Jn

= ‘ y s ol ’
TEX ‘LAl /0|3 2 Xt
Ay - RHEs -B2E-UBE

LM £ 2 zF (cells) Fo| o] HFo &3 YAE

2 dEA Yokl v, A AR g dxE T
Azl @7E 71Zez Y=g (nano-particle) 2} | 4 =g, AgF(silica), A2alo]E (zeo-
n] 7.2 ¢} &} (micro-particle) 8= §01& “}0] <k lite), & (metal)} 2o Ao F7] dAH(inor-
A Hed, 10~1000 nm(1 pm) =719 W] & ganic particle)9} o] a3 $7] (lon-exchange

sh= ARE ‘U=gal g se), 1~1000 ane] 27
94 YaE B4 wARYAR e F Ao 3EHE
WA &7t A7) (mesoscale ; 10 nm~10 zm) €]
Zézél ES elzliez = dW=2]v (dendrimer),
= 92 A gRolz, gEa F

quantum dots, &
of Yom, AEWE SHAME W, voje),

0] =
AR

resin)9} e nEQ §7] YA} (organic parti-
cle)2 ¥ 4 ok 59 wet AR 9 =277}
242 # ded, 9714, $Ee §71/F71 sl
Bele 9 aRA e £59 Alx WHE |
dlo] gdolpmal oy 53], nkzat QJae ohddt

T2 olgxx glom ! HAde nEA 2R H

o

|

et
1980  Agista 3pehyEta (AL Agiata gletFatat( gt
1987  ®IF jz2d] mEAT(HAL A& st BHeF st AAH)
1990  ©x oja2d wEAF (e n| = oz 2 e
1980 =8y |edTE (A7) (AL
1989 ol o722 Post-doc u]Z Rensseler PolyTech
1997 gt =W al Post-doc
1994~ @Fey)edrd miAe FRAW)edTd 2L
A olmzlzall AYATY ojuzmME AYddTH
"
1991 Agdistn FAsEa (A A-gista ezt (sah)
1993 AMedign Fdssta (M4 u]%  Polytechnic Brooklyn
1994~ Aeoishm 2§38 vy (XA
A u)=r  Polytechnic Brooklyn

(214h)

#HAr)eA sFdTg
#2eL]eA 7Y
52

HEE LB SR
oluelEAE BYATY

1—‘%1}8}

Polymeric Nanospheres/Microspheres

aoelea 74

(Jungahn Kim, Hyeon Soo Ryu, Soonjong Kwak, and Kwang Ung Kim, Korea Institute of Sci-

ence and Technology, P. O. Box 131 Cheongryang, Seoul 130-650, Korea)
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58 EALA 2 ANz S80] 3A 7
AT olE @ BRNA, A Ao} Az,
%, 2 o159 Faiol Wl LolraA B,

2. T2 Rt obms)

=
A}a}om. a2} o'z}# A8 1elM9 22 wbg
71l oJE R sElE Aoz & gEA Yk A
713 k43t (a)= Debye length(1/k)Eh= A7)
% double layerdl ¢J3le] B4 2|9]x]= Z2 uhgt
& (Coulombic repulsion)dl] o]sled kg siz} Ay
Ho," A el (b) 2 AIIYA Aol QABH(c)
o di# A ol F&g o] 2o] glont qlA <t
Astel A= a8 29 2 6-2U]F(mecha-
nism)d| & A7} o]Fojx= Aoz Aty
oA Aok’ ohg a7 228, A Fofd) ol
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. eak
Flocculatlon Coagulation

Displacement
Coaguiation

Stable D|spgrsion,\ / & ﬁ&

Bridging
Bndglngm ﬁﬁ\ Heteroﬂocculahon

flocculation

Stabtlizati
Enhanced
'@ EO& £ bo& S;‘aballri‘zation
e O g
B Depletion
Depleti
Stea%mzz‘\‘}on Flocculation
T8 2. YR FOHoll 2t TR YRt OHEEe| CAIM
2g’
LEAE ARF g ste] WP e ulg- BRsie, FR2o)
=9 = F YA el BE A Tl s <t
Aot avyt 2A A9’ 29, 38 1e)diMe

