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2.1 HRERMIIE
REHHLERAINSTF(FEDEELRK T
ReHky MMA 3R G RB N, KR
MOt S B S FEEX. &AWL Sm(BA),
(AAY ), i 75 Sm(BA), (AA)-MMA 8 ik
EFHBRLAGMARENER HREHERE
Eh 2 A S0 R PR IR K. AT A 25 6
FERE MO U ERRN B LB AEVES T

Table 1 32 Copolymers containing rare earth metal

PMMA- ce-AASm(acac),
PMMA-co-AAEu(acac),
PMMA-co-AATb( acac),
PMMA- co-AAHo(acac),
PMMA-co-AAY (acac),
PMMA- co-AASm{BA),
PMMA-co-AAEu(BA),
PMMA-co-AATb(BA),
PMMA-co-AAHo(BA),
PMMA-co-AAY( BA);
PMMA- co-AASm{DBM),
PMMA-co-AAEu{DBM ),
PMMA-co-AATH(DBM),
PMMA-co-AAHo(DBM),
PMMA-co-AAY{DBM),
PMMA-co-AASm(TTA);

PMMA-co-AAEu(TTA}),
PMMA-co-AATb{TTA),
PMMA- co-AAHo( TTA),
PMMA-co-AAY{TTA),
PMMA-co-AASm{BA),{ phen)
PMMA-co-AASm(BA),(phen),
PMMA- co-AASm{BA),(bipy)
PMMA-co-AASm{BA},( bipy),
PMMA-co-AAEu(TTA);{phen)
PMMA-co-AAEu{TTA),(phen),
PMMA- ce-AAEu( TTA), (bipy)
PMMA- co-AAEuW(TTA);(bipy),
PMMA.-co-AATb(acac); (phen)
PMMA- co- AATb(acac); ( phen},
PMMA-co- AATb{ acac); (bipy)
PMMA-co-AATb{acac),(bipy),

WERBEENREEME.

2.1.1 HEREANIMIEEAER FELE
MAEARPLRSERERFITE2 PR,

MMA 5 Sm(BA), (AA) L [MMA]/[Sm B
kK, LR R RE, ERY Sm FRBBET R
Bk sm SR, X RYHEEERIF. Y
[MMA]/[Sm]<5 o}, SHEFHLEME, B
k. X e fE R i F A X F MMA, Sm(BA),
(AAYREMEX, BRAEEREBEHS&E, B HE
ROMEETERES &G T, Sm(BA) (AA)HELLH

®.

Table 2 Effect of [MMA]/{Sm] mole ratio on copolymerization

[MMA/{8m] 1 2 5 10 50

Conversion{ % } 39.5 51.3  65.7 72.8 79.3
4.42 8.51 11.03 7.75 2.27

Sen-content{ %) (23.35) {20.21) (14.40) {9.76} (2.71)
Forming .fi]m bad bad good  excellent  excellent
properties

Notes sm-content of monomer in parentheses; polymerization conditions:
[M]=1.84mol/L, { AIBN] = 6.09 x 10~ *mol/ L, DMF as solvent, zt 60T,
for 50h.

2.1.2 EFMAEBHERE Sm(BA),(AAE
MMA B HELRZHERMEREKX, 0K 3 iR,
1 DMF X @B Hl P BRI EEH, LY
i Sm S EATIEE AR 80% LU |k, FHILE
BRBW, W& THF. N . PP R SHEE
K, XEZELEE . FEFEG LR SR EERE
=8, EE DMFER BRI MBS, M H8
WSt B M ag i iE A

Table 3 Effect of solvent on copolymerization

Solvent Benzene Chloroform DMF THF Acetone Methanol
Conversion in % 68.8 79.1 79.3 44.2 35.9 0
Sm-content in % 2.19(2.71) 2.25(2.71) 2.27(2.71) 1.98(2.71) 1.87(2.71)

M.x107° 2.38 2.20 3.18
a 2.91 2.67 3.05

Notes sm content of monomer in parentheses ; conditions: [M] = 1 . 84miol/L, [MMA]/[Sm] = 50, [AIBN] = 6. 09 X 10 "*mol/L, at 60T for

50h

2.1.3 SIRFIFHEILRMER AFE 4T,
f£ 60C 1 70C F,AIBN S| R B EHBHBET
BPO,BPOHF EM KM A EMK. it H
AIBN {E LB A5 & 0.

Table 4 Effect of Initiator on Polymenization

Polymerizati
100 60 70
Temperature('C )

Initiator AIBN BPO  AIBN BPO
Conversion (% ) 79.3 28.7 84.3 47.9

Notes DMF as solvent, other conditions are the same as those in
Table 3
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2.1.4 S|RFARMICRNTEE AR5 HE
AEH, M AIBN IREH A, BERILERNBE
BE B MESYS FRANESH/D,
FRAMME. HILNIEHF AIBN B £43%
BikE, AIBN FHELL 6.09mol/L HH, BN N
HERSRE 0.3%.

