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Preparation of imprinted mesoporous materials and its related
application research
LU Xiu-guo, DUAN Jian-ju”™ , YANG Ling-yan, HUANG Lin-zhang
(School of Civil Engineering and Architecture, East China Jiao Tong University, Nanchang 330013, China)

Abstract . Combined with the research results at home and abroad ,the preparation methods of imprinted mesoporous

materials are summarized. The mechanism of recognition and adsorption of heavy metal ions is briefly illustrated. The

applications of imprinted mesoporous materials in the adsorption of heavy metal ions, enrichment separation and other

fields , are highlighted. Moreover, the prospect of imprinted mesoporous materials in the future is also proposed.

Key words: imprinting; adsorption mechanism; mesoporous materials; heavy metal ; application

B afife 5 1 HIAE 215 5 23 (TUPAC) 4 4f AN ]
R LB 5305 AN B 2 LRk 3 2K
KA KL, FLAZE @ > 50 nm; A-FLE R CEFR A R LA
B, LR 2 nm < 0 <50 nm; B ALARL, LR o <
2 nm' . AFLARE A FL BRI E SR R ER 8, HLBR
R0 e, L AT LK 3 107 /g, bR I FRAE
600 m’/g Lk I, B E A7 B LA R HE 2 AL AT LA
IKFN 1200 m® /g, SR R0 oy 3, FLIE R
A8 /NPT LA 2o 3 T 00 15 AR B, S 4 FLAT R
AR RO AR NI 8 25 7 A — R A ] 3144
BORRAE" o A FLRHRHELAT — R B4R 4 Fe T 45 1
Ty TACZ B PO R TR HES R e 1) £LIE 25
) R L AR B AR S T BRI K
W TS G R TR T AR G A 3y 1k
ZXEERE TR, T X — A,
WA B NI B PR R, WF & 1 8 1 BV 4 k)
(ion imprinted polymer,IIP) , BT EJ3 3% A& H 47
TEMEEAR (B AR ) T A7 A TR Y, 2 23 5Bl
TEEE A Y — T B3 5, 8 S AR 1 AR,
F 0 H A B 1 B R S TR IR B RO S 1 D R
PR AR > BT BN A LA R — Bl A fL
BB A e 3 1Y) 2 T 1 79) S50 57 %o B

PRI EAT B 1 B30 1 ol 46 RSP — b7 B4 1) ST E A
LAk 2 BT 259 0 A (T < R R
HART BT . ARSCHEEANG T AR EN
SrfLA R T iR T ] 8 Tk AR IR AT, A 22
VM T TR B A LA RS DL ey
BT, R R B AL, 1838 T HAE & A
(T2 BT, LIS R A FL A RE A e i B A 22 T 5 g
AR BT FEAR B S K

1 EMEN AL R H & 77 E

YaA RBEFE AR AR , B A £LAS R i 45 05 3k
B2, AR, FE R 5 i AR AT I 2ok
B— L8 BOO BRI A LR REAT (S5 L R 5F)
PEAT AU A0 - B, LA 1) 2 R AL B g )
FLRPRE
L1 BR-BEE

LA, & A LA R il 5 07 3k p T e 2 1Y
— 5 R - B R R AR I T BN AL
A HL A v 2 e B A R B LR A
HOE B G145 H A HLY -5 oL ) 5 i 2 (8]
I —Fh G | R AERT, PR i I - e ik, B 21 %€
T LA, 2 b REFLE R A e, FL AR 53 A1 ¥

IriE A :2016 - 06 - 25 ;&[0 H #2016 — 12 -29

ELWB : HR A RRERE LI H (51168013 ) 5 HZ R RIWH (2014BACO4B03 )
EEB M EFHE1964 - ) 5 WL, B0, ARG R BTIE , 149862562@ qq. com; Br il 4 (1989 ) , Lo i -1: A  BF5E T 71 A /K 3

