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PREPARATION AND PROPERTIES OF POLYMER-
STABILIZED LIQUID CRYSTAL BROAD-WAVE
REFLECTIVE FILMS WITH INHOMOGENEOUS PITCH
GRADIENT DISTRIBUTION

ABSTRACT

Cholesteric liquid crystal (CLC) films with broadband reflective
properties have broad research prospects in scientific research and
practical industrialisation, and have been widely used in the fields of dye-
sensitised solar cells, infrared shielding smart windows, and laser
protection films, etc. The pitch of the CLC films as an important factor in
regulating the reflective bandwidth has always been the focus of attention
of the researchers and scholars. Conventional CLC has a narrow selective
reflective bandwidth due to its single fixed pitch, and its practical
applications are greatly restricted. Therefore, it is an important research
topic to construct an unevenly distributed pitch gradient to obtain CLCs
with broadband reflection characteristics. In this paper, polymer-
stabilised cholesteric phase liquid crystal (PSCLC) films with more stable
and longer wavewidths were gradually prepared by doping fluorescent
dyes, commercial UV absorbers, mercapto-modified and unmodified SiO»
nanoparticles, respectively.

(1) Fluorescent dyes were introduced into the study of the broad-
wave reflection properties of CLC films. The UV intensity gradient
generated by UV light in the thickness direction of the liquid crystal cell
was enhanced by using the absorption property of fluorescent dyes for

UV light. At the same time, the polymerisation monomer DCM

11l
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undergoes a free radical polymerisation reaction under unilateral UV
irradiation, and the liquid crystallinity of DCM induces and anchors other
liquid crystal molecules in the system at the same time, resulting in the
gradient difference of pitch distribution. By controlling the objective
conditions and designing a multi-group liquid crystal-polymerisation
monomer-fluorescent dye composite system to explore the effect of
fluorescent dyes on the reflective wavewidth, PSCLC films with a
reflective wavewidth of up to 1122.4 nm were successfully prepared. At
the same time, the infrared shielding effect and the fluorescence effect of
PSCLC broadband reflective films were used for infrared shielding and
anti-counterfeiting applications, respectively. Compared with the blank
glass samples, the temperature of the best samples was reduced very
significantly after 20 minutes of irradiation by infrared light, indicating
that they have excellent infrared temperature control ability and have a
promising future in energy saving and emission reduction. In addition,
PSCLC anti-counterfeiting films with responsive red fluorescent patterns
and numbers under UV were successfully prepared by spraying
fluorescent dye polymer dispersions using electrostatic spinning, which
lays a good foundation for its application in the field of anti-
counterfeiting.

(2) Different types of commercially available UV absorbers were
introduced into the study of the broadband reflectance properties of CLC
films. UV329 has a stronger absorption of UV light. The absorption of
UV329 greatly enhances the UV intensity gradient in the thickness
direction of the liquid crystal cell. Similarly, different mixture systems
were designed, and factors such as polymerisation conditions were
regulated to study the effect of the UV absorber on the reflective
wavewidth, and wider reflective wavewidths of up to 1452.3 nm were
successfully prepared for PSCLC films. The effect of shielding infrared
ability of PSCLC broad wave reflective film was used to do the

v
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intelligent window control application. Compared with the blank glass
sample, the best sample has excellent cooling ability after 20 minutes of
infrared light irradiation, which indicates that the UV329-doped PSCLC
has excellent infrared temperature control ability, and has a promising
future in energy saving and emission reduction.

(3) In order to further obtain PSCLC with wider reflective
wavewidths, the UV329-doped PSCLC system was doped with mercapto-
modified and unmodified Si0O,, which accelerated the diffusion of the
DCM chirality to the near-light side by using the nano-effects of SiO»,
and greatly enhanced the inhomogeneous pitch gradient distribution. The
PSCLC films with wider reflectance wavewidths up to 1698 nm and 1641
nm were finally successfully prepared.

KEY WORDS: cholesteric liquid crystals, broad wave reflection,

fluorescent dyes, UV absorbers, SiO> nanoparticles
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Figure 1-4 Schematic diagram and optical microscope photograph of the focal cone organization
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Figure 1-10 (a) Reflectance spectra of samples 1, 2 and 3 after UV polymerization at 70 °C
and (b) SEM photograph of the cross section of sample 1. The pitch length increases gradually
from the lamp side to the opposite side with P1 < P2 < P3 < P4 < P5 < P6. (c) Schematic diagram
of the mechanism of the pitch gradient induced by the gradient of dye concentration.
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Figure 1-11 (a) Schematic of the thermal diffusion-induced spacing gradient mechanism, (b)
Transmission spectra of the bilayer after annealing, and (c¢) representative TEM micrographs of the
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Figure 1-12 (a) Schematic representation of the mechanism of the spacing gradient due to thermal

diffusion, (B) Transmission spectra of the IR shielding film in different regions, (c) Polarized
photomicrographs of the film, and (d) Representative SEM micrographs of the cross-section of the
film
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Figure 1-13 (a) Schematic representation of the mechanism of concentration difference-induced
spacing gradients, (b) transmission spectra of a 15 pum thick nano-spacing gradient network
membrane, and (c) SEM image of a network fracture surface
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Figure 1-14 (a) Schematic and illustration of the mechanism of diffusion broadening
reflection bandwidth of various chiral compounds during the experiment. Transmission spectra (b)

and SEM images (c) of the best sample H after polymerization (arrows indicate the pitch).
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Figure 1-15 (a) Transmission spectra of CLC polymer membranes with inhomogeneous spacing

distribution and (b) SEM images of fractured surfaces of the membranes
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Figure 1-16 (a) Schematic of the process of thin film preparation using negative dielectric

anisotropic liquid crystal/chiral dopant/UV absorbing dye/photoinitiator composite system; (b)
Pitch size change of the composite system before and after UV polymerization; (c) Transmission

spectra and (d) reflectance spectra of the different samples (Samples A, B, and C represent the
chiral concentration of 25 wt%, 20 wt%, and 18 wt%, respectively) grade fraction of monomer

DCM, respectively)
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Figure 1-17 (a) Transmission spectra (b) and AA of samples B1-B5 (B1-B5 denote sample grades
with C6 M content of 6 wt%, 8 wt%, 10 wt%, 12 wt%, and 15 wt%, respectively) (c) Schematic

representation of the broadband reflection mechanism
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Figure 1-18 (a) CLC spacing of the film and UV intensity variation as a function of the position on
the film thickness of the ultra-wideband CLC polarizer. (b) Reflectance spectra of the optimized
CLC film
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Figure 1-19 (a) Chemical structure of chiral compounds and photoisomerization process of chiral
groups, (b) Helical twisting force of chiral compounds as a function of irradiation time, and (c)

Circularly polarized transmission spectra of the resulting films
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Figure 1-20 (a) Preparation process of chiral azo compound-doped PSCLC and its possible
mechanism of broadband reflection are investigated. (b) Transmission spectra of material systems
with (Sample 2) or without (Sample 1) chiral azo compounds
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Figure 1-21 Schematic representation of the twisted helical structure shown by molecular ordering
in liquid crystals with half-pitch helices in different helical twisted configurations: (a) molecular
ordering with long pitch helices, (b) molecular ordering with short pitch helices and (c) molecular
ordering stabilized by a polymer network. (d) Transmission spectra at different temperatures and
(¢) temperature dependence of solar and luminescent transmittance calculated by using equations.
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Figure 1-22 (a) Schematic of an elastomer, possible mechanisms for thermally controllable
broadband reflection of CLCEs with shorter spacers (b1) and longer spacers (b2), and
corresponding SEM photographs of fracture surfaces of CLCEs with shorter spacers (c1) and

longer spacers (c2)

17



LRUTRE R 2 A S

1.3.2.6 AT TR R 5T

T TR EAZ, ARSI, &R H IR i R R,
I OB A s TR RO R R AR 2R T AR AR, AT DAL T
S5 ARBY Bl 1 SCRRRIE B4 MR BE VD AR A, JRIERE 7 KA
1) PSCLC Ik S S R %% . [, Yang O AR 7T 1 —Ff 47 1 0 R ¥/
FHEE PR (CIL) ZEEME, B w i SR, E LS W 1-23 By
RGBS, #E DC 3 R, H3RAE RS0 2% 48 F ul B 1 2 T 5 R 2% R AL
BN, XIHFTREWM 45 CLC /i 18] 4 € 1R ™5 CLC AR, 5§
BN 4 (AR T A] AAEBEAN BB b2 (8] o A (] B

+  CILA f N*-LC
@____ =

Tz = €37 CEEEER

L L AE 2= =

ZZZE Eeon [l N Eco |2 ST =

= iy ...-'! *‘2\:\ @‘ammﬂfr ==== G@

===t ol % | Bl -

=== Rl i e
s | —

-
g
—
-~
"
"
3
w
-
g
e

100 —— i
e 0000, -'*»:"W"E} :
=8y S~ Frg :
8 AEERL ) Fat !
g -._;..'H’H_,;J;r_& . 1 Pitch
— - = ey ] &
E - . :gradlem
& 58 ! Sample t
£ FZTT | pich crocoy i
= 20 = ==T !gradient -~ 0C 0.0V !
B ~-0C 300V '
———m | o vt el I
]
]

0
300 400 500 600 700 800 900 1000 W
Wavelength / nm

K 1-23 Ca) FRILA FE AT P S8 SR HLA B S (o) RIS OGEE, A (o) ERIKIR
KA SEM K {553)

Figure 1-23 (a) Schematic of the electrically controllable broadband reflection mechanism of the
cell; (b) Transmission spectra of the membrane, and (c) SEM images of the fractured surface of
the membrane
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Figure 1-25 (a) Schematic representation of the membrane preparation method: (I) Generation of
homogeneous CLC films by mixing NM, ND, SM, dye, and photoinitiators; (II) use of UV
radiation to form a concentration gradient of the chiral dopant ND; and (III) preparation of

membranes with a spacing gradient after polymerization. (b) Schematic showing ND
concentration (a), SSO temperature range (b) and irradiation temperature relative to membrane
depth. (c) Transmission spectra of membranes 0, 1a, 1b and 2. The samples are membranes made
from the same mixture, and the reference is a narrow reflection below 2500 nm
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NP, ERANRIRUSRIR 2 BN GV, 2EHME 7738 2 oL S

S AMR IR E ZE i PR SCER AR I R R RURIEER, W—N=N—.
—C—N—., —C=0. -N=0%. fERJutaem, HEEML LT EEemEg
AN DRI RE:  (1)HO BUSUR AN G, A S AN R s (2) 3R 2R
WermRE E R AL, B ILRER AN T F ARE . R B BOLRESERE TN
(3) REIRIH A RS AP IUR B 81 70§ ORGSR KR B A s (4) = Rk i R 4
AR B AR R A, T ORI =7 T A B 52 SR R . AR ST
JFH R Y58 AR MR ) 5 B2 B o 2 R T =, SR =R S W) B S A TP A7
TEEN TWEABESH(RRES =W FWETRK), SRIEII LS, &
B W 2R BT O B AR e M AR AT T 1 5 AN AR D T T A RS DR TS (an ] 1-
27 F7R)s

] 127 27 = AT A P4 S R L )
Figure 1-27 UV absorption mechanism of benzpropyltriazole derivatives
1.6 4K SiO;

R 2 BT HRAE, 49K Sio & —Fikift A 20-80 nm B E K A MK, 2
—FEEE. oK. BV RMTEHLEAES B YURIIREAM RIS, T H SR S
AN - O R 18 S I L X W o o R = ' ) A 3 £ B P B2 o N
Z—, HGK SiOy A2 VREMIIE A, BNURMES 5108 2k, IR
MERIEH GRS, AT s SiO: 5 RG IR R A A, 38 54580 F A b A5 Bk
FRFGNK SiO2 HEAT CUtE, DAV B B/ ik 22 1 19 -OH A1, A8 3 1 27K %
AT FEEBES, 49K Si0x 75 WLV 7R BE-Ar 35 5 o ) 4 ik (8 2%
i, W T HRBR. S Ak Sio) R DR R R R LI, gy
B 22 D eI AR 2 AN ATUS I AR T T R Rt
1.7 IR IR AR E X

HAl, EHAEHFE S S REREN 30% A 1, B 7o 52 M i 30 AE FE 1) B 2R
o EIACE I, PR e AE 5 R AR PA 5T B DAY A T RS U7 R 5 H AR
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W, HEdRE, KA 800-2000 nm 4L A1 58 5 o HE AN K BH A1 A1 5 3 g = 1)
50% LA 15T, Bt mT A O T LL AR N SRR S TR R R R 2 S IR B R AR —
REZRE . NI EdF, WRETH CLC MR R AT EE LLAMMX, ]
PUFTELT AN BRI . 48R, N T B 50% M = A NS 2L AR 610 B itic, 7 20K
FEFFATF CLC AT X4 @I/ PET 2K & B A A F H e H i
CLC JiE, il & 1) BA 8 KON 5 I ZLA IS AEN AR TE B R i etk Jf
HAET Wik i B A =i B A0, H i £ 1) PSCLC FILLAM R B A2 8] 52 1)
ANREVATT, RIS A 1 A

IeAh, WOLTZ R TR RETIE IR aCas e, REl 2 AE I
AR IR (FERITLAINEED, BWOLn SR, RN AT RSN 7B 2L
Bo MHTH & REOGH 7 R RO S RO R AR, X
fity (1437 3k AN A2 2 AR E T FE B A Y B O A, AN RE AT R K RO
LR CEZEFN U, BRAR B By b I L A TR R T B K T
JEHARAE 750 nm 2 10000 nm X — X H] . XJ T B H & ZE OG0 &
CLAMR R M KO BB TR, LB MR RE U 5. i 97 4 T e % S B A2 08 B
VIR T T, TS TG R F R A [ 7 i Y R ) TR AT 22 5 S DA
TR K

G RHEAL R BH BE FLIB & — Bl UIR AR I 992K 22 L 2F AR A BV R
= BRI RS0 K BE R Hth, I AESRAZ B T OGN, AR, JURMEE R
FH B FH it 14 T 2 4 6 R % 5 5 e K BH R FHL vtk 119 T 236 5 6 03 AR LU AR N Bk . A
I, BB B I TT 1A R e D AR e e . 0 R R RSO 1 Y T 2
PER L BRI —Fh 7 4, @M CLC RS TEE R 8 51 A i H
HRGPREER, v DS RAG 6 SO R ) CLC . H T CLCs L 7 1k
e, HOZLEYREILRIIRERE M. AR RET . WOCB P RS T E &
IR T

i LIRS, AT RSO GRE . TSN S s S R
BPE A9 K Si02 51N B CLC 3 5 58 5 SO R B 78 o R 2694k,
FH 8 ARSI 50 25 5 1 5 2R BV B AR oK Si02 5 AN Y S MR RE R B2 43 A1,
IR T Z AT b 2 AR RUL5r SR A 25 A R 3T S S U8 B B s, s D ) % H
SR B4 B ATIE 1122.4 nm. 14523 nm. 1698 nm F1 1641 nm [ PSCLC #fi% .
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2 F BRAERH F R AR RS EE

2.15|8

W (LC) Z—Fa FHEPIES A T BE MRS Z MR ET . BT
nAEE XGRS . Wl IR AN S R R, IR BRI AR
W AR IRAR AV B AR S A A 2 R R, S AR S (CLC) BF
H G B R 9K R eSS I RE F, T PR AR S R A p AR
P R An R ST (AA=Anp) 191, H4) B2 TV M e b Vs A5 g s £ 23 1) J
HAYERRRONIZEE (P). BA BAANITER N CLC MRHE S5 G oh R B 45 (171 98
¥ CLC IR SE BRI B LH40Kk . SR, W8 W mR a8 S S R 88 . 967 f
e S EARATAEN T BRI BN F 8 B K BH A A 2 /e m D)4 i 4
A5 I 5 L ok 2 B ) B ) R SR A BEO), PRI, 4% CLC R ST RR I
MEK.

