-
surements were performed at the LOTUS laboratory, Sapienza
University of Rome, in two different ultra-high-vacuum
(UHV) chambers equipped with a low-energy electron diffrac-
tion (LEED) setup and the needed ancillary facilities for sam-
ple preparation. UV radiation is generated by means of the
VG Scienta VUV 5050 photon source, with a monochroma-
tized HeIα (hν = 21.218 eV) spectral line. The photoemitted
electrons were analyzed in the incidence plane with a hemi-
spherical analyzer (Scienta SES-200) and angular integration
has been performed over ±8◦ around normal emission. The
work function (WF) change was determined by measuring the
energy shift of the low-energy photoemission cutoff signal
applying a �9 V bias to the sample with respect to ground. The
X-ray photoemission spectra (XPS) were acquired impinging
the sample with Al Kα radiation (1486.6 eV) and collecting the
normally emitted photoelectrons with a VG Microtech Clam-2
hemispherical analyzer.

Near-edge X-ray absorption fine-structure (NEXAFS)
measurements at the N K and Mn L2,3 edges were performed
at the ALOISA beamline of the ELETTRA synchrotron radia-
tion facility. The spectra were acquired with a photon incidence
angle of 87◦ switching the electric field polarization direction
from parallel (in-plane) to normal (out-of-plane) to the sam-
ple surface. The potential damages due to exposure to X-ray
beams were avoided by monitoring the C and N 1s core level
before and after NEXAFS measurements.

A long-range ordered (1 × 2) reconstruction character-
ized by sharp LEED spots of the clean Au(110) surface was
obtained by means of a double step sputtering-annealing treat-
ment. The Au(110) surface was first Ar+-bombarded at the
sputtering energy of 1 keV and then heated up to 725 K while,
in the second cycle, the ion bombarding energy was low-
ered to 0.5 keV with an annealing temperature of 530 K. The
Au(110)-1 × 2 surface is characterized by a missing-row type
reconstruction with atomic channels oriented along the [110]
direction.

The MnPc deposition is obtained by evaporation from
quartz crucibles of purified molecular powder with a deposi-
tion rate (2.0 Å/min) estimated by means of a quartz microbal-
ance. The deposition of MnPc on the Au(110) surface was
achieved by keeping the substrate at two different tempera-
tures. Respectively, thick films are obtained with MnPc depo-
sition on the surface kept at room temperature, while 2D
ordered self-assembled structures are favored by keeping the
substrate at 415 K during MnPc deposition. The completion
of the first SL corresponds to the molecules arranged in a ×7
phase, as observed by a clear change in the slope of the work

FIG. 1. (a) A sketch of the MnPc molecule. (b) Work function variation, with
respect to clean Au(110), as a function of MnPc coverage up to the saturation
level, corresponding to the single layer completion with a 5 × 7 reconstructed
symmetry. [(c) and (d)] LEED pattern corresponding to a (×5) and a (×7)
reconstructed surface, respectively, as deduced by the h/k ratio measured
on the diffraction pattern. MnPc deposited on the Au(110) substrate kept at
T = 413 K, LEED data acquired at T = 80 K, to avoid damages of the MnPc
adlayer, with a primary beam energy of 50 eV.

function [see Fig. 1(b)] and confirmed by the quenching of the
Au surface states in the valence band.

II. RESULTS
A. Long-range ordering and growth morphology

A selected set of LEED patterns for MnPc deposited on
Au(110), at increasing molecular coverage, is reported in Fig. 1
(right panels). MnPc molecules, deposited on the Au(110)-
1 × 2 channels, promote new ×5 and ×7 reconstructions
with n-fold periodicity dependent on the molecular density,
as observed for other MPc molecules adsorbed on Au(110)
(see, for example, Refs. 2, 19, and 20). The diffraction pat-
terns are characterized by defined spots along the k direction,
perpendicular to the substrate channels, showing ×5 and ×7
symmetry, upon increasing MnPc coverage. The fivefold sub-
strate reconstruction (a×5 = 14.4 Å) corresponds to a unit cell
fitting with the size of the MnPc molecule (13.8 Å), suggest-
ing an adsorption geometry similar to other MPcs on Au(110):
flat-lying and lined up edge-to-edge along the [110] direction
of the Au reconstructed channels.2,21,22 Parallel chains are not
coherently aligned since faint elongated signals are detected
in the h direction [Figs. 1(c) and 1(d)]. The distance between
the axes of two adjacent chains is determined by the substrate
reconstruction.2,19,21 Following the hypothesis that the MnPc
molecular chain geometry replicates the adsorption of other
MPcs on Au(110), the overall molecular density on the surface
is 3.3 × 10�3 molecule per Å2 for the ×5 phase, correspond-
ing to well-oriented MnPc chains lying inside the Au(110)
reconstructed channel, as reported in Ref. 22. Further increas-
ing the molecular coverage induces a structural transition
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leading to a ×7 reconstruction, as can be deduced by the larger
k-spacing between diffracted spots in Fig. 1(d). Even in this
case, long-range order is maintained along the chains pre-
serving a 2.9 × 5 Å lattice parameter. The 5-fold and 7-fold
symmetry, observed for MPcs adsorbed in the Au(110) chan-
nels, has been attributed to a molecule-induced reconstruction
of the plastic Au(110) surface, as observed for FePc2 and
CuPc23 adsorbed on Au(110).

