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Europium( Il )-Induced Self-Assembly Behaviors of PS-b-P4VP Diblock Copolymers and Their Characterization
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(1. Department of Material Science and Engineering, Qingdao University, Qingdao 266071, China ;
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Abstract : The non-ionic diblock-copolymer containing nitrogen heterocyclic with conjugated structure involved in the
formation of rare earth complexe nano-micelles, and the morphological structure and photoluminescent property of the nano-
micelles were discussed. A facile strategy to prepare fluorescent polymeric aggregates nano-micelles with core-corona structures via
Eu( I )-induced self-assembly was proposed. The amphiphilic diblock copolymer, polystyrene-block-poly(4-vinylpyridine) (PS-b-
P4VP) was synthesized by reversible addition fragmentation chain transfer (RAFT) polymerization, and 1, 10-phenanthroline (Phen)
acted as synergistic co-ligands. The morphological structure and photoluminescent property of the nano-micelles were charaeterized
by UV-Visible spectra, transmission electron microscope and fluorescence spectra. Results indicate that the chelate bonds are
formed between Eu( Il ) and N of PS-b-P4VP and Phen in N, N-dimethyl formamide, and aggregates are formed in the process of
coordination. PS-b-P4VP and Phen exhibite a good effect on the fluorescence enhancement of Eu( Il ) ion. Spherical nano-micelles
are prepared successfully with controllable size and the micelle size of the polymeric aggregates are adjusted that is suitable for
application in solar cells and other opto-electronic and photo-voltaic application fields.

Keywords : fluorescent polymeric aggregate ; self-assembly ; Eu( Il ) ion ; PS-b-P4VP ; RAFT ; nano-micelle
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{SORREEY i< b= S NS € W SR P aR 1
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R A LR A (ATRP) A EfaE A RS
(NMR), A RAFT A5 R0 554 A
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TR i B SR W B A Il R N e B 4 4
PR e By K B B 21K B E VR R v I S RE AT
XS R EEAFZH TS AHRIEE S
R MR e 22 ARG g e ek B 2 SR F R
DU IR AE A BC AR, BLAY 3 SR R AL, & — Bl B B8 71
A, 557 1 BT REASTE B S50 5 -, SR T D M TR
(PR IEXTHR 1 B 1 &R A E AN 2

EHIE L RAFT REHEEWM TR AR - B
4- LM FHEMEE (PS-b-P4VP) fix B R YAy i 7>
TR, 5 2R 4- ZARFENERE (PAVP) VE Ml b Bt
% 5L, BE A BRI BERR E i EUR T, JUR T b
PP F X R S 500, A e+, 5 L 81
oA 5, I LASBIES Mk (Phen) 1E R/ BC A
PME N, 1E N, N- LB (DMF) & h 5
Eu( ) B A A AHAIE R T Eu( 1)/ P4AVP Ky
W, BRI (PS) i BOA TR = J0BUR OGN R =
S FECA AR TR T X Fh S 2 4 /2%
W FAEES PR S Bu( 1) 1755 1 225 F 1 i e o
HIE LS5 & rERE
1 ZIES
1.1 £ZRM#

LT (4 98%) Ay A — WUBL IR (4l
98%) . Mkl (s34l ). N, N- 3R C SR IR

e (DCC, 21 5 98%) . %of H 28 itk P 580 (70 2 ) &
TH SN BE (DMAP, fh2k 4l ) R A AL (b
afi ) AW BE (Srbrel ) ORI (S el ) < SRR
Sigma-Aldrich 35/ 7] ;

PR FE M - A IEIE (4VP), il T
R ZE R LAk, B RTR TR A R A

A 5 TH (AIBN) . BB S 55,
g TABR A

AL (Bu,0,) : 4l > 99.99%, [ 24 4 411k
A BR AT

Phen, — S /N 3, H B 9 3l Bk L TG K £ R
DMF : #0430 4l , R & Tl A A BR A .
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ARG E RN A D A FE 4% - DF101S B, JL X
T TR

A% ) L7 5% (TEM) : JEM—1200EX %1, H
AR FHEA 4t

DN YEIECEETT: Cary Eclipse 7Y, 32 [ FL HL %
INT]
1.3 PS-b-PAVP 7 3 Mk B3 T4 69 B %,

