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Abstract

Three kinds of polyphenylene acetylenes (P1), polyfluorene (P2) and polycarbazole (P3) pi-conju-
gated fluorescent polymers containing 3-(5-(pyrimidine)-thiophene units were synthesized by
carbon-carbon coupling reaction of Sonogashira or Suzuki with Pd complex as catalyst. The struc-
ture was characterized by Fourier transform infrared spectroscopy (FT-IR), hydrogen nuclear
magnetic resonance (1H-NMR) and X-ray powder diffraction (XRD). The optical and electrochemi-
cal properties of the polymer in CHCI3-CF;COOH solution were studied by means of UV-Vis, PL and
CV. The acid chromogenic behavior of the polymer in CHCI3-CF;COOH solution was also studied.
The results show that the three polymers have obvious ultraviolet-visible absorption and strong
fluorescence activity at long wavelength in chloroform solution and film state. The relative fluo-
rescence quantum efficiencies of polymers are 52.3%, 31.2% and 4.5% respectively. The calculat-
ing chromogenic behavior of P1, P2 and P3 was poor, and the relationship between acid concen-
tration and absorbance was wireless. Cyclic voltammetric measurements show that all polymers
exhibit a certain void transport behavior.
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A Hr AR E A Ve AL, B3t SonogashiraBlSuzukifRiRAR B R N & T =Fh&3-(5°- M e k)
B REEZREPL). RAGRP2)AEHRBE(P3) m-HIRAEREY . SELH BRI
(FT-IR). S RSLHR#E (*H-NMR) FIX5 8 RATH (XRD) X KM EAT 7 RAE. FIHKS - 7T WAL
(UV-Vis). e (PL)YFER R Z(CVYENRTF B Hob2E 5 AT TR, HHATERSE
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BRI RSB R ROTEE . REYRAENRAETHEDHIN52.3% 31.2%H4.5%.
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1. 5]

REMHEER SRR LB RIFRetb et fe . LA ERe M B G811 [2], W) 2N T4
MU ECR 28, B HUKPHREFEIBAE[3] (4] [5][6]. Hrr, VIXREZEE RIFHHE TR, 2k —
e SR 1) R M RE FEBUR O R A T BT A I FL 4 A, R E S TR R R T R A L T2 A
EER AR, AR IR RS KR AW R AR A B, R = 2R R 2 B £ BL BRI 7T T4
HHITTET] [8]. MEWY K FLATAE BT L Bk 2V R AN L A5 MR IE 2 2 T T2 9T . R JLEE R,
WEWY BT I SRS AR AR A = R AT 2RI T IE R e LA VB B T4 R TE D-A RE I AL K& STk
. gt — P AR N SR G, HIBE S o S P S A A C=N, W FEE /9,
S WL T2 ARG . WERE BT B B R (AR LR R N BT AR R T T G AT
YA, mEnE BT IR E TR R B B A BRI R T HUE(LUMO)RES, TEE T HCHHTAH AR, H
FHFA L AL R G H BE s, ATER AN LUMO R84 R, 5 HOMO REZL I ZE I/
B GWI Re BR 96 BE AR [9] [10]e BRI, ASCHREJe& M T 2,5- 2 1R-3-(5 W8 g kg Y B 7T ¥ L 152
Y (Donor) SEAR(M1), SR 573 5l 5 K1 2 e 2RI 28 B 45 Ak (Acceptor) AR SL R il 6 T =M X B R &
VIFEXT B3 58 G IG5 PE AT Fa AL 2 Mk REEAT I o BT A9 SR 1% LR (P TR %) 2R (P2) R SR 25 (P3)
ZRBEVIEBCRE N RV HIAGE . T, MG, EMBIRE T R 760 moEd. 4
BT E, FHEHNFRES TR REER, AEERGYBBUOCHRE TN, XEE—E M

ik
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WRIShRE L.
2. SCIOERSy
2.1. FERFI SR &

S-IRMENE: 98% H RIBEHIA IR AF] s 3-MEW TG 98% A RIMAHE B IR A ; N-IRARHEHME L i R
AR AR AT 2,5- A IHE-1,4- T CIRIEHEMA). 2,7-7(4,4,5,5-P0 BB 35)-9,9- — £ HE 55 (M5).
3,6-.(4,4,5,5-VY 1 J-1,3- A 2-1 bt 55 )-N- 1 3 B R R (M6) DY (= 2R 2 3% ) PA(PPhs), FR 5 SCHR[ 114244
PITTEE s Cul: 0iral, RETFEA ST BERIE[PA(OAC)]. = RS, Aliquat336: 71T
g, B THSAARATR; =5 O Fra, B T A RAR B, DRI (THF) A S 5
(DCM): sr#frall, fEFHTTZRRK. BREEFEHIALEE; NN-— 5B (DMF): Zr 4k

