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Vis) (190 ~800 nm) R H H A< UV-550 £ £ 4p-A]
UL 43 5606 BE D0 S, [ A 5 X5 AT O 3%
(XRD) 3R H 4% D/Max-2400 4 1 3h X-Gt A7 4t
I , CuKey, SRR, 260 = 4° ~60°; 5 C A
R BHCHE R H H 28 FP-6500 7 3¢ Yt )t 13 43 ]
I HE R 500 nm/min  BREEN S5 nm , P REE
5t TR DMF YRR 1 x 107 mol/L.
1.3 SHRERFTRMIA-ZRALREUHFE
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0.1800 g PEK-1.0.1310 g Sm(NO,), -6H,0 FlI
0. 1753 g Phen, Jf-43 Jjl| %5 fiff 7€ 35 & (1) DMF 375 7
S R R S o ) | WANE S V@ I A IR 3 Bl N @ I
2 h, 15BN —F B AR, R RE T 7 B
UUVE , 159 2 2R 0 B AR = 9, Rk B2 K e
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TR CHERE AT EL o #T
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ol o0t e BT
Phen DMF CH
CH C 3
R, CH R, >T\; O/ Q,O /N//CH3
CHy “en |\ /- CH
=0 \O\\S’I’nﬁyo
| — /” \\N == (NO3)3
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PEK-Sm>"-Phen

PEK-1: R,=R,= CH(CHs), , R,= Ry= CHs ; PEK-2: R,=R,=CH;,R,=R;=H; PEK-3: R,=R,=R;=R,=H

Scheme 1 Synthesis of PEK-Sm>* -Phen
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Fig. 1 FTIR spectra of coordination polymer and its

ligands
a) DMF; b) Phen; ¢) PEK-1; d) PEK-1-Sm®* -Phen

PRI TS5 TEAL; 5340, DMF (%) 35 5L 4 45 i
i v 1672 em " ZIRE T 1669 cm ™', [F] it
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1-Sm’* -Phen . PEK-2-Sm”* -Phen # PEK-3-Sm’"* -

Phen) [ T2 LLAMETE R

Table 1 Main FTIR spectra data of PEK-Sm® * -Phen®

Coordinated COOH

Coordinated Phen

Coordinated DMF

PEK- Sm®* -Phen

V(600 ) Veee and veoy Scn Vemo Vend +.0
PEK-1- Sm** -Phen 1384 1517 842, 731 1669 462
PEK-2- Sm® * -Phen 1384 1518 841, 730 1669 462
PEK-3- Sm®* -Phen 1384 1518 844 731 1668 463
“The unit is em ™",
2.2 AHRERFTRE-ZELBSWHEINT
DLARUS S 3 534
K12 435 9 B 437 2 45 4 PEK-1-Sm’ " -Phen | k
ANPFRAH S’ Phen LULRIIRORLIR PEK-L 3 /\ :
Fil Phen () 5 5b-1] LI OGPl 5454 PEK-1 H b
1E 200 ~ 390 nm FATA 43 FLIE 19 5 S e, 19 £
JBF PEK-1 43554 o 925 55 3 1 P B < T .
iL. Phen 7E 200 ~ 350 nm ) 5 510 i 0 01 T rA$\
Phen 3 m—m * BRiT . 55 Phen #H, /N T d

Bt A4 Sm®* -Phen AW I & A= T /N RS X
f T Phen iy N ¥ 5 Sm®* KAl 5, N 5+
JE B BB T % R 1) Sm® ", JLHE R R4k, L
TR, BRAT R s AR, N A S
AR, 7 377 406 419 466 FI 483 nm b H L T —
SO 55 IR Wi (ARIR R S AL) AT IRE T
Sm’ " ) Af-4Af BRAT. 38 o 3% X R B, B A
#) PEK-1-Sm’* -Phen {1 YT 33 (5] BH 2 AS ] A1 7
(4 43 F B ik PEK-1 Fl/N 4> F LA 4 Sm’” -
Phen , H IR 233 PN W0 1] 9 7 B8, ix 3%
B PEK-1 5 Sm’®* 2 i) & A= T W for 58, I Ho i T
PEK-1 F1 Phen [}l 5 Sm’ " &AW TG K T £
MR (URZEE 1 iR ) K FR 0 L0 52 3
i, R ARRS T PEK-1 A1 Sm®* -Phen , it {7 5 &9
PEK-1-Sm** -Phen {yW il % 1 T 4185, 41, b
/N FEE A Y Sm®* -Phen 3% & v 4 B T Sm®*
(1) 4f-4f BRAT (9 W I 4 B PEK-1-Sm®* -Phen )3
"B 58 I L A R AU i 7 5, DRI T AR M e 55 ).
2.3 SREEFTRW-ZRALEAYHN X-HE
W ipai