(1) RAFT {5 A AL

MR Y5 S S0k [14-15] A LT B 4- 23 =
AR S JEE (RAFT 35 ), H "H NMR % & 4
Bl 1R,

C
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a b SHC ¢ O ¢ 2%
HC-CBy 05—ty Ol Co-ciir e
N oy

1 RAFT {549 "H NMR & (2L CDCly A3 )

& 1 FTLAA 1, '"H NMR(CDCL,) &1 6 4 1.34
~1.37(t,3H, —CH,—CH,), 1.86(s,3H, CH,—C—CN),
2.39 ~2.57(m,2H, CH,—CH,—CO0),2.66 ~ 2.69(t,
2H, CH,—CH,—CO0),3.32 ~ 3.36(q,2H, CH,—CH,—
S—),5.14(s,2H, —O—CH,—C(Hs), 7.26 ~ 7.39(m, 5H,
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EERIAE 1,

c d - e f
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F1 37 PS-b-P4VP HEHIH FE
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Fowal ]Lj:t
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PS..-b-P4VP,, 5720 2625 8345
PS,-b-P4VP,, 2184 2205 4389
PS,,-b-P4VP, 2080 840 2920
1.4 SRBEMIEERGH E
(1) B A il 45 o

¥ 0.89 g PS-b-P4VP % T 80 mL DMF H1, 15
] 0.02 mol / L( #& i Be LR W) ke By 8 H it
) 1) PS-b-PAVP %

Fad =6 mol /L MR IRIA W I AF 1 ¢
Eu,0; H1,fifi Eu,0, 5620, SRS TE 50°C N Inkzs
&, 13 5] EuCl, - 6H,0 A, 4 H % T 50 mL DMF
o, 435 0.1 mol /L (¥ EuCl, ¥

(2) Eu(1Il) / PS-b-P4VP / Phen %t I &1 R 4
TR 25 o

¢ PS-b-P4VP ¥ ik FIAE A FEBCAA Y Phen DL K&
EuCly, WA Y R & 2 e 2+ 2 0 1(J631 3 mL)
T E B3, B 17 mL DMF 6 B 5 i TR W %
W E] 20 mL, 7E 60 CIH A T RN 8 h, 15 2|96 R
H B EEMR Eu( 1T ) / PS-b-P4VP / Phen.,,

1.5 HAEmiXS R4

'H NMR {3z : F§ NMR {33, LA CDCl, i
), PO SRR (TMS) A PR

UV-Vis JEiEMa . F UV-Vis +23 591 LLSR AT
BT A B IR XA A TN, P Lk 250 ~ 400
nm,

TEM IHR: g e R 100 KV, B4R IR A4S
Yrgswh R IR e, U FE S IRA 1 R T4 4K
J&5 A TEM 3705

DL AN J 4k 0 1% . FH 2¢O 43 Ot
JEE T X R B 2R O s B AT K, B 4 RS o
5 nmx5 nm,

2 EHR5ITE
2.1 RAEREMBERGLEM

RAEEIK [(PS-b-P4VP) /Eu( Il ) /Phen, Eu( M)
/Phen, (PS-b-P4VP)/Eu( Il )], Phen F13:5 ¥y PS-
b-PAVP 1Y) UV-Vis Wz W5 % 1% W & 3 i s, Hop 3k
B W) N PS,-b-P4VP,, PAVP, Eu( Il ) I Phen F
VIR EZ 2 0 122, Bu( 1) B [E €
0.001 mol /L,

