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Their Application Study

Tan, Chunbin® Zhao, Zelin* Gao, Jun** Lei, Jingxin®
(“ Chemical Engineering Institute of Sichuan University, Chengdu 610065)
(® The State Key Laboratory of Polymer Materials Engineering, Sichuan University, Chengdu 610065)

Abstract The several kinds of new novel spiropyran (SP) compounds were first designed and synthesized.
The structures of these target compounds were characterized by '"H NMR, IR and MS tests. The photochro-
mic properties of target compounds and their influencing factors were studied, and the applications of SP1
on the polymer materials field were initially investigated. The results show that A, in UV-vis absorption
spectra will shift to longer wavelengths as the result of benzopyran ring linked with strong electro-
withdrawing groups; the thermal fade rate is slower with N atom linked with flexible long group; SP1 has
good fatigue resistance compared with the other kinds of the target compounds. The fading rate of both
SP-g-hPMMA and SP-m-PMMA are obviously slower than that of SP1. The tensile strength and elongation
at break of SP-g-APMMA and SP-m-PMMA were almost unchanged compared with that of PMMA. It is ex-
pected that SP-g-h/PMMA and SP-m-PMMA will be applied in the field of polymer photochromic materials.
Keywords spiropyran; photochromism compound; synthesis; PMMA
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Figure 1 Mechanism of spiropyran photochromic compounds
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1.1 UE5IRF

Bttt 359R 4% Bruker AVANCE/400 MHz ¥ i43%
PRAY, TMS FENPFRGL); i VG Autospec 3000
T RS (P [E]); £D4MEE: Nicolet 170 SX HUZT 4R
TEA (G, 5 A X-6 TR s A (L R A AL IE)
(P EAER); AN WA SEE UV-1800 %%
AT LAy 6 BE (b B )y B s WL YH-
8812DA A7 J)SEIHL() T R AR 5E).

WA N = W el s s al, Rt — D ab B,
R EA IR T ER(PMMA) T 5. oK Sl il MgSO,
T 1 d, 208, W 77~78 CHhEgr.

12 A&
13 HELEW 18 EM
1.3.1 2,3,3-= F A -3H-531% 694 m,(1)

WA 1 SHCHR[6]15 L. Tk 2808, W4E 106~
108 C (5.3 kPa)ifs), 13 O MPIRIAR, 7% 76.9%.
'H NMR (CDCly) 6: 1.29 [s, 6H, >C(CHs),], 2.28 (s, 3H,
N=C—CHj), 7.17~7.56 (m, 4H, ArH)

132 5-FHI KA EE 696 A(2)

&Y 2 ZHSCHERT, 1AL R EMmIAk, P2
55%, ¥ 124~125 °C. 'H NMR (DMSO-d) §: 7.19~
8.41 (m, 3H, ArH), 10.29 (s, 1H, CHO), 12.24 (s, 1H, OH).
1.3.3  5-B/KEEEG4m(3)

WEY 3 ZHICHR[O1E . A AR, 7%
65%, 55 104~105 C. '"H NMR (DMSO-d) J: 6.98~
7.72 (m, 3H, ArH), 10.21 (s, 1H, CHO), 10.99 (s, 1H, OH).
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N
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1.3.4  3-AIL-5-R KB 694 A(4)

WEY) 4 ZHEOCER[101A K. ARk, 7%
65%, #5515 123~124 °C. '"H NMR (DMSO-d) 6: 8.11~
8.42 (m, 2H, ArH), 10.22 (s, 1H, CHO), 12.23 (s, 1H, OH).
13.5 5-F A KB A A(5)

WAEY) 5 2 HSCHR [10]6 . R FH 32 (g,
1-(4-32 T 38)-3,3- = F A-2- T2 F K 73] otk 4 5 A%,(6)

WEY 6 SHCSCER[11]A K. R aiky, 7%

55.1%. '"H NMR (CDCl3) 6: 1.25, 1.33 [d, J=3.2 Hz, 6H,

1.3.6

(CH2)4BF

Crs-
+N Br~

i

\
(CHg)4Br

NaOH

14 (SP6)

