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Synthesis and Characterization of Cellulose-Hybrid Polystyrene Nanoparticles by

Using Reactive Hydroxypropyl Methylcellulose Phthalate
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Z8 ! Hydroxypropyl methylcellulose phthalate (HPMCP) ¢}l isophorone diisocyanate (IPDI) 2} 2—hy—
droxyethyl methacrylate (HEMA) & A8 22 #Egste] 9-@®k 153 3738kl HPMCPO vd 133 =
Jste] REgE (reactive) HPMCPE #4381t Alxd w3 <] HPMCPS} Whg-39] 4%+ HPMCP2] &4}
2 AL A md FE(CMO) 55 S313.oH, 2B /3 T3l At feAlEA E88kaitk. HPMCPE]
kS Tl 2B TR 6, 9, 12, 18, 24 wt%=E %9181] HPMCP &4 ZY4Ed YA A8l
HU T SE Ry, YT FeZ 75 (), I3 2171 23 55 2A8I3ink TEsh Alze HPMCP 24 &
2l edzle] BZ2AE TEMOR #4319 core—shell TZ2U& 15328, TGAE o] §3to] d4
Qg e] WslE #-4I8itt W8 HPMCP+ o5 HPMCPSl= €] HEMAS] vld 150 = Qg =& &
59l 22 gz 27, 2 naks VERISleH, & A des vERSich

%

Abstract : Reactive hydroxypropyl methylcellulose phthalate (reactive HPMCP) was synthesized
by using a stepwise urethane reaction with isophorone diisocyanate (IPDI) and 2—hydroxyethyl meth—
acrylate (HEMA). Molecular weight, acid number, and critical micelle concentration (CMC) of the
synthesized reactive HPMCP and pristine HPMCP were measured and used as a polymeric sur—
factant in the emulsion polymerizations of styrene. In the preparation of HPMCP—hybrid poly—
styrene nanoparticles, 6, 9, 12, 18, and 24 wt% of HPMCPs were introduced, and the maximum rate of
polymerization (F,m), the average number of radicals per particle (17), particle size distribution were
investigated. In addition, core—shell morphology of the nanoparticles were observed by using TEM
and their thermal stabilities were measured by using TGA. Reactive HPMCP showed higher £, .x,
smaller particle size, larger values of 7, and gel contents as compared with pristine HPMCP, due to
the vinyl groups from HEMA, which can be reacted with styrene oligomers, in the reactive HPMCP.

Keywords : hydroxypropyl methylcellulose phthalate, cellulose, nanoparticles, polymeric surfactants.
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Figure 1. The chemical structure of hydroxypropyl methyl—
cellulose phthalate (HPMCP).

@92ks 8] 9k & thE kb 1R 8IS ARSehe
AORE FIRA FEAE o83t 73 Tl i B2 vy
7} =) ek At fEAlels B5 (block), IHEE
(graft), :H (random) FH s°] 3o, 7|&A 07 H5—2
’de] Zgho & o]FojA ok uEAE AL 5 =2 U]
FAEe} 254 B Ot 2 g9 FR F = ol
ol Wk el AT WA 4 B2 (hydrogen abstraction)
o7 o3k Tz WS E 5 Qlth 4 2| tiaiM e
AeHA FFo trl] IRAR] fEkAle] Al gekd 4
& HAYUES sz & dEA Stk webr] 2 ATtelME AR
A AEE A 1H}] sl hydroxypropyl methyl—
cellulose phthalate (HPMCP) & Alg-8lo] 2E]R12] £3} 3ol
AHEERITE HPMCP: B8 31 =%A] (hydroxyl) 158 24l 3§
o] tefet stebAQl Jide] 7hsdii, ik (phthalic acid) 71
T 2 Qo] 971 E91718] gl ot vl (micelle) 7 2
& aggregates @Atk o] st Al = aggregatet™ A
39 dFAE 83IXA 3t FH AR AT b,
A== AL counterpart 9EHE B 4 Qirk &= A3 A}
&% HPMCPel| th3t 813H2] 722 Figure 16l Yehfick* =
AT M = tlo]hAJol|o] E Q] )9l isophorone diisocyan—
ate(IPDD) ¢} 2—hydroxyethyl methacrylate [IEMA)E A2}
o] =214l S-gk WSS %3 HPMCPe] o|% Agd-S =513
th IPDIE= 27} primary, secondary ©]2AloMO|E 155z
om, o]e] wig-do] 70u) o xfol7t 7] whitel] =xFAR1 ¢
dek 159 FAo] 7hsaieE
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Alek HPMCP+= A7 slstel| A 75 wgrom, ARg 4 %l
T QA Az & grFAlolEeA RSl 133 HPMCP
o] AZRZE 98 AFEE AJ°kO = {sophorone diisocyanate (IPDI,
AldrichAb &} 2—hydroxyethyl methacrylate HEMA, Junsei
AD), dibutyltin dilaurate MBTDL, LancasterAh) & AF2-3}31©.
v, HPMCPE & 7ol wkgat7] 213l N—methyl—2—
pyrrolidone (NMP, anhydrous, AldrichAP) & &2 AFH&-519)
th. HPMCPE el =ol7] 3] F3A= EYol +4&
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Table 1. Characteristics of the HPMCP and Reactive HPMCP
Resins Used in Emulsion Polymerization of Styrene

