(1-4)

(phonon)
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(5)

(6)

(infrared absorption spectroscopy, 1AS)
(surface Raman scattering spectroscopy, SRS)
(sum-frequency generation, SFG)

(v=0) (v=1)

(virtual state)
Stokes



IAS SRS
ﬁwstokes
fio, AN
VWS>
v=1 — v=1
ﬁa)[R NN
v=0 _— v=0
anti-Stokes
N
(substrate) 3N
(physisorption)

(chemisorption)”

SFG
%\f\» 7l geg
N> 1.
Heomms v (IAS)
v=0 (SQS)
(SFG)
CO Pt(111)
Pt (top site)
Pt (bridge site) ( 2)
c(4x2) (unit cell)
(primitive unit cell)
(spacegroup)  pmm (c.)
(stegroup) C,
CO/Pt(111)
© (Si) (Ge)
(100) ( 2 (C S Ge
H (2x1)
diperiodic space group®
plim Wyckoff
m(CJ) (100)
p4mm
plim
(112) ( 2
(111) p3mil
p3ml Wyckoff
3m(C,)
( )
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Pt(111)-c(4X2):CO

2.(a) CO Pt(111)
c(4 % 2)

a a
( X=C S Ge¢

Pt CcO Pt(111)
CO
CcO CO
(collective)
C, 1 A E
CO CO (stretching)
E frustrated rotation
trandlation ( 3 X(100) — 2 x

1 H( X=C S Ge¢

4
(symmetric stretching mode, S)
(symmetric bending mode, B,)
(anti-symmetric stretching mode, S)
(anti-symmetric bending mode, B,) y
(symmetric y mode, B) y  (rotational y mode,
B) X(111) -1x1 H(X=C S Ge

(stretching mode) (bending mode)

(selection rule)
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X(100)-2X1:H

(unit vector)

X(111)-1X1:H
CO Pt
(b) X(100) —2x 1 H( X=C S Ge
Xi X X
() X(111) -1 x 1 H
(three-layer model)
[©)] 5
& &
&
d &
5
Fresnel
(
)
(single pass)
6 Michelson
Michelson



3.
Pt(111) — c(4 x 2) CO

CcO
(v) CO
(v,) frustrated
translation (V)

frustrated rotation
(V)

4.
X(100) -2x1 H

(S

(By)

(S)

(B) y (B)
y (B)

5. (transmission) (external reflection)
(total internal reflection)
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w1 W2

B wa

% Turbo pump

IR radiation
6. LN-cooled
IR detector
7 CH (transition dipole)
CH (111)
(109 >
1x1)
(absorbance) 10° ( )
(polarizer) s p (s Fresnel @ s p
p
)
(polarized infrared absorption spectroscopy) E' cosf —.es/e, —Sin? 6,
== —— @
E.  coso, +\/£S/e\, —sin®6,
5 1 I
C(111)-1x1:H
4
% .
% 38 E, &sC0S6, /e, —+€s/€, —SIN* 6, @
[4}] = —=
g . " E, £.0080, /g, +4/€s/6, —SIN?6,
8
2 i '
< E, s E. s
E. P E, p
0 6
| | | |
3000 2950 2900 2850 2800 2750
Wave number (cm-1) leg| lev]= 1
7.CH (112)
s
(1x1)

50 91.2



2 [
— /5 sece, |
16 - — [&/E]
--------- e2/€l '
R
0.8 —
0.4 |~
0 10 20 30 40 50 60 70 80 90
Angle (degree)
8. 3 (um) |E/E]
i i i2
E/E| [E/E] |E/E)| sech

E=E(l+r)= E;[

2c0s6.