"H-NMR #Z#IARMR: R SEE Varian /A 7 Inova-400 MHz BUZHE LR BE (N b5 N MedSi, &
78 CDCly); 2L G54 KA KBr J& fr, A #8[E BRUKER 2 & EQUINOX-55 B4L /B,
FHE BN 400 cm™'~4000 em™'; ZAM-TT WIS AT HASERE, UV-1800 6T Stk
SPGHESHT: G R R BN S8 HFR A F], Perkinelmer LS-55 BI5GB, MEHR 200 LR
3] CHI660C HLAL2E T AESE, 0.1 mol/L BudNPF6 [ Z &/ N R, A N IT/EmM, HKE
W(SCEYNZ LB, FHHACARIB B, FARY, HRMEEN 0~2.5 V, H#EEA 50 mV/s; X
2By K ATHH(XRD): ##[E BRUKER A, D8 advance 4 X-SF£EAT 8, Cu-K NEESIE, BN 1= 1.5406
A, FHEAE RN 10° <2< 80°; HEZEH /M1 NETZSCH STA 449C L&A, THEH R N 10°C/min,
B BgiRi: CHEMAT TECHNOLOGY [ KW-4A B SR . BEWH TEHH: FEE Waters
AF], Alliance GPCV-2000 HEfRiE%E R, VAR ECRIR CIGAE bR g, W vt ik 4l THF.

2.1.1. 3-(5’-IENE £ )-E R BY & BE

SR B BEREA N2 AR S E AR YK 12 g (94 mmol) 3-BHEZMEWY .10 g (63 mmol)5-JRMENE 13 g (94
mmol) K,COs+ 150 mL PYE PRI IIA 250 ml = Ui, A 1.8 g (1.5 mmol) Pd (PPhs),, iR % 2] 80°C
KA 24 ho [N — B[R] 5 182 00 s IR R O S SOV AR, i s AR BT SRR A R SR A IR
IR, Rp BONLAAR 2V J) B R R R SO REEOK AR, DK e 4 R SR R BB A% 21 70 W <1
CH,ClL ZHY 3 ¥k, ZEEUGE 13 2IA VA KOKIEDE 3 I, REHIEK MgSO, MEIAHMEE 4 h, A5
IEUEIETE K MgSO, KA UM e i 281000 45 i 1 Rk Bk 43 B 45 B 8 € Tl 4, 7 3R 97%. FT-IR (KBr, cm ')
3103, 3068, 3036, 1611, 1561, 1523, 1425, 867, 804, 719, 698, 636. 1H NMR (400 MHz, DMSO): 6: 7.72 - 7.79
(m 2H), 8.19~8.23 (q 1H), 9.09~9.12 (s 1H), 9.19~9.22 (s 2H).HRMS: CgH¢N,S for [M + H]+, calculated
163.03245, found 163.03198.

2.1.2. 2,5-Z38-3-(5 -G NE B EEM (M 1)

W19 VR 2644 N 8.1 g (50 mmol) 3-(5°-M# g J£)-MEMy AT 100 ml N,N- UL BERZ TN 150 ml
WA, A ER A SRV ARG N 19.5 g (110 mmol) N-BRARBEFIBEID i, {42038 ' 45 LF 7 SR 1E P I N 24
ho S it — Bt [A] f5 2 i i AROIR ER C SR R BN AT RE RS, )2 (i s o0 B SRR RO R S A LR RO
SRJE N NEREIN 200 mi VKK FR B, 24 KA Bl )5 4 s R A% B 4 W > CHLCL L Z X,
SRJE A WU IR E UK, Rrok bl 5 FH 2080 2o A HUAH, S 2 R BEsA N F I NON-—
FHE F IR, AR5 R B WA FFOID A TE K MgSO, T4 4 h, I EBRIs /K MgSO, ig 28R4 A HUAH & il ik fise
FE B RAS R B0 9.98 g, 77 63%. FT-IR (KBr, cm ') 3098, 3069, 3044, 1553, 1433, 1326, 1187,
991, 848, 724, 627. 1H NMR (400 MHz, DMSO): §: 7.6~7.62 (s 1H), 9.03~9.05 (s 2H), 9.22~9.24 (s 1H).