>C(CHjs),], 2.20~2.24 (m, 4H, N-CCH,CH,CBr), 3.43~
3.47 (t, J=5.3 Hz, 2H, CH,Br), 3.67~3.70 (t, J=6.0 Hz,
2H, N-CH,C), 3.86, 3.94 (d, J=3.2 Hz, 2H, =CH,),
6.62~7.15 (m, 4H, ArH).
137 1 AA-33-Z % K-2-T F AL 5| otk 4 & mx (1L
a4 T)

WA T BIRSCHR[12~ 1418 1%, B3 iRy,
KR Z VA B © MR OHR)=20 © 13845, 7=
K 43.2%.
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COOCH, w COOCH, 1 COONa( COOCHﬂ COONa( COOCH,4 1

CHZ—C‘: NadH CH2—<‘: CH,— CHZ—‘C Cch‘: CHz—é
(‘:H3 Jn (‘3H3 Jm CH3 L C‘3H3 J o (‘3H3 L (‘:H3 Jq
APMMA
l’\lONOZ /NONOZ
O — ((|3H2)4 ((|3H2)4
hPMMA + Vo Q o, . .
(CH,)4Br COOCHﬂ o=C ( COOCH, o=C ( COOCst
9 Cch‘: CHZ—(‘: CHz—c‘: CHQ—C‘; CHz—c‘:
e L bl b L L L
SP-g-hPMMA

1.3.8 1-F3-33- =% 32T F o3| ok 695 5 (8)
WEY) 8 ZHOSCHR[15, 16]H B, R PRY), K
RN VAThEE) @ M(CR CER)=20 @ 134k, 7=%
45.6%.
1.4 BIrLEW 912 MARSRIE
141 1-(4-32 T )-3,3-= F k73| feobk-6'- A 2k 3K H- 5% ik
7 SP1 (9)49 4 &

7E 100 mL — FGeffi A 2.09 g (0.0125 mol)fb &
Y2 M120 mL RE, HiFEAA), THERFNR, 2R
REEBWN 2.94 g (0.01 mol)fk & 6 (I ZEEEH 10
mL, NS RAREE RN 3 h, KRN EEE R, o
JE, M CBEE L. K UE s, 2T VA iE)
V(LTR CHR)=20 @ 1]. K E 45 5 W FE 5 S5 AL JZ BT R i
A, 13123 g IRGEEMAK 9, 2% 27.8%, m.p. 147.5~
149.3 °C. '"H NMR (CDCLy) d: 1.188, 1.284 [d, J=3.8 Hz,
6H, >C(CHs),], 1.672~1.978 (m, 4H, N-CCH,CH,CBr),
3.202 (t, J=2.5 Hz, 2H, N-CH,C), 3.391 (t, J=2.5 Hz,
2H, CH,Br), 5.887~8.011 (m, 9H, ArH, CH=CHAr); IR
V! 687 (Ve-sr), 1090, 1275 (Vegpino0-c)s 1332, 1510
(v w), 1479, 1576 (CEHEHIRD) ve-c), 1611 (ve-c)
cm ' ESI-MS m/z: [M+1]7: 443.13, FHiBH: 443.09.
142 1-(4-38 T #K)-3,3- = F 3K 7| heokk-6'-7% Rt # ek
SP2 (1044 4| %-

7£ 100 mL = HBEEF A 2.51 g (0.0125 mol)ft &
)3 M1 20 mL 8, bS5, TR RNR, ZRT
NN 2.94 g (0.01 mol)fb & 6 I LB 10
mL, JHINSESEIRAREE N 3 h, KRN IRIRGE, AT
(VO @ M(LTRAEE)=20 : 1]. 15 0.43 g IR (A,
& 10, %% 9.0%, m.p. 101.7~103.3 C. 'H NMR
(CDCly) 6: 1.185, 1.288 [d, J=4.1 Hz, 6H, >C(CHs),],
1.709~1.952 (m, 4H, N-CCH,CH,CBr), 3.197 (t, J=2.6

Hz, 2H, N-CH,C), 3.393 (t, J=2.6 Hz, 2H, CH,Br),
5.861~8.003 (m, 9H, ArH, CH=CHAr). ESI-MS m/z: [M
+177: 447.88, FHiE{H: 448.01.

