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KRR IhBE U ER R 5 M A it &

FFRLBEWACRRELHE ORLRAWAOLE

(LLERARE T KFAFIRESLR, LW 650500; 2.5 4 BER LA SR, 2% 653100)

92 ¢ KR R — P = A BRSO P o 40 T O R BT R B A 2 R B T A P R L B B R
AT B PR AR AR AR A o LA T IR A R i R AE (R G R A K R I 1 £ B L I
AW AR AU RE 22 45 A N B2 IR o AR SCEEIR T IE 10 4R R D) RE K BEIE T £ 5 vk R O R
e FCRE R BAR LA 22 Wi e o7 5 A0 v AL ARSI B2 S M BB D 2 T R T I A A T RE A K B 1) e BT R 45 07 1
1590 B e T RO AR 2 T S 5 MR S0 B 5 A0 A 22 o P 2% R AL 27 P b B R AL SR AE L TR 41 T IR R T REAT R
TR B 25 A2 ARl AR i 45 D7 T A4 1 BRAR 5 2 JR i 5t A 00 OG220 R Xk b S B B /N AR AR B AT T
P14 38 B 133208 7 5 M e JH A A 0 45 19 1o Y« Sy K B 2 114 3 — 2B T R Rt T R R 5 %

KR DI RE K BENE s K BRI & s otk

5l E

bt ze 60 4R AR HE 5 BE - Wichterle B R il 45 R B 5E N M WR-2-%2 £ Bis [ Poly (2-hydroxyethyl
methacrylate) , PHEMA-ZnMA(2) KEERE . I 4E0 , KBS AR B2 25 A L A 9 F 68 o 45 b4 ) T 88 40 05
(14 07 FH RSO B )3z L AT IR Tk il 48 T2 Kot e 2 Tl g

TKEE RS B K B IR 5 N S5 7K 6 K 237 45 B T8 B — 4 AR S5 4 . 00 b 2 8 A M g ] 9
S PR PER AR HWK B A B E RN TR 20, fEBE S0 b, /N3 BoE IR BT . K 3045 8% /4
KRS ¥ B 2 e AR A

AR F BT 10 A3k AK B I £ 5 ik i A 1 B g O 2 22 R AL L I 6 K S A B 5 I 1Y) i
ST TREA,

1 KRB o e fb i

1 58 il £ 53 4 R A 2R R0 A Bk ik R S S 60k RN B A e 3 . Ak 2R s B R A A5 v P e ) B2 BRI
ZH B 2 R BOKBE A YT M B AR B3 2% 5 4 59 R 3 A8 Tk 9 B A ol P S TR ) AHL R 5 AR R B L
PRAFPE R A . DA AT RN K BRI I A% B8 T 2P A AE Z2 Rl B B PR O AR R [ A TR K B R 1Y 3 g Ak
7 T (P BB B R I O HEAT TR
1.1 ¥
L 1.1 R FEAMEIACEE IR0 2 6 M B SCBR] 23 8 K43 ¥ TCALA R & IR 4 1A HLA BL
B o WA ST e BHE g 223K bt L 32 30 A0 5 VR FT I SEBK vhc 7T 0 i RE 6 1 58 52 5 B REBILAR 1
AE T 7K BE Je 7 7 27 VR BE | B A Pk R 2% R g A T A AR T

o F MM B R A i B A RR MR 2 91Kk 2 & (Nanocomposite, NC) , 44 K JURL AT £ 25 W fh
BE KBRS HLBGR BRI . E Ak A B84 (Graphene oxide, GOk &R N BA K= DBk
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Pl 2 LS T 815K 070 M 8 655 GO TR 30 8 755 5 3 K ) 2
fE. Wahid 25006 52 B 5% B (Carboxymethyl chitin, CMCH) | & %1k 4 1 3 40 15 v W0 #4435 &
FAbEE AL Co* B4 THHE CMCH-CuO 90K & & /K EEKE . Rasoulzadehzali 265 1) 5% 2 8% (Chitosan,
CHDHl GO-Ag G4 K Z A0 BORL T 45 18 8 pH B AE W) 94 K 525 7K B e BRORL 127K B I T DL il 0 88 24
Wy BRI I EL A T LA 5 B R s PR SR S . Zhang ST L — RIS T = o0 JEUEAR AT SR a0 ok
F (Ternary reduced graphene oxide nanosheets, rGS)-= % ft — ¥k (Ferric oxide, Fe, O, )-% Nt %
(Polypyrrole, PPy) /KEEWE . G 1 /R, rGS Ay 48, PPy S 28 SUHE 45 14, P9 35 T UAH . 3% #5212 L 45
F AL iR A Feo O 9K G M RIURE L 7T 41 155 7K B 50T 37 P 5 1 25 R 003 N B i %2

