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ABSTRACT

This research developed an antimicrobial spray for material coating using polymer
particles containing quaternary ammonium (QA) and benzophenone (BP) groups on their
surfaces prepared by emulsion polymerization. The obtained particles could then be coated
onto the substrate with a covalent bond via the BP group, whereas the QA group displayed
antimicrobial properties.

First of all, the macro chain transfer agent (macro CTA) of poly (2-methacryloyloxy
dodecyl dimethyl ammonium chloride- 4- allyloxy- 2- hydroxybenzophenone) - iodide
(P(QAC;,-BP)-1) was synthesized by solution iodine transfer polymerization where their
repeating units for QAC;, and BP were 10 and 2, respectively. The synthesized macro CTA was
then used for the preparation of poly (styrene-butyl methacrylate) [P(S-BA)] particles by
emulsion iodine transfer polymerization. The obtained P(S-BA) particles with a molecular
weight of 96,000 ¢/mol had nearly similar sizes (0.090 of polydispersity index; PDI), about
101 nm. A positive charge of +70 mV was observed due to the presence of the QA group
derived from P(QAC;,- BP) segments on their surfaces. In addition, X-ray photoelectron
spectroscopy measurement evidenced that the P(QAC,,-BP) chains were mainly distributed
on the particle surface. The emulsion of P(S-BA) particle- containing P(QAC;,-BP) could be
coated on fabrics via UV initiation without a binder and demonstrates high washing durability,
with over 80% of particles remaining after 10 washing cycles. Moreover, with the QA group,
the coated fabrics had antimicrobial properties against both Staphylococcus aureus and

Escherichia coli

(4)



The spray in the form of P(S-BA) particle-containing P(QAC,,-BP) emulsion prepared in
this research had a high potential for antimicrobial activity and a benefit for coating various

substrates such as fabrics, woods and plastics.

Keywords: antimicrobial spray, nanopolymer particle, UV-initiated coating
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ﬁaﬂaU@mﬁiﬁwauaﬂ (fu111da B C uag D Auaiu) 8unA P(S-BA) i
d7u289 P(QAC,,-BP)iAa1atdudusine 9 Ao 1% 2% 5% uas
10% Tagtntin: (Fumiis G H 1 wag J saddy) uazeynia PS-BA)
TeAUBI PIMTMA-BP) (FUMNUL F).ooovoieieeeececeesse

nsnageumAIaudududiaafiaruisadudinisaiguende
P85 broth dilUtion tEChMIGUE ..o
waesTyunsdudaude s aweus (a-c) and £ coli (d-H uazidurinu
@uéﬂmwm‘u‘%nmmiﬁugﬂmaaqﬂ (g) @4 FIAIUALLTIAY (A), NQUAI
AUANIBIUIN (B) waziiadouiiil %add-on 13 9 189 P(S-BA) aynna
fifanel9 P(QAC,,-BP) (Wt%): 4.73 (), 8.79 (D) way 21.01 (F)
UL IIERBIA. ..o soeeses sttt
e (a) Arluarsavarsuriuaseidedudu (b) A1fuenain
dnsavansusIuRREasudy 1 duaritllfude 2 duadevaisiu

LT U A T oo oo

(16)

P

85

86

88

90



a
U 1
umin

1.1 anuduinuasauddgyvesdeym

a 1 |

n1sUudeuresgdun3g (Microbial) vudaguienivuedis 9 wulangunsainiu
N1SWNNE A1YULUITY UM STIVIIINauiauaz nanasin dedn daeunazdu o fedndu

Uymddgrouyudndamalaensisoguain 319ne waznisilulsadiesng o [1, 2] detuisla

IS L 1 | a

aa o o % dy a a6 = = aada a
Nﬂ'ﬁWGlJU’]’JﬁﬂWﬁmLLEW{]'PNﬂUﬂW‘J‘UuLU@u%@ﬁﬂ!ﬁumiﬁm’]@ﬁﬂﬂ@@Lu@ﬂ FIINUUTLEANTNIN
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Buile Ao N1sidovalsiuedunIdasvuiagvsenivuslavaisnieJagnieuly tu