B3yl i T B R A9 PEK-1-Sm’ -
Phen /N> FHCA W) Sm®* -Phen ) K% 5 43 T Fit (A
PEK-1 ) XRD k. MBIl LLFEH, BEY
PEK-1 fJ XRD [iff £ &2 3L VR #5006 , 156 B o i 45
45 Sm®* -Phen DI PR H 23 BE A0 4% Ay 1T 6 i o7
% 4% PEK-1-Sm’ " -Phen (1) XRD ikt 4R 8 1%

1 1 1 1 1 1
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Wavelength (nm)

Fig. 2 UV-Vis absorption spectra of Sm®* -containing
complexes and their corresponding ligands

a) PEK-1-Sm**-Phen; b) PEK-1; ¢) Sm’*-Phen;
d) Phen
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Moo A TR A F .
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o ?

1
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Fig. 3 XRD patterns of Sm®* -containing complexes and
macromolecular ligand

a) PEK-1; b) PEK-1-Sm®* -Phen; ¢) Sm®* -Phen
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YER, 26 A0 R B9 4540 F R B a7 B R &
PEK-1-Sm’* -Phen FIAH R 19 /N3 T BL A #) Sm®* -
Phen ({76 & A S L. B & 4 T, Sm®* -
Phen Wi K3 & %K 334 nm, 0] I J& F B /&
Phen [ W% Y5, 5 Sm’*-Phen %) % % & AH Lt
PEK-1-Sm®* -Phen & B 4 57 3 5 536 A1) 98 2% U , 3
JE THIARE 2 FRAR PEK-1 5 Sm®" KA fid
5 AR R A R B g — 25 1A, H T el
K, BOBC AR AW 0k 0 e AR 21 7% HL i W
BRI R K 38R K O 347 nm X L
UAIFSE PEK-1 5 Sm®* 2 o] e {4 A I 1. 3 b,
1E Sm’* -Phen F1 PEK-1-Sm’* -Phen 4384 % 1& &
53 7E 403 F1404 nm 4R T —3CEVE, H)R T
Sm’ (Y H,, —" Ly, BRIE , 7% 06 A0 8 BE IR 4 55,
ARG 121 Sm® " A 5 1) 52 A A R 3 8 T i
RAWE I, JEH X F PEK-1 il Phen [A] B2 5 1
{7 B 3 A ) PEK-1-Sm®* -Phen SR i3, #i + 25
T I WISORTBC A7 3R A W B9 K ST B A AR
7N

AL 347 F 334 nm Wik K, SR T
PEK-1-Sm’* -Phen 1 Sm’*-Phen 1% %% J¢ & & i
B, 5 s, R LLE S, PEK-1-Sm® * -Phen
A% & ST AR SR A S’ B AE DO, B A & 5T
W A37 T 564 599 F1 645 nm 4b, 435 )& T Sm’*
E"J4 G5/2H6 Hs,, \4(;5/2 HGH7/2 3Fﬂ4G5/2 —° H,,, ) BE 2
BRAE, Horf 645 nm Ab 1 A5 R FE B K. /N L
A Sm®* -Phen [FFEREMS & 5 Sm® 1 HFAE ¢
O, SR A St o 2 20 I T e A2 2R 5 4 PEK-1-
Sm’ " -Phen, 2 W {5 4+ Tl f& PEK-1 (5] A KK
ol TR R B YOG X R R & AT
i PEK-1 951 AL HE M E— 238 /2 Sm® " 1)
e 57 %k, 1 B AT 5 EC AL /N B AR — i A B 7R
Sm’ " JE [, (A - B AR R A, HLH R T
T 55 R X Fh B Y 1 C AV A 3R T AR AT, DT
B> T AR B B BR A 0 & A, IR i PEK-1-Sm®* -
Phen fg 4 2 555 AH 2S5 9 2.

2t — &M, 5 Sm’" -Phen # I,
PEK-1-Sm®* -Phen 75 A [ il 9 BRAT b 14 5 S 58 JiE
PERMIREE (L - 1) JEAHF (L3R 2) i IH A
T PEK-1 A5 ARALRE W I hl Ao &1 f4) fic 437 25

[F] B A BSOS T A Z v S JiE A0 PR 1 %
e, DRLAS T A [ s 37 ok Sm™ ™ i 97 9355 14 et
FRAEREAR, 117 Sm® A HB AR ERIE" G ,—" Hy ), 33X
Toft P 57 B3 B0 72 A AN SR, A O o At (R
ERE R TSR GE 9 Gy, — Hy LT
AZ B IRELAFE IR, Sm®* (19° G5, - H, , BT W]
AT B 0] R A A BRI R 3 A
BRAE™ R 07 A Sz S e 58 B I R P P AT
— 5.

