R F AT LD BT DD
T IRITHOEA BB D B3

AIFRE, HIERF

BbE - BRI 0E

BANTERD TV AT AOBREICED LD T2 N NHTFHNT I a—FICESNW AT L & %

HIELCWD, BERLRT +— 0T 4 770 8 BROMELZEREE ORI O & & DN A RHERE O #
RO T-DICEE Th D7 — R THE, S DBRITH LT, SO FOEHREN SIS &4
Hwam g AT EIFEHE LV, 20ROV FBHEET AT LUV TU T AL A LB L, Z DORFHZAL
D— RS A L7z BT, 0 TEAOMEE LTRIETHZENRDLNTND, ZDD
IZIE, — DN 7 F L% TE DR BEEWIER R 77— L TG A 720 O FEASLE
270 %, EBEBEE TIC, WRTOR—BHS I LT~ A 7 e DB ORI A 7 —L
THEIETRE O D X2 WET 2 HIENRE I TN5[L,2],

Fx T E o s fEREO M LA BEE 7=, ®EHEE YL (FCS) 12 H L, FCSOJEFE
ZIGH U728 LWIE « ST B OB 23 T b, FCSTIX Y 7 TV ORERIZELIMIC &
ENDHERD S S 2 FAABREBCAT)=IMIT+ATNO A EH 5, ZORITMEIEHTHY . HTF—
DDV T FIINEFEEICIEA L GBI 5 Z & 2R LAV, 2D, IR OB A D
JE 2B AR < IR 2 MR 2N (B HAASELERHAERD /A R ENTLEbRWEREC
IR E T2 TR SR, 2O Z ENBFCSIE, O EiEEFIA L CHE D & 2 E T
LOMIETHY 23, T/ FHEEE TOEO R REE & LR S IC R T & b, 7272 LSRR
121X, CAT)DED B % FHWTROARE —MEOFEMAZ# 25 Z S ITE LV, Fox OIEAREREE L,
FCSIZRIT DT NT) &2 IR 7253 Y637 A —Fx% AW TL(T; X1), (T X2), ... K D IT/HFE L,
BONDHEROBEEZIECT Z LT, FCSOM -HRBIGE ) 2 Kiglcm ES®5 2 & TH B[3].

R T OREIEZEA b E FCS OB — 43 740 ik TR 254, Bt g —x /L —8 %) (FRET)
EPRHWGND Z ENRZW, & 2 AN FCS TIHEARMIZ 2 DDIE10 60 FOWREEALZHIET 5
7o, FRET IZ X 2FHAINEZ EHCH T2 Z L3 LV, @F O FRET FHAICIX N —@k e T
72— RO ORI T L ¥ —B#) 2 S AR B OB E CHRE L@t Gt 740
DHENGRD DD T, LR T 2720 E L ORENEAFBBLEIT R D006 Th D, w@IEH
B EETIIO L DOK TN EZ DR R TDH T
DIRBEIZ DWW T B 1 OIFE RS B2 T e TRIpnTpalpss
S (EEHEBEICLAUENRIADDL DT, 1
FEITHLL TH X)), AL FRET DXL~ oycitation MJL“

Wahsk s K —d0k - 7 7€ 7 S — DM (ﬁ”ﬂf_ I—
percd. Fo—mromosanosns bl L L L L L1 Ly
L TCIORERRERETE D L E X T[45], /L LA e

AL —HP— % o THOLEE 2 BRI L.