2.1.5 BEEIMIERAEE FLREFLEN
B TRYSBRSEIMXRMLMA 1 BF
T HESHEIMNER, BEHILREH RS, SOh
PE, BERR/AE. MRy FRERGH
M2sh PAERFR K, BAEH300 5), M
LERERE M. REEH, TaEE & 7R EH
K, BB hEER .

Table 5 Effect of initiator concentration on copolymerization

[AIBN] x 10°(mol/L) 1.22 3.04 6.09 9.14 12.18

Conversion{ % ) 16.9 51.7 79.3 830 B85.2
M, x10"% / 4.16 3.18 2.83 1.78
a / 3,40 3.05 4.27 4.08

Notes DMF as solvent, other conditions are the same as those in
Table 3
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Fig.1 Effect of reaction time on copolymerization
{Notes DMF as solvent, other conditions are the same
as those in Table 3)
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Table 6 Effect of reaction time on sm-content of copolymer

Reaction time(h) 10 30 50 90

1.79 2.03 2.27 2.52

Sm-content { %)
2.71y (2.71} {(2.7%) (2.711)

Notes sm-content of monotner in parentheses; DMF as solvent,

other conditions are the same as those in Table 3

2.1.6 REREMEEHEN EoRE

HUAEESHELENSFRERBER(RT).ES
EARE, TRARAHILBENAEY Sm § 8,
{HREET RS> T’.
2.1.7 HEREMGIANMKENREGERNGE
W EFHEE<10% TOF RS ANKENT| Rk
EHESERNEN. BOEEM Rk RREY
A

Tabie 7 Effect of reactin temperature on copolymerization

Reaction temperature{ C ) 50 60 70 80
Conversion (%) 52.4 79.3 84.3 88.7
Sm-content (%) 1.84 2.27 2.36 2.44

M.x107% “ 3.78 3.18 2.27 1.04
« 3.11 3.05 3.35 3.42

Notes DMF as solvent, other conditions are the same as those in
Table 3

B 2 iR, 6] RZE[MMA]/{Sm] =50 B3 R &
o BSBHER R, PR SEE M ME
¥, 2XF | HIBEm, (MIBX, &%
BB ;T Sm(BA)(AA) B REE R (g B
EREL4HEMI. B R, KT Rysmif 100 f§, Hit
R, BEARBARE MMA S IEREE R (uma)»
FH A MMA-Sm(BA),(AA) B SN, B
[M1#8 K, MMA B4k B 5 fll (e 39 K, 1 Roovma)
WAEERT Ryom - WL, BERABRSAH N
IR, BEBEERET K.

mE 3 piR, A EEE R, BT KA KE
[AIBN]# K, 4 [AIBN]<6.1 % 10 *mol/L K},
SR, [AIBN ] — 38k, MR B4, ¥
gEE. BR, SIEFMELK, HIRBETR.
2.1.8 HEHREMERE HEWMTFLRSH

BREEE.
[M,](d[le _1): . _d[_M;J([_Ml_])z_r
[M,]11d[M,] 27 d[M, T\ M, !

# MMA 5 Sm(BA), (AA) St RE R+, &
MMA 3 M;, Sm(BA),(AA) I M,. Eff IEERX—

R [M, 1M [M, |73t RS, A I RY
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Fig. 2 Dependence of the rate of polymerization on

monomer concentration
Notes DMF as solvent, other conditions are the same as

those in Table 3
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Fig.3 Dependence of the rate of polymerization of
initiator concentration
Notes DMF as solvent, other conditions are the

same as those in Table 3

Sm FES T, WEFAE<I10% AN E
WA d[M, ]/d[M, ], BIREILEYHE, LR
WM 1.IM, 15 d[M,]/d[M, ]It B F /8
M, ]1/d[M,; d[M,]{[M;]\? p
{Mj(d%M,% ~1 )3t - d%M& (%Mj) trE, 13
AMESHMBEEA r, MBENA r, £XE
e 6 ARIENE 8, I AERE, H T R/AEER
2, RN _RBEMAHE, BERPIALSH
AR 1.62, BEH 0.056, HICRY N 0.9997, B
KB MMA 5 Sm(BA),(AA) IR B LG FIH r,
=1.62, r;=0.056. 7] . Sm{BA), (AA) B4& 3
RENHEREAK, 5 MMA £ B, SHB8% 1+
RSMERE MMA & bR RS XK
LB —EREMNE YR, ERERTR
W LE T RRE, MR,