Molecular weights® and aqueous solution properties

Resins 117l . JIZ . /174 Acid CMC
(g/mol)  (g/mol) (g/mol) No®  (g/L water)

HPMCP 4.8x10° 125x10°21.2x10° 2.6 124 9.9

Reacti

CACUVE 5 7%10° 139%10° 251x10° 2.4 124 76

HPMCP

”Mﬂ ‘number average molecular weight; ]v“, . weight average
molecular weight; A/, : z—average molecular weight; PDI: poly—

dispersity index (= M . /117 N ). ®Acid number was measured by using
titration method using phenolphthalein as an indicating agent
(Acid No.: mg KOH/g HPMCP resin) .

M (NH4OH, 28% aqueous solution, E4D S ARE3IITLE 731 &
& S8l 2El@l(KantoAD & AMSIoH, W A S5 F4
AE AAsE] A3l 3 5AA AA AHE (AldrichAb & ©]83t
o GAEIAT) WAAZE potassium persulfate (KPS, §4b &
ARSI om AL A 24T AA T e ® AN o
Ay Azst] AHEITh

&y,
HESS HPMCPS| &t : 133 2] HPMCP2] Al th33} Ztt,
00 mL & 248 ZaE JAAe § g2 58 85 CE 74
sich. WA 0.0008 mol®] HPMCPE 200 mL2] NMPel| <1
% ©]& 0.009 mol®] IPDIS} 3 F4iste] S5AIRE &<k WA
7tk Wk 3 0.046 mol?] HEMAS®}- 0.001 g9 DBDTLE
7Fstod 80 ColA 24A17F Bk WHSAIZIT) Hks- A|7ke] A3}
e FA2 FTIR #AUE 0831, 2274 cm™ oM )
=] =27] WskE 2920 cm 'Y MAEZ V|Fo HPHow =
Aatel AU e FD F AIEL AL x4
2 ARAAX FFehs NMP} 7]eF <58 A7 stk 1A
F AR et AL AT QB 2441 B2 A% F
Az SAF ORS, EAAlelElA Batslod ALgSISIEk HPMCP
o} Alzg wkgEe] HPMCPel thét 71229l A4S Table 1]
UERf AT

= HPMCP % HIS3 HPMCPE 08¢t MEZA =Y E|A
E[@ LEcQIRIO| 8/ AE2 oA~ T4 ZalAE- YA}
A A o At WA §571, wRE, ZAA funnel 5]
= 500 mLe 1% A W7ol ST 100%% Zaol
2Hd3] =<l HPMCP (B2 W3 HPMCP) 898 sttt
AEJRES: RES V6] Wil 301t A #Ash & vk 2%=(50 C)
7} =™ wlg] #H)5 KPS 7894 (10 mL) & 7IAA] funnel& &
& F3lske] wke-S 7t o] W Wyt £ 400 rpm, WH-
25 50 CE fAst) olof] &t zpAst §4d WS Table
20 YeRfQItE. HPMCP (5= W& HPMCP) 8] k& AEdl
ko) Ak oie|= 6, 9, 12, 18, 24 wt%7HA] WA 71HA
Agskelch