BT O HIRIER R & il S 2 & e L KL SOEEMORRA LIt T —
CTIEMICRETIE., S TFIomtEhoERsy Fo T UTTNTNEBRBALAD b Otk ]
22 M TED (M), M SR SV AD 5 OIEILRH,



FILFRET 2D S W FICHR T 2R m <L BUObFIEzoiilcze s & FlRAshD, 202

EERFIAL T ToORER LA EREMOEIE LTRBIIT 2D TH D,

ZOEyBBAIESNTH LN TT X & 10
RSRIICELER U CRIfE T 5 720, Fox X koot
MBI WL Z IR R LT2[6]. 2L d D — & DO RERIH
fEa2 > T SN T OXEED | F TR —
D H -« O HDNF ORIE—FOCEIER A~ Z L Eh
Rl - eI B > C TRoEE A BT L EERT S B
DTHD, ZOWoe~ v 7oA (Blx o
T SN T ORI YT D) 2wz 5l
EED &~ F FRET EBRIC XK 5 b o & Al 22 5 , I
2525 WA~ v I ELN S, & bICA % * e
W 7T AL CRIECIRIERE [ 2> & B F iy~ 10-
a9 % Z & T, FRET O R VX—BEhEN R D
IRIEMOLZHN ED X 5 REEHI A r— /LTl Z - T
WHNEFRET S 2 ENTE D, M2 3ot HEmr
NEI2 D 250 4REE (r=1ns, 5ns) ZELTAL
PN SR T — X 2T L= Th 5, T
7T AERNIIIRR = b e E—EE W, TR
DOREIRRAT % 2 DOARREM O ZZH LS DR A 7 — 1
(50 ps) RV HELSHRELSGE (@ AT=0-10ps), N o 48
2 SDIRAEE TR E— 2 OHHSEME NS A, e "
ATEELST5HE (b,AT=200-220uS)\ FIH DM M2 @HELTFHILELI 2l —
DIGEE I DBN D, ZORGEE =7 OAT KL ey o figiefal, (a) st ist, (b)
gD LT 2RO LR 2 BT 5 Z & KIS 00 Rt 5 f i ~ > 7.
MWT&ED,

BUER 2 1L OFEZISH LT, ~7 B URI—AR8 DNA OgH AR SOS 7e & ARG 51 O
ERO EPHEEREEZR T e X2~ A 7 e BORFH 2 TR LML ED TV | 1
KD FETIHRZ 20 - EER R COR O EOFHIAH LM ESho2oH D, &bIT, b—
P—MRE S DS SIC LV R SIUER R E m O T @A ETFIED S B 5 EE I
7= BRIFE I TR CTH D, ATEEHAE L LTH /37 'F - DNA - RNA ZEDOREERE D X OFF
WE O, BREEODRBICB W TEEREERDSTFI AT LADEAF I 7 ZAOKRE LR L, 55FD
Bl LT % 2 L kR BETH 5,

(@)

B Wl

(ns)

" (ns)

-

@ = omo)
Pl

[ZE3Cik]
[1] Hoffmann A. et al. Phys. Chem. Chem. Phys. 2011, 13, 1857.

[2] Kamagata K. et al. J. Am. Chem. Soc. 2012, 134, 11525.
[3] BFHFRE - HIFRE, WL, 2012, 52(6), 295.

[4] Ishii, K.; Tahara, T. J. Phys. Chem. B 2010, 114, 12383.
[5] Ishii, K.; Tahara, T. Chem. Phys. Lett. 2012, 519-520, 130.
[6] Ishii, K.; Tahara, T. manuscript in preparation.



KFBRETIC L D E—RF T AT 2T+ NEAFT—FD
R Eh B O M IE

CHHRE, T, BEAF

BbE - BRI 0E

T DIPAFE 21D T D EOEF A OIEH 2RI L7285 Lz SeBE e (FCS) [4,2ic B8V T,
VD 5y FD3F T D EOE B & W )0 i REE 43 i BE TR 2 7o O DR N BR D YERE DS ARE Y
WCEHE LD, WFEOEMOEARICEY | SEE (EF005581+%) & aRFEaffee (&% 100 &
SLUT) ZIIMEA TR NT T RNT =274 NEAA4— K (SPAD) B AFTRHREL 720 | &
WA A— 7« =470k - FCS IZBIUT AEEHEM e tigi & L TR Vb L o127
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[2] Hattori, T.; Ishii, K.; Tominaga, T.; Osada, Y.; Tahara, T. Chem. Phys. in press.
[3] Tominaga, T.;Tirumala, V. R.; Lee, S.; Butler, P. D.; Lin, E. K.; Gong, J. P. J. Phys. Chem. B 2008, 112,
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Three Distinct Water Structures at a Zwitterionic Lipid/Water Interface