PR, I R A ,0791 - 87046078 ,1075087425@ qq. com,,



2017 FE3 R EFEF  EIDM S RIEYHIE R E RN AR ~43 -

VA e — R R 1 ) 5 B A FL A B LA A AR A
FE AR T TS 2 TR M A S A&
YIRS PRI 4, Chi 2517 SR 50 B b R} 38 2 s ik
W E I, ) P I 58 I 1 il 28 T ALK R B A%, 7
il f At AR e, 32 BRI A AR BT 5 2R 0 s
P 2 1] /g Bip ] 1 2 28 A R ke 428 1l 40 K S5 4 ) 10 2
£ RSB i — e g5 i A AL, HERIRIE S B R
P T oI ] 2 2 0 A R 5 A FL R R o X A L
PR EREAR , 45 Rk T HA R4 pob il
W, TR, NIRRTz LA
RS RES SRR -k TR A EEST
BN Rk R, Ho it oy B AL 3R, RN A
FR M D RE AR, 3 T — L i 1T U 7] AN A8 B )
8 PR TSN S WM L Bk R R T LT R 1
B R JEE AR W B P R, 45 SR R B A R B
R4 AR W B PR BB o
1.2 EBERFSEAEKE

PR F B A 2 2 A e FH A A AN
A ) P 2 T 5 PR 7R L 485 ) B T M BRI T,
WM EAG ST N T 2R 7 450 1A FLAF
BT R LA S B 4 R A FLA R, %
JriEX BSR4 T iESE A 3T vk
I T TG P AR B G A5, T IR T A% A A
ARt NI B N TR =y QK 7 = O
AUV L) TPED Sy T RE BLA, Hg 013 1 335 4 70 e
CTAB fE#it, TEOS S 2 WA, FI & 755 B4
e 4 T RN [ L 4 2 A HL-TE L2 kA
FLICFRAA R} o 3280 B 300 A F R i 2 g 27 e ke, ml
SR, FF B2 M v F A B S B g K R SR
U G U4 RS IR YE S HE R, T FI4% R 5
T HAREIGE AP E ARG B T —Fh A
Tl TR A ) £ 2k A v i A o) B i B R ) T
FUHE R WP S5, HE — 8 R Ay BB P ) 5 A fL &5
FRFLAR G5 SR B R, 20 ) W 45 R R BRB, X
e R FLAR A FLEE H A )5 % FLIE R A FLAR
I — PR, LB 4540 S 80 e R s AR AL
WA G T LB S, H A — 2 i
1.3 RUEHEBERE

TE A8 BRI Ay FLAF R A 2 b nT AR i
Bl =, 30 o GO R S BRI RN A TR £
S 6 ZKAH AT A BB A AT A5 L B 1 S N
R R Tl By 1 A AT T P B B A
B NSNS A AT RESE . B Lt

FNHEE = F IR A A R A FLAARGRD , DA T Ak B 1)
ZSM=5 43§ I o 0 R ik R VR, ) B B O
A, A B 5 AT ZSM-5/MCM -41 &
BT, R E A TR B A M- LA, fL Ik
R L ZSM -5 20 TR T2 3 1%, B
WGP PR T AR B AR, 4 A R TR g
A ERGR S F127 Y, 6054 Na,Sio, -9H,0,
TEBRVEZMF PR A R T SBA-16 A fL4r Fiifi . 1%
PR SN ERTE SN, HAT 38 5 W 235 BE R R 58
2 FLEER
L4 HEZX

R — Pl 2 Pl TR IR TE A S5
I FIAEAE T R4 T 3R A il 2 s FLA R Y ik L
SEU BB DL Cu® T AR, BN TR RS R 2
TR I A A A B — RO R Y £ LR
BB o Al 250 SR T 3 1 M 94 1 45 R
T SRS A B 2 AL A AR, Rl g A
B FED AR %A kL, 132X Cu® " A R
FRHBE ST A LA R, 45 S R, IR I AR IS (i it 3
FEA T 2L A RE LB b i HE S, L0 A
FAAR S /R 4 T S B B A . ek A
LT LN e 3 = R IR B N S AR S 105, AR
BRRESURE 1,17 - B %8k ( BTEF) FIERERR £ 1K N
ATRAA, SR AL R A il 8 7 —Fp LA JE I M A fL
B HUEERBEM L, PR R A I B R R4 BIGR , I
B — RN LA R (Fe -MCM-41)
1.5 Hfthrk

A S ET A FLA L B ] %, K B 22 1 i 45
o T BUAE AN I o 5 | R ) A A PR
TR AOR B R R AR R Ay e T L A il
HETEBAN LR, 2 Rl T —258
TR W A sk Y B S A FL b R, ik 450 1)
Ni* " AR, B8 R R ) i BALIAR, Fe,0,/Si0, b B
B, il 2% T B BB F B I REER 5 24 T TR s A
76 Ni* ™ \Pb? A1 Cr’* W, G EROW Ni* T R B A
AIBE R BIRE ST