Table 8 Composition analysis of copolymers

(M )/ v, ] 5 10 20 40 60 80

Sm-content (%) 10.69 6.79 3.86 2.14 1.47 1.10

dlM, J/da[M,;] 8.58 16.68 33.47 67.74 96.74 131.10

Notes DMTF as solvent, other conditions are the same as those in

Table 3

2.2 KERHRT
2.2.1 mES EHRIREUEES MMA
MEREEP R LRGSR ETTERYE. L
BEARS ATAEZHHF LIRSV EENE
G, CIEER LSRR R EHBE R .
WA LSRG, T SRR LIRSS
GEASSEESXLRES. TRUBRERAFEET
PMMA .

RIFE 4 HEARIESYH PMMA &
LRI AR E L SRT SR,

Table 9 Eu-content of PMMA doped with Eu complex

PMMA Eu-content( % ) Eu-content( % )
(doped with Eu complex) (before purification) (after purification)
PMMA-d-Eulacac); (AA) 2.80 <0.1
PMMA-d-Eu(BA) ¢ AA) 2.74 <0.1
PMMA-4-Eu(DBEM)(AA) 2.68 <0.1
PMMA.4-Eu(TTA)2{AA) 2.68 <0.1

A, Sk S, PMMA H 0+
A&k ERER, 6+ S R9EAT. W
MR, a4l mEH L S BORERE
TN B/ 80% L1 1 (L3 10), H k5|2 Ay 4L B
A m. X IEH LR SRR & IEHER
F MMA(R 2.1.8), LEWAR P/ LE ST E
ERBETEARESE HRVHEHTAESY
BUCRRBAE PMMA T2 5 MMA B4
R EHRLILEDY.

Table 10 Eu-content of copolymer

Copolymer Eu-content Copelymer Eu-content
(%) (%)
Ai”é:t’:c::)z 2.33(2.80) m:(h;rb?;;;hen) 2.18(2 60)
:rﬁt{(!\ﬁxz 2.27(2.74) AAEu};h‘IE:}S;{o,;hen)z 2.03(2.52)
A-i:{miiﬁ)z 2.20(2.68) ME::AT“,?:;Z’HW) 2.22(2.61)
Aﬁg‘mﬁ)z 2.16(2.68) AAE::?T%:?I;ipy)Z 2.08(2.54)

Notes  Eu-content of monomer in parentheses; DMF as selvent, other

conditions are the same as those in Table 3

M &b, GE if X3 PMMA-co-AAEu ( TTA ),

(phen), #l PMMA-co-AAEu(TTA),(bipy), P&
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FERWE Eu.S.N o E a7, KR E ) Eu.S.N
BEREAY R H:1:1.91:3.83 1 1:1.94:3.90,33
BETHEPHE1:2:4, FUBLETEESY
ERSMABRPERTFE.

2.2.2 LAMEESTT EuRAPEAS MMA
EEFHE Eu X EVHLICEME 4 iR,
ME 4 B[ EY, 5 PMMA H L, & Eu LB Y
EE L4158/ Eu RS PR ER b ( 3k 11)
ShEAWEHRLS PMMARER -, ZWHER L
REPPREERE AR EAFTERR
PMMA &5 8 ity $F GE R de . Bt b, KB YR
PMMA EETE 1062.6cm A FEE— T RN
FCeChFiEzlE CHEER SR, XL
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MFE 11 T, 4 [MMAL/[Eu] = 50 K,
PMMA- co- AAEu(TTA ); \PMMA- co- AAEu(TTA ),
(phen), il PMMA-co-AAEu(TTA),(bipy), 3t
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Fig-4 IR spectra of copolymers containing Eu
and PMMA

a) PMMA; b) PMMA-we-AAEu ( TTA ),
(50/1) s ¢) PMMA.- co- AAEu(TTA),(10/1);d)
PMMA-co-AAEu ( TTA); (phen), {50/1)}; e)
PMMA-co-AAEu( TTA), (bipy), (50/1)