2ol, A7) UA FoNA ¢ 3 (electrosteric stabili-
zation}= off B35 g Huh ZEHo g ¢
Zte] k4 3h= DLVO o) 2q] uwha},'*! lzjztol ut
2 (repulsive  force ; V,)@ 22 ¥ (attractive
force ; V) o 2&x HV,+V, )o 2 FAEEY,
whal o Qi zlzke] Agld) x4 74 (exponential
decay)& HolH, $HHE& Agld power laws
et Aok A Ak ol2d e a1y
), A7) AA FNH sl = B g 2E0] Zg

188 ARE 4 9ir} 12 w3, Az vhEe) uh
P& gl A gkl Q) gE

of LA} izt Az Wy GA) oig Fgsio

3. DEX Xt HIEZY

382}t Y2 (polymer particle)= F2 EFUA
(heterogeneous) £3gtoz deixdl HAA 23 (pre-
cipitation polymerization) #A%¢] §3}
sion polymerization), 2} =% (dispersion poly-

Z%}(emul-

merization), ¥ ¥¥ Z3¢ (suspension polymeriza-
tion)o] eJs) F2 Az 3 QUTEE S, Y7t 7
(particle size)z} A2 4= Y= Bk W Z =
el A 42 Alzye] A9 - Fasir) ‘U
AR FL fak o] o) gHed, F2 o

b d2go] Sz ALGHT, f847 B5Hoe
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E 1. 83 24 8 SE S8 A 2 Aol vl
Emulsion Dispersion | Suspension
Droplets Particles Droplets
Monomer | Micelles/particles| Mostly soluble | Little in
Little in medium| in medium medium
. Mostly in Particles and | Particle/
Initiator . .
medium medium droplet
Stabilizer | May be present | Necessary | Necessary
Surfactant Present None None
Initial }\ 1 iple phase | Single Phase | Dual Phase
Homogeneity pie D g
. Water and
| W
Continuous Water and ROH [ROH or organic ater and
phase ROH
solvent
Mechanism Free radical or
for polymer- | Free radical L. Free radical
o ionic
tzation
. .1~50
Typical | 001~05am | “T0AM S 100
. . (nano-sized~ |, ", i
particle size | {nano-size) . ! (micro-sized)
micro-sized)

Abgrlofol 3, olge] FTEE dAtel A o
T R, A @4 W E 4 vteAl dF
Tk ool LadH, o] FEE $-El= A v
&%= (Critical Micelle Concentration ; CMC) =z} 3t
tH(=Z7) . 5~10nm). 3], o] X o]sldAe 1
B2 82 4 Aol Erhed Aoz oA
Utk aAY, HE {3l F=E  Tyndall
scattering ®WHoZ AAT A, FF &% F Az}
Al A FEE vRA] e o HuEsl
o] CMC &4 o2 3% ol 74 & 2 =AY
1R ARLE Telsle] 1B} 2} AZHE vlsis}
| E 17 2l ol 1EAl A F3 (particu-
late polymerization)Z ¢ &} (nanosphere) =
ek % F2 2 Fje Qs Az shssid,
vl 222 A} (microsphere) & 4t FHolu} He
ol o8 AzxE F Ak ol 1EA YAl &
= UM, 4 32719 2H 2 FdYe dge
S Fastth G F2F YHES ojn] AFF
uie} o], ofg] E3 & dysol QoM e
< &5 BE Yx' FL ‘mlojag’ YAl Az
HE A Golrrz i