2 BT LA X E & B B9 IR 5 IR B AR

BT BB R BV S LA R 2 5 N T4
IR R B S 3, R B AILR S B T3 R A F LA
EERINE G BT o 5] %, Jin
4 SR EDTA -SBA -15 W B K Hty Pb* x4
BRI BEAT T XPS AL, WA S R B it
FEOg R e — A 2 IR IL R A B2 3, A



<44 - LA, 48 T

B TS WA T NC A R . Billinge 257 32 FIH7 &
il RGHRE T SRR A FLA R He ™ 1
BEELEE , i) s SR B8 40 A R R0 AT, I 45 4 X
SR, 45 5 U R B4 S o

3 ElEgv LA R Rz A

Wil 5 B Bl AR 1) AR, BRI A LA B E
— TR R RE A o A RL, R AR B A R
HGEEAIPERRE ) , B s 20 &, HLAE
A BT RIS AR AN AR ]
3.1 BERMSSE

B A LA %) b 2R TH AR M LA 3 ey, R 3k
PEMEER , FLAR AT DA IE T, AT DABRIE W B AR e
o B AR ) 53 F 258 LA A TR 9 AR B4 F . Bu-
hani 252 SR R EN R 241 45 7 Cd (I B ik
REALRESEA TR A RE, FE R — & & Ni°* [Cu®" |
Zn®* CA** BYUEWR AR X A B 5 Y
VPRI BR 1, L B 2 A, T N G
Zn" PR F LRI 25, Sadeghi™ A B T — FhoET 7L Y
Ph( I1) &5 BRI REPEN LA R, AT LA A R ke
FE LRGN S v S A AR BB B -, [mI A] DLy B
R EEFN A= Ph (1) B & i, BRI FLAARHAY
FEIRE B A1) T R B 5 0 B A R A TR AR TS
TR Ml 775 7K 8503 g P 2050 Ak, o sk B, HL A
Bk
3.2 BUFfARESFTE

53 F BRI A FUA BHE Ho Ak 2 AR i v B
BASRYE SR 8y T B, i
MR 431 EP 12 AR AR a5, 38 e a5 H Ak 22 K
MR AR B S o Bai 25 LUPR M5 Bt Iy Zh RE 2K
A1 SBT3 ok FEL A R AR F AR, R DR SR A
Pl gE T —FhiE S R T B Ak R AL B Hx
TR AR IR 5 H B R IR TE—E N AL
PEX R . Behnia 2570 75 Bl i v R K 101 RO R A
In( 1) BEFELBREGY, il T —F0 T T00 € B
HLAL 2 IS AR IRAR XS Zn (1) A A DS L Ry
5107 ~1 x 107 mol/L, ¥ M PE{E & 0. 5 nmol/L,
O IEARAEREE, e 07 B[R], e PRV 4755 Rt
LT,
3.3 EHEZFERTSE

[E] A 25 R AR BRAE T 51 AR R 5 T S A
AR, B3R RLFE [ AR 2 B T80 0% o ] 3
BRI AR ARG, BIEORE . FNZT T 402
IKFEP R R B R R R PEN LG KR+

E371BE3IH

(Fey0,@ mSi0, @ Cu®* ) S b 17 [ AHZE B, 45 1 &
U ZAT B B3R5 3] 78% , H B A BT I A B
Pefie, BBESD RATRNBIR . LM HEE N
SR AL, Dhad A AR B R 51 &/, 6l T — MRS
PItER iz A R AT 55 PH B T ac ek g, HLRB6S %
B, AT AR AR A B R) AR P30 55 4 Fp
B E R0k BARE A 40, 0 2o (3 A 2 IOk 25 42 45 Fih [
ESOERIENESibF-AN
3.4 YT

AR, VT 2 W9 2 R 2 10 M A S S5 4
S, A BCHT AT R R BB LR, Rl B AT DA
Fe— SR BRITR, LM R 20T Thigf, b
T2 0 450k 8 R ™ e RS R A AL AR T T
Hil& TERRA LAY 38, P B8 THi £ B’
[ RIS T I RERT A 9 S R 25 ) 43 R 2B 2 AN
BEICRE ) o SEA R IR, R A AT O 8 2 1 A
RLAF [ 25 ) B BEPERE . Gurler 27 R £ 43R £
EfI378 S Mg ( MIP ) JE o — A7 38 fL AR, 1% FL AR
THALSAT R SRR TP 25 H . A5 R,
MIP AR LA A8 o A 1B M F0 R OB, ] DA Ry %
JERAS 5 T HERRIN S 25 AL