3

aswaudluledn (Antibiotics) [3] ansnqanalaau [4] ansusenevvedlavevin (Siver Copper %50
Mercury) [5, 6] wazansusznaunquenewiesuts wanlulen (Quatemary ammonium; QA) [7] iWusiu
lpgmsiadouarlogaatiuunigiu Ag 1) NMITHARBULUUNIIAATUNINIEAIN Uag 2) N15iAA
fiuszmael luwuuusnansviotaniiiedevazbivumuuazvgaeeninainiagvidemuuglding
deldnulUlusvevnamils Womnedeudiuuseiunesnad (Van der Waals) VIOUTAIRANIY
Tnifinadn (Electrostatic interactions) [8] Tuvaefinasindousuiusziadl (Wusslaraush)
agfauudausuas lingroandie Mldldsuanudemduegiannluszoznded [9-11]
asiudefioguatsnduiiiiuszAnsnmnnsiiuidegs wimniinalnnisdudaidelasnis
UanUasgarseonun 1 laslalwu (Tricosan) [12] paesu [13] waz Faieslooou [14] Azl

1 A A 1 v & I s ] ‘:1'
ﬂ']iﬁ]ﬂﬂ']\‘i‘?]@\‘iaqiLwa']UIUﬁﬂLL’JﬂaEJZJ @QuuaqiﬂQMﬂﬁaLﬂaiuqi LL@@JIMLUEJ@J [15-18] a9

(Y ! =<

Aauselarauidutansie 4 faluidevuinninwszldandrvsengaoenuildiny

q

1Y a

YoNANUTITUTEANS A NAlUNISANUTBAUNSE M lanuiaannadatazluanizivainaie

Y 9  Pa.

Fainanngulavzesnleniiondendnnisnislnlauenilada (Photocatalysis) Asnduseld

o w

waswazndudissdiinlensendusinea (Hydroxy radical) [19-22] sauvisdidedninlunisly

'
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funivuznied19iid wazitanawedwesidy agralsiniunisldarsngualremesun’

1%
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~ U Ay v Ao v o &
wonlullendslidedosuisusensndesienisnisuiuuss lnamnizludagiuduneunisindou

q

a1snguarewesus wenluiey asvuiagusonivuzang o azldarsdunididuivinasans
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[ a v A

dsilufinsAvdsnden wananinisiadeulugluuuvesilaunefinesdellnunidula
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[
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duetay udelaglunalnnisduduseqdunidvesnediuesaiaaiuns wonluiiley

o [ = o a A ) d' LY Y a LY LY A a s
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a a 6

ArewmeasuIs wanlulley aglduszquintunisdudseauveaeqdunid [15, 23, 24] vilv

qaunIdoeuneat Tuvusnvydafraveanedweaimamasui’ woululeuazaoauwnsndiluly

HEUNUTUYRIRAUNSE [18, 25] SUNIUMTAS L AUlAva9RauUNTE ANNEIvesaelYdafa

(%
= a v v

YRINDALUDIAIBLNDTUIS wouluLRey TNamnaUseaNTAINAITIUTUTDAUNTI AT WU

q

7n15UaY 12 Mihedeliuseansn nanian [8, 26] nalnnsdudautioqduniduannagun 1.1

Polymer with quaternary (A) Bacterial cell (B) (C)
ammonium groups membrane
&\ BNA
® ® m\_.
® ®
>
® v o Prve—]
® m? g? ® TV .
®
m/;\.v\ AE? “
"5 3
@ Positively charged quaternary ammonium group «— Tlonlc Interaction
G Positively charged divalent cation / Pulling out the divalent cations from the bacterial cell membrane

4 U gj g a a
UM 1.1 nalnmsdugadeqduniduemediueiaiameiunsuauluilen [27]

¥
v A

nsagvhlvilaunediuesveinlanesuns woululluy aunsadafniuiuliian v3e

ya Yy 1 a o & v v ¢ a o co & a A a
ayuglds ldifnnisaeesn Indudeddyiauniuselaiiauiiuiiuiinivue arsidey
° a s o s =~ A & = '
wnlanedwesiumemesuns wenluilley wWetislunisindou fe a1snaulaau [28] wag
a1satebed [29] eg1alsinu NulanivuzazieslivylansendaiiieldiiniussnisWaun
n1siadeuvesarsnquillvaiuisainfevatlunivuriivainnaneegniaundulagnsly
arsiuuleiluu (Benzophenone; BP) lanediuasnuaioweasund wouluiiluy (QA) dsiuuly