The molecular density can be estimated considering the
superposition of two cells, as large as (7 × 4.1) × (5 × 2.9) Å2,
associated with the chains in the channels and on top of
the gold rails.2,21 The total density amounts to 4.9 × 10�3

molecules/Å2, in perfect agreement with the structural data
reported in Ref. 22. Considering the close packed ×7 configu-
ration as the SL, the ×5 phase can be evaluated at about 0.7 SL
coverage.

The completion of a single compact molecular layer is
reflected by the WF variation (∆Φ) [Fig. 1(b)], with respect
to the clean Au(110) substrate value, as a function of MnPc
molecular density. The WF monotonically decreases down to
a plateau at a value of ∆Φ = �0.70 eV that corresponds to
the formation of the ×7 phase. The ×5 phase, correspond-
ing to a surface reconstruction with a not completely cov-
ered Au substrate,2 does not lead to discontinuity of the WF
variation.

For all 3d-metal-phthalocyanines, a decreasing drop in the
WF at the initial stage of deposition is observed. The exper-
imental saturation values for MPcs with different 3d central
metal atoms11,19 are reported in Table I. The work function
decreasing upon the adsorption of π-conjugated molecules on
metal surfaces has often been observed and it is generally
attributed to the highly polarizable electrons located in the
macrocycles, caused by the π electrons approaching on the
surface.12,24

In metal-organic interfaces, the interpretation of the
energy level diagram and accordingly of the WF evolution
is more complex with respect to inorganic interfaces. The
latter are characterized by an interface dipole that can be
easily defined, while metal-organic interfaces are affected by
several concomitant processes, which are difficult to discern
and interpret. Indeed, different parameters have to be consid-
ered, like polarization effects due to molecular dipoles, Pauli
repulsion, screening effects, and molecular deformation.25,26

The reduction of the metal WF at the interface is due to
the compression of the metal electron tails and due to polar-
ization effects, while the interaction with the central metal
atom of the molecules influences the WF with an amount

TABLE I. WF variation for a SL of MPc molecules with different central
metal atoms (M = Mn, Fe, Co, Ni, Cu, Zn) self-assembled on Au(110).11,19

MPc ∆Φ (eV)

MnPc �0.70
FePc �0.79
CoPc �0.83
NiPc �0.90
CuPc �0.95
ZnPc �0.95

depending on the net charge transfer from the underlying
metallic substrate to the 3d-orbitals of the molecule central
metal ion.

The saturation values reveal that the work function varia-
tion is lower for less filled 3d shells of the central metal ion.
For MPcs with 3d-metal partially filled molecular orbitals (i.e.,
MnPc, FePc, and CoPc), the polarization effects due to the
π orbitals-substrate mixing are counterbalanced by a charge
donation from the Au states to the central metal atom orbitals,
determining a lower work function saturation value. This effect
is maximum for MPc with a lower 3d metal orbital occupancy,
where the interaction process can involve different 3d orbitals.
The MnPc molecule has three unpaired electrons localized
on the dxy, dxz+yz, and dz2 orbitals that can contribute to the
interaction with the substrate, allowing for a larger charge
transfer with respect to the sequence of 3d-MPc molecules,
determining the WF values reported in Table I. This larger
substrate–molecule charge donation counterbalances the work
function decreasing due to the polarization effects and Pauli
repulsion, common to all MPcs deposited on metal surfaces,
explaining the lower decrease observed for MnPc. A simi-
lar charge donation/back-donation process has been proposed
to explain the interaction mechanism of CoPc/Ag(111)13 and
MnPc/Ag(111).14

