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Optical second harmonic generation and sum frequency
generation from a lack of centrosymmetry in solids

Goro Mizutani "

Optical second harmonic generation (SHG) and sum frequency generation (SFG) are
second-order nonlinear optical responses of matter. When two intense light pulses with
photon energies hw1 and hwz enter a solid, a new light pulses with photon energy hwithw:
can be generated. This phenomenon is called SHG when w1=w2, and SFG when w17 wo2.
Within the electric dipole approximation, SHG and SFG have a unique property of being
allowed for media without spatial inversion symmetry. In this paper, I describe examples of
analyses of a photocatalyst material titanium dioxide (TiOs2), metal nanowire arrays,
hydrogen-terminated Si(111) surfaces, and chiral biomaterials, by SHG/SFG spectroscopic
or microscopic observation. I will pay special attention to a viewpoint of inversion symmetry
breaking causing SHG or SFG in each material.
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Fig. 1 Schematic illustration of SHG phenomenon. An electric field is assumed to produce a polarization with a sinusoidal
temporal shape in a centrosymmetric particle. If the particle is crushed into an asymmetric shape, the polarization in
the particle is deformed in a similar way. Then the polarization wave can be separated into ® and 2w sinusoidal
components.

Fig. 1 O ORI E T a LT Y, ZOR 1% BEN oD BRI 2L U2 Ky, B 7 O 5 K oD
EETHDETH. b LIZORTFBRO TEEDORRIZ ETIERFRICOSIND ET5 L, KTOoBOIRE G KO T BRI
RULTEE S IC EFHERNFRCAR D, RO A —T7% 7 — ) TR0 T 5 LoD ORSIICMZ T, 20Dy
DT b, (il b, ZOSBORERAE FHT 2121%, oy M iR/NOBEIZIT 2053 1FADEE & > T
BEROSBOEEBAOFANTHRIE, oy BEKROBEMIZIE, 20083 X ORADEL & > TEFFOSMROHE 2 31T
BIZ LTI SR0WNETHD. ZIADNEOMHHEOHIIZ LD SHG OFHAD 1 DOBFEOHTTH 5.

SHG & SFG 3HSMmMIIIME DO —IROIFRERFIGE TR END. WHEOFIZH T =XV F—ho, & hwo, D 2 KD
B — LN Ao T2, %h%ﬁxﬁ— TRV E, TIROIERRIE S i

BP, ., = €¥®:Ey,E,, (1)
CEY, BTFZINAF—h(w+w) DH LR E— LR EET L2 LRDHS. ZREALOFES L LCE,, =
E)wl'oe‘i“’itkﬁwz = E)wz'oe_i“’zt ERAT D LN EMPRe DN W42 Z L2785 Z & Thnd., w, = w,DFf, Z
DEL % SHG LI, w0, # w, D% SFG LIRS, AR T, SHG OO NF T RAF—FB LW SFG O—JF D)
EE—LDN T F—IIaHETH D0, SFG D5 D v — LD T R L F—I 5 RSB 2 R/ TH
%. OROELOYD L 2 ROIMIUEZ RO 3PET VLT, %&ﬁ%%w/m—ﬁ%wg& L CHEE OREXE LS dhols
(MR SFERN B D H/ AT Er L e D, FAROMHEEIIEY =Y BRURZE VO SHEOT Y VB o T b,
SFEY Y OfRITSE L DOEITHN LY SHG ETH L. K, SHG b SFG b EAMERET % B O 12 221
ICERRIFRE DN B 5 &, BRI Il OEFAN TR & 72 5.

DROT Y VOERZRS TET L

Ptf)il—wzl gozjk XyZXL]kEwUE @
L%, 2T 2ROIERIGIE wjzéz\xfzk) bAFHEIC BT SRS 5. I x il & AT % BEE R LT
BHOBEIZERAFERSH D L, WLk IS x 2B EETEZRES T e 2 5.

ST, 2O0HIOEET, ZhDOBRRENEZIB L O TR MO Ll 7=, ZI T, BXME LT
BRWEELVWIDIFEINWIETHA I N2 ik SHG O VI E T+ 2 EEIC AR 5D THAT S, Bkt
WEIAAINFIET 5 & &, BN S b EHIE

E(R0) = — Lo [OTCO g (¢ = ¢~ 5 R = |7 = 7|, S O, T3 iOBRERS)  (3)
EERENDND, T »> &L, lTrP@R%* PR, ThbbSEMEMNT S E, BREET
?Tzfcond‘l'%(ﬁ_v)'a"'zvxn/["' ) 4)
L7 D T2 Coona FEVEEREE, PIIBELKWGFHE, QIXEKNEHLFHE, MIIMIIEFHEETHS. @R
DALE 3 FICHN S EL I E Q115 2 IE THARD E/NEND, ZEE SRR D B 2 BT B8O TR E RO 112
L% SHG, SFG OEENEEIC LMFEEETHERH BN D720 D T, 2Ly OEKIUEM7-0 % R & 3% SHG, SFG
FIRREOREILARDZZENRHD, RIFREL 72D, 2HITEORIZRT.
WAL D "I AHEHE K LT
P = goXWE + eo7@:EE + £,7® : EEE --- (5)
LIRBITX B2, G)RALE HN ROEBEOHTH D, Z 2 TY™II n ROFRIBRZRT > V)V T n+l BEDORESY
ZHo, RIGERZ TELRMG O FIIIERDITNRIGE b E TS 92, ZI@XOE 3 TH & BFMICFSE
WD ZENTELDOT, ZZTEHbARW. WX THODOE 2HOIERTHIARIGE L 5 3HELU T 2 EHET 5 D NER
MG TH S, DF Y BELINE L ORIZ SHG,SFG %595 DIXG)ROLINEHE “THORIZNS, ZORED T
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TRE ORI D2 R NS M 2 Fr o3 A1, M2 SHG, SFG 328l & 72 5.
F D% “IHPD = g0 @: EEVXIEIR D & 2 EREIE O 1% 8) ek,
= & 92F 1 92P®@
VE-GorTa an ©

DWIRE 725, ZIUE— O FIBF OERER R TH Y, @HIOERRFEOFEEZ AN TR THITE 5. AHEHOR
PS5 O 7L b BB~ THT 5 9,

22T, #iii SHG OIMIUEE Ry 2 EHRT 5. b L, FHARPMBOREIC Y T L ORS d, #EFRey,
2 WOFHIUEZ Fx ) DB B D o T8, ZOREOREIFMIVEE FIT, REEM 0% 2 f1R & LT

@) (2)
@ __  xnad @ o Lyl o Xt @ @y (i,j,k=x,y) ()

Xszzz = ¢ alen @) XS2ii = ey XSiiz = o) * Xsiik = Xijk
L% 9. Rl SHG O, KM L TIEZ ORMIIBRE Ryl DA OB E 720, REOFEROFERILL
e LW, T7hbb, i SHG SEOERMEN DL, REFEROBRAMEN 2L TYH, ZOREIFVEZ R LR
WHZELEWTED.

AFETIE, Jefildr k& L CHEA R T bT ¥ > TiO:, &ET/ VA Yo, AKFEKub Lz Si1DER#E, 7V T+
—&FOY T h=T U 7 MIONT SHG/SFG O FIETH Mo 2 WITBIMBIEE L7z o T, Ptz ik & 4
% SHG, SFGJ&&E LTik~R5.

TR EMINDERICEZD. FIZITERIEOSBIKL 772 £ ORZ, RFTENIZZE KRS FER 220 S, B
IR ZE A RE S d AN, BEIE T T T SHG, SFG IEMENRIEMED 2 BT F DM EIO Y 4 IHhk L2k
O ELLETHEEYE, BEU T THOHNIEREETH D, KRS EIIEM MO T OEE OS5 OE a2 by L
T2bOEERE L TRETHOT, WEUTOY A XOEBEMAIT-ThiE, 7-& 2 FKE ETIROERE BB FHEAE L
TV THMRF 2R TS TNITERIC R > TLEY, Z2I0bDEI~DOHIIIEr L2 5.

SFG MR 72 22 IR FENR 7 W EE 2 & DIV Tlt, ZOBE DX FIREIT— RO 5 b7~ L EMERE— N &R
SMEME2RE — RO OPhER N 9, 7~ ARMERENE— N & RINEMERIREIT— ORI BRSNS, ZoFEF
W T RRE R EITHE L CTHIHREME T LEBAICLHTUTES. LiL, 5.1 @GRS X 51T, SFG A7 kL
T AN MV, RIAMEILA R NV RIR D AT MATEIREFETL50T, AR GIXIND 2T TEHM L TR
DIFHEF ST Z ENREE L.

