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ABSTRACT

As a vibronic spectroscopy, resonance Raman spectroscopy has proven to be a powerful
technique in studying the excited electronic states of molecules and the electron-phonon
coupling in semiconductors. In this dissertation, the applications of deep UV resonance Raman
spectroscopy have been studied, and the main results are summarized as follows: .

(1) Participate in the development of deep UV léser Raman spectrograph with the excitation
line down to 177.3 nm. The instrument has a high sensitivity in the deép UV region with the low
wavenumber down to 200 cm™. |

(2) Deep UV resonance Raman spectroscopic study of CoFansa (8>200, n=24, 15) molecules
has been carried out. The Raman bands at 1299, 1380 and 2586 cm'l due to the C—C skeletal
stretching modes are evidently enhanced in the resonance Raman spectra excited at 177.3 nm.
Based on the resonance Raman spectra and theoretical calculation results, we proposed that the
C-C ¢* bond is somewhat delocalized.

(3) The electron-phonon coupling (EPC) in hexagonal BN, AIN and GaN has been

- investigated. The multiphonon scattering with nA;(LO) and nA;(LO)+A;(TO) cascading was
observed in the resonance Raman spectrum of hexagonal AIN for the first time. Hexagonal BN
shows distinct resonant Raman scattering with hexagonal AIN and GaN, which indicates their
large difference in EPC. The mechanism for EPC in hexagonal BN is the short-range
deformation interaction, while that in hexagonal AIN and GaN is mainly associated with the
long-range Frohlich interaction. _

(4) Some typical main group metal-containing and transition metal-containing zeolites have
been studied. No Raman band is enhanced in (deep) UV resonance Raman spectra of ZSM-5 and
Sn-MWW. While as for Fe-ZSM-5 and Ti-MWW), resonance Raman effect is very evident. The
difference in resonance Raman scattering between the two kinds of zeolites can be attributed to
the difference in the electronic state transition of HOMO-LUMO by considering the Tsuboi rule.

(5) The effect of phase junction structure on photocatalytic performance in overall water
splitting has been investigated with Ga,Os3 photocatalyst as an example. Disofdered structure
serves as charge recombination center, resulting in the lowest photocatalytic activity for the
v/B-Ga;0; photocatalyst with low content of B phase. Based on the analysis of y/B-Ga;O3 and the

‘reported o/B-Ga,0; systems, we proposed two necessities for the construction of phase junction
being beneficial for photocatalytic reactions: non-defective or well-matched interfacial structure,

and type-II band alignment between two phases.

i
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Keywords: deep UV, resonance .Raman, electronic state transition, electron-phonon coupling,

photocatalysis
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Figure 1.12 (a) UV Raman spectra of Ga,Os calcined at different temperatures excited at 325 nm; (b) UV
Raman spectra of Ga,O; calcined at different temperatures excited at 266 nm; (c) Photocatalytic overall water
splitting activities on Ga,Os samples calcined at different temperatures, also on the mechanically mixed

sample with a 1:1 ratio of oc—Ga203/[3-Ga203[61]
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Figure 1.13 (a) Room-temperature Raman spectra of a bare SrTiOj; substrate and a (BTOs/STO4) x 25
superlattice (T = 530 K) measured with visible (514.5 nm) and UV (351.1 nm) excitation; (b) Temperature
evolution of UV Raman spectra of superlattices (BTO,/STO13) x 20 and (BTOg/STOy4) x- 100
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Figure 1.14 (a) Conventional Raman spectrum of ZnO nanowires on GaN buffer layer at room temperature
using a frequency-doubled Yb:YAG laser (515 nm); (b) Resonant Raman scattering of ZnO nanowires on GaN
buffer layer using a He-Cd laser (325 nm) Bs]
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Figure 1.15 Selectivity of resonance Raman spectral measurements of myoglobin showing the protein

absorption spectrum and the different resonance Raman spectra obtained with different excitation
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Figure 1.16 (a) UV resonance Raman spectra of pure secondary structure obtained from a library of UV

resonance Raman spectra for protein; (b) 206.5 nm excited Raman spectra of protein in pH 7.0 water
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Figure 1.18 (a) The resonance Raman spectrum of H>O obtained with 160-nm (7.75-eV) excitation; (b) The
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Figure 1.19 UV resonance Raman spectra of N-methylacetamide (NMA) and N-deuteriated
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5, 11, 24h) THER.

2.2.4 RhosCr;505/Gay03 S TR &

S RB SR ERBEE TEE TATES R WEESHEHN 1.97 mgmL, Cr IE
B4 5 me/mL HIVATR . FREX 0.3000 g SFREMMEMLE, ETHERET, MA—EE
{1 R EALEAR, 8 RWGay05=0.5 wt.%, FEIMMAARR A B BREER, R Cr iR F
oA 13. B ERBESYESE THEE 1 h, BEEISBKKBMATHAESZT, REET
353 K TP FIE S h, BIBHFHHNS, REEDHPF 623 K TAKE 1 h, BIEEIBR
TR

2.3 HRFRIE

2.3.1 AAIRFSHIE

RS 1 B R E R IEAFS A BATOT IR S — R - 7T W 206X EHAT Y
HEH U ESBIIMBRINEET GERIEANCENMAFTRE., 2XRSHN SPEX
Triplemate 1877D B =BEeMiiatail, HARMBCRESCRIERURRIGE, M TERNL
FZEOLHNR, $=Baa A TREMFSHAN, R R GEIIHT T R/ X
SRAEREANER . B (E SRR BRI A A £/ Spectrum One CCD 2000 B H i #8 & 884 5K
P, HRGXEN 2048 x 512 B E A, EEMAPHER2em’ . EWERLE 457 nm,
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532 nm A1 671 nm, ERUET £SO
2.3.2 EHRBAIE

TS Jobin Yvon 2 T T64000 ZdHr 2 Y6l (AT BOREUE, A VAR H 58 —ACRT
s HNIEAR R BRI . BRI ARSI E—E BEE—f AL, 8RR
S8R T DI 34T JBR R K 5 T R SRR R A B G RT b 8 GIE IR IERTE
XA AT . ARG =B R AL SR 2T T RN X SR,
R A HIH Spectrum One CCD 3000 BB &284F, HAURECHA 1024 x
256 B s, EENARER 2 em’. EMBMACEEESR: ns Pk e 4 B AR KR AR
T3 (Photonics Industries) , FIEyH! 193-400 nm Kk (RO AN ns Bk
iy (5 L4 E A58 (Advanced Optowave Corporation) 424t 210.4 nm F1 350.7 nm
) (BR) Se4MEE; BT DPSS 532 Model 200 )64+ (Coherent Corporation) &R E
BB 266 nm EANEYE; 1K-3351R-G E He-Cd Ht2% (KIMMON Corporation) , it
325 nm FIESMNEOE

2.3.3 L5 B RE KT
AN ET LB RETGIERIRAEZAE Cary 5000 T 5 H0-T] LIB R ST A BT RY, R

F R4 Bk s AT B A RE S R IE . FEEE D9 190-800 nm, FHEEE N 300 nm/min.
2.3.4 X ST R ITH

Ga, 05 FE B X 28 R 4751 I 7E F A H 22 kel &4 1Y Rigaku Rotaflex Ru-200 B X
SHEATSHY EMRE . SHEEIER CuKo £, 2=1.5418 A, HNIE R A 40 KV, TAEFEFA 200
mA. A 20 EE K 20-70 °, HIEEE N 5 °/min.
2.3.5 tbRER

Ga,0; FE b LR E R A2 E ZHE S W1 Micromeritics ASAP2010 b7, B
B7E 573 KT 2 h B A AT, BARWMERE 77 K THHT, bR ERET BET 77
BEirERE.
2.3.6 ESTETRHME

GayOs BESL () 1EST Eﬁ?—ﬁﬁ‘%ﬁ {32 4E7E FEI /A 5 # Tecnai G2 F30 S-Twin 3%
Sfea s BT, TIRET, BT GOy BB T KB, SRS PSRRI
s F, T FEFETES BT EMERL.
2.3.7 SR HIERE

Ga,0s B T 1975 36 56 i R AL #F Edinburgh FLS920 BN _E AT R IR 450 W
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A R BN HRREVIA

Xe 4T, BB 2% 260 nm, BEICIEERGZEME T 400 nm FAEBIEN S, FERSAH
Wbt BB T 395 nm K BIENEH

2.3.8 L5 HIERIE

GayOs B Fh LI 4 Y18 F4EZE Thermo-Nicolet Nexus 470 {8 B A4l bt X L3t
1. REMEIEIREITEES KBr A, MR 0B
2.3.9 RfE S HELIP IR TRAE

Gap, O B 5 (0 B JE] 40 JH 4T P i R AE & 7E Nicolet 870 s HFERT (A1 3 FF 4L S e g b
BEATHY, ZACEREE T BRI A 50 ns 9 MCT #rli88 . BUKIEN Spectra Physics 2 7]
ity Quanta-Ray kP EAEEOEEE, BKSEH 6-8 ns, WA KN 266 nm. G SOk EOLRS
< A T ER LR B ) — B 83T Stanford DG 535 BkE S RAERLI. HTETES
GIZ L, (XEHBIT Stanford SRS60 AR S RGN N AU %1% AR 0 MCT il B
AL S IS B AT IO AL ER, FFIBIL BRI R 28 (Tektronix, TDS5104) SEIES
ROSREEFD U

