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( poly(N-isopropylacrylamide), PNIPAM ) ®', & N-
CFFEC B U RN S e Y S Ho
PNIPAM i F Hiilfs FEAHAZ 1R B (lower critical solution
temperature ) I il T2 AR, EiRT
R = LS el WG IRTRE T, T TR
RET AT & 120, SRIMT, 4l PNIPAM A£7E 15 AR |
J52 Iy 0 375 B A R A U BRI (gelatin) ok
Wz, A RIS s U, |
A FE R, fEEIRT, BIRATIE R &
U5, AE'S PNIPAM 5CHE, B HUJ 2 ERe ™ esh,
RN U REMEAR AR Ay FRER A, R
IKEEIE I T2 e B

AW RGAL 7 B S Jm AT RO A LGS, L
NIPAM FIBH R Hept, il #iR As Cok e, It
5% NIPAM & X /K BERE 1271 RE . WL PERERY SR,
() s %o AR A 7 o A T, ROT AR Rt Mt
ST T

1 SEIGER S

1.1 TRERSNHFRE

1) Jsrt

SEREEN B BE: (NIPAM ) , 99.82%, |7k
PR 2GR R A BR A ] s N, N - 3 3 X 47 e
(N, N” -methylenebis-acrylamide, MBAA, 99%) .
2- FR AL -2- WL -1-[4-(2- FRIE LA ) R 1-1- TN
TifREL (12959, 98% ) , igEBH Tl FRA Al 5
SR KB R BT K

2) U

HL 720 7 RO, BS1035A B, i {42 45 1%
AR A R A WG HE A, MYPLI-2A #Y,
AR A ARG A RAE . R TR,
4.5Liter—84C benchtop %!, 3% [# Labconco; H =5 T
JEA6, DZF-6050 B, iR & A R TTEA
Al JTREHL TRERHL, EUT2503 Y, I =BG
HARA WA, ¥ 7 M3, BK PRECISION 878B
#, J2E B&K Precision; FIHiiH F /%% ( scanning
electron microscope, SEM ) , PW-100-515 %, fif2%
Phenom; HLfk~% T/E¥,, CHI760E A, | iffJR A4
A BR ] 365 mm $RAMRIRSTL], ZLUVLAMP,
I P BB A BR A |l MO,
LAMBDA 950 %!, PerkinElmer; XUEUE M5,
JF-966E &, JFTOOIS.

1.2 KERH &

SEFREC3 B (2 ) A AImA 3 AR A ke
e, FFIA 10 mL £8 7K, ZIEH B E T
RIS, REB AR 50 €. Rl
2000 r/min, FFE 1 h BRGS0, BSOS,
AR EE . S BIFREUNIPAM . 2B MBAA DG
1451 12959 AW e, &R P Hidt 0.5 h i HIE
G5, BB ARSI IR bRIC, #E DAIH RS
W, S S CHRIAT TR 4 h UK. K EERE
VIR 30 mm x 10 mm AYFE S F5CA 0.5 mol/L i iR Bk
W 12 h, RIEEKEERCE T 10 W 24T
T HESF 10 min, 245 B SLH i K BERS . A K
BECHI LS B ANk 1 s,

x1 AREKEBRBES
Table 1 The components of different hydrogels

Fef WK NIPAM  MBAA 12959 BT
SRR iR /g Bk /g JEE /mg JRE /mg KRR /mL
GN-1 2 2.0 4 40 10
GN-2 2 1.5 3 40 10
GN-3 2 1.0 2 40 10

1.3 Wi 53R

& B oot 21 4h % 3% (Fourier transform infrared
spectroscopy, FIRT ) FAF: B4 URT-1 5 /K Bt ke
i GN-1 HEATZLAMERERAE, S RI20 M eE AL i
FEC A 5] (attenuated total reflection, ATR )
WAL A 500~4000 cm™, 435K 4 em™ .