Revealed by Heterodyne-Detected Vibrational Sum Frequency Generation
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Lipid/water interfaces and associated interfacial water are vital for various biochemical reactions, but the
molecular-level understanding of their property is very limited. We investigated the water structure at a
zwitterionic lipid monolayer/water interface using heterodyne-detected vibrational sum frequency generation
(HD-VSFG) spectroscopy.’ To investigate interfacial water properties at the lipid/water interfaces, we used
three different model lipids with varying headgroup structures. Figure 1 shows the chemical structures of
these lipids; 1-palmitoyl-2-oleoyl- snglycero- 3-phosphocholine (POPC),
1,2-dipalmitoyl-sn-glycero-3-phosphoglycerol (DPPG), and 1,2-dipalmitoyl- 3-trimethylammonium propane
(DPTAP), respectively. Isotopically diluted water was utilized in the experiments to minimize the effect of
intra/intermolecular couplings.?

Figure 2 shows the imaginary part of @ (Imy®; x@ is the second-order nonlinear susceptibility) spectra
of POPC (black), DPPG (red), and DPTAP (blue)/water interfaces in the OH stretch region. The Imy®
spectra of anionic DPPG interface has a positive sign, which indicates net hydrogen-up (H-up) orientation of
interfacial water at these interfaces.” In the case of a cationic DPTAP/water interface, the Imy® spectrum has
a negative sign corresponding to the net hydrogen-down (H-down) orientation of interfacial water. For these
charged lipids, interfacial water orientation is governed by the net electric field at the interface.® In the case
of the neutral zwitterionic lipid (POPC), there is no net electric field at the interface and, hence, the net water
orientation at POPC/water interface depends on the preferred orientation of water in the close vicinity of the
phosphate and choline groups and on the net dipole moment at the interface. It was found that the OH stretch
band in the Imy® spectrum of the POPC/water interface exhibits a characteristic double-peaked feature with
a dip at 3470 cm (black line, Figure 2).*

To interpret this peculiar spectrum of the POPC/water interface, Imy® spectra of a zwitterionic
surfactant/water interface and mixed lipid/water interfaces were measured. The Imy® spectrum of the
zwitterionic surfactant/water interface clearly shows both positive and negative bands in the OH stretch
region, revealing that multiple water structures exist at the interface.” At the mixed lipid/water interfaces,
while gradually varying the fraction of the anionic and cationic lipids, we observed a drastic change in the
Imy® spectra, in which the spectral features similar to the anionic, zwitterionic, and cationic lipid/water
interfaces appear successively. These observations demonstrate that, when the positive and negative charges
coexist at the interface, the H-down oriented water structure and H-up oriented water structure appear in the
vicinity of the respective charged sites. In addition, it was found that a positive Imy® appears around 3600
cm™ for all the monolayer interfaces examined, indicating weakly-interacting water species existing in the
hydrophobic region of the monolayer at the interface. Based on these results, we concluded that the
characteristic Imy'? spectrum of the zwitterionic lipid/water interface arises from three different types of
water existing at the interface: (1) the water associated with the negatively charged phosphate, which is



strongly H-bonded and has a net H-up orientation, (2) the water around the positively charged choline, which
forms slightly weaker H-bonds having a net H-down orientation, and (3) the water weakly interacting with
the hydrophobic region of the lipid, which has a net H-up orientation. These results are the first spectroscopic
evidence of the preferred water orientation and distinct water structures at zwitterionic lipid/water interfaces,
which play a crucial role in many important biochemical reactions.
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Fig. 1. Chemical structures of three model lipids. POPC is a zwitterionic (neutral) lipid.
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Fig. 2. Imy® spectra of PG (red), TA (blue), and PC(black)/water interfaces in OH stretching region,
measured with ssp polarization combination and surface pressure ~ 25 + 3 mN/m. Instead of neat water,
isotopically diluted water (H20/HOD/D20 = 1/8/16) was used.
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Structure Prediction of Glycans by using the Replica-Exchange Molecular
Dynamics Simulations
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N-glycan plays an important role in the
recognition process regulating higher order
biological ~ functions  such as  cell-to-cell