AT N, CLC B %8 (AA=Amax-Amin) BT (An=ne-no) Al
[FgE (p) Y, H A =pAn. A1, HT CLC AEHYAHT I An B H AL T 0.4,
DAL b 368 5 8 5 An SRR B 7 B EL A BRSO Rk, A A ELE S CLC MR
F G0N 1 B A P B IR) 2 B AL 23 AT SR B SR A 5 . SEIRARYY S35 A A (7
PR E . H, 7E CLC i R G 15 N5 MRS 2 R 13 8] B 4 A 1)
BROT. B, Lu 2 \NE & Fes0a 45K KL T PVA gk 2741 1t T A
A IR R SRR I ST (PSCLC) T . FIH FesOu 9K 1 1)
AN, AT RS PSCLC A5 A4 5 0l S S L A 300 4h Ky fg 2]
T 476 492KBY, Gan S5 K AR R (ZnONP) #44™ B8 14 17 71 4
W (N*-LC) i, FR1F T B0 SR IRE2) . 5% S Yol 2 R 5t — i Kook s g
R A — KR T RSO R, —ME A R A I IR AR,
NT RERRENE, RGN GG R — A . BT Rk A RS
w BRAETT SR R A 2 M T POGIRE . 90 G K g g .55 7 T 4,
JUESOCRRI Rz, AR E T R R SRR S ATE CLC &
&8 P E RO SN . [EIE, B SRR Y CLC 2 B IhRER . SN
WP BEAME FLER AN SR, I R 8 N TE B B Atk o 1) S
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A F R ELAMRYOEE (UVAS) SERAEBAR R T ZIF-8 158 MR UR 1 -
BEJE, o EARIMRRRHE R PO IR B3 5] N CLC R4, AR R 58 .
FOCIRHI I PSCLC RS AL T8 R LL bzl A D Thae. Hitk, ix
S S TR AR . R TREESURIBOLR Y. AT SIS 7R E A
AR R P 5N TE YR ] £ 7 — R AR LD A AR RN O T — R 1) 22 Thig vE
SRR, BRI T SR S
2.2 SKIGMRLFN{LEE
2.2.1 K

S 32 B B I ARME Bk 2-1 B

®2-1 JFRHME B AT X

Table 2-1 Raw material information and manufacturers

22 EYR I 3 HUE
B 1a) F AR R
3MV-8173 & TR R A TR AT n~1.686, An=0.18

B 101°C

DCM LT3 AR 7S BHEAT BR 22 7] ARG WO T AR
IRG651 B % (Rl ATV R e IR A ] ElEEE- Vol
P GR NIRRT IR A7

S8 3 24 2RO AL A A A SN B 2-1 B
a) I ALC: 3MV-8173

b) S4B A TR DCM
— O\/\/L\/\ 9_ _9 /\/I“\/\/O —
D A S ey S Ry SEE N

) gl & H): IRG651
CHy

O

O
|
CH;,

d) 2GHEL: AHLEHILE & ZOC gk
K 2-1 2SI pk b 22 45/ 5

Figure 2-1 Chemical structure formula of main experimental materials
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2.2.2 LGS

SEIG A ) 3 BEANER AR 2-2 P

F2-2 FHESIGA S, BIS KAEFET R

Table 2-2 Main experimental instruments, models and manufacturers

&Y LIRSy ] %

HLF R ME104 HERF B -FER 2 A0 (i) A R A 7]

T P YT e KH3200B B LR B 7 A 38 A PR A ]
HL PRI XT3 AR SFG-01B B TR RT3 A PR A
TR G2 VORTEX-5 DT HMR DURAX S l3E A IR 7
TR E JF-956 REMKZeBEF TR
SRR IUAT (365nm) FUV-6BK J N TR B R A IR A ]

AR IR UV-A JEEMTE R AR

YO WAL AN I R

(EPIRTAT
Yy RS T R
(AL E S AR B

Perkin Elmer
Lambda 950
Olympus BX51
JSM-6700F

Spectrum One

2% [# Perkin Elmer A 7]

H A Olympus 2 &

HZ Jeol A ]

3 [# 35 [ Perkin Elmer 2 )

FaAS /R3S e e e i AX FLS1000 JE[EZ T EAAS A A
WO R A B LEXT OLS5100 H A< BELAR B 47 3 7]
YK E HLLT 22 H1 TL OMNI BM IRYN T SR A PR A A

23 FRIEFE

(1 i

ff F 5 h-1] M-I 4046 (UV-Vis-NIRD 4366 B TR &t 1933 51 e it
AT AT AR R A S B8 AL B A AR, n] DL R A A A A
IS GG AR U H BB TE A0 TE M ROCR . — ORI, AMBE SONIE SR AE
M —Fm BRI oL, AR /B S 2O IR (FLS) SRAGUOIEUBH R AT

T,
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(2) TBIRAE

I mOG R (POMD MUEERE DG 20, Bl CLC R 2 15 I
SIS . R T B8 (SEM) MEB 0 e Ykl il o Mo e, %
U HRLR B3 #0395 . FH EDS “F08 B i R G G AL S LR DA S5 &
MBSO R R MEE (CLSMD WUEAE SIS . RS P2 DA S A ot 1) S
2.4 WHFRB LR PSCLC SERRAE mAYHI %

BEHSEE D) EI RS Ve KBRS (ITO) S HRIEEETE 2 cm
X3 om MREAR E, BV RAE T, T FH 358 T D90 XA B LT e/ e
B S, A UIRILF B Es R B T sEd, RN —ANE ) 500 mL BEAR . 1A
PR B NG RBIERE, I KBRS &R TR Z . KB
BT AR AT, 3T 30 2B A AT, DU Rk 2 BRI R B
PEIE WG R AR BT o IEVE TS R A S 2 B K, B v iR
Bk, BRI TR, BR300 mine AR5 PR BRI IR A 7 vk S Ak
PRI, [FIFERLIR 30 mine 5 Jo B Be I I B B8 2k (80N 5 — %6 /K S BER 3
AT RAZ A o A I AT EHH 4E T 20 mins

RES 8BRS R R BN & 2-2 BT o K 9 R ) FR) 30k 8 b B B A
—k2, FFH 20 pm JEM RN E ZHER O WG (PET) R PR IR KR T,
NI T Be— AN RERE 22 N0 o R 25 i TR A ) 1 43 L2 A L &2 PSCLC JEEF
H 3 A VE LR 2-30 BT, MRIEEE 2-3 I 0 L9 ks X S8y A 4L & ke R 5t
G ERRRE . BEJG, PRGN EEAT IR G AE A AL, DA IR SIE, RS
FETIRAA A 1 /N, DRI & o 5 10 58 20 . AR E =R Tl
BUTEFNYS CLCIREMIENT M. S5, F 365 GKEAMEIT IS & A
MR, JCIRERIE . R AR (R AR R 2-2 IS EO TR E

WO R A VIR % % CHCL/jt1000/5 Y YL RHRE & IS AE = T
L5 10 0 %f, DL ME jt1000, 152355 MBS ER . # 3MV-8173/DCM/
/IRG651/Spacer (20 pm) V&AL PR A B A A3 2 h, SR8 30
min £ DARAG38 SI TR AR . F R VA 35 ST iR 7E B A 5 L 1TO E 13
PEESS b, TERLAER T jt1000 FIZL 58 GOk S -G W 70 B T . 1 3R A5 1)
AR SRR, HF4E 30°C N L 6 mW/em?[f) UV LIRSS EE 4 5 min,
PL3RAS PSCLC {H#JE
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LC Mixtures

-8
ITO Glass UV Lamp ‘ h

PET

B 2-2 # il 1) 1) 28 U A2 1

Figure 2-2 Flow chart for sample preparation

*® 2-3 FEaR L BC LA R & 561

Table 2-3 Sample group distribution ratios and polymerization conditions

3MV-8173/DCM/% Y &AM tam

R %4 B H] (min) REEECC)
JRHIRG651(Wt%)  (mW/cm?)
Al 84.0/15.0/0.5/0.5 0.3 10 20
A2 83.5/15.0/1.0/0.5 0.3 10 20
A3 83.0/15.0/1.5/0.5 0.3 10 20
A4 82.5/15.0/2.0/0.5 0.3 10 20
A5 82.0/15.0/2.5/0.5 0.3 10 20
A6 81.5/15.0/3.0/0.5 0.3 10 20
A7 81.0/15.0/3.5/0.5 0.3 10 20
A8 80.5/15.0/4.0/0.5 0.3 10 20
A9 80.0/15.0/4.5/0.5 0.3 10 20
Al0 79.5/15.0/5.0/0.5 0.3 10 20
Bl 82.0/15.0/2.5/0.5 0.1 10 20
B2 82.0/15.0/2.5/0.5 0.3 10 20
B3 82.0/15.0/2.5/0.5 0.5 10 20
B4 82.0/15.0/2.5/0.5 0.7 10 20
B5 82.0/15.0/2.5/0.5 0.9 10 20
Cl 82.0/15.0/2.5/0.5 0.3 10 20
C2 82.0/15.0/2.5/0.5 0.3 10 30
C3 82.0/15.0/2.5/0.5 0.3 10 40
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(83 2-3)

3MV-8173/DCM/%0t  $KAMLR ‘
P it e 5 ‘ RAM(E(min)  REEECC)
JRHIRG651(Wt%)  (mW/cm?)

C4 82.0/15.0/2.5/0.5 0.3 10 50
(O8] 82.0/15.0/2.5/0.5 0.3 10 60
Co 82.0/15.0/2.5/0.5 0.3 10 70
Cc7 82.0/15.0/2.5/0.5 0.3 10 80
D1 88.0/9.0/2.5/0.5 0.3 10 70
D2 85.0/12.0/2.5/0.5 0.3 10 70
D3 82.0/15.0/2.5/0.5 0.3 10 70
D4 79.0/18.0/2.5/0.5 0.3 10 70
D5 76.0/21.0/2.5/0.5 0.3 10 70
El 85.0/12.0/2.5/0.5 0.3 1 70
E2 85.0/12.0/2.5/0.5 0.3 2 70
E3 85.0/12.0/2.5/0.5 0.3 3 70
E4 85.0/12.0/2.5/0.5 0.3 4 70
E5 85.0/12.0/2.5/0.5 0.3 5 70
E6 85.0/12.0/2.5/0.5 0.3 6 70
E7 85.0/12.0/2.5/0.5 0.3 7 70
E8 85.0/12.0/2.5/0.5 0.3 8 70
E9 85.0/12.0/2.5/0.5 0.3 9 70
E10 85.0/12.0/2.5/0.5 0.3 10 70
Ml 87.5/12.0/0.0/0.5 0.3 10 70
M2 85.0/12.0/2.5/0.5 0.3 10 70

2.5 LWHERSITE
2.5.1 RAH I ST HRAE

RN T FRICHRHIE A . SRy, ATHAT T AR RIE M. Bl 2-3
(a-b) JB/R T oYk AR BB G . 96k B 2~12 pm RIBTRI ZH Rk, R
KANA—, DLFEW. B 2-3 (e-d) 7 alfER T RICH I EDS R, TRAF
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SE BT LA mapping JCER A K. MEIFRRIBUEH, 296+ &H C. 0. S,
EuflF&ts, HPC. 0. SHERZ, HESHET 80.35%, IXA]HE&ME
Wy 5 EE RSy . Bu S BEAE 11.95%, W% ek h—FE LS THLE

5
Enery (keV)

Kl 2-3 (a-b) ZBGRHER B EIG: (o) 2OEYEHY EDS A8l oo & (D
WYKL mapping TG 2 73 A &
Figure 2-3 (a-b) Scanning electron microscope images of fluorescent dyes; (¢c) EDS energy
spectrum and elemental semi-quantitative analysis of fluorescent dyes; (d) mapping elemental

distribution of fluorescent dyes

Kl 2-4 (a) $i%: 7 2OGHRHH R ARG o 7E 274~398 nm Y [HE A R I H
X} 365nm ELAMGI RN, Horh KA T 371 nme X SCAT UH R T K
INHAFAE R AN RO (B A 3 38— S SR AR 18] 2-4 (b)) IR TR e
BHB 2 TE 365 nm WUR TR SR . BErT WL, RS eRE R B A EA X
(600~630 nm). 614 nm Kb JHUR G ) A i B Ik B e R AE « PRI Ot SRR
N AR 5
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5
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——FLR
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231 B
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22- 2
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0 -
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Wavelength (nm) Wavelength (nm)
Bl 2-4 () SERYRIISANRIOE; (b)) SERY kI R it
Figure 2-4 (a) UV absorption spectrum of fluorescent dye; (b) fluorescence emission spectrum of
fluorescent dye

