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Synthesis and Adsorption Property of Cd( II ) - 8-hydroxyquinoline Molecularly

Imprinted Polymer Microspheres

YANG Chun-yan', CHEN Fu-bin', ZHAO Hui', CHANG Zi-giang' , ZHANG Zhu-jun’

(1. Chemical Synthesis and Pollution Control Key Laboratory of Sichuan Province, College of Chemistry and Chemical Engineering,
China West Normal University, Nanchong 637002, China; 2. College of Chemistry and Materials Science, Shaanxi Normal University,
Xi’an 710062, China)

Abstract: Cd( I ) ion could form a stable complex with 8-hydroxyquinoline (molar rate =1: 1) in ethanol solution as revealed by
ultraviolet spectrum analysis. Based on this molar rate of Cd( I ) ions and 8-hydroxyquinoline, Cd( Il ) ions imprinting polymer
microspheres were synthesized by water-in-oil-in-water ( W/0/W) emulsions polymerization, using metal Cd( Il ) ions as template, 8-
hydroxyquinoline as ligand, methacrylic acid as functional monomer, ethylene acrylic acid methyl ester as cross-linker, and
azodiisobutyronitrile as initiator in aqueous phase. The influences of the dosage of emulsifier, porogen and outer aqueous phase on the
morphology and adsorption property of MIP were studied. The morphology of MIP was characterized by SEM which showed that the
diameter of MIP was of micrometer grade and the shape was homogeneous under some operating conditions. The adsorption properties of
MIP synthesized under different conditions were compared. The influences of solution pH, adsorption time, initial concentration and
temperature on MIP adsorbed Cd( Il ) ions were assessed. The results showed that MIP showed fast kinetics for adsorption and
desorption of Cd( I ) ions. It was concluded that MIP could be employed as an effective material for the selective removal of Cd( II )
ions from waste water.

Key words:Cd( I ) ions; 8-hydroxyquinoline; imprinting polymer microspheres; W/0/W emulsions polymerization; morphology
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AWFFELL Cd>* VBN B 4 F, 8-HQ N FLIA,
EGDMA JJ 22 Bk, MAA DI RE ALK il 5 W/ 0/W
HWMBEYERT C& 4> TFE R A Wik, FIH
LHNMMOCEEHI T Cd®t 5K 8-HQ BN E &
PIMEE /R L #5527 Cd* " -8-HQ BN R A0 A %
ZMF; FIUHE RS RIE TREWHIES; T T
JURR T A A Cd®* ER3l 3R 4 90 0 W Bt o 5 4%
BrTw pH E, RAEW S cd® g5 A FE, cd®”
P v o B il 3 Xof B 30 3R 6 0 W AR A 25 - Cd®
(RIEER 5 R0 T 3 A W 04 Ff W T R S LR, 3R
G YIRPERE IR RE. S A R BT EN I R A W xf
Cd** HAT B W AR T , %5 1T Pk cd®*
2Bk,

1 RS

1.1 SRR

J W Y o 6 Ok BE I (WEFX- 120 A A
spectrophotometer , b 5 Fig F] 43 7 A 45 23 7], AL 3,
) ; A (JSM-6510, H A HL Rt ) 5 18
SEIHZEAE (Nicolet 6700, $8€ 3R KA /R B H 28 Al 56
) 5 SEAMMEEEE T (UV-2550, BT, HA) ; #
4li 7K #% (Human Up 900, Human 23 &) , 5 % ) .
1.2 g2l

F R R 05 TR (AR, [ 24 4 A Ak 230 4 BR A
) 5 8-FRFLMERK (8-HQ, AR, R i) A7 BR 24
Al) s S FE W ELNGIRRE (EGDMA, AR, BTHL T
A 5 A5 T (AIBN, AR, [H 254 B4k 2R,
FIGBRAT) ; fHR4H[ Cd(NO, ), -4H,0, AR, {24
AR A BR 2 R 15 A BE 80 (Span80, AR, [H
AL IR A FRA ) 5 AR (AR, PRI

