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ZE ! Hydroxypropy! methylcellulose phthalate (HPMCP) f| isophorone diisocyanate (IPDI) £ 2— hy—
droxyethyl methacrylate HEMA) & &=x13 0 2 Bk-gsle] odet 183 348t HPMCP H) 52 =
Qlslod W38 (reactive) HPMCPE 41313 th AZR w39 HPMCPQ} HES-M 9 =423 HPMCP2] #2}
F, AL A vl FECMO) 58 FHsIgeH, ~E {3} S8 28R fEAEA =ysigick HPMCPS
guke ekl AR oB|2 6, 9, 12, 18, 24 wt%E £k} HPMCP £4 23 A8 W dAE Azsti,
A T SERme), A2 Btz (), 2 27] £¥ 55 F439lck =3 Az HPMCP &4 2
YA hiedAle] 2EZXE TEMO R #4319 core—shell TFEUE BASIA oM, TGAE o143 }O% RS
FPA Q) HEE Bafalgin) whed HPMCPE <= HPMCPSH= 22 HEMAY HY 1802 A3 & 3
&eot AL A 7], B 7 S veEhieH, & A %S eIt

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 (Ryma), the average number of radicals per particle (77), 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 Rjmax,
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).
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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 M, M, M, Acid  CMC

(g/mol)  (g/mol) (g/mol) No®  (g/L water)
HPMCP  4.8x10° 125%10°21.2x10° 26 124 9.9
Reactive

5.7x10° 139%10° 95.1X10° 2. .
HPMCP 7X10° 139X10° 25.1x10° 24 124 7.6

”ll7n *number average molecular weight; ]Vw . weight average
molecular weight; M : z—average molecular weight; PDI: poly—

dispersity index (= ]l7w/]\7n ). PAcid number was measured by using
titration method using phenolphthalein as an indicating agent
(Acid No.: mg KOH/g HPMCP resin) .

A (NH4OH, 28% aqueous solution, G4H & A-gsioic), {3 =
T HsiA AE A (Kantorh & AMEEI9lo, ke A 58 25
AE AAS] el T3 A4 A7 2 (AldrichA D& o]-&3)
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ARG OH, AR A 2R Al 3 vekgs AN o,
T Azsfe] ARSI
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°]& 0. 009 mol?] IPDI} 87 F<dto] 5A17F Eok uhgA]
7tk 9k % 0.046 mol®] HEMA S 0.001 g¢] DBDTLE 3
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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 1.8,2.7,36,5.4,7.2
NH,OH aqueous solution (28%) variable®
DDI water (total) 300

“NH4OH aqueous solution was added in all samples to dissolve
HPMCPs (100% neutralization) .

FZ%= FTIR(Tensor 27, Bruker’P # "H-NMR (AMX—500,
BrukerAl, DMSO—dg) & ©]83t £435199c}). HPMCP ¥ wF
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50 0), M= d748etar is YAk 2E- @ Alel] Sof gl
ZEJ @A) oF(5.0 M, 50 C), Np= HMER Al oA g
A FELT, me 7] AEE w2 oK), e W,

= FEE 97 (dm), p= A 3B dEelHE
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Xl B F| U 7| 2E #M: AEZ oA A Ee|AHY
wedzbe] Ha A 2 AF Z7) B3E= capillary hydrody —
namic fractionation(CHDF, CHDF—2000, MatecAP) & o] &
slod Aholla FAE3AT

NEZQA &M Ep|AER LKL 1= 84 AEF e~ &
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(TEM, H-7600, Hitachi*P) & AFE3IAT}. WA A5 F3F 34
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HIZS HPMCPS| &1 wk3-3 HPMCPS Al wEg- oifg
g5k} A8l FTIR 418 AAJ8Isick. FTIR +4 23, IPDI 5
9] 3 2274 cm™'8) NCO #)=29) =717} Aa} 712810 5271 o]
SHE= Wt $EER] oottt ool HEg- AlZRE 5AIRC R 4
Hstn HEMAZ 54l5l9dch. HEMA 59 F 2274 cm 9] NCO
9272 @717 FAF asle] 24413t o|FRE = WEy) #aE |
skorct. HFE £ thst FTIR A2 thael vehigich

