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(a) Chemical Hydrogel
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Bifunctional monomer,
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(b) Physical Hydrogel
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lonic Interaction
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+
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Polyanion
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Hydrophobic Interaction
or Hydrogen Bonding

Amphiphilic polymer

12! 1. Representative methods of hydrogel formation. (a) chemi—
cally crosslinked hydrogels are prepared from monomers, oligomers,
or polymers in the presence of crosslinking agents. The chemical
crosslinking proceeds via radical polymerization or polycondensation
reaction. (b) physically crosslinked hydrogels can be formed by ionic
interactions, hydrophobic interaction, or hydrogen bonding.
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8! 2. The chemically crosslinked PNIPAM nanoparticles, showing
different colors depending on the particle size and concentrations.®
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8! 3. Formation of the core—shell type hydrogel nanoparticles by
electrostatic interactions. The anionic solution which contains core poly—
mer is introduced as a mist into a cationic solution of shell polymer.
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Hydrophobic
inner core
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8! 4. Self—assembled hydrogel nanoparticles of hydrophobically
modified polysaccharides. Note that nanoparticles have multiple inner
cores which physically crosslink the hydrophilic polysaccharide chain.
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N—isopropylacrylamide,

O QOleic acid (O) ﬁ acrylic acid

Gold nanoparticle

Hydrogel—coated
gold nanoparticle

18! 5. Hydrogel—coated gold nanoparticles prepared by surfac—
tant—free emulsion polymerization. After coating oleic acids on the
gold nanoparticle, polymerization was carried out in the presence of
N—isopropylacrylamide, acrylic acid, and ammonium persulfate
(initiator). The size of resulting nanoparticles was in the range of
100—230 nm.
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3 1k 13

Polymeric micelles
bearing aldehyde groups

L |

Aminated substrate

020,020,

T - '

*Polyallylamine,

NaCNBH;

I8! 6. Schematic illustration of the multilayered micellar coating on
the surface. Polymeric micelles to be coated were first stabilized by
polymerization of the hydrophobic inner core. The stable micelles were
then immobilized on the aminated substrate by the reaction with al—
dehyde groups on the surface of polymeric micelle.
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E 1. 5}0|=2H9 5=37(0 OE 2/RE

Classification Conventional Macroporous Superporous
Hydrogels Hydrogels Hydrogels
Pore size Nonporous <10 um >100 um
Pore Lack of Intercon— | Rich in Interconnected
. Nonporous
connection nected channels Channels
Swelling Very slow Fast Extremely fast
Kinetics Y (minutes to hours) (< 2min)
. + Crosslinking inthe | Crosslinking poly
- Conventional phase—separated L
. L merization in the
Preparation | crosslinking method| state
L . . presence of gas
- Physical interaction |+ Freeze drying of
bubble
nonporous hydrogels

H 2. SAPsQ SPHsQ| H|mE*®

SAPs SPHs

Acrylamide, acrylic acid,

Acrylamide, acrylic acid, |salts and esters of acrylic
salts of acrylic acid acid including sodium and

Commonly used

monomers including sodium and sulfopropyl acrylates,
potassium acrylates 2—hydroxyethyl
methacrylate
Method of Bulk, solution, .
. . . Mostly aqueous solution
synthesis inverse suspension

Thermal, redox Mostly redox
Random closed to

semiopen cells

Initiating system

Porous structure Interconnected open cells

Any shape including

Final product Particle particle, sheet, film, rod
Water absorption Diffusion (high), Diffusion (low),
mechanisms Capillary (low) Capillary (high)
Swelling

Size—dependent Size—independent

dependence on size
Type of absorbed

water® Mostly bound Mostly free
Free swelling . .
capacity Very high Very high
Retained water .
High L
Under pressure 8 ow
Where high swelling, | Where size—independent
Applications fast—medium rate of high and very fast
swelling is required swelling are required
Service Water, saline, Simulated gastric fluid,

environment blood, urine simulated intestinal fluid

aWater in the hydrogel structure can be classified into bound, semibound and
free water. While bound water is tightly attached to the hydrogel structure, the
free type of water can easily be removed from the gel even under low pressures.