2.5.2 BREEEN RTINS RN

TEAI T 5 6 Y bbb B i B I8 S S B T 2 T, IR0 T A [ VR o 6 J X A
T SRS, BARRE S L5 Bk A K 2-4. 1B 2-5 (ab) R T AN [E A
6 VP A S PO S O S AR S R e . T LAE Y, AR R S R
SN, [ G R R S TE IR GR . 4R 10 pm B, RO 5E /MY
A 557.3 nm. FEJFERE Y EEZRU/NT, DCM 3 BT BEIA IR, TERIIR
B AT /N e 4R 30 pm I o AMEINE] 811.4 nm. 4)E KN, ¥t
X e K Fim e X ek, EBERAYIME N mET W, 25BN
PR AT o BT AR SR 30 pm 12 T8 Ik S SR AR it P i (Y 4 1 JEL R AR 4R

100 850
—=—10 pm
a 90 —e—20 um b 8114
50 ] ——30um 800 -
<704 750

666.5

557.3

500 1000 1500 2000 2500 3000 10 30

20
Wavelength (nm) Gasket thickness (pum)
2-5 (a) ANFEIVR & FERE B G (b) AR &5 AL 3
Figure 2-5 (a) Transmission spectra of samples with different liquid crystal box thicknesses; (b)

Trend of AX with liquid crystal box thicknesses
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R 2-4 MR G RE R AL BC EE

Table 2-4 Group Distribution Ratio of Liquid Crystal Box Samples

FE AR 3MV-8173/DCM/IRG651(wt%) WA SR E (um)
L1 84.5/15/0.5 10
L2 84.5/15/0.5 20
L3 84.5/15/0.5 30

2.5.3 WAHRER E X4 R R TR RS20

X A AR, 156 DCM BLE 0N 15 %, 20°CRERE T 0.3 mW/em?
LEAMETE A E PO YRR E R A 10 min, B EFEMS DA 4N Al A2,
A3, A4, AS. A6. A7. A8. A9 A10. F:XJ N IK) 5 ' Sk 1) i & 5 By 5l
N 0.5% 1.0% 1.5%- 2.0%- 2.5%. 3.0%- 3.5%- 4.0%-+ 4.5%F1 5.0%. A[H
PETE YRR BE IRE i AL~AT10 35 5 6 0 R R % e an 1 2-6 Ca-b) Fiom.
i AL-AL0 IR R T35 2-3 e NIRRT AR A, BEAE A b ) 2%
He TR I 0.5%Z i 8 I E) 2.5%, AABE— 25 M 508.5 nm 341 %] 557.5 nm.
SR, TR ARE S b B G BRI FE G N3 5% I, AAXM 557.5 nm R FE 3]
485 nm.

X% AT LUEL 5 R DCM 3 SO SR & 1k [ B . DCM BRI 3R ik
FHEAME (UV) SR B AR, NGB EIMRIR GG, BT 5
GUBb 0T B AN R, 58 A 5 B 2 VE 6 T i 45 TR) JB 8 185 VAR o 1 5
FEZHTIGIN, RAMEE AR E AT E N R . EAHFENRE ST, Skl
R FE 52 e S8 S D N 28 T IR 38, AT RZ R DCM. VR 4 BORE 2 . Bl &
L P 5% 6 G ol 38 1 0T P ) DCML & B OB P S R 9 S . 249l e
BHR A, REE BN, I BRGNS Ge RN 8 T 01, S5
FEUT G A R EE ) T 1A &4, BB RARIIRIEEREE . 45 Guphk B i
DCM il 24, R H A FEAL S RHT Y 0S8 3l AT 3 58 & V23S BRI 2%
HiE, AR T, ATERGE B IRERR R, REU A 5 .
IR TS 2% 2.5% BE A Ay B R 1% R 4k SR 3E AT )5 B2 1 5556
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Kl 2-7 BR T A A A E DGR PSCLC F i i 't R st R . Al
AIEE], 0.5%~2.5%KE PG YR IR LB FRE G R RIF 17
T2k o (HRREE PO AR 2.5%ZET G INE] 5%, FerH) B 20k B vl i it
13 CLC HH R 73 B T BB Ao 1 T 24

K 2-8 NEAAFZOCHEHK PSCLC B AR R IR . o] LUE I &
2 PSCLC ¥ it F B2 M 2O Gk A O TEHL I ARURE . LA HLEE 70 DL iR AR AE
W B POCHRHR I BIHE— P80,  PSCLC B il B [ A4 RTRL R R B 22

a —=—Al b560 - 5575
90 —e—A2 o
——A3 550 /
80 —v— A4 5466
~ ——AS
§ 70 4 A6 540 / 35357
o ——A7 5321 \
< 60 ——A8 | —~ 530 526.7
s g\ ——na0 [ E ston O
£ 50 'y £ 5201 95213
= =
E 40 - <510 sws Jseme
=
=
304 J
=l 500
20y 490 4
1 480 s
0 T T T Ll T Ll T T T Ll T T T T L) L)
500 1000 1500 2000 2500 3000 Al A2 A3 A4 A5 A6 A7 A8 A9 Al10
Wavelength (nm) Sample

K 2-6 (a) ANRITOCHRHREERE R HES G, (b) AN G YRR AR AL i 3
Figure 2-6 (a) Transmission spectra of samples with different fluorescent dye concentrations; (b)

Trend of AL with fluorescent dye concentration

B 2-7 A [E O GURHR BE 15 44 1F) PSCLC R IR f o 24 f

Figure 2-7 Polarized light microscope photographs of PSCLC samples doped with different

fluorescent dye concentrations
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K] 2-8 AN [E 9 L RHA BE ) PSCLC B 5 314 o 85 1R

Figure 2-8 Scanning electron micrographs of PSCLC samples with different fluorescent dye
concentrations

2.5.4 SINAIRE M TR R ST IR R RIS

XFF B ALEEM, 26 DCM &2 HON 15%, 2644k E 70N 2.5%,
20°CH AR AL T A FAR S L0658 T G 10 min, 53085 7370 6 444 B,
B2. B3. B4 1 B5. X MRS G779 0.1 mW/em?. 0.3 mW/em?. 0.5
mW/em?, 0.7 mW/cm?F1 0.9 mW/em?. 4540k B8 5 5 FE 0T 45 25 45 1 28 R WAL 1)
PSCLC IS S5 B R KM, B 2-9 (a-b) Sor T ANE UV TR 3 RE 135
SFGTERIAMGE UV 58 B AR % . #E5 B1-B5 R LR T3 2-3 il LG
H, AR5 E I 0.1 mW/em? BN E] 0.3 mW/ecm? i, AME M 539.3 nm EFF
# 628.1 nm. #R1M, £ 0.3mW/cm? B iEE] 628.1 nm i KE G, BEA& LM
JEHE—B N E] 0.9 mW/em?, AMEM 628.1 nm FF&EE] 434.4 nm, 24 UV J3E/E
EF] 0.3 mW/em? i, FEIAME 3 KAE 628.1 nm. 1X2EFK N UV i 1K/
Pl DCM IR GHEFE, e REDME I BER, FE0 DCM T 7111
PHORERE . 24 UV sREE/N T H DCM B G &N T Hy Bus e, AWML
TE RO BE T A BESS BT B P 1o JERADERE RN, RadRath, X
EVIMZETE AR, DCM F-PE 53 T35 I A BOE BOR FERRE . X BRI % LA AS
T TP 0 B U St o R N 2 PR 46 AR RS A R R4S B B K S e
PSCLC i, BtAh, Ykl UV I RE /) 3 8E BB b, UV JR7ERE &
JEPE T IR R BE A AT RGN BEAE UV SREE RGN, 5 6 Gkl 75 w5 5 2 7 1m] 1)
BB AR, TR PR AR TE K UV SRBERRE . 30 UV S BEFISE I 2t G kb
FES PRI R . &), UV SRBERISE g 7 UV SR RE, 21 DCM

FHEY UL Fik, B UV SRR, REHELRE. A, o

34



8 W YN T e VAT

1] UV 58 % S8 DCM IR Al R Ly #od %, Wi S BUET 96 14670 .
Bz, WHEENLW UV BEEE A 88 A 80hd R x5 . RbE$ 0.3
mw/cm? Y5 IFEAT 5 S S5

a 90 4 —e—B2

80 4 B4 600

e ——B5

539.3 517.7

492.2

434.4

500 1000 1500 2000 2500 3000 B1 B2 B3 B4 B5
Wavelength (nm) Sample

Kl 2-9 (a) AFIEAMCHRG 3R EERE ML S OGIE: (b)) AMBEEE AN RS o AR 3
Figure 2-9 (a) Transmission spectra of samples with different UV irradiation intensities; (b) Trend
of A\ with UV irradiation intensity

2.5.5 BEIRE XM m R 5K TS0

XFF CALREM, #2H] DCM L& 73 80N 15%, 2644k 2.5%,
AN 0.3 mW/em? AR E T RA 10 min, 328507648 C1. C2,
C3. C4. C5. C6 M C7. FHXF MR 73 5 9 20°C . 30°C. 40°C. 50°C.
60°C 70°CH1 80°C . AN [F] 5 b FEE A ity )35 5 s 1 1 I ik 738 A 1) S 5 38k 5 4
Kl 2-10 Ca-b) Fiose ARFTFSD, RSOV IEFE R AN, FTREL AR R A
RARE (O LA AT il 256 57

k= AeXp(_Eact/RT) (2- 1 )

HA w2 il LRE, ROEHEBTMREL, ARMR (i) RE TRL4X
IR SR, ARYE Arrhenius J7 A%, VBOT: A HCR tBEA ] 40 I A 0Ty i 1 -

D = Doexp(—Q/RT) (2-2)

Hrh DY HARE, Doy BAREHH, Q&W\MaE, TRALAXIREZ, R
RS B KA 2-1 1 2-2 TR T RS 458

B 1) 2 ik iy 0 I o 2R i 8 ) 228 J N T AN 557.4 nm 3 50 %) 1090.2 nm,
SRJE BRI E] 1015.4 nmo KA FE P IR E 3 B W o BRI AT
R R A E Y B R Z MM5E S, 1 UV RiRE R e, R R,
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W F o> TR, FHEAEY DCM PLEUNE Y 8, R &M
2 IR W E Ve TR AT HEEDC R M, R AR A BAT S LR B
FOIE, MR ANBA BRI AME . R ER S, 707§ i R 8 gt Haz K
THMIREEN R GER, DCM T 7 Pud iz e My, IF RS K
AN B[ R AN T e AR I 20, AT S BRI B0 A . AR, BEE KGR
FER T, R ICHRHE B T HICE BN, 3 BUROC SR TR A it
FEo AT o SRR AIRR L 0 AT TIOR TR AN SR EERREE, AT {ie 2t 1 o) B J5E
R RG. BIE, ZAREETT EsERGE  70°C.

1 1200
' —1b
90 - = 1090.2
——C3 1100 E
80 4 c4
o ——C5
70 - 6 1000 4
© ——C7 1015.4
900 1
E 886.9
< .
S 800
771
700 685.9,
600 5574
566.5
0-— T T T T T 500 T T T T T T
500 1000 1500 2000 2500 3000 C1 C2 C3 C4 (6] Cé6 c7
Wavelength (nm) Sample

K 2-10 (a) AFZRERERRIESEHEE: (b) ARG IREZRES
Figure 2-10 (a) Transmission spectra of samples with different polymerization temperatures; (b)
Trend of A\ with polymerization temperature
2.5.6 DCM & E X+ R 51K 5t i 5200
P D AR, RO AR R BN 2.5%, AR 0.3 mW/em?,

BAEE 20°C. BAWE 10 min, AN[E DCM JEE 5450 A 2IRE 306 48
DI. D2. D3. D4 M1 D5, Hxf N )BT &7 8050 N 9% 12% 15%. 18%A
21%. K& 2-11 (a-b) 7R TARFEKE DCM FE 5 I FHE R XS DCM K E
S B AR R ) . AT LA Y, BEE TR SRR ERE N, XU 5 i
a1 AN 7 HE O/ N 3 . AN KA 9 1122.4 nmee D A i () JBE ) o
Bt O BERAN, A 12 Wi B AETF AR EE . K2 D1 FE & g )
MEHLLAMNX, T D3-D5 & i ] WX, X% T AR 5T H Bk A 2
IR, T D2 EEALIEAAMX . 4, DCM FERNTT R A F IRk, & WA
RSP DCM W BE I HTIE 0, TN IR Sty 56 AN 1122.4 nm 98/ 2] 674.1 nm.
TX A DR A B () 9 FE B B 2 SR B W N 4% (R 36 B s PR TR 5 A i R DL Rt /NGy
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TYHURPEAG . HAR A PARRIIR L 2, TR R &Y 48 1 AR oK
SIHAG N TR Bz 3, (R P A BETE B RE RO SR BEBE AT RS, &

BB S S A e BN . BRI, AEAHSI R R T, 2 DCM HK Y
12wt%lt},  FRATF R L K3 58 RCR

a'% o] b 1200
90 —e—D2 "62 4
——D3 _ 1090.2
80 o 1100 /9
\,? ——D5
% 701 1000 1
§ 60
£50- 900 - 08854
g, 40
S 30 800 -
=4
20 700 o
10 674.1
0+ r r r r r 600 r r . r
500 1000 1500 2000 2500 3000 D2 D3 D4 D5

Wavelength (nm) Sample

Kl 2-11 (a) AN[E DCM IKFZRE S HESOEHE: (b) AMSE DCM WK A2 b i 3
Figure 2-11 (a) Transmission spectra of samples with different DCM concentrations; (b) Trend of
A\ with DCM concentration

¥ PSCLC 4 D1~D5 FEM CbtH iR 2 K, AR . K5, IR

REARE S EmE L, EATHMEE NG . B 2-12 (ae) N T EHAAFKE

DCM {4 PSCLC A i 43 1 FE 7~ AR M . 7T LA HY BEA DCM Kk B2 1) 328

BN AP 48R % . X B 5 _FiR DCM X PSCLC FE b S 5 5 5

R —5, B DCM K EEBR, REREEN, REMMEeE, M
BUR I B b6 FEA

K] 2-12 (a-e) DI1-D5 FES I B 7 B4 G

Figure 2-12 (a-e) Scanning electron microscope images of samples D1-D5
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2.5.7 RAEBTE X HE m R 5K B RS20