one-step P S S b o L
—_—

r1=Gs @=Fe0, B =PPy

BT = 0k K B P 25 4

Figure 1 Internal structure of ternary reduced hydrogels'™

%73 T A DU R A rh s H AT USRI 02 K2 73Uk &2 & (Macromolecular microsphere composite,
MMO) ., Zhao 55" 3R Hl i S0 K43 T 0Bk A5 O s 106 rhots o A5 B0 1 ELAT e AW B 1) AR B0 R T ek
IN - S5 D 2 D s T M K B . Xu A5 DAAZ -7 3R W sk A Sy 28 00k e B 2 1T 09 411 P ik A1 5 51 R it
TR B0 B2 N B SR 5 B I M BE % (Poly acrylamide. PAMD 8535 . il % 7 ELA 5 80 Pk R0 v P A vk 10 2 A
IKEEIE A FE Wk 5 B R Z 18] A R A PE B i S Mk 450 2 B A RGP £ Wk, o B
UL SE R B P A 2T LR R AR L e kAR, WA DY DI L R R 2 MR
(Sulfonated polystyrenc, SPS) 5 P BN 246U, 4 T SPSPAM KB » B A 29 47 A B 1
T ALK EEE Y T 2 ERE .

112 M@l Mg sKEEN & i 2 5 02 A7 B T35 i mo o fr s S m LR i . HAT it 2
M2 BB T F B M 2% (Interpenetrating polymer networks, IPN) F1 3K 2% (Double Network,
DNO™,

IPN 2R G W51 KR FIAE AR 55 45 6 5 T2 U BE 4 B by M BE R R R G W M 4 . TPN 3k
530 : IPN F2f-IPN(Semi-IPN) , H X HI7E T Semi-IPN Jo 75 s BE I, 1 IPN fii I A2 865 . R IPN J7
2 A T 1R K I 1 ARG R L 2 M R R BIL A S O L LA T o R R it . Semi-TPN
AT AR PR e N R R (pHORNRLEE) 2 T2 S B J5 . Wang 5500 LUB e 0 2 D3 3 4F 4 38 O J50 )
£ T IPN KBERE 1% /K B e ELAT @ LA | 28 0 38 b A e i v . Hou 350 LI AR 0 40
A B-% 2 B¥ (Salecan) F1 3 2-TH M Bt & F&-2-F 56 N i BR-co- N-¥2 B 3& T J@& Bt i (Poly CAMPS-co-
HMAA), PAHD 4 1 Salecan/PAH Semi-IPN 7K & i, %K B A R4 &2 2 L4850 & B %
P VI AE 7 L nT B ik R i LRGSR . Qi AT DL Salecan T N-(3- T 3 G N B A BEIE T A AR
BRAM I s T HA pH BURM R (N-3- B EUE Y5 IS BEIE Semi-TPN ZKBEIE . 58 i 7%
Salecan Y7 & . FT X2 7K B e A9 AL AR B2 L FL AR L W BEE 6 L 24 ) 2 480 0 R 55 1k B E AT I T . X /DA
TR SRR S X AT (Curd lan, CUD) i 14 #8325 5 71k, TE M b 0 8 7 5 = 2 0 3L
(Divinyl sulphone, DVS) I i , A4 B I8 5L A, ) Ji i IE S A 5 CUD 7 7 H e 3 kA L 71 2
N JE R DVS Hefr 52 15k IPN P28 2544

DN 2 sy AU AH B ZE 4G i, Hoh 28— 2R S R AC BRI e tE R SN 5 R 2 R R BN,
43 BISM ) F XU AR B TR LB . Dixit %7 LUK 2,4 82 (Polyvinyl aleohol. PVA) I
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HE 25 5 TN TR (Acrylamide, AM) I H JL TN MR 2-72 £ BiE (2-Hydroxyethyl methacrylate, HEMA)
SRR Y G ITE R 1 AT 8 DN KBRS b 58— J2 W45y PV A-TITID XUEE N 2%, 55 )2 M 45l AM
5 HEMA (25 SR ALR. VKB EUR 533 DK 253 BUBRPE R A i B Wed 6% 25
Pil a5 7B /PAM 3 DN BERE, 1 E 2 BroR 55 — 2 M 45 S W 30 35 A5 8 I . B v i Sl i B A R
H—OH A, R H 5 Big b ol /2 S8 /R T B 42 R (0 SUR e 2548 5 5 2 M R G
T it PAM (8] f) S A R AU B PAM BB 0 4% , e 285 i o S s sc Bk , SRR 5 T ALk e L
KBS AT o A 0 B RE A8 PO K S IR T A

o0

°F " o

0 009 Heating 0*5. 4~ c°olmg

o8, © :{)

