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Abstract: Molecular spintronics has attracted attentions, which combines molecular electronics with
the spin degree of freedom in electron transport. Among various molecules as candidates of the
molecular spintronics, single molecule magnet (SMM) is one of the most promising material. SMM
molecules show a ferromagnetic behavior even as a single molecule and hold the spin information
even after the magnetic field is turned off.

Here in this report, we show the spin behavior of SMM molecules adsorbed on the Au surface by
combining the observation of Kondo peak in the STS and ESR-STM measurement. Kondo resonance
state is formed near the Fermi level when degenerated spin state interacts with conduction electrons.
ESR-STM detects the Larmor frequency of the spin in the presence of a magnet field. The sample
include MPc, and M,Pc; molecules (M = Tb**, Dy*, and Y*"; Pc=phthalocyanine, Fig. 1) whose
critical temperature as a ferromagnet reaches 40 K. A clear Kondo peak was observed which is
originated from an unpaired = electron in the ligand of the molecule, which is the first demonstration
of the Kondo peak originated from = electron observed in the STS measurement. We also observed
corresponding peaks in ESR-STM spectra.

In addition we found that the Kondo peak intensity shows a clear variation with the
conformational change of the molecule; namely the azimuthal rotational angle of the Pc planes. This
indicates that the Kondo resonance is correlated with the molecule electronic state. We examined this
phenomena by using STM manipulation technique, where pulse bias application can rotate the
relative azimuthal angle of the Pc planes. The result indicates that an application of ~1V pulse to the
bias voltage can rotate the Pc plane and the Kondo peaks shows a clear variation in intensity by the
molecule’s conformational change. (see Fig. 2)
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Schematics of TbPc2 molecule and STM manipulation for TbPc2 molecule in a monolayer film. By
Pc plane, together with STM image pulse application, Pc plane rotates and the relative azimuthal
and Kondo peak near Fermi level. angle changes, which induces a clear change in Kondo peaks.



Fig. 3
— () STM  manipulation for  TbPc2
= (b) molecule in a monolayer film. By

pulse application, Pc plane rotates
and the relative azimuthal angle
changes, which induces a clear
change in Kondo peaks.
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The presence of the spin in the Pc ligand can be explained by counting the valence electrons.
While the molecule is neutral, the center Th atom tends to be 3+ and the three electrons should be
shared with the two Pc ligands. This makes one of the Pc ligands unpaired and the spin center. The
presence of SOMO level by this scenario can survive on the metal surface in case the interaction
between the molecule and the surface is weak. Actually for the TbhPc, adsorbed on Cu(111) surface,
which provides stronger bonding compared to the Au(111) surface, the Kondo peak was not observed.
That is due to an electron transfer to from the substrate to the molecule which fills the SOMO level.
Similar change can be seen in case the azimuthal rotational angle of the two Pc is rotated from the
bulk value of 450. Our DFT calculation indicated that the SOMO level moves closer to the Fermi
level in case the rotation angle is reduced to 30°, which makes the SOMO level filled with electron
and diminishes the ligand-derived spin.

Another method of control of the molecule spins is to make a local doping of an electron donor or
an acceptor near the spin. Since the SOMO level of the Pc ligand is responsible for the appearance of
the spin, it should be possible to eliminate the spin by filling the SOMO. This was examined by
depositing Cs atoms on the film of TbPc, film. Figure 3(a) shows three bright spots, indicated by ‘A,
that correspond to the deposited Cs atom. The adsorption of the Cs atom is apparently weak bonding
on the ThPc2 film, and the Cs atom can be removed easily by applying a pulse of ~2.0 V from the
STM tip. The removal of Cs atom by the pulse application is shown in Fig. 3(a) and (b); the Cs atom
marked by the arrow in Fig. 3(a) was removed by the pulse in Fig. 3(b). The change of the spin
structure is shown in Fig. 3(c); the apparent Kondo peak recovered after removing the Cs atom. This
can be explained by the electron transfer from Cs to SOMO level and diminish the spin of the Pc
ligand.
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[Introduction] Axial substitution of metal
phthalocyanines  (Pcs)  shows  adsorbed
structures that are different and more complex
than for the metal free compound.l’2 In this
report, we contrast the structures of titanyl
phthalocyanine (TiOPc)  and titanium
phthalocyanine axially bounded to a catechol
ligand (TiPcat), as shown in Figure 1, at the
interface between graphite and octylbenzene
solution.

[Experimental Section] Highly oriented
pyrolitic graphite (10 mm x 10 mm by 1 mm
thick) was purchased from SPI Supplies. TiOPc
was obtained from Aldrich (40,455-1, CAS
26201-32-1) and wused without further
purification. TiPcat was synthesized according
to a modified procedure reported earlier.’*
More details on the synthesis are reported
elsewhere.” Pcs were dissolved in chloroform.
A 6 pl droplet of the prepared chloroform
solution then was put on a freshly cleaved
graphite substrate. The amount of Pcs deposited
on each substrate was controlled by the number

of droplets and the concentration of the solution.