4. #71/57] stolze|= Al M= AU B
F71/%7] dAEe] &5 & oln] AFF nie} 2

IEANEE JiE A 10945 19999 8¢

1¢ dgsich. & 5, €3 Y € 15
5o 48 7K ¥7] 4R Lelot EA
I E3H= encapsulationA|7)= 71&o] 2
Zgra QUohB o2 B7)-f7] slolEal=
=xEe] H4Ed £58 AHRY, IHE U8
(encapsulated pigments)+ 4E, 9=, 2 #H<l
EZ9 F7A 52 binderEde] 4848 F7HA
71l AMEL lod, 8 E oo fdAleA 4
FA e =4 L EA A o] &5, A%
2 F4& §olalA s, AFEe L FHI7
7] $13te] ¥ 7]& (encapsulation technology)&
ol gt UkF Ed, B YAl nEAE ol %
3t FElozm ZFg AZA (adhesives), AA§(tex-
tiles), #3t(optics), ¥ & A} (electronics) FE
Aol Me] & Hgo] I} & EE, PPMA
0] &3 Ti0,2] %38 (encapsulation)= HJE
Aol o] &€ F Qe Aoz YHETL? W, 2
1A 2 A (tale), % (mica), =3 (barytes),
%5 X&F(china clay) 2 B ¥4 &8¢ & &
A gl 53 =% (surfactant-free emulsion
polymerization)d] 2|3 w&4t(monodisperse) 2]
571 4=} cored Zte At vh=gdRle] # &z} 7}
Saltta gl kP HZoE, ud BT e
o HEl7ls: 4 Z¥Hes polyanline &
polypyrroleg IEAZI S 24 A NE2E A=
& v ®ars s Uopo

oA Ak v} o], dalt-aEal o
= YAl Az #g AFrt =24 Zdgda gl
=, ol A7l ¢ ¥ Yx(low densi-
ties), W& FHH (high surface area), ¥< 43
=X (low thermal conductivity), 2 X834
(low dielectric permittivity)¥} 28 =531 E4
mjFolth* Helte o4 Y=gzt Az Z,
Scheme 1948} Zo], sol-gel ZAHL 0]L-3ld A
Z% aerosol? T methacryloyl chloride® 7]%
SN F, olex tE gEpele] 2% Eat
of F71/%7] core-shell E}3]e] vhi=giztel A7}
Ve Aoz A Yo

ole} F-ALSHAl, B8t W o 2 silica/polyacry-
late 3lolBgle UYnUAE A2 5 Y& A
0.3 REaA, gud 2By 2 z2i= polypyr-
role2 F¥¥E A2]7} microsphere® A7} 7153}
ol 2 A Uk w9, ) 2L (catalysis),

#2] (separation), &, microelectronics, ¥ 7]

X

¢

B

—

o
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. EthanoiNH OHM ,0
+ SIOR), —
at room temp.

3-uimethoxysilyfipropyl methacrylate
ocH,

o f ¢
p f-(cm,—OC—cﬂ%
i) poty(N-vinyl pymolidone) 2

i) styrenefAIBN
EIOHM,0 ] b
O §j—(GH),— 0 C-C =CH,
Core-Shelt ~si AOCH, 3
Nanosphere | NMeH),—o @—c =CH,
OcH,
Scheme 1

%8t (electrooptics) o] o] &2 & U= T4 7159
AZE A% A2L olojtyolz ZejAEHF paz
ol ZF(microsphere ; 200~1,000 nm)2] E=2oj=
AA 3 (colloidal crystallization) & o]-&3ted 7]F
(pore size)o] 150 nm~1 gm Z7|E zZte oA+
Z(microstructure)2] A7l 82 Azx7t 7
Aoz 2 v b

A2 B0l A Ztn e Eopt 4% Fs
d EE FIFPAES 18T /R0 Ux=A
(nanoparticle) B84 o]&9¢] AZEL Fd =
Adrslo] Qe o] Hwmd uie} o], mEAH=
& A% 7] E3Z (inorganic materials)i}e)
FgAde] Holdths AL oln] F 4R U
olglgt BHEAA, HFAE 7K Fr)/H7] U=y
A AFE Y3td 4ZE 2849 (amphiphillic) €]
5 FFEAE RBEF AMsteo} gith. §uld
alge] BEE7 Fr) ARl I3AHE 7 &
A AW EEF FEEA L] Az7F Bol
=7 Az AHREE FF A
5 FEUAES E 29 2t oy E5
A ’

