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ABSTRACT

Preparation and characterization of photo-responsive

smart hydrogels

Yu Jong Su
Advisor : Prof. Kim Hyun Kyung, Ph.D.
Dept. of renewable energy fusion

Graduate School of Chosun University

In recent years, the environment sensitive hydrogel had attracted extensive
interest for their application to the biomedical areas such as drug deliverers. The
hydrogel was able to undergo large chain conformational changes with respond
to stimuli such as temperature, pH, light, electric signal, pressure. As a result, a
number of stimuli-responsive smart materials have been developed and
extensively investigated. Among these materials, the photo—responsive materials
containing photochromic compounds such as azobenzene, stilbene, and
spiropyran have been widely studied over the past couple of decades because of
their unique optical properties. This class of materials has potential for
applications in the fields such as optical storage, sensors and actuators. In this
study, we report on new photo—cured hydrogel containing stimuli-responsive
smart materials such as azobenzene. In addition, we investigated the
compositional effects of drugs on the photomechanical properties of these smart
hydrogel. When the smart hydrogel was irradiated with UV, Drug emission was

controlled by the light.
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Figure 1. Release behavior of stimuli—sensitive hydrogel.
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Table 1. Hydrogel classification based on preparation methods.[9]

Classification  Method of preparation Examples
Chemical Polymerization Vinyl monomers
hydrogels Chemical Reaction Reactions used to crosslink natural or synthetic polymers, or
polymer networks
Physical Tonic interaction Alginate, chitosan, hyaluronan
hydrogels Hydrophobic poly(N-isopropylacrylamide), hydroxylpropylmethyl cellulose,
interactions PEO-b-PPO-b-PEO,

Hydrogen bond

interaction

Protein interactions

Crystallization

Self-assembly in a
supramolecular

structure
Micellar packing

PPO-b-PEO-b-PPO, PLGA-PEG-PLGA, PEG-PLGA-PEG
PVA, PVA/PEO blends, PVA/ poly-gamma-glutamic acid blends,
PVA/PEO-PPO-PEO

blends, PVA/poly(vinyl pyrrolidone)
(PVP) blends, polyacrylamide/polyacrylic acid blends, gelatin,

oligodeoxyribonucleotidesgraft—
poly (N,N-dimethylacrylamideco-N-acrylolyloxysuccinimide),

gelatin, Perceca
Synthetic polymer-graft-proteins, synthetic polymers—graft—coiled

coils, biotin—avidin

cross-linked networks, antigen-antibody cros-linked networks
PVA, gelatin-silk fibroin, isotactic PVA, isotactic
poly(methacrylic acid)

Pluronics, PEO-b-PPO-b-PEO, PPO-b-PEO-b-PPO,
PLGA-PEG-PLGA, PEG-PLGA-PEG

Pluronics, PEO-b-PPO-b-PEO, PPO-b-PEO-b-PPO,
PLGA-PEG-PLGA, PEG-PLGA-PEG
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Figure 2. Photoisomerization of azobenzene compound.
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2. UV-Visible Spectroscopy
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Figure 5. The production process of hydrogels.

_16_



Table 2. Formulation of the UV-curable systems with varying amounts of Azo-VE.
data values are weight percentage.

(Content of initiator (%) = Matrix x wt%)

(Content of Azo-compound(%) = Main X wt%)

A B C

HEA(wt%)? 11 11 11

Matrix ~ PEGDA(wt%)? 13 13 13

Main MBAA(wt%)3 1 1 1
Methanol(wt%) 45 45 45

H2O(wt%) 30 30 30

TPO(%)* 1 1 1

Additives HPC(%) 4 4 4
Azo(%) 0 0.1 0.2

! Hydroxyethyl acrylate (Aldrich)

2 Polyethylene glycol diacrylate(PEGDA) (Aldrich)

3 N,N’-methylene bisacrylamide(MBAA) (Aldrich)

4 2,4,6-trimethyl benzoydipHenyl oxide(TPO) (BASF)
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6. Scanning electron microscope (SEM)
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(9H, t, *J = 6.15 Hz, ~CH, -O(C=0)), 649 (1H, d-d, *,. = 688 and *J, = 14.40
Hz, -O-CH=), 751-758(3H, m, aromatic H meta and para to C-N=N), 7.94-7.97
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Figure 7. UV-visible absorption spectra of Azo-VE

in ethanol at room
temperature

by 365 nm
Cis—to—Trans by visible 400~500 nm.
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Figure 8 Photo-DSC exotherms for the photo—polymerization of without
azobenzene and with azobenzene mixture. Isothermal curing
temperature : 25°C, Cure lamp : UV-LED 405 nm, Cure time : 5min,
light intensity : 30mW/cm? in nitrogen.
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Figure 9. Percentage conversion profiles for the photopolymerization of

without azobenzene and with azobenzene mixture.
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Figure 10. Swelling kinetics of various compositions hydrogel with HPC:

Swelling & Release behavior. Swelling and Release temperature;

25C, in oxygen.
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Figure 11. Swelling kinetics of various compositions hydrogel with HPC:

Release behavior. Release temperature; 25T, in oxygen.
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A B C

Figure 12. Appearance of the hydrogel after repeated experiments:
(A) azo 0%, (B) azo 0.1%, (C) azo 0.2%.
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Figure 13. SEM images of the facet of various compositions hydrogel:

(A) azo 0%, (B) azo 0.1%, (C) azo 0.2%.
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Figure 14. Structural formula of ribavirin.
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Figure 15. Drug release of various compositions hydrogel before irradiation.

Release temperature; 25C, in oxygen, about ribavirin.

_37_



Relative release ratio (%)

2.0

184 A: azo 0%
R B:az00.1% ]
_ . 0, T T T T ———— T
16 - C: azo0 0.2% //,
-~
7
147 SO
S
PP PREE L
1.2 7
/
1.0 //
//

0.8 /

/
0.6 /

/
/7
0.4 - / -
/-
024 /-
/
OO T T T T T T T
0 5 10 15 20 25 30 35 40
Time (min)

Figure 16. Drug release of various compositions hydrogel after irradiation.
Irradiation intensity : 60mW/cny, Irradiation time : 30sec,

Release temperature; 25C, in oxygen, about ribavirin.
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Figure 17. Structural formula of curcumin.
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Figure 18. Drug release of various for different light intensity of UV-LED 365

nm, about curcumin.

_41_



=W EF2l (Indomethacin) &2 A, H|2~H &2 0]

oA ALgH

-
R

Figure 19

Ab-8- 31301

—
™o

Figure 200 e vpe} o] 24

< OmW/ecm’o Al 915 2= glol = Alzke] Aol whel XA 3

Holy o

glo] 45haz Y

=

&

P
T

Ho]x~ &ui¢l pH7.69 =l 74 °f=o] AA|

-
R

i+

ol

TR

i

=]
=

=

w20l

-
R

AdwrE A wA )

file)

JJo

o
o
o
g

~

_42_



H,CO CH,COOH
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Figure 19. Structural formula of indomethacin.
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Figure 20. Drug release of various for different light intensity of UV-LED 365
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Figure 21. Thermo mechanical analysis by UV irradiation with heat absoption

filter: Sample A; Azo 0%.
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Figure 22. Thermo mechanical analysis by UV irradiation with heat absoption

filter: Sample C; Azo 0.2%.
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