Typically, two droplets (~11 ul total) of a 1.6
UM  solution were used to prepare a
near-monolayer on regions of the substrate.
This corresponds to an average coverage of
0.54 molecules/nm®. In the case of binary
adsorption, each species was 0.8 uM with an
equal molar mixture in solution. The droplets
spread out onto an approximately circular

__NFTi:;:N N
‘--..N — >

Figure 1: Structural model of
titanylphthalocyanine (TiOPc
upper) and titanium phthalo-
cyanine with a catechol ligand
(TiPcat, lower).

Figure 2: STM image of TiOPc
(upper domain) and TiPcat on
TiIOPc layer (lower domain).



region at ca. 5 mm diameter. The deposited
sample then was dried under Ar gas flow for 3
minutes. Finally, a droplet of n-octylbenzene
(Alfa Aesar L03086, CAS 2189-60-8) was put
on the sample surface. The surface was
imaged through the octylbenzene layer in order
to obtain stable STM images. It is noted that
STM imaging without using n-octylbenzene is
possible but very difficult. With  dried
samples, the Pcs on the sample surface
frequently stick onto the scanning STM tip, :
causing unstable imaging. = Moreover, for Figure 3: STM image of TiPcat on
molecular coverage in excess of a monolayer, T'OPclayer. TIOPc molecular model
or less than 0.7 monolayer, one obtains unstable 's imposed in the image.
images because of Pc movement during the
scan.
[Results and Discussion] Figure 2 shows the
scanning tunneling microscope (STM) image at
1:1 molar mixture of TiOPc and TiPcat. The
upper domain is a TiOPc monolayer with a
hexagonal structure. The lower domain consists
of TiPcat molecules adsorbed on an underlying
TiOPc monolayer but the outermost TiPcat
molecules formed a square-like structure. As
shown in the STM image, co-adsorption of
10 i oms Dlayer SMEE Vil ey s magsr Tcatn
; TiOPc monolayer on graphite.

the second layer. The structure of the TiIOPc¢ sub  The [1120] directions of the substrate
layer changed into a rectangular structure and graphite is shown with an arrow.
the TiPcat molecules sit on the hollow site of
the TiOPc sub layer, which was confirmed with the images as shown in Figure 3.
Another image with a different tip condition (Figure 4) showed the orientation of
outermost TiPcat molecules with the catechol ligand up. This adsorbate mediation
of surface structure is a useful phenomenon to control two dimensional structure
where the fraction of an outermost layer converts the under layer structure.
1) S. Kera, A. Abduaini, M. Aoki, K.K. Okudaira, N. Ueno, Y. Harada, Y. Shirota, and T. Tsuzuki, J. Elec.

Spec. Relat. Phenom. 88-91, 885 (1998).
2) U. Mazur, K.W. Hipps, and S.L. Riechers, J. Phys. Chem. C, 112, 20347 (2008).
3) M. Barthel and M. Hanack, J. Porph. Phthal. 4, 635 (2000)
4) M. Barthel, D. Dini, S. Vagin, and M. Hanack, Eur. J. Org. Chem. 3756 (2002).
5) T. Takami, A. Clark, R. Caldwell, U. Mazur, and K.W. Hipps, Langmuir, DOI:10.1021/1a1020127 (2010).
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[FEBR] A0 M2 SO FVEEZEA LT VR o F 4 —/L 2Et-SH & A /L MMLIC
EHIE 2R 72720 Me-SH 24 L. 'H NMR, “C NMR. 7TH4#H. HRMS 72 & Z v, [A
Ex1T-7- (Fig. 1) o SAM [T 2Et-SH & Me-SH O Y7 1 11 A X UYRIRIZA M & 24 HERE:
BETH L TR, (ERLET Y R_RUP Ly SAMIZHOWT, £ SAM DX v T 7 %
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SH /\/\\Q<O
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Fig. 1 Molecular structure of 2Et-SH and Me-SH.

UL BER] XPSHIEN DA T VR v FA— AT R3E&REICK LT S-Auffa 2 F
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2Et-SH SAM % 250 nm & 350 nm fJif T7 V' X
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Z D SAM [ZE-A: - AIHDE & G L 7o B 1T
R MVERE L E Z A, -t BBICHEKT D
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L7e, AV ML EBIL 2 H 3 208 0703 @m0
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Fig. 2 UV-Vis absorption spectra of
2Et-SH SAM upon UV and visible light
irradiation.
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Fig. 3 Reversible switching of contact

angle for water of 2Et-SH SAM.