Fig. 213254 O A MW - B2 EBRELE 274, Fig. 2(a)iZ SHG —i5HAl, 2(b)id SHG BAMMBIZE, 2(c)id SFG — iR,
2d) T E e Elo SFG BAMEIZS, 2(e)iZ L ST AR BEMEB AR ORE TH 5. SHG —SFHAIOYEE L LTiX
Q AA vF NAYAG L —HP—(CL AR 3 ne)BLUOVIT A MU v 7 %K, £— Fo v 2o NEYAG L—¥—(C49L
ZERNE 30 ps) & V2. SHG BEMEED IR E LTE, T—Fe vy 7O NAYAG L—Y—F 3T 774 v L—H¥—
(UL R IERIE 120 fo) & 2. SFG — fEHAIR L OBEMERBIZE O & L TiE, T— R v 2 O NdYAG L—¥F—& ¥
RTANY w7 RAEZEIERRE 2. 8T 2 MY o ZRIEERRONNT A N v 7 B AEREIERIIRESE I NOR EE
FELTHIEDOZTHMBE S THS. 1990 £ ITHFEIE 3 ns OHPENTIHE TTICAD LT HOTWED, ERIELE
SR BATHERE 372 0 DN FBEENR KX VIEERND T, 3 ns BRIED L —%— TIInE 25 < BRIEFRIAIERF IR %
S Liz. 20004ELIFEX, WEENE 30 ps, 120 fs DFEEMRTIZAD X 512720, JEEDIRL oo TG RFHHIA I /e o 72,
FT T SHG & SFG — SEHU T et & B THEE IR v 7 A0 —Fines% o1 TITW, SHG BfE L O SFG
BMBIETIIA LTy 77 AT 2%® CCD W AT 5. B FE - SR BEasesE cIx, — SRR AR
D THEFHEEE -, Fig. 2(d) TITFEGICRIEREBMEEZ VT b, Fig. 2(d) & (e)DEEEZTIE, BfED LA
o> 7 N —FTOMAFINR . 22k, KXPTREOFRIE, AFHERFEO kX7 MLEETe & PATRmEE P
WY, B|EZRMEEEZ SHEXETDH. SHG FHAZR W TR, ASHEE & HEHRE DA S i Xin/Yout(X,Y=P or S)»
L OIZFTRT B, AR SFG NIV TIXFHIE & 22V BR Y ASE, SFG EOREITE T PHIHRETHS.

SHG/SFG BiMEE D 2245 fiftelx, SHG/SFG I EICB T AEIHRATHS. /bbb,

_0.61 X Aspg/sra
NA

Lip%. 2T AIINRRE, Ashe/seelE: SHG £7213 SFG D, NAIFEIER OB 0% (Numerical aperture) T 5. A
FOEBRTIINANWARENREZANTEY diZd 7700 h oI 0fETH 5.

PNV A =P —THERFRE Z LT 5 & F IR I OBEOREN AT 2. AKEHREREOREHEEOBIES,
SHG 3= SFG StoBMITRERIMEIE, L —V— UL X ORIE & 3t OMMIIAE L, %E OBIEO G MERTHiE SHG
YeE721% SFG ENERTHEMB AL 725, L—F R X 2HBEIL, BAmEYS7-0 OEE 1 7OV 2D TS L
TRV F—ERRZNIERZ VLT VO T, UL ZAOR MBS EOE EHRERMES B3 SHG - SFG #Hllcid
FlE 22D, WEIOBER DL BIHEE N T & DL e 0 BREKEETRER S DO T, “ROIERENRITI/N. L
S TRHII LD STz SHG « SFG 7T Ak & & bIcii 2 2 58101F, REERROBEEZRE>. =0
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BB A2 BT 2 & BICAX DHENBEEIND T EREL, £ T2 TH SEM R ETHENRAZ A2HEG08HY, %
IO BNERERZE B TH D . AR THWIEZREO 55, TiO:® SHG [FHFE 3 ns @ L —H#F— L 2 0.2-1.0md F2J
ZEAL 1mm ORREICEN L CTHoFRITE 2. BENRBE L L0 ETRENEL R o708, ZHIFBRFE K T
TIMBEEZON, BET =—LTHLETTHIENENoT-. BRT/ UA YRBHIERIE 30 ps, 7ULRAT RV
F—Etud OL—F— UL 2% ImmofEEICEN U THBILZn, HERBSZ2LBHTT / V4 voan#zor.
H-Si 3Bt SFG 1 AE TIZARIDE 100ud £, 2.33eV DY61E 10pd & 1mmofREEITHE L2, 18511 2.33eV D)
WE-oTEICKEZY, ZOBEAETRBEREICAWVBEANELT. 7/ U040 Si REPEELTLES LETLRATRET
B A LT, A R EFDOIRIL, BAu—R, 7EORITARTITREOHEIIF L <, SHG £721% SFG
DEFICHRERH BN E I DEL->T, BEOCHEDHW & L.

H O 1 ODOFHMOMEERFE LCERTMEREDOBEEN DD, ZOHRIT = b MNP L—F—ZfhEt s LTHY
T SHG BAMGHAZ1T ) & X2 ICHHE T, 2NTERICL Y SHG WEOEITERE R A7 FAORNENER DL T
b5, ThERINTHIZIE, SHGEE® 400 nm £ Y BEWIEE® 436 nm TEEME 28, SHG &I[E CMEfTzy 7
WO HNDT —HIIRNT D, ST BRI REE 15 & SHG LV bHFICTHRDDT, TOERMET
A Lk L.

SHG/SFG I TIZ NSV AL —HF—5FHNEDT, Ry F&Fu—TELMLEDES &, FESMAIENRTE S, I
MR L — Y — UL ZDOIFMIECTH 5. It Ol % A 2 7222 5120%, BIREXORKEEAT A RAT—Y
R ClET A 2 OO MHIEIC OV T, AT Ti02(110) & H-Si(111) D &7 — A 2OV T B filid 5.

i A
"“m"‘ | | orsroea o
A—HH—,
Wz /
N p
% mwwne

Lens on X-Y stage CaFylens  Band pass filier
s 2 o
on X-¥ stage  ($32nm)

Beam splitter  ND filters Optical Q-switched

Parametic M o5 vaqro o
H— oilator Ne:YAG laser

Polarizers
N 2e-cut filter

Delay line
Retro Reflector.  Visible light (532nm)
i XV stage
e controller —h
E (Shot602)
= =
\ . 8 1N Switching
\\ i ra ] Mirror .
?’\Q — P ILCCD  Long distance /‘
- Camerd  MICTOSCOPE  vrisible light cut filter

&0
V4

volaizer ¥ o N

Halt wave Plate

UV chamber (~5 3 10-#Pa)

Fig. 2 Nonlinear optical measurement setups used in this study (a) SHG spectroscopy system using optical parametric
oscillator and Q-switched Nd:YAG laser (pulse width 3 ns)”). (b) SHG microscopy system using a mode-locked
Ti:Al203 laser (pulse width 120 fs)?). (c) SFG spectroscopy system?. (d) Ultra-high vacuum SFG microscope system'?),
and (e) Con-focal SFG microscope system'"). For (c), (d), and (e), the light source was an optical parametric
generator and amplifier excited by mode-locked Nd:YAG laser (pulse width 30 ps). (Reproduced from Ref. 7-11)

2. SHG IZ&AIcattEst B ILFILE —BIE F42> Tio, DZEIRED R

T T Z 2 TiO2 1IARZL - RIS R THAT 22 o TOUETEME 2 & O EFCH 2 12, BRI LT, o REHC X
D ZOMEBIIEEEEZ SO X D2, KINR EOAEBMEIE ML TREZ AW LY, KT 2oL TR
FHAALRBAAZMIE LT T 2R THD. Flea—T 4 7MWz TiOz 13 UV EREHZ &L v, BUKMEIZZ2-> T
BN FEA T ADRE DL bV 2B SHHEBFES. Zhb0BRIT TiO: RETE Z > TV DX TROEN, £ 0HAkE
BICOWTITFHERD Y, 26T Lo IR ENTWD LITE AR, SHG kT TiO: DR O FE A & Bk
TLHOT, BRI POLREOE SN EZRROND T ERHFTE S, R 27T, KRG A D
TORETH-> THFHIDRFREZR DT, HEFoIIER E TR LWEREAE THEHIATE 5. ZOHAHREK
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o A ITREE I HUDKIRRIED 8 2 O T SHG 2561 T 5. TiO2 & 7L 7 s 1 s Ot B2 6 5 D T, B MET-IT
T SHG &% ThH 5. > THPHEOIRHFH 20 2 B LT TH, tFEORIN TV 2 TiO: DR B 721 D
FHUNERE L AT 5. AR TOREIXFROEHREICEN S L S 7o, EMEREICEREZE .

TiO2 1X 3 2OFERMBOLTF IV, TFH & —¥, TAhA NEFFOR, EHELITET, TOPRPTRRFETCFLERNT
WRNZDOWT, BRENDZEONF AT —F2E 210 & B OFHIOx G L Lz . TiO(110)HIZMHE T =—/L &
HF = v 5 7W8f%, BEERIZANT, L2 L TETHREPI Y — VPR DIEERERRE /2O T, Zhaile e
LZERP ORI E Lz, 74 —BREERIC OV TS SHG #HllZ LW A3 Z 1T SCHRICHE S 191919, Fig. 3 1
BRA 2L F AT TIO(110)E DR FALE 27T, BRI L —DREWEKIIMBEFRF2EKL, /DNEOVEWERT T F+
EFRT. 2Ty ERLTHE T FTFEa bt LTHE T L—0BERTIT Ti-O-Ti-O-0 P /7 #aE->TWT, &
D OREE T 22 B RS FRE RN 20, FidEwmE EE Y 45 &, TiO(110)0%E O SHG IEEILZ @ Ti-O-Ti-0-0 2 74 7
BEHOBLDEEEZ B L EHHATES D,

O Oxygen
3:[110]

@ T
2:0110] o

1:(001] B

LA
Fig. 3 Model of the atomic arrangement of a clean TiO2(110) surface. Bridging oxygen atoms (a-O) and titanium atoms
below them (y -Ti) form Ti—-O-Ti—O- zigzag chains. The bulk TiOz is distributed below this structure. (Reproduced
from Ref. 7)

(110) (001)

Pin/Pout Pin/Sout Sin/Pout Sin/Sout Pin/Pout Pin/Sout Sin/Pout Sin/Sout

a b c d a FPn [/ () d’
hw=4.66 ¢V .3:".@“::"® &‘:® g;@ g ' g f 1 } 1.X] * ] Q‘ ok '.’

