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ABSTRACT

The objective of this study was to present the effect of preparation of polymethacrylic acid-
block-polystyrene (PMAA-b-PS) particles by reversible chain transfer catalyzed emulsion
polymerization (emulsion RTCP). Moreover, polymethacrylic acid-iodide (PMAA-I) which was
prepared by solution polymerization was used as a macro chain transfer agent and emulsifier.

For the first step, PMAA-I was synthesized by the following reversible chain transfer
catalyzed solution polymerization using methacrylic acid (MAA) as a monomer, iodoform (CHI,)
as a control agent, germanium iodide as a catalyzed and 4,4"-azobis (4-methoxy-2,4-dimethyl-valero
nitrile) as an initiator. The mole ratios of CHI, and MAA were varied in order to obtain 24, 46 and
53 units of PMAA-I chain length. After that, they were used as a macro chain transfer agent and
emulsifier in the emulsion RTCP. For the second step, PMAA-h-PS particles were prepared by
emulsion RTCP using 4,4'-azobis (4-cyanopentanoic acid) as an initiator. Apart from this, the types
of catalysts (Gel,, hydroquinone and L-ascorbic acid), the chain length of PMAA-I and the target
chain length of polystyrene were also studied in order to obtain good colloidal stability, good
livingness and narrow molecular weight distribution (MWD) of PMAA-b-PS praticles.

The result of this study revealed that hydrophilic catalysts which were L-ascorbic acid and
hydroquinone represented higher efficiency than Gel, in producing PMAA-b-PS particles without
coagulation. In addition, L-ascorbic acid presented higher polymerization rate than that of

hydroquinone. The reason for this was, during the beginning of polymerization, the particle

&)



formation relied highly on the PMAA-I chain length. Long hydrophilic block of PMAA-I (46 and
53 units) needed more time to nucleate the pre-particle because higher repeating units of PS block
were required to produce polymer chain with enough hydrophobicity to form the particle by self-
assembly short chain. The effect was that the target PS block of 400 units were not able to be
prepared using PMAA - and PMAA,-I. In contrast, PMAA,-b-PS, particles (302 nm) were
successfully prepared using PMAA, -1.

As a final findings, using hydrophilic catalysts which were L-ascorbic acid and PMAA -1
in emulsion RTCP effectively produced PMAA-b-PS particles at the widest PS block with narrow
MWD.

Keywords: controlled/living radical polymerization, reversible chain transfer catalyzed polymerization,

block copolymer, emulsion polymerization
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9
@ J Ao o v A
NITUIUNMITAUATISUHUUDUATULUUAIUAY

i U3 (pSu Hadlua))
Styrene 5(50)
MAA 0.09 (0.001)
V-501 0.035 (0.125)
H,0 44

[ d YY)
3.2.2.2 nszuumsduanzvinuudvarulagl¥nalouuy ITP was vuy RTCP

WIMSIAToueLNIA PMAA-H-PS A10nTzuIumsdunaiiziuuudiatu
Tawldnaln ITP uaz RTCP Taold PMAA-T AiflanmenaeTaae dudnugumsnszne
ﬁamaqﬁmﬁﬂimaqa uaz1¥ Gel, lalasailuunazinmiug Wuduswlfasen Taeilduneu
msadoudsiolalil
fuaeuusnisy pi thidduadiomsuasazare Tnummdoy
aan 134 (0.1 M) ldasluradeunan Yadrvanersda lau szuuliiugyanmeadudolu
uialuTasoulszine s ase (ﬂizaqﬁﬁ'mszumé“luuﬁ”ﬁ‘luimmu) udlrfad1sazaiy
PMAA T ad'ld) Tuldifumsazat ioderfundriaa laiuyeuemeiaaluszuy (nsaild
nalnuuy RTCP Wazae Gel, Tua'ladu luvasii lalasn3 Tuuniedmiug TazareTuh)

Y o U @ oA a = Ao <3 y [ =
LLﬁ'JuTllﬂ’JNﬁﬂiu@ﬁﬁ%ﬂi”ﬁﬁﬂqmﬂﬂﬂ 60 parUFALTEE Noas 13 lunsilu 500 seUAUIN
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S a 4 2\ 72 v -
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PMAA,-I

Styrene
Gel,

Catalyst J

Vacuum /N, 60 °C, 500 rpm
PMAA,-I = polymethacrylic acid —iodide

V-501 = 4,4’-azobis(4-cyanopen tanoic) acid

Catalyst = hydroquinone, Ascorbic acid

$ a aa Aa < a
MNA 3.2 MIeTouaUNANDAINIATAN LOFA-UABN-NDAH 1031 (PMAA-H-PS) A10nTZUIU

[ J a av o
ﬂ?iﬁ\i!ﬂﬁ?%ﬁW@ﬁm@{LLU‘]Jf]iJaGIfu
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ﬂ]’i]\?ﬁ 33 ﬁ']l!W’c’fllﬂ?ﬁlﬁ%ﬂﬂﬂlgﬂTﬂW@ﬁliJﬂ']ﬂﬁaﬂ Llﬂmﬂ-ﬂﬁ@ﬂ-WﬂﬁﬁUlﬁgu ﬁ?ﬂﬂﬁ%ﬂﬂ]uﬂ"ﬁ