4 HFRERE

B3 A FLAA K 5 B i bR B S 25 iy A
5 1L — B8 I BT B (A LA O P e 452 AT
L, LA FLAT R 45 19 Qe S8R A MR Y
DA S1, Ho o A F 28 BB S AR, DA
AT 1 3 1 S A R VR e, Ol A 5 KA T
MK B AL PR T AT RE . SRTATENIE A LA il
2 B T — LB IR D K B ZR A R BR 1, 2
T ARBLENIEA LA AR B, AT LU AR JLANTT
TR E

(1) BI5GB A FLAA AR DAy W52 B8 70 57 1 ) R
PLHL . WFFEM A AL B 5 e B A 07 1) 2
W RFIAILER, HAT, A7 < BN A FLAA RHE I B AILER D5
AIPRTT AT A5 , LM BT AL o AN T AT, BRI e LA
B — 28 i | SEt AR A L BB

(2) FE i # o P A SRR TR (9 e 4% | K &
Wi S b BB R D7 AT IR A B A TR R IR 83

(3) Xt # & <5 J A5 B 4 Jm B TR A,
FHENIZE A SLAPRE A OS2 BERR ST P 3 A58 [m] i)
FHEIRCERCR

(4) B A £L A 4 22 B0 BUREIR 19 A, ik 2k
HAESL PRt e R IR A R e 7300, T4k —



2017 3 B

g

P BRI 507 i, A5 HAb T
SIS AR RL D RENE 2

225 3k

[1] Ruszel M, Grzybowska B, Taniecki M, et al. Au/Ti-SBA-15 cata-

, AR & BUSAR

lysts in CO and preferential (PROX) CO oxidation[ J ]. Catalysis
Communications 2007 ,8(8) ;1284 - 1286.

[2] Dede X A 37BN LA PLAERT R i 6 FIRAE( D .
Jeat ALt TR, 2015

(3] ¥, Wis %  REKS, 5. ZET 7S BT 731 B il 5% 50 114 )
AR AT AL T HE® ,2016,35(3) :847 - 855.

[4] Zhang H J,Liang H,Chen Q D,et al. Synthesis of a new ionic im-
printed polymer for the extraction of uranium from seawater[ J ].
Journal of Radioanalytical and Nuclear Chemistry,2013,298(3) :
1705 -1712.

(ST BRAhdm, 225 2 B 70 1 B 3k 58 5 W A ] 48 B Wi I 1 RE AUF 52
[J]. RBUR T R4 ,2016,35(1) :53 - 56.

[6] Yang H,Feng Q. Direct synthesis of pore-expanded amino-function-
alized mesoporous silicas with dimethyldecylamine and the effect of
expander dosage on their characterization and decolorization of sul-
phonated azo dyes [ J]. Microporous and Mesoporous Materials,
2010,135(1/2/3) ;124 - 130.

[7] Chi Y, Yuan Q,Hou S S, et al. Synthesis and characterization of
mesoporous ZnTiO5 rods via a polyvinylpyrrolidone assisted sol-gel
method[ J ]. Ceramics International ,2016,42(3) :5094 —5099.

(8] FERSIS, Hhifae. Rk B 418 3 40 1 BNk 3R 5 W0 i il 45 %
PP HERE D], AL 3R 2016 ,35(4) ;1162 — 1166.

[9] Yang H,Feng Q. Characterization of pore-expanded amino-function-
alized mesoporous silicas directly synthesized with dimethyldecyl-
amine and its application for decolorization of sulphonated azo dyes
[J]. Journal of Hazardous Materials, 2010, 180 ( 1/2/3) : 106 —
114.

[10] Wu G H, Wang Z Q. Hierarchically imprinted oragnic-in-organic
hybrid sorbent for selective separation of mercury ion from aqueous
solution[ J]. Analytica Chimica Acta,2007,582:304 -310.

(1] A SCER, X0, pa g ], 5. SLETT IR AL Si0, A SR
WA AR A RS R[], b2 24,
2010,31(11):2136 -2140.

[12] Bk, 1381, B A, 5. ZSM-5/MCM 41 fi-NfLE &7
TR & R RAE [T ]. Al 4k T, 2015,44 (3) :308 -
313.