143 1-(4-38 T #)-3,3-= F 3 o3| whotk-6'- 32 -8"- Al AL R
F4Zeikeh SP3 (11)49 4] &

7E 100 mL — G A 3.08 g (0.0125 mol)fb &
V)4 A1 20 mL OFE, HidEA5), THE SRR, 2R
RIS N 2.94 g (0.01mol)fb &4 6 I LR 10 mL,
TMEEe R AR SOV 3 h, K R VRIS A, e,
COWFE G FEIEBORAE, 2T V(A @ ML
ZliE)=20 : 1]. B L MRS S ENHERIRE, 15
1.86 g iRZREASA K 11, 77 35.6%, m.p. 122.6~124.8 C.
'H NMR (CDCl3) d: 1.179, 1261 [d, J=3.3 Hz, 6H,
> C(CHs),], 1.689~1.957 (m, 4H, N-CCH,CH,CBr),
3.189 (t, J=2.4 Hz, 2H, N-CH,C), 3.367 (t, J=2.4 Hz,
2H, CH,Br), 5.890~7.797 (m, 8H, ArH, CH=CHAr); IR
Vanax: 640 (veg,), 1026, 1270 (Vespino o), 1346, 1533 (v six),
1456, 1483 (AIEHIRSN ve-c), 1607 (ve-c) em ..
ESI-MS m/z: [M~+1]": 523.01, FEig{i: 523.00.

144 1-(4-18 T #)-3,3-= F J 7| rotk-6'- F FIE RO 47
o SP4 (12)49 %) &

75100 mL = BRI NG Ak &4 5 I0TR A
120 mL SBE, BEHES), FREZR R, 2R
1231 2.94 g (0.01 mol)fb 54 6 1) LIEHW 10 mL, i
INFEEE RS RN, 3 h, K RNIRIRYE, KRNV
BK) © (LR OTE)=20 : 1], 3 0.27 g HI{E K 12,
FEH 6.3%, mp. 119.1~120.8 ‘C. 'H NMR (CDCl;) o:
1.192, 1.269 [d, J=3.1 Hz, 6H, >C(CHs),], 1.653~
1.926 (m, 4H, NCCH,CH,CBr), 3.195 (t, J=3.8 Hz, 2H,
NCH,C), 3.386 (t, J=3.8 Hz, 2H, CH,Br), 3.748 (s, 3H,
OCHj3), 5.893~7.812 (m, 9H, ArH, CH=CHAr). ESI-MS
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m/z: [M+1]7:430.11, BHiB{H: 429.11.
1.5 -7 £-3,3- Z B L 15| MR Uik -6'- A 55 2K F 42 0t 1
SP5 (1L &4 13)89& K

&Y 13 SHOCER[13]1A . RO AR, 7oK
31.0%, #/ 124~125 ‘C. '"H NMR (CDCly) §: 1.234,
1.333 [s, 6H, >C(CHs),], 3.721, 3.936 (d, J=8.6 Hz, 2H,
NCH,C=C), 5.110~8.022 (m, 12H, ArH, CH=CHAr).
1.6 1-FE-3,3-Z FH B 5| BRAk-6'-F B X Fr a2t 1 SP6
(145 &

WEY 14 ZROCER[17]16 B R, =R
23.9%, ¥%55 158~159 C. 'H NMR (CDCls) ¢6: 1.301,
1.353 [s, 6H, >C(CHs),], 4.206, 4.484 (d, J=11.1 Hz,
2H, N-CH,Ar), 5.938~8.033 (m, 14H, ArH, CH=CHAr).
1.7 PMMA ZR5 7k g4 hPMMA B9 & Hk R ERey
mzE

= I PMMA Fl 14- "5 A% (1 g
PMMA/15 mL 14-—50N3), fEHRIRE M in#alm, =
PMMA 5E4¥f#E, BHli PMMA (1) 1,4- SN,
#H.