35

30

25

i 20

15

10

cos6, +\/£S/ev —sin®6, ] &

les|>>ley| E.=0
S 180°
s
p
(Ez) (Ep)
E; = E, cos6,(1-r,) (4)
. 2c0s0,4/es/e, —SIN® B,
* e cosO /g, + \/83/8\, —sin®6,
E, p les|>> ey |
E,=0
E, =E,sing,(1+r,) ©)
_E 2sin@ cosb.es/ e,

? & cos@i/ev +\/85/8\, —sin’ 6,

E, ~2E,sn6, 8

um) [E/E|] [E/E|] [E/E]
6, = 80°
E; /E)|
seco,
AR« (E;/E}) sing, (6)
8
p
CcO Pt(111)
12
(transient absorption)
(13)
( 9

(ny)
(ny) 5
n =./€ n, =&,
(6, =6, =§n’1(M))
( )

cosf, =i /ésin2 0 -1 (7)
&y
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i Pt-CO c-0
3
g
<
440 260 280 2080 2100 2120 2140
Wave number (cm™)
0. CO Pt(111)
pPt-CO C-O
k, = k,cos6,
(evanescent wave)
4 N
I(,=(—«/.sssin29i —ev) (8)
Ao
6 =6,
10 Si(111)
(14) A
(terrace) SIH (111)
90
(C. C, C By SiH;

(induced dipole moment)
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H/Si(111)9° < 112> Cs T<111> <ii2>
T=85K | H H He
A =103 e
I PER Ha 1t
w | 1 REFLECTION
= Cy —>p+—0.1 cm’*
2l LT
8 | IR IR
@ out ,,..-,—‘i, N
< s e
x1 p-polarization
I Przaac 5
| x5
B‘J_ 1 1 ] 1 ! 1 1
2060 2090 2120 2150 2180
FREQUENCY (cm™)
10. Si(111)
p=o-E (9)
o (molecular polarizability)

E=E,coqm) =21V,

O = 0ty + 0ty COS(11) (10)
w, = 21V,
L= &, - E,[1+ cos(m,t)] cos(w,t) (12

=0, - E, cos(m,t) + %&0 -E, cod (@, + @,)t]

+%5z0 -E, cod (@, — w,)t]

Rayleigh anti-Stokes
Stokes
lp=p-P-(00/0Q)Q (12
P P



— |&/8l
--------- les/Ef
12 — . |1_:S/E"s|2 -]
0.8 — —
0.4 — —
0 T —
0 10 20 30 40 50 60 70 80 90
Angle (degree)
11, 05  um) [E/E[
E/E[  [E/E[
00/0Q (differential
Raman scattering cross section) Q
(solid angle)
250
1
10 10
2.
(desorption)
(electromagnetic
resonance effect)
(surface-enhanced Raman
scattering, SERS)
3.

(resonance Raman scattering)
4.
(photon-counting detectors)
(charge-coupled camera)

90° 11

E /6|

E/E[" [E/E

60° p

12)*

E =(E+E)z+(E+E)y
=E.sin6,(1+r,)z— E, cos6,(1+T,)y

d r E.
0.

(E)?=EfL+r,[

E,= (ch - ErZ)Z+ (Eci, - Ery)y
=E,sinf,(-1+r,)z+ E, cos6.(1-r,)y

(En )2 = Eez|1_ rp|2

Eun= Ee(1+ rs)x

(Em)2 = Ee2|1+ rs|2

(E) 6 9
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(13)

(14)

(15

(16)

(17)

(18)
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12.

60°

p 13 @
14
@ 514.5 nm
(laser-line filter)
(plasma emission lines)

(half-wave plate)

13.
60°
60°

-
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(long-pass filter)
Rayleigh
CCD CCD

CCD
CCD




Raman signal (a.u.)

Ar-ion laser

LF =
LN, cooled =
CCD camera i
A2 =
CL< longauge 14.
fal
Monochromator LWF = = Leak valve
%}:@:ﬂ:ﬂ}><[m O le]"m LE
<= . p
Raman collection
To turbo pump 22 CL
lon gun LWF
15 Ge(111)
GeH e (surface plasmon)
16  GeH (SER9)“**
00
1. SERS (
GeH )
2. (10 100 nm)
3. (long-ranged)
4,
12 (nonresonant Raman scattering)
: \ | \ |
H/Ge(111)-(1X1)
L (@) led onl B
10 = Tour = 500K (:) :;Sﬁ:rid 7:r¥nea[ed 5.
Hy exposure = 3000 L
0.8 6. (depolarized)
0.6 7.
0.4 )
8. (selectionrule)
02 9.
UK. . '."‘,{_:
_0 5 i ‘ ‘ | © ‘ °° lo. SERS
1850 1900 1950 2000 2050 2100
Frequency (cm™)
15.
Ge(111) GeH