a o = A o

HluwansaiaiuszlaaudfuiuiTiagsenvusndiuse CH la Weagnnszdumeuas

9

didnnsouveseendaulunynisueliassiinn1snsudduain n lu TT* eeslia sentausyly
anuzIndiénasey (Electron-deficient) azlufslalnsiauiioglnduninidunylansenda
ylsiensueunshnoniintudesernon anineaznnduinifusslaauives C-C [15, 30]
Fefinnuudausanazaanugs nalnmsiAeiusslanaudsiiuiuss C-H vesn1vugsesiuiu

Tawodlosues QA AU BP (P(QA-BP)) uanssaguil 1.2
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a
UM 1.2 nalnnsiinuszlaauvaauulsluunedwesnunusy C-H vasnivursassulu

SRR UNAN P(QA-BP) [15]

v
[y I

FeiulunAfedisjatiunsiuueyniauTunedmeifuiordunds dusdiodiy

Hunrduda lneagldmaianisdueasizinedwesuuuddatulunismisuoyninseynia
wodwesnlsazivuinlnatdsaiunaznszatedluin Wuleasdiuaanndon anuisaunlulddu
1 = a o = o < A | |
awsdinfeuasuuriianusonivuslalaenss mnuszaunadisaldiieusazasainsons
AU WATITINTIaLsaAda Ui UNITUElAaINMAIENIEN WAD LazwalaRn teegnanuniuy

Feagiiuusednsnnlunisiuegaunsdluianmianguzag o wailla

1.2 Jngusvasinsive

1.2.1 Wiefnwimaeiesouniaulunedwesdudeadunisiianunsandevasun
aauglavainvangyiin

1.2.2 Wewienasdoyninuiluwedme fiunuudmiuindouasuunrugfuluy

a a 6

WU K1 wagneaeuUsyanSAnnTEuduteiunIg

a o
1.3 Y9 ULUANIUIRY
1.3.1 wanmevuizanlunisinionalsyssnoureanefiuesniainesuis
IS § aAa v ! s a IS ! =
wosluniley-lelolad Aifisnsdruvesususmesszninameamesuiduenludonseruuleiiluy
fanstulaelfidusmmuamiminluanauazarstestunismudiveseynianediuniae

wmAlAN1SduATITALUUENTATaNY
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1.3.2 annzfmnraulunmanieuounauiluneduesiuidoqaunis Taens
duareiuuudiatusienalnuuuleni

1.3.3 Anvinsinisuasdindeveynaulunediuesiuideqduniasmunivus
FuLuukagveaaeuantATiAsatesdmiuluumsunmsuszgndldSanvienuugld vain

Nausun

1.4 NFOULUIAA LAY
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Tun1sdudadunsd luvaenaisiwulsiluwazdrgybiiisildundovAnnivusaanu
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ag19l5Any Tudunaunisedsuilduvas P(QA-BP) in1slddivinazatsdunsddaduiuniu

a Y S 1 ae A vad da o o o A a aecw
GNYPIIIN 53MWQLLNUW5NWLW58NIWNWUWN?ﬂmmﬁﬂUL%@ﬁ;ﬁumiﬁl aﬂaﬂmﬁiwﬂﬂiwﬁﬂﬁﬂqv\ﬂu

[

ANSANULTBING

fetuluanuifeul Qﬁﬂiﬁm"\]“’ﬂiUﬂiﬂ"U@@@Bﬂﬂﬂaﬂﬂi”ﬂ’li 1AgazyINNISAI 8L P(QA-BP)

a

Teglusuvateunauilunediwesmensyuiumsduaneiuuuddatulaglinalneyyadase

(% [ '
= v adA aa

mmémﬂwaaL@Jaswimzﬂizmamhm @150t UeFURIN UL LALAERTI SIUNILNUNR?