BT RV, 0 IS AR A 4 A0 B
W (cnaon=0.124 mol/L), [N 12 h. WV 5EHE S,
O ) S A B SR IRV W (e =0.185 mol/L) iR ¥
5, CAIBK e /ni. SN 4 R bR R A, ek, T
i, 19 B RIK R Z 1) hPMMA.

FKH N3 hPMMA KR a:

o 012 5000185V
n
n: PMMA il 3 _E B AR B (COOCH:3) [ BE IR 2K, Vivaon:
IMNE AL AR, L, Ve IR 3% 22 Y FE SRR
AR, L.
PMMA (1) H 53 45 4 .70

COOCH;

emch

CHs

(1

IR 7 Bk 100, Eq. 1T Il n] il i Eq. 24145

m(g)

~100( g/mol) 2)

m: PMMA [{] i ..
1.8 SP1 #4 hPMMA(SP-g-hPMMA )4 | &

1E = R oI B € SIS [ 7K i %2 (1) APMMA
I 1,4- 50538, BEPET, 90 CINMEse %R, A
AR LR SP1 1,4- "5/ S, RV 12 h, 7058, Uk
v, THREE, §i43 SP-g-hPMMA.
1.9 SP1 1B PMMA(SP-m-PMMA) Rl &

7 1.8 Titl% SP-g-hPMMA 4R, ¥ PMMA
e i iPMMA, B I7S SP-m-PMMA.

2 FEREHE

2.1 BUREFTIZE AT B mA R
21,1 RIFebmg IR ERRA T AR K &AL o

Iy BIBCHIR R 5X107* mol/L 1) SP1, SP2, SP3,
SP4 L WEHR, X TN A WRILE R (1) AT ER A SP 5 FFER
A PMC &b TR, SR 500 W AMT I 30 s (%
WE RS EAMT 7 om). JEIEET G R4 mT WL SO G i %)
tbanse 1.

M1 AL, G, IR IR P A
JE(Br, NOy)IF, 1 SP1, SP2, SP3, 7 Al WLyt Fl A BEA
BB Aas T HIA A L 7 HE(OCH,) N, 41 SP4,
TER] W IEYEE N A REEZ R Aoy, 1K 1T BEAZ PR A BRI R
1) PMC J& LAPIVEBS T 25 R X AEAE (8 1), 28Rk
W PRI A WL RN, A TR IR AA A,
#epfirrh, PMC I EEBIAECR, IR W] WG Y0 N R
BB dan. BHIE P T8 11 K (SP2<<SP1<<SP3),
NALE IR Apax KAELFE(519 nm—546 nm—575 nm),
SP3 [KNI%E T AW HL 75, TERCT B KL Hufk R,
Amax LR IR, WER 1 BRI F H, SP1 JGHRGTE Amay 4B
WG BEA A N T 29 1.2 (0.1077—1.2939), X i H] SP1 A
1 Lt SP2, SP3, SP4 H I 57 (1) e k.

R AEYICHATEZEIMBOETERS H

Table 1 Photochromism of the compounds before and after irradiation

&Y ML R FICREE ORI DL EE Amax HEIEET Ao SR IETE SRR Ao AL
SP1 6'-fif 3 EAN ®er 546 nm 0.1077 1.2939
SP2 61 3N AN 519 nm 0.1094 0.1322
SP3 6'-JR-8'- il 3k RIE ke 3 575 nm 0.7052 0.7793
SP4 6'- 4 R B — — 0.3566 (468 nm)
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14 N RF ERRIBRAREAT RE R EH AL h
FC Il 5X 107 mol/L 1) SP1, SP5, SP6 Z. ¥
W, SR 500 WM R 30 s (BB 2548 4MT 7 cm).
MRS Amax AE IR BE BEIN (] R84k, TR RS
BE IS TR) 1 KT BRI AR 71 20 0 (BR 2), TR B (o fk
EP PR E SR, N 2 AT DL, Z IR 1 1
P N RT3 A A ) AR 2 i i) BB €3 22 Dy SP
(N-CH,CH,CH,CH,Br) < SP5 (N-CH,CH = CH,) < SP6
(N-CH,Ph). X 1] fii A2 K A MRNLE IR M5B ER | N 513
H KB 3L ) (CH,CH,CHL,CHLBr) I, %6 3 1 4% v
C—C B [ o e 2 1y DG Ak 21— s BELASHVE T, M A
SP1 [{IFFIRALL SPS, SP6 [HFF IR AR AE AN 2 I (55
SCHERU—50).