[ J a J av o [ J
AUATICHNDAUUDTHLUUDUATU Iﬂﬂi%}ﬂaulﬂﬂW'iﬁ\iLﬂinﬁ!L‘UU ITP uagiyy RTCP

M3 Styrene PMAA-I Catalyst V-501 H,0
na U NN nsu (Raalua) nu n5u
aod (iadlua)  (dNadlua) Gel, Hydroqui- L-ascorbic  (}aalua)
" none acid
1 5(50)  0.16 (0.0625) ) ) ) 0.035 (0.125) 44
2 5(50) 0.16 (0.0625)  0.145 (0.025) ) ) 0.035 (0.125) 44
3 5(50) 0.24 (0.0833)  0.145 (0.025) ) ) 0.035 (0.125) 44
4 5(50) 0.33 (0.125) 0.145 (0.025) ) ) 0.035 (0.125) 44
5 5(50) 0.49 (0.0833)  0.145 (0.025) ) ) 0.035 (0.125) 44
6 5(50) 0.73 (0.125) 0.145 (0.025) ) ) 0.035 (0.125) 44
7 5(50) 0.08 (0.0625)  0.145 (0.025) ¢ ) 0.035 (0.125) 44
8 5(50) 0.11 (0.0833) 0.145 (0.025) ) ) 0.035 (0.125) 44
9 5(50) 0.17 (0.125) 0.145 (0.025) ) ) 0.035 (0.125) 44
10 5(50) 0.35(0.25) 0.145 (0.025) X ) 0.035 (0.125) 44
11 5(50) 0.17 (0.125) 0.073 (0.0125) A 0.035 (0.125) 44
12 5(50) 0.33 (0.125) 0.0027 (0.025) N 0.035 (0.125) 44
13 5(50) 0.33 (0.125) N\ 3 0.0044 (0.025) 0.035(0.125) 44
14 5(50) 0.29 (0.0833) - N 0.0044 (0.025) 0.035(0.125) 44
15 5(50) 0.25 (0.0625) ) ) 0.0044 (0.025) 0.035(0.125) 44
16 5(50) 0.13 (0.0625) S Z 0.0044 (0.025) 0.035(0.125) 44
17 5(50) 0.27 (0.125) I ) 0.0044 (0.025) 0.035(0.125) 44
18 5(50) 0.55(0.25) . . 0.0044 (0.025) 0.035(0.125) 44
*WiJ”IEJLW@!
ﬂ"liVIﬂﬁ'EN‘ﬁ 1 = ITP

MINAADIN 2-4

AMINAADIN 5-6

= 1% PMAA, -1 Hudniuau

= 1% PMAA,-T Hludniuau
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minaaesii 7-11 = 1% PMAA, T ifludiniuqu
minaandi 12 = 19 PMAA, T iiludinruqu
mMinaaedii 13-15 = 19 PMAA, T ifludaiuny

= ) o
MIneaedil 16-18 = 1% PMAA,,-T iludiniugu
3.2.2.3 fnywavessiaurisvesalndu laaly Gel, ludusal§nten

Tao1¥ Gel, 1flud391l§ns01 uay PMAA-T iuaiinrugumsnszae
ﬁammﬁ”mﬁﬂTmaqauazﬂmﬁumﬁmé]’fmmwmﬂ TagiimsAnyInaveInNe1 A Te
yoanoad lasummuNgug Ao 800 600 waz 400 Wude Tasldsuruluaves PMAA-T 0.0625
0.0833 11az 0.125 Had Tua MU IRy finnmuenaaieTdves PMAA-T 46 M98 (M3INARDITH 2-4)
nazfnyIMaveInNeIae Tsveanead lasuaungug) Ao 800 1ag 400 e Tagldduan
Twaves PMAA-T 0.0833 uag 0.125 ad Iwa mwd1dy finnueaieTgues PMAA-L 53 ¥iae
(ManAandii 5-6) azanuenas lsveswodalasunung e 800 600 400 1ag 200 H19e
Tal981uuTuaves PMAA-10.0625 0.0833 0.125 Lag 0.25 dadlua mud1dy finnwen
aneTgu0e PMAA-I i 24 ¥iae (M3nAaeadl 7-10)

enNd ga'latimsneidiuanTuavesdnsalfnser Tasaasiuu
Taved Gel, aeA3awile (010 0.025 1T 0.0125 Hadlua) Taeld PMAA-T finnmeee 14 24
wiiae 0.125 fad Twa e 18aueiae Isvesnedd la3umungus 400 e (Mminaaes