T EARES, $5H] DCM 250 12%, 95k B 50N 2.5%, &
AR A 0.3 mW/em?. TAIRE 20°C. AFRIRAI 1, SEFEM D 564N
El. E2. E3. E4. E5. E6. E7. E8. E9 il E10. K 2-13 (a-b) ZHlERT A
7] 5 I A ot 1 328 S 16 15 0 S ST g 5 B 3R 5 I TR AR AR ) a3 . B UV TR
If A AN 1 2348 hn %) 7 min, AMEM 328.1 nm EJFFE 1121.7 nm. 2R1, 48R4
IS (] — 2 NS, AME T RE IR ORFFAAE . T PSCLC &R H UV L
SURE), UV IS5 kA4 A i, MNimfed DCM RS, FRERE
5 UV R R RIE . Rk, BEFE UV BRG] A3 hn, R & i R A 2
FEWBE 0. 5w, BEE G IR 3G A Ot LRk 9 B, R ot 4
BHAAAE S B UV SR IR AT . X2 DCM [ . B UV IR A
IEK:, JEFHE AR 8. SR, 24 UV IR SN AL 58 42 B A B 5 1 B TA) i
FES AT R A Ak COM MG e &R A Rk, BIMfEdE—5 &K UV R[],
FES A TR RR B AT AN S gkl iin . 255, O i TR e IR A

100 1200
a —=—F| b 11217 1120.9
90 4 —e—E2

1122.1 11214

987.6

822.3

744.3

423.2
328.1
335.1

200

500 1000 1500 2000 2500 3000 El E2 E3 E4 E5 E6 E7 E8 E9 E10
Wavelength (nm) Sample

81 2-13 (a) AS[F)RA I ] FRRE i (B S (o) ANBHE A I Tl A8 Ak 3
Figure 2-13 (a) Transmission spectra of samples with different polymerization times; (b) Trend of
A\ with polymerization time

2.5.8 TEMREREFHTRALREZH PSCLC HmRAXTEL

Kl 2-14 (a) 7R T EFEM M1 AESAERE S M2 BB 6. @R
FRER G261, WA T AE S M2 I B AR B8 B RO 25 . fE R R i & 40 HUh
2.5%. DCM i & 77 E0H 12% RN 0.3 mW/em?. &R 70°C FIZE
AT N 10 208 46 1F T, AMVE M 948.4 nm _ETHF 1122.4 nm. XK 7E
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PSCLC H1# N % Gk ARG a] LR % #9698 PSCLC [ S 717 %6« £
PSCLC FH N GOCARAIN & 1 564k A8, B0 1 08 X N H
A, DIZ TR Y JE SR I BEE 1 A

100
—a—MI i
90 4 ——M2 b]200 1122.4
5807 1000 - 948.4
X 70-
@ ] — 800 -
% 60 E
£ 50 =2
g < 600
240 <
=
£ 30 400
= 20
200 4
10
04— T T T T T 0 T T
500 1000 1500 2000 2500 3000 M1 M2

Wavelength (nm) Sample

Kl 2-14 (a) AINBOGELEE S M1 582000 39k 5000 T R G R M2 B S 6iE
(b) BEfh M1 FI M2 AL

Figure 2-14 (a) Transmission spectra of sample M1 without fluorescent dye and polymerized

sample M2 under optimal conditions of doped fluorescent dye; (b) Ak of samples M1 and M2
2.6 LI R

230t R R A& SR A AR DY, HE Y T B AR YuRk i) PSCLC )

o R SIHLER, Wil 2-15 Fros . R A PSCLC 2|, &R AAEAERN
JeRL IR BB, TRIER M AT 2] o SR, B S AN 2GR B A IEn,  SR Al
I B 2] 7R, AT AE R R & IS RE D7 18] B G T ORI SR A it A
o Bk, EIREREGH, HESRROG IR SRR &R 7 EE
FRORFERA B o 2458 AR HR ST i, 7RV R & 0 BB T ) b = AR R A R i
JERRRE . FERAMRIRIT TS, 2OG GRS RSO A2 4 LA A, AT
I G AR DCM BB o XA INs B A I DG I Haze D6 M #6 DCM. )33 J B8
P, IMAE R GeH AR RS 1) DCM [m G #. 33 DCM F-1%: 70 112
fn LT A BRI ERAE . ARIE AR “AA=AnxP” FI “P=1/HTPxC” (HH P
7& CLC IAEE, n 2 CLC BB, A i A %6, HTP 2 jed th /)
WAL, CRTMHRMANNEE), FTLIEH DCM T TR R, T8k
AN DRI, GG R A, T I R R R . XA T R R
(] 273 41 1) PSCLC 5

39



LRUTRE R 2 A S

18885E8ES

0
E 3
0f
*
of
E 3
(ol
yond urioyrun
nf
¥
(]
T}
1]

— P ~
— — — — . - *
= ¥ = % = ¥ = _ —_— = =
R - -
= % T oW = % = i
—— — — —
e

o
0
0
o
*
i
0

—_— — —_— —_— = -

—=— 3MV8173 —— DCM " E&¥WM% e Tohg
Pl 2-15 PSCLC #5668 S LR ]
Figure 2-15 PSCLC film broadband reflection mechanism diagram

2.7 A

H AR BB B =3 2 S84 (280~400 nmD. F LYY (400~800
nm) AMITZLAMZ (800~2500 nm). Frr, ITZLAMHIAE & & B im, W~
AL RTT, ad B B AL AN MR W2 A5 R SR oA R B T v, AT R G A
AHEATMEH, ERAEIRRI K. Rk, SR b L AT 52 1 R R
Wi e BT YR PSCLC R I S L T 204X 3k, R A A 414 R
SHRCR . Bk, FRATHEAT 1AM RSESS . W 2-16 () A1 (b) s, 5
AR AL, B AR N, RS M2 B - BT AW
WA . TEAMT RS 22 min J5, AHECT 2 AR AR B E PRI T 12.6°C,
X—EREW, BRVOCYEH PSCLC BA RGN EEIRE ), fE1i6E
CHEDT TR 5

N TS R PO YUkl B A 1Y) PSCLC A 5l 1 R FH 8138, R FH i L 975 22 4
JRIE IR 586 A o B T A ITO T 1) PET WA I, 4RJ5 % N PSCLC F¥ i
R4S B B 5 A B B O I . TEIRAE R AL AR B TR 2-5 . R S
TERVEF, BHERR 11000 VE TG RORL AR . TR 5 I I L SR AR
TR HEAT RIHTES 0 #7

55 34% i 0 o 1) 46 B S OB R I 2-17 (a) Fiose AT LA BT /INBE
W ATAEN A ITO B PET 5 B 18] 2-17 (b) IR T 24 MERI S5 B IE R 2

O

I
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K 2-16 (a) FEFEMMBITO IR R M ZLAMNRET AT EIREE: (b)) FEFERMB
B DGR B AR T LA S IR s (o) 25 FARE SRS 24 5 e YUk (1 55 R A i Bt T
[F1) 24 FR) i B AR A i 5
Figure 2-16 (a) Temperature before infrared irradiation of the best samples of blank samples and
doped fluorescent dyes; (b) Temperature after infrared irradiation of the best samples of blank
samples and doped fluorescent dyes; (c) Temperature trends of the best samples of blank samples

and doped fluorescent dyes over time

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Bl 2-17 (a) BHRFEMIILRERME R (b) MR PDLC FERMm&EZEER: (©
22 [ ) PDLC J5£ 22 I & T o0 AR R 2 R
Figure 2-17 (a) Confocal microscope image of sprayed sample; (b) Surface height difference
information of screen-printed PDLC; (c) Acquired image of screen-printed PDLC thickness

measurement for five times
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R 2-5 BT LLIERAE A AL S EE

Table 2-5 Electrostatic Spinning Spraying Sample Components and Their Percentages

FE S A% TR WGk} jt1000 HHHE R
FEim b E (wt%) 98.15 0.74 1.11

R 2-6 WEIRAE dh 1Y) 5 2o

Table 2-6 Thickness Data for Sprayed Samples

U5 JEE (um) PR (um)
1 0.470
2 0.484
3 0.575 0.547
4 0.580
5 0.628

K 2-18 (a,c) MR 2025 B MK IS SRAMIBES AT AT IR 7 (b)) WHR 2025 H5 1
PSCLC 7 BLE MBS I s (dD Mg KM [RI SE /K PSCLC T B 58 AR U I 1) Ay
Figure 2-18 (a, ¢) Photographs before UV irradiation of sprayed 2025 numbers and large tree
patterns (b) Photographs after UV irradiation of PSCLC film sprayed with 2025 numbers; (d)

Photographs after UV irradiation of PSCLC film sprayed with large tree patterns
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W93 BB R HRL 1) 5B e 55 R AE A ITO 1) PET #EE 1, AR5 FIH
JEJEALH 8 B PE PSCLC Bifh MR . M 2-18 (a) M1 (c) HATLLEH, Pith
W RAE WA AN 0T, MABEAZMEREE . EEEILENE, T
R I B 2000 2025 #7 LR B 5. X RBP4 RLE PSCLC A
R ERAR N 3 S REN I R R R RS E S SNTY-353i 5
2.8 KE/NGE

A F A BA AN 2L 65 G kB 24 31 PSCLC #E i, [ B 2 )
S8 AR5 B R 51 R A 1 o] SR A AR Bt SR A OB, 5 5 e T IR
BORE 3 AT, 145 B A% SR RSP PRI PSCLC T . 385 /b SRS S T LT
TR PUR I 258

(1) UESE 796 GRS 10 B8 AMROURR % . i SEM LSR5t Jukl
IO T3 BL A FH EDS 238 7 96 GURH I o s s 88 F 58 A mT IO6 70 ot B2
THIR A GG RSO, UESEILAE 37 Inm HAT IR 2RI 58 SR RSCRR 1 «

(2) RIT T 2D REFAERZRB T TR [ TR e, B %
Jeg R R4 BN, RERE. DCM SR ULRAR ), 155155
WHIRF G AR, B B IR 1) % SR A E SO Gk &0 B0 2.5%, 12%
DCM &&, K4ME5EN 0.3 mW/em?, 70°C R R A 10 min , #Hl4% HAMR K AT
1122.4 nm ] PSCLC B I8 52 5 3

(3) FIF PSCLC & i Js2 5 78 15 £ 21 &0 B i RS2 DA 70 Y6 R0 40 il 1 48
SRBEM LA BT RI A o 57 FV BRI AR b, FELLAMT IR 20 min J5, AHELT
2 R SR SR R B PR T 12.6°C. RIIIBRFOL VRN PSCLC BA H (4L
SMREREHIRE /7, AR AT AT R o Ak, R LT 22 R SO G
BHR AW 8RBT I 46 T BA SR RN ) PSCLC By Dy R, NIHAER; D
WU IR AT R 7 RIS
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B 3 F BRENRINRBGTHIF iR R TR R G ER

3158

FE 2115 Be RN Sk A TR BUR RIS S, W A B RE R e 2 715
SRR LT 7' i il DA AL BERE AT 78 058000, A Dl SE /s B AT b R e L B
PERERI TR, CA Il 7 REY ol (PDLC). REYIFaER M (PSLC).
WAn B ELR (LCPG) %52 FhE AU R S (10164, IH S AH VR St 1 A — Py
FOGEIR AR, RIS IR GV RARIR & )% I S M AasE I S ARV A . (PSCLC).
e AT DURE E [ B A 1) S S e P 5 SR W i s BN AR S G, AT SEIIRE IS O
BB . — Y PSCLC 7524 UV B A AR In AN FHA &), fig s
() BBV A 285 5 T BT PR 1) SRR, oA B SRR e . Je 28 TR Ak
JELESAEVR A R B - B R R SR B W) FRAR S TR IR I TR IR PP I S AT A
Yo seAh, HTREVASGHRE, SPARKE. RREEILR DK L ik £t
X FEEREG R AEAR 25 J00 ST E, X b B 25 B 75 1 SR A R
%, ARSI RIS 2, SO SRR S A B, R AR 4K ST AN R U T
FAEAEE A E . BFFRRW, R E I T 145 4 50 nT DA 3e i 3 - F s il 2k
NN T B g 7 T 2R I BEBE . O T IR St AR I A X H-PDLC BoR BE 405, Al
KA T — Mo LB i, UM E ARSI, 4. % H-
PDLC R bt )RR SUNF . B R

ITAER, 1E PSCLC B AANFRMMMIFT, WMPPKKLT. Gukb, AN
WIS, LRI L T B S ik B 1) B B B2 07 81, ARG My VA A R
B wE, AHREAN B IR BRI TS ) 5 R G Sk A T # 58 4 DA
K RA AR A R R, M S 3 PSCLC MERERIFE IR R I 209, Wik
RPFAETERE T AL EY), BEIEIEW KRE M R B 554
B, Wang S N KL, XFP5ES AT BE 2T OB SO IR 5, R R R A2 3 B T B IS
o7 EREEREAR, Fi EFHEAEVERE ZATRAE R, T &
A U R A SO AT R BEUOL, [RIRE, AR S E A2 5 T PSCLC |
EAELHE, W DCM, "B A A R 0 BE AH S AH e f (e 3k 77, i HLIE 2
PSCLC [J[E EAH. B, PSCLC MBS R W AN NERZ, B DCM &3
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R HOEE, FEREVEAFESE. 2020 T R TFROYEHS 3
[T PSCLC 11 S Wi 520 o SRTH 46 96 R SO e R A 2, IR & R 4B %
AN 7 R ARSI SR A R X PSCLC A S S 38 5 (R B2

AF L 3MV-8173 i F1 DCM AJ & T sy FZF R, @i B AR
Y58 AN 59 SR G s LA 5 SR i 9 . e UV329 RSCR Bt & in
NN PSCLC ¥ FRAZ (T 2 /b A fil Tk . 1% 0778k T PSCLC [ &
AR, [FEEREDL T DA 8 PSCLC, ¥ E PSCLC il 4 105 Bk . 18
WERE DT R ML T IR
3.2 SLIR AR RN ET
3.2.1 KIEMRY

GV 1) FIAE R & 3MV-8173 i i 1 7] SR A& -1 F K DCM A HESE 5] &
FIIRG651 {5 B L3R 2-1. FAMRGR UV326. UV327. UV329 fil UV-P H#JIF
MY, WAF SRR ERAR, BRI E 3-1
PR

HO
Uv-p UVv326
/N\
N
~. / /N\
c' <o
HO =\
HO
uv327 Uv329

B 3-1 3 BEI AR 2 4 4 X,
Figure 3-1 Chemical structure formula of main experimental materials
3.2.2 KIG{NER
S0 A8 ) A R RS 5 2 2-2 A T
33 FRMERE
(1) i MR
1 UV/Vis/NIR 73 66 B2 VIR S BB S, T 20 A i 10 S S

=
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HL KB G R 4%
(2) TBIRAE

8 FH POM WL S (10622440, SEM W% PSCLC 1M FLEE ) o
3.4 SAMNRUTTIIS 241 PSCLC SEREHE mAYE &

P HE D) ERIE Ve AR A 2% 5 A SC 2.4 TR 7 — 3. WmEE
PR ZR I LI B R A R 3-1

BT B0 B UV329 R & 19 0.5 ¢ PMMA 1 33.13 g CHoCL IR A
A NS [F) 53 8 3 B0 UV329 . AR5 K 35088 v IR B AE B il b, R A
L 450 t/s BEE 2R 5% 30 so ARG NI Fr MO EAE H B 100 °C 4R T8 20

min.