2.4 BitHE

CisF - F R EZ RE ST E R 7 Gaussian 09 34T, SEF A BILYP 5 .
HUH 631G, ELMMMMER L, CisFy A TR A THRBBILEH OERZ
REWITHEEE,

BT+ ZSM-5 4 FIiRii Y i cluster BRI MFT 30 $h &M o] RS, KA
K2 BILYP EE, B4% 6-311+g(dp). TEAMMILIER L, cluster HR TS Bl
SR EE RERITEAR,

Gay 0 #1EH 2R V2 B B0 v 2 8 I VASP S5, Perdew-Burke-Ernzerhof
SEALI T BRI TR TSRS E TR WP BUERERE N 520 eV, TE3L
TR ERF TRTHAERSZEMBN, EERKNHRTE0.02 eV/A LA 3x3x1 F3x9x5
HIAE T4 B FE T 2048 v-Gax0s A1 B-GapOs k sUURERIRERL. /B VRARLE AR 221 I
FRERLLHT kS RIEUEE

25 HEUERNEEE

B 2.1 B RNERNTEE, ZEEXEMLR, RN, EHRANR, RZ
PURER, SAMEH. MRS U RELEIEAR. FTAEN B4 USHIO ARl UMA452
TUSRAT, TAERRIEN 110 V, Hiizheek 450 W, TAER ETERERNESEN. 2R MNE
FIRFR R L% 550 mL, Fop9BE B ERABIK B AT B SEBRARE, BT IEARATHY
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52V FIAT OGIEAT, FEERA R RO, (el R RLEE 287+ 1 K BB T AT s TR
ZAE R RS RS, AAE. SERERARNTURCEERSRE, AR
A, SRBUR R S R B SR AT R . RIUA AR BRI
H 7 Shimadzu 24 5 EE 4 SRR GC 8A BIAMAIEY, BAIRET, BIFER A
ST IR

—
SAIEF R
—— 5B
o) i - A
Jo U
| B sk (ﬁﬁéﬁ ]
AR R

T —
(monsess)
B 21 REAREE T

Figure 2.1 The schematic diagram of the system for photocatalytic reactions

Gmh%%%é%%mmi%ﬁiﬁ%%%&ﬁ%ﬁiﬁﬁo%%megﬁﬁT
MM&ﬁh%@%ﬂ%GM%ﬁ%MAﬁF@%&&%¢,N?%ﬁ%ﬂ%%ﬁﬂNﬁ&
%ﬁ,MA%W%O%gﬁﬁﬁ%ﬁ%ﬂ%GM%ﬁ%ﬂﬁ@%%Nﬂmm%ﬁa%%m
AymmL%:w%%%mo%ﬁﬁ#ﬁ%%%ﬁﬁwﬁ,%&&%E%%ﬁ%%%ﬁﬁ
%,H%Wﬁ%\mﬁﬁﬁﬁﬁﬂﬁéﬂﬁ,EE&&%*%%@%@%fo%E%%E
Eémmﬁﬁﬁmﬁﬁﬁﬁ,@ﬁﬁﬂ,ﬁﬁﬁﬂﬁﬁ%%%&moﬁﬁ—¢ﬁm#~m,
ﬁﬁﬁ%ﬁé%&i%ﬁmoﬁéﬁﬁ¢,&mm~aﬁ%mﬁﬁ%%%§,ﬁﬁ§&%
BHERTE 28711 Ko :
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B SMERPL R FGE RN HRRVTA

3 HEEIEE 177.3 nm BEFREIMN S SIE U RYE T

3.1 5|8

BARFLANEIRT B YIETE 2% KA R N- R 2B S /N F IR B T A S T
57 PR TR R I06 109 12 e ok R — B T IR IR R S 8 iR UM BE AN R R AR Y
A, BTFEEINERERER. RANEREIRMMERNEN, CRENTRRIMNIZ
S 3 25 57 P 2R B B o B B £ (3 1 S 40 it R 40 LS A B AR e A e g R 108 11O
124-127) (B SR T e B0 AR X T E A R IR SO ST R A R, 450 0K 2 BN AR ROk
WHEET 500 cm”, HHIEZESIZE 900 cm™ . XFFEELS 184 nm KEL T HIRRIMIE
SEREAL, 845 S EEE T AR B S B AR B BT R Y, EXNEETH
ERENB(RM R, XL 08 O8I R IMNERR 8 ek R B BATE. Hl
HF RS, THEREASYRIRENZ K% XFE 300-800 cm™ Z (8], HETHARILE
BHLBRSYFRER SRR SRR NIRE. Bk, Bl b, BiHEldEEER
ORI RV SR OS2 A 20X, IS RIHE RN R 8ot #— P R .

R EALET 2 B IR SIS AR RS S R RN, RATIRAFHIL T
BRI ERE 177.3 nm BIEE M2 G0 ZAERREAN o AT E T & Al
AL, TTUBEREBESIARRIEN . MERSEEAREKERRHBSES, =K
BN LR BB RE S B DI R R B E S MR, B SR MR E
200cm™ IR LS 2R AIRE . VB — B 4 R R X S8 2 — 8 SRR
SRR, BERAERNEME. BUMENRR L REEENEA.

3.2 £R5R

‘ - | : ,;= e

B 3.1 BATWRHIRYERE SN 806 SV

Figure 3.1 The photograph of home-built deep UV Raman spectrograph
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3 BRI ARE 177.3 nm RS 8 S T

B 3.1 £ BATHFEIEE M B S . (XSS AT LA S B RES) : RS
B ARG B E N AL, BN EEHRERS. SHBRZARMRGH K. T
EE AT EATHAT LB A N A .
3.2.1 FEMARSR

B 3.0 4 i R IR SNEOE RS R R B B = A5 Nd:YVO4 Bt BT DA7S B ik v
27 3% 30 ns. BN 40 kiz {1 355 nm SEAMEOE; BE S EUBREESR BB NE
S, T LS BB 5 2 30 ns. BN 1.5 kHz i) 386-420 nm Hit. 1T 177.3 nm
IR AN & B B SRR R T R, MBI R RE R AR AN EE
EEHFTN. BT EEFEIRRERELE, AT E RS RS ENERE.
75 1.4 W H355 nm SO A BIE5LF , RIUFIX —RESMESREA, W EASEHL 2.0 mW K177.3
nm EORRTE, EEER N 0.14%; TIXTT 193-210 nm LA HIRER AN, Sk
HEY 5 mW L, BENEN 1.2%. FEREEERER, REFM LK 1773 nm #OL
HITHE Y 1.0 mW, 193-210 nm BEMTIZEDG 2.0 mW.

Nd:YVO,4 Laser/ THG (
. E .
_ ; A}773nm
N 193-210 nm
CaF, Window

Ti:Sapphire Laser/ SHG

386-420 nm

B 3.2 WML R G R EE
Figure 3.2 A schematic layout of our deep UV laser system

3.2.2 RENIENRG

33 AR ENENREHTER. EREESH, BB E—HETEESEARSHK
S ULEE R EUSK PN 177.3 nm BB FIER M 215 T TR A RE S R e e R
DL BB V2 A S BT B RE R BN . 8 T RIF R L E RIFMEE, EF
MgF,/Al HIREERE 3 A SR 2 R BN IR 5 o FER I 50h 3.3, HEANE AT
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A S IR B OB SRR 5

R T RE BRI (B0 NBT R GRAE . TR, S B L S MO BEST(E 5 7 LIEE B RO LR FIR
BEHE N SO o ASTIREENOSERE O 250 pm, LSS AR AR SRS

1 §=
Sample

V4 CaF, 177.3 nm Laser or

Window]|llH
>@L Ellipsoidal Mirror | 193-210 nm Laser
A 1 3 Z&) Pump
Slit Grating — N, Inlet
7 Collimating Mirror| o

4 I J Cbmputer

&> » CCD —
Focusing Mirror /

B 3.3 B HE RSN TEE

Figure 3.3 A schematic layout of our Raman spectrograph system

KT BRESFKEKE, S REHINE 107 Pa WET . M THRENDHARE,
HA O B MR SRR A, X AR AT RI B RE AR TV B VR SR S B R R
ZeB, B ITEORIE SCIR SN B S SR, XA AT W LURE S Sk LA
R 200 e 19 B AR, SEEIGIE T B R shE R E L AR IR S, N T
BRI SE Y £ EEUCES, AU LAY £ B Rkt 3.3, AEFESN 300 mm. TN T
BEEEN AR, BEPREEE RN 600 mm, fHBEAT 6.7, N TIEE
WRHEBEMRERE, BRIMZBOGRACER “&” FREMATE, 5SEARFITHA
FEME, FHEREHEEMN 1 REN 6 5, FHMRS T UERIRE,

TEHZE TR E, FTE W8 THYEE MeF /Al MR LMR S IR RSN R A &
=T 2 RS K 7E 182 nm. 3600 groove/mm K4 B, XFF 177.3 nm BUK B
Sehdy SRR, —RIGEREIYIEE S 2700 cm™, AR R K 250 um B, JGIEAH
SPRTLIEE] 8 em?. MERSE R R P EHIA T B BARAE R, MEBXEY
1024 x 256 £ 4, BMEESF/NH 25x25 ume 10 3.4 Fizs, XERBEF. Jul LR
T EE A SLETE 175-225 nm KIS E JEH TR, BRI B R MCBES T ES
F 1%, RN XEFHEEMEEIEDRREIES, TULEEEHR, BeMi&EEe—
& B IR RN BRI ' '
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3 BRI KRS 177.3 nm BRI BREMIEN

120'553.55525553533.55120

1
-
o
o
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T
[
o

80 - 5 0 O O S @ s

e NN b A .60

60 -

Reflectance / %

1 “Grating”

40 40

o, | Aoualoy)g wnjuenpd

204t 120
300 280 260 240 220 200 180 160 140 120
Wavelength / nm

3.4 B 5MHE 160-300 nm X3 R 4 58 i £k 1 B # £ 23 41 120-200 nm K0 B FRCR 4

Figure 3.4 The reflectance curves of mirrors and gratings in the region of 160-300 nm and the quantum
efficiency curve of CCD in the 120-200 nm wavelength range

3.2.3 —E4

A =177.3 nm

Scolecite JvN\k

AIPO-5

Vs 202 JL
. Teﬂ%

Intensity / a.u.