X

o %50

@ Asar \._~"\/ Linear agar chain J’& 0 O H—NH 2
S} /71w V4 pe

® AAm s Agar Helices ”‘0 on o“)k(/ HN—H i O

p L . Agar/PAAM

7  Irgacure 2959 @ PAAm Physical Network Agarose Physical DN gel

Bl 2 BliR/PAM DN % il & HLEE

Figure 2 Scheme of synthesis of Agar/Poly acrylamide DN hydrogels''®]

1.2 BEERHE

RS RERRBEAGY E8 5T AW RS+ LY 0 S sl T RePEMI 3 & A R A R 46 B i R
G TP RS N TR, 2 A K B B 0 R P 52 5 W) R4 RN 5 ) A SRS I R AT VBE R M S BB AE S R
Jommanee M58 5 88 (2, — B H B (Poly Cethylene glycol) methyl ether, mPEG) fil - & N E§ (e-
Caprolactone, CL) S I Az J il B e i Pk — ik B 2L R W L i 28 17 52 M- - (mPEG-ix Be-PCL) AJ 7 i 7K %
FE o 2% 7K R JE X TR P MR8 BB R R B R pHL L AT Ry S 13 M . Zhang 4850 SR FH [2- CHY 3 T4 46 Bk 48055
O HE ] = F LG A BV ORD £ s T B8 T 4 53] Ry ol A I S L g ) BRLOAR g A A L AR K R M A 1) 2R ik
FR I 2 THT . S0 25 A 3R WY L 45 WK e 119 2% 18 2% 7K M e WD S B s X B U S T RV S TR A L B g
TR, K BRI BT 3 A i ORISR R R )Z T TS IR RS W

2 KRR T A AT ORH B B

2.1 E£YEHMH

7K B JE AT 8] A g 2 RV AR A ) 2 PERE L Iz B B SRR R IV R ] R R e N2 DL B B
TR 1 SRR AT Tz N TR S A SR T I T 2 W) A B RN O R A A ) IR 2
Nichol %' 3 Tj‘ﬁ?ﬁd‘%&ﬂiﬁJ%TEﬁﬁ@ﬂAﬁa@E’Jﬁ)‘f/ﬁﬂﬁﬁﬁﬁkﬁ@ﬁﬂkﬁﬁﬁﬂx(belatm
methacrylate, GelMA), SZH R W], GelMA Ff A K it {8 , A5 K P9 R 48 B T DA v 21)3% 038 58 L OB
WAL KA R GE M AR 25 F9 . Peng 852 LAZF4E R M 4- 26 32K S0 R (4-Vinylphenylboronic acid,
VPBA)TE L, 7 U8 IR U o 1 B 3 49 B AT pH e B PR 1 BT B BB LT 4E R -VPBA B854 W)
KU R 12 K Y6 e T 30 2o 4 2 R 0 VR B TR R B S R . Kumar 255 R FI A 45 A B L 43 0 LA R
WA R e SR A I L BH 8 - SR 5 W A T B W S SRR 45 Y8 TS AN KR i KB I B I [ A R 0
PUERAE I WIAE A YL IE 2 ER . 3R LI0SE T B A /K BE i 78 A= W = 24 G0 1) i 72 iy P 552 491
2.2 RAUmEME

KB B A FLBR 53 A5 ¥ 51 19 = e AR 5 4 o A7 78 i 0 ik | T e AR it e R S5 S K B AT L (i 2 B K
WK PR IKRE TT o B e WK PR K BE I 5 - B 45 G, 7T el st - 9 0N [R] 45 4, 42 5 1 388 SO AR IR 1Y

U THEE B A R AN IE AR A A KUY R R K B R R R A AR R A N 4 h R b
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Table 1 Examples of hydrogels in biomedicine 2323