24,

HKS3 HPMCP2| 211 : HPMCP 2 Wh3-3 HPMCP2| 83814

w

e
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Table 2. Basic Recipe for the Emulsion Polymerization of Styrene
Using HPMCP and Reactive HPMCP Resins

Ingredients Amount (g)
Styrene 30.0
Potassium persulfate 0.15

HPMCP or reactive HPMCP resins 1.8,2.7,3.6,54,7.2
NH,OH aqueous solution (28%) variable”
DDI water (total) 300

“NH,OH aqueous solution was added in all samples to dissolve
HPMCPs (100% neutralization) .

%% FTIR (Tensor 27, BrukerAD 3 'H-NMR (AMX—500,
BrukerAl, DMSO—dg) & ©]-8-3to] #4399tk HPMCP % 1t
=3 HPMCPQ] A v g5+ A7 (Surface Ten—
siomat 21, Fisher SciAh & ©]838o] A=l 24s3lt). Ak
ko] 7-¢- AT g7ekE 29 (GPC, Waters Breeze System)
£ olgslglon, 3 AlsE Wil ZEAE]d Al (Shodex
AhE ol&-sI3irh

et &% U X} L "W 2lciZ Jis 2M 55 HPMCP ¥
HE3-E HPMCPE o] 838t Alzss AEZ e 24 LA
iedake] S8 5= T3 (gravimetric method) & ©]8-5191
©m) 100 ppm) 3)=EF+=(hydroquinone) M-S M-S =3}
TAAR ARSI RESE AR S S5 AEE dlolH
25 A4 Arkeiion, izt Ha 2 ) A4S v
=9 2 (D 2 (2)F ARgste] Faiedk =8 A 119 =

& el s EAsln

R N
17 — p,max A (1 )
kp [M]p ND

N = 6m, X,

p

= 2
. )

A AellA 212t i = GAE B S N, R AW &
3 HE (B A3k 0.3~04), ME oB7EER (6.022 %
10%70/mo)), k= AEIAC] 3 &% 44260 Lmol s,
50 0), M= 737483k i Ak 2R aitR}e) Sof gli=
2ER g=kAe] (5.0 M, 50 C), Ny MEH Al 73]
A FE(LTY, mes 7] 2E| wEe] ok (g), K= AsHE,
Die S8 QA7 (dm), p= 2EIRL mEARe] W (gL ) E
etk

URl HE | W | 2= 2N AR e EA EEAEE
LhegdRpe] et & @ dx} 7] B-¥= capillary hydrody—
namic fractionation (CHDF, CHDF—2000, MatecAh) = o]&
3to] Ad2ollA AT

MEZRA M Eg|AER LICQIRR| 7 M A2 e &
A EPAER Yedx ke BERA] A4S HE Fabdardn A
(TEM, H-7600, Hitachi*h-& ARSIt WA AES -5t 314
3t & BT otofA 0.4 wt%2] phosphotungstic acid &
< 2~30E Y2 ¥ ol AxgolE ARESle] 200 meshe]

cupper grid 9JolA Az &E AE o]u|x]| 2 contrastE
S7M717] S8l T qlelld 12H gridE vlE] AZE 0.1 wt%
o] RuOy 84 Sl &8 1 T7] d9HES F3l AAsit

MEZQA SN Eg|AE[R ZEC| UM oMY BM @ Alxd 4
E2 oA &4 e IF9] 94 e 24E S8l duF
H (thermo—gravimetric analysis, TGA Q50, TAAD & A|3)3}
Stk 2o MEE 600 T7HA] A5kl o, AAA] 2 30 mL
o] HE= A wxste] F4gselth