TEFA] 182 (superabsorbent polymers; SAP) $} Zth

X FEASPID S B o) B 5 @ loks T8RS 7

Polymer Science and Technology Vol. 17, No. 3, June 2006



2°] SAPS} SPHE]

o
¢ 74 54 0 YAEL vl g 8}915}
2

SAP+ SPHS} mi A2 A4Ad 127t 7taEoe] Q=
} 2~

Z5 Atk SAP+ B2 4] & = AAIE &4l de A
= 1239 10~10008) 71 E8 = om, 71y Wil
Azl wet olgj3t 5] o] Fhsaltt? SAPS e
i P = M | I = RS P ) B M g R = S A S
o] o} Filoll FElste] WHE HEEES HRIth ¥ SPHy 4
A T TEE Qs Fakel st F5Egel oA C’HM ol
o3t Sraol HOMi Hrp we PEAETES Kol o)y
g £33 Folul 710 BAIgle] 4414 = ‘D}

oo
242 =Ct3Y —rs}’ggl M=y

33X 3RS freeze—drying, gas blowing technique

microemulsion, phase separation 53 72 oj#] 74| =
23 ulSo] A 2 otk ZUbA FshAe 154 ud LJ_J_u] 4
)zt Fetol JOH A== dRbr o R 3ol dseatal A7)
7} 2 32 o] 48 BHEA| (foaming agent) 5 ©]4-3F gas
blowing technique2 A8} Wk oz AgE 7|58
AADGA 7] EAERPIAE ARSIl 7HuNEgo] Wé 7EA]
A s Ao wddt okl Az 5
St} Fdst 720 2ok IS

A7) SIiAle Tk
St MENGE] AAAREE A3 PHTE Zlo] B

asjy W

W& sodium bicarbonate 9} 22 HHEAS 37gho ZH o] T
A= ol st A F 7 9gs 9

AR W71 ol
] 2

r—|—l_.

A
9229} W] CO, 7k

spA ek SRE W) e
F BEANORA N AdE FIEL BISH open AY T
e 3k M7 pit

NI, BARE A AR
Al AAEEE 2

& A4ds] zdsto] AR e“ -2 Lﬂwg OlEE%

RUNE
i mlm
L
z

R ]

o 3 FF il

[o 2 Y '
o

[
o

olx gl o] HBJ} FAs= AE) o] Aspr) Hrjz 11
A (C) HEZ olFell glojof #Addt 2719 ¥5TEE 4
gk = Qi) 9l WA Ao Ui o] AL A} A|Fo] Y& =g
Al w AR A7 A7) el TRl Ha =E
ulS H7AL Bekash Sabalo] S olsh wilE WAl
U =) w9, wheg-o e wl Hol w=o] wddt i
2 & 571 QU Bk D RN AL BbRoes W
o} pHe] 5o Asibgo] 7153k Eoll ke Hal
Zo olzm Az} A= C AR7A] ikl frA] s olok g

Al

-

Gel Maximum
Extent of Foam Height
Gelation -

Time
J8 9. B MU0l UANAM AZHo| mE JtuEen) wEue ¥

AEAtaretnt Jls A 17 ¥ 3 & 2006 64

monomers + initiator co,

' Tt

o Sogium Dehydration
icarbonate i
in ethagol
Mechanical Drying
stirring in vacuo
Monomer Gas bubbling Superporous
solution hydrogel

38 10. =03d SIo|=2- o] UHPHQl HZHY.

33]' | $1st redox TINARE 8-
13 4= ok 4
]-r A 4 9lom o
ZA e wet At 7A| ]—é' /}i OM AREE 4= itk TIAAY
HhS-E = W82 pH 3¢ Wo] o&Esk=d| pH7t $ar=
23 pl7} s E5F ¥hgol 7}

9% 8L Alzge =290
o FET2E A Bt 74
718nel] gl 2SS4 2k
e Ay s FQsity P4dE SPHYE Az #elA 4
59 :i‘ﬂ%‘aoﬂ 23l THIAY FEEE= AR
‘Eﬂﬂtﬂ ol=fst 317] $18l EwadEo] W d= %
g5Ag] & 7416}5]‘ 38 102 z=ohA s Az

JU

FN'

—3— EO%E}. Fam goks oksl A 279l pH 4~5% g v
= MAAE Yol HE3t Algte] 58 & BEAE Yol CO.
TRRE NI A T olekeel 4 A Yeeld Ax
I FF fA8EE Fi) 2-3Y AFA eI Ax3 H A
9] FHES 9L 4 Uk SPHY 540U e Es 7|E 1
9] FHuG —E F5t vl ol 22 JFesh 3k shaA| ]

ool WM % 24 Jhssitt
243 xl:}fsé; ool I

A7z9 e 2o e vk didshy Fae)7] 4
, BS ghste] BaE AdEelX® Z1AIA Aol FHok o5
o oJall Al BT =E Wo] ek o]t 7144 EAJC]
AeliA T BHRAEE e stolHe|=
T27F Y= =2 7]74]@ %/‘éﬂr AEEE 2 TRAt
Z3A Yolxo 7 A IPN 22 semi—IPN +%2] 434
dgto e w2 7|AA *er AE2do] dEh wekA
W& s o sEAY FRHAE HA FARA g
Sk b, L e 22 584 MR & dd 9l
a8 1D. olds S0 % et ok 8 hybrids&
Ao st £4o] Q= k= 3ol vhekstA Agxo] AL
am 2 01];}33