0.8t

0.6 1

0.4

AHXTIR G E

0.2r

0 ieaitd

a—PS-b-P4VP /Eu( Il ) /Phen ; b—Eu( Il ) /Phen ; c—Phen ;
d—PS-b-P4VP /Eu( Il ) ; e—PS-b-P4VP
K3 JAER Phen ALY UV-Vis IIBOGE
MK 3 A LLFE H, PS-b-PAVP [ T PS B4
R K PAVP BERIEIE R A m—m* B TR, 7F
250 ~ 300 nm 78 [ N X 22 AT AR 5 4 Wl , LR
fIE W Wi U6 7 286 nm, Tfif AH XF T PS-b-P4VP [) 4 4
MW, PS-b-P4VP /Eu( Il ) 7 [7] — i 4 30 il P I i
5 B O, LIS ZT AL 2 T 289 nm, BEEHILRY)
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HAVP SRR T R IO P BT ) Bu( 1T ) 25
THEHGE 5 Bu( ) Z 88 T B8, AT
RG] A L R (AR EYE = SRS EE AR K, =
AN K A2 #25h. Phen A1 Eu( 1T ) / Phen 7
I — P Y L P9 7R AR 5 I, B Eu( T ) / Phen
AW IEAE 298 nm , FHXT T Phen AU 292 nm
ZI% 17 6 nm, Ui Phen L&A F5 Bu( ll ) 2
(8] JE B% T B 47 . [W] B Al LLF E, PS-b-P4VP /
Eu( Il )/ Phen (145 11k W Wt e AH X T~ PS-b-P4VP /
Eu( 1M ) AW U5 i4 289 nm A1 Eu( 1 )/ Phen A4k
g 298 nm L # %] 7 301 nm, i Eu( I ) 5 PS-
b-P4VP | AYNEREFRAI Phen b AY R FRIBT &4 T
2R R
2.2 RARGMRERNOTHESEMN

i 2 PH B ) T 5 PAVP I 3 L B Atk e 3R
AR A R A G ACHR RN, W5 A 2T UK
Ho Bu( ) BB EGE 5 A 6 ~ M Rl —R &
]l R 7 S S =0k el = ) R e N
Eu( 1) & A= BL A 2 7, A R #) Bu( T ) w] g i [
— o H AR A WAE E e IR iR R R A
SR o FH 7 BN , I RE A s 2% A e — )2
&5 B 32 B0 BR 1, DT FR 5 3R 5 0 B AL A
P4VP il i Eu( ) & F 1Y 175 5 B ondE H B 2o
DMF ¥ 751 H i 1) R s GBS B 1) IR IR 2544, HL ik
BB Y PS-b-PAVP H1 ) PS BLRENSAR Uy b fiff 1
DMF #5700, B ik 7 P4VP /Eu( 1 ) )2 B ULTE,
NS5 2 5 0 F L W RE S AP B PS My
P4VP /Eu( Il ) ML MIRZ 7S5 1 0GR G IR AE
R, tH T Phen HAT RS8R A 22 SMIRIACRE T , K fig
HE AL A>T NFE AL 25 o i Bu T ) 25 (AP
Phen [ “ RN ), EAENEAIARZZ H, i
B T 9OURE MR BRI DO IR

Kl 4 Sk 3 Fp R 4 R RE 19 TEM & 7, Hovp
PS-b-P4VP, Eu( Il ) Fl Phen () ¥ & i & 2 b K
2:1:2,Bu( ) B¥IE R H 0.001 mol /L.

ML 4 0] DL B, BT B ) 2R 4 1A i A 4 Kk
T, X2 PS BN PAVP BEAYRa @ MERR I 22, B
ARIR HRR S S0/ IN R T B A AR 4 51 Fe i b A B 7
A, B ARE S IE BUBRIE A K o . 3 ) i A TR
Jett,, )= LANZ R IR, IO R BRI S P4VP
/Bu( 1) % B WRAR G5 4, 1 PS 52 i T REE R 4F
Hif RV AR R RS BRAR 22, T D BkAZ B
B IR Yt R 450 1 T34 B A% : PSs-

@) (b) ©
a—PSs5-b-P4VP,; /Eu( Il )/ Phen ;
b—PS,,-b-P4VP,, /Eu( Il )/ Phen ;

c—PS,-b-P4VP, /Eu( 1 )/ Phen
[ 4 3 FRRAEMFERY TEM A

b-P4VP,; /Eu( Il )/Phen }y 480~ 620 nm, PS,,-
b-P4VP,, /Eu( 1l )/Phen & 165~275 nm, PS,-
b-P4VP, /Eu( Il )/Phen & 45 ~70 nm. #H X} T
PS.-b-P4VP,; / Eu( Il )/ Phen, PS,-b-P4VP,, /
Eu( I )/ Phen [ PS Bt 1) 2 & B KR B 080/, th
T PS BORAMUR T 1 v iy, i LUH 52 )2 1 )R B
I8/ 0N B RO i 2 R B2 /)N o AHXE T PS,,-b-
P4VP,; /Eu( 1l )/ Phen, PS,;-b-P4VP, /Eu( 1l )/
Phen /) P4VP B9SRGB/, PAVP ZNLEER 5
Eu( 1) Befr i 22 6L R ik A% 1), PAVP B2k
B A8 N SO E IR o 4l AR IRAZ A B B2 08
/I, AT Bu( ) 355 5 A2 Bk PAVP Bt L 9 ik g 2R 1Y
AR B LAER A RO AR R8N . PRI AT DA o
AR L b 2 ) SR B AR ER TR 40 K Mg o %) RUT, DA, FH T
K PH B8 R Tt R G H G AR e
2.3 REREGMRERG T AL