communications. In general, glycan consists of rigid

. . . . Lock-and-Ke Lock-and-bunch of keys
saccharide units linked together through flexible Y y

glycosidic bonds and this arrangement gives rise to @ @ @ n”@ @

multiple conformers in solution. Experimental

(2 BXc)
evidences insist that each receptor protein @ @ﬂ @ @
recognizes one distinct conformer (a particular @ @ @ sconformer selection”

key) among multiple conformers (“bunch of keys”)
(Fig. 1). To clarify this, atomically detailed Figure 1. “Bunch of keys” model for glycan recognition

structural information of N-glycans is necessary,

which is not normally accessible by experiment.

We performed extensive molecular dynamics simulations of N-glycans in solution using the
replica-exchange molecular dynamics (REMD) method® that significantly enhances conformational sampling.
We simulate four biantennary complex-type N-glycans, namely, unmodified, two single-substituted with
either bisecting GIcNAc or core fucose, and di-substituted forms.? We observed five distinct conformers in
solution, each of which is characterized by its local orientation of the Manal-6Man glycosidic linkage, for
all four N-glycans (Fig. 2). The chemical modifications significantly change their conformational equilibria.
For example, the introduction of bisecting GIcNAc reduces the number of major conformations from five to
two. The population change is attributed to specific inter-residue hydrogen bonds, including both direct and
water-mediated bonds. The calculated NMR data, including nuclear Overhauser enhancement and scalar
J-coupling constants, well agree to the experimental values, when the multiple conformers are taken into
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Figure 2. Multiple conformers of the N-glycan obtained form the REMD simulations



account (Fig. 3). Our structural model supports the

concept of “conformer selection”, which emphasizes o -, ot
the importance of conformational flexibility of 28 Total
N-glycans in protein-glycan interactions. 2 24 99”1:“’)
We also applied the REMD simulations to predict | ¢ ~ ::2?;:
the data from lon mobility mass spectrometry
(IM-MS). Mass spectrum is indispensible for glycans’ _ 22: ::::
structure analysis.®> A central issue in glycan mass E 23 99(94%)
analysis is the separation and identification of the @ 38 gHE%)
isomeric glycans. IM-MS has the potential to separate _. . T'T‘ e tgm%}l I
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isomeric glycans by utilizing their unique collisional
cross section. In order to understand the structural
basis of the observed differences in drift time, we

performed REMD simulations of a set of isomeric

Figure 3. Jspin coupling constants of N-glycans

with and without the core—modification
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Thermal reaction and stability reversal of photochromic diarylethene on Au(111)

and Cu(111) studied by scanning tunneling microscopy

Tomoko Shimizu, Jahoon Jung, Hiroshi Imada, Yousoo Kim

Surface and Interface Science Laboratory, RIKEN

Adsorption of molecules on solid surfaces often
alters intrinsic molecular properties. Considering a
potential application of molecules as components of
molecular devices such as semiconducting wires,
rectifiers and switches, it is crucial whether the expected
and desired properties of the molecules are preserved or
changed. It is therefore essential to fully understand
adsorption states of the molecule of interest.

We have study one of the
1,2-bis(2,4-dimethyl-5-phenyl-3-thienyl)-3,3,4,4,5,5,-hexafluoro
-1-cyclopentene (Fig. 1) [1], adsorbed on Au(111) and Cu(111).