600 1200 1800 2400 3000 3600
Raman shift/ cm'1

B 3.5177.3 nm #&F Teflon, AIPO-5, Scolecite HI¥R4SN L B

Figure 3.5 Deep UV Raman spectra of Teflon, AIPO-5 and Scolecite excited at 177.3 nm
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3 PR E 177.3 nm HIFEE M B SR

X ENER , IR T —Eeft RS B E . W 3.5 Fian, 1E Teflon
B 177.3 nm B0 MOURA AN B R, AT DU MT L B2 B ELAL T 202 cm™ RURL B 0EIE; X
F Scolecite (CaALSi;010.3H0)EE &, FLALF 3200-3600 e 62 FE P Y& T 45 AR 7K HY AL
0 th (R AT VLSRN 4 R0, 3 TRESES T AIPO-5 B, BB E RIRRIMIL
B R T SO E . I R AR e R M B A A R B R PR R DU
HE PR | |

AR IR e i 8, FEEE BBO. LBO LK KBBF &4 Z R THRI
A AMEFE AU, & 3.6 B AT AR R R K T R BuEE. AERLL
Ei0, MERENT LS EINR BB EINR AT, BT RS X EH R KBBF &
Ak, o REELTE 000-1600 co T FE P OIS E A BB IR, X THE 200 nm AR
HEERIH BBO Sk, XIS AHEE. XEWR0iLEEZEHET BO BB
SRR RN 5 BO, 2 F M XARA A HBME RS 0. RER SRR, X
22 BRI LERE B U RT B8 B0k B F BO, £ F 5 BO; EF MM, X XR R4
PhAESE P AL P B O e B A A T, BRI, RSN GER) B 2GR BOR, BT RUIMIRN
JeLh M BARGEHIRIR, SEEAEA b B TR ZE R TR . |

(a) (b)-

C10H1$ . A.ex CGN4H12 ; “‘3:’:“}4
D@
J‘ J.@»'On' ,’,J
&g 194 nm 4V,
w—j 2104 nm . species formed by the 210,4 nm e
@ @ 266 nm 3 laser-induced reactions .
325 nm ,
¢t 532 nm

Intensity / a.u

|
%

%

fﬁ-—.

Intensity /a.u.

A A

X
H

4
i

600 1200 1800 2400 3000 600 1200 1800 2400 3000
Raman shift/ em” Raman shift/ cm”’

B 3.7 REMEBACT CioHie (2), CoNebl (O)#I R 2R

Figure 3.7 Raman spectra of CjoHis (2), CsNaHia (b) excited at different excitation wavelengths
SRk R B/ R SRR GRS, BT ESH SN AR, HEN
4CH%@@M4%E?WNE,@&%T%%%%mhﬁmﬁﬂ%%%%%ﬂﬁTﬂi
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AR 2 IR NIRRT

B, TR SR . B 3.7 REMARMARK TR 8pitE. BRIk
INE X BB AN K B, 7EMRF 900-1300 cm’' JEEM C-C 2 C-N #MH4EIks). CH
A1 R g e (52 3R — BB R, AT 700-800 em™ i [ PY AR EE HANEIR FRENE
Je 32 3 gyee pr ek T . TR T ENERES, BWERES CH ZEHIREIHEIH
1310, 2913 e’ IR KIEERBMILE, XRFWLARNAIEAEURBRRTEER
k&5F CH EFMRE. XETRE SR CH £ARS & AR REED.

MOX A F A DLE H, RSN B e A B A SE A BRA R A LB R B
P, X— ST & MM IR E S RHGRIN 2NNt — PR E.

3.3 IhNES

FI L SMEF AT AR E M FEIEOE, ROTFRATH B BKEK 177.3
nm, 193-210 nm [ s K4 TR VRS0 BoETE 40, BRI & H Al AT 2
F7e S A RS A LB A B RKIRST 177.3 nm BOLFIRESMLRE TR, HR
MaFo/Al HIREEREE I BRI BB 0 5. ARARERANE “&” FRAAINER
FEVR SEAR R AR, BRI BURE 200 o B9 EAR, FHRE ERIORR.
R RS A S8 3 F R AT R B E S BRI . XEF 177.3 nm SR BIRESMY 2R, —0E
B B FE FE S 2700 om™, eI 8 om™ Zo . METHIOIRE SN 2T HOLIE E
EEBT 1%. XLESHNEEHE TR B E RO — SRR NIRRIMNLE
FIEAL. VIR — b R, XA NAVEE ST AR, B RER R M 2R
TR EREEENEH.
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4 FEESNEIRE B ORIBTTR CoFan 2T+ C-C o BATHUK

4 SREESMELIRH B YRS CoF o $F: C-C o BHIHE

4.1 5|8

C-C o BIELRE S EHLETFRIAET I, REBHDRRT —RIVBE LR,
C.C o BIEARTBEIED, BT C-C o BIEWY EE| o, BIF C-C & oot
B LB IR oot WOR A S EA T N EE . BEN+SEH, Raymonda HARIAHE LS
U HEF T R T C-C 8 o-c*FFRE™Y, BT RMBEABIEN
SRR E C-H o BT, FEEREARANNAT oo RSN, XLEX,
BTEE SEMTFATER, XA EOTITReT ERH MRS

Ve S —Fh el TAREEE, SURR B DA IE B R MBI TR
G F RS BT {5 SRR GA TR B 184 nm BV SR AN SR B B B PR R 52 20
1N 2B TR e OFOE, TTUBRAWE AT ao R AN 1. BR
sk, BET C-C & o-o* FUT MR R nrr BT S R E R, FIFSLRA B IGEFTS C-C
# oot MR R R — A B IEE.
| MEMETESRE, RATHRACES T HANKEE 1773 nm MRS EH
k. fEAkEER, RATTEE TR SRR BAEFIS C-Co BT, b TR EH
ST, BABER CoFam > FENFIAN S, EH CFo @IHBTABRL C-C
cBIERYS, KHS TR C-C o BALE R BRRSNIEHR™ . EFIT,
BATEFET Teflon (CoFanrzs 1>200), CasFso F C1sFap X =F CoFoma 77 FHATER. RIFE
RS R R B, &5 C-C BB A REI A E R IR . HET
SRR SRR SR, T oo R A BRI C-C o* R FUREAT THEN -

42 ERE5TE

4.2.1 CoF sy SF FHIRI S L

B 4.1 EREEERK T Teflon MR EEIEE . SBABFKM 532 om B2 177.3 nm
I, 7R S M % 280, 382, 731 A 1216 cm! KRB — BRI REVL T, Mgk 1298,
1380 F1 2584 o FUETRFE 4> BIAETR T 20, 30, 40 £i5. B S5 3C#RI 1%, 289 1 382 cm’!
4y BH BT CF, B 03 s ghaRzh, 731 7 1216 cm” (EIE S FIV3E T CF &
B By et B R AR S R A 45 R 50 : T 1298 0 1380 o™ HOHHIEN 5 C-C R IR BN B B AR,
2584 cm’! BB I & 1298 cm ISR BARETHER B 2NN, BEIEKL
5 S TN R B S O SR AR 255 1. BRI, Teflon IR ER S S5 C-CH#
FEE F SR E AN BN AR CCo EEIEIRR 25 B, LR P SR EIF
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TSN RR 2GRN HRRTR

i@%%?ﬁfgﬁiﬁﬁﬂmﬂﬁﬁ?ﬁ%ﬂ‘ﬁﬂ%, 1 B VR AN B4R BB X Teflon B — 5 MIBEAAE
F. XEIE 75478 Teflon F1 C-C A o-o* BT HHSEHE 177.3 nm HIEOEBR T -

- v
Teflon © ‘ W ,
> I 266 nm
2 [ L/} M"*
7] S '
- =
. f 800 1600 2400
S Raman shift/cm™”
©
——
= 2 -
7 N g
§ oy 7
= oN Py =
c N
= &3 - o 177.3 nm_~
A A i A 266 nm
LA ;. e 532 nm

400 800 1200 1600 2000 2400 2800
Raman shift / cm”™

B 4.1 FREEKEACT Teflon FIHL2IEHE, AR E 266 nm UK T AR 2

Figure 4.1 Raman spectra of Teflon excited at different wavelengths, the inset is its Raman spectrum excited at
266 nm