Eu( Il ) 75 5 19 2 6 R A W) 3R 4 1K 78 300 ~
350 nm ¥ & 5 7E 616 nm &b & HHLTG. Bl 5 K 3
Pl R ALK K BuCly B 2863 & i, L g )
1 PS,-b-P4VP,, PS-b-P4VP, Eu( Il ) #il Phen [
YRR Z 2 01 22, Bu( ) AWK EEE E N
0.001 mol/L,

2%0 3(I)0 3_;)0 36IO 3I90
A /nm
a—PS-b-P4VP /Eu( Il )/Phen ; b—Eu( lll )/Phen ;
¢—PS-b-P4VP /Eu( T ) ; d—EuCl,
Fl'5 3 FEREEMR K BuCl, IM3OBHROLE
FOCRE YR LIRS ZAE Bu 1) /Y
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RFE,AF B () BRI - I 4- CIFEME iR BRI 1 41547 ]9 SRR 5

Bl &SI K 616 nm AbMNAS Y. WA S AT FH #,
PS-b-P4VP /Eu( Il )/ Phen, Eu( Il )/ Phen, PS-b-
P4VP /Eu( I ), BuCl; [ % W4 38 4 43 0l ok 334,
331,310,307 nm, PS-b-P4VP /Eu( I ) Fi A& Wik
KAHXFF EuCl, 2L 1 3 nm, PS-b-P4VP /Eu( I )
/ Phen A9 3 & W % < 40 %t F Bu( 1 ) / Phen 21 %%
T 3 nm, X PR ZL A 1 B Eu( 1) 5 PS-b-P4VP
N E R 2 R K T OEC A B[R] IA AT DL
#|, Eu( Il )/ Phen 1 iz 5% ¥ & % < 331 nm A X
T EuCl; [ 307 nm 2L # T 24 nm, 7£ PS-b-P4VP
/Eu( 1l )/Phen 5 PS-b-PAVP /Eu( Il ) Z & &
AT 24 nm BLLES, X PIIR 24 nm LR ULIH T
Eu( Il ) 5 Phen FRYAFFZ RIFFFERCAIHE, 25 1
R, X PO YK 21 # 156 B Phen 5 PS-b-P4VP [A] i} £
5T Eu( ) B FESHHEE RN B LFES,
Phen 2 5 (1) )2 v L LR W) 2 5 04 S g e & HE R 210
R RAT 2, X Fh B G2 1T i o g A 1) 408 30T 35500
FEf B AL R Y ORISR R [ A N
W FiE et Pl AL AT I BE AR 45 0 Bu( T ) 1
1, MR SRR A TCAA, PR 28 A FEAS [m] B v i L, R B
L T-RE 2R3k A Bu( 1T ) 855 MEBERR |- A
256 RO e AR /NG SR TTT, Phen J24b &40,
‘B B AUE Eu( ) B 75 Phen I FAJRE T
e YRR A AL A2 ) e o e 1 NS s SN P
I, 78 Bu( 1T ) 575 Phen 22 [6] AE B4 & A= RE B
i o BN T AR SRS - mT UL SO i AR 2 5IE
6 N 3 FEREIR L BuCl, 786 LBHEE

a
b

1 1 d 1 1
500 550 600 650 700
A /nm

a—PS-b-P4VP /Eu( Il )/ Phen ; b—Eu( Il )/ Phen ;
¢—PS-b-P4VP /Eu( Il ) ; d—EuCl,
6 3 FESEIRR EuCl, 199 R ADER
ME 6 7T LLE B, B AT ool kT 0 R AE
616 nm Ab, %t )i T °D, — 'F, Bk iF. PS-b-P4VP/
Eu( 1M ) t EuCl, #9 % ) I 5% & &, PS-b-P4VP /
Eu( Il )/ Phen £t Eu( Il )/ Phen (& S5 EE & . X
SR LR Y e A I A S 50,
B T, 5 Bu( ) SRR S8, BEH S I