TESRAE: ¥V VR T 18 S5 1Y 7K B A i iHE AT
SEM £AE, DIWEKEE R RIMAE T, i T
RGBT 4 30's, AHHIE SkV,

JI2EVERERAE . FIR T e H i IR AL 45 14
IREEEHE A T ) eIl . %R P 20 mm/min
(R S AR IR 30 mm x 10 mm (7K EERAE S,
BRARESL AT 3 IR, 15 BB 7 — AR 2K

HL SRR B 10 mm x 10 mm BY7KEERCRR b
HCEAEM A (Pt) Mz |], FEF A f Ak T
1 3l 3547 22 i B BT 3k (electrochemical impedance
spectroscopy, EIS) o ifad BHHT X K EERE 1 HL 52

(o) A5, Hp 2
d
J:S—Rb ) (1)

Kb d AR Z B R R S AFESL S P AR
FERLIAR s R, /K EEIE AR HL BH
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FeLkiE LML HF 30 mm x 10 mm 17K B
FER B TRIUR b, B, WEOKEER S
O GEWITELL, R iE I 543 6 RE T S K B
AN, I TG D 200~800 nm.,

2 HRE5iTie

2.1 PNIPAM/Gelatin 7K 5E B B0 & A fn iz 57

9 T 43 #t PNIPAM/Gelatin 7K % 52 i 2 475 30
K oy Z B A EAE T, R T FIRT X 7K &8 B
GN-1 17 RAE, £LAMBIE WA 1 TR, 7 3278
em ' ARy B Y N—H SR 4R PR s, 7 1630 cm!
A2b P W AT U B K 7 PR i FR C==0Y, IbAb, T 1448
cm™' b}y PNIPAM () C—H 8 [ N 25 fh Pk shik, 78
608 cm™" ik Sy 3% £ W i C—H T PN R HE AR B
W i %, #E 1080 cm™' 4b % % 2 B PNIPAM % I 1
SR C—C MR sh 51k B R I I e A
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HE— 203 1k SEM X 7K B i 1 3 THT B 35 25 4
AT B4 Hr. B 2 B8 TR [F NIPAM 75 2 A
PNIPAM/Gelatin KEEHZ ) SEM [E. HIE 2 T LIE H,

2.2 PNIPAM/Gelatin 7K EEBE B 1 21 6E

N TR & R KBS T M RR R, XF
N [] NIPAM 75 5 it PNIPAM/Gelatin 7K 5 i 247 1
SRR, S5 3 R, NI 3a By - AR
M AT LA 1, B NIPAM 2 i/, K EERE 4
J12E M RRSER S 085S, I N 12.98 kPa 4t - Tt
43.52 kPa, M Jifi# NIPAM & mib— /0 T REZ 7.9
kPa, MOKEERCEIPEAS LI 3b A1, CN-1, CN-2,
CN-3 I Bk 3N T 7.7, 32, 3.2 kI/m®, SRR
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Fig. 1 The FIRT spectroscopy of PNIPAM/Gelatin
hydrogels

N-2 ¢) GN-3
2 A NIPAM & EH#) PNIPAM/Gelatin 7K SEM
Fig. 2 SEM of PNIPAM/Gelatin hydrogels with different NIPAM contents
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Fig.3 The mechanical properties testing of PNIPAM/
Gelatin hydrogels with different NIPAM contents
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Fig. 4 The conductivity of PNIPAM/Gelatin hydrogels
with different NIPAM contents

2.4 PNIPAM/Gelatin 7KEER B EBITA
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DR I o L R RS gER 4 . h T ST IR Rt
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Fig. 5 Light transmission and color of PNIPAM/Gelatin
hydrogels at different temperatures
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Fig. 6 Schematic diagrams depicting patterns observed
through PNIPAM/Gelatin hydrogels at varying

temperatures
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Its Application in Smart Windows

ZHANG Yaoxun, LAI Zhigiang, JING Xin

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: The poly(N-isopropylacrylamide)/gelatin (PNIPAM/Gelatin) smart thermochromic hydrogels were
prepared using N,N’ -methylenebisacrylamide (MBAA) as the crosslinker, gelatin and NIPMA as matrix via the
combination of photoinitiated polymerization and salting-out effect. The mechanical properties, conductivity, and
thermochromic behavior of the PNIPAM/gelatin hydrogels were studied using scanning electron microscopy (SEM),
tensile testing, electrochemical workstation, and UV-visible spectrophotometer. The results showed that as the content
of NIPAM decreased, the mechanical properties of the hydrogels increased first and then decreased. As the temperature
increased, the transparency of the hydrogels decreased due to the phase transition. When the temperature decreased,
the transparency of the hydrogel was restored, indicating the potential applications of the hydrogel in the field of smart
windows.

Keywords: poly(N-isopropylacrylamide); gelatin; hydrogel; mechanical property; conductivity;

transparency; thermochromic smart window
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