R 3-1 FES A D RC L AR & 41

Table 3-1 Sample Group Distribution Ratios and Polymerization Conditions

3MV-8173/DCM LAt KA ] REEE
FE i 5

/TIRG651 (Wt%) (mW/cm?) (min) (°C)
M1 84.5/15/0.5 0.3 10 25
M2 83.5/15/1/0.5 0.3 10 25
M3 83.5/15/1/0.5 0.3 10 25
M4 83.5/15/1/0.5 0.3 10 25
M5 83.5/15/1/0.5 0.3 10 25
L1 84.0/15.0/0.5/0.5 0.3 10 25
L2 83.5/15.0/1.0/0.5 0.3 10 25
L3 83.0/15.0/1.5/0.5 0.3 10 25
L4 82.5/15.0/2.0/0.5 0.3 10 25
L5 82.0/15.0/2.5/0.5 0.3 10 25
HI 83.5/15.0/1.0/0.5 0.3 10 25
H2 83.5/15.0/1.0/0.5 0.3 10 25
H3 83.5/15.0/1.0/0.5 0.3 10 25
H4 83.5/15.0/1.0/0.5 0.3 10 25
H5 83.5/15.0/1.0/0.5 0.3 10 25
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(53 3-1)
3MV-8173/DCM e VA i KA KA
TR

/IRG651 (wWt%) (mW/cm?) (min) (°0)

Wi 83.5/15.0/1.0/0.5 0.3 1 25
W2 83.5/15.0/1.0/0.5 0.3 2 25
W3 83.5/15.0/1.0/0.5 0.3 3 25
W4 83.5/15.0/1.0/0.5 0.3 4 25
W5 83.5/15.0/1.0/0.5 0.3 5 25
W6 83.5/15.0/1.0/0.5 0.3 6 25
W7 83.5/15.0/1.0/0.5 0.3 7 25
W8 83.5/15.0/1.0/0.5 0.3 8 25
W9 83.5/15.0/1.0/0.5 0.3 9 25
W10 83.5/15.0/1.0/0.5 0.3 10 25
P1 83.5/15.0/1.0/0.5 0.1 10 25
P2 83.5/15.0/1.0/0.5 0.3 10 25
P3 83.5/15.0/1.0/0.5 0.5 10 25
P4 83.5/15.0/1.0/0.5 0.7 10 25
P5 83.5/15.0/1.0/0.5 0.9 10 25
Y1 89.5/9.0/1.0/0.5 0.3 10 25
Y2 86.5/12.0/1.0/0.5 0.3 10 25
Y3 83.5/15.0/1.0/0.5 0.3 10 25
Y4 80.5/18.0/1.0/0.5 0.3 10 25
Y5 77.5/21.0/1.0/0.5 0.3 10 25
R1 83.5/15.0/1.0/0.5 0.3 10 25
R2 83.5/15.0/1.0/0.5 0.3 10 35
R3 83.5/15.0/1.0/0.5 0.3 10 45
R4 83.5/15.0/1.0/0.5 0.3 10 55
RS 83.5/15.0/1.0/0.5 0.3 10 65
T1 84.5/15.0/0/0.5 0.3 10 45
T2 84.5/15.0/1.0/0.5 0.3 10 45
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3.5 SLIWEER 51
3.5.1 ARIRE UV329 iR & 52 T 0 WU HER A mm X B35 & 5T a5 0

N T B BB A B AN GR IR Y SR FE . DL UV329 S AN
B, IR UV329 fil PMMA Y fRTE CH2Cly, ARG 435l 38 ik 43 1) SR THT e 3k 5
U e B 77 2k Lk UV329 [m) ik R4 B T #h 56 SOS I B o e v JEEARE ot 2L ok
N BRI INEE 3-2 fros. RFT Q 40, #EHIR /6N 0.3 mW/em?, R&
I 25°C. BEG I [E] 10min AR, fHAN[E UV329 £E I i & 0 A, 753
FIRESL A48 QL. Q2. Q3 F1 Q4. Hixt N i i & 4 F 00 A 0.74%
0.89%- 1.49%F12.97%. & 3-2 (a-b) 7 T HLTH BERR & A A FW 1 UV329
(R IZE GG S B UV329 MR BEAR LI S S o A8 Ak sz e 1) i 5 . AT hm] B
B A, B EERE 5 A ) UV329 IR BEM 0.74%Z2 8T G N2 1.49%, AMEE—
AN 642 nm BGINE] 873 nm. SRT, YRR & SRR BE G N 2.97%
i, AL 873 nm R PEF] 769 nm.

%32 B ES (Q1-Q4) AUXUA el (X1-X4) UV-329 #2050 Bic L AR & 4 1

Table 3-2 Distribution ratios and polymerization conditions for single-side spin-coated (Q1-Q4)

and double-side spin-coated (X1-X4) UV-329 sample sets

Fedh 3MV-8173/DCM  %4Mesr  FKERE  EE&EEE  PMMA/UV329/CHCL

RS /IRG651 (Wt %)  (mW/cm?) (min) (°C) 3B FE (g)
Ql 84.5/15/0.5 0.3 10 25 0.5/0.25/33.13
Q2 84.5/15/0.5 0.3 10 25 0.5/0.3/33.13
Q3 84.5/15/0.5 0.3 10 25 0.5/0.5/33.13
Q4 84.5/15/0.5 0.3 10 25 0.5/1.0/33.13
X1 84.5/15/0.5 0.3 10 25 0.5/0.25/33.13
X2 84.5/15/0.5 0.3 10 25 0.5/0.3/33.13
X3 84.5/15/0.5 0.3 10 25 0.5/0.5/33.13
X4 84.5/15/0.5 0.3 10 25 0.5/1.0/33.13

X2 DCM AR R G R 584 (UV) s HE#EMR. UV3299”
BEMAR G, BT UV329 X ERANE IR, 58 /2R 5 FE 16 B V6 T fm B ) &
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FEE S8 IV R ) JE R IR N, SR AR R P B S A TR B . B A v
UV329 [PZ 83 InyR it & 9 1) DCM & S RGBS AR8 Bt . 24 UV329 IR EAK
), AR N, I HRAEVIMEAGE I e TS, SELEEEM
R E M FHEMEY, BARRKEERE. 1 UV329 iKkE R, DCM il
WIS, KU A G YE AT Y BIE 3 2 BT A5 3R 6 1SS I 9 2% 4 o
LIS AR, ATERRGERE IR AR, SEURS T %8N 2R, @
A B UV329 J7 3 il £ 1) F6 U5 B T R R ) B AN B R, T B IR T 2
Ao W 3-2 (e-d) Fian, RAAHRIRERG %M, Mgk UV329 #EY #E)
NN 05 o7 N T P (T = I8 i 5 i e 8 N S0 = 7 T P <3 1
ST TEATAT, B RIGFEE KR T IMA UV329,

100 o 900
a 90 4 ——Q b 873
s ]
80 o 80
NEIR
o 800 4
2 60 g
£ 50 2R E750 769
<
£ 4o ] t <
H Com , 700 4
; 30 O o |
201 Vi \'\-h' 650 642 656
104/
04— T T T T T 600 T T T T
500 1000 1500 2000 2500 3000 Q1 Q2 Q3 Q4
Wavelength (nm) Sample
100 = 900
— 877
C 9] ——X2 d
——X3
80 X4 850
Q
70
g 60
E 50 4 758
£ 4
H
£30
= 690
20 1
10 651
0

500 1000 1500 2000 2500 3000 X1 X2 X3 X4
Wavelength (nm) Sample

B 3-2 (a) BATHIEMR & A AR UV329 B i (b) TR AL UV329 i
JEAAL S (o) RUHER & A AR R UV329 FEHaig: (d) WU gk AL
UV329 iR %
Figure 3-2 (a) Transmission spectra of single-side spin-coating containing different concentrations
of UV329; (b) Trend of AL with UV329 concentration for single-side spin-coating; (c)
Transmission spectra of double-side spin-coating containing different concentrations of UV329; (d)

Trend of AL with UV329 concentration for double-side spin-coating;
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3.5.2 SN U FR S x4 fh e 5o BE RO 21

Kl 3-3 (a) $ige T E A AR FE AN [F) 58 SISO ol 288 (1 58 A s 3
EATIIAE 275~389 nm Vi [ R I SRR, 00N 360 nm, AT LA 365
nm (1RSI AT FEAE FH SR SRS & T 2R T =R & . AT 28 0 2k
WL S5 2R A SR AR AL . A AR TN AR B G (ks
=ML BRI . R AN S, AT R O O AR A,
A ERIR IR AR N T FE A BE TR X Bl IR AL AT U IR R e BR A A SR AR 2
WAL . ] 5 B — LSRN R . WTLAE R, 7 360 nm AbH A A [RIVR FE 1A
[F) 28 AR R R S 0 B o L H ARATT IR 9 B2 AT I UV329 >UV-P>UV326>
Uv327,

X M ARG, 1256 DCM BTE D HCN 15%, 25°CREGTE T 0.3 mW/em?
SN N AS [ (128 AN R B A 10 min, 75 2IRE 52 Bl Ay 44 8 M. M2,
M3. M4 Fl M5, M2~MS5 Xf 528 AR WSO 43 ) o UV329. UV-P. UV326 Al
UV327. & ARV SMR USRI FR R 5 1 MI~MS 135 5 5 1% A0 s 38 58 n 1]
3-3 (b-c) flime FEfh MI~MS5 AR RT3 3-1 FF . WEFR AT DA R A H,
7 Rl B RO B 543.3 nm, 2 ) A4 R HOINAS R R 0 55 AN IS
SR e AN Horb UV329 B4R 5 0 SO T i 5, ATIK 1365 nm.

X — P0G AT DLIE 58 A MRS e B R AR . UV329 AH EE T HoAth 28 AR i )
REAE RIS 2 (158 714k . DCM HUA I A AR 5 R AME (UV) SRAE B3 C,
FH 48 AR USRS 48 A 2R (R IAL, 58 D B P s FEE I 5 VAR it . 1) P 338 I
TG SR BE RTINS AN R R B A M . AEAHE RS SRR
AN[RIEE MRS S e 5 P X 28 T2 R T 22, ATTT 50 DCM T8 B0 B
BT UV329 X AN USCRE R, BT DL SR & N (1) DCM B8 FE 2 A8 49 T 58,
M0 R 40 A, A SO S n . DR I 35 UV329 1R N iR 1R 4 A
WHRIEEAT 5 22 1) S
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a — 326 b —a—MI
4 —— M2
— 327 90 I
— 329 80 - S—
— UV-P Q v ——Ms5
- X
= @
< 9
I £
= £
= ]
=
2 @
=
T T T 01— T T T T T
200 300 400 500 600 500 1000 1500 2000 2500 3000
Wavelength (nm) Wavelength (nm)
1600
1400 4 1365
1309.6
1200 4
P
E
= 1000 0416
<
< 920.6
800
600 -
543.3
400 T T T T T
M1 M2 M3 M4 M5
Sample

B 3-3 (a) FA MR I (AR [ Fh S S8 SRS L RHEE i () 5 SR IO (b) & AN IR
SR HMISTRVRE i (35 56T (o) ANBESE AR IR 2 1 A5k
Figure 3-3 (a) UV absorption spectra of different kinds of UV-absorbing dye samples with the
same concentration; (b) transmission spectra of samples containing different kinds of UV-
absorbents; (c¢) variation of A\ with the kind of UV-absorbent
3.5.3 UV329 iR FE x4 fm i K Fe i 52 M)

X L AAFEM, 56 DCM BLE 780N 15%, 25°CERERE T 0.3 mW/em?
MR N AR F PO GENR N R4 10 min, SEIFER 2RI 48 L1, L2,
L3, L4 M L5, XM UV329 B &7 2000 8 0.5%. 1.0% 1.5%. 2.0%
1 2.5%. A AF R B0 UV329 RS L1~LS (1938 5 6 1% A s S % 58 an
K 3-4 (a-b) fivme. FEfh L1-LS AL RT3 3-1 e BT LA R A H,
B 5 VR i PP K UV329 R4 B 0.5%3 B8 N2 1.0%, AAM 900.3 nm 3
ANE] 1365 nmo FATM, 4 IAE & B UV329 Jit &40 08 i 2 2.5%0, ALY
M 1365 nm T FEF] 1005.5 nm.