DOI: 10.12677/ms.2019.96077 614 PR R


https://doi.org/10.12677/ms.2019.96077

G

HRMS: CgH,Br,N,S for [M +H]+, calculated 318.85347, 320.85142, found 318.85291, 320.85077 (L4 1).
2.2. BRSNS

2.2.1. B[3-(5-IENEE)EM-2,5-Z GFIRE&)-14-— ZHREF] (P1)

100 mL EA AN 2,5- JR-3-(5-ME g 55 )WEWY (87.72 mg, 0.275 mmol), 44 M4 (115.92 mg, 0.275
mmol), PRI 40 mL TR/ USRI, % /8 2440 N SR 5072 5 min, 2R ) S R A 5 ol
N2 , #F N2 R E & TN — =233 — &1L 50(14.8 mg, 0.0211 mmol). fift4k, V4 (14.8 mg, 0.0779 mmol),
SRJE IR TR 4.5 mL ZAML I R IR BRI B RS, RN 2h f5, 7E 55 ChaIRFFER
WS4 PF R OB 24 he RMNZEHRERRNAKARB N EZIRGE, BRBREINKEFEGMREDITH, JHR
FRE I TP RE 12 h A (AT B 58 A [RS8 G b IR SR, a8, % P45 58 G D [ 4 #E T (100
mL) BiEVESHE 12 h, 18, T FRE R O REYI(PL), 7% 82%. FT-IR (KBr, cm™') 3040, 2921, 2850,
2193, 1462, 1214, 1024, IH-NMR (400 MHz, CDCI3, ppm): 9.3~9.22 (s, 2H), 9.21~9.17 (s, 1H), 7.41~7.38 (s,
1H), 7.05~6.94 (s, 2H), 4.08~3.96 (t, 4H), 1.88~1.78 (t, 4H), 1.6~1.2 (m, 20H), 0.9~0.83 (m, 6H) (L4 1).

2.2.2. B[3-(5-MRNEE)EM-9,9-— F IR ES)]| (P2)

100 mL FIERAHEH AN 2,5-1R-3-(5-W% g B BEW; (116.75 mg, 0.366 mmol), & M5 (230 mg, 0.366
mmol)Fl =3 L (6 mg, 0.021 mmol), #RJ5 A 10 mL SLFR/KHIH 2K, 2 mol/L BREREFVATR 2 ml. P4
=R LSS, SRS ERE IR S E T A 5 min 5B Ny, 76 N, R B4 T I ANEERRFE(3 mg, 0.0134
mmol) AT, FIRBWESAF N 2 h J5, FHEIRER] 90°C~100°CARLL [ . 3 d,  J S B I 8] 45 3 & L
SRR AN, BSOS AR N B K& ) R R S UTIENT Y, R ORFERERE 12 h (EHAT H 54 [R]
P S G PR SR, I8 5 A U P Z8 /K AT I 43 A % 12 h, W98, HEATREE R4
BEREYI(P2), 77#: 35%. FT-IR (KBr, cm ') 3036, 2925, 2852, 1552, 1462, 1214, 1152, 817, IH-NMR (400
MHz, CDCls, ppm): 9.13~9.08 (s, 1H), 8.80~8.72 (s, 2H), 7.76~7.69 (m, 1H), 7.55~7.49 (m, 1H), 7.31~7.29 (s,
1H), 7.22~7.18 (d, 1H), 7.16~7.14 (d, 1H), 7.00~6.95 (s, 1H), 1.75~1.65 (t, 4H), 1.60 - 1.24 (m, 24H),
0.84~0.77 (m, 6H) (JL&] 1),