M siP| =8 0 HPMCP %= W3 HPMCPO] 3% Al
FEEA, 7 B 71w E A BT wEbA soxhlet
extractiont< 53l T F W= A TS THHOE 4

siict

i

2hS3 HPMCP2| &1, W83 HPMCPS] A WhE- o=
gRIsl7] fl8f FTIR w44 AXAsISick FTIR +4] 23, IPDI
] F 2274 cm ™19 NCO #]79] Z717}F Hah 7H4aje] 54131 o]
FHE: HEP) BEER] ot oo wkE- AIRFS SAIRe R A
Akl HEMA S 59J515ick HEMA 5] 3 2274 cm™ 2] NCO
32] F717F HAF Fase] 24A0%F o] $REE Wet IEEA
okoktt. HE 4o tfst FTIR A2 theol Jepiglt

O

— HPMCP (KBr, cm™) : 2955 (1), 2874 (viy,), 1693 (ve=o of
carboxyl group)

— Reactive HPMCP (KBr, cm ™) : 2955 (v, 2874 (v, 1733
(ve=0 of urethane), 1693 (ve=p of carboxyl group), 1532 (vim of
urethane), 1419 (v of urethane)

W@ HPMCPS] A4 o5 #913b] 98] 'H-NMR 24
< slgon theol W88 HPMCPe) st HEMA 2 IPDI
Bof et 'H-NMR 2= Jepjck

Reactive HPMCP ("H-NMR, DMSO—d) :
—HEMA : 6=2.2(t, —=CHs), 6=5.9 and 6.4(s,=CH), 6=4.5 and
4.1 (br, ~O—CH2CH;—0-)

—IPDI : §= 6.8—7.2(m, primary ¢is—NHCOO— and secondary
—NHCOO-), 6=0.9—1.2(m, —CHs), 6=1.4—1.9(m, —CHz—)

B2 Ax) 93 S0l 213 HPMCP 4} 7% ether 23>

gRlo] ofg g on}, o] Fi-S A2sta wHe-d HPMCPS} 54
3 fel-S PGtk w38 HPMCPollA IPDI H-32-9] $-#et

Agt RE(5=5.4-6.0°149] trans $-2gr A3H L IPDI #4419
cis—trans ©1JAA F2Z A3t 'TH-NMR 9]79] S o= 43t
3 BAo] ojgiglont 1 9le] BE BRd tsir Eolo] 71ss)
%It}h” IPDIS} HEMAS 34813 A3e] 248 23 i3
HPMCP7}F 45358 gkl

HPMCP2} HH23 HPMCPRt 24 H|W. Table 1¢] HPMCP
o} W53 HPMCPO tist B4, A 2325, APF A |
A % 55 YERIGTE 9h83 9 A EAge] tha STt A
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Figure 2. The maximum rate of polymerizations (&, m.x) versus
the initial concentrations of HPMCP and reactive HPMCP
resins. The solid and dashed arrows mean the CMCs of
HPMCP and reactive HPMCP resins, respectively.

< & oo, AT BAE R ks F8 HPMCP 24
Zro] gk uks %}Ol F¥H o7 HPMCP #3F W HEMA
7 Z EEeS & 4 Qltk Al v H=(CMO) @) A

$% HPMCP7F ¢ Ut Z1& & 5 Q& o)+ i—?‘é °l
IPDI 3 HEMA 22k E=$ol &gt HPMCPS] &5 71l
718 B 5= Ik 25249 Z1R H] S HPMCP 5%
o5 m]d W= aggregated BAE WE ohel A5 STl
w2 375 AHOR olFo] LolixA o v CMC ks
Zk= o= sAE o Qlrh

HPMCP &M Z2|AE[R QAR Mo 25t £=2. Figure 29

<78 HPMCP$F W33 HPMCPE o]-&3t ~Eldl waxﬂ °l
3 T £5= YERITH HPMCPA FFe 4 =
HPMCP$} ¥ HPMCP2] #4128 11efsie] Eo EH?TP =%
T2 3o, 59 S5 (R = 9 A3 0.3~04 3