H 3 e WEAS B 713l A1A A%
Jgtrol o] F ol E%L%]’ T U= SN T v
B PTES 214490] 2 poly (ethylene oxide) & 4314
HZRAA Al @Xﬂ@.?l A479E ooz BAT &
Aol ot F5TS 7GRl Aol Sk 71 EAN 22 A

o
o
L)

ZS

rulo mi ot A o H
i) »
oL
flo
g
e
ol
~

F

k]
(eI
o 71

335



a8 11. XCHEA Sl0|E2™ 9| BHy O

H 3. =CtE5Y Sl0|E2E S8

Slekg 8ol | w51 W Ashe S8l
A AR AL ELE R

71EF 8ok
TololES AR

il ket 1Fd s 2158 A gl AATA
A8 Az ogdE A Aw P 2
A &@A 71701 WAl 716 A8 2

g AAnRARY ARG TtuAlE ol gste] Aislee
= SPHY| Alze] ¥t A7 BuE ek’

244SPHe| 28

SPH= 2tk 725 o]&3lo] 7|& Frsle] #aAol 7]
Ao gyl pellR ofokg FoRE o} Y-8} 22 1]
ok ol o|27|714] tiekst oA 5§ 2 4 itk B 3o
SPHE] thekst 314 &-8toks delsisit)

A b el S ol gste] ATE JEAY
A|2E1E] Bl 7 Al AlA L] el st AT S
Zg= a1 glom ofoksha] S-gitof o 7|Ee] IFTA A4
u FEho] o] 85 Fopll® FHLASHA 2§ JhsslERE S8
Yol & A5z 7 F Utk

25 £=3Ho| n|M +x H 7|El 8

M= i ZAY RS B A 2ol ol A A
Agh v 2abss] A=A A (hydrophobic interaction) o 2]}k
PITE olfH As YA dck 8 D= sgE 9
} el g2 AlFe] ol AREE polyacrylic acid(PAA) 9
el kR (carbomer) & A} FX%, Fdloltel w2l niA
(cryo—SEM) ¢} 24 (amplitude sweep) ol 23t G' &
& Avsto] vl Zolo). 1RAke w5t sl SkEA] o
& 7S, A (fiber) & FEREHN FAATO] F FX1E (driving
force)©]aL shearell €J3] gA = o] 3} AFOEL] 71
= AL SR falell S8 Rkl I (crea—
ming), 55, TLE AAAA FERPYs) 2 £5g E 5 kP
s ol YERIA] kAR aatAke] ARt AR A
AL o) gsto] W TR TEAE I, 24 T SFFE Al
AgAZozN 5 JHE AT =N An|y FF Ul AME-E

e 42
o\‘omg

BN of

N

336

(Na-PAA 2%)
1¢

(Na-PAA 0.1%)

(PAA 0.1%)

10 A

10t T : T T
10 10 10 16
Shear Stress (Pa)

38l 12, 7IE2Me FHsH FEf s H3}

710l Agket SEEAS AUE = Qi AelE, Ml FhEHE
FEAA pHE TAHOE shAY 1At s 55 SV EA 11
A MERI A (matrix) 2] ¥ FA7F FAGA 1, AT oR g
Ee~7F 271 = ¥4 (honeycomb) ROk 125 zH ¥tk
=7} ulg- =2 el ds)g 71A A AMEE 15
iAol §-gEo] IEA WEY o) 7 9l AW, FHY 5

2

= O F o= > 5L 2= k=)
9% FrEn PEEA GES Bud 5 glov, WY B

O:

WEARE 5029 S8 7Ithe & itk

3 &8

ezl e Bt vl 716 s thegelld A
7} 7Fsd Azt mdsilet < 716 vhedA S ek
gl 2el4d/skete T FEje] ekl el s #hs]
THIL glon, FF o]5S o] &% MR FEHGAIE v
s AL e st 717d Al Ele] Ao] Yot
R eshl W9 v B vAlE w9l 2AkE FEl 71
o] s AU S8 A =RoRA A 1
8ol o] tekdt wofelM Tad 2= ARE o 7]
it

3
o

ks

1. Y. Qui and K. Park, Adv. Drug Ddl. Rev, 53, 321 (2001).
2. S. Sershen and J. West, Adv. Drug Ddiv. Rev, 54, 1225
(2002).
3. E. S. Gil and S. M. Hudson, Prog. Polym i, 29, 1173 (2004).
. J. M. Weissman, H. B. Sunkara, A. S. Tse, and S. A. Asher,
Science, 274, 959 (1996).