2.2.3. B[3-(5-MENE£)EM}-N-IE SE MM (P3)

100 mL ISR AIEFIIN 2,5- - 1R-3-(5- M5 nE ) BEW} (116.75 mg, 0.366 mmol), Lk M6 (195 mg, 0.366
mmol) 1 6 mg =¥ LM, SRJE A 10 mL CER/KEFIH 2, 2 mol/L BRI 2 ml. PIig =R F 2k
S, RJETER IR R E 2 5 min J5I8 Ny, 78 Ny 20 &4 FIMABE R (3 mg, 0.0134 mmol)ff
15, FiRERE T RN 2h 5, TFERER] 90°C~100°C 4k 4k e B 3 d, S B FI I 8] 45 o [ B Jig ¥4
R, NI GRS N BR R P B R A TiE T, R ORRRCRE 12 h A AT 58 A IR )
Geti AV BRI, U85 A ZE MK AT A 43 A B FE Dk 12h, 08, HAETEEHEIEEE
EWP2), HEFEFE: 62%. FT-IR (KBr, cm ') 3034, 2920, 2849, 1599, 1474, 1225, 1039, 798, IH-NMR (400
MHz, CDCls, ppm): 9.15~8.85 (s, 2H), 8.80~8.70 (s, 1H), 8.50~8.32 (d, 2H), 7.80~7.72 (d, 2H), 7.55~7.52 (d,
1H), 7.35~7.31 (d, 1H), 7.22~7.18 (s, 1H), 4.40~4.23 (m, 2H), 2.0~1.75 (m, 2H), 1.6~1.2 (m, 10H), 0.9~0.8 m,
3H) (LK 1).

3. BROMSTHE
3.1. M ESEREEREE S
2 NHAR M1, M4~M6 FIEEEY) P1~P3 FIZLAMGIER . B R UL, M1 7E 3044 cm™' U6 A IgEmy 21
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Figure 1. Synthesis routes of monomers and polymers
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Figure 2. FT-IR spectra of monomers and polymers

B 2. BEMREMINIINEIEE

FmsnEIR F)-CH-6, 1692 cm™', 1553 cm ™' A& /2 C=C HIZEIRBNIE, 1433 cm ' AbSE-C=N-fH 45 4R 5
I, 991 cm ' ibs2 C-Br ZEIRBNE . 1635 cm ', 1595 cm ™', AR WIS UG e IRER (IR I s B-O [
WRENERL T 1144 cm™'; M P1. P2, P3 MIZIAMGIG AR, M4 | C=C £ 2113 A HIFFIEIELE P1 4R
#2193 cm ', Tﬁ%;%ﬂﬁ P1 A o e ne BE A 5 45 B IR B BLAE R, RAERL TR TSR
fi7. M4 H7E 3293 em ! Ab ) C=C-H WIS TE P1 i 2k; M5, M6 LT 1144 em™' ) B-O FHRRAEIR I
W P2 P3 ZLAME AR Sc; M1 R T 991 em ' ) C-Br M4EHREN&, 7€ P1. P2, P3 sk, [KitknrLl
FWT HL AR R B 0 A B E ) o

K 3 AEAEY PL. P2 Al P3 7RSS (CDCL) ) TH-NMR . X P1 % & o o0 b vl A e 2= B 7
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9.30~9.22 (broad s, 2H), 9.21~9.17 (broad s, 1H)XJ N T-BERg |75 F A MIE; 7.41~7.38 (broad s, 1H),
7.05~6.94 (broad s, 2H)Ab MIAZREILHRAS 506 20 T3l %f B2 T HEMy 3R b 2R3F B0 HEAMME S0 4.08~3.96
(broad t, 4H)4b ({145 56 b5 E-OCH,-FH A K115 5i; 78 1.88~1.78 (broad t, 4H), 1.6~1.2 (broad m, 20H),
0.9~0.83 (broad m, 6H)ALHIME T ke st EE: X P2 B R0 #r vl DUR HAL 2 AL FE7E 9.14~9.09
(broad s, 1H), 8.78~8.72 (broad s, 2H)Ab % RESLIRAE 5 VXS BT Mg 8 107 HFEAE S0 7.31~7.30
(broad s, IH)ZMEILARIT T XS BT MEwy 34 | 1) 55 F A M5 S I&4E, 1.75~1.65 (broad t4H), 1.60~1.24
(broad m, 24H), 0.84~0.77 (broad m, 6H)Ab AL EFLIRAE = W73 I 0F L2 38 b e BB I &L X P3 15 & Hh 43
o] LA AL 24T A4 7E 9.15~8.85 (broad s, 2H), 8.80~8.70 (broad s, 1H)AL (A% W LIRS 5 W8 xF N T M5 g 34
RS EANE S, 7.22~7.14 (broad s, 1H)AL IR IEARAT S W0 BT Wy 1B 1455 5 S S 5 04
4.36~4.16 (broad m, 2H)AL 15 50§ AR FH-NCH,- E&I{5 5 10&; 2.0~1.75 (broad m, 2H), 1.6~1.2
(broad m, 10H) 0.9~0.8 (broad m, 3H)Ab I RX L ILHRAE 5 W53 il %) B T G e S s R DT L. LR E 2048
WA IRE N B S R TR LE H, B RS CRINIA .