FIGBRAT) ; IRALHR (KBr, Gigal , 285k iR B
BT ) Bk (18.2 MQ-em) 5 HoA 1)
Bk sy Hrat.
1.3 Cd*" 5 8-FREEmMEmkas A W 45 A e LL i 2

PLZEE R EEF], BEH 5 x 10 *mol - L' Y 8-HQ
TRV S x 10 72 mol - L ™" A AN B2 4 W, B 3 mL 1Y
8-HQ I T He e L rp , 2 FEAS [R] A R JR ELIn A ]
TRFR Cd> " W, SRS BT F I E AT A o
JE il o B A B CdP T 5 8-HQ KA
YIRSAEC R (E 1), K1 Rl LR RITE KA
A Cd** AT 8-HQ 7EIE K Ky 374 nm bW A
WU, Bl CA™ VA YRk P 1 SE R LA 6 7 32 v 44
S, T ZE 308 nm Ak Y IR AT IS A SR VT 0855, M BT Y
FEIRHCR T 1: 1), 78 308 nm 1 374 nm &b W2 g 4
JUPASTE A AR B AR [R5 23 % 33 4k 308 nm
F1374 nm &b B G EEXTEE R ELAE &, AT LAEE B UL D
FEEYEATRIEE /R HE 10 VI 78 3 AN I K Ak i
W BE 8 B (308 nm AbiE E]H/N,374 nm 4bik
FEAR) , SEER LR T 1 LI, WO A 5 A
s AR od? T 5 8-HQ KW RS I
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Fig. 1 UV spectra of the solution of Cd( Il ) ions and

8-HQ with different molar ratio

1.4 Cd&" 3 FEmREMNIE

FIH W/ 0/W RABTELR A LG WL MIP, 5%
H 1.0 mmol Cd(NO;),-3H,0 5 1.0 mmol A 8-HQ
FNARE] Cd( I )-8-HQ %491, il A 0. 043 mL
MAA IR A 15, B K A SR )5 BC— 2 = 1Y
Span80, 17K &2 1 mL EGDMA IR-& 341, & 1A Hl
A, BAS KA S A PUHIR G, B 15 min, ffiH
e R E R W/0 W e —E W &a
0.05 mol-L~" B SLEEFR M A 0. 01 mol - L~ fif iR
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BEMAMKMIE RS W/0 FLROR G5B W/ 0/
W EL FERSATT R INA 0.2 ¢ AIBN, %3, KR
A 70°C K 24 he N A5, g Rad g, 9F H
0.5 mol-L ™" fif iR Pk KA A Cd>*, B B A I A 2]
Cd** R ik, SR JE LK RED e E b, B
A

23 [ ER I B A W) (NIP) (94 LR T A A A

Cd** AMFI MIP (A A TR S — 2.
ZER 531

2.1 Cd*" o FEERGYG R FRAL

BT A MIP B S5, RN SUESM KA
SFLFRANFLALT B9 T S R T 4 Bl MIP, 25
1 foR.

2

F1 ZHRAHFAMILRT. SKERBIFBAE

Table 1  Dosage of emulsifiers, external water phase and pore-foaming agent in the experiment
MIP( & )8 SRR HAE) n(Cd** ) /mmol V(Span80)/mL V(SMKAH) /mL V(B %) /mL
MIP-1(1:1) 1.0 0.05 25 0.5
MIP-2(1:1) 1.0 0.1 50 3
MIP-3(1:1) 1.0 0.1 25 0.5
MIP-4(1:1) 1.0 0.1 25 3
2.2 S TERIERE YRR B RAE TER (aniEl 4). I 4 sha] IE Y pH 7E 3 ~7