5
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e
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]
=

e i

A‘ ’ e
B | om i
2hw=4,00 eV -:: :r:":_-- ";,'. 4 Q * L\:"- - Q?\a .
- » . a® *
-t - ‘l-
i ] k 1 e i k! 1’
TR e o=,
Mw=3.65 eV .:. " “: '." } i } A .i — - - . - 4 -
S - PR
m n 0 " m’ n o 51
e o™ ]
‘i, . - . . .
s saey LY, () w—,. (% {0 — B e
e o
..

Fig. 4 SHG intensity patterns from a TiO2(110) face (a-p) and a TiO2(001) face (a’-p’) as a function of the sample rotation
angle ¢ around their surface normal. The incident angle of excitation is 45-. The input and the output polarizations are
shown at the top. The SHG intensity is plotted in the radial direction. The scale maximum of the intensity is shown in
an arbitrary unit to the right of each pattern, and the patterns for the same SHG photon energy are drawn in a common
unit. The zero degree corresponds to the configuration when the plane of incidence includes the (a-p) [001] and (a’-p’)
[100] directions on the sample. The lower-case letters from a to e in circles indicate the configurations for the
spectroscopic measurements in Fig. 6. (Reproduced from Ref. 7)

Fig. 4(a)-(p)i% TiO2(110) M IZ ASH £ 450 TL—H— L 2% A LIES S HICE#E L TL % SHG a8 L3RR s
AE A REEGE VISR TH DS EREEIT Fig. 2@)TH D). A 0° 1T AKE (ARG E KGOk~
MABEDE) 12 Ti-O-Ti-O- R EENI2E L EF L, SHG XM IIEE I ey h Lz, —F EOBEROFIEY
DA DDNRE =34 OO ANHIHBFHREEOMAEGDRICHTHT—F Thd. L TFHMO 4O NNIRZR D A
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SHG HF =X —Zxitd 5.

SHG/ % — > O EMERERE D 7= $(ZFig. 4(a)iciE B9 5. Fig. 4(a)TIiX0°L 180°CTSHGA 1 < 90° & 270° TIHFEFITHIU .
FOLAN0°E 180° DK & X AS T ATi-O-Ti-O-#H 2 EA TWVWH EXTH Y, Pin/PoutDff Mt ClE AR ELF L SHGEY; O
WARER CENTIRE LT\ D, 2h0=4.66eVDRFIIZI AR T D 2 ENTIOD /N R¥ ¥ v 7 (2307 Offi33.05 eV)
;U+ TREVWZRLF—TH Y, TORNTEEROMMRETHAMEHIIREBEO LAWRRE, PTRRES LT

B9 S RERIIIEEARETHS. TAbLBBENIS I L, Ti-O-Ti-O-#H DO+ 7 S TR FDHIEICEFS
%J%‘?F%L'Cb\ L IO A—VIEEFHEEICEVELWZ ERnbD.

ijk of
110} Pin/Pout | Pin/Sout | Sin/Pout | Sin/Sout

a
X siji

13 0 0

1.392 0221

1.953 0.345

W ool

2.269 0.004 1.043 0.002

" 8 :x oo | 5€

2277 0.004 2.002 0.003

333 o 0 [1]
51.165

Fig. 5 SHG intensity patterns obtained by theoretical calculation for surface nonlinear susceptibility elements Xéi)].k(IIO)

separately. The maximum intensity in each pattern is shown below the pattern. The intensities are in arbitrary, but
common, units. The suffices i, j, and k of the surface nonlinear susceptibility )(;Zi}k(llo) refer to the axis frame defined

in Fig. 3. (Reproduced from Ref. 7)

Fig. 4 @ Pin/Pout DA DIEAIMAEDEE LD L NANAREE LTS, ZOZ L E2BRT 27012, BRMmMNRIE
ﬁ%mi$®%ﬂ“’ﬂ$¢édﬁﬂ5 V% Fig. 512" LTz, 2 2 CIEMBEZEORTICH S 1,2,3 DETFIE, Fig.3
EINTWD. xRS &){éﬂgﬁk ¥ Fig. 4 Ol Pin/Pout & Pin/Sout ¢ SHG YiRE % — % L <G L
TU‘ZDJI 512f%%. —77, Sin/Pout ® 90° & 270° THV SHG i (2 — 13 Ly & A THBITE 25 ThD. B
SRR IR N S OIS RN E 7 4 T 4 IR T A =2 & U Ti/N 3T SHG X% — U 2 H BT 5.

Fig. 4 Ti, SHG t+=FR/LF—73 4.66 eV TI& 90°, 2700 ® Sin/Pout ® SHG 58FE A3 50 (Fig. 4(c) D% L, 4.00eV
TIEHALA D 0° & 180° THE < (Fig. 4(g)), WeF = RN F—IZ & o CIHMIBEZ RO S DEENEL, TRENORNL
FLAA DRI /2 D SHG AT "LV aE 5252 ERHERIENS.

% ZCFig. 4 DIHPICRR LIZOTHAT a-e £ TOREICONT, AFSEFT R NLF—D %28k &8 C SHG JERE %
FHHEIL7ZDOMN Fig. 6 THD ). FPHEY, FEE CTRRSTANT FARRLNS. AfETlidal e DRIZIEHL, 0
SHERY DT FAX—DENEERTD. a OFBETIILD ENY O R LT 32V DLOTHD. e DELETIE
h D OT IR~ 34 eV L EICRAZS. T2 Ca ke OFLECOXEMAR IS RRT T Ehy P, b
ngrhé.awazaia@m%riﬁ%ilmﬁm AR 20T T RENTEY, e ORLE TIXETIE 3 DI

IR 20T TS BN TWAFiG. 7). Ti-O-Ti-O-#HO T DEA1E 2,3 DA ENCIZH LA 5N TEY, 1 OHMICIEE
B HEZE EEZNL, e ORLET SHG DAY MThbLbBLETFHENDO AT MVOSLH R T RVF—RENho

HEFOHUADREOERTH 722 ENRBESNDS. RBAEZHITE - FREHREICLY SHG A7 ML LE
B/ — B /BTRY, TRLITFERE L —HLTHE D,

&ETC, ZZTSHGHED 1 SDEERFEZSIZOWTIRAS, Fig. 4a’-e'1% TiO2(001) SHG JeiifE &% — > ® SHG
WA= RZNF—RIFETH D, TiOA00DH X AL E R W T, BEOEEINRE L T D Al ﬁ#%é@f ZDkH7
HOFERE L TOERDOHZER; > TS, Pin/Pout IZIEB LTHD L 3.34 eV D 4.00 eV IZ)T T 4 BIRFRD /< —
BRZSD. QODHEHDOKFRMENLEFEIND 2 ROIFBBEZREEZE X T T INb 07— IMBICR 21379 C
4 BB EIE S ARV, 2O A EBEHRO Sy OREIRIE, TiO: O3 7 OBLKMNEBT-OIGETHD L L, R@OE
A ST M OME DML EFFET D LA TE S, ZOMI AV P EHTE TCHTHLBRFEIEFICTHNHLDOTH
B8, K DEIIGAISED SHG | %bofwéﬁ%ﬁﬁm&wtw TRENRIRE IR -T2 EZBND. (E> T
—fRITIE SHG S MEITS T L L REDREDO LA L TWD b Tidkv. BEIC SHG L BELTnWb v 7T
NANEREOHRTH D Z & RIET H120F, EEIRAFAERFEZBET S 7, KREIZRALIOEE L X2 TED
AR 2 BET 2 LRV ETHD 1017,
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a Pin/Pout ¢=00 (2)

k,41001)

w As113

B Electrons are confined in one dimension

S| ogmien
Eg=3.2eV

¢ Pin/Pout =90
K M110]

Electrons are confined in zero dimension.

4 Bames e w Eg:3 AeV

M
) e Sin/Pout =00 (2)

kol B Xs322

L)

SHG Intensity (arb. units)

3 is 4 4.5 5

SHG Photon Energy (2Ai®)

Fig. 6 The reflected SHG intensity as a function of the SHG photon energy 2awf from the rutile TiO2(110) face in air. The
polarization combination and the sample rotation angle for each panel are also indicated in figure 4 using letters from
a to e in circles. The solid curves are guides to the eye. The arrow indicates the band gap of the bulk rutile TiO-.
(Reproduced from Ref. 7)

EBIZ, ®ER TiO(110)D&Iz, A10)HEH SO TNRMAEE ST CTh v b LEEEICBWT SHG tEE1T-o7-.
A Z O 2 F 00115 & [1T0]15 M E Lz, #oich v F LEREIZBWTHA10)T 7 AILZETHL DT, A
EOTEFMHEBERTIZ Y VIA 2L OAT v IR BETDIETTHD. EHLORHIBWTIAT v 7R F
IHBIERENTZ. AT v TOFEEICLY, MBERENTRAT v 7Ty DICEARFTINHHEON NI ETHOT, X
Ty SRS D BEAIRENRINCEIE TE 5 Z L 28 L=, Fig. 4 Tl Sin/Sout DR IEHAE R T EDITNLAIC
BWTH Ti02(110)D SHG %/ A AL-~ULTh 7=, ZHEA10)HE & FATICIEE 9 2 BT L TA10)F m OREE N E
HN T ZIRICD SRR O Z RO 6 TH 5.