Yo, ol
S
= 30 ofN T i &
O B orlr oot S oo o mi

o

E 3

3b7] ol Al Hh=A] sEjgolel &
o}, AA|, ZnF,& ¥33l= quantum-sized &}
Z2o|=& polypyridined E5& e AEAE
olg3le] AZ7} shssictn wuE v ook @
H, olo} FAMS Wi oz Br]/f7] Solus F
2ol= Az 71&& v#e] 27| (magnetic), H7]-
33l (electro-optics), ¥ Znj Rold] FHrA &
o] o Ageh. 34

T
b

2L
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E 2. 27| LH-gAt MIER 25 2Eige| 25 SEEH

Soluble-block Functional-block
Remarks
Structure Structure
—CHCH— R=-S0OH — CHyCH— —CH,CH—
-H, +-Bu, o
R I N
styrene derivatives CH (SiMe3) ,
Z‘il
—CH-CH—  —CH- —S$i~0—
*&@'R ze C'—%:H_ R=-H, Mg, Et, Bz & O
x N x=Br, 1 3
pyridinium i
T OHOR—
’—CHz-fR— R;=-H, CH, COOH
COOR R,=-H, CHy, #-Bu acrylale
acrylate
—CW-EH— —CH,CH-0—
o
Cr PEO
pyrrolidone
—CH,-CH-CH-CH— —CH- —CH,-CH—
o, ;:H CHCH— =CH:CH— | cH, Hy
CRH-CH
hydrogenated dienes SoH
— CH,-CH— R=-CH,-CH,-OH
OR -CHy-CH,-
vinyt ether (’\JQ
CH,
_é,_o__ R=-Et, Ph, CHy Cp-modified norbornene
Siloxane
—CHCH-0—
PEO

5. IEX Xte] B

oju] QIFgh wpel Zol, IEA YAt X of
S oheks, g Wol ol8He e AEnlED
#7& column packingBAZ AlE-5m 12 o]
g FAE Agd 98L stm Y. Ha 7
BT e R4 2ol ¥ 08 3949 2L 3
o] Y=k Aol E 53 assembly Eolk2 1§
= FEa Yok o)g) o], mEA} Yrbe
- Fadt A7 2 Aoz wuH

oA AR g uie} o], EA Qe T B
Hog Azr) shadel, 3= G318 AMR3)
A e wlA aER A zge] Zgwa itk 7}
Z AF ol e IEA AR poly(sty-
rene- co-divinylbenzene) 0. 24 Wke 7]FAF gl
Z 2 ol FHoE ol 7hesr] wWielt. o
A Azxd Zel2EE YAs 9A AT ble}
%o], column packing Ed=Z9] §x#ut ohjgl
9= Zul g A2 g o)&H,? Fujyr
g e T GE F2 WS uAy §
2 (solid-phase synthesis)d] AAA=Z AL
AT B3, delgte} e 7] xie} v msie
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el

212 3. Practical examples of crystaline assemblies
formed by polystyrene particles for fabricating tunable
optical fiters,*

Ir

E 3. ASHLAA O ABE 5 U= SSEA

f

1=t

TR ks TR tid gAgel Holu]
wFoltt. ol2d BHAN, thFd FFHA AEA
A=} B 2AA (drug delivery system)of
B A Bo| o]#H L AT A, e
AL Az Az AHE 5 DEAES E 3

3 2o
FEA} QA Aze] FoAT HEA, o159 7]
TR €5 SAdA wle Fasit 48 =Y,
2% (hydrophobic) o] E& =87l 4= 8§27}
AdQolAwt, £E3} @ FravHsE Fod &
2 A=A (hydrophilic) @bz o2 & FA2
SHETE ARLE ou] 2 AdA Atk E 2914
N8 e BdRAEY FEReR
Z} §) A} (reactive polymer particle) ]
s Az 4B 3 werl el B
AzE F e TF 94 WAde 7t
Atk §HH, ok Scheme 1olM2] 7] fxte] 7]
A8 A9 fARN i o kA Yo ¥
chre Feo] TEA 9 2o 24

