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HA 27 3 2R EAT BRI ARk AEd 9 WskE SEl gklsidlon, AEHEE JEAE 0dS
ARE-SEAL UV-Vis #32417] 9 4% A A2 EIH9(HPLC) ¥4 3l WEAES B7kekinh (St-
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Abstract: Mean particle size, colloidal stability, and release profile of copoly(styrene-acrylic acid) nanoparticles were
controlled by layer-by-layer (LbL) assembly method using chitosan (CS) and carboxy methylcellulose (CMC) aqueous solu-
tions. From FTIR analysis, successful layer assembly of CS and CMC was confirmed. Optimum conditions of LbL assembly
was also confirmed by scanning electro microscopy (SEM) and particle size analyzer (PSA) analyses. Colloidal stability
was evaluated by measuring zeta potential of particles. Release profile of core material (phytoncide oil) was measured
by using UV-Vis spectrophotometer and high performance liquid chromatography (HPLC). (St-AA)NP prepared by
miniemulsion copolymerization shows mean particle size and zeta potential of 351.0 nm and -39.77 mV, respectively. Mean
particle size of LbL assembled particles can be controlled from 351 nm to 2,803 nm by optimization of LbL assembly
conditions. Zeta potential values above +40 mV evidence the coilloidal stability of particles. LbL assembled particles
show controlled release profiles of phytoncide oil over 2 months.

Keywords: layer-by-layer assembly method, zeta potential, miniemulsion copolymerization, ccolloidal stability, sus-
pended release.
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AA(Aldrich Chem., USA, 1) FAE 53 ST=AA=
A% 3 ARSI, Sodium dodecyl sulfate(SDS, Daejung
Chem., Korea, 1), n-Hexane(Alfa Aesar, UK, 1), Divinyl
benzene(DVB, Aldrich Chem., USA, 1) 2 2,2-azobisisobutyronitrile
(AIBN, Junsei, Japan, 15 z+2F vlyodd F9he $)gh
AALA|, FARLDGA, 7] 2 RA AR AREE AT
Zyzy A Etel SAEE ke EAF) CS(Chitosan 100,
Wako, Japan, 15)2} CMC(Duksan Chem., Korea, 15)<
LbL gHEra S]] AEE 30k AEEe YEXE 98 AR
3k, G HA] (Daegu, Korea)oll A #|a-ito} AL&-5193 T
o] vl gulF= EF AlSF 150llen, BE A g
A 22} S5F5Milli-Q plus, Millipore, France)E AR-3FATE.
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&2 300 rppm = WHESIAA B3|AIHTHAR ). TEFA]
(0.172 mol, [AAY[St]F0.33), T =R = 22(10 g), DVB(250 mg)
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80 mLell oHEAF 0.8 g& &aA1715L Azl ] CS(0.3,
05, 0.7, 1.0 w%)= 718 the, 60 CollA 1217+ &<t 300 rpm
o7 wHksle] CS 4898 AZ3It) CS =&-ol gafe]
(SEAANP FAkl-s- H71sE &, 60 CollA] 41]7F B<F 300
pmO = WHFSIAA ulakg AT oeke X & I
3 A1 33] jigste] mgkg- CSE Al AT Alx
H [(SFAANP]@CS &2 FEA & 2477 23T

Lol BrFAZS 98t CMC -89 AXE 98] 2575
80 mLoll NaOH 0.8 g2 &3llsh &, Azl &2 CMC(0.3,
0.5, 0.7, 1.0 wt%)E F431] 50 CollA] 1717+ 52 300 rpme
2 eIt 7 80 mLell [(St-AANP|@CS &S +
2R F, T golg E3sled 60 Colld 4A17F B2t 300 rpm
o2 wykshAA] kg Adsiict. ek 31X & dH P}
FAE 33 WHEEke] mukg CMCE Al AR A2
[[(StAANP]@CS]|@CMC H&2 ZEE F 24x7F 7338}
Atk 371 Fg 2] RS- F35l (SttAA)NP] thgh LbL BFe}
A5S F18s1nt.
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SN, QA 9 mlolAz o] A9 e F
A} A} # 1] 73 (scanning electro microscopy, SEM, SU8220,
Hitachi, Japanyg ©]-8-3to] A1kt U=zt & mfo]=
20 Het Y= A= 10 mW 72 H33 He-Ne
go] A 7F AaE =84 7] (particle size analyzer, PSA,
EL8000, Photal Otsuka Electronics, Japan)E F3f “d<-ol|A]
B7HE AT AEEe] HEASES dEs Ak el 270
47+ UV-Vis #3342 7](Lambda 265, Perkin Elmer, USA)
o} ¥4 % AA AZrtE 22l I (high performance liquid
chromatography, HPLC, Prominence, Shimadzu, Japan)Z
ol Slsisinh. & A% W7Rs 22,000 pmell A 30527E
HAEE § HPLCE 37835t 48kt LbL B4
H vlo|aAR & = ol MEk A2l 39 (Fourier
transform infrared spectroscopy FTIR, Frontier, Perkin Elmer,
USA)S F3ll glsisint.

[(St-AANP]@CS(no. of LbL cycle: 1). Figure 1 CS,
(S-AANP 2 [(St-AANP]@CS9] FTIR ~FHE#HS Yepd
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Figure 1. FTIR specta of (a) CS; (b) (St-AA)NP; (c) [(St-AA)NP]@CS.
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Figure 2. SEM photographs of [(St-AA)NP]@CS prepared at CS
concentrations of (a) 0.3 wt%; (b) 0.5 wt%; (c) 0.7 wt%; (d) 1.0
wt%, respectively.