X —IL G AT LB 5 R DCM 3 5O SR & (k[ B . DCM BRI 3R ik
RERAE (UV) BB EBMC. A UV329 LA RIIGRH S, BT UV329
XTSRRI, 58 A0 0 P 1o FEE 2 Ve 6 Y s 5 ) JBE 8 B i VAR o 4 P 52 B R
W, AN SRR A E IR . EMFERRA T, UV329 HkE
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SR SV 5T R 2, AT DCM TR BORE R o i T v ¢
JCOURL T IZ BTGNS N K DCM & BB L ARG B0k, 2 UV329 i1
I, REERMAD, IFHREVIMS A LN E T 7, SEHEILE
MR PR &7, BA RACHIRIEERE . 25 UV329 IR iy, DCM iR
HRE, FH AP S RAT Y BOE 3 2 ATt g R G AN 2 4 E
Y S AR T, AR RBGE B AIRIERR R, S BURS T SR . PR3
B2 1.0% UV329 WL e IR B IR 2R L AR S EAT 5 SR 58 6

1500

1400 A 1365
o\
1300 @1300.6
£
g 1200
<
<1100 -
o%
1000 7 135.5
900 4 @900.3
04— T T T T T T T T T T
500 1000 1500 2000 2500 3000 L1 L2 L3 L4 L5
Wavelength (nm) Sample

Kl 3-4 (a) BAARIKE UV329 FEEFESHENE; (b) AME UV329 IE AL
Figure 3-4 (a) Transmission spectra of samples with different concentrations of UV329; (b)

Variation of AL with UV329 concentration;

=

B 3-5 AN [F) 58 ARSIV 2 45 44 1) PSCLC R FA) s o 2 4
Figure 3-5 Polarized light microscope photographs of PSCLC samples doped with different

fluorescent dye concentrations
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3-5 Bon T EAH AR UV329 IR EERE 1) PSCLC # i 1)t . 5l i BlA
MEHEES], 0.5%~2.5%KE 1) UV329 4% ) PSCLC FEMEEIMLIE SRS
JE R B2 RT3
3.5.4 SIMEIRE XA G R SR B Y #21d

P P AR S, 1255 DCM B & 70 H0h 15 %, UV329 it & 70 8N 1%,
25°CHAREE T A [F4R 245 N 5 10 min, 3 FIFE & 700 i 444 P1.
P2, P3. P4 Al P5. FXF M 48 SOG4 08 0.1 mW/em?. 0.3 mW/em?, 0.5
mW/cm?. 0.7 mW/cm? F1 0.9 mW/cm?. 2872k I B 5 B 5] 5 4% 58 /b 2R I WAL 57 1Y)
PSCLC [ 5 5 1R K. & 3-6 (a-b) Eon T ANE UV HE 555 B RE 5 1035
PGS MAMGE UV 5 AR % . B P1~P5 AR T3 3-1 AT BLAE
o AP 0.1 mW/em? BN E] 0.3 mW/em? i, AME M 1019.5 nm
FH#] 1365 nm. #R1M, £ 0.3mW/cm? i3] 1365 nm i K{E G, FEHE KM
o — 2P M E] 0.9 mW/em?, AMEM 1365 nm F[£F] 776.2 nm. 4 UV ik
JEIXF] 0.3 mW/em? I, I AME Bl KAH 1365 nm. 3X 2 K05 UV G 3REE 1)R
/NER DCM R G Z, e RGNS RGEE, Hm DCM F 51
My AR . 24 UV 32 /NF H DCM R &l R/ N1 #os %, REM
25 TE UK IR T A REE B BN F 1 7. MR ERE R, REEBLR,
REDMEETE SR, DCM F 575 B 4 BOY SR B . X 5 A A
AN T 1) B SR o A B I A PR 5 AR 5 B e SR AR B R RO B
) PSCLC #JBi. bk, UV329 HIERAMRILRE 1 S BUEERERE i, UV JGLERE
i 55 D7 T IR FE Ay A G . BESE UV S B2 3G 0, UV329 78 55 5 B2 75 [ (1)
FEOB AR, TR AETE ORI UV SR EERREE . 4 UV SR EAINE N UV329 &7
AERBAIRR . ], UV I aE 7 UV AL, {21 DCM FH9”
B . Bk, BEE UV SREERIIM, KON AT, A, & UV e
FEDCM MR G HEF S By B, WmSESIERERgE~. 22, B
A1) UV G5 Re A R0ty e SO iy . PRI ISR 0.3 mW/em? St it
A7 I B S5
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a,; — | D100 1365
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1200 -
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900 4 9352
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776.2
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Kl 3-6 (a) ANFEEIDECHREGHEMIERDGE: (b) AFEERIMNGIREREL
Figure 3-6 (a) Transmission spectra of polymerized samples with different UV intensity; (b)
Variation of AA with UV intensity

3.5.5 DCM JR & 57 #xt+¥ a2 SR B RO 2 M

XY Ak, FEH UV329 BRI HON 1%, RAMG5EH 0.3 mW/em?, 3R
AIEE 25°C. RARIE 10 min, N[ DCM &S5, BRI e 48 Y1,
Y2, Y3, Y4 Y5, HXRH B ED B AN 9% 12% 15%. 18%F1 21%.
Kl 3-7 (a-b) 7t 7 ASEIVKE DCM R il (13 5O 1% A B DCM K FE SO o
AR RS . ATRVE . BEE TS YRR EE RTINS S i )
AME TR BN, AN B ORAE A 1365 nm. Y ZLEES I A ROk ()
BN, TR 15% M AT A YR . BN Y1 R Y2 5 i 3 (1 L
LLAMX, M Y4-YS AL R WG, 10 T FRATRIBE L H R A 2 TR 1,
M Y3 EHEATITLLAMX . A, DCMAENAI R G Tk, MERBIREGY T
DCM ¥ 2 IR IZ T 58 00, 8 1) s Sk s 56 AN 1365 nm 9/ 31| 646 nm. 3X 2 KK
B IR FE BRI RSN L BB B L BRI R A R DL RSN T B
PEAG . ] RE AR EE Z 0, TR RSN KB RE K, 226G
NG F I BOS S, S P A RETE R SE IR EE AR FE - RS, S EUEE
Sy e BN e R, FEARASLIRIR R T, 2 DCM IR N 15% 0, 3k

13 BRI SR
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Kl 3-7 (a) AN[F DCM B8 7 BIFE M HE S GG (b) ALEE DCM & 7> # A2 4L
Figure 3-7 (a) Transmission spectra of samples with different DCM mass fractions; (b) Variation
of A% with DCM mass fraction

¥ PSCLC #ih Y1-YS fEM e HiR i 2 R, DUR MW M. A5, iRl
AR B, AT AREIUE. Kl 3-8 (ae) R T EAARKE DCM
(1) PSCLC ¥t I 414 HEL 7 S A MR . nT DA tHBE A DCM K i 1R 328 T 38 Jn 2%
BV LR E . X5 IR DCM #BEXT PSCLC A it S 5 35 i 5 Ml 1Y) R0 43

g
—H, W DCM K, RE R, JE M RSmE, M-S EU S 5
B

K 3-8 (a-e) Y1-Y5FESLMIFHE fE 7 B4 K&

Figure 3-8 (a-e) Scanning electron microscope images of samples Y1-Y5
3.5.6 REREX 45 R 51K 5 RIS
XFF W R, P DCM R 23 15wt%, UV329 &S 0N 1%, %
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AREERN 0.3 mW/em2, RAIRIE 25°C. ANHEEAI ], 520880 5 a4 8
W1, W2, W3. W4, W5, W6. W7. W8, W9 Fl W10. FHox [ 5 & ik a] 4
%4 1 min. 2 min. 3 min. 4 min. 5 min. 6 min. 7 min. 8 min. 9 min A1 10
min. & 3-9 (a-b) 73BN 1 AN -G T (A it PR 328 6 D6 15 0 S S 38 5 B 53R
Il AR a3 . B UV FRSS A TN 1 min 3500 E] 9 min, AMEM 243.9 nm L
FE# 1365.6 nm. SR, 4HERTA gE — P3G i, AME TF2 08 R FEFAAE .
BT PSCLC R& 2 H UV LG RN, UV AR5 &= 4 H hEE, M
fieit DCM IR 4, RUILREGRES UV IBSRR R IEL. Kk, FEE UV RS
I (] RO 0, AR S R SRR R 2 N . Bed], Bl SR A B A 3 A
UV329 4 #, MRS UV329 A7 7E S B UV s B2 ILES T 70 Al o X e fif
DCM [H 4 8. BEE UV UM RN EK, RO %A% . SR, 4 UV U
AR L 50 42 5845 ol B ISF TR) N, RE e AT 2R 5 Bk CoM K e 23R & . B,
Rt — DA UV RESFISIA], A% o () (B BB B2 A AN 2 4k s . 4528,
R B TR R . AT IRIERE R G 564, B DA B i R G i)
[]>4 10 min.

100
—a— W1
a 90 ——W2 b 1400 4 1365.6
12409 1365
1200 4 1260.2
1118.5
1000
910.3
800
600 1
529.3
400 4
2439
10 - 2004 9 265.1
0-— T T T T T —TT T T T T T T
500 1000 1500 2000 2500 3000 W1 W2 W3 W4 W5 W6 W7 W8 W9 W10
Wavelength (nm) Sample

Kl 3-9 (a) A[RINE] T RA BIFE M FES G (b) ANBEER & IR A2 4L,
Figure 3-9 (a) Transmission spectra of samples polymerized at different times; (b) Variation of AL
with polymerization time

3.57 BREREXNHRmR SRR

XIT R AR, #24] DCM BL&E 73808 15%, UV329 e 808 1%, %5
AMEEA 0.3 mW/em? AR FE N RS 10 min, 752085 254 48 R1. R2.
R3. R4 F1RS. HXJ MR /350 25°C. 35°C. 45°C. 55°CHI 65°C. AN[EH
A i EAE i (0032 S 61 A B R P AR AT SRR B A ] 3-10 (a-b) . ARAE &
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A (2-1D) M (2-2) 7 7 NS 4R

R FA) S iy B it o O 5 R 5 (R 32 T B AN g A 1365 nm 340 £ 1452.3 nm, R
JE FEARE] 1186.7 nm. ZE G I RE A AR 32 BN B A, RIS FRE PR AL R 384
e R A ARG R R Z B RIS, 2 UV OtsR B E R, AR Ak,
H T TR, TS DCM DUEUN RS 8, I S P I 45
BB E TR T A Y LB A, SRS AN BAT S LR B
FE, R ANBATIE B i KAE . WIERIR R &, 0 13 W R0 I Hiz K+
PIGIREE R R A2, DCM TR TP bz ey 8, IF HER SR A
L[] € AME T He g KA IS 2, AT 2B B AL A . RN, BEE R AR
T, UV329 LR AR I3 HOR BN, 20 UV329 £ R o Bk 0 A o
UV329 IIBREE /AT TBOR 1 5 AN SR ERR I, AT (i 2t 1 18] B4R J5E 20 A (R 1l o
PRI, 4L L T i 3R AR D 45°C.

a ] —s—RI b 1 450 | 14523
1400 - -
1365 13804
=
£
< 13001
<
1250 ~
1200 \
104 1186.7
0= T T r r r 1150 T T r r .
500 1000 1500 2000 2500 3000 R1 R2 R3 R4 RS
Wavelength (nm) Sample

B 3-10 (a) AR T RA KRS KB (o) AR 1L,
Figure 3-10 (a) Transmission spectra of samples polymerized at different temperatures; (b)
Variation of AA with temperature

3.5.8 ERMMERESHT UV329 B2H PSCLC #Mmattt

Bl 3-11 (a) Som 128 FAREMn T1 MURAERE fh T2 HESHEIE . @ R &5
RE KA, HE T RS T2 (PR AR 50 B RS %64 £ UV329 Bi& 73508 1%,
DCM Jl &3 BN 15% JEIRBRE N 0.3 mW/em?, RAIRE R 45°C FIE A A
10 73 EP ISR, AMEM 1012.5 nm BT 1452.3 nm. iXFHI#E PSCLC
B UV329 K ARSI AT LUR 5 #h 3 98 PSCLC [ 4 %6 . 7E PSCLC H'#5
AN UV329 ¥ 1 A IR L U, iz iR R LE 2140 e i DL A T RE B5E T R Al
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B 3-11 (a) ASHR UV329 BEfh T1 53525 UV329 444 TR AR T2 FESHEE; (b
FESH T1AT T2 FIAL
Figure 3-11 (a) Transmission spectra of sample T1 without UV329 versus polymerized sample T2
under optimal conditions of UV329 doping; (b) A\ of samples T1 and T2

3.6 SKIGJRIE

23 00) bk TR A 2R AR, HEDI T 4828 UV329 ) PSCLC B i
TS AL, W 3-12 R . #E 5K G PSCLC MEE 2 |, 4k &b AAFAE
UV329 (IR EERRIE, [RIEE AT 5] . JRT, BEAE AN, SRAM IR
WO B S 2 7R, AT FE VR A S IR BE 7 8] BT A 1 AR R 28 A 2 i
BEEL. DAL, FEJFUREEGINT, B UV329 278 BN R s & 0 B RE 7 1A) BB
FORFERRRE o 4RI RSP G, FER dn & B R 20T 1) b AR SR A 2R i
JERRIE . (ERANRIRUNTS, UV329 CR AN I A g #iviE, AT s
REHAA DCM BB G o XA E 2 s 1 6 ) Lz 6 7H 8 DCM. F3s & BE TR,
ML R G oR B S ) DCM [ G . A5 30 DCM 17 7 ERU s &
JERE 5 1) B AR . R AE AN “AA=AnxP” Il “P=1/HTPxC” (H+H P2
CLC W[EFE, nJ& CLC BRI, A& e il i RSl 98, HTP A2 iR 4 i /)%
B, CRFMHAMAKEE), vLLEH DCM FHE5r 1R LB, (] 2R
ANo BRI, IOGM R BRER AR, TG AR R A . X AR T B RR ]
PR /341 ) PSCLC M.
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Figure 3-12 Mechanism of broadband reflection of PSCLC film

3.7 MH

N T T 2% UV329 (1) PSCLC 8 JE X204 1) SEBr B i R, FRATTE 3%
TR EE B R AR, JEAT I S VR R /N UT S 4 B P 2R AT 200G HE SR I
LY 3-13 (a-b) FivRn, a BUNIER JCIRBHC R IR, b BN E R EL
B LA G R I 5 . R ENIE T — MR LIRS E, IR M
SE R BoR AR, A A LC &/ X ERdl, DAL it i I 5 1) U
WA 3-13 (o) WJLLE W, 228 7 EmE P s B iR B P4, A
ETRER, 17 min FIRE BT T 6% M%7 PSCLC 155 R IR EA B Bt
B ETHEE I SBACT BT E . PSS QORI 20 min 5, il THE
IS %] 53.8°C, MMi#%e | PSCLC W) b5 [ANR N 39.4°C, PI#F HHZEIT 15°C. 1
4, TEEBAIN B, M diA PSCLC 55 X LLAME I B MR AR B 2 Bl i
PR, R B ROSCRKARAETE, (B TiE. XRHB IR UV329 1)
PSCLC e A R BEM LI AR, TR IR L0426 51 i M SR e T v . )i
SE I B A0 S UF B BT 1 45 19 PSCLC B B B PP Ab R I s R . X
PSCLC L JRAT ¥ 5 21 41 2 Jz S o AN 398 5 o S A A B0 0 T B A S T 77
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B13-13 (a) & ARERAIB A UV329 HI ke LD AN AT IR . (b) %% L RE S A5 4%
UV329 FIsc R AN G AR s (o) ZSAREMFIIB 2 UV329 (s R i B i i) 22
A 03 B 22 A a3
Figure 3-13 (a) Temperature before IR irradiation of blank and UV329-doped optimal samples; (b)
Temperature after IR irradiation of blank and UV329-doped optimal samples; (c) Temperature
trends of blank and UV329-doped optimal samples over time