BT HEEX—W s, BT E T EEEK CouFso M1 CisFyn 0 F. B 4.2a 11 4.2b 5752
TR BT CaaFso R CisFan HIH 2 3 B B R AT LA B3 B, K PITAF 4T 532 nm
R 0T L 8k B EE W BRI B, BEBREKBE 266 nm K, EHRL
PSS EE TRMOME, FN 1381 5 729 o I3 LR LVP RO & . HBUKK
Kgt— BT 177.3 nm B, BFF CaFso F CisFao 4F, X— B HIRTHT 16 M 10 £,
R TRR AT Teflon f 30 fHIR T, X —H 55 MR N AT BE S I 8E TP HE5HY C-C o
BN SRR RIS E R U, BARINLL, B5 Teflon ZEBUHIE, EXFHFHT
177.3 nm BRI G4 8 i B R L EF VI ZE 3 2588 em X — 5 C-C B HREhH <A S5
R f A, PSR AR EE R D 2 T L AR (R FE KT R R S, B4k, 7E 1600-1800 cm”
R B e, TR AR T S R R R AE R BR RIS YR .
AT L, CasFso F CisF3 2T A HT C-C o B EEHK 177.3 nm PV ERINEO R IR .
BRI SR AT 266 nm BE T ROL SN @R (B 4.20) , RATEMERZHENIR: £
700-800 cm™ BIX K, Teflon R 731 cm™ [HI3IE, T CoeFsor CisFan 2T HIL 728 FA 755
om’ FAHEIE, H 755 5 728 e’ UGB LLBEE A TREN AR E IR A . XM S XL
DT RIS REAER, ,
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YRR HMIEIER B ik 1 NIRRT

4.2.2 Ci5F3; SFHESITE

S T EARLL R IEEGE, AT DFT #HT CisFa 2T RIREDEE REIRER
W, 755 om’ MOIEIEIAE T 5E AT ERA SR CF EE B gEIRSh . B,
Kk CoFoney 4 FEHY CF; 9k T DA I MR X = T AN OB B B E
2 Bk 1299 F1 1380 cm’ IS EFEE T C-C HEE LK HLAIRS), ErEgRRA, e
S RS R A E R R EL . WE 4.3a fias, 1299 #1380 e IS B SRR T
2 FIFMEET C-C BLLJ7 MBI R EHR. R IR R B e R+, AL
HEM C,Fope 2 F oo* A BB THREREEEFATMEET C-C HEE SR T 1) £

@ 5,5, 9 = @ @
o | - \.ﬁ e - P
e 33 *ﬁgi%%%%ﬁ«?ga 1299 cmt
.3

‘j

o =t
S 9—FP-5 1380 cm’?
FRE |

177.3 nm

Absorbance

100 120 140 160 180 200
Wavelength / nm

B 4.3 (a) CisF3 4 F R 5 1299 71 1380 om™ i A R A9IRBNEZ; (b) TD-DFT HEBEN CisFn T
GRS SMNR IS Bl (c) CisFan 22 TH9 HOMO F1 LUMO 7R E B

Figure 4.3 (a) The vibrational modes of C;sFx, related to the bands at 1299 and 1380 cm™; (b) The absorption
spectrum of CysF3, obtained by TD-DFT calculation; (¢) The HOMO and LUMO of Cy5F35»
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4 R HMEIRI B HIEA CoFane 5F C-C o BHEK

3 THESIX—38M, RATHTT CisFa S FRFARUEIER TD-DFT 5. E4.3b

B AT CisF AT RIRESNREEE, TLIEHIAE 1664 nm RAEREIEIR,
177.3 nm B8R 2t E I 43X — TR CH A - 2B E P RE, SRPH=F
Co P 2 FAB AT LA 177.3 nm BIGRESMBOEIIRBUA 1 WA EM, 166.4 nm K
W& TE A7 R F HOMO-LUMO MR TEGT. B 43¢ RITEMBEN CisFx 73T H HOMO
#1LUMO REE, WEFTLEH, HOMO MRTFEEERE C-C o @7, 1 LUMO
WETFENEES C-CHEBEBREMFATHIT WA, WA IF 5 LIRS B i T &
B3, SRERSHEERERTRENYE. BT 1299 cm’ Xﬂ&ﬂ@ﬁiﬂ*ﬁﬁﬂh S
AR (B BB B R LR . KR HEAE AR T mizs), Xk SEUX R R T 2 R
SIS ES. WA, LUMO 8# C-C o*UESHF LR HIE R . BEBNE
FIF oo R ARRRE, Hik, Bk C-C HERKATRE R B BN LEERLEE.
4.3 I\ |

| RIBREANSERR B, BATHILT Teflon (CrFanas 1200), CodFso Ml CisFan 25F
i C-C & o-0* KT, BT C-C o SEEFEMEHY 177.3 nm LSO EOR , BRATER
BT R A SR R B B R SRR 5 C-C BB AR IRSNARIRN 1299, 1380 F1 2586
ol ISILIF IR IS, £AERIENER, RINBHT Clfan T oot IR ASH
FHIBRAESTNEET C-CHBENTMLE, UECC crE B —EBEEEREL.
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FE AR BRI N ERTTR

5 SEE ML B BFISAT [V B S Mm F-
ETES

5.1 5|8

BT-ETES (BEES) RESEMETNEEYESY, TRIEBWRKERT
RS M SRR B TR R T B A 2 SR 2R e 2 RS 12 1 Rk, ARG
B 5 X B T e — P T AR B TS A R B RIRIEE, X T SR
B, SEARTAIBSAMNERSE, AFBENBETUAR-BFHET S RRE,
S=AY2, HAAREESTHERLENNEELFNHNSHRERREMNLIBEE
Daa146) o P o BRI RM LA AR Frohlich MEAEM. X
WL - EE DL S AR A NI, (AR ERE RN R K LT
T4, i, B ETRA, RS RN R R g T, BrE AR R R
R RIS, DRI R R AN 5k S RTRE R RS KRk,
SRR TR S B AT T B B E IR R AR S T B, AT, TR T AR
SRS, BTSSR, ORISR R R R ARG IR R T
ERUSL 120 gmip rhess AR AR SR, (BB EXTR S PRR Ih R AT REIE R AR
PEITFRRNAE MBI S T S HUSRIE -

REM T TR A4 ERE, RN SIS ERFEREII LRI E 730
81441 @, n T AR BB AT RIE R

e 0 [
s (] m)om] )
|Ri@)f = 2;£%+qmaho-hwo+ﬂj b
He,

{n|m)= (%)1"‘2 exp(—% AT LAY (5.2)

ﬂ%%?ﬁﬁ%&ﬁ,mmﬁk%%¥%%%,mﬁ%ﬁﬁ%%*@%%%ﬁ,r%ﬁ@%
ﬁo@%&ﬁﬂﬂ,*M%ﬁ%%%ﬁﬁ%ﬁﬁw%éﬁw?ﬁi%ﬁ?m“mo5%@
P S0 ) A4 R S B A SRR R, SRS SC BRI AR B (B AR A AR A SR B
AR AT AR, BRI, FLRRE R R 2 ASRETR I-VIR -V 2%
PR PR A USAST B, B IV S AFREEMA, HWHEN 6.0eV 61
ﬁﬁBNﬁAm%éEﬁﬁTAMM%?%%%?@%%ﬁ%H%%@W“WOEmw%
S B IAR RS AN R s TR AR, KT, BTHIRTFRMNEZ, SEXTENRSRE
AR IIRIE .
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5 WA SMLIRR B ST LN -V B R H LSRN ET-F TR

ik, RINFETAT LV B RS LS AR EREIREIIHREN
SWEFFT THE. 7577 GaN Al AIN [I3E9R$S Y6t B WL 2] nA,(LO)M nAy(LO)+A(TO)
LB ETEA ML, ERIFE, X2BE—IRE AIN MR FRERE L 5 T B AU
W%, X—ILZT Ll Frohlich BAEABIERE, TiANK BN EREISEREKN AN
823 By, AT B IS FUR L K RO, FHRRSREEERAERAERSNERT
= 7 GaN. AIN 1 BN fiRi 847 A MEZRRB T BATEAREHAR, RIFE LA
HEFENEHENER. | |

52 BR5WHE

5.2.1 737 BN F1 AIN gyhi S XL

5.1a 277 BN #1 AIN f224h- T LB RAGIER. T E, RIDEFBKEN
210.4 nm A 197 nm BI85 B FF B 7577 BN 1 AIN NS A KR
5. B 5.1b SRFEAR K T BN M3 8%/, 7 532 nm FR KR BEIEE T
AR E T Eo R AR T 1366 om™ BUSSEHR 2L, HRK 2L 210.4 nm
N, & TAER B RIES, BEMEBRGEMBRNE . RIEC, SEEUREEE LUA
BT 5 5 - 5 S0k b 229 i TR S5 BN BIE R 2 BT R IR MR B R LA
RIUSS) 3 e % S e e HE B AR TR BRI IE B 75 77 BN BASCH 210.4 nm BEOEIIREIK T .
s TS 197 nm B, B EIE TN TR, DB 2k LR

5.1c ERFEE L TAT AN M3 8% E . 78 532 nm WA K2 56EE 0
B2 BRrTF 611,657 K1 891 o™ HIHr B 1 A7 T 611 A 657 cm™ HIRIEIEST 5B T AL(TO)
F1 Ey(High)B=, TR T 891 om’ RIFS AL 5 A(LOYMERA KU1, Mk 82 2104
nm BRI KRS, 891 155 657 et I AR L B E N, FIET s MR RIALT 1783
el R B, MR A HE— 5B 197 nm Y, Tsor o/ Tes7 o B ELEEE— D3I
A, ASEEXKSEIT 1502, 1783, 2392, 2673, 3284 3562 cm™ {2 iElE. X
B L FRE . XS T DS A2 LT 1783, 2673 13562 cm” HIHEIEZ 891
o B4ESR, TR 1502, 2392 F1 3284 cm’ (IiEIEITE T nAi(LO) (0=1~3)5 Ay(TO)HY
S, XRERSEFEREEERETABMX FOAKTR. BREFTREHHE
FEFE A VI -V 2 5 phrh g 3R Fiaf g 1541168, (BIRFATFTA, K% —
RWEEE] AN MR 2 E TR SR .
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5 RESMEIRE B IEETIFA T -V B RS LRGN T FTHRE

5.2.2 737 BN # AIN Hi&HFndRah 5> 4 .