MO E BT RAEESITCThy N LERET, AFAEEZIEFIONS LEEREIZBWT, Sin/Sout OfF A
B SHG 285345 &, SHGRHRL RV ZNLD AT ML EIE &= 19, Fig. 7(a)ic TiO2(671),(17 18 Dz >
WTOREREZRT. ZZTIE1E—2& M0z SHG A7 ke, 2AROFEHENEEH W SFG A7 hLaRLTW
. 2ODANT ML T2HADTFUEF—=NE UMEICTAE =271 2N L I cE, BRAEICHIE—2
S LT E 5. 2 2T, Fig. 7@ @7TDAT7 18 DHO AT v = v P& EATZANT, XU Fig. 7(b)D
(13901513 0HDAT v 7Ty P &E ATEAFEIZOWT, Sin-Sout O AH HEHREHAE HE D SHG-SFG A2
MDD, 2.6 eVIZ 2 YIRS, 1.7 eV IC—Jer- BN EE SN 7e. Fig. 7(d),@)ITiX 2D & 12 L TR TiO: O
TR ORI 2R T. 2.6eV O T3S, mEEND 2.6eV LIZHHEWET T v 7 OEDHEM L E 2 b,
(00115 AN AT 27 » 7, [MIIFANC AT AT v 7 ORG TR STz, BERE7Z SET ¥ OEIRIT AT » 7 HiE
Lo END Ti-OH THAH S EHEMEND. 2T v 7 RICIIMBERMR L EET D 2 ERTRENDS. [HOKS
TREZITIESNT OH & HAIZ iR L, OH-I3EFEKMICE Y iAEh, HIIRIORERFR &fEE L TFEm OH Z{E-> T\
L TE L1, —F, —NTFHETRIEENT 1.7eV OHERT, [REHND 1.7eV FO T R X — T BT HENR
—V 87 v 7YEN(DHT) &5 %2 7=. DHT 1% 840 nm OHEEOEBR CTHEEIN TV D REEM ERFENSFEL EBS LD
200, 2.6eV @ SET #{71%, TiO2(15 13 0)? UV FH T D@L RO HMBIEMER B 182 Lo, flBiSMEIcH S LT
WA RREMN S BH. LavL, 1.7eV o DHT ¥ERLIE TiO2(17 18 1) D AFE/ D FMBHEIEAS /NS W19 Z L v e, Sefiljt
IEHEICIEHF Y RELSFERWEHEIND.
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(C) » Shallow electrom trap (SET) states _
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(a) b)

Terrace-forbidden step-allowed™ “Terrace-forbidden step-allowed™
- S in-S ont Rey=12 hos | =3 S in-S out
= A(671) 21TV s » (1390) . . .,
. 17181) X8 22 (1513 0) . - [oor]
5 1 . 1z . . [111)
z : \ 1E ‘”\ ® o)
; 1 _'l == -
% = \ " t <% step bunches / [001] step bunches // [111]
oy Y. OO
e : SET states 1  Conduction band
3w "‘:‘65’ -9 :: | SinSout -
> (17181) X11 -, iz "1 ap L Enasre 2P Eowml7o
E B - B asw g
B Fesy -hog Fm; iz | g [t £ [t
:é F =] sesev 66V - HT 152 g\
S X .
. i s n e, r EYLT S RN Valence band
YT MM A8 A3 as
) SHG er SFG photon energy i ™= hevg (V) Local densiry of states Local densiry of states

E;HG or SFG photon rntrg\ iu,,‘-}'mu le\ ]
Fundamental photon energy heo; = Revgy = Revy (6\) [ 045 ¢V « Egpuppgw « 095 8V | I 126V <« Epyg« 176V ]

(d) (e)

Fig. 7 SHG and SFG spectra of (a) TiO2(6 7 1) and (17 18 1) for S in-S out and (b) TiO2(13 9 0) and (15 13 0) for S in-S out
polarization combination. Incident angles of fundamental beams were set to ~2°. Directions of the incident planes
are set so that the process is terrace forbidden and step allowed. (c) Spatial distribution of the trap states on TiO2
(110). (d), (e) Local density of states (LDOS) expected for the step bunches // [001] and // [011], respectively. The
dashed lines in (d) and (e) indicate the Fermi level (EF). (Reproduced from Ref. 18)

¥, EH 51X TIO15 15 DEIZHWT 3.49 eV DN L 2 &R & LTHW SHG 3HillZ 7 e —7 & L72, Pump
& Probe L CTHMPERMELZFHIL, AT v 7 LOWENIZIIT DB XRIBLEETOHHRORMZ(IZEET 55 R A 157 20,

3. &EBF/74YD SHG [H&

3.1 SDF /744X D SHG HE

TAHES T b D A Z~T U T T T T H BN Z2 M RSB AL TV 2 O ThIUE, SHG DR
%?“C‘Z‘—SZD ZZTFig. 8 ("9 L 97, NaCl D= F F L v VlE TE-727 72y Ml EIC&Z A TN S EREK
HLTHRIELEZT ) UA YO SHG IEEIZHOWTiR~%. Eid Fig. 8 (b),(c)» TEM %% /5 L, (b)TiE7 7t~ MMl
BLEERERICOMLTEY, 7T/ UL T EIES AR, () THBEETIZARWVDE, &E0OENRORN-TFH ) U4 FIRIZ
RoTWAHZ ENRDbNS., ZRHDREHTHOWT, 2 Hid TiO: LR U & 92, RBHEBROE Y ORlERMAOEEE LT
SHG g AL L2 22, B+ 3 ¥ —(X 1.17 eV TH S, Fig. 8(d)-(QICRD L I, BOENDRB - TR
WL, SHG 38 O #UEHRIR A 12 K & A BFMEIEER® By, —J5 T Fig. 8 (C)DERIZE&D M3 -27e A3 - 1= > SHG i
BERZ— 0, Fig. 8(h)-(KNZ A DHREICTH S 72 BN FAEL TWD. ZIUIHENZEDOTEIRN T ) A Y itz &
WLV BETHIFRIBIGETH .
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Fig. 8 (a)Schematic topography of the surface of the NaCl(110) template with Au nanowires created by shadow deposition
method. (b) Au nanodot array and (c) Au nanowire array deposited on the stepped NaCl (110) template, as observed
in plan views by transmission electron microscope through bright field images. The Au nanodots or nanowires are
seen in dark contrast. SHG intensity patterns from the Au nanodot array (d-g) and the Au nanowire array (h-k) on the
NaCl(110) templates as a function of the sample rotation angle ¢ for four different input and output polarization
combinations. The rotation angle ¢ is defined in the middle inset. The broken line in the panel (h) indicates the
calculated pattern assuming the enhancement of the local field factor L, (2w) or L, (w). The solid lines in (h)—(k) are
the best fit theoretical patterns. (Reproduced from Ref. 22)

L LEIX Fig. 8(d)-(Q) DIk & P T D ER N RIFAFEILICxT 5 X EY (Depolarization fieldV) TH 5 &5 %
TW5. @ROBIEOEEE CIIAMNERITENEZITHHETKEL S EL, HBAERORSE EAD G RICIEE DT
NIV, T U A Y 2 BN ICE WA & 4h0E, Fig. 8 (h)IZB W Tk 900 & 2700 DIFIC, AKESRIZT/ VA
T EREIZARDDT, RV DOEETHHEISNTLEY, SHG 2385< 225, Fig. 8()D 3% — > b [F UL THTE S ik
FoTWABEN, AFESLN SHRAEZROT, SHG BV E Z AH 900 [z L T\ 5.

ORIz T D ARERKmEE 2D, £, T/ VA YOREDOKERTMEDIENITIN TR ND N E WS BLAT
HDD, THFHOAEOFNZ R DHERIZ, 900 & 2700 DRFIZKE L 25 LHfFEIND. FHiL, &0REE< T 5 & KiExt
FEORENL O FITEINTL 5 29, RE7 7 XTI EAHRIIE D NEWHI BT, DEREOMINKE VT
JUAVEIEEEOHFAOLEE, TRHbLIHHE 9008 2700 DFICKE L 2B LSRN D. RET T AT VIO
W SN D88 — 0 2R CRIMISTR L. o TF T RE L OE S R TIE A 0.

ZTNTIHRESTHBIHE LU S 2o T2 BH~OISE I ERERFRME OB UL T E VWX, TEEE
TERV. R,@)TE L L S REDEING -, BRI FEMGLO il 5 538/ FEAR T i OREE O FME ORI & 0 AR
REEZEHDISE LTS EEbND.

32 HEDF/74YD SHG iH&

3.1 fHiTIHEEROPT THREENVDRKENVEZMELE LTHWEZZ9IZ, BRSO 5IXIE EE WAL VB O HERE
EDOLIRT /UATER. EZTERPRILEV IS OB LTHSZRY, £0 SHG REA#BE L. PtIXET
ERETHBE ST, Fig. 9 123 v FUTHRI Y a L EICE > TIER LT Pt @F ) UA Yo i TEM 5E(a) & Wik
TEM EH(b) & ~3. Fig. 9(b)Tix MgO O~ 7 v MERmIZH D 65° OF ML Pt #K&E LT, TOMEPLIZ2 D
HMgO 77ty hNAIO—FICOLYEFE L. Pt OF /) UATXENFEEZOL ) ZMmEZ > TRBY, — SN 77k v b
DTESEFRVBZ THINTZ 23\ TW5E (IEKREK Fig. 9(c) 29. Z OWFEIEZE OIS ORFRMEA 2200 00 T Tk D FEHR
TEHFDRPFEFTE D, bHAA Au THRIZ L S ZREREE OIS L DRFHEOHN b IEFRIENRICF LS LTV 5.
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Fig.9. (a) Plan-view and expanded TEM images of the Pt nanowires on the MgO(110) faceted template. (b) The cross
sectional TEM and expanded images of the Pt nanowires. The arrows in the upper right inset show excitation and
emitted light wave vector for ¢=90°. Cross sectioned TEM images of the Pt nanowires with (c) elliptic, (d) boomerang-
like cross-sectional shapes and with (e) ~2 nm width Pt nanowires, respectively. (Reproduced from Refs. 24)25)

Pt OLEAITIFELE N B VO TRERICEETEN L T, FRoObI2WMEOEE Lict /) VA V& LA H
ICHIETE 5. Fig. 9(d)-(@)2Z D 5 bW 2% R Lz, Fig. 9A)FEAT 2D 450 OfwHEFL L)/ UL YT
WA T — A7 DRSBTS, ZDF ) TA ¥OMEMIRIZIKO ETFHRICEGEREELTNT, R
Lo TSHGIEM L 725 2 ERWIFSIND. Fig. 9(e)ix MgOQ10)ii & FHWCTIEo 727 7 & v MNEIZ 700 DA bR
B LTHEST2F VA YOWHE T, 8725 2nm ORfIT /) VA Y Th 5.