I, 255 UL B R M TN TS Y
Sm’* -Phen, It {7 3 4 ¥ PEK-1-Sm’*-Phen 7E
S’ * (AN ) BRAT Ak 2K 5 o 8 Jon £ el 52 3 500
L -1, (*Gs,—°H,,,) (83.73) > 1, - I, (*Gs,, —
°H,,)(50.99) > I, -1, (*G5,—"H,,,) (27.05),
W3R 2 P, ANIET S 1 25 55 3% 1] vt R 17 i 1t L
S5 Sm®* (WA AFRAE I A 3 3 AR AL DL
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Fig. 4  Excitation spectra of coordination polymer and
corresponding small molecular complex

a) PEK-1-Sm®* -Phen; b) Sm®* -Phen;

The excitation spectra were monitored at 645 and 598 nm,

respectively.
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Fig. 5 Emission spectra of coordination polymer and
corresponding small molecular complex

a) PEK-1-Sm** -Phen; b) Sm®* -Phen
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Table 2 Florescence emission data of Sm** -Phen and PEK-1-Sm®* -

Phen

Electronic Sm** -Phen PEK-1-Sm**-Phen I, -1,
transition L*(a u) L*(a u) (a.u)
4G5, —°Hs)s 13.42 40. 47 27.05
YGs,— Hy,,  48.24 99.23 50.99
4G5,y —Hy 29.52 113.25 83.73

1, and I, are referred to the emission intensities of Sm** -Phen and

PEK-1-Sm®* -Phen, respectively.

2.4.2 RS TR B R A W) 9 6o
A 5T NI ) 4 T lC AR ( PEK-T

PEK-2 1 PEK-3) X B¢ fit H & #) ( PEK-Sm’" -
Phen) 75050 BERY 2, [ 6 25 th TR G
5 347 nm 5EAMBUR T B S A St ik IR (i
378 L DA A 1) T80 1% TR e R R B 1 0y 347
nm) ,PEK-2-Sm’* -Phen il PEK-3-Sm’ * -Phen 1 %
SHE M AR 5 PEK-1-Sm®* -Phen #0L, {H % 5t
SR WA [R]. IR G W S Al (s BT fr
7N BEEE N, 5 PEK-3 AL, PEK-1 Fl PEK-2 ()

RIA B B 2 1 B UG, JEH PEK-1 36
WA BE R S A 3, 3 S B 6 1) A7 A o A
EN R 1R A G N e o = AV N E -5 SN 1]
REfE e S 2R B, I, 78 3 ML R G
PEK-1-Sm** -Phen HL.A5 fi {8 19 %6 63 i, Hok
PEK-2-Sm’* -Phen , PEK-3-Sm’ * -Phen 1] 2% ¢ o &
AEXT Al A A, A PEK-1 \PEK-2 fl PEK-3 Z [i]
XS TEE E R 2 R S TIRR B Sm’
Bl TC A5 B 358 X Bk M i S m). AT e 2 AR 2 1)
PEK-1 Al PEK-2 A fff Sm®* f g v 4 55 45 75 50 A0
ARXEFR, ANFT A Sm®* B[R] R I 32 il 37 34
B A TH], DR A X F PEK-3-Sm®* -Phen 3¢
¥, PEK-1-Sm’*-Phen fil PEK-2-Sm’* -Phen
18 Gy, —°Hy,, BR T 4b 1Y 7€ 6 5k 42 & 1Y 5%
K, 4Gy, H,, IRZ, T Gs ), —° H, , R IE A 1 56
S BB = A d /N, DT L T RT LDV X
S X455 2,401 R RSB 3 B
g

140F
120 [ 150
;/IOO
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100 |5 g0
g
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Fig. 6 Emission spectra of coordination polymers with different macromolecular ligands

a) PEK-1-Sm®* -Phen; b) PEK-2-Sm®* -Phen; ¢) PEK-3-Sm®* -Phen;

The inset shows the excitation spectra of these coordination polymers.

2.4.3 FOERA WSO R E 5 8T
FRZENER BB TENE AW R
L, H B B I 2 0 1 9 Y 3 B A 2 T B
0, DAL, A3t — A AT B A 1 R 3 5
Sm® Al Z A 0 2 L MR T A R [R Sm®* 4
FEiy PEK-1-Sm** -Phen 11935 5% % &3 &l ( 1 &l
7) AT L3578 PEK-1-Sm’** -Phen 75k % 4