(13 k[, sRUEAR, JEI W &, 5. T4 B A A AL SBA-16 B2
FFE[)]. BT ,2016,45(2) :195 - 197.

[14] Li F,Du P,Chen W,et al. Preparation of silica-sorbent for heavy
metal ions removal in wastewater treatment by organic-inorganic hy-
bridization combined with sucrose and polyethylene glycol imprint-
ing[ J]. Analytica Chimica Acta,2007,(585) :211 -218.

[15] 5K, 284, £ 1, 5. AU A DA 7 2 fL S Ak i il

FEF EDDN IR HIE R EAE RN RAR 45
Z

o MO RPERERIR [T ]. PUALRAMBLFR 22240 A ARB) 2
7 ,2014,42(1) :211 -217.

TRERHIT, w6, RO, AF. LR IR R Bk 1 o Rk Al
PAUMORE B A AL PERE [ T]. 4k 2 42, 2010, 31 (6) . 701 -
704.

[16

[

[17] Dipakshi S, Avinash N. Analytical methods for estimation of organo-
phosphprus pesticide residues in fruits and vegetables: A review
[J]. Talanta,2010,82:1077 - 1089.

[18] Luo X,Lauber K E,Mather P T. A thermally responsive, rigid , and
reversible adhesive[ J]. Polymer,2010,51:1169 - 1175.

[19] Perkas N,Zhong Z,Chen L. W et al. Sonochemically prepared high

[

dispersed Ru/TiO, mesoporous catalyst for partial oxidation of

methane to syngas[ J]. Catalysis Letters,2005,103(1/2) ;9 - 14.

EREI, R, T, S T S ETY I g IR i ) A B

REBFFEL)]. BURALT,2016,36(5) :57 -61.

[21] Jin H,Meng Y,Yu Q,et al. Pb( Il ) removal from aqueous media
by EDTA-modified mesoporous silica SBA-15 [ J ]. Journal of
Colloid and Interface Science,2012,385(1) ;137 - 146.

[20

[

[22

[

Billinge S J L, Mckimmy E J, Shatnawi M. Mercury binding sites in
thiol-functionalized mesostructured sillica [ J ]. Am Chem Soc,
2005,127 ;8492 - 8498.

[23] Buhani, Narsito, Nuryono, et al. Production of metal ion imprinted
polymer from mercapto-silica through sol-gel process as selective
adsorbent of cadmium[ J]. Desalination,2010,251 ;83 —89.

[24] Sadeghi Q. Determination of Ph( Il ) ions using novel ion-imprinted
polymer magnetic nanoparticles: Investigation of the relation be-
tween Ph( I ) ions in cow’s milk and their nutrition[ J]. Food A-
nal Methods,2013,6:753 —760.

[25] Bai H P,Wang C Q,Chen J,et al. A novel sensitive electrochemical
sensor based on in-situ polymerized molecularly imprinted mem-
branes at grapheme modified electrode for artemisinin determination
[J]. Biosens Bioelectron,2015,64 ;352 - 358.

[26] Behnia N, Asgari M, Feizbakhsh A. Sub-nanomolar detection of zinc

on the ion-imprinted polymer modified glassy carbon electrode[ J].

Journal of Environmental Chemical Engineering, 2015,3 (1):

271 -276.

INCL, 2 KA, TR , 2. 32T FL Fey 0,@ mSi0, @ Cu® * 4k

S ORASE T 1 I8 A 2 I — 125 OB AR (0385 12 0 s K T B S R R

[J]. 3% ,2015,33(5) :449 —454.

[28] WIATE , BHIR RIS, R OB-— LR - ENHERER AW
TR Ay o B HC [ AR FECPERE [T ] AR AG 362 f0 2% 43 M,
2016,33(3) :259 - 265.

[29] WU, $B2% B’ * BRIRAFLA W BE I 25 W BB 52 [ 0] BR
PUIFE R 242240 - H ARB24A, 2016 ,44(3) :64 - 68.

[30] Gurler B, Ozkorucuklu S P, Kir E. Voltammetric behavior and deter-

(27

[

mination of doxycycline in pharmaceuticals at molecularly imprinted
and non-imprinted overoxidized polypyrrole electrodes[ J]. Journal
of Pharmaceutical and Biomedical Analysis, 2013, 84 263 -
263. 1