P3

r o L] - T b L W T L T

10 8 6 4 2 0

o/(ppm)

Figure 3. "H-NMR spectrum of polymers
3. RAYINZHMEREEE

3.2. BAMRIE - TR AIE D

4, S AR EA Y PL. P2 Al P3 FEIECIRES AT DR AS (58 Ab-m] WSO TE ], B8 4b
WS BT A AR DO T s WA 1 e WEIRTAIFEISOIRES N, =Mt Bi &) PL. P2, P3 T4 n-n*BRiT
FEA AR IR B B KRS [ 1177E 440 nm. 390 nm. 355 nm HIL, P1 [ z-a*BRIE AW S04 () 38 K 20 31 K
P2 F1 P3 { z-m* BRIT I SO A % K 50 nm A1 35 nm, /2 1T P1 2> T-Z5 0 i v 2R 3 2 S My AR AR R
EW o FHE LR E KT P2, P3, SR SEIL r WO RS B K i K. MR A IR T
1) - * BRI & I E 464 nm. 400 nm AT 347 nm &b 0%,  H P3 £F 347 nm &b G475, A BEIR A
el T P3 PRI LE R, FHALPERE K. B h-mT WO AR YR AR A P B R R At
SRR AN 2.37 eVa 2.66 eV M 2.79 eV. TEW P1 A P2 FEEBURA T 0 THEAUEH B o 15 -n*
BRI 7= A= ARSI AF EL T RS T ARSI K 2 2088 T 24 nm 10 nm, 43 FHERUE FTBR SR AS (10 7%
FERER[12] [13] [14] [15]0 =R EYITERBORA T E T G0 Bl B E BRI, 4 B GRF RHE
W
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Figure 4. UV-vis spectra of polymers in CHCI;
E 4. BEMBRRIKSTRIRERS - 7T WAEE
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Figure 5. UV-vis spectra of polymers in film

E 5. REWERRTSTHES - 7T RIEE

Kl oy B 7 2l a4 PL. P2 FI P3 FEVEWUIRAS T RIEBLRA e el I, @l MR &
WAL AN R KOG A 5 66 AW P1. P2 A1 P3 IEBUIRAS N RGBT, =FMES
VI 56 K S 23 5) H BAE 500 nm. 466 nm. 532 nm, P1 VAR Eon B SR G0, P2 ISR 1 s,
P3 IR R S B, P3 IR SR AR ST RER T PL. P2, ATLL P3 2GRS IR K & T
Pl. P2. MWEAEWHEBRESMVOC RSB LA, P1. P2, P3 FIREIES B4 T 576 nm. 507 nm.
533 nm, ZFHE R, SEMEETON, PTG SRR KT P2 Al P3 586 K i )k &K
69 nm A 43 nm, JFEZ Pl (AEEESTAE R T P2 1 P3. AHEL TIEMCIRAS T, HECRS T TREWHY
] R HEFR i S 5 R AR4m S B B[ 16] P1. P2 MIRAEIE KA R, 7348 76 nm. 43 nm, P3
LB, TR R BN MOIRES T TR AW T a5 M R S BRI A B [ 16], A
RS BRI A K TEEW P1 A P3 #E CHCI3 ¥ A AR XS 26 & 208 AR FR 22 72(0.1 M H,SO, ¥
BOME RSB, ME Davey 25 NSRGERIGIA[17] [181HH TR . R AEMIRIMIX 96 & TR HIN 52.3%
M1 4.5%. KAV P2 £ CHCL ¥ AR 26 B 1 R BL 9,10- K RN 2 EE o LR #EI (A Cb),
BHIOEETHERN 31.2%.
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Figure 6. PL spectra of polymers in CHCl,
E 6. BER RIS TS IEE
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Figure 7. PL spectra of polymers in film