(C=C) + v, (COO™ 1)\ v (C-CFy ) F R U ¥, X}
PMMA-co-AAEu(TTA); (phen), ¥ M E F) L T
phen 85 7 (CH) ¥ ¥ ; 4 [MMAL/[Eu] &
BZE 10/1, B) Eu Bk & & ¥ X &, PMMA-co-
AAFEu(TTA), e ILEF| ¥ (CF;)f 8,(CF;)¥F
fEwE . H b 3£ B ¥ PMMA-co-AATD (acac ),
PMMA-co-AASm ( BA )};,. PMMA-c-AAEu
(DBM), S5EE(WE SYBEHHANME LS
M REER . R LIRS ERARES
E5.
2.2.3 EAGSERAREOLESTT 4 FE Eu
LR PMMA §9% b5 7] W JE RO 1 o
6 i WLLES, 4 BERYETEAREEH
BRI, THE 220~ 350nm FFEI X HHHEE .
R IRB, XBREIFRN 2~-3 P EHEAK
e 2 B, HoeR PG A 230nm BT R TR S
PMMA B B I, ZX T MMA # &
C=0 1 n—n* TR, T F 443 B FE 2700m
1 340nm B3R AT HORE, 5 ANV S REN
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Fig. 5 IR spectra of some other copolymers
containing rare earth and PMMA

a) PMMA; b) PMMA-co-AATh(acac), (20/1):
c) PMMA-co-AATb(BA); (10/1}; d) PMMA.
w-AAEu(DBM); (20/1); ¢) PMMA-co-AAEu
(TTA),(10/1}

Table 11 Some characteristic IR data of copolymers (cm™"')

Copolymer vl C=0)u(C=C) + »,(CO0™!) ¥{CF3} v{C-CF;) 3,{CFy)  y{CH)(phen)
PMMA-co- AAEu{TTA),({50/1} 1619.9(m) 1537.0{w) 642, 2{w)
PMMA-co-AAEu{ TTA),(10/1) 1619.9(m) 1537.0(w) 784.9(w)}  642.2(w)  580.5(w)}
PMMA-co-AAEu( TTA), (phen), (50/1)  1616.1(m) 1540.9(w) 642.2(w) 725.2(w)
PMMA-co-AAEu({ TTA),(bipy),(50/1)  1618.4(m) 1537.0(w) 642.2(w)
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Fig.6 UV Spectra of Copolymers Containing Eu and PMMA
a) PMMA-co-AAEu(acac);: b} PMMA-ce-AAEu{BA);: ¢} PMMA-co-AAEW{DBM);; d) PMMA-co-AAEu(TTA),

~——— Copolymer, - PMMA

2.2.4 tRTHEESN HEXRRTESY
Eu(TTA); (AA){phen), 5 HILEH PMMA-co-
AAEu(TTA), (phen), #) &# -1 BE & ¥ 4% o7 501,
KEVF Engsn M O B TFETEAT, NLEG
fERAEE, XAXEY PR LE SR &
ABLIGE, EEFHMR, Xi#E— UL E
¥ TTA, phen. bipy FEEHER S ML R
hERRRE.

Table 12 12 XPS data of rare earth complex and polymer{ev)

Compound Oy, Ny, Eusgsrz
Eu(TTA);(AA){phen), 531.2 369.0 1134.5
PMMA- co-AAEn
531.2 532.6 3%9.3 1134.6
(TTA)s(phen),
PMMA 532.4

2.2.5 ATRERAMTI KEDITER
KA GPC s ME . & Eu LY A PMMA
ATFREHESHEERE « FITE 13T ME

[MMA]/[Eu] =50 & BZ & T, AlE& Eu £ B
Vg FREES A EEEEOIER, HMItR
PR EE RLREmME, HEES MMA KBS
REPAFBLESHRENRSEHEEELM
. s, B TR ET PMMA, 4%
BHEKT PMMA, XAREER LR SRS E
& T MMA FrE.

Table 13 Molecular weight and its distribution of copolymer

Copolymer M.x107° M, x10"* &
PMMA- co-AAEu(acac), 3.48 7.26  4.79
PMMA-co-AAFEu( BA), 3.20 5.37  5.96
PMMA- co-AAEu(DBM}; 4.88 7.07 6.9
PMMA-co- AAEu( TTA), 3.45 5.91  5.84
PMMA-co-AAEu{ TTA), (phen)  2.89 7.02  4.12
PMMA-co-AAEu{ TTA);(phen);  2.66 5.9 4.50
PMMA-co-AAEu( TTA), (bipy) 2.61 4.92 5.30
PMMA- co-AAEU(TTA), (bipy),  3.04 6.7 4.53
PMMA 4.35 13.72  3.17

Notes DMF as solvent, other conditions are the same the those
in Table 3

FFREEERSEEAR, FFBARALET
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HEYL FREASAEHEIAR(E 14). X E
¥ PMMA-co-AASm (BA); 1 PMMA-co-AAEu
(TTA),, W LR S Y BE G TR, B0 T
B, A%,

Table 14  Effect of [MMA]/[RE] mole ratic on molecular weight
and its distribution of copolymers containing rare earth metal

[MMA] M. M,

Copolymers /[RE] x10°5 x10°*
PMMA- co-AASm(BA), 10 3.19 4.54 7.03
20 3.06 S5.75 5.3
50 3.88 9.40 4.13
100 3.83 13.21 2.90
PMMA-co-AAEu{TTA); 10 4.12 4.85 8.49
20 414 552 7.50
S0 3.45 591 5.84
100 248  6.14 4.04

Notes DMF as solvent, other conditions are the same as those in

Table 3

EED O FTEERASHL SR EHLEE
GEELEN . IRABESES FHAX, XIE
EWEifitad.