ZB—]_ ZT=
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=9 #d) = 7102 LRI Figure 20714 214 g
ARow yehd F s <5 HPMCPS} W83 HPMCPS]
CMCE ZH} YeISItE F 3¢ 5 CMC -3} o]t A=
CMC o)delA] B} o] W F3 S5 %E}LH%OU% Elass
HPMCPS] 7-$- HPMCP?] 57}t 7h4-8to)| nebr] =3 &£59)
27 g Ast 2E & ook =3 CMC o) dellxls w3
HPMCPS] 7%, <= HPMCPXT} H %% = S5 YER
Stk o= E3l HP%J HPMCPZ ARe 7% HPMCP2] 5ol
uhE S S50 Rt 2 2E & 3tk CMC ol
A9 FF H% =07 E AT B4 ¥-gE HPMCP7}
0.99] A=, <55 HPMCPS] 7% 0.49] A5=
aEAE ] F3HE AEA 3kl ARgE A Bl &
Al Uigt 53 £ oEEE 0.6~0.8 Y| HIE e}
iz 3 t Ao dejz] gtk 099] olERE HwA Ho gt
TR 1A 3] A 0.7~0.9 HEe] 9E

s

o]

L‘J

2 ehbe Ao ol S el g
3% HPMCP®] 245 0|} fA15F k& vhehizsl, olt= 159
HPMCP®] o1 %) 4ol Zlelgicka & 5= glek. o) A%

O
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Figure 3. The maximum rate of polymerizations per particle
(Rymax/N,) versus the initial concentrations of HPMCP and
reactive HPMCP resins.
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Figure 3ol 7 19 2 $55 HPMCPJ Iof] o
s gE YRtk ARk = HE AR 5 UERE A
o= oA A (2)2 Algste] AterITh 44 HPMCPY]

A%, HPMCPS] 557k 37K web] Agl 1840 44
1:]— ZU]— /\1: %):o] 7]—_/}_5‘31-; o) 2= 011jr 1 o] HPMCPO]

Lol webd GSHEH 7Fseh 2 4 = v B aggre—
gate?] 57k S7I81, AAARL AR = ST A =

& S0 FRLE ol WM RS Uehim ek 3T S5
£ A 9] i A8 B9, < LA kel
ZH () ol tigh S vEhd S Qlek 2 dellA ehrize] g
# FLT o] S %6“ ot {di2F m(=kvi/kip) >>
0.0l, oA kg =g B £, v =42 119 79, k=%
AW T S5, o] A el vehds 5491 2
o] g2 o] & F ARl dofuls Zlow Az
eh) 2] Ak o) s Wkl FAE Ik el A aeAt #-3

A= FA% aggregate?] A¥-= FA 2Fo] 7l o]t
e 222 p o] g VAR 18R R, dAd FEE

s gk b w3 HPMCPA e CMC o

3l

==



959 HPMCPE o) 84 A%202 £4 Fel2eldl theglde) 34 2 54 24 441

0.006

—&— HPMCP
0.005 —A— Reactive HPMCP

0.004

0.003

0.002

0.001

Average Number of Radicals per Particle(—)

0.000 .
8x10710™° 2x10°" 4x107° 6x107°8x10°

Concentration of HPMCPs (M)

Figure 4. The average number of radicals per particle (77)
versus the initial concentrations of HPMCP and reactive
HPMCP resins.

1 o]Fell= FAT] A o g Qith oleld Ayl HE o
2k A71ZRE At & AAsh] whel Ak =77 o
g 1E7F dgsirt olof tisirle FellA AAIE] As]E &
o} ohl B3-S HPMCPE] 8-, olF A% R/ o= I8) +
g HPMCPRT} glr]ze] g@xto] & dojupx] gkot 1] IRf=A
Asla B WY FER s e F3 £E X8
Ho} '3 0.0032 M ol dellM o] 548 S8 $59 e v
&/dshel HPMCP aggregate®] 5= 571l 71918k} (bimodal $F
A} A7) BEE),