3.8 NE/NGE

A FAE A AR UV329 5% 3] PSCLC Ff it H, (5] I £ S Al ] 48
HMCERIR TR 51 R S VE T G AR I B SR A N, 5 IR E TR R
O)AT, i LA TR SO RE I ) PSCLC i . @it /b SRS 3] T LR T
& AR 4518 -

(1) UESE T AN FI P2 SRR ) 20 AR IS Re . AR 2840 m] WO 43060
FETHIIRAS [F) 8 AMR SRR S IR i3, IE SEFLAE 360 nm LG 1R 55 1148 2
WeREE . T HL, UV329 B H BT 28 AN iR 5

(2) WA T ZNREFMAREXBA UV329 1R BT, 4
UV329 &4 205005, RETE. DCM & & U KLRKEH E, 15355
WAHRT & AR, 0 B A )48 S5 AR AE UV329 R 0N 1%, 15 wit%
DCM i, EAHEHAN 0.3 mW/em?2, 45°C A 10 min, il % H AL K A%
1452.3 nm ] PSCLC 583 & 5 T

(3) FIH PSCLC ‘& ik S5 S 8 5 1) o7 il 21 41 e 0 RS 1 R Re 4% Bl R
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557 BB S LG, ZEZTAMT IR 20 min J5, AHLET4% 00 AR SR

K7 14.4°C. EWHBZR UV329 1Y PSCLC HA H B4 oG E i
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£ 4T BRNAK SIS FiRam TR R 5 EE

41515

AW E PRGBS AR I T s, o2 (AR
SIAAI SN RGNS G E AR, BT BAA SRR, R
TRINEEME . (5 B AR Ot RIS U LA T R P A SO, 8 TR R
LA S e 5 A BT R 2 T 1 2L T R OV A, R T e 0 58 1 3 2 S5
R E A TE B N I R G SR BEAH AT MR R s, A I T PE )
Sl e pFE . el LLUEE A O ETE G — R v 2 R 2 LA
143 o T P R T s At T R A . S — oy v S 7 R P BN
FH PR RGNS . HaFHPIE 4-1 . S SEE S T2,
F—ZWTRRREMNT T —Z0E AR EmME —NDAE, SRR R
oo 2nitt, &2 B B A PRAR OO IE S AR GG R RE (P,

Kl 4-1 FAER S (N*) fitk sy TH R =
Figure 4-1 Schematic diagram of molecular arrangement of chiral nematic (N*) crystals
Forpr,  JE ES RV AR R T I B O 2 2 S RTE T FU A AL
DAL ] LG I B R B R VRF IR S A i Hd R FR R R H . e
W PR RREE . BEERS. BIBERESE, R R OR T TH AL
B REEAFA, [F,  RH A ZLA X S S B AR S B RE .
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UPEORAEE . B RETT BE R ANBOG YT I LR B S 2L AM G B S U B A R B
N FH IS5 221
MITFEA=nP FIAA=AnP W] %1, BREE RO/ 55 H S AR AR 1R S St U8 K BB AH
Ko PRI, @ ERAMR IR 5 SR IR FE AR M, W] LA A 95 S it
IR, A IE S AR VB0 S A R, LR S A8 7, T VR R BT B
AW FRAICE 0.3, AR IE ES ARV & 1) R e/ T 200 4K, R e i
TH ES AR AR SR G AR AR S o0 A, R ASEEL S s B e TR . Xt
TR0 EA S Y BRI IR AR A, TR S RO S LR T AL )
W MIREE, RN 1 TR AR S AR R R T ok R L,
P=[(HTP)X_]"! (4-1)

For HTP A AT i 1E 45 20 g e th 77 4. Xe AT PEB 2R FIAE )
ARV . FTLLE Y, R il )52 TR 0 S s e i i A AR AL
FLRome e e A BIREE P o BRI, TGS SRR 25 JIE ES RVt )
R PR E JUE VEVE R o BRI A R IR IO T A S, R AAEAS [F] (1) S84 2% 1F
(A 6y D TSRl aR el 77 AR Ak, AT SO R S B et %) 4R R
RN, FF SRR ARE 2 G2 11 s S5 ik A v 9 PR R

IRIE Z T AHRAE,  H AT ST I 50 R I BRI T AN S5 T A AR S
[V BE AR o0 A IS T R AR SR EE 70 A . 4 oKobL 7155 5 10 3B — EXR1FE - A
ARG A 5] 1] BB 1) IR 6 VR a5 I AR STl R 4p Aa U0 ek, 61 SR EERA B2
OIAT IR SR A B S AE 68 2R o R G R AR R AR, T SRR M B KN
S B IR T FE AR AR, DRI 3 T2 A T B AN S AR B2 R 7
PRI, il 4 HAT TR BELRE B2 (1) CLC PRE 2 3R A5 50 5 S e T A R0& 1%

AR FEARAE T — P £ A TR A R S IR (0 T SR G VR AR A oK 4B 2k Tk
Wi G IR T 5 . FRATR GBI T 1 )4 1 A2 o e Si0x AR B Si0n
GURB AT B IR, DUSAEAN A [ 40 S AN 5 554 THEEE 5 U s S 1k R P s
BRI T RS 750~2500 nm ST B G /0T SR AR B AR . 107 T
&7 PSCLC il &1 7%, [FISPEREIL T LA %18 PSCLC, ¥ g PSCLC il
F AT RS . AR B TR R .
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4.2 SKIGHMRIFN{LER
4.2.1 LMY

k1A B AR SLC-1717 (ne=1.686, An=0.18, &= SIRE 101°C) K
TH G BRI ERAR N ERAR . WA RS FHRA DCM. HHELT
K7 IRG651 FIEL AR UV329 55 3.2 T HT MR . v 57 79 2 = F A A
fERE (KHS590) FIERERR 4B (TEOS) MY H BRI A (L) HIRAH.
S AE B AR AL 2 2 A ] 4-2 Fs .

HsC—0O O—CHs H C CH |
=\ /O—\Si/ ? \—O\S,,OJ ’ .
©;N/N HsC \—\; /—O' I\O—\ O o) O
y si  HC CHs in,
uUv329 KH590 TEOS IRG651

Kl 4-2 - ESEIa PP RME A i 20
Figure 4-2 Chemical structure formula of main experimental materials
4.2.2 LR

LI AE FH (1 B A A 3 5 2 2-2 M 1R
4.3 FRIEFFE

SR RAE T L S AL 3.3 A
4.4 4R SiO B AL A M FRE LU Si0, 15240 PSCLC SERRME R HIHIF

R FE Py B DB RIE B 77 A48 44 Si0, i PSCLC B i b B 5 A 2.4
TIAHE o I ARVR AR R 2 1 BA S PSCLC JRffil] 28 26 AF 1 LK 4-1 Al 4-2.

YK SiOa [ %5 LB a: HikzE/K (7mL28%). 4FF (16.25 mL)
MEBEFIK (2475 mL) BTFIRFERS, B TR Basiise. meH)
Wil b: HIERERR 205 (TEOS, 6.5mL) S5FH/KEE (455 mL) 1RA & Bk 4]
N a . KRG — Bl 5, AR AR S . 2 5 IR
FEAH A S SRS 1, kSR iR = IR RN 2 /NI o O SE R R B ETETL &
B A oK S S0 3 IR, ARG A3 B BRI — S0 kE .

BFEME Si0: 4% BF KHS590 (8 mL) ¥ T&U/K (20 mL) Fl2: B -F /K
(120 mL) MRAERF . R)5, EER TYWRBHER S /M, 152105k
H OB 2B K e 3 IR fJa, 78 50°CHIE SR )% 24 h, 153
RSN A S R 3 et Si0n K ks o 8 i 2 Hi s i &K it & rl 15
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BRI RN 73 A A 2 [R5 Ve SiO0 4R o

X 4-1 FIHME Si02352% PSCLC K 5 2H 43 e Le Fn 38 & 4 4tk

Table 4-1 Grouping ratios and polymerization conditions of sulfhydryl-modified SiO2-doped

PSCLC samples

3MV-8173/DCM/UV329 B RKEHHE REEE
EE RS

/KH590-Si02/IRG651(wt%) (mW/cm?) (min) (°C)
A0 83.5/15.0/1.0/0.0/0.5 0.5 10 25
Al 83.3/15.0/1.0/0.2/0.5 0.5 10 25
A2 83.1/15.0/1.0/0.4/0.5 0.5 10 25
A3 82.9/15.0/1.0/0.6/0.5 0.5 10 25
A4 82.7/15.0/1.0/0.8/0.5 0.5 10 25
A5 82.5/15.0/1.0/1.0/0.5 0.5 10 25
Pl 82.9/15.0/1.0/0.6/0.5 0.1 10 25
P2 82.9/15.0/1.0/0.6/0.5 0.2 10 25
P3 82.9/15.0/1.0/0.6/0.5 0.3 10 25
P4 82.9/15.0/1.0/0.6/0.5 0.4 10 25
P5 82.9/15.0/1.0/0.6/0.5 0.5 10 25
P6 82.9/15.0/1.0/0.6/0.5 0.6 10 25
Y1 82.9/15.0/1.0/0.6/0.5 0.3 10 25
Y2 82.9/15.0/1.0/0.6/0.5 0.3 10 35
Y3 82.9/15.0/1.0/0.6/0.5 0.3 10 45
Y4 82.9/15.0/1.0/0.6/0.5 0.3 10 55

% 4-2 Si02#54% PSCLC Ff il 4173 Fic LU R 3R & 4%

Table 4-2 SiO2-doped PSCLC sample group allocation ratios and polymerization conditions

‘ 3MV-8173/DCM/UV329/ E AT REWIE SRAE
ELETRE]
Si02/IRG651(Wt%) (mW/cm?) (min) (°C)
B0 83.5/15.0/1.0/0.0/0.5 0.5 10 25
Bl 83.3/15.0/1.0/0.2/0.5 0.5 10 25

65



8 W YN T e VAT

(3% 4-2)
3MV-8173/DCM/UV329/ BHMLR RA ] REEE
GEIE R
Si02/IRG651(wt%) (mW/cm?) (min) (°C)

B2 83.1/15.0/1.0/0.4/0.5 0.5 10 25
B3 82.9/15.0/1.0/0.6/0.5 0.5 10 25
B4 82.7/15.0/1.0/0.8/0.5 0.5 10 25
B5 82.5/15.0/1.0/1.0/0.5 0.5 10 25
L1 82.7/15.0/1.0/0.8/0.5 0.1 10 25
L2 82.7/15.0/1.0/0.8/0.5 0.2 10 25
L3 82.7/15.0/1.0/0.8/0.5 0.3 10 25
L4 82.7/15.0/1.0/0.8/0.5 0.4 10 25
L5 82.7/15.0/1.0/0.8/0.5 0.5 10 25
L6 82.7/15.0/1.0/0.8/0.5 0.6 10 25
HI1 82.7/15.0/1.0/0.8/0.5 0.2 10 25
H2 82.7/15.0/1.0/0.8/0.5 0.2 10 35
H3 82.7/15.0/1.0/0.8/0.5 0.2 10 45
H4 82.7/15.0/1.0/0.8/0.5 0.2 10 55
2 82.7/15.0/1.0/0.8/0.5 0.2 10 45

4.5 LWHR SR
4.5.1 SREUME SiO, FASREUE SiO, B HTFRALE

N TR SiOL LA SRSy, |ABEAT T LU N RIES . B 4-
3 (a) JB/R T YK SiOx FA BB G . SiOn 4K kL o Lk KT, Uk 4 1A
LRI RIS N A N A . AE B A IR K, A3 RIERIR Si0, FE
M EAEA 300 nm £ 4. B 4-3 (b-d) 73l E7R T 492K SiOs ) mapping 7G5 43
Ai &l EDS fe i LA e s m kg 8. IWEHR R LLEH, 99K Sio & Si Ml
Oz, HPSifdER%E, MESHuET 61.81%.
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0.5 pm 5 10
Enery (keV)

K 4-3 (a) 4k Sio, R A E1; (b-c) 452K SiO2 ) mapping TTE AR (d) 4k
SiO2 [¥] EDS ReHE Kot 2 F 2 &0 i
Figure 4-3 (a) Scanning electron microscope images of nano-SiO»; (b-¢) mapping elemental
distribution of nano-SiO3; (d) EDS energy spectra and elemental semi-quantitative analysis of
nano-SiO;

Bl 4-4 (a) JBoR T HEHEYK Siox i s R . St Sio2 4)
KRR 73 B R4, A HILBIRILR, BRI 2 BT o [F)I J0R K /N 93 A
BT AR E BRI/, RN i I ERR Si0x A I ELARN 1um
KA. MHTF RSN Si0, FIEMER Sio kiR E K. K 4-4 (b-d) 435/
A~ T BB SEGK Si0, 1) mapping TG E 70 A7 ¥ EDS REE DL G 3R 1 & & 0T
MEFRRT LA H, 99K Sio B 75 H Sifl O LRIEHH Sk, EHFMEN
PERGD . Horb Si B Z, TEDHEE] 91.56%, 1S A HEH 1.95%.
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10

5
Enery (keV)

K 4-4 (a) FFEEMELK Si0 I RS EIE; (b-d) S PESK Si0, 1) mapping T &
DA (o) FMILHMEYNK Si0, ) EDS REiE & ot 2 & B0 i

Figure 4-4 (a) Scanning electron microscope images of sulfhydryl-modified nano-SiO2; (b-d)
mapping elemental distributions of sulfhydryl-modified nano-SiO»; (¢) EDS energy spectra and
elemental semi-quantitative analysis of sulfhydryl-modified nano-SiO,

4.5.2 #HK SiO, FAFREBUMELAANK Si02 7K B X4 & i 7K FE 9 =2

IRAE T FARIE, 492K Si02 & —Fikiftl 20~80nm ITEE T At AR, 2
— M. L. I ERTHAES BRI ges k. BT H iR SR
M B P TS b e RO R PR S A S B, ' OIS B 2 AR kL 2 —,
YK Si02 B2 LRER T AL, EAVRME S o e ek T, IR M K 4%
HYPKRRL, T e SiO 5 REWIR RIARS N, 85 (8 FH R e 5 1670 44
K SiO HEAT B, LAVHBRERIR D Rk R T 1) —OH JEH . Ft, id 3-5i 5
R = A AR (KH590) & 40kE (Si0,) R R4 & N Hl % T
HARMEHEN SiO gKER, 5075 RO = F A REGR BURLEEAT T LLE
HAEEE T35 = T IS EERE S R B 4% T X IR ORL, DA 75 %t PSLC %5 %
GV RE B RE A

T AR SRS R, % DCM it & 73 80N 15%, 25°CREGIREZ T 0.5
mW/em? 28 458 N AN A Y Si02 AISREE e 1 B Si02 WK T 2 & 10 min, 5% B
M AR dr 4 8 BO. Bl. B2, B3. B4. B5. A0. Al. A2. A3. A4
A5, HXF R SOz )5 & 7350537108 0% 0.2%. 0.4%. 0.6%. 0.8% Fl 1%,
B AN B B R o S102 BIAE i AO-AS (1R33N s S ik 5 an 1 4-
5 (a-b) Fir. EA AN A &5 B S AL ot Sio2 FE i BO-BS (132 5 s 1% 1
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ST 4-5 Ce-d) fiam. FEfh AO-AS FIAL R LR T3 4-1 # . #E 5 BO-
B5 WZH R R T3 4-2 . ATRAMER 2, BEE KH590-Si02 & &g in, iR
S5 B8 S NG kN . 45 RN 0.6 %ltt, TAFIZ) 1449 nm IEOKME. FIEE,
BEE SiOx KN PSCLC KSR i/, BEEAE SiOx &=, E &R
SR B A SIS S N A, TR 0.8% & B N IS4 1496 nm [
KiE.