Due to isomerization reaction induced by light with two

chosen to

different wavelengths as well as by electronic stimuli, it may
function as single molecular switches and ultra-high density
memory devices. Thus, various attempts to immobilize the
molecules to solid surfaces and photo-response of the
immobilized DAE have been extensively studied [2]. The DAE
has an advantage over azobenzene and spyropiran for memory
applications because no thermal reaction occurs in its single
crystalline form [3]. In this study we have investigated at the
single molecular level how the properties of DAE are affected
by the contact with electrode metals [4].

The experiments were carried out with a scanning tunneling
microscope (STM) (Omicron GmbH) operated at liquid helium
temperature in ultra-high vacuum (UHV). The clean and
atomically flat Au(111) and Cu(111) surfaces were prepared by
repeated cycles of sputtering and annealing. Either open-form or
closed-form DAE was deposited using a home-made Knudsen
cell. Temperature of the substrate during deposition was at room
temperature (RT). The sample was then annealed to 355-365 K

when necessary.

photochromic

Fig. 1 Molecule used in this study
(Left) open- form (Right) closed-form.

diarylethene (DAE) molecules,

Fig. 2 STM images of DAE on Au(111)
(a-b) and Cu(111) (c-d). (a) and (), (b)

and (d) are before and after
annealing, respectively. (e)
Closed-form deposition on Cu(111). ()
Enlarged image of closed-form (left)
and open-form (right) on Cu(111).



Deposition of the open-form DAE on Au(111) produced two types of protrusions corresponding to
single molecules in STM images as shown in Fig. 1(a). One has an oval shape and the other appears as an
isosceles triangle, both with a bright spot at the center. After annealing the surface to 355-365 K, almost all the
molecules turned into the triangular shape (Fig. 1(b)). This observation suggests that the oval-shaped
molecules transform into the triangular-shaped molecules by thermal energy. The same phenomenon was
observed also on Cu(111) as shown in Fig. 1(c) and 1(d). To clarify the relation between molecular
conformation and observed microscopic image, we deposited UV light (375 nm) exposed powder, which
contained mostly the dark-blue closed-form, on Cu(111) at RT. On the resulting surface we observed mostly
the triangular shape as shown in Fig. 1 (e). It obviously indicates that the triangular-shaped molecules
correspond to the closed-form while the oval-shaped ones to the open-form. Therefore, the thermal reactions
demonstrated in Fig. 1(a) to 1(b) as well as 1(c) to 1(d) are isomerization reaction from the open-form to the
closed-form, which is prohibited in gas-phase, solution and single
crystalline form. It also indicates the reversal in
thermodynamic stability of two isomers: the closed-form is
more stable than the open-form on the Au(111) and the
C(111) surfaces, which is opposite to gas phase.

In order to support experimental observations on the reversal
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closed-form is more stable than the open-form when the molecule

becomes cationic and anionic states although the open-form is
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more stable than the closed-form when it is neutral. We further
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found that the larger amount of decreases in C-C bond lengths and
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Wiberg bond indices for the closed-form when DAE is ionized,

which suggests more effective m-conjugated network connecting -2 - 0 1 2
the terminal phenyl-rings for the closed-form than the open-form. Sample Bias (V)
Experimentally, based on scanning tunneling spectra, we Fig. 3 Scanning tunneling spectra
confirmed that on Au(111) the molecule indeed becomes slightly ¢ DAE on (a) Au(111) and (b)
cationic due to partial electron transfer from molecule to the Au  (y(111). Red: closed-form; blue:
substrate. On Cu(111), hybridization of molecular orbitals with Cu open-form; black: substrate metal.
electronic states is significant, and we assume that it also

noticeably change the conjugated network to stabilize the closed-form.
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Ultrathin oxide films grown on metal substrate are of
great interest not only as supporting materials for chemically
active nanoparticles but also as catalysts in the field of
heterogeneous catalysis [1]. Using scanning tunneling
microscopy (STM) and density functional theory (DFT)
calculations, we have demonstrated that the chemical
reactivity for water dissociation on an ultrathin MgO film
grown on Ag(100) substrate depends greatly on film
thickness and is enhanced as compared to that achieved with
their bulk counterpart [2]. The change of chemical reactivity
of ultrathin MgO film depending on the film thickness can
be explained by the strengthening of the interaction between

the oxide and metal interface layers. This result implies that
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Fig. 1. Dissociation of water molecules on
ultrathin MgO film grown on Ag(100)
substrate with interface dopants of first
row 3d transition metal (TM). (Ag, gray; 3d
TM dopant, blue; Mg, green; O, red; H,
white).