2,13 RHMRRBAT AR AT % SP1, SPS, SP6 @it K JE 5
EXE R

W IE h 5X 107 mol/L SP1, SP5, SP6 I Z VAW,
TEFE 7 WBAMT 1 em AR AT (], R 56 B e i
AT AN 0] WO B 2). K 2 a7,
TE—E WAL, BE G SO I TR] R 38, SP1(i), SP5(ii),
SPO(iii) 7T Amax AL TRIW I BRIZE T AL K, T2 R N — 5
IR PN, B SO N R PR, B 23 1 RO AR
RE I 2, WA E 2 AR SP A8 I M4k
PMC, ML A AL IR S8 15 it 25 380 BT[] ) 4%
HHE, SP1, SP5, SP6 7E Amax AL AR HCIAE 55 S 11 521 B
TR DA A RN E O SO — e N RS, 2
AT, IR 1E A A0 PRI WA it A A I 1]
(FIFE KT Jk/N. SP1, SP5 Al SP6 (1] Amax 73 HIZE 280 s, 220
s HI160 s JT FFAR T . X 30 =& BT 57 fe ik
4 SP1>SP5>SP6. X[ He /& T SP1 1) 1 A7 N Ji -+
AR 3 (4] 2 1 A1 4 3 (CH,CH,CH,CH,Br), i SP5 FlI

2.1.2

SP6 ¥ 1 A7 N Jgi 1 FEH I 2 AN AT [41(CH,CH=CH,
1 CH,Ph), FU6H 57 PEA 2.
2.2 NaOH &3t hPMMA 7K iR B 220

T 1.7 I, W IR hBPMMA K iR
I NaOH #IT KR, 4951013 3. th& 3 ALl
A th, Bi% NaOH MIAZ RN, PMMA F7K #2358 K,
THIK R IR, IX T AR PMMA TR SE 45 44 )
2 ) BELAH I 3 () 7K A
2.3 SP-g-hPMMA #1 SP-m-PMMA B9t B 25 2 14 B

¥ 1.8 15775, # 0.150 mmol SP1 5/Kf#HR K 5%
)1 g "lPMMA RV, f#il#3 SP-g-hPMMA, $R 5T % 40
mL ) L4-ZHOSHEMG 4% 1.9 15, Sk 0.150
mmol SP1 5 1 g K& MK PMMA 1L 15 2
SP-m-PMMA, Tt 40 mL 1.4- % NHBW; ¥
0.150 mmol SP1 Pt /% 40 mL (1] 1,4- "5 /NI
2.3.1 SP-g-hPMMA #= SP-m-PMMA & % 512 iz 25 e 3t
e

4 RN SP-g-hPMMA Al SP-m-PMMA ¥
TEEER 500 W 284MT 7 em F U 30 s, 23 il IEO0 BT S
(IR =] WL (1] 3). B 3 W LLA H, DT,
SP-g-hPMMA 1. Apay ZEHIWRHCRFELE SP-m-PMMA 112
Aamax AE VRIS BE R, 12 BT SP1 #be A i 0 Tk I,
F7r THEN PMC I RH AT BAAGAE R, XA T 37
flir 1) PMC J7 M 8)); MU, SP-g-hPMMA TE Ay A&
FIE SR FE L SP-m-PMMA 7E A ZEFIWRBESRFE /N, B
SP-m-PMMA [P 4N 3 350K Ll SP-g-hPMMA K, X 1]
RESE AN SP-m-PMMA H, SP1 LL/NY FA7AE, s
i, S S R W T R R,