(a) pein/p-out (b) pein/s-out (c) s-in/p-out (d) s-in/s-out
p=90°

Q‘ 10 £y [ gftop 10

2%0"
2 [110)
(e) ) ) ) () (hy

Fig. 10 Measured (empty circles) and calculated (solid line) SHG intensity patterns for the (a)-(d) boomerang’s, and (e)-(h)
elliptic cross-sectioned Pt nanowires/MgO (110) system. The relative SHG intensity is written in each chart. The four
different polarization combinations are indicated at the top of each chart. (Reproduced from Ref. 26)

Fig. 10(a)-(d)iZ 7 —# 7 > ROWiE % > Pt ©F ./ U A ¥ (Fig. 9(d) 7/~ SHG 8# /<% — > T, Fig. 10(e)-(h)ix~ 7
Ty NORFICHERE LT 7 71 Y (Fig. 9c)Drd SHG #E/ Y —ThdH. 7 —AF L HOF ) U A ¥ Tlix, HfFE
Vb TFRFR SHG 7 — 2 238 b7z, Fig. 8(h)-(k) &3 - T, Pin/Pout @ SHG /3% — 73 900 & 2700 12— 27 %A+ -
TD. 900, 2700 (X AFELH N T /) UA YOl & EAIT/2> TODEETH Y, U A YiEEOR O FDRFREDO R LIZ
XV 2 ROFBIHREPHEAEL TWEZ ERbNE. — K778y NOFHFICHRELI=F/ T4 b0 SHG X, #ifF
WY 900 & 2700 T SHG M E 2 B I FR7e SHG /8% — > &oR$ 2 L - 72(Fig. 10(e)-(h)).
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Table 1 Absolute values of linear and nonlinear optical constants for Pt nanowires with (a) elliptic and (b) boomerang cross-
sectional shapes and (c) 2 nm widths. & is a tentative dielectric constant at the fundamental frequency estimated by
the volume average of the dielectric constants of the constituent materials in the nanowire layers. )(éz) and )(1(5,2) are

the absolute values of surface and bulk nonlinear susceptibilities obtained from the experiments. (Reproduced from

Ref. 24)
Samyle et s (x 1020 VD] e 1042 [m/v])
(a) Elliptic, 7 nm -1.4+5.9i 0.41 6.2
(b)Boomerang, 7nm -3, 1+7.9/ 13 27
(¢) Elliptic, 2 nm 1.5+2.5i 2.2 16

Fig. 9(e)® 2 nm iEDF/ UA Y L EDT, TNDHDTF ) UA YHIORTIFRIBESZ RIL Pt OREOMLFTOREL K&
<ZFTWA. Table 1 X245 350F /) VA YIZOWTHHli LT3 L2 0y@fETh 5 29, Table 1 0P 133(7)C
E3 LI REHGHEZRT, PR OBRZROF ) U4 ¥z B0 E SRR LT L E LIRS L7 O
ERZRTHD., T T AT DT ) T4 O3y NEHR Fig. 9C)DT /) VA YD ABREDOKE &R LT
WHLDIFEETHD. ZNE D NTARAd DN T R ERIEMEIREAED ZENTE D NS, 2IRDFE
BRI = & CHA RIFRIE AR Ch 5 BaTiOs OIMIBIRZ Fxy 2, = (=36 + 2.8) x 10712V /m & ik
B, T=ATUHOT 7 U4 XFR|P| =27 x 1072V /m, 1 2 nm OF 7 T4 Y HR(D] = 16 x 10712V /ma R L
THBY, FEAR%ETHD. XY, @ 2nm F72137— A7 U HONE Tam O Pt )/ T4 YHlEZJGICERIZMENL Y
ERZZIFRIEATIREZFROMEIRRRBE TE L LR TE 5. FHC 2nm OEOT ) UA XY ST =2 F B0 F /94 F
ERIUL HVWKREAR@ZRLTND Z &%, WHOBPHIEOH PGS N & &2E 21T 2nm DF ) U A ¥ OIERIY
PRPRENZ LD L. 2L 2nm LWV BEFHCIADIZENT A YOI A ARKESFELTNDHDTHAS .

7B, Pt DF /U AFTIE, Au OF ) TA VY TRIEL D RKELODRITERTE DL LTT—F a2tz =
OBMI, Pt ORBFEFRORINIEF ICRKRE VDT, KEZHOMENANESOMMHELHIETNT, > EITHHET
TERTERholehd, EEXTND.

4. SFG & SHG [2& A KFRELT= SNEARDKEEBEOHRE

SIAIDFEHE T HEART AN, AR, A —DOEELREKTH S, Si fRORHRLEIINANWAFEET L0, KE
IZ & % passivation T 720 BT 2 6 OFIHIBMEIIR 2 AN W TH 5. KFEKMN L7Z SIFSRERm D DOKFED
BLEEDIHTIE, WAWASRFERHY, ThLaEAEbETHWAONHEBNTH S, WEMRE RS (Q-MASS)
72 EhIKFEAAOKHE L U THW FIRNHEECE HE R ENES, MRS OMR L2 EEENT2 b0 Thr T
WS, R A DR L B O RER E O DI e B AR ORI O TR S AL AR H D, T~ UHEEL, RO
2K B HEIE, REERR EDRORA IRV RS 7 TSR LTIV 7L BB 5 72 DR BRI EL L WES
N 5. SFG X SHG (XS FIEDHN T AEE D RAET HOT, RENEISRIRERH Y, 7 FARFNLRL D,
KERG U7z ST Rl 2 BRWICBAT 2 2 LN TE 5. BRI —F—KZHNTHEDT, SFG Y - SHG YiXfEm
HERH Y, WU FEREAVIUE, R 7T AREFICDROFINTX 5.

SFG TIXAWV D HRAEDKFKNE Si £ H-Si IEEH (2083 em )ICHB4+ 25 L, H O E2HETHZ LN TE 5.
o5 D70 Si FH D ERSY T b RESIFEI I TV D DE73, FRAMDEE H-SiEEIOILIE A 222 3 7 F E e 1259
V. Fig. 1M(b)ix, EHIMIC X v Fig. 11(a)d £ 5 1ZKFHE & il S w7 H-SiQ1D# kD SFG 4 TH 5. KFENBEHL H-SI E
W 2 T2 F =3 L —1.17eV KR 6 usec O L —H— N %, EXNHKPOIT—DNEEAT vy 7E—X—Th
FlFnZbicky, SEOMREME, TOMEOBIIKREZMBES 2. KFEVE->TWDLESH»E SFG 7 v
(AW Ky b)) BDHTWEZ ERNbn5.

a H desorption

200um

jZ hrs later
Fig. 11(a) Hydrogen was desorbed by light in the red pattern from a H-Si(111) sample. Then (b) SFG and (c) SHG images
were observed with white dots representing photons. (Reproduced from Ref. 10)
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W Uikl 4 SHG TH#I£9 5 L (Fig. 11(c), KENBEEL TSI X7 ) 7Ry RATH L TS E55Z SHG A3 <
Bz22 (B Ry ). 2t 1.17 eV OFRIEEICH LTI ARy Ry v 7RNOFREBEM OILBIZ L 0 > 7 Fangm &
ZBTDTHD. KEWES TOBEBSITHONTIE, 1.17 eV DD = % L F — |24 B ¥E N RN, 7
AMFTI, G T, BHNCAKREZ S ¥ Si FH D SFG 4L SHG 4oy R A RRMTHS. 7277 LEEICIE
FOHMTIIARL, KERRWVISITHIEEFELEZ SFG 2 V7 FARRONLBANH D 103, ARETIZZEDZ &2l
filAL 72,

T, KEEDHES 230 SFG - SHG #5243 5 &, BBEEORECIE Si-H B0 DT SFG v 7 FARnii<, %
W SiZ 7Y v TRy RSO TSHG 7 FARIMNT L1275, ZOFSEFIB L CTKEOR S SIN X < @i
THZ L ERBZ. ZOFETIE, SFGHMEL AN bKFZE P T0E, BEEN 0.8 MLAT#IZZ2-> 72 HEHll%
SHGHIFEIZETI V225, U1V B2 OBIZSFGMREIZ L VIS o8B E 4, SHGHIEOYMIMEE & L THW=. SFG
RESC SHG FRE & W E ORI TICHRiEmn 5 20, T 10-40 Bkl 2 FE L QB 2 mEI L T SFG
F72E SHG iHll A9 2 Z & 240 K4 O CIHFITEHR N2, 1 RO—EESIEE(T11K, 730K, 750K, 770K) O i
FBELBDLIETIE, BRETIAMIEORMEZELE. &0 H OWFIL Si(111)7x7 Rk OfMER%IC 823 K T 35
Torr DIKZB T A~D 15 MIOBREIZ L ViTo 7.