N 11) LaAIRIn15199 3.3

v
Y

3.2.2.4 nfSsufsudusalfdseniidaszvnan lalasa N uumazIniug

) = a [ 1 AaaAan 1 a a a = ti!
Mmsaniavesdnslfnseszuielalasad Tuumazindud 4.
I~ o 1 Aaaa A wvAa 3} 9 9 Ao 1 ] I
Wudnsalgnseniauauiaazaieild Tagls PMAA-T flinnuenae e 46 vivae 1fues
Y
AUAuMINszeAveimin luanauazosdumssaudveseynia Tagldiuiuluaves
a A 1 o =) a A d‘ I Y 1
PMAA-10.125 #aaluadodiuiuTuavesalasu 50 daalua i ld ldanueais Tguss
a = = ] d' = a a A Yy A d'
wodd lasun1mguf 400 vie (M3naaesh 12-13) lunsdlvesiaiiudaz ldassuiiaiue

aeTgvesnoda lasun1angug 600 taz 800 H1E (MINARBIN 14-15)
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adq 9 1 S Y=
nyaiN 1y PMAA-T 24 wide Huasniugy 3z 15anyInav0In1ue17
melgvoanedaa lasuaungui] Ao 800 400 waz 200 Wule Taslds1uiulnaves PMAA-I

0.0625, 0.125 1z 0.25 Jaa 1ua MUY (MTNAABIN 16-18) LAAIAIA1T1N 3.3
Y a d
3.3 MIHANHUSIANIZVDDUNANDAINDI
3.3.1 MiavinaeymaneaesAIemAiia DLS

v [ Y
YaoyMamas lagiuuLazyuIno YN IAmas 1ae1i11in (Number-  and

)}

weight average diameters; d, d,, respectively) Jadaeinaiin DLS Tagldyusinm 165 © Ngamngil

25 paruwaIed Taenmsiiatasy 2 veaazateluaisazare Inunaounaslsa (KCI) 0.1 M

a 1 s o [ 1 o = 4 4 1
51105 2 ml Idasluadiadaeds % dau udnih linszvidienses DLS ae'lil
3.3.2 msnmhwinluagamaasalsmaiin GPC

gJ o Py 09} @ ) a S W S ¥

ﬂ’]ﬁﬁ’lu”lﬁ“lfllﬂilllaf;laLﬂa‘(’JI@ﬂlﬂﬁuﬂlla31ﬂ8ﬂ1u3u6\]@\11"|@a!mﬂﬁ ﬂﬁﬁlﬂﬁ’]gﬁllﬂ

Arumailn GPC 12 3AA1 retention volume UBIAIBH1UABUAVAITUIATIIUVOINOAH 1ATU N
v

wiinTuana 2,500 5,000 30,000 50,000 taz 600,000 n5u/Tua ANuduTuvesaIsazas

wasg i (lu THF 0 1% wo) Tael¥neduiinenans (phonogel) dosnoauinooyniy Taols

annzdadi

Injection volume : 20l

Analysis time : 30U

Column : Phenogel #04ABAUUADBYNTUAU VLA 5x 10° A LAz YUIA 5 x 10° A
Flow rate : 1 ml/min

Mobile phase : Tetrahydrofuran

Temperature © 40 paFI ATy e

Detector : RI

o a Aaa < = ~ = 9 o = ] I'4

uTﬂHﬂTﬂW@amV]Wﬂia‘ﬂ-llﬁ(’)ﬂ-ﬁ]l@liu VlmiEliJhlﬂ]l’lJTl"lﬂTﬂ’lJafJuﬁﬂaljﬂiiﬂﬂﬂ
a a 79 Y I ] S o a 4 3’ o 9 a o
G]faﬂlﬂﬂW@ﬁLﬁJ@ﬁiﬁLﬂuﬁHL@ﬁlﬂﬂﬁ ﬂ’t’)u‘lfl1ﬂ1§3m51$1’iu1ﬂuﬂIﬂJLaQﬁﬂfJﬂWlﬂuﬂ GPC Tagii

o [} usx’ a3 2 Y Y A Y
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HaC NS —CH, e W tHy
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MAA

+  Gel,

Y @ o @ 4
ﬂ]Wﬁ 4.2 ﬂﬁulﬂﬂ'lﬁﬁ\‘llﬂ'51$1(i PMAA-I ﬁ?ﬂﬂi%ﬂ?uﬂ’lﬁﬁﬂLﬂﬁ']gﬁllfﬂllfﬂiﬁgﬁ']ﬂ Tﬂﬂﬂl%}ﬂa]lﬂ

RTCP

2 e ° = Y ' aa
Tuduaeuiszimsasoy PMAA-TL Tviianueae lsaunguli 15, 30 uag 45
1 o w Yo 1 v A a A A 9
Hie a1y TagleiiuauTuaved CHL 4ana1anuae 5, 2.5 nag 1.67 Jad lua Tuvazils
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2 P A & = 2 v o < v v .
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N8 24 ¥ 19 LAAIAINITN 4.1

4 { o s a P
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1902018 RTCP
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2.5 100
1.67 100

] 9 ]
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