FHAAH B AR RAE 43 F BN R AW T 3, an &
2 fizn. MR LIE H MIP-1, MIP-2 B8 55 2 S Bk
B, B85, MIP-1 [ AN 50 pm £ 47,
MIP-2 [ EARTE 1 ~3 wm Z[8], i MIP-3 | MIP-4 JE
UKL, A AR R 4. NIP i 2 L0 1Y
BRIE RiA2 2 M 3 ~8 wm. HIILAT LI 780 T
M Cd** B LA MIP ()RR 2 AN ISR 43 F &
B NIP fAi42 /N (NIP #%2 88 MIP-2 & R 5 6 |, 1
R AR A /NN L e TR 33X T MIP X Cd**
LI
2.3 MIP-1, MIP-2 , MIP-3 F1 MIP-4 W [} 755 %)

Iy SIFREL 10 mg £ MIP-1, MIP-2, MIP-3 Al
MIP-4 F 50 mL BB, 28 5IIMA 40 pg-mL ™
100 pg-mL ™'Y Cd** W, PR35 2 h, 25,0 (10 000
remin~', 3 min) , ] FAAS il H F3ERT Cd® ik
B TR A B, SR A R A& 3 FR. ]
LA H MIP-2 X} Cd>* B e [ 45 & B s, 20 51 o
4.1315 mg-g™' (40 pg-mL™") A 4.2730 mg-g~"'
(100 pg-mL™") , H MIP-2 X} Cd>* (W iy 25 8 JLF-
S MIP-1 /9 3 £, FTRALL T SE5 DL MIP-2 A58 4t
%, {55 A MIP.

2.4 WERHPEREDTIE
2.4.1 VW pH {EXT MIP F1 NIP W B BE 0952 i

A3y SHERAFREL 10 mg MIP 1 NIP T 50 mL #7E
R, A5, 0 mL 100 pg-mL ™' AR pH B Cd** i
WL IR 1.5 h, B0 ETE R, H FAAS I 5 W Ff
WP R4 Cd By, TR HAEANE pH (AT
IR 255, LA pH (B AR AR B | W B 25 & R DA B

Bk NIP T MIP X Cd** % W b 25 ok B 45 5 W 1) pH
{EHE KM A, 78 pH 5T 7 BHR R K, 24 pH
7.5 B NIP F1 MIP XF Cd®* fit W B 25 B 204 T ALK
W B 7 B Bl pH A Y A8 fb JR R T BB R SR pH
I AR R H B 0 MIP 44 8-HOQ
[—NHA—OH H 8L T A [F)F2 B2 19 o T Ae B 42, il
1% Cd** 5 8-HQ ML ARSI A%, NI 38— # 8
BRI G 10 25 A R 5 BT, ROt MLIP R
Cd** (IR T A 351G Bl pH (ELAYIG R, H Y Mk
FEAK, —NH A1 —OH 19 i 7 fb 1 F i 55, cd** 5
—NHAI—OH M FC AL AE FH 3G 5, DA 5 S5O % B 25
SRR, FUHE ST pH 7. 0 R EARW M 45 1E. K
4 IR A[ L HFE pH S 7.0 B MIP W Cd>* (g
B E 2 NIP B9 2 5, Ui B MIP X Cd** 5 55 400
PERE.
2.4.2 MIP HI NIP (W Fffzh 112

VERAFREL 50 mg MIP 1 NIP F 250 mL (1) 4ETE
JHEH, A 25 mL 100 weg-mL™" pH 7.0 i Cd** %
W ,25°C T 4= 7 , 8] B A [ s () 500 BB 9 ¥,
FAAS W& W B i el Cd? iy & it THRIR
BN TR] Bsf [T B 2 B 25 £ [RD 5 SR MITP 1 NP 1 f
Cd®* 11 B 75 2t Bt 1) ) R AR AL i 26 bl DL
tH MIP 7ERT 10 min MR R 25 o UG ) IS 2 o
SRR, BB [ P 14 T W B 25 ot A N W 38
MIRE] 15 min B FFEE B8 1 B A, RIS 21 P
5. NIP TERT 5 min M P25 R U a g K BEA I 1] )
B A AT TR AR RS ik T LA H MIP
W B 25 5t LU NIP2E = 15 2, LT AH 22 WA, Ul PR 7
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Fig. 2 SEM images of MIP and NIP
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Fig. 3 Comparison chart of adsorption capacity of MIP-1, MIP-2,
MIP-3, MIP-4 and NIP at different initial concentrations