HABE 0.44 ML 2L EC SFG FHANC KX 0 sRD 7= BB 2 RBLRE & FIlr S 3Cik 28 L#4 L7-. Fig. 12(a)ic k& 0.44
ML L EIZBI AR ERE DT L=y 27 ay hERT. T L= A7 1y b bRDTHEEOTEHE L= 3L ¥ —1%
2.6 £0.38 eV TZ AL b 3CHk 28 LA L7Z. —7J7, 0.18 ML LUF T SHG iz & v sk 7= liffiix 1 it cd - 7=. H-
Si(111) 1x1 DIEWETBEE ST D KFEDOBBEDOREIZHOWTIE, b 5. FIEMEHE L SHG a8 bE 7~ Reider
5O FERRTIEBBED R EUL 1.529, Morita 6 OER b FAPEAMSIC L DR TIE 1 & &30, —J5, REFETIE 1R
JBAEE &l L, Morita b & —F L. £72Z O—RBBED BBEEMH LT 3L ¥ —1% 1.41£0.35 eV Th - 7=(Fig. 12(b)).

0
I _ Eq=1.41 £0.35¢V

EUZZEU +0.38 eV 45 . = .

Ink
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Fig. 12 Arrhenius plot of the second and first order hydrogen desorption rates from the H-Si (111) 1x1 surface at sample

temperatures 711, 730, 750 and 770 K obtained by SFG and SHG spectroscopies, respectively. (Reproduced from
Ref. 27)

Si(111) LKL 2 BEETIZ Si E /A RT A R 2 DB SHKES T L 722> THEET 528, 1 WRIEBED 5K
W ONE 2 HA, SRR E LT SIQAIDAE/ERZQIDEN SO0 v MAEICEERH D (RER TIIRS
0.5 ERE), RTAT v FIZHEANA RTA R, MIANAL RTA RBRRELT, 2205 He il L T2 ATEEMES 2T
bND. LxL1oDIAD Yy N TIEAT v PHBEXENEN003MLEEELEZ 5N, WERO0ISMLUTTREND
1 RIBLEED 3T & BMIZHA TE 220,
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Fig. 13 SFG spectra of the hydrogenated and stepped Si(111) surface with a miscut angle of 9.5° toward the [112] direction
in the ssp-polarization at various elapsed times at 593 K. (Reproduced from Ref. 31)

O EEZEZDTEOIC[TI2IHHNIC 9.5 RDIZI AH v b & Lz Si11DHE T 593 K OFEHRE T SFG A7 b %
e OB UCEHEI L7255 528 Fig. 13 TH 5 3V, 2083ecmIZE /A KT A4 RO A =277, 2098cm™ (ZF A /A
RIA4 RO Ci =27 0NR25. BBEREE TIIRO SN0, XA A FT74 RO —27 Ok X ZONBEHEEAL
TRLEF—=N1.6 eV THAZENDN-TZ. ZOTFRILF—NFig. 12 TRKD7- 1.41 eVITIFENZ &6, H-Si(111)1x1
TEIIT—EROKMERH > T, TILEHELTHANA RTA REFLIT NI NA FTA RBFAEL 1 RBLEENSE Z - T
Wi EE XTI

72771, Fig 12 TBIE L TWHDIEE/NA RTA FOE—27 ThHDH. ZOE—7nbE5N 5 MEHEMAL = R /L X —
M Fig. 13 DX AN, KT A4 REQRTZL D REETRTOE, F/ A RT7A4 RERMEDOTANA RTA4 REZIZ U
A RTA4 RPEWCEHRLHWEBEARREEICH D Z LA RB LTINS 29, —JF, ZORREEHFET D L 512 Kawasuso H
WHMbFET v F o 7 TAREKRE Lz SIUIDE EIZ MYV AT A RRTFET L2 L2 BT R LE—R Y ~ o UEELoRE R
XV LCEBY 32, BEHEOEHAPREETHD.

SFG T H-Si(111) E® Si-H OffEREE 28152 Laen o, 3EIOF Uy 2 Mo Bkt Y v A CRIEE L% OBt Y L
2D Z A I BB ESED L, FE L ARERERD Si-H OMFERIIC G2 2B 2T 52N TExS. FA
7251 2.33eV ORI KR L, RKiEO SIrtHIRBIOEEE & ZM MR EDL I RFA I T TEDLIICENT D0%E
FET 2 AT AEREL, FHANCAE) LTz 3930 | 2 ROFEMIISIINIZEES 28, Si-H #E#io v — 271X 2.33eV DJi)
L 1 ns i1 < OB OIERNF LR E RS> TRY, BRINIREE & SITH IEEOMHEERR EOBEHRE H - T
WD Z EDRIE X LTz 89,

5. SFG & SHG IT&AFIILEYIRITITILDOEHE

SFG + SHG DY @I I B O IR EDS 22 & ZICHFRICR DD T, Y7 h~T U 7 DOEM AT
®1E, SFG, SHG {1t 720, BIEBOMRLETLHILNTE D, AETIHEELMT XTI NANRANLF<T YT LD
BERERARD, AHEYFRERICE DEEERME O ST WELRH D 39086, £-EHHI1TT 07 LIZEMOR
MESe, HiE EL #7087 EOM%ic b SFG - SHG O HIEITERITH D Z L Z2RER Uiz 20390053 = DR Aiise
BNI D 7 N—TTH %< HDHDOT, AfETiEfitiviau,

51 EMHOTUTODHRE

ZITRET, EEOIN—TRYDTRARH LT V7 U ROZOBERE D SHG « SFG JE&IZ oW Tilk< 5. Fig.
1ADNTELE SRWO TBR LT 7o no D SHGE TH S 40, HWBHIL v P27 F LW HKEDOET, ZOBEIETIET
Na— L TCEFEEREIVRIRCLDIREEZ LELOEBELTWVDEY, TRALOMER L THEBROBREN S LD D,
Fig. 14(a)l%, BN AT CI vRT VT UKIETRA LTV Yy U7 EDOETH L. Blhixicihzsonay
BUL o TRESTET VT URTFTHY, 2D HDNL ONICAVWKEIZ ST THS. (b)RIE, 30ps OEEFEIE T
THFAF—1.17 eV D Nd:YAG U —F—D UL 2 Chhfd L72[A Uikl 2.33 eV ORF X AX— 1 TH Y, KDL
WCRDRICT > 7o SHG XA AELTHWADONR L5, Fig. 147 F T v V7 E02Eg, Rd)XIZZEDOEIIE
FHEVESY), EREBROEROEMNTHY, FE)XiEEo SHG B TH 5. EINRROAZNIRV SHG ZH L TW5D Z L8 bh
7 42),
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:n?: Whole oogonium ()

1: Amylopectin (A-type)
Amylose (m)

v 0D~ A (n)
w glucose ﬂ\s

‘m maltose ﬁﬁ (0)

w p-cyclodextrin .‘ (p)

e’
7000 2750 2800 2850 900 2050 3000 3080 3100 3150

Wavenumbericm ')

Fig. 14 (a) Linear image of an internodal cell of Chara corallina decolorized with ethanol and then stained with |2 aqueous
solution, and (b) SHG image at wavelength 532 nm of the same sample, when it is irradiated with light pulses of
wavelength 1064 nm. (c) Macroscopic photograph of Chara fibrosa. (d) Microphotograph and (e) SHG intensity image
of living Chara fibrosa with an oogonium (indicated by an arrow) and an antheridium in water. (f) Higher-order
structure of starch consisting of D-glucopyranose units. (g) Microphotograph and (h,i) SFG images of dry Chara
fibrosa with an oogonium in air. The wavenumbers of incident IR light for the SF images are 2905 cm™ in (h) and
2930 cm™ in (i). The scale bars (d) to (e) in the images are 200 um. SFG intensity spectra of the C-H stretching
vibrational mode (j) of the whole area, (k) spot A [see (h) and (i)] of an oogonium of Chara fibrosa, (I) amylopectin,
(m) amylose, (n) maltose (o) a-D-glucose, (p) B-cyclodextrin. The polarizations of the incident infrared and visible
beams were parallel to each other for the SF measurements from [h] to [p]. (Reproduced from Ref. 41, 42)

F TNy SHG 2H4 2 &%, RKESHREOBNL E WO BENLHERT S ENTES. T 7 vidaD-
glucopyranose &\ o Wb D 7 KulliNal14-7 U ay REEE L TORB =R ~—TH D0, Z0a-D-
glucopyranose 13% OHEEICARFRER T2 8 A THFENEEZ LD, #EICKESHRERR LS, SHGIEETHD. T 7
VOERFITHDHT I XTI FUOHREIEIBIT, RN v —%1EDIIZ o -D-glucopyranose DEILARN (Fig. 15(h)0A
wi) MECHMER L OTRATHOMPE LEICRS. ZLTEBICIORI v—Fa-1,6-7 VU a v RiEA L WIS
TEY D LE L (Fig. 14(F), 15(h)), 005 b RS FE Uz < 0T, 3WILMIZE SN R E R fHy
WA FFOZ &2 D. ZOHENGT 7T SHG 2T 2 EBREFETE 5. T T R T OWiE I ME & T
N7 7 ABPRZEICBENARRIROZ 32X D X 5 7efiiiEz & 508, 7 IaXsF o oR Y ~—Fn Fig. 14D XL 512
TR > TODEIIAEREICHY L, XBREPT O Y — o3 glegsnsg 9.