SER R AR i B R YRR S Bu( ) B
BB, B Bu 1T ) B 7 B RRIE & 5 04 0 375 31—
SEHER 5 R Z AR BR IR T p P A 3R
Y2 5K =JcE &Y Eu( 1T )/ Phen W) & G %
I, BEBTRENT Eu( ) Ay ARG EH , Kt
R E 2RI o ARG R F A A 2438
R R T Bu( ) B TH LG AE
F—E WIRAEH . [FEE, Eu( M)/ Phen H PS-b-
P4VP /Eu( 1) 38 = R 2, PS-b-P4VP /Eu( 1)
LR Y5 Eu( ) B FFCA, (H2 i TR Y
Gy FHE I W B 23 )4 B 2 e, (45 Bu( T ) &5
+ I BC A BN e 45 203 42, 10 Eu( 1T )/ Phen
Phen FAYEJRE TS5 Eu( T ) B FHAZ, Phen J2&/My
TG, 15 Bu( 1T ) 2579 FC AL L Be 0815 216
Ja Ry B AP IR A E UG E S e
5, I A T N AR BE AL 3% (Phen (1) “REAL
N ), FEAR KBRS 42 T Eu( 1) 257 M 4RAE &
SFPIEESR L, R PR R E R A, AT I,
LY Phen LA 2 5 B Y B0 R B 14, 701G 5
Eu( Il AO4FAE % i #2H, PS-b-P4VP Fll Phen #f
Xt Eu( ) B FA=otam Bk 21 1 B 2 iy Bam A A
3 it

(1) RA G AR LA IR S R, @1
AT AR, & TR REMER
IR, JE L RAFT REG R TR FISR G R i Bt
RY) PS-b-PAVP, I 44 HAE i 4> FBCAA, L) Phen
YR KRR YR Z 5 R0, PAVP B Bu( 1) &
FEALZ A AT PAVP /Eu( 1 )/ Phen }#%, PS
FEBUCR A DT R A AR IR

(2) il UV-Vis S RAE T AR A 251, 2 W]
B R AR B AL R YA/ N FBCAR Phen #B3E 3 43
T LA TS Bu ) &7 B A8, &R
BLEEA TR

(3) TEM 7R T ARG ENTOCR G RE
PRI SR AT SR R ST, 1T AR 433X RhERTE 49 K i 1)
KRN

(4) DGR R SPETE RAE T R Y Fl Phen
X Eu( 1) B+ B9 0GR 52 mm , 6 W & 24 gh
PR IR0 3R B i B R Y L AR /N4y F Bl 44
Phen #RX} Eu( 1 ) BT 6 & o B 2] T B &2
R ER

5 %

[1] Gao Baojiao, Shi Nan, Qiao Zongwen. Structure and luminescent


杨超


6 TR

2016 4F, 55 44 4,55 2 M)

property of complexes of aryl carboxylic acid-functionalized
polystyrene with Eu(Ill) and Tb(Ill)ions[J]. Spectrochim Acta A
Mol Biomol Spectrosc,2015, 150:565-574.

[2] Wang Feng, Liu Xiaogang. Multicolor tuning of lanthanide-doped
nanoparticles by single wavelength excitation[J]. Acc Chem Res,
2014,47(4):1378-1385.

[3] Gusev A N, Hasegawa M, Shimizu T, et al. Synthesis, structure
and luminescence studies of Eu(Ill), Tb(Ill), Sm(III), Dy(III)
cationic complexes with acetylacetone and bis(5-(pyridine-2-
yl)-1,2,4-triazol-3-yl)propane[J]. Inorganica Chim Acta,2013,
406(100):279-284.

[4] Gao Baojiao, Qiao Zongwen, Chen Tao. Structure and photo-
luminescence property of complexes of aromatic carboxylic acid-
functionalized polysulfone with Eu( Il )and Tb( Ill )[J]. Materials
Chemistry and Physics,2014,143(3):1 119-1 130.

[5] Hirai Y, Nakanishi T, Miyata K, et al. Thermo-sensitive lumi-
nescent materials composed of Tb(Ill)and Eu(Ill)complexes[J].
Materials Letters, 2014, 130:91-93.

[6] Yoon M S, Santra M, Ahn K H. Preparation of luminescent
lanthanide polymers by ring-opening metathesis polymerization[J].
Tetrahedron Letters,2015,56(41):5573-5577.