Bl 7. REMERRS THRLIEE

3.3. BAYHBREEESH

8~10 MBI NEELEW P1. P2 Al P3 £ CHCl-CF;COOH H (I BR EL AR (48 Ah-n] Wi Il . I ]
LEH, BEE = OMRIRERINA, REY P1. P2 Al P3 43 AI7E 464 nm. 400 nm A1 347 nm Ak W i
55 AN T B AEG, 1T LR B4 P2 7E 76 nm Ak HH BT P W S g e L AR MR AT U 11 7 o o — i £ R AR P52 ) 8 K
M. 5 P1AIP3 AL, P2 WERIBURERLT, X ol GERAKAN P1 A2k 2R W WIPE T T PR 25 44 E 1)
PIAN e SR B AR, SR 0 F 5 R AW 0 T 456 B R P3 A &R T L IR e S 88 AN 5 e
REMD TRINE R, SRS TFASTREM D F86. BUHKRE, =MMEAYIIRECE O HURE
#aZE, REEREVMMRSUEETRELER T AE T LSBT SR T4E, RREEWE
E AL 2 B p-m BT B IR T KT EL[19] [20] [21] [22], 1H 20 B4 féy s e 56 [ ] BE 4 SR &
FHEMOERS R a5, SRHEEmY T TH. MR ECE AT MR A R0 4
PEXR.
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Figure 8. The concentration of polymer P1 (1.5 x 107> mol/L) in CHCl;-
CF;COOH was (1072 mol/L): (1) 0, (2) 0.5384 (3) 5.384, (4) 53.84, (5) 538.4,
respectively in the UV-vis spectra
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Figure 9. The concentration of polymer P2 (1.5 x 10~ mol/L) in CHCl;-
CF;COOH was (102 mol/L): (1) 0, (2) 0.5384 (3) 5.384, (4) 53.84, (5)
134.6, (6) 403.8, (7) 538.4, respectively in the UV-vis spectra
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Figure 10. The concentration of polymer P3 (1.5 x 10> mol/L) in CHCl5-
CF5COOH was/(10* mol/L) (1) 0, (2) 5.384, (3) 53.84, (4) 538.4, (5)
5384, respectively in the UV-vis spectra
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Figure 11. Cyclic voltammogram curves of polymers in CH3CN of 0.1 mol/L Bu,NPF,
11. B4 CH,CN 7£ 0.1 mol/L Bu,NPF, HIZ B5iR P HIBIMR R E
Table 1. Electrochemical data of polymers
=1 REMBUFEIE
Polymer Ex (V) Ered (V) HOMO?® (eV) LUMO® (eV) ES (eV) ES™ (eV)
P1 1.26 -1.60 —5.66 —2.80 2.86 2.37
P2 1.52 - -5.94 - - 2.66
P3 0.94 - -5.34 - - 2.79

*Eo and Eeq were onset potential of reduction and oxidation, respectively. ®HOMO and LUMO were calculated from the empirical formula HOMO =
—~(Eox + 4.4), LUMO = —(Ereq + 4.4). “Electrochemical band gap (") were estimated using Eq" = Eox - Erea. ‘Optical band gap energies (E,™") were
calculated from the onset edge absorption wavelength in film state. (based on the empirical formula E,™ =1240/2).

FET—228V, HBLZRETHIN 2.86 eve SRS P2 F1P3 MitL, BEEZMBEREEYPI BF—EH
WM. SRR A VIR BT AL RS SN s AR AT N, TR P-BY A SRR R
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Figure 12. XRD patterns of polymers in the powder state
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Figure 13. TG curves for polymers
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Table 2. Molecular weight and distribution of polymers
=2 REVIENSFERESH

Polymer M, x 10° M, x 10° PDI
Pl 5.406 6.848 1.266
P2 5.771 6.583 1.140
P3 2.994 3.613 1.206
N
4. &g

A DL RS A AL, 437 F Sonogashira B, Suzuki BRER AR EE SON AR TS 3-(57-MEnE
FE MRy BT () RN R R TR RN R 3 Fh B R AR 1 r- 3RO TG FE
R R AW IAFE M Reik B S A hE A AE R BV EFEF GIN 2,5- e S - 1,4- — LB
9,9- e Al N-IE-F e e MM S AN [F) 2 AR A L SR AT, AT A RO B RS WD A i A 2 1 R .
MIRBCE AN R, =MERAEMHEERECEEAT N, (HRX TR N7 . A AT H1,
REWB AR — 2N ENB R AR RAT N . IWNBOGGIE I R, BT s R LB (P,
RIJRPMR MM PR AW BURE TR RS ekt BN ETE, fEHBRES T AR
B, OO, I HRCRER M, AEAEREWHRBURICEI TN .
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