WAL DGR ERE Sm®* & B AR LAY A th 28
W 8 froR. i B AT LG 1, Bl Sm® & 3
il PEK-1-Sm®* -Phen [{)%¢ S5 J3 7% 7 38 K, B %))
Sm’ " ) & A 15. 73 wi% BRI A LT
Rt dh B Sm’  AE i A RO R A R R
HAZ S B XL T 1 PEK-1-Sm’* -Phen {£
FRORRI B ABC AL 5 Sm® * 454, A AT L
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(RAPR JE R PEK-1 IO 2545 T 45 4 fle
PUEBCR A E G A Sm® T Z AR e R P
& P PEK-1-Sm®* -Phen 7 Sm’* 10 & B & 3 200r
(15.73 wi% ) [ B0 T 075 6 % 56 Hh AT 24 38 1 9% 2 150l
Yo KT, 4 S’ A K (> 15.73 Wi ) Y, z
TR R Sm® B8 B 2, 3 T2 W B 2
ST TS T 3 . 25 A 7 A2 D) Bl A 1, al
S (7 3 A S CHR AT T R . S S TR T R v T Y
Sm3* (wt%)
Fig. 8 Relationship between fluorescence intensity and

Wavelength (nm)

Fig. 7 Emission spectra of PEK-1-Sm®* -Phen with different

content of Sm>* ion

a) 1.15 wt% ; b) 3.81 wt% ; ¢) 6.21 wt% ; d) 7.86 wt% ;
e) 9.99 wi% ; f) 11.29 wit% ; g) 12.53 wt% ; h) 13.69
wt% ; 1) 14.35 wt% ; j) 15.08 wt% ; k) 15.73 wi% ; 1)
16. 07 wt% ; m) 16.25 wt%

3 it

A Rk e 37 2% 19 3R 57 ik ) ( PEK-1 | PEK-2
1 PEK-3) Sy 73T HE A, il 85 1 — R 5B AL &
FRILR T BERR-42 BC 7 2R A %) (PEK-Sm’* -Phen).
S LLAMEE S Ah-n] DL AR X AT

Sm** ion content in the PEK-1-Sm®* -Phen system

ST IR S 2 R SN L A 3R J5 Bk I 5 Sm® & A
TEAL, BT ARAS T HEG T RR LRI R A
FEERIMEHE T IZ RGN R S YIRENS & 3T H
BB Sm’ " AEAE DS, Hi T PEK RIME R 4
FHER) T I AR B AR R S50 5 s e , I
fifi Sm’ * e v FR I AR B AR, DT i Ll &
SR BT R T ARR /N TR A Y. 54 T
i A (%) 2485 F4 th BB % 2 T A7 3R 5 W 1) 5 5
5 PEK-1 Fl PEK-2 #H Lt , A5 2 e LB 2
Hrp AR R R 5 N L 1% PEK-1 1] 7= A B
K55 T o BEL I (5 (22 rf S ) P 437 31858 4 X6
Btk ik — 25 B, 917 PEK-1-Sm®* -Phen 7£ 3K 15
MIECHL R A W b BHAT B s 1 9 b s B[R],
PEK-1-Sm’* -Phen 7E Sm’" [ & & # 75 (15.73
wt% ) G L ATSRE & S AR SR 5. b iRiX
S Ay S5 9 7 P R 2R B AR A 1) 3k 23807 U 4 P oz
BA W — AL T T e e AL
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PREPARATION AND FLUORESCENCE PROPERTIES OF
SAMARIUM COMPLEXES CONTAINING POLYARYLETHERKETONES
BEARING PENDANT CARBOXYL GROUPS

LIU Dan, WANG Zhonggang
( Department of Polymer Science and Materials, School of Chemical Engineering, Dalian University of Technology, Dalian 116012)

Abstract The carboxyl-containing polyaryletherketones ( PEK-1,PEK-2 and PEK-3) with excellent thermal
properties and good film- formations prepared in our group were used as macromolecular ligands. Using 1,10-
phenanthroline (Phen) as co-ligand and samarium (Sm’*) as the central ion, a series of novel samarium
coordination polymers ( PEK-Sm’*-Phen) were prepared. The FTIR and UV-Vis absorption spectra suggested
that both the oxygen atoms of carboxyl groups of PEK and the nitrogen atoms of Phen were coordinated with
Sm’* ions. The XRD curves indicated Sm’* ions could distribute homogeneously within the polymer matrix due
to the formation of coordination bonds between Sm®* and the carboxyl groups of PEK. The fluorescence spectra
showed that all the coordination polymers obtained could exhibit the intense characteristic emission of Sm’*
ions under UV excitation. Moreover, their emission intensities were much higher than that of the corresponding
small molecular complex (Sm’*-Phen) due to the introduction of PEK with the rigid polymer chain, which
could result in the stable coordination structure and the low coordination symmetry around Sm’* ion in the
PEK-Sm’* -Phen system. In addition, among the three coordination polymers obtained, PEK-1-Sm’* -Phen
showed the highest fluorescence intensity. The emission intensity of PEK-1-Sm’* -Phen could reach a maximum
value at the Sm®* content of 15.73 wt% .

Keywords Carboxyl-containing polyaryletherketone, Coordination polymer, Samarium, Fluorescence

properties