L“ﬁuashwmLﬁmmmﬁuaumm%’um‘[umm FeunaginUszansainlunisanu

a

99 aumalmmnawu LLG\LN@Q’%’]ﬂW@aLll@i‘l/ll@llﬂ’]iﬂi mam%aﬁmunimaﬂa

(molecular weight distribution) wm'mwﬂvimsmmmﬂsmm%awmﬁ iR NIVDIDYNA

a

wodweHululienn [26, 27] uaraunaulunedmesilforazilantfdudedunidanas

q
MnuiTerouni i idesraunadnSaluniseSeveuniauiluned(umeian wodn)-
udon-weddlaiu [28] fMenspuiunsduaneinuudiaduiilinalnlondreanslslelafiu
(lodine transfer polymerization; ITP) mémﬂ'waﬁLmaiﬁlé’ﬁmmLaﬁaimmaaaasﬁgqLLas:ﬁ
vualndifeatu fofu lunuidedasimeiafindnuldlunaedenoyniaulunedwes

a

FrudouuaiiFe Tnsazinioulanodiuosves QA (39 QA fifivyjsafa) uas BP Lioly
A15aAWIIAINT (91ABUTERUINTRY QA) kazalsAtuAuaIely naullluduasivilussuy
Siaduiifiovedian ueusiues ([flgaumaiadouinitguvniivien) maAneynirazifnriy
nalnnsuszneuiLes (Self-assembling) vesanslevasansaunuanslsfignaefiosousiues
alsiannsnazarelulésn Taseyniaulunediuesiildasdnfnfunivuzlén (noudumeu

nsiiniusglaraud) lussninduneunisinfouillosaniimgaugiinaieuie aavingasla
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sunAulunedieiNdargldves QA-BP 0 uUBNYDIRYNIARIFUN 1.3 FeazilaudRdu

Welduniduaziiaiusyladnauniunivue (1 wanadn uasuii) Ndesnsadeuldegned

UsEangnm
+
E

9 g o

b LS o
R T ; Emulsion /\/\'

, ,\/\‘ BA+MMA \/\, —_— 5 A PGEA MMA)/\/\/"
polymerization i B¢ { ‘

+vr +‘; S b

U 1.3 aumﬂuﬂuwaama%maa PIMMA-BA) #ifidunas P(QA-BP) Mnieslaenisdaasigh

wuudsatumenabnuuulein

1.5 UsslomifiAninegldsy
1.5.1 Ifanmzivangaulunianieneuneaunlunediuesdudegdunis
1.5.2 Idfunuuaséfiflounaulunedieifuidodunisiianmsandevasuud
peneliuseansnin
{2 A

1.5.3 lonanuiiamegunslunsusyraniuinisvisensansseaunuviinidungeusy

Tunnadwinns LﬁaLﬁuaﬂﬁmmﬂumﬁﬁ’aLLazmiﬁmmGiaaamm‘iﬁﬂ
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2.1 mandevmsiudagduridacuuianvionivuy

Ly a

Uagdulatinsimunisidauazdesiunisyuieuresgdunidunseganaiies

9

a

FIENAUsEANSN NN Fie nsiAFeuanSiNwTeAUNIdatuNTanTTeN YL len1siAGey

2

z10gADIUUUAIYAY AD NITLARBULUUNITAATUNIINIEAIN kagn1TiAniusEnIaall
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ﬂ'ﬁLf""IaE]ULLUUﬂ'ﬁ@JW?IJUVINﬂ’]EJﬂ’]‘W

2.1.1 NSIAFRULUUNIAATUNINNIENIN

asvdefagiiadevazlinuniunazngaeenuiainiaguientvuglade
deldsululuszoznanils esaniadoununssiagaszvinduianasgissey fie 3w
1A83$91ad (Vander Waals Forces) 417ina1nn1557315¢ 2 ¥ila Ao u54n3¥918 (London
dispersion force) wagusilnnadin (Electrostatic force) [1] miﬁﬂ@@ﬁwLLiﬂﬁéauﬁﬂﬁmi@J@
Fuussamiiindsnunismenudouroudisien fe dind1 20 Alagadeluauszannoiin
nsiunduresnsruaunsléiie ansngesentdieduiasiitefiiannsofuganiminves
frgadulding udluuisumndesnisarunmuresnisadou nsgaduiuuiaglinng
uenniannsndfiuanumuresninedeulfuardnauty lnenafiunnududuresansnie