27 BN #1 AIN $t#EH 8 B AR N Z 5 e EMET R BS28H TR
BN A1 AIN ) X SHEEATETER, 7577 BN 7E 20 4 26.7°4b BB RSB IIATHIE, VAT (002)
BERATE: TI7S0T AIN 76 20 % 33.2°, 36.0°F1 37.9°4b EBILHAFE AT &, 2AIIAET
(100), (002)FI(101) BT HIATSE . BREMBHANTHEH, ES2FR L EATRMEHRAF
(064, 575 BN JIZ ABER DS, Ti/NH AN KEC, - |

Intensity / a.u.

20 30 40 50 60 70 80
20/°

B 5.2 777 BN, AIN #1 GaN K X S£AT43E &

Figure 5.2 The XRD patterns of hexagonal BN, AIN and GaN

B 5.3a 2 R ATT BN IR MRIR BiE R A TR, A7 BN WGBSR
EHM., SAEERFAMNS, @B AN ETFARNARTRNERIRE 444, X—F@
BN BEFEMATEE B BT EH, RZIMR. BISMELRFIFARY/ T BN B A
B TR By 5 FHIROP 1), — A 1366 o’ B B ISR RIME S TER, H— R
53 cx’! Hr B USSR FO 2 E PR TSR, RATZESEH £ RMIERE] 1366 cm”
oy B, R 5.3a KL ETFERITE, SOFETN B R N ETFEST AR,
HAARTA-TE T R B T B S 7 AR R D16, iR, B4 B-NEERER, Bl
FARARTE A EES B, 7577 BN BUJ62E 5 TR A KA LO-TO #ar. HIL,
Bop TN B S5 RS AMBOR B R P B T AT AR &, IXTTRERAEAN T BN RIS Z 5
TR B ER, XEEAS BN AEEL N EEFRAERENRERHEERD .
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VRIS BRI I N RTR R A

(a)

(b)

Hexagonal AIN

B 5.3 777 BN ()77 AIN (b)) S SR BiE e+ 75 TRt

Figure 5.3 The crystal structure and the Raman active optical phonon mode of hexagonal BN (a) and
hexagonal AIN (b)

5.3b 44 W HI RN TT AIN [ &g AT B b A TR 7ZE7577 AN B dm i
AT EF, HEMK T SOETRMTRBNHRES A, E0H E B2 7 TR R AT
By BYEMEROUS 16, T AR B ERESERIEN, BI5KERRSHEEERT LIS
B LO-TO B4, BEE L0 FFIMEEST T0 BT SRFURIART A1(TO)
KSR 611 cm’! O BIEIEFAE T AjLOYBE R 891 cm™ KIHL BTk IR b BLER T X

ATLAF KRR Frohlich B & HUBISARREDS 9, 1T e FLAEHIRIE LO 5 T 27
g, EERAE ALO)E T SELNABERENHTRE, KHIHAT nALOM
(0-1)ALOY+AL(TO) % TR 7= . Bll A Lovo / o BUFAR ELAE 18 Ff T Frohlich #8
EAE A IR . T o’/ Tion e 0 0.4 2675, RHIATT AN AR AR ST R EACF,
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5 R SMLIRR BTN T -V AR R R LSBT A THRE

5.2.3 7% GaN HoR 2RkiE

% 77575 BN F AIN 4k, A 7RI A 2535355 8 % th 55 T /N77 GaN. 350.7 nm A '

395 nm 5 MBS S SEIR R B . B 5.4 BRI B T /NH GaN IR 2 61 .
5 AIN B S 25481, 76 532 nm BUE ) GaN #2068 B+ W82 2 2B T AW(TO) R 533 em’

B3 B R B T Bo(HighYREsh A 567 om0 Eilglo: 1, T, JART AuLOYE

R 732 o (TR B RIS R RMFI0 '), B, FEIRERMARERT, MTER

RERL HLO BT BEERIEEHEMUS T, 732 cm! BRI HITT AR TRER
s R G . T IREOR BB, BMER 5T NT GaN GRS

nALOYAI(n-1)A(LOY+A(TO) % 75 T & ELZ . T 7377 GaN 57577 AIN BRI
SR, FLIANH GaN Hdkinh 8 BUaHT hH AR A 1E A T LAE IR TT AN pOTBETER

WA, F7 GaN [ oo / Tio HIARNT ELAEE K 0.4 24, XEH/AH GaN HEFAEHEA

AR IR .

5325 nm :
2 ¥ GaN
2| 3507 nmn32N o
[ }
c :
5 !
:_E 532 nm|
200 300 400, 500 600 ©w .
Wavelength / nm ”
325 nm

350.7 nm

Intensity / a.u.

N
o
w0

600 1200 1800 2400 3000
Raman shift/ cm’
Bl 5.4 FEREEL A GaN (R BHEE, BABRTHEN TSRS E

Figure 5.4 Raman spectra of hexagonal GaN excited at different wavelengths, the inset is its UV-Vis diffuse

reflectance spectrum

TG FHES, O BN RIS K AN A GaN R FIHIFEIR A8 B ATH
X E BN BN 57575 AN 1 GaN B ERAHEARR., AT RFEGBLREN
R BT E 1 AT N R ML SRR, AU BRI S AR BRI
A4S T 2 DAV AR A BOERAR, XSRS B AT (0 AT RN B SE

it
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FERAMERER E0E NN HRRIR

5.3 INGS

A TR B R L SN TR T B Y65 T 7577 BN. AIN 1 GaN s E#E . 7#£737 BN
HtiER 8RS, EWUEEIETES, RAERBI By B TR, N7
AIN #1 GaN 13tif$r 8 i B, WE2E] nA(LO)YM nA(LO)+A(TO)E 45 T Hr B
HIPLZ . BRI TF AN AN, XGRS —RESME EWEEI S 575 F IR 2B IER.
777 BN 5757 AIN # GaN $t3k$r 28T AN A RRBEEITEFBSHHLEEA R,
ST BN, HAEA KIS RERNEEBMERER: X TR AIN M GaN, B
A HIHLE =B R K2 Frohlich HE/EM .
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6 (RYEIMERR 8B R LB AR T AT HEAM R

6 CREIM LR BIETREBRET A TIRELAR

6.1 315

FE RS TR S B MRES T IR P TR E—FIEE B RIS R R
%%ﬁﬁ%ﬁ&mh%mAum&%iﬁﬁﬁﬁ%ﬁ%mﬁﬁﬁ%E,ﬁ?ﬁﬁﬂﬂﬁ
WAL TR ), T Fe A1 T S EREB A ERBIAR Si 2RE, o TRMEHUR
BREALEALI DA S, MaT, REREFHFRRAMBIE AT —2hTERF.
35 T IRIX B E R L, ATERMRR T F SRR &R T ST
SIE, WEEANET LR R AT, Bk A RS IRIE I X SRR A S AT
%oﬁﬁﬁﬁ@%%%%ﬁﬁ%%ﬁBWE%Eﬁ%@E%E?%%%%E@ﬁ%@%%
sl S, et R4S B E T A TR R AN, RIMBESEREHIIEART
FRERBHRETF A TIRBRIE.

SdEnRSBEETATRAR, BTEFARIBEAY R AHE, TRERKE
FAFRET AN L PR L. &4 SCRaT Siop MR, —ohh Xk
BREFATHREREALATHREMR, XHENTEEERLINIRITER T4 Rt RIR
8 KA. ‘

A=, FIF DR MEEI BNER AR, RAFRT ZSM-5 M So-MWW XF
FEESBRETAFE. BARLHIEES T EREXTFH ST REREINX A BEN
ek, (BZEVESEANT B 6t B 3R E MRS B g R E IS . B 5 EHR
188 Y R R 4 B 2R B T4 TI% Fe-ZSM-5. TEMWW i, FIFIASFH MR X
02 B 1 4 T 0% B () 22 S SR 3R 4 8 BT AT A HEAT T EEAR, W B RR BRURAT AW
¥ 2 IHET HOMO-LUMO it A AN FE .