) il

2

[+

o
9o

L
T,
o N op
N oox,
)
SRt
2 o He

2
A

It} 71543 T3t A

= %
e mEat Gt BN S& 22

4
i

Composition

Mechanism Application

Methyl methacrylate, and 2-Hydroxyethyl methacrylate

Methy!l methacrylate, 2-hydroxyethyl methacrylate,
methacrylic acid, and ethyleneglycol dimethacrylate

Methy! methacrylate, 2-hydroxyethyl methacrylate,
methacrylic acid, acrylamide and ethyleneglycol
dimethacrylate

2-Hydroxyethyl methacrylate, methacrylic acid, and
N,N’ -bis-methyleneacrylamide

2-Hydroxyethyl methacrylate, methacrylic acid,
acrylamide, and N, N’ -bismethyleneacrylamide
Styrene

4-Vinylpyridine or 2-vinylpyridine

N, N’ -bismethyleneacrylamide

4-Vinylpyridine or 2-vinylpyridine 2-hydroxyethyl
methacrylate

Acrolein

Glutaraldehyde
Dialkyl methylidenemalonic acid ester

Alkyl cyanoacrylate

Attachment of antibodies,
radioactive amino acids,
and fluorescent molecules

emulsion or y-irradia-
tion polymerization

not biodegradable

Emulsion immunosorbent
Vaccination
radical Binding metals

y-irradiation polymerization| Attachment of protein
drugs, enzymes, antibodies
Magnetic properties

(Fe content) fluorescent
cationic polymerization intraveneous injection
interfacial polymerization

aldol condensation

nanocapsules

or anionic polymerization
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447



Complete encapsulation Partial P i N f

hag <0 dog <0 dag <0

Aag <0 dag <0 Aas >0

Ags >0 hgs <0 dgs <0
Scheme 2

A8 B A7 AyHT Yoh ofm), A
gl7te] ¥¥d S 8z THE B S5 #71/
7] 4ol Az By 2o, Ao mEA ¢
A QA 2wl YA Ax7t sFesie% o
gollAl g3t wie}l o|, core-shell E}Rjel ¥
2 AZHE o] &3k o]e} e nEA JIAE Al
Z28 4 AL AothB E 194 & F U5, &
%73 /44 (amphiphatic) & #Ad & && g}z
FEHAE 0|83l B ZFoz o)} FAlE
.3, A 7}

Iy

=

=]
22 Hyd e A8 A7 5= Yoo
AAB = YBs — Yas — YaB (1)

A71A, yape= A9t BZrel @ A (surface
tension)o], S= £0& UeRH, A= B AE
ol A W (spreading) AF=olt}. o]#]d o]&
of 71zsted Meld A E21& &3 o, Scheme
202} o], HPe Bdo| Meow IHE 0P
b date] Azt g Aoz dgE .

BE oFE A2AA dolM oG2S xHEE 1
A 42 Az drie 22 dald 7z o]
FAR L Aot T3, FANG dElg GEA el
Eldl Q)zlel 34 (antibody )& ZH et o]
gtod cell& Bel@ & Udota Rusm 9ok

—_
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6.4 £

H =
T R gAY AxY 9 o)ge st &=
o st dHslHrct oln] AdF% &= -
2= F9 248 FEE) 98t 4 99 1
2} 9 AH(molecularly imprinted polymer micro-
spheres) A%, ol& $HA 4AL AW 1B}
9z} (Zwitterionic polymer microspheres),’ Al
AP g mdse] A7 7)F HolZd| AgEE 7
2 BAL Z2o)= (ferromagnetic colloidal dis-
persions),”*"® o] @A Qith WA, &4 B
d2E v=2=A (microgel) o] I 9 HIZe] A+
T B dE G AFEL o7 E- F &
AR At gEA A, B2 2T E o] 83
FEAGA AN AHEE £ Us AERF Y=Yt Al
ZE 29 o7 B35S F veht A0 o
o} Zol, 1A U=/ mazdzy g2 N2
& Bote] T w9 a3 Aad EFgrin
b

l

= i
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