FIUIUASIVDINITHARDU

2.1.2 M3AFBUKUUNMSRATUNILAL

A4 o A A ' o N, o ¢ = I '
ﬁqiﬂiaﬁaﬂ‘V]Lﬂa@U NIUNUBELAU (W‘L!ﬁgiﬂ'lql@um) %mmmLLﬂNLLNLLaﬂﬂma@

' o Yo a I 1 o & = A X a X
MY wﬂﬁlmummuamﬂuamqmﬂiuizawmu [2-4] 1 UB9NNNITLARDUUITENNULNATU

'
[y a

Wedgniadeuiuiafagsessurinufiseaiiiu Wussaddaduiussiuduseinliansi

¥ &

a a o Y] Y Y] = ~ a &
wisunge eananiadansesiuldenn Inemlunisindeudssianilazilunisinisuwuuty
W (Monolayer) fikfigane Fan1sgadunianieninuazniuniidownnaaiunagogauans

Aam9i 2.1 audRveInsgadunianiennias el



4 v U IS
MIINN 2.1 dUURVDINITRAYUNNNYANLAENILAL [64]

Mg

ﬂ']‘iﬁ]ﬂ‘ﬁlUVINﬂ’I&lﬂ"M

nsgadunaall

LArmuseuveInsgadu

Weenin 20 Alagasielua

'
[

50-400 fAlagasielua

2. guuindiAnnsgedy #in 6N

3. WssAapAsENInaliana WIUIUABIIAH Wuswiadl

4. NIRUNAUTDIUAZE Hunaule drulngliiundy
5. MIgAuuuLAa-v09uds WAnldiiaunnyie REILUREARR AT
6. waanuneanuiudlunszuIuNSAN liAeades Rendios
7.§ULLUU%u6umﬂﬁ@m%’U monolayer kay monolayer

multilayer

¢ a L4 av o
2.2 ATEUIUNTAUATISIND R TUUUBTALY
[ ¢ a [ a v o v v A & H s
nsduaszvinedwesiuudiatuazysynaulualedinarsiiluin vousiues
(Menunsaazane Ulalutsinaei) Msuuiisevdaliviiararsannssiaia (uunsnsdlmansey
sunmAnedesoalildansanusiieiy) Insanansaduunnalnnisiineunia (particle nucleation)
sonluaesnalnudn 9 Ao “ArsiinounIALUULBARUS (homogeneous nucleation)” wa

“nMsiineunAkuulingad (micellar nucleation)”

2.2.1 nalnmsifineunIAkuULENRUS
nalnfasAalunsditlildarsaaussfsianieldarsanussfeialuyiaad
HosninAnududuingevesnisiiabuegas (Critical micell concentration; CMC) fanne
nstuimangas (200-600 58U seund) mmﬁmaymﬂ%Smmﬂ@hL%'mﬂﬁﬁ%mﬁazmsagiuf’]
Annisuansimenuiounientaaifialueuyadase (free radical) udaiinfiusylaiiaud
fusouswosfiazaseglutinundiu vevewesiilenuiashandundeaslanodwesvl

AueEslanedilasiiutuway llanusaazateinle 1Sendn “J critical w58 Jg” IEHUEIU

'
o a

Alslyaudndmiuiagiudiuiivouin (Useanndisudisen) sandrausnivedudaiui
AndueuniaEusy (Precursor particle) Inauszqiiisyniaagviminndesiuldlneyniad
AnTuANNTITINAL Tgn1Aveteusesaz ey o wasuiduldlUazagluoyniaEuay

P89n51157A97 (Fn31n15880 Nedtualsetuaf) AUNTLNINAVDILDUDLLDSNIT LA
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(Fnsnmsiianediwelagtuanas) Lewinmdensausuaiwaiianzlueuninnauiiagduan

Uiisedlelimvioususieimaiinaynianeditofuansiegun 2.1

Precursor particle

/ Polymer particle

Precipitation

Propagation in aqueous phase
M : monomer

I" : radical

&a

A a U 6 U L v 1 ¥
sUN 2.1 nalnnisiineuatauuuieniuslunssuiunisdansigddaduuu uldldans

ANLSIRIRT [60]