R PP B, FHEAT RS B4k DCM 76 R A 1k F b ) E 5% 42 5 mm #f
A S A e I O BE R R, DCM 43 M i 5 XS OB ok B X 3. itk b
DCM T4 F A (4 Bk 2 2 o SR G AR I B2, JF HBEE T 1A
B8, STERIREREEE, X2 5 SO EE /NI AR AL, AT Sk B0 5
B 6T TR B A . R, Bk KHS590-Si0, B T3 5 KH590 f 3L 45 &
RS, HI95 7 HRAERGYEER PR RIER, (AR 5 3550 7y BiE o,
T REEFLGURBL, I T F 1Ak FAER G SRRy #. Aokt
SiO VR FEARES, RAHBFX /AN, I HEREWIN A e S T 07
FUELT S RIR B T A&, BAARIIRIEERE . 43R Si0, ¥k
FEmit, DCM EE S, W R S UE T Bugsh 2 it s R &
SR A e, A S o A E R R, AN TR R SE B AR BB T, S BUR S R
/N e ARECPER S0, H T 3407 1 SR M B MEY 51 BUE R A A i, X343
FPEBAR Gy TAER A IR P 5 BOR 3R & 8% b KHS90 2P 1 SiOn # i 2 4y
1. [FFE, BEERSEMEEHMN, KEHBTFHERESFAETET Biime
AT, X BH Ak T IR D B0 . R [ B A B R s S A B 32
/N RIIE RIS A% 0.6% W EFEE UM Si02 Fl 0.8% K FELK Si02 1E A e K
JEEH R PRI FE AR S AT 5 B2 S5

Kl 4-6 (a-e) A1 () BIR T & A A FSHE S SiO, F SiO, ] PSCLC ¥
SR A R . W AT B B, 0.2%~1.0%K 1 Be e AR st Sios #E
SITERANEHE TR A G RO R T 230 .

69



GRUTIE R A A i8S

100

1500
—=—A0 b
a —e—Al
—A—A2 1449
_ 80 - —v—A3 1450 1 )
> ——Ad
: & —4+AS
@ b —=1400 4 @
g £ 1378 /393
= 5 lJGV“
2 40 3 .
g 401 <1350 o
£
3]
20 1300
]
1283
04;)0 860 2l00 6IOO 2(;00 24l00 28I00 3200 1250 \ \ y y y y
1200 % A0 Al A2 A3 A4 AS
Waveength (nm) Sample
100
c = d
—e—Bl 1500 4 185
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[
o
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Sample

K 4-5 (a) AFERIRESIELNE Si02 575 T R AR ABES G ; (b) ABEFRILKE Si0,
IREEAAL: (o) AFRIKREEGIK SiO B¢ T R A MR ZE S EiE: (b) AMEANK Si02 i
FERIAR A
Figure 4-5 (a) Transmission spectra of samples polymerized with different concentrations of
sulthydryl-modified SiO> doping; (b) Variation of A\ with sulfhydryl-modified SiO2 concentration;
(c) Transmission spectra of samples polymerized with different concentrations of nano-SiO»

doping; (b) Variation of A\ with nano-SiO» concentration

Kl 4-6 (a-e) A[FIFREESME SiOL M FE5B 2% (1) PSCLC #£ 5 s B I s (f) AFYY
K SiO2 W FE 45 7% 1) PSCLC #¥: il (1 i Y 2. Ui Ay

Figure 4-6 (a-e) Polarized photomicrographs of PSCLC samples doped with different sulfhydryl-

modified SiOz concentrations; (f-j) Polarized photomicrographs of PSCLC samples doped with

different nano-SiO» concentrations
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K 4-7 Ca-c) AIE (d-£) pRlRoR &AM Sio MR Si02
PSCLC Ffdh 4 i B R . ) LIS I 1 2 PSCLC A 5 4528 1 Si0; 5K
JERL JLHP SR PR ) Si02 AR LU AR AR SiO2 (YRR SR I3 HE: SEAF -

e 77N
®, < Ria8" *

Kl 4-7 (a-c) FIELME SiO, #5411 PSCLC FE M MR T RS I s (d-D 49K Si0.#
2% 1) PSCLC F i (4 1 FL T SO
Figure 4-7 (a-c) Scanning electron micrographs of sulfhydryl-modified SiO»-doped PSCLC
samples; (d-f) Scanning electron micrographs of nano-SiO>-doped PSCLC samples

4.5.3 BLHMIEIR T XA AR R SR BR RS2

UbAh, FEFPETT A Hiidk DCM 58 -Gad F2 vt fin 1R 58 A0 o 56 2 9 2% 5 Ml 5
A SO TE I OB IR 2, R DCM R AR A2 B A5 BE 4% Ak,
R FIERE TAKRBIRA MR ES SR, I — DR g6 E X PSLC %
W BTHERE R RZ . ST PALAN L 4LRE S, 6] DCM & 2 B 15%,
UV329 Ji & 5N 1%, 32k o0tk Siox Al A et SiOs 1) & 73 BN 0.6% Al
0.8%, 25°CIEERE N A RIFRSS S AMEHE T RS 10 min, 1534 5 20 7l d7 44
NP1, P2, P3. P4, P5. P6. L1. L2. L3. L4. L5 fl L6. XM 485t
SR AN 0.1 mW/em?. 0.2 mW/em?. 0.3 mW/cm?. 0.4 mW/cm?. 0.5mW/cm? Fl
0.6 mW/em?, K 5-8 (a-b) %/n [ HiFESME Si02 4525 1) PSCLC fEAN A UV G
558 JEE A i PRI SR DG T AT AN UV a2 B2 S . Bl 4-9 (e-d) BoR 7 oRSE
SiO2 7% (1) PSCLC LEANR] UV JE I 5 A i (132 GG FAME UV 3 FE A2 16 1)
B . i P1~P6 Al L1~L6 FIZH LR T3 4-1 fl 42 v ATLUERH, %40
2R 58 N 0.1 mW/em? 38 i 2] 0.3 mW/em? i), 353 001 Si0s #57% PSCLC [ AL
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fE A 1410 nm _EJ+3] 1641 nm. 4R1M, 7£ 0.3 mW/em? I35 3 1641 nm )i K{H
JG, BEEERAMESREE R BN E] 0.6 mW/em?, AME M 1641 nm T & ] 1426
nm. 4K SiO2#57% 1) PSCLC 6 58 41\ 5 B i) AR A0 F 0t A R] R e . M
BERENR, KRR Si02 32410 PSCLC £ 7E 0.2 mW/em? Y65 i AME 1A 2]
B K FIK 1557 nmo PR Si02 BT B R 870 BiehE R I EEAR B 1) Si02
B 2410 PSCLC B A 58 1 RS 98, 1% 2 BT S 2k e M 1) SO0 B8 4 11 43 Hi ik
I 7 FE 735 DCM K1 #

100
—a—P]
a 90 4 ——P2 b 1650 1 1641
—i— P3
80 P4 1617
~ ——P5 1600
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g 601 o, 21550
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J & A < k
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500 1000 1500 2000 2500 3000 P1 P2 P3 P4 P5 P6
Wavelength (nm) Sample
100 —a—L1 d 1557
90 —e—L2 1550 1
—_——13
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K 4-8 (a) AN[EIEKAMGm

BX A\
K&

TSR Si02 B 2 AR il OB 6

(b) AMBESRAMGIZ I (o) ANFREIMEHES T IGK Sio B I
BSOS (b) AABEERAMGHR AR

XSERN UV OGBREE )R/ Mz DCM B GHEF, g R E VM 45 T B
A, RN DCM PR 7> TP R . 2 UV s/ H DCM R &5
AN HYHGE AR, RE VI ORI AN RS E 3 B e 7. 254
JEIREE R, AR, BEMMBEILRHR, DCM %7 55 I a9 1
TR FERR L o 3K AR DU AR AN A T3 R 1) B8 05 St o IR AT B IN3E =4 )R A5l
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JE A B3R5 2 AT B K SO B A I PSCLC J . b4, UV329 48 A i At
FECEFHMERE b, UV CAERE T EFE 7 a FIBEEE A AT 3E N . BEAE UV SRR
m, UV329 1E 5 5 E 77 [0 4 Joe (e gk, AT 7= A2 S K UV SR EERR R . 4
MUV SREEFIG I UV329 7 AR RO . &), UV sERE g 7 uv
SRR, {24 DCM FHY HOdFR. ik, BEE UV SRR, Ko %A
o SR, I EI UV SEE S8 DCM [15R & R i oy #lol 2, Wil F8UR
B TEI4E /. Mz, REE MK UV BSR4 Be Joh R s a1 7 .
I, ek AR B R Si02 8 24 (1 PSCLC 43 HI4E 0.3 mW/em? AT 0.2 mW/em? )
ST S BRI SEEG .
4.5.4 BEIRE X R SR RS0

XY HF0 H R, $55 DCM it & 73 80N 15%, UV329 a8
1%, FRESUE SO MR M Si02 B BT & 73 2N 0.6% A1 0.8%, 0.3 mW/cm? I
0.2 mW/em? L 4ME5E FAFRE R A 10 min, BRSO BG4 8 YL Y2,
Y3. Y4. H1. H2. H3 1 H4. XIS G700 9 25°C, 35°C, 45°CHI
55°C. K 4-9 (a-b) BIR T HIEME Si02 45441 PSCLC £ AR E N R & FE
i (32 S OGS FIALEE UV 58 BRI S . B 4-9 (c-d) SR T ARBUE Si02
Z 1) PSCLC fEAN AR FE T 586 IRE M IR S G FALEE UV 58 AL I
FES Y1-Y4 F1 H1-H4 (R T8 4-1 f 42, afLER, SEEEEMN
25°CHY M A 45°CH, iAokt SiO2#27% PSCLC HIAME M 1641 nm L J5] 1698
nm. SR, 7E 45°CH A 3] 1698 nm Wi KA 5, BEE K& iR — 2 5 n )
45°C, AME M 1698 nm T [£% 1632 nm. 144K Si0. 5 24 () PSCLC L[ K&
TP (AR A R B AR R ) A . (EARE R, R Si02 #5241 PSCLC
B S AE 45°CI) AMETE BB KAl A 1641 nm. RIEAR (2-1) F1 (2-2) s
H Y RS S58 .

DA IR AT LA BAR JU AU R DR e SR -G R v AL 2 e i 3 HodH 22,
SHE o JE PR AP 186 2 BRI B R 2 [A] [ 5E 5r o 25 UV G B2 ] E 1
AR BT, W T F RIS, FHEAEY DCM BB/ 29 8L,
U N 5 0 D 28 LB T A o T 1k T AN BRGNP AN
A RARIBPERS R, I ANE G LB E KA. SRR R, 5T BodE
B I Ham K F AR EE I B AR, DCM FE2r o e ey, Jf A
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REWIMERA S NEH E AL T I KA IS %], T B 9287 o [RII,
BE KGRI R, UV329 fEE B P HCE BN, FHUV329 fEF
TR EE 70T o UV329 R 73 A TBOK 1 S AMR SR ERB L, Si0 YRR EETECR 1
DCM HIBEEE, et 1 IR EEAREE 73 AT T e AL, A2 bl T ) de e

\‘ Al
IR 45°C.
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Figure 4-9 (a) Transmission spectra of sulthydryl-modified SiO,-doped samples at different

temperatures of polymerization; (b) Variation of AA with temperature; (c) Transmission spectra of

nano-SiOz-doped samples at different temperatures; (d) Variation of AA with temperature
455 FAMRERESHTHEXM Si0 FMARK Y Si0,BZ4H PSCLC # 53t
tt

4-10 Ca) SR T2 B A0 MRS 1 A0 2 &S . iR
RPN RA M, BaE TRES J1 R J2 (AR e SO 2614 75 DCM i & 43 50
N 15%- FRFEDME Si0 B AR B Si0n ¥R i 5 20 00 BN 0.6 wt% Al 0.8
wt%- JEIESREE 2> B 0.3 mW/em? F1 0.2 mW/em?. R AIREE AN 45°C FIR &)
]9 10 min AT, AL fE AN 1452.3 nm 7351 T3] 1698 nm A1 1641 nm. X
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FHATE PSCLC 145 SiO, if LUt — B #1196 PSCLC MRS 98 » 11 H 3R L
PEIK Si0 AH ELF AR S (1 Si02 5 4411 PSCLC B A 5 % I RS 58, X2 Rk
B PE ) Si02 BAT S AT A 4y M RS 3 DCM B PRI 50 7 38 DA BE B 5
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