Table 1. Effects of CS Concentrations on Mean Particle Size and
Zeta Potential of [(St-AA)NP|@CS

Mean Particle Size Zeta potential

(nm) (mV)
0 351.0 -39.77
0.3 684.0 +4.19
(ES[OSA]’) 0.5 650.7 +43.37
0.7 583.5 +52.10
1.0 1122.1 +44.63

uhAZ o] 9] (St-AANPE 351.0 nme] H+
wlom, Cse] A3l mt Y730] S7tele As ERIg
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2712 JeplE b vk, 1.0 wi%olAE 1120 nm o)A+
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o] Z7PL ol FARE & < UTh AAC 2JE) -39.77 mVel
AEAYZ Z2HE (SEAANPE YA EHE 2= €S9 H=)
ola] AERISI7} 2] groz AES gl 5 S,
CS E& 03 wt%l = w9 mlefst Alepd 1S veRd
=, 0.5-1.0 wi%AlAE +40 mV o] AERAYE
ERlo] Pochapski 501 7#83 &2 759 2R S
IS RIS AEFdel= CS = 0.7 wi%eollAl
7P S 1 +52.10 mVE YERISH, 1.0 wt%ollME
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UAZF B|gto] WAEl] WjEOE M, [(StAANP|@CS
A Az= CS T 0.7 wi%elM 718 2oz et
[(S-AANP]@CS]@CMC (no. of LbL cycle: 2). Figure
38 [(St-AANP]@CMC, [[(St-AANP]@CS]@CMC 2 CMC
o] FTIR =¥ E&-S YepA Zlo|th FTIR #4100 AH8-H
[[(SFAANP]@CS]@CMCE 0.5 wt%2] CMC =& o] A
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Figure 3. FTIR specta of (a) CMC; (b) [(St-AA)NP]@CS; (c) [[(St-
AA)NP]@CS]@CMC.
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Table 2. Effects of CMC Concentrations on Mean Particle Size
and Zeta Potential of [[(St-AA)NP]|@CS]@CMC

Mean Particle Size Zeta Potential

(nm) (mV)

0 583.5 15210

0.3 929 2755

[&ff)] 0.5 1020 42,64
0.7 1286 -44.96

1.0 1636 4295

Az el fgsiien, ol AFEHe CMC F°
& F7hl et FEHYA7] 2o R o 3=l

CMC?| =0 WE [[(St-AANP]@CS]@CMC2] 93-S
Figure 4°] E.Th CMC 557} 0.5 wt% ©]312] ZA$-ol&
Hlwa Fdg 1S 2HE [[(StAANP|@CS|@CMC7 3
AEQo CMC %71 0.7 2 1.0 wi%d] 7S, 739
CMCE Qlall JAZE 3|gto] dojih=s A 1T = UM
th A7) AFERE [[(StAANP|@CS|@CMCe] &3] Alze
CMC %= 0.5 wt%ollA 7153 Ao 2 Aghe e},

LbL g}9tX & [[(St-AANP]@CS]@CMCel tha] CS 2
CMC & tgh LbL W8 3g A 02 A5
o, Z}zte] A]2E& Layer3(no. of LbL cycle: 3) ¥ Layer4
(no. of LbL cycle: 9= E 713}t Layer32 0.5 wt%2]
CMCE vH2H2 =% [[(St-AANP]@CS]@CMCel thgk CS
HEFS Bl AolH, Layerd= 0.5 wi%2] CSE HZH
Layer3°]l th3ll CMCZE 2 Z-3}3tt. Figure 5& B2 2ol
ARE CS FEo) WE Layer3d] 93-S 1ol Zolth €S
EE7F03 2 0.5 w%S] 7A-g-olle A es ko] 5H
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SEAM e B4 YA 7F 3 fo] ST Layerd®] 7

Figure 4. SEM images of [[(St-AA)NP]@CS]@CMC at varying CMC concentrations: (a) 0 wt%; (b) 0.3 wt%; (c) 0.5 wt%; (d) 0.7 wt%;

(e) 1.0 wt%.
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Figure 5. SEM images of Layer3 at varying CS concentrations: (a)
0.3 wt%; (b) 0.5 wt%,; (c) 0.7 wt%; (d) 1.0 wt%.

Figure 6. SEM images of Layer4 at varying CMC concentrations:
(a) 0.3 wt%; (b) 0.5 wt%; (c) 0.7 wt%; (d) 1.0 wt%.
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Table 3. Effects of CS and CMC Concentrations on Mean Particle
Size and Zeta Potential of Layer3 and Layer4, Respectively

Mean Particle Size Zeta Potential

(nm) (mV)
0.3 1130 +8.21
[CS] for 0.5 1628 +42.13
Layer3
(Wi%) 0.7 1818 +36.53
1.0 3012 +13.85
0.3 1950 -29.82
[CMC] for o5 2803 -40.33
Layer4
(Wi%) 0.7 2887 -19.78
1.0 4670 -11.08
60
w0}
s
E 20}
s
§ 0
o
1<%
8 20}
]
N
40 +
-60 1 Il Il 1 Il
0 1 2 3 4
LbL cycle

Figure 7. Changes in zeta potential according to the LbL cycles.
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Table 4. Total Amount of Phytoncide Oil Loaded on Particles

Particle Total Loaded Amount (ppm)
(St-AA)NP 4,017.5
[(St-AA)NP]@CS 3701.8
[[(St-AA)NP]@CS]@CMC 3649.1
Layer3 3,596.5
Layer4 3,333.3
100
~ B0 ——ﬁ
£33
@
[
S eof r
e -
w® 40t
3 /'/
E —@— (StAAINP
O 4 -O- [(St-AANPI@CS

—¥— [[(St-AANP]@CS]@CMC
—— Layer3
—_— Layenl

0 200 400 GOU BUD 1000 1200 1400
Time (hr)

Figure 8. Cumulative release profiles of phytoncide oil.
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