F T OREE DN RERFRE O 2 & B SHG 23V D ThiuE, SFG bV LN H#ERIES NS, Fig. 14(g)izZef T
B ST r v U7 EOEINNEGRE AEEERE L THZELZb o, [F(h), ()XRAEOBEERZEi 2905em,
2930ecml D & E D SFGHTHD. RS iTbn Iz W, EIIRELERO SFGIRE & A DS D SFGBED X2 >D
MTHER->TNWD., ZOHE2LVHLNTTH7-0IC, Fig. 14(),(kICEIR 2k & 5 A © SFG #E % Z 0 SFG B4
MEFAHIY, BB TTa Yy b Lz SFG A7 hML AR, RUKIZ, filROT7 IaXrFr, 7In—X,
Ja—A, <)L h—R, -7 uaFTxA L) D SFG A7 bVERT. Fig. 14 (j), (KD AL sz D 7 2 a2
FLDARYT fLEILEPTHNBEDT, ¥ Hv v 7EOHT SFG HE2HEAL TCWEWEIZT IaXIF o THDHZ
Ebingd. () KDALY MAORHEILE & 20E 2905 em ! (IO Y — 2 OIENRIR D PERA R S, ZAUTE T
TInNIFUOTHREEORRLT IuRIFURKHLTNS I LICEbEELZLNS. TIurF L Fig. 14(1)-
(P)DOBEE T2 13BESH D SFG Ay ML ERD &, KT CH MfEEEI O AT MARFE - &Y LRS- TNDORb)
5. moO7 I a—2AD SFG EEIXIEFIZTI. T VU BELSCTRIMRIL AT MUEZ OFETIIZ DO L 5 72id-& 0 &
LIZEIRERNDT, ZHHDARY MLDFEL SFG pHOFEEFT 2D, BTG ORETANY MDBIEFIC
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BBz L2k, ZOAT MLOETHEORBEHEECR ) ~—DEREEZ KL T\ LB TE 5. Jra—=A
W, ) h—=A W, -7 uTHA RN A0, TN P212121, P212121, P21 O KEIFMED 2 0 iEfaiEEE & o T
WADT, SFG MB3AELEF 2 5. Fig. 14(),(k)IE SFG B HHIH L7z A7 M L7ed T SIN NEWA, EIIER%
B4y D SFG A bV % 2um FEEE DZER] /3 EEET SIN L RS B 720Xk E THW A X 9 73t E 5 SFG B+ H
W5 ERIRET, EEHO T N—T TIERIMO A FFELIZONWTED X S itz L7247, EBEEH O 7 NV —TF T,

ZD LS 7 CHIRFIDO XY MLV E—7 ORINGE & AWz, SO A ROMIAF 0T > 7 v OffED /54 o SFG §A
WEE T 2T > T D.

703, Fig. 14 BHEOREEHEERCR Y v~ — O @mIRMEE L KB L TV 5 LB L7o0E, EaEBile 3560 TiEkz<,
FEFHORBRICES IR TH 5. Lﬂ‘ Z DR Z RS . RN E 5y IR B O WA A1 otéi?%;‘c%@ﬂ)ﬂw@@f
% %0)%& T O F ORI & ITIZIEMNIIHE Z 5. 7-?/%5@%7%%7‘5 X i SN ay o DRy IRENC

EFENT- b OO BNRT-lEH % Ltﬁ*%iﬁ@f BT OBGLTIFIEMSTICE S, —F SFG iS;‘n%@&f%‘%é

u‘_ SFG W EEF CTHEME L AT A MU v 7RSS THTL 6@?&@?, L) HbEDy RSN T SFG & ik

Hd 5 L RAEIRPKEICENRD., LEEN-T, Zha—Ra=y MPEREICOZ> THREZE>TEREBLTWAD Z LI

D SN THAET D CH IRBEIIEE /T IC DV TIE SFG 23R < Bl &4, AHIRISE THIE & 4T b &M O SFG XD

FAENZHG L2 WREN L SFG &2 R ST HAl S L FIcikb s, Z0E 0N SFG A7 bV LRI Z ~ %
FLOAXRT NADZEIZFG L TWD eI 5.

52 t)LO—REHED SFG SEMEEHE

Fig. 14 TIZT > 7 388 SHG, SFG v 7 F V&R LT\, L ZAT, WEHERT IR ~—lctre—2 4 b
5. Bre—24 7 InXr F o LE UL HBEFEEMED D-glucopyranose AR Y ~—Thb. 7272 L Fig. 15 IZR"T L 91T,
BELBEOHBOREE DO LW NRRDB1,4-7 ) 2y FEGLVI DO ThHD. ZOMEITHEW TEILANENF U0 & [f
WTHAELTNDOET Ir~IFrDalds ) ay FEgeRILTH LA, -CHerOH 7 —7 BT In~s F Tk
RY=—MOR CHIZH D DIZH L, BAr—ATE 1 2B IIKIEZMNTNS. T7bb, Fig. 15(d) TR 5 &5
W2, &Fioa=y FBR 2O 1MIZR->T, NI ~—8#HilE BEAOFMOSmEIZITITHHT LI REL 2o TnH7®
T —2® SFG « SHG XN 721550, 2 O T Fig. 16(e),(h),))0E FIZIZRITH R A TWRWAR, EiE5snaen
Ll r—ANG R 5ELHD SHG, SFG N2 T\ 5.

(@ Cellulose (h) Amylopectin

QR
Cfo )

Reducing end mmmp

SFG intensity (a.u.)

(e)

SFG intensity (aw)

%’ ‘

2700 2750 2800 2850 *OL ]‘i‘:J 3000 3050 3100
Wavenumber (cm')

Fig. 15 SFG spectra of cellulose fiber with (a) polarizations of infrared and visible lights the same and (b) polarization of the
visible light perpendicular to that of the infrared light, and (c) of the cross section of the fiber. (d) Microscopic structure
of cellulose, (e) Linear CCD image of the cellulose fiber. SFG images of the cellulose fiber with (f) a = 08, b = 908
and with (g) a = 908, b = 908. The sensitivity of (g) was slightly increased for easier observation. The cellulose fiber
was placed in a configuration similar to the inset in (f') and (g’) are the expanded SFG image areas indicated by
squares in (f) and (g), respectively. The scale bar is 10 um. (h) Structure of amylopectin. (Reproduced from Ref. 11)

T —2R ED SFG 227 kLT Barnette 512 LV ¥ CTHE Stz 49, FA7- B33k SFG B E(Fig. 2(e) &
HAWT, A0 DEEBLZ e — R #D SFG B A2 #8% L7- V. Fig. 15 ﬂﬁﬁ"&fﬂ‘@;ﬂﬁu REBEEL, ZEMofiFRE2 um
T, Brao—R@HEO—EHD SFG A7 M EFHHILTZHDOTHDH. KD o ZRERIHEORIEES & e — 2
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HEDOEhD 729/ T, 0°, 90°DIEA L 5. BITHRANORAES & 'L m— R0 729 /T, Fig. 15(a)TiE 90°T(b)T
X 0°TH 5. Fig. 15(c) Tlidk /b v — A HEDOWIE Z 5 L v RICIER &8, fl#Edh & i L o Xz E4TiIc L TR Y,
ARG B IRAE BRI DM & & piRE & L7z, Fig. 15 Tl 2850cm™, 2945 cm!, 2965 cm ICE— 27 RNR.2 578, T Eh
CH X P#EIRSE), CHMHEIRSE), CH K FMBAFIEE & RE T 5. AI{EOES~7 MdikL e — X O FET e
al b CSFG ¥ 7 T NAPBIRNDT, M EATRE OB OV THRNOIERH L Z & Bbnd

Fig. 15(e)-(Q)iX, v — R fHED (@)X, (), (9)iEZNZEI()a=0°, B=90°(g) a=90°, p=90°C &5mtmﬂ@
SFG#HTH Y, ),@NETNZNE),(Q)DARNOILRKTH S, Fig. 15 245 &, Bl —ZAM#HEN O SFG MBI —kk
TR <, SFGIRE DR KA A 38 5 (Fig. 15 PNRHD).  Fhikd a6 ORI & MEHESNC AT 722 ()2 B TE (g)~ & b &
BB L, SFGHRITIFIERRICTH 2BD, )L @)eR5E, F)THE2LRLEZSFGOAR Yy b1 X WERNDIZH LT,
(@)TIE1IDOAR Yy hOFROT NI o TS, ZOZ E1E 1 ER LEEBEEO ST ORM N 2 & Bip o7 FmZ mu
TWHZEHERLTWND., 2 TRAERFTIINC SFG RFRWVEEIRIZE /L 2 — A DIREIRIEED KA A OB TH D EHERI L
7.

53 JED#D SHG FEMEFEHE

4.1, 4.2 Hi IR E R B S D SFG « SHG I OW TR/, Bl kBt SFG - SHG J&&1%, Freund &
DD TR AI DT X L AT SHG 2B L7-1E7) 39, SFG bBESNLTWD 5D, a5 —4 U2 Ete T % L AJki3sh
BADBREETIOAZRAETHIEEME (FxY) THhHEE2, Afa 1 HIiCHRALEZE 212, SHG - SFG 254+
LZOIFEHMESAD. bbb ADMOaT =2 b SFG BA2BIE LT 52, S SIS 8B koik & L
TI7EDOXRD SHGBEEITHT2DT, ZIUIDOWNTIHRD.