. Z.Hu, X.Lu, J. Gao, and C. Wang, Adv. Mater., 12, 1173 (2000).
. C.D.Jones and L. A. Lyon, J. Am Chem Soc,, 125, 460 (2003).
. J. H. Holtz and S. A. Asher, Nature, 389, 829 (1997).

o~

~N Oy Ol

Polymer Science and Technology Vol. 17, No. 3, June 2006



8.

7. Hu, X. Lu, and J. Gao, Adv. Mater., 13, 1708 (2001).

9.R. D. Averitt, S. L. Westcott, and N. J. Halas, J. Opt. Soc. Am.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

B, 16, 1824 (1999).

S. R. Sershen, S. L. Westcott, N. J. Halas, and J. L. West,
Appl. Phys. B, 73, 1 (2001).

C. Loo, A. Lowery, N. Halas, J. West, and R. Drezek, Nano
Lett., 5, 709 (2005).

J. B. Jackson and N. J. Halas, Proc. Natl. Acad. Sci. USA, 101,
17930 (2004).

S. R. Sershen, S. L. Westcott, N. J. Halas, and J. L. West,
J. Biomed. Mater. Res,, 51, 293 (2000).

C.D. Jones and L. A. Lyon, Macromdlecules, 33, 8301 (2000).

D.Gan and L. A. Lyon, J. Am Chem. Soc,, 123, 7511 (2001).
A. Prokop, C. A. Holland, E. Kozlov, B. Moore, and R. D.
Tanner, Biotechnol. Bioeng., 75, 228 (2001).

A. Prokop, E. Kozlov, G. W. Newman, and M. J. Newman,
Biotechnol. Bioeng., 78, 459 (2002).

K. Akiyoshi, S. Deguchi, H. Tajima, T. Nishikawa, and J.
Sunamoto, Macromolecules, 30, 857 (1997).

J. H. Park, S. Kwon, J. O. Nam, R. W. Park, H. Chung, S. B.
Seo, I. S. Kim, I. C. Kwon, and S. Y. Jeong, J. Control. Re-
lease, 95, 579 (2004).

M. Gupta and A. K. Gupta, J. Control. Rdleasg, 99, 157 (2004).
K. Na, K. H. Park, S. W. Kim, and Y. H. Bae, J. Contral.
Release, 69, 225 (2000).

K. Na, K. H. Lee, and Y. H. Bae, J. Control. Rdease, 97, 513
(2004).

AEAtaretnt Jls A 17 ¥ 3 & 2006 64

23
24

25.

26.
27.
28.
29.
30.
31.
32.
33.

34.
35.

36.

37.

38

. K. Na and Y. H. Bae, Pharm. Res,, 19, 681 (2002).

. F. Landry, D. Bazile, G. Spenlehauer, M. Veillard, and J.
Kreuter, J. Control. Rdl., 44, 227 (1997).

J. Vandorpe, E. Schacht, S. Dunn, A. Hawley, S. Stolnik, S.
S. Savis, M. C. Garnett, M. C. Davies, and L. Illum, Bio-
materials, 18, 1147 (1997).

K. Y. Win and S. S. Feng, Biomaterials, 26, 2713 (2005).
J. H. Kim and T. R. Lee, Chem. Mater., 16, 3647 (2004).
K. Emoto, Y. Nagasaki, and K. Kataoka, Langmuir, 16, 5738
(2000).

K. Emoto, M. lijima, Y. Nagasaki, and K. Kataoka, J. Am.
Chem. Soc,, 122, 2653 (2000).

H. Otsuka, Y. Nagasaki, and K. Kataoka, Adv. Drug. Déliv.
Rev, 55, 403 (2003).

K. Park, Drug Ddlivery Technology, 2, 9 (2002).

J. Chen and K. Park, J. Control. Rd., 65, 73 (2000).

H. Omidian, J. G. Rocca, and K. Park, J. Control. Rel., 102, 3
(2005).

A. S. Hoffman, Adv. Drug Ddivery Rev., 43, 3 (2002).

J. Chen, H. Park, and K. Park, J. Biomed. Mater. Res, 44, 53
(1999).

K. M. Huh, N. J. Baek, and K. Park, J. Bioactive and Com-
patible Polymers, 20, 231 (2005).

H. Park, K. Park, and D. Kim, J. Biomed. Mater. Res. Part A,
76A, 144 (2006).

. S. Ban, FragranceJ., 19, 26 (2005).

337