6.2 ER5WiE

6.2.1 ERRFRTHTFRAIREERE

& 6.1a 2 Fe-ZSM-5, Ti-MWW FI Sn-MWW 4> F I 154011 I8 R EHEiEE . WE
A LEH, Fe-ZSM-5 Fl Ti-MWW 4 BI7E 250 nm I 220 nm ZF BGREEIE; ToX T
Sn-MWW B 5, 76 300 nm LA T HIR SBES o KA GE, Jem SRR, EEa I
SRR RN, TixtT ZSM-5 4-F 0%, M T7EEsh-a] X A AR BN, 3T
B SRR B R S AN G . T 6.1 44 Hh R TSR A AR 4T 7 D /s BT AR
WA, (DFI(2)5 BIXT R FARBUCRIARE RO 0L, ZEMAEEN AR, s AL SR ST RT BT
FEETF 51/ Si(OH), BITMER, Wil BA T 7 EE REIRE, oUERILkE
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s SRR SO N ER A

SRS EA TR ERGE R . W 6.1c THIEE (B PR, AR TIRMTES
F RIS 4 BT 160 nm A1 185 nm. 5 SCERAR SiO MR SLRBIFR R LIS,
WEABEEE R/ 1.0 eV EA. BIIHTEERHTEE, RIERT BT LLIR
WEE., AhELLEY, 4ESTFIHE 177.3 nm LEE WM, TEHESTHE 177.3 mm

R — e RAE RO . SXFR 177.3 nm FOBOLTT L— AR EILIRIER ZSM-5 4 F I .

(a)

Fe-ZSM-5

(]

8 Ti-MWW

1]

2

o]

W

Fol

< 532

200 300 400 500 600
(b) Wavelength / nm
e =

@ 2 @ e s H
, o'%ov-’ 239
LI : @ ® 90
ReFe P S ose B 94l
® @ @ aﬁf ?,Q-f% @ Si
> owel ST e

o, ?
(c)

@ :

2 {1773 nm

(34 .

£ .

2 ¥ AlL(ZSM-5)

Q 4 .

= =

100 150 200 250 300

Wavelength / nm

B 6.1(a) Fe-ZSM-5, Ti-MWW &1 Sn-MWW 78507 L8 R AHEIBE: (b)) WEHE SRR T
NFIERER, (D)) BN R AR AR E R (o) AR (RZ) HARIENSE ( SEED B
SEESS TR () FIEEL TN (42 MRPOEEE

Figure 6.1 (a) UV-Vis diffuse reflectance spectra of Fe-ZSM-5, Ti-MWW and Sn-MWW zeolites; (b) The
cluster models for zeolite calculation, (1) and (2) corresponds to the situation of Al-substituted and pure silicon,
respectively; (c) The absorption spectra of all-Si zeolite (black lines) and Al-substituted zeolite (red lines)
obtained by calculation without (dash lines) and with (solid lines) correction
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TR SR BB I A Y FTR R A

6.2.2 EEFETHFRBCRDENMRS KR

6.2a EAFEEE KT ZSM-5 4TI 8 6kl . B FIoem™ETI, £ 532
nm ¥ BT R B ik B A ET AR 8B5S . HEREEBE 266 nm, HTEIT
THFH, 7ER B E T EH M E S MFI £HAT 380 F1 810 cm™ RIS AETEIE" 77,
W S — B E 177.3 nm B, FERESMT 2 E P IRAMEEIX AT . EETH)
M IR M AL, AT, SRS RE BELHRIEIE . XHR, B ZSM-5 T IRTE
177.3 nm Ao BER AR, B7E 177.3 nm UK KRS 818 B T 3% W By 8151
SRR

HTFETELE Fe 5FK4RB Al EXTHRIBERPHRUMERFE, ATS
ZSM-5 S FRrbhs, HATHENT Fe-ZSM-5 4 F it T T8, W& 6.2b Fiw, 5 325 nm
BB WA B B, 7E Fe-ZSM-5 40 F 1% 266 nm BURHIEE /MRy B P HIL T
516, 1115 #1 1165 cm™ =/HFlE, EMMEMSEZ BB HEDSRE, XS
[Fe(OSi)s] & # 4R BN AH2E57, 516 F1 1115 o’ AYIEIE S AIVF B T IUELALHI B 48 Fe-O-Si
Rk AT RR A AR SRR RSN, T 1165 cm™ AOIEIE YT E T 1 P94 & B 59 & 38 Si-O-Si f 1
YEIRFN B 2R Fe-O-Si B BRI ARSI LA L, Fe-ZSM-5 4rF 0 266 nm BUAKHIE
Fiir 8 I P I S IS AT LR A SRR M IR B I S R

AN & BIHEFRSBRARNEERFS TR So-MWW Al TEMWW #4177 %
52, BARTIFE 221.8 nm AEBARIRMTRK, B7E Se-MWW 1) 221.8 nm BUK HI RS IR
B BB I S By B IR ILIRIE RIS (B 6.2¢) , T7E TEMWW KIS AM LR
Fir B3 o 411R B M M2 3 5[ Ti(OSD,] 85 M5 1100 om™ i IEILREIRAIILE (&
62d) . XE=MEBHETRABAKEBELRZ BN, RANSIHELREESTSH
REBETFHIMAT R, MNEEEREEMER.

6.2.3 RN ENIEREIETH

B TR 8 6k B —F e THRELIE, EFRAEMRILRN 2L R LI BT HK
TFENE, L4 SRiEENHTON. NTEARTEERRMATFRME, "TLUEHE
VERZEBEFSHER IR SOy BHEHB 22k . BT SiO, MR S R 237 i A0
2p FUEER 3s. 3p BUELA, S&EE TSN ERBEMT SO MAERZEN T . ERIR
FAFmS, ATHRFARTERE R LEBARTFAERARNERT, SXTUADT
ERITERT R ER T4 FRNEFSERE.

BATX S BRI EE S B R T4 T ar&uE T =2 0, WHE 6.3 P,
B4 HOMO #5281 O B9 2p BUEA MR, B89 LUMO AEAMR. XT ks
BRBEF4FH, LLUMO TEHTKRERBE TH s UER/N I p PUEARK, PLIER
FEUARTAREM TR, TonTFEEESBRRETH TR, HLUMO ZEHTESR
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6 RS ILIRE BT BAE T 4 FIRHELH R

BT 3d BUEAR, MERTEEEERAG. LUMO ARFAFERINARERESET X
FRAR A TR FARKNER. EEREBRETFHTMHT, BTHRENRE,
HOMO 2| LUMO BB 3 B &R T HiE %5 M-O BT JEX T ISR & B A R T 03 79
4 F HOMO 55 LUMO 7 M-O M FH EHEERNES, BTHNRIERREF M-O
BT, B4, ZRH Tsuboi AMERRAT, LYHMESNEEBEERE B TERIIN, X
oy 8 3 I () BRSOk T NEE S BOT BRSBTS M ALK YRR S R
B R R 0D, X RN, mRETFSRINEEEERARE, B4
e LR BT A A MR 2 SRR
(a) \ HOMO
0-—§i/ M=Al, Sn

i HOMO: (0: 2p)

LTUMO: (Al: 3s(mainly), 3p) (ZSM-5)
LUMO: (Su: Ss(mainly), 5p) (Sn-MWW)

M=Fe, Ti

¥ HOMO:(0:2p) 0 et
LUMO: (Fe: 3d) (Fe-ZSM-5)
LUMO: (Ti: 3d) (Ti-MWW)

B 63 LiksBRET ST H@AMTEESBRETH FIH(b)H HOMO, LUMO M HOMO-LUMO B
EHrEE '

Figure 6.3 The schematic diagram of HOMO, LUMO and HOMO-LUMO transition of main group
metal-containing (a) and transition metal-containing (b) zeolites

ST ZSM-5. Sn-MWW 2Tt X i i, BREGRIXFERY, BEXET
SERTHRAIE ALO. Sn-O BT, FTLIZER)EINIRE BB T EANREAS
AL-O. Sn-O BARFNARE IR 8 EIEBRIIE . TIXT T Fe-ZSM-5. T-MWW 73 F i, M
T PART R AL Fe-O. Ti-0 BT 1 b, MIEIR LI SERA & PIRE 52
%%Ewmmynmmm%W%%ﬁoﬁﬁ,&M%@ﬁﬂ%%Tﬁﬁﬁ%ﬂ%ﬁ%%¥
RN 8 BT A ER . |

UL FAMF TN, ke BAERSRBART A TR EEHT AN A RZH
B 2| AR R4 B R T (ERERMTER) S FRIOETSEMARERN. &
RIRATR 2T LS LA T, EFRGRNZT U EFMENEREETTT
i :
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6.3 /&

FIFR)E S B A, BRI ERSBRET 4T/ ZSM-5. Si-MWW g
e BB T4 TI% Fe-ZSM-5. TEMWW BT TR . LB ITERY ZSM-5,
Sn-MWW 43 F 878 () 24K BH R BRI, BRI T E TR E NS
F BRI RIB I Z . I T Fe-ZSM-5. TE-MWW 470, 8 gt IR mms
MHAEE S, BibNER, XHEHEREBERTS TR EFSRIIEAEE M-0
sk, MRFRTERESBERBRTHTHMMNETARIRES M-0 BHITH. &4
Tsuboi AN, AN HOMO-LUMO BkiT 75 AR Z FEEMNH RN 2RI T AR
HIFRYE .
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IR