the artificial manipulation of the local structure at the oxide-metal interface is expected to play a pivotal role

in controlling the catalytic activity of oxide film. As a preliminary study, we also reported that water

dissociation on three model systems with defects at the oxide-metal interface of the 2-ML MgO/Ag(100) - an

O vacancy, an Mg impurity, or an O impurity - can improve
the chemical reactivity of ultrathin MgO film supported by
Ag(100) substrate using periodic DFT calculations [3].
Based on our previous results, we performed the systematic
computational study on controlling the chemical reactivity
of ultrathin MgO film grown on Ag(100) substrate for the
dissociation of individual water molecules by 3d transition
metal (TM) interface dopants (Fig. 1) [4].

To investigate the influence of interface dopant on the
chemical reactivity of ultrathin oxide film for the
dissociation of water molecules, we examined the

dissociation mechanism of individual water molecules
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Fig. 2. The variations of Z(A), D) and F.
along the 3d TM (Sc ~ Zn) dopants.

adsorbed upon a MgO film surface with a dopant as shown in Fig. 1. Figure 2 shows the variation of the

reaction energies, such as E(A), E(D) and E,, during the dissociation of individual water molecules on



MgO/Ag(100) according to the kind of interface dopant (Sc ~ Zn). Interestingly, the shape of reaction energy
variation along 3d TM series clearly shows a “double-humped pattern” which is usually observed in
organometallic systems explained by ligand field stabilization energy with weak field ligands. Although the
nature of the interfacial interaction between oxide film and a metal substrate cannot be easily described by a
single term, we show that the chemical reactivity of an ultrathin oxide film supported by a doped-metal
substrate can be mainly governed by the hybridization between the electronic states of a Dry and an O; (of
oxide layer) at the interface. For systematic study on the influence of dopants upon the electronic structure at
the oxide-metal interface, the projected density of states (PDOS) diagrams of 3d,z(Dmy) and 2p,(O;) states for
the all doped MgO/Ag(100) systems are illustrated in Figs. 3a and 3b, respectively. The distribution of
electronic states for bonding and anti-bonding states is depicted by dotted blue and red circles, respectively, on
the PDOS diagram of 2p,(O;) states. The identical alignment of the bonding states (about —7 ~ -3 eV) between
a Dry and an O; in PDOS diagrams indicates the existence of orbital interaction along the z-axis at the

interface. Hybridization, i.e., the
b)

formation of  bonding and
anti-bonding states, between the

electronic states of Dpy and O

indicates that ultrathin MgO film

behaves as a ligand for the interface

dopants. Our results revealed that the

PDOS (Arbitrary unit )

chemical reactivity of the oxide film

surface is strongly dependent on the

tailored electronic structure caused

by the interface dopants at the 8 6 4 2 0 2 4 6 88 & 4 2 0 2 4 & 8
E-E; (eV) EE, (eV)

impurity level, which implies that Fi% 3. PDOS of 3d TM (Dv) doped MgO/Ag(lOO; (int- Maop, M= Sc
‘ o ~ Zn) before the adsorption of water molecule (S); z-components of
chemical reactivity can be controlled  (a) Drv 3d and (b) O;i 2p. Bonding and anti-bonding states are
o _ _ depicted in (a) and (b) with blue and red dotted lines, respectively.
by adjusting adhesion strength using

interface dopants. Therefore, the durability of the developed system and the fine-tuning of its chemical
reactivity can be achieved without serious perturbation in the reaction mechanism. In addition, the variation of
adhesion energy depending on the kind of dopant originates from hybridization between the electronic states
of the interface dopants (Dry) and interface oxygen (0O;), i.e., TM-ligand interaction, which can be described

by traditional ligand field theory (LFT).
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Carbon monoxide (CO) on a platinum (Pt) surface is one of the most extensively studied systems in the

field of surface science, for both practical importance in heterogeneous catalysis and the fundamental

understanding of elementary processes at surfaces.” Among all the known information for CO adsorbed on