ST IS B H AR T AL 27 3k
GelMA NIH-3T3 A £F 4 20 i 71 41 Ji 35 w25 LA 1k fiE 45 45 4 41 23
GelMA N5 51 22 RE T 4 Mo fie iF 5 i 3 IC (g 24
AR AR K B I U U 290 38 O JIE 25
75 Y 5 I AL PR 9 3% Y 5 A 0 L T SR A R A BILAR 1 fiE LS 26
SR TR 5 T 22 7K 58 2 P2 s HLAR T RE NN INAEE 27
R 207 K B BT RN A 28
T 7 R K B EUNCECE /NS0 SR 30
5T 2 U R S K BEIRE ARJGHL R & ARJE0 @& 32
DRR 55 K BRI 215 3% WRIT BB B SURs O R e 33

AR A= rhig B AR R RE LR K 0 % 43 B HOH 260 o TR AR 22 WU e 2 A 3 RO Bl K
FE 45 ) s R B T s DR K o MR K R 0 P 5 S R s R B T T A R R A R IR B 2 T R RE
TN AT AR Ay A 9 e R R0 S o 380 O e v o P T A T SRUNE 1% R R I A B b % A T R A A A
Fernanda 557 LL4[ BT 47 11 B e 1 FF 35 TR 045 12 206 7K HE e T A SR o e SR a4 17 B £ 22 M ] 7 417 Jie Ik /K 5
JBE s T ] 3 5 A M 68 R S A B0k Rl R S R R RS )RR R AR R S O i Y SR R
Vasudha %5558 FE SRR 55T SR 42 A5 3R 30 1 4% St g /A% e ] 411 AR i 8 1A A 7K 98 J » 3 e %) 8 R
() - SFERE i 4 P 7K PR AIF Y I B 12 7K B e P A6 4 S 1) DR K I TR) ply 14 SR8 3 27 K.
2.3 fmREER

TE Tt 25 AT A ) 7K O e T R APR  2h PR 1  T K G T B DR LR W 0 L R R R R PR
T FE L G AR TUIY R B BN T AL R R A L KR B B B e T 3y R A 2R
AL, W R AR S AR HG A B A L HAT LU R - (D S i e i3 I OFBIA B B 4548 5 (2) 1%
AR 1 3 375 1 AN 52 T £ 0 AR B 1) AL R R i SRR AZ 5 (3) T3k o B 2 A AR W 1 A K E R A A 5 () K
A o TR AR K B K T2 R e SR L 3R 0 WL o T R R TR R 4 A A K B R T A% T A 1 B R 3
B AR B A A . EL A5 Al I 7 SZ 6] AT S B PE 4 i SR K M i 18 B A R
T T L A R AR A AR S B L BRI Z AN R — S Ty Rl M K S A L
455G 3 FEW Ky 1 AR A0 K R 1 CAgNPs) il % 19 BrIR /9 1R £/ 108 J5 = T iR & /K Bk 11 I 2 A7 2 o0l
el AgNPs 0] FRARGIAE W0 M s A W 0 oK 2 G T 1) MILAC SR B2 R UM RE . Oun 585 LLUAUE
BEA KR T (ZnO nanoparticles, ZnONPs) ,CuONPs 16 X 3E 45 7 HA Yo A 5Tk i A XS e g0
KR BERE - 45 2R 7R 4 Ja 20 2K UKL 1 i A el 7K B 0 X8 Ok M A T R BR A% A M 2 B ke T B A T BRSO
Benito-Pena %7 L) 3-(4-383-3- U LRI T R BEAR 43 7 o 105 T B R R AT 2-( W 644000 2 36 W
FNETRER IR, 2, — s — B BN 45 BR S (Ethylene glycol dimethacrylate, EDMA)E 22 BE 5 , 1l
B T RIR BT BT B IR 1) 37 2 - B3 7K 3 R 12 B K e B A B 1k B i BT 48U A 1Y RE
2.4 JRERWHE