The molecular adsorption geometry for aligned MPc
molecules on Au(110) is flat-lying on the Au channels, as
can be confirmed by absorption spectra at the N K-edge of
MnPc. NEXAFS data for the ×5 configuration and for a thick
molecular film (TF) of MnPc grown on the Au(110) surface are
shown in Fig. 2. Nitrogen K edges are acquired with linearly
polarized radiation, with the electric field vector either parallel
(black curve) or almost normal (3◦ off, red curve) to the surface
plane. The spectra present multiple absorption peaks associ-
ated with transitions from the N 1s core level to the empty states
located on the pyrrole macrocycles, mainly of π∗ symmetry,
in the 399-406 eV energy region, and of σ∗ character, above
406 eV. The dichroic response observed for the×5 phase (Fig. 2
bottom panel) is a consequence of the flat-lying adsorption
configuration of the molecules along the Au(110) channels,
similarly to MPcs with a different central metal atom on the

FIG. 2. N K absorption edges of MnPc/Au(110) for both in-plane (black) and
out-of-plane (red) linearly polarized radiation of a thick MnPc molecular film
(upper spectrum) and of a ×5 phase (lower spectrum).
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Au(110) surface at the sub-SL phase.23,27 The linear dichro-
ism, preserved in the TF configuration (Fig. 2, top panel), is
the result of the flat-lying growth of the subsequent molecular
layers.

Despite the similar lineshapes at low and high MnPc cov-
erage, there are slight differences that are worth noting: the
total intensity of the first π∗ multiplet (399.5 and 400.5 eV)
is reduced in the spectrum at low coverage, compared to one
of the MnPc TFs, and the relative intensity of the multiplet
features with π∗ symmetry further changes in the ×5 phase
due to the fairly strong molecule-substrate interaction, also
deduced by scanning tunneling spectroscopy measurements
in Ref. 22. Indeed, both effects pinpoint to a charge deple-
tion from these orbitals at increasing molecular coverage, i.e.,
when the hybridization with the substrate is progressively
weakened. The evolution of the N absorption peaks, evident
in MnPc, is faint for FePc and absent for CoPc and CuPc
chains adsorbed on the Au(110) surface.23,27 This symmetry
breaking can be attributed to the occupancy of 3dπ empty
molecular orbitals of MnPc, originated by the dxz and dyz

states partially hybridized with the N-p orbitals in the isoindole
sites.

B. MnPc on Au(110): Electronic state evolution
as a function of molecular coverage

In order to unravel the interaction channels related to the
Mn-d orbitals, X-ray absorption spectroscopy (XAS) measure-
ments at the Mn L3 edge at different molecular coverage are
reported in Fig. 3(a), measured with the electric field of the
incoming linearly polarized X-rays oriented parallel and per-
pendicular to the molecular plane. As previously proved by the
N K-edge XAS, the MnPc molecules are lying flat on the Au
channels. Hence, the X-ray search-light-like effect at the L3

edge can distinguish between 3d orbitals with a predominant
in-plane and out-of-plane orientation.

The MnPc thick film L3 absorption edge, reported in
Fig. 3(a), shows three distinct multiplet features for the in-
plane polarization, located at around 639.7 eV, 640.9 eV, and
642.7 eV. The out-of-plane features are less structured pre-
senting a weak shoulder at 640.0 eV and a more intense
and broader structure at around 641.0 eV. Similar X-ray
absorption spectroscopy spectra have been observed on MnPc
molecular films grown on different substrates,14,28 with sub-
tle variations due to the different thickness/morphology of the
films. The most accepted ground state (GS) configuration for
a MnPc molecule is a 4Eg symmetry with a S = 3

2 spin state
resulting from the b2g/dxy

1, eg/dxz+zy
3, a1g/dz2

1, b1g/dx2+y2
0

configuration.10,29–32 However, the energy distance between
different GS configurations is relatively small, being in the
order of 0.1-0.3 eV.29,31,32 XAS measurements at the Mn
L2,3 are in favor to a 4Eg GS configuration as the L3 inten-
sity is fairly homogeneously distributed between the in-plane
(rising from transitions to dxy, dxz+yz, and, at higher ener-
gies, dx2+y2 orbitals) and out-of-plane (due to absorption
towards dxz+yz and dz2 states) spectra, indicating an almost
equal spectral weight of empty states with such orienta-
tions. An unambiguous attribution of the absorption fea-
tures and one to one correspondence to molecular empty

FIG. 3. (a) Mn L3X-ray absorption and (b) Mn 2p3/2 photoemission spectra
for a MnPc TF and for the MnPc ×5 phase. Inset: normalized area of the
interaction feature (A) as a function of the molecular density.

levels are hindered by multiplet configuration and correlation
effects.