2.2.6 ot EERYKBREEIEEMC, AL

Table 15

TG

DTA

] L
30 180 330 480 630
7(C)

Fig.7 DTA and TG curves of PMMA-co-AAEu(TTA),

& Eu XEYAFETITR. AR ERSEAP
REM AR DTA. TG I WLE 7. 5 X DTA. TG
BB AR 15 M 16. 7 B, R & Eu 3R a9 4
BREEEEHEN, HEHSBEE XKL E 253C
fét3E, 7E 380 ~410°C (], LR MR T 4R, AL
RERE Rt HEDEM A HIRE
5 PMMA #iftl, B 5 PMMA # Ik, Y
BEMRE T PMMA. IL4h, M+ & 825, 3t
RYMBBEHOANER. WHBLAESYEN
RTATRSEXREYREEHE B LEGY®
GHER HEGHTHEBEHRST SOCU L, #
AR LRGBS FREHEHRTRE
EHERR.

DTA and TG data of copolymers containing Eu and PMMA

Range of Main range of

Heat absorption peak

Polymer ) decomposition decomposition
temperature{ T ) temperature(C )
PMMA-co-AAEu(acac), 393.9 415.6 265480 380410
PMMA-co-AAEu(BA), 389.9 259~ 485 380~410
PMMA-co-AAEu({DBM ), 393.0 248 ~ 480 380410
PMMA- co-AAEu(TTA), 386.9 255~472 380--410
PMMA- co-AAEu( TTA); ( phen) 353.9 393.0 256482 380~ 410
PMMA- co-AAEu( TTA);{phen), 291.1 387.0  441.3 253—481 380410
PMMA-co-AAEu( TTA), (bipy) 334.7 391.4 449.9 250~ 475 375~ 405
PMMA- co-AAEu{ TTA); (bipy), 321.8 389.6 437.6 251480 380—410
PMMA 104.3  367.5 237433 350~-380
Notes DMEF as solvent, other conditions are the same as those in Table 3
Table 16 DTA and TG data of PMMA- co-AAEu( TTA); with different Eu-content
Range of Main range of
FEu-content{ % } Heat absorption peak () decomposition decornposition

temperature( 'C ) temperature {C )

1.24 372.3
2.16 386.9
3.76 391.4 431.0
5.53 394.3 434.6

247 —480 360 -390
255472 380410
252485 380410
257485 385415
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STUDY ON THE COPOLYMERIZATION OF MMA WITH RARE EARTH COMPLEXES

WANG Lianhui, LING Qidan, ZHANG Wengong, WANG Wen
( Institute of Polymer Science, Fujian Normal University, Fuzhou 350007)
YANG Mujie, SHEN Zhiquan
( Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)

Abstract 32 copolymers containing rare earth metal were prepared by the copolymerization of rare earth
complexes with Methyl Methacrylate (MMA) . The formula of rare erath complexes can be expressed as: RE
(8)2(AA)(L),, where RE = Sm, Eu, Tb, Ho or Y, 8= acac, BA,DBM or TTA, AA = acrylic acid, L =1,
10-phenanthroline ( phen), or 2, 2'-bipyridyl (bipy), n = 0, 1 or 2. These rare earth copolymers were
characterized by elemental analysis, FT-IR, TH.NMR, XPS, and UV. They are soluble in common organic
solvents, such as benzene, chloroform, THF and acetone, which make them useful for forming films. Their
molecular weights (M) are in the range of 20,000~-50, 000 measured by GPC. Rare earth complex units
in copolymers did not dissociate during polymerization and purification. Thermal analysis indicated that
copolymers show higher thermal stability than PMMA. The effect of monomer concentration, initiator
concentration, solvent, reaction time and temperature on copolymerization were discussed. The kinetic
behavior of copolymerization was also investigated. The reactivity ratio of MMA(r) and Sm(BA),(AA)
(r,) were found to be 1.62 and 0. 056, respectively.

Key words Rare earth metals, Organometallic polymer, Copolymerization