[7] Ratnakar S J, Viswanathan S, Kovacs Z, et al. Europium(III)
DOTA-tetraamide complexes as redox-active MRI sensors[J].
Journal of the American Chemical Society,2012,134(13):5798—
5800.

[8] Zhai Yinfeng, Xie Hongde, Cai Haijun, et al. Thermal and optical
properties of Tb(I1l), Eu(IlI)and Tb(III) / Eu(Ill) co-complexed
silicone fluorinated acrylate copolymer[J]. Optical Materials, 2015,
45:161-166.

[9] Xu Qingsong, Tang Jianguo, Wang Yao, et al. Eu’-induced
aggregates of diblock copolymers and their photoluminescent
property[J]. Journal of Colloid and Interface Science,2013,
394:630-638.

[10] Huang CF, Hsieh Y A, Hsu S C, et al. Synthesis of poly(N-vinyl
carbazole)-based block copolymers by sequential polymerizations
of RAFT-ATRP[J]. Polymer,2014,55(23):6 051-6 057.

[11] Thevenaz D C, Monnier C A, Balog S, et al. Luminescent
nanoparticles with lanthanide-containing poly(ethylene glycol)-
poly (e-caprolactone) block copolymers[J]. Biomacromolecules,
2014,15(11):3994-4001.

[12] Vyhnalkova R, Muller A H, Eisenberg A. Control of morphology
and corona composition in aggregates of mixtures of PS-b-PAA and
PS-b-P4VP diblock copolymers:Effects of solvent, water content,
and mixture composition[J]. Langmuir,2014,30(44):13 152—
13 163.

[13] Hong Ming, Geng Yuanyuan, Liu Mei, et al. Emulsion-directed
liquid / liquid interfacial fabrication of lanthanide ion-doped block
copolymer composite thin films[J]. J Colloid Interface Sci, 2015,
438:212-219.

[14] Liu Jingquan, Setijadi E, Liu Yingkai, et al. Pegylated gold
nanoparticles functionalized with B -cyclodextrin inclusion
complexes:towards metal nanoparticle-polymer-carbohydrate
cluster biohybrid materials[J]. Australian Journal of Chemistry,
2010,63(8):1 245-1250.

[15] * Fairbanks B D, Gunatillake P A, Meagher L. Biomedical
applications of polymers derived by reversible addition-
fragmentation chain-transfer(RAFT)[J]. Adv Drug Deliv Rev,
2015,91:141-152.

[16] D'Agosto F, Charreyre M T, Veron L, et al. Kinetic study of free-
radical solution copolymerization of N-acryloylmorpholine with
an activated ester-type monomer, N-acryloxysuccinimide[J].
Macromolecular Chemistry and Physics,2001,202(9):1 689—
1699.

[17] Wang Xinzhi, Tang Jianguo, Xu Qingsong, et al. Fluorescent
polymeric aggregates induced by Eu® ions and their surface

morphologies[J]. Optical Materials,2015,46:28-33.

REHERE IREZMEAMBRATIS(RXE) RIEXEALE
o TR I HE RS U2 I T 5 1520 T 4y 2000 ~ 2015 4E56J5 FTF IR T RISV A BRI R 22, 38
GGk T 16 A% RSO ). FEP e B TR SO PV AR MR T AT A ML BT B, LK

SCHRERR PSSR, S T IR E T AR Tl A AR A

HIESCAREEL , BLLMEEE A% (SR 3% ) 498 Wl i

Gt e B AR CUESCHE ), LA BT e BRI il 4

1.2004 ~ 2015 FHhETREEMESMBFATTS GEXXE) LEM 350 T/ E,
2.2000 ~ 2015 EHETEERESH PR ARFITSIEXENRE, LEM 300 T / B, AALERUR 2000 ~ 2015 £
16 A XEYMEEMABN, FEFED 3100 XS IR REINR,

SN

Wkl « 11 AR B R T ORAE X AR 3 5

Wk A CTARSRIN FH ) 25t

mE % 250031

B 3%:(0531)85878223 85878057 85878278
f&  H.(0531)85947355

SRITICR

Fo A WRAE S B MBS BT
FEPERAT : Ve i TR ERA T4+ — ST
ik 45:1602001229014425546

W_E 7T « http://www.epal973.com


杨超