BB K EE I 515 GeoK BE AN [R) , M55 T HAG 16 PR T e A g 7K 56 R SR A2 2L 45 o 12 7K B e Bl ob
FRIREE RN AL T 2 E B AR K /W A 2 B ORI 1 5 R K R T K/ W ) L e
TR pH H Ot i MBS %, B, REH TR A &8 pH E SRR ESS, mILAE B R K B
57> T ENE £ R (Molecular imprinting technique, MIT)Z55 SO HoRe 5 P U0 H A5 707 B BE J7 - 2
1 TR KB IR S A B AR o SR IBUME AT L 2 W AR A T BT pHL i R M 1 A 4 B 4 T D
MK BEIE . 24 pH =7 I, TZ EI 7K BEIE PR BE A 85 2K P $ i o Ak TV KRS s pH =2 I, [RIRR S i 5
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TR SRR PRI ES L A ISR RS 5 K mT R FH R DR e AR A R o8 R A A B U E . Meng UV
Stober J5 ik il £ T 5 250 i ST Tk A A VS OB LA B G o L R TR TR ORI Y I A A I KR T A B
b AEOLR G Tl T BAT RO F A5 4 B T S AR K BE I, LT BT T I e R AE R
BTG b o BRSO R Y 3 B CR H LN 4R R B I (Poly (methyl methacrylate) , PMMA) (R 2
(Polystyrene, PS)Hl 4 ki (Silicon dioxide, Si0,)) T fb A K B W 4T T WF 98 . & BUAE 4454 vh
PS fefd: . = 4e gt PMMA e f . X0 BIAE 4 = 4e 254 F DL 45 0 25 2 R o AR 20 T 45 T
O F BRI F SRR BEIE . S /NE AR LUK A R A AR 4 F A T K R 4 1 Bl AREUK B G L i K
5 JE A AN ek 8 78 Ak 0% BT T v T v W Ac 4 o i FL L R 0 1 e S e e

3 EZ

BRI R A S 9 B B R A5 3 T 2 U 58 1 2 S T UK B A 1 52 BR T A% S il £ T
Lo B A s SHR A A 1R 7K R I Hh B A 1K) A 7 S IR R 2 5 MR HG I s 0 B S 0B 1k ) K B I A7 FL B 4
Hey 359 5 BE VHUAR S5 B | TRk v 3t R Y JE8 ok A 45 D T 3 A i Xk o RS b 3 1) R o 2 RE Ak Bk 245 2 R )
figp DR AELAH S AIE 5 38 75 AN LLTR LT T 4 2

(1) 7K e ) i B S ) SE B T AR 22 o AHL S B B8 A7 b AR AR A o 15 BT A /K B 1 TR i 4 B 3d
A7 S ) FBUAT AR A DA ) A IO A A = 50 75 T B 220G 3 G 3 1V T ik 1) 7K B8 JIAF 9 5

(2) O T A R e BRI 14 g 2 JEE L LB 50 W R A O i 6 D i R R 3R £ TR R T
PR 7K BRE J52 1 1 MG A 1) 200 R A K Bz FH AT 5 5

(3) T AR B0 L O 0 A0 22 ¢ 5 R st 1) 0 B /K OB S AT #f) BT ) 2 Ml AT SR 8 Rl AL R L 2 T
A U B R RN - SR PSS 7 I 5

(4 AR RS BE 25 PR 4G & o AT B A AT 3 ) 22 Ao Gl 2 0 B T R 5

(5) X REZK BRI Y TR A S0 A B4 MIT L R UK BE IR e 0 52 AR5 & - R R G 15 5 7
P L2 B A D N HR AT 3 9 26 A Ak, S BRI S 25 10 B o 9 DR S P U

52 Xk -
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Functional Modification and Application Progress of Hydrogels

LI Zi-yi', GU Li-li'* , TONG Zhen-hao', DU Kang', SHI Jun-li*, GONG Guang-hui*
(1. Faculty of Chemical Engineering , Kunming University of Science and Technology, Kunming 650500, China;
2. Yunnan Academy of Tobacco Agricultural Sciences, Yuxi 653100, China)

Abstract; Hydrogel, a family of three-dimensional network hydrophilic polymer soft materials, has remarkable solid
mechanical and liquid thermodynamic properties. It is flexible and has excellent characteristics of plasticity, biocompatibility
as well as degradability. It also shows high stimulus response characteristics. Hydrogels prepared by traditional methods
have many problems, such as toxicity, low biological activity and mechanical properties, which limits their application.
This paper reviews the application and research progress of modification and preparation of functional hydrogels in recent 10
years. On the basis of the original function of hydrogels, increasing their absorption sites and mechanical strength were
mainly optimized and improved. The advance preparations involved the physical modification of low molecular weights
composite crosslinking and construction of multiple networks and the chemical modification of graft copolymerization
method. The application and development prospect of functional hydrogel materials were introduced in medical supplies,
drug delivery and remission, cell culture in biological engineering, agricultural drought resistance and food packaging
respectively. Finally, this paper focused on the smart molecule imprinting hydrogels with high specific molecular
recognition properties. The combination of intelligent hydrogel technology and molecular imprinting technology for the
detection of trace drugs can reduce the detection cost, shorten the detection time and improve the detection efficiency. It
provides reference for further development and application of hydrogels.
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