# 2 SPI1, SP5, SP6 LEEF ML 500 W RAMT WK 30 s Jo ARG F2 Hh T 6 FE AR Ak

Table 2 Absorbance change of the compounds in the fading process after irradiation by 500 W ultraviolet lamp for 30 s

SP1 SP5 SP6
R I e s o M P I 1 T BT IR HEAENY T ML T FE R
WO [ER2g 6 ERg:it WO B
0 1.2046 — 1.1299 — 0.8191 —
50 0.6758 43.90% 0.4750 57.96% 0.3341 59.21%
100 0.6540 45.71% 0.4017 64.45% 0.1748 78.66%
150 0.5488 54.44% 0.2911 74.24% 0.1119 86.34%
200 0.5052 58.06% 0.2322 79.45% 0.0824 89.94%
250 0.4703 60.96% 0.2899 83.19% 0.0708 91.36%
#3 hPMMA KK NaOH 3 UMK &
Table 3 Hydrolyzed rate of APMMA determined by titrimetry
B NaOH ) &:/mol 0.0003 0.0005 0.0010 0.0015 0.0020
PMMA JKfif % 3% 5% 9.4% 13.6% 16.5%
PMMA 7K fi#t 5% 100% 100% 94% 90.67% 82.5%
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Figure 2 UV-vis absorption spectra of SP1 (i), SP5 (ii), SP6
(ii1) with 7 W ultraviolet lamp at various times in ethanol

232 SP-g-hPMMA, SP-m-PMMA 5 SP1 #)#i& &.i%
B9

¥ _EEc ) SP1, SP-g-hPMMA #1 SP-m-PMMA
1,4- NP TUE TG4 24 b5 I05E FEIFIALE A
AEEIWROGRE, WK Auy ARG HERAE S 70 BT B 500 W%
AMT 7 em &b, HUR 30 s G L RIEAT Aoy A0 TR R E4.2))
JIEIA. B U S R AR IR OB E, idh 0 s TRt
IR AGRE i, SRIGEERG 20 s MR IR Amax ZERETE,
0N A, PL—In[(4,—A)/ A% iHE] ¢ BRI, 1533) SPI,
SP-g-hPMMA Fll SP-m-PMMA (1) 37 ) [ 5y )7 2 il 2
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Figure 3 UV-vis absorption spectra of SP-g-hPMMA and
SP-m-PMMA
(i) Comparison of SP-g-"PMMA before irradiation (curve a) and after irradia-
tion (curve b); (ii) Comparison of SP-m-PMMA before irradiation (curve a)

and after irradiation (curve b)

(B 4). 3B TSNS A4 T S ek A
SP-m-PMMA: y=0.0239x+0.3117, R*=0.9881
SP-g-hPMMA: y=0.0174x+0.9632, R*=0.9571
SP1: y=0.0916x+0.0697, R*=0.9935

SR B ) 2 i IR b R A — S s ) 2
ek, B4R RIEREERFH K, K (KRR
BEEBPRE . SPT [ #1518 (K = 0.0916) W] &b i T
SP-g-hPMMA (K=0.0174)#1 SP-m-PMMA (K=0.0239)
FIPEREEHCR, X PMMA (K5 T 24
TG T IR OCHR, a1 HFIMEM e M. Kl 4 i&8n]
L, SP-g-hPMMA 1 JF 24 44 [ A Bl 10 3 A% T
SP-m-PMMA.

2.4 FEIKIBERE SP-g-hPMMA 4R & iE Rt

% 1.8 7%, AIHIAEDK A1) SP-g-hPMMA

L4- NI, D SERR €A ) N Bl D) 2 ih 2k (B 5).
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T T T 1
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t/s

B 4 SP-m-hPMMA, SP-g-PMMA F1 SP1 [)H B {4, 52 N 5 A7
EiiESS

Figure 4 First-order kinetic plots for decoloring reaction of
SP-g-hPMMA, SP-m-PMMA and SP1