ﬁEE%?%é&%ﬁ?@%%i%@%%ﬁw“waé B, Mok, BER, ZLE, fBk, 80k, #EIDK,
72 & LIRHEN D 39, ROMEIZEAMICEAESETHY, BEOHTHIGEWA XL D RENEW. AEiiz 5720
DT EDEROWDIIILE »W%ﬁu@@éﬁﬁ&xﬂ47wﬁLﬁgﬂéﬁﬁ#BﬁD,m%i%LﬁE%ﬁof7%
OBEIOBRIEZ XX, BHEITHERD OV TN TEMITHE L THIET 2EEND L. £/ TR LEFTICEERS
BT AR, SR EWV I BEOIRRIZHY TR TTFHET L. BxX7E (aZx7E) ORER EEL, 7ED
fiEk & EGR1E SHG iEMTH Y Bi%1E SHG RiEMHTH D Z & 240 TR L= 7.

#5413 Fig. 16(@)DARBE TR L L9 IC2ADHMNS22 5. Fig. 16(b) TiE, 2AKDENA LN TS, 2AKDENH
HZEITEY, TARPENIZERZEY O 1 ATULEL L O OFEFIOEB AR I TS, Fig. 16(c)i, RN TV
FRR AN (KR 800 nm,FEHIE 100 fs) O 4 pfF) Tk LTI L7z SHG#BTH L. ESPRII2ATHDIX
TTHDIN, 2ARRZDIGHE IRLPAZBRWEINSH D, EEKRIT & IVITITERREGICEL L TSRS
L, ZhIEZ 'R AREHTEEICBARATREE BN b, Fig. 16(A)IZERA > MBI D SHG HE 2 ASH7 A
EoRTHNGRIC T2y hLTWA. FORIESHG BRKRKDOFAN—E L TWER, EORIFHFTICL > T SHG i
ENR RO TN L TND Z ENRbaD. SHG ik KO I NEIEMIERSZ Ry D n3 kKo7 HC, it SHG &7
DFDOFNERLTHNDDT, EFROPTHERDFOITMMIENCEILLTND I EEZEERT D, 2 KORTHFE
B OEFED DITBEBRLDH D590, 2AKOROMWEE2EZDHZ LICLY 2K LRIBICUIND Z &L 2BET 50 R%
HELTWEI LD E B EbND.
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(a) (b)

w= 10um == 10pum

(c)

Section | 11 11 IV V Vi

' I n £ m _I. v v '/ g A
, PR P . T ..' . toa ™\ _
EREN BN GUFRE R AR SR EIE LW, .
U b i— i- .J‘ 3 l ? ‘- _:: p J -I--— -.} .I-{. -*! N | E | -: II' I JI E { : I- K In : ;‘] ) 4
Lower e R AN, AETER AR FEERR PR
“, v N LI Ll Py .".\.?'.
Line ~ ~ ~3 T -

Fig. 16 Images of (a) two parallel draglines (b) two twisted draglines illuminated by white light by a CMOS camera.
(c)Dependence of the SHG image on the incident light polarization. The polarization of the incident light was rotated
by each 15 deg in a clockwise direction. The polarization of observed SHG was not specified. The angle is defined
as 0 deg when the incident light electric field is directed perpendicular to the dragline fiber axis. The incident
polarization angle and icons are shown on the left side. (d) Polar graphs of the incident light polarization dependence
of SHG intensities for Sections I-VI of the dragline in (c). (Reproduced from Ref. 8)

(c)

H
“(—*ﬁf—?’” mﬁ%*ﬁﬂo ®y,

®-O-@-®
< % D0O@@
O-D-@-@

vl

Fig. 17 (a) Model for B-sheet orientation of a spider-silk dragline (b) Definition of Cartesian coordinate on the g-sheet. (c)
SHG polar graphs of three components of nonlinear susceptibility in f-sheet and their sum. (Reproduced from Ref.

8)
SCERBVIC LD & 74D ) DR ERSIRITIZL T — b EMEENDHRO T2 AE S HEOBERNE T, ORI,
ZOZEX VB LIS TEEOEREE Fig. 17(@)I2R"7. Fig. 17(b)! ’**#5 EH7Bv— oS FHNEHZOWNT,
yyy AN Er & LT, BY— FORAOSHEZEZD ECED X D AT SHG O HNADHAmANH D && 272 9.
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BIOEBICR D0, Yaaw SEDOMNERE JITND 7 E4LD SFG IEEDIRIAREIEZ RIS HR 9006, [Ty
ZoRIEDOT 2 JBEAFOT AT = IBEHONHEB IO/ FHET7TAX=0 BRI A H 2 U IHONH o 523,
T%XﬁWTMﬁéhfwé_&ﬂrwéhT%D BRI EFTORAPEEZ THDE b0 B EINn5.

Fig. 16, 17 OIEHIT 2 RTICHEFE L 20 FEIAIEHR TH 5723, 3RITAIRERMABR L WA, BLAEOfiET © & <
%5m1mé$amﬁﬂ@%ﬁmf WA T, AFHHEFHREHRA S DR FIEEZRD 5 50 KHFZECIEE 2 F TOHER
IR, 2RITHIRITIC & Ed Tz,

SOICHEGREFIEIEIX L b SHG #8537 2% & SHG JLREDMA A bz, Fig. 18 132D+ ThH 5. (a)d
FEROEE T, BREN 14.3mm OFEFRE2D L3208 EEIX LR SMRILAREE AR CHERE Lz SHG mELZ R =D
BO)THD. BESRIFHBUN 32 mm DL ZAT2ARD ) O 1 AREINZ (b) DA EOFE). F72{#HUW 6.4 mm O
LEIC2AADUNTHANSRARL R0, @I EADES Y-V D SHG HTFETHY, OIXES Y7~V » SHG
WHAETHD. SHG HITMRDIZ LIz > T RY, 1ARBPMIN TOLIFFHL 2o oz,

(a)

= =
Lens -

“::"m =200 mm o
2, 4:?‘% | wa-aiss |

600 s

SHG Intensity [arb.unit]

N 1080 s 1200 s 1380 s

il | | weak [N cvone
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Fig. 18 (a) SHG observation method of a pulled dragline. (b) Relation of the SHG intensity and the length of the dragline. In
the top normal microscopic images the dragline was in the natural length and at the beginning of breaking stage. (c)
SHG microscopic images of a dragline while it is broken apart at a constant length. The time was 0 second when a
break point appeared. (Reproduced from Ref. 49)

R AN D ERTE b bR & £ T & IEIE L/ REETSHG 4 2 51l Lise i) 721X % Fig. 18(c) o~y &)X SHG
DS T=0, HHHEZ (ZOBMEREZ0 s & L7z) 12, A TRUZALEIC SHG BANROEIEA B, 240 £, 600
LRI DIZON Z DA EL o T oz, & 512 1080 #(B), 1200 B(OIIZBIOFEE T SHG 2358\ FEI A
Bz, RIiT 1380 B THINT-.

JEOREFIEFIEF LI EXITRZ DI 7 a B b2 H#R LI-E7 V% Fig. 19(d)IZR L7z, Bl EEIXTANE B v — b
i%@@/?%?ﬂ%ofﬁ%bfwé.L#L,%%@iTk%@/?#iﬂ%%@iéhfio??k@b,BV~
F X W HEEY| LT SHG 138 < 72 5. Fig. 18 ME % NI Fig. 19(a)-(c)DEAN TH b END. Thbbh, (a)E#ES|
RIS B BR BN THWAIRETH S, OIRIZ2AD HH TARPENRT 5. @QKICUINhoTo N5 XX SN
T, TOHFD B — bNEFIL, DO @SHG#%<&6 B — bREA D EEFIRITFEMEE I, Bl -ED I
KT BPEEIIIL 72 D, FORERS E XML OMAT N AT T, 1 ADOKESEM—-SHG OBRo< Wz L, NiiEZ
LEEDOND. BU— b DOXRTF REZ NIV EORBEIZL->T28YHY, NEKm (7)) CHKii (IriRxv v
) OFMB, HOEWVZRSTVDIFBELZA-oTWDHEENRH D 9. E[MoOEE, SHG N2 Lta2Ex 5L,
F 5o TWTZEB RS FENIN TV A A TIT AWM EBE LTS

-18 -



KA G SRR A & OCRNE AT K D BEER AR oD 72 [ BORRRE M O B O B8R

foi —f

\q,‘
ﬁ] &
'-h

—c ——_ | —

= +— [-sheet —

S B o
== EEe———

Natural state Extended state
Fig. 19 (a) Dragline is pulled from both sides. (b) One of the two lines is broken. (c) Remaining one is elongated, the (-
sheets in it are aligned, and the SHG in that part becomes stronger. (d) Effect of mechanical strain on the structure
of a dragline. The natural state is less ordered. The stretched state is highly aligned.

6. #¥bYIC

ARG TIE, AR N O 22 BRI O 72385y D A %, SHG, SFG Z W GEIRIICA A =B L7245t
NI L2 0 T BB 2N Lz, 22 TR LI HFIEIRTROSIETIZR L, WHEO—RmEFHI TV AICTE P,
D F ik E OMBEDET, MEOAL BT RNWEEH LT D I E NP ENS. SR EHTTRREER SO
2LV, 74—V FTOEYOBIEERR, IHTERBERDETT OMEI OB 1T OO TRV EEZ TN D,

e

OB TH D LRREMRFLFREOMBERBLE, Z<O7 RS RE2NWZWeY U7 N REFHRO
Harvey N. Rutt 564, R & L CRMFEITR - e Ba) | SHER 0L ek, Bl a—x7 Y o P gL,
BB RHERR O E N BIRSE4A, Khuat Thi Thu Hien fil, £ < ORFRAHITIE, FEROEm A4 E L CRELHEE
WZ720, BICEHT L Tl £9. SCHRTE, BAFMRRS, BriiriREmsI 3 < OB gL W ZEE L
. ZZITREHE VNI LET.
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