Pt(111) surface, it is well known that (a) for the adsorption site of CO, the atop
site of substrate Pt atom is primarily occupied up to certain coverage, and (b)
for the ordered overlayer structure, atop-dominant (\ﬁ ><\/§)R30° structures
appear up to coverage of ~0.3 ML, and atop-bridge mixed c(4%2) appears at
higher coverage (Figurel).® However the detailed overlayer structures at the
intermediate coverages and the correlation between overlayer structures and
the intermolecular interaction have not been well understood. By means of
scanning tunneling microscopy, we tried to provide the real space observation
of CO on Pt(111) at various surface coverage, to provide more precise

information about the overlayer structure and intermolecular interaction.
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Figure 1 Known overlayer

geometry of CO on Pt(111)

All the experiments were performed using a low-temperature scanning tunneling microscope (Omicron
GmbH) in an ultra-high vacuum (UHV) chamber (Pg, 2.0 x 10" Torr). A Pt(111) single crystal cleaned

with typical annealing-sputtering cycle was exposed to CO gas at ~ 50 K followed by room temperature

annealing, and observed with STM using electrochemically etched tungsten tip at 4.7 K.
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Figure 2 Evolution of overlayer structures from 0.005 ML to 0.56 ML



As Figure 2 shows, the adsorption geometry and the formation of overlayer structures were observed
in molecular resolution from coverage of 0.005 ML to approximately 0.56 ML, including (\/§X\/§)R30°
islands, c(4x2) domain, and so-called 'fault-line structure' with 1x1 boundary in c¢(4x2) domain. At the low
coverage limit (~ 0.005 ML), all the molecules are randomly scattered. From approximately 0.15 ML of
surface coverage, island structures with local (\EX\B)R}O" geometry appears and the inter-island structure
exhibit an anti-phase boundary. Near 0.3 ML, (\/5 ><\/§)R30° islands form 2r, (r, as inter-atomic distance of
Pt substrate), resulting in c(\ﬁ x2)rect local structure and concomitant incorporation of bridge CO inside the
rectangular units. The phase transition from hexagonal phase ((\ﬁ ><\/§)R30° islands) to a c¢(4x2) rectangular
lattice involves the widening of the c(\ﬁ x2)rect boundary and compressing the island region, at the surface
coverage of 0.37 ML. The resultant c(4x2) domain is well ordered over whole surface with bridge-CO
vacancies. The number of bridge-CO vacancies systematically decreases to form complete c(4x2) domain at
0.5 ML of surface coverage, and further adsorption involves

the formation of 1x1 boundary inside c(4%2) domain.
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Interestingly, bridge-vacant c(4x2) domain exhibit

height modulation of atop CO by the number of adjacent

Helght (pm)

]
[=1

bridge CO as shown in Figure 3, indicating the existence of

inter-adsorbate interactions between the atop and bridge CO.
ZI 3 4
# of neighboring
bridge CO

As the origin of the height modulation of atop CO, two

explanation were provided; (1) local charge re-distribution
between atop and bridge CO due to different directions of Figure 3 A STM image of bridge-vacant c(4x2)
charge transfer*®, and (2) electrostatic interaction between domain and the correlation of atop height and
two opposite dipole, where atop and bridge CO have number of neighboring bridge CO
opposite direction of dipole.°

The STM observation according to the surface coverage clearly shows the evolution of overlayer
structures, including the overlayer structures which have not been observed. Also the quantitative analysis of
bridge-vacant c(4x2) domain suggests the existence of inter-adsorbate interaction between atop and bridge CO,
to provide an explanation for co-existence of different adsorption species and consequent inter-adsorbate

interaction.
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