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

— Reactive HPMCP (KBr, cm™) : 2955 (vey), 2874 (vemy), 1733
(ve=o of urethane), 1693 (v—o of carboxyl group), 1532 (v of
urethane), 1419 (v of urethane)

§h3% HPMCPS 44 o1 2t1s}7] 418 'H-NMR 4]
& o thgo] vk23 HPMCPe th3t HEMA % IPDI &
Hol sk 'H-NMR A= Jehjgich

Reactive HPMCP (‘H-NMR, DMSO—dk) :
—HEMA : 6=2.2(, —CHy), 6=5.9 and 6.4(s,=CHy), §=4.5 and
4.1 (br, ~O—CH.CH,—0-)

—IPDI : 6= 6.8—7.2(m, primary ¢Zs—NHCOO- and secondary
—NHCOO~), 6=0.9—-1.2(m, —CHay), 6=1.4—1.9(m, —CH>~)

B4 A3} 97 FH-of st HPMCP 24 7% ether 23
gllo] g ot o] ¥E-& Ashie vhe-¥ HPMCPS B¢
FaEle Vehgigict w3 HPMCPelA IPDI H-89) -2
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g Eao] ofeigloyt 1 Qo] BE Fatol disiA ERle] hEst
%t} IPDIS} HEMAQ 313t Ao 248 T3 i3
HPMCP7I A= 2-8 Elsleith

HPMCP2} HES8 HPMCPR} 284 H|W. Table 1° HPMCP
o} Rk$3 HPMCPO tigh Bxlsd, ¥ X%, A}, 94 v
A Fr 58 YeRISITh veEe A ExEe] ti S A
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Figure 2. The maximum rate of polymerizations (Rpmax) 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.
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Figure 3. The maximum rate of polymerizations per particle
(Rpmax/N,) versus the initial concentrations of HPMCP and
reactive HPMCP resins.
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Figure 4. The average number of radicals per particle (17)
versus the initial concentrations of HPMCP and reactive
HPMCP resins.
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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.

#o| 7hs3t] 2GRS HER o] BRe Bk £ A

& WA go)ze] ga A ARy SElanE A8
3 v)EdslE E ohE vl aggregateE FYE 0 AR ¢
A% HAE FE0) Fr} olF ERIs] #1s) HPMCPY sxol
& Qo] 77) B¥Z CHDFHS o)gato] Ealslgich

HPMCP &4 Z8283 vhegd2e] 37] ¥, Figure 5oll&
CHDFE®el 2l £4% HPMCP &4 Ze|2eldl vty =2
7] ¥ E 445 HPMCPS F&, 6, 12, 24 wt% 2] 735 o
3 z}zt 22181830k 6 wt%el 7397 Figure 5() ol sid=H,
CMC Xt} W2 HPMCPO] =& veldnh oF 80 nm #3
130 nmellA 5 702 bimodaldt F7] £25 ez 325 &
4 9tk 130 nm $-22] 3+ HPMCP &4 Za2E A4zh
£ YeRlz gloH, 80 nmY #<8] HAE el AR
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Figure 6. The particle size distributions versus the initial
concentrations of reactive HPMCP resin: (a) 6 wt%, (b) 12
wt%, and (c) 24 wt%, based on styrene monomer.
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Figure 7. TEM micrographs of polystyrene nanoparticles prepared with HPMCP and reactive HPMCP resins: (a) 12 wt% of
HPMCP, (b) 24 wt% of HPMCP, (c) 12 wt% of reactive HPMCP, and (d) 24 wt% of reactive HPMCP, based on styrene
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Figure 8. Thermo~gravimetric graphs of the dried films of
polystyrene nanoparticles versus the initial concentrations
of HPMCP resin: (a) 6, (b) 12, and (¢) 24 wt%, based on
styrene monomer.
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Figure 9. Thermo—gravimetric graphs of the dried films of
polystyrene nanoparticles versus the initial concentrations
of reactive HPMCP resin: (@) 6, (b) 12, and (c) 24 wt%,
based on styrene monomer.
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