STIBURT R iTR S RIE C AT Ea W

SP-g-3%hPMMA (a): y=0.0878x0.5735, R*=0.9440
SP-g-5%hPMMA (b): y=0.0516x+4-0.2126, R*=0.9882
SP-g-9.4%hPMMA (c): y=0.0977x+0.2781, R*=0.9905

SP-g-13.6%hPMMA (d): y = 0.1016x + 0.5599, R> =
0.9936

SP-g-16.5%hPMMA (e): y = 0.0827x + 0.9524, R® =
0.9760

309 u SPg-3%hPMMA

v SP-g-5%hPMMA

259 » SP-g-9.4%hPMMA

o SP-g-13.6%hPMMA
)

-In[(4-4,,)/ 4]

t/s
B 5 RFECLEIY SP-g-hPMMA & FE IR #3712 1
54
Figure 5 First-order kinetic plots for decoloring reaction of
SP-g-hPMMA with different hydrolyzed rate

AEK AR SP-g-hPMMA [ A8 25 FE 44 B 1t
TG — B 17 ik, E SR 21 B R s 5 2
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PAB AR f N, FE VR U, XTI RRARE A MR
PMC [f1KFA52 2| PMMA 8055 Bz 3 5 4 ek

(1) SP1 S5 )L (R 2, X W RPAE FH B ZK A 2 (R AN [l
AN, FEUKIRZE N 5% SP-g-hPMMA i PR
25 EXRBHXETEMRES hFMERE

7y B 0.5 g SP-g-hPMMA, SP-m-PMMA  Fil
PMMA, %71 20 mL 1,4- 5N, 5ok
WEINERN 9 em FIRMUROIER ML, SE b
A, & 14 8" ARBE®RE2EK, #H
SP-g-hPMMA, SP-m-PMMA Il PMMA [F {4 fi.

B BIAS I =P T 500 WK AT 15 om Kb 5
30 s, ARGt AR ISR, WAL CE S R B
HikkJ:, SP-m-PMMA JRIF #4542 350 s G584k,
1M SP-g-hPMMA R IR EAAEL] 400 s 51 2%, TEIRI
40 YR LA F 3 P R R ATY i S I A8 TR e U (LG

ks BT =AEDIE 10 mmX 35 mm HK
JiTEARAE, BEATHUB R R 240K A A, &5 591
T3 4.

# 4 SP-g-hPMMA Jii. SP-m-PMMA AT PMMA JIE (MUK
iR FEE R 2R A K%

Table 4 Tensile strength and elongation at break of SP-g-
hPMMA, SP-m-PMMA and PMMA films

EWEE SP-g-hPMMA Jlii  SP-m-PMMA Ji  PMMA Ji

EDAETES 17.07 MPa 1529 MPa  14.98 MPa
W 4K 2R 16.00% 15.33% 14.67%

PR 100 mm/min; 3 E: 29.5 °C; MEE: 29.5%.

M 4 AT LLE H, SP-g-hPMMA i 5 SP-m-PMMA
JEEFI R A o S RN R K 2 5 PMMA JBEAR Lb Ao ms A 4
L, X AREE N SP1 5 PMMA 2 ) 474852 [FAH .
YER, TTLAX PMMA BSE S — 2 9. HasfER]. &5 b
I3HT SP-g-hPMMA 5 SP-m-PMMA %2 T 6848 (6,
PMMA &7 F A M.

3 4

FIN AT 4 Pl R WLARIE (15T B R 24k 5 )
SP1, SP2, SP3, SP4. WU W], SP1 G EAL (A REEL
Uf. $l4 T SP-g-hPMMA, SP-m-PMMA 5 SP1 {14 (05
J1E g, SR G —%ah Ji# ik, H SP-g-hPMMA &
SP-m-PMMA [FJ#E (AR L SP1 [ (458 W S A8/
SP-g-hPMMA 5 SP-m-PMMA ifi, fEFGEIE 40 Yk LL
FEHEYREI S MRS, H ki
SP-g-hPMMA 55 SP-m-PMMA A2 A 4K PMMA (¥ 1)
PERE. XKW PMMA s T REEL M 3w T
SP1 #AEEE. SP1 AN M TOREUE (a4 AR
QL.
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