2.2.2 nalnmsfineunakuulugaans
nalnfazalunsdifldansaaussieinlutinaiiuinnigedusiazaiseg
TuﬁfwLLazmimzmEJG"T’J@sgjiawiaiwdwﬁwawauaLM@%LLazﬁﬁ 158N ANULUTWING AT
Aseinbutead (Critical micell concentration; CMC) MINLALATAALTIAIAIRLINLAUND
adluszunagsilAnmsnusiues Tassssuduitlivouthidwduwaziuduiivoutheen

a sala

v @ I3 9 = L4 v 1 1l
Praueniinn1ssindiduluwad (micelles) apuaiesannsainllegluluwadniaiulaid

€

o '
o =)

18 LmaéffsL'%'wﬁﬁ%mLﬁmﬂmmﬂﬁﬂuﬁwé’aamm%faum'%amamﬁﬂmm*‘fﬁluaquﬂa%ass%lﬁm
fusslamaudiuueuseifiorarseglutldusdsiunalnouyadasy Woaeliwediues
gtudes q auimnalldfitandeldveuti (hydrophobicity) tnndnaanuiits 13enaue
aelgilin “Buio Z-mer” vike “wodine woafin Surface active” Fufuarmemveansls
fladeiuinvesluwad aeldnediwesasindeufidirlufiiavedlusadnoudlunsly
waziinnsiioudeanslenediuosfuneusiueifegnisluluead evoauousiues
smthiiduundsiiueusiues sunveseunanediesaslatudon q uniwouswedly

ngALIUA Nalnn1siineunIALantagun 2.2 gaviearlaeunianefiuesniaiuiaioses
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£ .
\-.} m.i.celle 3‘..}
0@
o' g

®
M TTTYYY S
M IMMMM: / ‘ (. Polymer particle

Z-mer

Propagation in aqueous phase
M : monomer

I" :radical

®  : Emulsifier molecules

nl a [ fa v o
JUN 2.2 nalnmsifineunauuuligaanslunszuiunisdauaszisdatu [60]
AINNE VDR (Harkins) nalnmsiineuniawuuluwadlunssuiunisdunsiey

Slfatuanunsouwuseoniu 3 919 uaneAsuT 2.3

9297 1 (Interval 1)

' %
1 Y

LUt i3I ANISL AN YN 1AL TUAUIUAUANNITHANDYAIALTUAY

¥ 1
=< &

FeIuIUBYNIASUAUISLTY LTennluwaadaglgayyadaseiliienuiivedluead
anglgnediuefazindouilitr luiiiveslugadneudnlunelulaziinnisiieusieangly
wedwesiunsusweifogneluliuwad nafneunAnedieizintuGes 9 aunitluegad

pIAdINainlionsInNsiiane A e s tuNLTUNADAYIN 1

2371 2 Interval |l
Wudaeiilddluwaditavieeglnednsinisiianediuelsiedy (Rate of
polymerization; Rp) firsiinaent iewnsnsilunsldueneweslunsdaasmeivintudnswes
uouspiNindsuinnentluwmuilueymemeduies lnsazideuinnveaueusmoskiuani
ihieuandluluoymanedwes Swinefl 2 avdugn Weeymalatudes 4 aunimeneuoses

aegnltluaumun
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424 3 Interval |l

Turaegaiieiagimdeususiuedaragionizluoynia feduuiuaves
ueuBlDsazAoy 1 anas legnltlunisdeanelswediues vinllunasntaeil 3 T8nsnsiin
nedwelastuanas ilesndanmaianedmelasiuariueg fumududuresuouaues
Tnglifinsunsvesuousiuesanueasusiuesdn densiianedielsistuazdniusiold
unseiseuawnignldaunun fdudeiouifisufunalnnisfinoyniauuuienius
nalnilazdinnanszaiedaiiniresniiuasivuineynianediuesegludis 50-400 unluins
pgdlsfmuluszdugaamnssuasiinisldnalnifuegrsunivats iosandsnsinisiaa

wodlalswtuisilnldnanlunisduaszvitosas Ussndanal ndsnunazaldane

Interval | Interval Il Interval lll

Particle nucleation Particle growth Consumption of monomer rest

No secondary nucleation Monomer only in particles
fa v o

< a o & | =
EU‘VI 2.3 LLﬂﬂQﬂﬂlﬂﬂ?ﬁLﬂﬂ@Hﬂ’]ﬂLLU‘UlmL‘?jafﬂuﬂi%ﬂﬁuﬂ’ﬁﬁ\‘iLﬂﬁ’]%ﬁ@ua‘lmﬁ/l\‘i 3 YIRUNE W)

