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Experimental: sample & methods 7/23

» Anatase-TiO, Samples

Faceted nanoparticles

DABL“0nm | OAP ]

[Under water vapor: 103 ~103Pa (@ R.T.) ]

1. Transient absorption (TA) of

>~ .
photo-generated carrier

2. Steady-state vibrational
spectroscopy of water adsorbates
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Vibrational spectra: pressure dependence 14/23

(example) 12 |- (@IRT) Hydrogen bonded OH
Spherical =0-H---0
ST-01 £ V[ S
Ej o = Free OH (Dangling OH)
!u b = O-H
= 6 =
S Bending
> 4 béen B T waw
P T A
o . g B
T E,Jl\ L ‘b"f
O 1 he o P ¥y
1500 2000 2500 3000 3500 oy ‘g . °
=1 fv - 9. g
wavenumber /cm .20 o8

Blue shift to the spectra
| OH:H,0~1:1(@0.01Pa) | similar to bulk liquid water

B. M. Auer et al., JCP 128, 224511 (2008)

Reversible adsorption &
desorption with pressure [Formation of HB network similar ]

-> Additional water molecularly to bulk liquid water (>1000 Pa)
adsorbs above 0.01 Pa!




Decomposition of H-bonded OH-stretch band 15/

N
OH-stretching mode of water forming strong HB shows red shift
T. Sugimoto et al., Nature Phys. 7, 310 (2016); B. M. Auer et al., JCP 128, 224511 (2008).
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Adsorption of water on spherical-TiO, surface

Hole trapping ability

4} .

—&— Nacalai
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©
® 1¢ =T
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00l 10 11l < 0 |
0.01 1 100 0.01 0.1 1 10 100
Pressure/Pa Water vapour pressure (Pa)
H,
adsorotlon C Ath
; p ‘ 3rd

B ’fx"’?// . // ) 2nd
%&\ éesééesééss?" ‘" V) _1st | Hole-trap ability

Anatase TiO, surface is enhanced!!
(P <100 Pa)

*0.01 Pa ~ 100 Pa: 1st-layer adsorption (A)

=10 Pa ~ 1000 Pa: 2nd-layer condensation (B)
= 1000 Pa ~ : Multilayer condensation (C)



Difference spectra (100Pa-0.01Pa): Spherical vs Faceted 17/23

Hole trapping ability oH | I - 3T
. 4 I J J | ~ 3600 T T T T H
> =
= —A— Nacalai 5
S 5| —o- ST-01 5 3400F o .
£ °| B-DAP £ Q-0 -
<|>3 ) § 3200 < 9 -
_g g Roo .
E 1¢——e= B oB—0- oo @& k 3000 1 1 1 1 4
~ b ; 26 28 30 32 34 36
0.01 0.1 1 10 100 i
Water vapour pressure (Pa) SUE’P 3500 Wavenumber (cm ')
/cm
- < Unique features of spherical nanoparticle > ~N

*Hydrogen-bonded OH stretching band is remarkably red-shifted

" Free-OH stretching band around 3700 cm™ is depleted.
L J

Significant red shift of free-OH upon strong H-bond formation !!

<correlati0n> Enhancement of hole-trap ability



Water adsorption induced red-shift: Spherical 19/23

1.0 OH STRETCHING Spherical |
= H-BONDED | FREE |
' 08 . 1
d -
- 0.6 Il
N ‘
.t_é o I " +H,0 H-Bonded =
s 0.2 ' 23 4 2 2134
< 20 3000 3500

‘ INavenumber (cm™)

1500 2000 2500 3000 3500
Wavenumber /cm

AO (before H,0
adsorption)

Al (after H,0 OLi'T-e-a-rO
adsorption) ]orond

Extremely strong hydrogen bond = Slgnlflcantly red-shifted OH (~3000 cm-?)



Water-assisted hole trapping at Ti,,,.-OH: Spherical 21/23

Strong HB (Significantly red-shifted OH (~3000 cm™))

1’ = No hole trapping

( 2’, 3, 4’ - Enhanced hole trapping)

(H,0)
30, orbital
h+
6_

Q /H + H,0 Q )

O R O orbital

l -0.2 eV Ib

Tl stabilization T h*

[ OH---OH, hydrogen bond ]

Hydrogen donating OH is
negatively electrified due to
electron transfer from OH, to OH.

Negatively electrified OH

=

attracts positive hole |
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No water adsorption induced red-shift: Faceted 20/23

Hydroxylated surface
of anatase (001).

1.78 ¥

Additional adsorption of water molecule

o _. Free OH
bended O-:i O bond /1, vibration

Not so strong
Hyvdrogen bond

_1.78 2.03

1500

2000 2500 3080
Wavenumber .f’-‘.:m_1

Spectral conversion from ~3700 cm™?
to ~3000 cm does not occur !




