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JETEALIN R 5 95 % 4w ] FLS 920 St 3% 3R H iy
[E) A DG B 7 H i S
1.2 Bk ErQ,( HEMA-CH,-Q) B & X

2% SCER[10], % 1 mmol fy ErCl ] —
JE Tt (10 H BV A, SR )5 B T ACF) 2 mmol (1 8-
HE s bk TP 5 9 b, O AR B K, TR 65°CTF
PFER N 12 h. A B %R 5, A GE & 1K,
TS AT 2 8 0k oK, I 23 Sl AR ¥ HY % % 3
U A Bk R ] 10 mL DU S0k IR/ S B (V/V =
1: 1) B IR & 3 R, JF N A 1 mmol () HEMA-
CH,-Q,4kZE [ i 24 h. FI = &7y pH 2 7,4
A 5 AR A A B TTUE AT . B0 S
U8, IE 43 S T 7K T FNA S Tk 3 3 IR DLTE )
H.25 40 ~50°C T4 24 h. 2% N 61.6% . FTIR
(KBr pellet, em ') :3440,3102,2971,2927,2861,
1718, 1612, 1577, 1540, 1508, 1469, 1413, 1378,
1355,1313,1247,1187,1139,1089,935,848,786,
719,684,644 ,584. C,,H, ErN,O, G Z 4 Hrit & H
(wt% ) :C 55.05, H3.80, N5.66, Er22.55. 3
U {E.C55.46, H3.97, N5.47, Er 22.07.
1.3 S5 FHEHEKEY PCZErQ, & MK

SR BRI i B 60 ErQ, (HEMA-CH,-Q) .
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H ST VE , W Ak -DOVE DR 20 3 W 453 B Y [ 25 7 0 1]
RG22 K (N i), 2R )5 78 70°C
THE2Z T4 1 K. "HNMR (CDCl,, §): 7.66,
6.90, 6.35, 4.86, 3.39, 3.13, 2.48, 1.61, 1.24,
1.00. FTIR (KBr pellet, cm ') 3455 (—OH),
3050 (—CH,), 1726 (C=0), 1623 (aromatic) ,
1591 (pyridine ring) , 1483, 1450 (aromatic), 1326
(C—N), 1261, 1218, 1157, 1097, 1022 (C—O0),
923, 746, 721, 525, 420.
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ErQ, ). FHIT F 43 #r F 55 280 AH €835 43 B & W1 H
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Fig. 1  Synthesis of the polymeric Er-complexes

Table 1 Polymerization condition and results, GPC data and thermal properties of the polymeric Er-complexes
Feed ratio Er (wt% ) ) )
Polymers . M, PDI T, (C) T,(C) R, (%)
[Er]/[ NVK] Theoretical Experimental
PCzErQ;-1 1/100 0.83 0.79 14600 2.16 210 375 0.92
PCzErQ;-2 2/100 1.61 1.40 12800 2. 46 212 373 1. 61
PCzErQ,-3 3/100 2.33 2.08 10900 2.32 212 374 2.40
PCzErQ,-5 5/100 3.63 3.01 9500 2.38 213 373 3.48
(1 B AL AL T (T,) 72 210°C [iF it 5 B 8-

ErQ, (HEMA-CH,-Q)

PCZzErQ;-2

Absorbance (a.u.)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig. 2 FTIR spectra of the monomer and the polymeric Er-
complex( PCzErQ;-2)
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FH DSC 1 TGA W45 A [ 240 43 & 1 19 &5 4 F
FHER AW IV RE , N2k 1 TR, 4> T AW

%@%ME%%% o DY B0, 365 Ak AR R
(TR, &0 FE% A8 5% R & iR
FE T, 2920 373°C , £ W & 4> T H 4 5 W B A 3 4r
TR M. A R AR B W Ex, O, TR I
BREYH TSR (R) 50 TG i
BHTEEMEYE.
2.2.2  S84h-nT DLW s e

K3 hyfk PVK Fl@ o T % A9
(PCzErQ,-2) /)48 4h-17 WL IO 3 . B 7E 200 ~
500 nm [A] 45 2 > 322 W I - 265 nm &b A I i
g Ay W BR (1 r-r © BRGT 51 AY, 375 nm &b (1 12 1L
WA Ay 4 Ja8 WS ORR ) - T REAIE TR U PVK R i 4
TH2 G W AE 200 ~ 500 nm [A]34F 5 A B & 1 IR
WS SRR AIE U < v 3 A A i () WG W g 238,261 T 294
nm /\”'JXU‘N“ MR A—"C,, A" B R A—
'L AR JE U6 330 1 344 nm R REmEAGA—
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Fig. 3 UV-Vis absorption spectra of the monomer, PVK

and the polymeric Er-complex (PCzErQ;-2)

2.2.3 SeEUOeERE

9 03 T ELE ) (PC2ErQ,-2) BB UK
TR 4 BT . Ok 6 SE AR E] 500 nm 3390 nm kb
P T4 A W T L 4 J P R ) R A I W, BB T %

e TR A ) T R Gl G 8- A W vk A Ak A
BT RO 2351 300,345 F1 390 nm A A K
M EI A, o 1 B4 A W 3 A S RS A R
PELLAME (1525 nm) , I 0 G Ja s AR ) 465 fiE &
SPF U SR R AR 55 . X AT RE SR DA O, NVK A ) I e 4
R DI AR PATRE TR Wi ) RE 4% 36 2 8- L iR
IRJG e 1B 25 BB 1, SOAE B RS T R S R AR Y
ZLANE. JIAh i oy T ELA S W LA RO
W HA RIS (FWHM > 90 nm) , £ F] T
EAEGHOR DG TR AT A b