The MnPc ordered SL on the Au(110) surface with
a ×5 phase presents striking changes to the L3 lineshape.
The broad lineshape of the out-of-plane L3 edge spectrum
[Fig. 3(a), red line] changes with respect to the MnPc TF, indi-
cating hybridization of the out-of-plane Mn d-orbitals with
the Au(110) substrate. The in-plane spectrum evolution of
MnPc at the interface [Fig. 3(a), black lines] presents a richer
phenomenology. In the lowest coverage phase with a ×5 sym-
metry reconstruction, we can observe that the three previously
described features are still visible but with a different inten-
sity ratio with respect to the MnPc thick molecular film. In
particular, the feature at 640.9 eV is strongly decreased, while
the other two structures are reduced but preserve their relative
intensity. This evolution suggests a participation of the planar
3d orbitals in the interaction process. The charge transfer from
the substrate to the MnPc molecule, responsible of the XAS
intensity damping as a result of the molecular orbitals occupa-
tion, is more effective at the low coverage phase, as observed
for other MPcs adsorbed on Au(110).21,33 These observations
suggest a redistribution of the 3d metal energy states and a con-
sequent symmetry-breaking of the ground state, that can rear-
range and mix with other low-energy configurations.28 Mixed
GS configurations as well as transitions between different GSs
can occur either when the molecule is supported on a sur-
face, as a result of hybridization with the substrate electronic
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states, or in its crystalline form due to the interaction between
neighbouring molecules via the pyrrole N atoms.30,32,34 The L3

evolution seems to suggest that in the×5 phase, the interaction
with the Au(110) surface is mediated by both in-plane b2g/dxy

and out-of-plane oriented eg/dxz+yz and a1g/dz2 3d orbitals that
are close to the Fermi level.29,32 At increasing coverage, the
interaction with the in-plane distributed orbitals becomes less
favorable, while the orbitals protruding from the molecular
center are still experiencing a strong charge transfer from the
substrate.

In order to clarify the occurrence of a definite charge
transfer and/or molecule-substrate orbital intermixing involv-
ing the Mn central metal atom, XPS measurements of the Mn
2p core level were carried out. Since the Mn 2p core level
lies on Au 4p1/2, a delicate background-subtraction procedure
has been performed to remove the predominant contribution
from the substrate. In particular, the spectrum of the freshly
cleaned Au(110) surface was smoothed following a fourth
order Savitzky-Golay algorithm and it was normalized to the
calibrated molecular coverage. The results of such analysis is
reported in Fig. 3(b) for the ×5 phase and a MnPc TF. The
asymmetric lineshape of the Mn 2p core level results from
the presence of multiple components, due to the fourfold split
(mj =−

3
2 ,− 1

2 , 1
2 , 3

2 ) 2p3/2 level. The Zeeman splitting has been
partially resolved with two Gaussian peaks, located at 640.9 eV
and 643.1 eV, while a broader satellite is located at a higher
binding energy, 645.5 eV. For the ×5 phase, this fitting proce-
dure cannot account for the extra spectral weight at lower bind-
ing energies, thus another Gaussian peak, located at 638.3 eV,
was considered. The presence in the ×5 phase of an extra
component located at lower binding energies, labeled as A in
Fig. 3(b), is a further indication of a central metal ion-mediated
molecule–substrate interaction.35–40 Indeed, we noticed a sud-
den decrease of the A feature intensity at increasing molecular
coverage [inset of Fig. 3(b)] just after the completion of the
first SL. This suggests an interface-related electronic interac-
tion, with a charge transfer from the Au metallic states to the
Mn central metal atoms.

The MnPc adsorption on Au(110) induces a charge redis-
tribution, modifying the fourfold symmetry of the molecu-
lar orbitals located on the Mn metal centers, involving in-
plane and out-of-plane d-orbitals of the central metal atoms.
Re-hybridization involves the N isoindole neighbors by the
intermixing of eg/dxz+yz molecular states. The more com-
plex MnPc–Au interaction process, with respect to the other
MPcs, is justified by an orbital intermixing involving both
in-plane and out-of-plane orbitals. Indeed, the main channel
of charge transfer for CoPc and FePc is associated with the
singly occupied a1g/dz2 state hybridized with the underlying
Au states while the interaction is almost negligible for other
MPcs with almost filled out-of-plane d states, like CuPc, NiPc,
and ZnPc.19