VAR BMALHE 2RI A T A BEHIEI L7z & 2 A 2Et-SH X Me-SH £ 0 & % Dl
FEMELS . VARBREFMTHLZ ENbholz, £722Et-SH & Me-SH DY/ nm A4
IR 31T 2 o AL, AlE 23 380 Wefi], & 23 13RI TH Y, LB ->TAL b
PAZERIEZEANT D LV ARNREFRMETE L ZEBP LN Loz, THITA IV ML
EHIE NIRRT & 72> TR LICB T 2EL LT 5720 LB X b [4],
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IR IR TH DL Z e bhrolc, ABRKRTIIINOLORREZRIEL THET 5,
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[#EH L E22] K 312 C - O MfFEIREE DR IZ LD pump JEIRERAME A2 RS,
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Pt - CO {#ffiE— R FAMRE I XV b Z4v. C - O M REE A 2 bE— Rk
AHNTEH L Tow = Yyoun; 296> TEALT B L RE L7 i 22 £ F MZ ST
Ralb—varETok(® 4, 22T, olHRET— N ORBEHRBEIOC-0
RHEIRED & OIFFRIFE SR TH D, DfEIZ, FT + FR £ — RIZOW TECREE 7
Zh—1 cml, —11 ecm)ZHAWV[2], Pt- CO E— FTiL24 ecm! & L7z, ZDFER,
FT-FREBL WPt - COE— R&EETHZ & CERERL CHEMICHET L Z LR T
(X 4 ERY, BMRET MK SWEY I 2= arThiHd, ANz
A—Z ORI TR ORI D D03 FERCBIHI S -7 v — 7 MMIBBEERE I
BIFLHPt-COE—ROFHGLZEHERZAT-LOLEEZLND,

—8— 0~4.5mJ/cm’ [ Pump fluence
) [
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—h— U~ oM m
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3: C- O MEIREND pump EHIEHAHE  [€4: C- O MIEHIED S T = L—s 2 V45
(# : FT, FR OZEE L= EF L
i : FT.FR, Pr-CO 0 3 D& HIELE7 )

[z%& k] [1] K. Watanabe et al., Phys. Rec. B81, 241408 (2010)
[2] F. Fournier et al, J. Chem. Phys. 121, 4839 (2004)
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ERIETEEZ TS,

Fio, REEBE I R THDE BTN ] 5 R RE LD RV VAL Sy (—E DGO
B EAITKII) TINA, S OFREBE (B AT BP #HEH Tl 6 ns & 35 1s) 12857«
YR FRETHY . T DR EEAAE > THIF RO TED, Lol BERINONS |
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DFED, L THBIRIS DB OREEE 1T, AT 5L TR = B hE 551 Fm
(ZXI T %,
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[&%& k] 1. Katoh, R. et al.,, Cood. Chem. Rev. 2004, 248, 1195. 2. Katoh, R. et al., J.
Phys. Chem. C 2009, 113, 20738
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On the excitonc effects on TiO; low dimensional systems: a combined
DFT+MBPT approach

(B K% L*, University of Rome "Tor Vergata" and ETSF**)
O Giacomo Giorgl *, Maurizia Palummo **, [I'F %— *

The potential applicability of many transition metal oxides in photonics,
electronics, photovoltaics, and light emitting devices has recently given
novel impulse to the study of these materials. In particular, the
discovery of the Fujishima-Honda effect at the beginning of the 70 [1]
and the more recently invented dye-sensitized solar cells [2] have
boosted the interest for the theoretical prediction of structural and
optical properties of TiOs; polymorphs; between them, experimentally,
rutile 1s the most stable at ordinary conditions, while anatase 1is
reported as the most stable only according to theoretical predictions [3].

Another striking characteristic of TiO; is the inverted thermodynamic
stability of the two polymorphs at nanosizes [4] due to a higher average
surface energy of rutile with respect to anatase. This property, in
conjunction with a more efficient conversion in photocatalysis ascribed
to the combination of a reduced electron effective mass, an enhanced
absorption gap, and a higher Fermi level, makes anatase more
“appealing” for technological applications.

The most stable anatase surface, the (101), is reported to control the
crystal shape, being the reactivity governed, at opposite, by one minority
surface, i.e., the (001), source of active sites for catalytic processes. The
coexistence of the (101) and the (001) surfaces reveals an increased
thermodynamic stability of the latter. For this reason, different models
have been recently proposed for justifying such enhanced stability [5-7],
all of them supporting experimental evidences.

We have considered both the 1 x 1-(001) and the 1 x 4-(001)
reconstruction. The 1 x 4, also called “ADM” (“Ad Molecule” model [5])
explains the stability of the (001) surface in terms of stress reduction.
We have employed a DFT[8]- MBPTI[9] approach for studying electronic
and optical properties of the two models. For the optical analysis a
Bethe-Salpeter equation (BSE) approach has been used. Slabs with



different thickness have been studied; our results reveal the
fundamental role played by surface reconstruction and Quantum
Confinement (QC) effects in the behavior of excitons in these 2D
systems.

A.Fujishima, K.Honda, Nature 238 (1972) 37
B. O'Regan and M. Gratzel, Nature 353 (1991) 737.
F. Labat et al., J. Chem. Phys. 126 (2007) 154703.

G. S. Hermann et al. Phys. Rev. Lett. 84, (2000) 3354.
Y. Liang et al. Phys. Rev. B 63, (2001) 235402.
VASP, Version 4.6.36, http://cms.mpi.univie.ac.at/vasp/

]
]
]
|
] M. Lazzeri, A. Selloni, Phys. Rev. Lett. 87, (2001) 266105
]
]
]
1 A. Marini et al., Comp. Phys. Comm. 180 (2009) 1392.
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