4 A7 pH EXF MIP 1 NIP IRt Cd** B9800
Fig. 4 Effect on pH on MIP and NIP adsorption of Cd** ions
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Fig. 5 Kinetics curve of MIP and NIP
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HERRIFREL 10 mg MIP 7 3 F 50 mL #EFE i,
A S mL pH 7.0, ¥ &y 20, 40, 60, 100,
140, 160 pg-mL™' By Cd( II) % %, 25°C $& % 30
min, B0 (10000 remin~", 3 min) , f FAAS Il H |
WD C T &, R A . B 6 &L
WIIEHREE (¢, ) R A b, P B 2t ( Q) S Ak b
22 B c-Q, MIZE. M ml g, MIP X 4554 25 1
Cd (1) Fry W5 -tk il 2 5 0 v Cd® R 32 1 1 o o 1
K, YW E S 100 g mL ™" B HEIR Bf L AN FE &
He7EAY, BIVIA I W B0 1A G- A 1 B 7 R 14,7

-1

mg*g

20 40 60 80 100 120 140 160
¢ ug-mlL!
6 WIHIREX MIP RFCd( ) BFHI#M
Fig. 6 Effect of initial concentration on the

adsorption of Cd( II ) ions on MIP

2.4.4 IRPEXT MIP WL R BE 9520

HERAFREL 10 mg MIP T 50 mL #EIEH P, A S
mL 50 pg-mL ™'Y Cd>* W, ZEIR Bl 15, 25, 35,
45°C TP 30 min, 5.0, H FAAS U g Wb
CA g, B 7 MR EEX MIP W Cd>* 52 iy

85 |

/

8.0 1

QJmg-g’!

7.0 F

6.5

285 290 295 300 305 310 315 320
K
7 REX MIP R Cd( I ) B FHIRM
Fig. 7 Effect of temperature on the adsorption
of Cd( II) ions on MIP

AR AT LU Y BE A R A3 i, ML 1
Cd®* 1AW B 25 ot S22 3 I, 1561 MIP W B Cd®*
(R R T ARG .
2.4.5 fREWAHT

FREL 200 mg MIP T 250 mL B4R, inA
50 mL pH 7.0, ¥ 100 pg-mL ™" #Y Cd*" &,
25°CHRG 1. 0 h, i H Gk B0 P-4, 250, ] FAAS
W FEWP Cd & & T A =, R
BEUE BRI B MIP K P8 2 ik, B2 . HERR PR
B 10 mg WERHS A9 MIP - 50 mL AOHEIEI H , 5051
HIAS. 0 mL ¥ BE 435104 0. 001, 0.01, 0. 1 mol-L™"'
() HC1, HNO, #1 1/2 H,S0,,25C #% % 40 min, &
OIS, ] FAAS W ByEWwrh cd®r &, 48
Je 55 2Z I R O S A AT AR, TR LA %
1 8 SRy AT e B AN [ o 28 () O ATL 1R b W0 o s 7y MIP
IR, MHRT UE H | TCAILER S AH R B ik i
B TOHLIR MR B () T e T 4G K5 TCHILR Mk 2 A ]
iF, HCL B R 55 ,0. 1 mol - L™ HCI B fi e ik
F799.9%. FrLABESE 0.1 mol-L ™"y HCl Ry fcfE
i R

100 | ] HNO;
1/2 5804
Il HC

0.01
e/mol-L7!

B8 FREFE, RERERLHERRREREM I
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