7.1 31§

SRR, A REIER F 2SS Rk B A A B A E R HIA NS SR
EF AR, FER, MBI TRERENSMRE. BT RKAERIAR. AZA
S, R AP AR E A R B R RO B k. TERS UK PH BEBIRRERTEE (LR TE
h, HTEE. E, LB HEKEIEZE T AR SGEN. 840
b EEE B AL A A EIK 2 SR AT R BT R SR, (BB AR T RE RS S PR R
MR EEIS, oy TR A AR AT, REERATTR T RS EE M S
(R R AT, BIHTSL T SRR, ST R S L 1
KB, 7E2 BT TAESR, iSRG RERTALH, RITRIGRAATEIE
Ve SRR T, IR R RS T R EE ¥, i, RIS -
£ U1 T AR T LU RS TiO, MUY EE T, Bl RILR T o/B-GayOs FABLE AT LA
A AR L AL A A KB B R, B AP R R, SR ALE AR E
FERETH o/p-Gar0s SANLE SEE M A EHENRT . BAIIL, EXHRTIHEW
AT A O GRTTA R R RIE 2, X RAERA 1 — ST R T E RIS

e Sy —Fh B 1 % EATATRL, B T /b U A GanOs FAHE Ca B,y A e-Gax0s)
AR T BB R2ErED ), ZEIR L BAR T, B-Ga0s RAN % LRIAEM, HEM
B A AR R B-GayOs2% 1%, B R B B AR GaxOs ) w/p RARL DEH
FFO T, GaOs WRMRMEHAETE . EAZHERT, BTESHEMEANHR,
0-Gay03, B-GaaOs 1 y-GasOs e F SR S M0 5 P B 2 A RO R R, RIS tEAL 207
KT, A 0-GaxOs Fl p-Gay 05 (IHRIE, oA JLEIH 5 y-GanOs S £ 3 AR 7K H)
BRS04 B MR R A4, A \E AR A B AL T 2 SRR,
g T B 5 4 BT IE AR T A/ P, X K07 o ARFIERAY B AR\ AU TE
AT e SRR K HR . 7-GayOs MM A SRR TS BRI AT, (B ANIBE
27, RN, FFSURAM 1/B-Ga0s R XNENEMAR Lt R I HH B,

HFP LR, AAES, RATRE y A B ARGLAH Ga0s HEALTIFFRE T ettt
MBS, RATEIAIL S R G R ANEM. FHT o-Ga0s 5 B-Ga0;
> AT, 76 y-Gan0s B B-GayOs MR EF G HERMRIAT A, HELELS
SRR AT R . A R . BRI U OB HARERY, L4
K St A A T O S P BB T B ALIE MR R (E . T3 v/B-GaxOs M S HREH
a@G&hW%%%ﬁ,ﬁﬂ%&T%&ﬁﬂ?%%%&mﬁ%%gﬁimﬁﬁ%ﬁo
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7.2 £R 518

7.2.1 XRD #1 UV Raman J¢ifFR4E

B 7.1 B4 RAF R v-Ga 05 B R 0 X STEATHHERE . & BUIEE 7 26 29 30.8°,
36.2°, 44.1°, 54.6°, 58.4°F 642040 EIL HUAFAE HOATHIE, 5 v-GayOs MEHIFRIE PDF R
&84 (JCPDS -EH 20-0426) o 3% y-Ga,Os FEfL7E 823 K FHEKE 0.75 h Y, XEAT
SHEHERAEE 30%M TR, RTTJLTEREMEE B-Gay0; HIATH 1S, XRAFMEARE.
Gk B E T ETARR TR, SRR AEK S 5 h i, AT UEMHE 2 AR T B-GaxOs
) 31.7°HATETIE, FEAZEIEEE S h RS PR S EN B-Ga0s. BEEELEATRIATE
K, v-GayOs HIRTSTUEHR LTS, B-GayOs HIRTENMHRERIE . TERERE 24 h HIFE S R AL A
Bk B y-Gay0; MTHT1E, REAMEZIRETHKT - '

® 3-Ga.0;
& vGa,05 calcination time of
¥-Ga,0, at 823 K
e
:. ML/*——';\-—
‘\“ IN
= & ' )
2 2 5h
3
c ;A o 075h . A\
a
a A y—Ga203 FaN
30 40 50 60 70

2 Theta / degree
B 7.1 & BRI v-Ga,0; FER I X ST EATAEE

Figure 7.1 Powder XRD patterns of as-synthesized and calcined y-Ga;O3 samples

266 nm B AN B et gk Fl SRR AT v-Ga,05 B B-GayO; B T . B 7.2 2
& R HI AN 1 v-GasOs B B 48 Shhr B i B ST F & R HE &, I BIAL T 340, 740 F1
1610 cm™ LIS KT, TS BITHE T Ga-0 Z5 iR MR ki 2 58U .
SETREES 0.75 h MIRER, AT LATEMiHREE I T 198 om™ 4bJAJB T B-GaOs HITEIE, ZRH
B B-GarOs AL ¥, X5 X ST BANERAKAER, FEEE TR 260
St TAE TR M BURIE . MR GEEEHHT, B-Ga0s T BB IEHREER, v-Gax0s 1Y
i B IR SR A ET 7S 11 h BORE S R JLE R R B 4-Ga, 03 AL F 1610 em™ Hyhr 2 7K 12,
TSt FRe4s 24 h BIRES, RAEMERE] B-GayOs KIFL B IE, X RkE FH AT T2 I 58 Al
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7 KL BRI A S ARK AR BI:  GayOs ST SR 5

bl ?'"GafoS 7. =266 nm
o yGa,0, _ =

& calcination time of
v-Ga,0, at 823K

24 h

Intensity / a.u.

300 600 900 1200 1500 1800
Raman Shift/ em”

B 7.2 & BRI v-Ga)0s B S Sy B 6T

Figure 7.2 266 nm excited UV Raman spectra of as-synthesized and calcined y-Ga,O3 samples

HF X HEATHHE R AR SN B 6B R, 3T B KB T, K42 24 h [ y-Gax 03
BB % B-GaxOs, TIASHE 0.75, 5 1 11 h AR S ERSH v A B ARKIRIRFER, B
111 B ABEORBLE B 4514 10%, 50% 80%. ZEHE FoREIFRSY, KihE0.75, 5 A 11h BB
45 BIFF IR v/B-GazO3-10%, v/B-GayO3-50%F1 /B-Gar03-80%, TIRTAE 24 h IRE 5 AR AT
- 1 B-Gay03.

7.2.2 TEM #1 BET RiE

B 7.3 Ga,Os MBS HEE S

Figure 7.3 TEM images of Ga;Os samples
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IR BB N AREV A

B T B S B AR AR AR LT N SR A L . ] 7.3 T,
& R 7-Ga0s R R AT ERIR . BRRA FOREOTESR, SFHIK/ A 100 om 4 SRR
WA R L EEES . F 7] PHEETRIEERFRREATE A, 3
v-Gay 03 FEA 7 K B-Gan 05 I, EURTEA 62.4 m*/g 4% 37.3 m’/g. X KRR
AR PR EEE RER BHEE.

* 7.1 Ga,O; FEM A LR TR

Table 7.1 BET specific surface area of Ga;O3 samples

Samples BET specific surface area (m?/g)

7-Ga;03 62.4
v/B-Ga,03-10% 63.1
v/B-Ga,03-50% 40.8
v/B-Ga,03-80% 37.6

B-Ga,03 37.3

7.2.3 FELEHER

3125 Rhy sCry <O BME LA JE , A THHXLE GayOs BEMIEAT T HAEL 2 MR K KI5
] 7.4a FIF 7.2 45 HH IR R0 RE YAk & 4 K TR M RO BCHE BT HORE R 0 Ak DARRIE 2:1
AL 22 B G K AR S S E S, BENZENERB RN . v-Ga0; F iR
M HE A R S AL EE I, PR RIFE IR 4 B2 208.9 pmol/h F1 93.6 pmol/h, FLERTEIA
B AR PSR A 5 67.0 pmol/(r’.h)F 30.0 pmol(m’ h). X/ BT v HEFEART
B, v/P-Ga:Os-10% M IIEE T HT 40%, NELREFHA—HET, BHJEL
A MBI LR R R R 2 RN . BEE p RIS BB, EERRERE
BE, Wy ABSRAEET N pARE, JeEAEEERT RENRE. B-Ga0s FmRILL R
T — AL EE, PRSP R 4 B 105.6 umol/(m?.h)F1 49.3 pmol/(m®.h).