Figure 49l 77 #k& HPMCPS] ko] thet g2 vyehy
ek 7 el Ak 4ol A () (25 AREsle] eiick o
oMol F3 £59] A}l A W3 HPMCPS] A%, &
4 HPMCP2] 79l u3l] 22 HPMCP &5kl tsir o 52
n #& YeERdSlth # gkl Wghs F HPMCPS] 29 2%
HPMCP2] s%7} 71l whiba] ZHashs Ads vepisich
183 HPMCPIA 7 ko] &2 ol A U] gelze] £
A SE7F =AY oA S (EEAR e ARE olEel &3l
HAE) o] ezto] goalx] ok 7¢I QAR gzt )
af YRkl 7 A2 A9 Foll 7I1ET 7 Aol ARSE vk
€% HPMCP9] A9 2z $80] 7163 o5 d%s 2t
7] witell shH f9lE S2la gluze] gate] folskx] o
oF At Hielld EAE ghEo] a1, At viell gfr]ze] EAIE 7
O A2 2z $99 28 w3 FkeA Bk
3k HPMCP #A12 o] Fo)xl u)Adl X gggregate AE|
gz gl vhg-S o] oo A5 EZe &
Qlo] o]FojA ) ¥ vjAllo] 1z} Axl7 Al Ptk
§F HPMCPS] 73-¢, gjr]zte] gto] njma] golstal sl or
A3 7FsE A7) wiigel el g s dElR EA
A Ft} o)A A F3AI A9 FAelA] PAkEA
A ob= S, 2 aggregate FEIE S £k o)
A dsfjdE ZgshAL, ofn] sl §iAtel Qb4
< Fofgit}. 2y glekaQl Adto] ol7] uliel €Al S '

Y

Counts(arbitrary)

0 50 100 150 200 250 300

Particle size(nm)

Figure 5. The particle size distributions versus the initial
concentrations of HPMCP resin: (a) 6, (b) 12, and (c) 24 wt%,
based on styrene monomer.

Zo] 7hsate] AR FElE el ekAl vk mEgk Ay
& wegA) grize] Ak e M2 SElaHE st
3 813k ' e n] Aol aggregate . FrE o] A= ¢
g A FEe] Erh olF RIS $l8l HPMCPE] Fko
W Qlxke] 57] B2 5 CHDFYS o]&3lo] B8t}
HPMCP &4 Ze|AEld viedzke] 7] 3. Figure 5ol=
CHDFW/el| 2Ja] #-41% HPMCP &4 Zu|Aelall vhegizte] =1
7] BEZ 453 HPMCPY] §X%, 6, 12, 24 wt%2] 735l th
8 24zt =A1EIY 6 wt%e 797} Figure 5(@) ol sigE,
CMC Hu} w2 HPMCP9 %% e ©F 80 nm 3
130 nmolA 5 7§9] bimodaldt 77] ¥EE Yehl1 352 &
2= 3t} 130 nm H29 ¥3+= HPMCP &4 Za~g)™ =}
5 YERa 9lem, 80 nmel 29 I el ARshal
9l v)EA3te HPMCPY aggregate® Azt#ith, HPMCPY
FE7F 12, 24 wtRE S7Feel kA 130 nmel =9 FHo)
& 117, 118 nm=E Tha Fhash} v]szdt ghs vehfiglon,
ARl QIAke] = AAERlch 22y 80 nm el vE}
e 13 AR A5k, 12 wt] A9 oF 22 nmollA
kS, 24 wt%] 7% 20 nmollA HohgkS vreRfich o)e]
3 AvR= 578 HPMCPS] w27t S71gkel whe) neigshel
HPMCPY] aggregate?] &7} S8k, 1 717} 4% Z o
2 A7) 1 olfis oA ARy fEkAle] A el
A A A EA 2gah] el 57delAe) s St
shof| wela] Ao AJE vAl = aggregate®] 714 Wb
d8 AarA 884 1 (hydrodynamic radius) & 7AA|
717] wio|th? o]gjet 22~20 nm F7]9] aggregatet= ~E]
do] Fed QA7) obd& TEM #4204 ghelsigich
Figure 691 5 HPMCP9} 22 §rgollA w-g-3 HPMCP
= o3l Ay HPMCP &4 Z2|AEjd Yiwegizle] =17
VIS 5% AvEs JeRfQltk HPMCPY 5571 6 wt%el
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