1/50
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Intensity

1.2

| Ge(111)-1x1:H
1.0 |-

i . o ]
L / i

0.8 y N

0.6 ‘ 7 e \.‘ i

0.4

02% el

00— . s :
-0 60 30 0O 30 60 90

Polarization Angle, 6 (degree)
16. GeH
00

_ &(w)-¢ r°E

B &g (w,)+2¢, (19)

L

& &
r E,
Ree(w) = 2¢,

G:|: gl(wL)_gz T|: 81(605)—82 :|( lo )12 (20)
(@ )+2¢, || &(ws)+2¢, |\ r+d

ws  Stokes d
(Reg, = 2¢,)
G (Img)”
G d
(long-ranged)
G
o' 10" 10°
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(charge transfer states)

17
(Fermi level)
(©
(b)
10
100
18 rhodamine 6G
(20)
(21-23)
1 Evac
) LUMO &
(c)
=
o = (@)
&
b
NP rowo
Metal Adsorbate
17. E,
(Fermi level)



(induced polarization)
( P = %(l)E + X(Z)EZ)

PYUQ =+ )=
17(Q; o, ) E(w) E(w) 2’
(2nd rank
tensor)
(iks =nk, +7k,)
(phase matching)

(center symmetry)
(2)

X
(electric dipole)
Z(Z)
19
Maxwell
81°Q% sec? B(Q
Q) =— € _ (21)
C’lev(Q)ey (m,)ey (@,)]
x |e(Q)- 72 e(,)e(@,)] (@)1 (@,)
2 e(Q)
o) €m)
2 o o Q
(2
Xs
(2) _ ,,(2 Al 22
xs ZS'NR+2q‘w—a)q+in (22)
X o A o T, q

Single R6G/Ag nanoparticle
)
s
©
c
2
2]
C
©
E
©
o
| | | | | | | |
1800 1600 1400 1200 1000
Raman shift (cm™)
18. rhodamine 6G
(Dq
7
s
s
xs
xs
anti-Stokes A,
(transition dipole, du/dQ) (dynamic
polarizability, der/0Q) u o
Q

(infrared- and Raman-active)

20
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19.

) (
Fresnel )
( )
( CCD )
Z(SZ) 10_15 esu
(1 e S) 100 (10_4 ‘])
10°
10°
(optical
parametric effect)
(24)
1.
(21)
0) 87°Q% sec’ 6(Q) (23)

" e Qe (@) e (@]

P (wl) P (wz) 2.
XW Q) 2 e(w,)e(w,)

2
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Tp Rrep
As  Py(w)
(PAV/ Rq))
(25)
(
(soft matters
2.
xs
(Ar 10 Ay
(/’LS:G /lws)



20.

(Ts)
(Tus)

Ts= / Tvis

(gated integrator)

(Normalization)
(< 100 Hz)
(= 5%)
(> 10%)

2

Xs

(2)
Xs

P Al2

2

Xs

(covaent solids)
(surface reconstruction)

()

21 Si(111)

(26)
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] =0°
A H/Si(111) 9° (5ps) 4
DIHYDRIDE STEPS y=90°
: CH,
’i N Dréd::z Step CH2
2 2 PVA
5 | 23
n
O
LL
(99} X
2000 2100 2120 2140 2160
Vig (€m ™)
21. ¢ 1
Si(111) (= 0.01 cm™)
(10
C ( 0.01 cm)
3
( )
10F ssp Visible SFG
(27) ~ I
@N
22
PVA (polyvinyl acohol)
(P s ppp) @ K
(sps) s =
P s
y 0 A
(2882 2907 2750 2800 2850 2900 2950 3000
2940 cm’) CH Wave number (cm™)
CH, 22, PVA (polyvinyl alcohol)
CH, (ssp) (ssp sps
(sps) CH,
CH,
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(= 10" 9)
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