To shed light on the evolution of the occupied states
at the MnPc/Au(110) interface, high-resolution valence band
photoemission spectroscopy measurements were performed at
increasing molecular coverage, as reported in Fig. 4(a). The
Au(110) clean surface spectrum is characterized by a broad
set of features associated with the surface-projected spectral
density such as the feature labeled as SS (Surface State), being

FIG. 4. (a) Normal-emission valence band photoemission spectra (photon
energy of hν = 21.218 eV) for the different MnPc coverage phases on Au(110)
and (b) close-up in the 0-2 eV binding energy region. All the spectra have
been integrated over a 16◦ angular window centered at normal emission along
the [001] direction.

a surface-localized electronic state. In the early stages of the
molecular deposition, an intensity damping of the surface fea-
tures can be observed, and the SS state is totally quenched only
at the completion of the ×7 phase. When a thick MnPc film
is deposited, the molecular-states contribution to the spectral
density becomes dominant. The MnPc TF spectrum is charac-
terized by two main features in the 0-2 eV region: the HOMO
state at 0.6 eV, associated with the b2g orbital, mostly local-
ized on the Mn atoms and with a dominant dxy symmetry,32

and the HOMO-1 level at 1.2 eV, which can be assigned to the
a1u orbital, localized on the pyrrole ring.32 The comparison
with other MPcs TF valence-band photoemission spectra evi-
dences that the a1u symmetry state is almost unaffected by the
metal configuration, while a progressive shift to lower binding
energies of the b2g state as a function of the lower 3d metal
occupation is observed.19

At lower molecular coverage, the identification of the dif-
ferent contributions is less straightforward as the hybridization
of the molecular states with the substrate becomes dominant.
For the ×5 phase [full red curve in Fig. 4(b)] in the energy
region below the Fermi level, we can identify two structures:
one located at around 0.2 eV below the Fermi level and a
second broader structure at 1.1 eV. This second feature per-
sists at the completion of the SL and progressively develops
into the a1u peak of the TF as the molecular coverage is
increased.

The presence of different interaction states close to the
Fermi level can be related to 3d metal states involved in
the interaction process, as previously observed with spa-
tially resolved spectroscopic measurements.22 Indeed, MPcs
with an open 3d shell (e.g., FePc and CoPc) are prone to
form interface states when deposited on the Au(110) sur-
face, due to the charge transfer from the substrate electrons
to the 3d metal orbitals.19,27 Recently, Mn-related interface
states have been observed for MnPc adsorbed on Au(111) and
Ag(111) substrate.14,18 A similar 3d resonant enhancement
of the spectral density close to the Fermi level was already
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observed for a monolayer of FePc adsorbed on Au(100) and
Ag(111), ascribed to a charge transfer between the molec-
ular 3d open shell and the substrate.41 In the MnPc case,
this effect becomes even more evident as the complex elec-
tronic structure of a 3d partially filled shell can open a higher
number of interaction channels mediated by the 3d-metal
orbitals. Furthermore, a Kondo state on the ×5 phase has been
unveiled for the FePc/Au(110) system, with an eg symmetry
parent state, implying a quenching of the magnetic moment
of the molecule.42 The occurrence of a Kondo state has also
been observed for MnPc adsorbed on Ag(001),43 Pb(111),44

and Au(111).45 The coexistence of a Kondo channel, with
eg parent states, cannot be excluded for the MnPc chains
assembled on Au(110) in the ×5 phase, but the intensity of
the broad spectral density close to the Fermi level, inde-
pendent on the temperature, can be mainly ascribed to the
charge transfer from the substrate electrons to the 3d metal
orbitals.

III. CONCLUSIONS

MnPc deposited on the Au(110) surface induces a self-
templating effect of the metal surface, driving the self-
assembly of planar molecules from 1D chains to long-range
ordered 2D reconstructed structures.

The monotone decrease of the work function can be under-
stood in a donation/back-donation process, where the polar-
ization of the organic macrocycles lowers the work function,
while the empty metal states act as acceptor, thus receiving the
back-donated electron and counterbalancing the work func-
tion reduction, in analogy with other 3d metal phthalocyanines
adsorbed on metals.

The MnPc adsorption on Au(110), with a donation/back-
donation process, induces re-hybridization of the electronic
states localized on the central metal atom as well as on the
organic macrocycle, favoring a rearrangement of the charge
density and the modification of the isolated MnPc orbital struc-
ture. The interaction process for MnPc has been attributed
to the more complex electronic configuration expected for a
partially occupied 3d shell, together with the almost degen-
erate energy of the ground state and first excited states that
are expected be mixed by the interaction with the Au(110)
substrate.
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