BATHR L T LU Ni /E A B HEAL TR IX £ GayO; RE R IR AL & R K BITEE T
7.4b iR, 5 RhysCrsO; /B ABEWFIAR, v-Gay0Os BRI L B-GayOs 7 i T = Y
H—{LiEdE, XS GarOs MR BN Z 18 Y ILRERE A 5<%, {3 y/B-Gay03-10%
B DR 2 H SR A B A B IVEYE . B, v/B-GarOs-10% 5 i B BARIE PR LA X
SEARAY TS AN AL A R AU R F v F1 B ABA R ERIER, TN Z 5K GaOs FF sl
AR EE AR
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RSN LIR T B E R N R RRITA

v/B-GarOs IR BRI —1E % 5 DIRIEH o/B-GarOs AREHE ERKIAM. Wz 7.2 iz,
FEASHIAM o/B-GanOs BE i (YL AL V5 1 B FA MR 0-Gan O3 F B-Gay O3 HIEIEZ % BT EF

TR ARAR SR, (78 TR AT 4 y/B-Gar05-10%FE S R UL B AR RIS -
% 7.2 RhysCry 503 1B 4 B AL TR Gap05 B M e fE L S AR KAOTE 1

Table 7.2 H, and O, evolution rate of Ga,O; photocatalysts with Rhy sCr; 505 as the cocatalyst

H, 0, Normalized H, Normalized O,
Samples evolution rate  evolution rate evolution rate evolution rate
(pmol/h) (umol/h) (umol/(mz.h)) (umol/(m2.h))
v-Ga,O; 208.9 93.6 67.0 30.0
v/B-Gay05-10% 127.4 60.5 40.4 19.2
v/B-Gay03-50% 149.3 65.3 73.2 32.0
v/B-Ga,03-80% 154.0 72.9 81.9 38.8
B-GayO; 197.0 91.9 105.6 493
lg-Gay0s 38 19
[48-Ga,04 20 10
Ela/B-Ga,0; 130 65
la]: The data from ref. §9.
o/B-Ga,Os represents the Ga,05 sample with surface a/B phase junction.
7.2.4 UV-Vis #1 PL KiERAE
v/B-G a203-1 0%
y-Ga,0,
y/ﬁ-Ga203-50%
o v/p-G aZO 3-80%
O , p-Ga0,
 an)
(5]
L
| .
o)
[12]
L0
<
T T T I ! I ' 1
200 300 400 500 600 700 800

Wavelength / nm

B 7.5 GayO; £ S AU S50 7T Wi AR Yt B

Figure 7.5 UV-Vis diffuse reflectance spectra of Ga,O3 samples
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7 HALECERITT AR A A AR BE OB : GanOs AT BTN %

B 7.5 2 GayOs B85 HIAEHNTT 38 R ST LR . BARFTE A% i i U HFL ATAE 290 nm
b, BITRUCETE 235 nm &b, {B7E 300 nm Ml ERIKIRE R EARF. v-GaOs FimH A
53R T 350 nm ALEITRIIE . BT y-GayOs MIAAE IR 4.6 eV, X535 HYBHUIE AT JH
FRAARPEBRNOGEESHRE. HOBH 1-Ga0; BEA -Gl K, X T
v/B-Gar05-10%+E 5, 350 nm AbEIFHIRIKIEVE KT, BEZ HILHZTE 300-600 nm X 35 5 ™
BHEER. WE b HSENENEN, BRERBEFRES, T v/8-Ga0:-80%
M B-GapOs B, TAIMIIEC LB EHAZER. HIL, BT AR ERARRS, BRER
WL IE L R B Y Gay 05 FE AR LIRS ERIANFE.

7 6a SR 5 260 nm BR FRIFEHIEIEE . y-GayOs HEM7E 470 nm ME A TR
IR IIE, XTT 1/B-Gar0s-10% M, X—KHIEMA EBE] 535 nm. 3 B IHE & B
— a3, ST v/B-Gas03-50%, 7/B-Ga;03-80%F1 B-GarOs i, MEE] 505 nm B R
e, BISHIIRAERE B A4 BEOHINTIHIE, BIESHR, v-GaOs BF KA IR R A H TAL
T .25 R T R B R B B T 5 T B R A R R AR - B A R T B B2 AL B Y 2T
g8 4711932022080 (st FHE Gap O3 FE L R IGIERTEE ?ﬂl‘]iﬁﬁ?-&-‘ﬁﬁ{muﬂ@%%o
7.6b BiXEE GayOs I AN EE, ST ERIFOTES BN v-Ga0s Fe i, JLTEARE
2.7 BRI AR . B Ak, B 7.6 4 T y-Gap03 Fl y/B-Gay03-10%4F M fE 723 K 25
ST AR 4 b B BRI E, ENRRIIEEI B S 1/p-Gar0s 10%HE & FOAR . SRR
R, BN v-Ga0s BRI KSR BEBE %, TSR T AT .
o SR B 5 R R IR BIIX L Ga, O b M BRIGSHSE B FTESR .

7.2.5 HRTEM FE1E

7.7 B Ga,Os FE S B 4 HEB ST B E Y o I T y-Gap0s 1 B-GayOs e, 73 AIBAER
| [AEE S 2.91 A 1 2.82 A i) 5% 5580, 4 RIS R T y-Ga03 H1<220> G H A B-Gaz0s 1(002)
E . 54T 7/B-GaaO3-10%H1 1/B-GanOs-50% i, 43 BT LABE M MR BUXS LT B-Gaz05
QOF(I) BEHLE, {EX T 1/p-Gar0s-80%F i, HEAHMWEIH T 7-Gaz0s i T
HI%50, X v/B-Gay0s-80%HE & U I ST A H iR B ARALER. 535h, 5 v-GayOs F e
HIEL, 7E v/P-Ga05-10% F BRATMERZE v Fl p MZ B WL MEFEH. BE pHATE
BT, TR AR, T B-GaOs RER LT MBARILEFEMT . FERATA
- 7 i 0-Gay03 B p-Gay 05 I F T, 1EVEAH 0/B-GayOs3 PSR HEENER LTS
188,89 b2 F v-GayO3 5 P-GanOs ) S RELZE S 2.75%, JLFIR 0-Gax03 55 B-Gay 03 2.05%
— B, y-Ga:0; B B-Gay05 MM AR sh B 45 M IR AR T & i RECH, TUNLS
v-Gaz O3 (51978 e, X AT I 5 y-GapOs £ —BUHY v-ALOs FRAD AR Pt I T R S5 1
BB 2090, BT FEHGE, TN Ga0s BE R R AN LI BT AR ERIZOIE
BT R S A N R IS B T S B A . BF ST RS mEDE R
BT Hzh h24Th, HSE T ELEMEKEENAR.
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Figure 7.7 HRTEM images of Ga;O3 samples (The areas scaled out by circular and square symbols are with the disordered structures)
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7.2.6 BitITE

5T FIF IR SN R, AT T DFT HE UL T ## v-Ga205, v/B-Ga:05

DL B-GaxOs B JLATSE MR L T 45 1945 B« e X 4lAE y-Gap 05 1 B-Gax 03 11T T LERIRAL.

v-Gay03 B SFRYE ) Fd3m HISRMaR & A S, 530 RIERT v-ALO; ZEHIZEL, T

B-GaOs 2RV M, XTFRMEA C2/m. B 7.8 45 B RS B-Gar0s Fl v-Ga;0; = EARE

R E. WETLUER, T80 7-Ga0s MR p-Ga0; MZ%E, FFHH

Z A S HAIASFET R T
. 10

14
e ] B-Ga:0; 124 v-Ga-0s
! 10 -
6- 8
4- 61
4 4
24 w 2.4
0 bty - 0 Frr—rrrerp ey
-8 -6 -4-20 2 4 6 8 -8 6-4-20 2 4 6 8
Energy (eV)
14 14
12 4 v-Gaz0; 12 4
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B 7.8 4l B-Ga,0s Fl y-Gay0s =M BRI T MM SH - EHE

Figure 7.8 The density of states (DOS) of pure $-Ga,Os and the three most stable configurations of y-Ga,O;

T4 TORFUIBA v/p-GarOs, BATIRIR o/p-GanOs ARLEHGLF MO TTIARE R T I AR AL
B, @ F y-GayOs GRS MIRORHE , SRR MR AR AT AR AL I SR8 1 0 2 (I
792) o BHE VK G AT T SRR TR IR E T R ERAREL, 1-Gax0;
B-GayOs MR 72 TP 6 9 0t LT R S5 LA AR B S B 7.9D A1 7.9¢ RAXPIRNIE
SRR TSR, TUES, B y/p-Ga0; ML 1-GaOs M
B-GanOs WS . HIBAVR, S TARALAN 1 2 WL, 1-GasOs F1 B-GanOs HYRER
HEAF A A . TTSFAILLE o/p-GanOs AR TS AR R, FAMLIIRLT, o
W AEENTRAA BN [ T SERREHHT], T v/8-Ga0s R, LG
B HE TR T SR R TE /P VRARDSI B BN EEK, R AR RAAINY, 4
SEETEN R A . X AR o/p-Gar0s R A y/p-Gas 0 R AN &4 AR AR T4
B3 R A TR
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Figure 7.9 (a) The constructed model for the calculation of y/p phase-mixed Ga;O3 (The green and blue sites
represent the I and 2 vacancy site, respectively.); (b) The DOSs of a most stable mixed-phase model (1
vacancy site) with different axis angles; (c) The DOSs of 2 most stable mixed-phase model (2 vacancy site)
with different axis angles
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Figure 7.10 Normalized (a) and Non-normalized (b) TR mid-IR absorption decay curves of Ga,O5 samples

MUL_EFRAERIE IS T 25 RBRATHEN, 7/B-Gaz03-10% 8 A6 7 B AR A #5 £ VA I8 3 1
1-Ga,03 1 B-Gay 03 Z [T &M ST ERME S, v-Gax0s B B-Gap 05 HUFEZRILTE
RSN I B2 5 v-Ga05 IR PR A G5 H BB AR IR . ZE T3 7/B-Gap 03 M ESRIE
] o/P-GayOs PR R IILE-E 407, Tl 18R BT FIF 6L S I AR 45 7 200 2 P 4R A
1. B2 AR EE AN SR T RS BN, TNIZRRFILAIN: 2. MEN XA
1R SER A EHTI A TEANSE. RERSAERINGL, UGS H—K
5 (2 T AR 45 B RSO B BE S R R BTT A R |
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