——Fy, Aem = 1525 nm
—0— Em, Aex =300 nm
—4— Em, Aex = 345 nm
== Em, Adex =390 nm
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Fig. 4 PL excitation and emission spectra of the polymeric

Er-complex (PCzErQ;-2)

Table 2 PL properties of the monomer and the polymeric Er-complexes (A, =390 nm)

Complexes Aew/I (nm/a. u.) /o (ps/% ) 1/ (us/% ) <7> (ps) o (%)
ErQ, (HEMA-CH,-Q) 405/0.00 433/0.00 520/0.00 1525/1.00 2.13/82.1 6.56/17.9 2.92 0.021
PCzErQ, -1 405/0.10 433/0.11 520/0.01 1525/1.00 2.41/80.3 9.83/19.7 3.87 0.028
PCzErQ, -2 405/0.05 433/0.05 520/0.00 1525/1.00  2.05/68.4 10.09/31.6 4.59 0.033
PCzErQ;-3 405/0.03 433/0.03 520/0.00 1525/1.00  2.39/71.8 10. 84/28.2 4.77 0. 034
PCzErQ, -5 405/0.01 433/0.01 520/0.00 1525/1.00  2.15/72.0 11.73/28.0 4.83 0.035
I: Normalized PL emission intensity
k2 fros, H 390 nm BOGEA , AN R 24 45 ke = <r>/r (7 B FEREE D

R I R 20 T B S ) I AR R B T A I A 1Y
PLLLANIE (A, = 1525 nm) 5 1) HR K R 5 Ja W AR 11
RFAE & T I (405,433 1 520 nm) L4255, I H B8
& BRI 5 M) i G N, I L T B i
WS FLRIH . T3 Oh, POt g E R W, B
O TR AW R SR LA A 2 DR E T,
F o, AR B B (B R0 BT a3 B (o B
o)) HRARBPFE ARy <7 > 5L 2 Pos. XLEF
Y 7% 4 ¥4 HC BB TR JCHLIB A% di ks vh 19 75 i 200
(100 ~ 1000 ps) , X 2 K o 7E & 73 1 8 45 5 9
A O—H Ml C—H S5 427 . 3X S0 5 ) 4k 3l 1 0k
TE R T ROR A I A 3k R I 3 % 3 A RE B AR
UTLLAM X, PRI 3T 21 40 56 B 52 i S f B A AR

PN, 7 =14 ms) , B F- Y E Al L5
BN [RI 73 & B 2> T84 S W 2050 K
TR, T — A WL/ T B 2% 5 W 1 G 21
SRR N 2 BT R, B 8- S bk A
Za S RN, o TR S W) DO TR A
T LA RO RCR . X ] fE S [ Oy 8-5%
S W IR 285 1) AR RO GO0, B R T e g
TR RE AL B AR, R 2 )T LB I, R T
B2 5 W) B AT 21 A A6 SRR 77 i 4 i T AR
ErQ, (HEMA-CH,-Q) , il B 1 IR i 1) Sl Al 3% D fiE

3 i

ARSCR AT A R IR LA T — R A Y
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SYNTHESIS AND PROPERTIES OF NEAR-INFRARED
LUMINESCENT POLYMERIC ERBIUM-COMPLEXES

Chun-yan Zhang, Jian-xin Luo

( Department of Materials and Chemical Engineering, Hunan Institute of Technology, Hengyang 421002)

Abstract A monomer ( ErQ, ( HEMA-CH,-Q )) containing 8-hydroxyquinoline erbium complex was
synthesized by two-step coordination reaction. First, a methanol solution of ErCl, was added to a methanol
solution of 8-hydroxyquinoline under stirring with the molar ratio of Er'*/HQ being 1:2 to obtain ErQ, Cl.
Secondly, ErQ, Cl was coordinated with 5-( 2-methacryloylethyloxymethyl ) -8-quinolinol ( HEMA-CH,-Q ).
Thereafter,novel polymeric Er-complexes were prepared by free radical copolymerization of the monomer and
N-vinylcarbazole ( NVK). The structure and the properties of the polymeric Er-complexes were studied by
elemental analysis, nuclear magnetic resonance spectroscopy ('H-NMR), Fourier transform infrared
spectroscopy ( FTIR ), gel permeation chromatography ( GPC ), differential scanning calorimetry ( DSC) ,
thermogravimetric analysis ( TGA ), UV-Vis absorption spectra, photoluminescence ( PL) spectra and PL
lifetime. The polymeric Er-complexes involve 8-hydroxyquinoline erbium complex moieties and NVK segments,
exhibiting good solubility in a wide range of organic solvents and excellent thermal stability. The glass transition
temperature (7,) and the temperature of 5% weight loss (T,) for the polymeric Er-complexes were around
210°C and 373°C ,respectively. The number average molecular weight of the polymeric Er-complexes was 9000
~15000. Excited with UV light of different wavelengths (300,345 and 390 nm) ,the polymeric Er-complex
emitted the characteristic near-infrared ( NIR) -light of Exr"'ions. The result indicates that the energy absorbed
by carbazole (light-harvesting group) was transferred to 8-hydroxyquinoline ( coordinate group) , where it is
finally transferred to Er™ ion. In addition, the full width at half maximum (FWHM) in the PL emission spectra
of the copolymers was above 90 nm,which enabled a wide gain bandwidth for optical amplification.

Keywords Erbium, 8-Hydroxyquinoline, N-vinylcarbazole, Near-infrared luminescence, Polymer