YPITIAY

2.3 psduaszinedinedsienalnaruguiininluianaveseyyadasenie
pealnsa/Anisushreansdmelsiedu (Controlled/living radical polymerization; CLRP)

wnlla CLRP gﬂﬁwuwsﬁumLﬁaLLﬁlmsﬁaUﬂwﬁaWiN 7 vounallausinoanediuels
UL UURALAY (Conventional radical polymerization; CRP) #38015&44AT1E9101N1A
wodwesdenalneyyadaszuvudniy ddeidede ldansnnisuvienlanodiuos
(Block copolymen) ¢ uazweAiwoifldiinisnszarsdivesdmdnluanafinirevile
nsAUANUTIN e snyilsiduiitvesoymanedimesidululdenn 5, 6] uazeynin
wodlesildasdaudafldatiane Junaia CLRP avunsaindounasdiueiniovden

lanedweslvilassadisutuueuniuindesnsuazdudould audsnisauauiminluiana
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'
Y a

MRS NATeN (nitiator) dalengrganely (Chain transfer agent) wavasduanusiaea

'
a £

\SUAU (Primary radical termination) #sal3undu ¢ 11 “duilinewmes (Iniferter)” Inggonain

o 1 a a

A3 Bulitewes nsuae wediwdu (nitiator transfer termination) finalnn1sinujAzen

WanaRagui 2.4

AB— A +B M. A—(M )—B

< o (3 a Ya a s
JUN 2.4 nalnmsdueseinediwesingliduiinewmes (53]

Tngansduilmamnes A-B 1Annsuandnasiluusinea A uaz B Jaushnea A duaziinay
Jothdenisiinuiseduususiues vliaiunsoseasldiutouawes M luvsiiushnea
B Wifarudedhlunisiinujiseseneusies M nasainuuteuawes M nleglussuy
szuseanldiuusinea A (Ferzdonduaisiedluaniuziiadhinenisiinufiisen)
Wenduanelenwedwesniauiod (A-M.)) lnsusAnea B Aliiatiosaznduundenuansly
a saa 1 a < 1 a saa 1 a ' | & v
wodiesndauiedh iiaduanslenediweini vy Auaz B UnegNuarvanglevisaaadia
(A-(M,)-B) eglugonuenlifinrisdhenmsfinufisen wenantianaly (AM,)-B) amnsaiinnisian
suluanglenedwesndeuiothledn vidilinsseamelgiaauy Tuvasdeiuigniuiie B 8n
@ v v 3 £ = & a aaa aa o VY a a 3 3
Wuipinsauseuswesgnlivauninsauaansiiauisen [60) smsllexldiduasduivesines
Ao wudalou, ou-latedialalnlea1suiiun (Benzyl N, N diethyldithiocarbamate) wag

2-0%a 1wy, Wu-laealalnlonsuiiun (2-Phenyl N, N-diethyldithiocarbamate) 1Husu [46]

'
=

Fetaguuiulatinmsiaunalnnisdunsiesinedimasuuy CLRPs dnanewaidn wu Tunsen
lon-fifun usAnsanadiualsisdu (Nitroxide-mediated radical polymerization; NMP)
p¥AOUNTUALNDILIARDA WoRluelTLwd U (Atom transfer radical polymerization; ATRP)
SosadidalonATu-LWsLWNTY 1wU NS uaes (Reversible addition fragmentation chain
transfer; RAFT) sanlumgiseu-iliien wedwelswdu (Organotellurium mediated polymerization;

TERP) uazlolofu nsmuaimes wodwelsiwdu (odine-transfer polymerization; ITP) 1udu
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Tngmannisiugiuvesnatia CLRP Wy nalnaziiusineaiiinnnuiadhwasniouiay

AinnTseeanaly Fasendn “Active state” wazeagjulunluiiaudieddanisiinufisenay

D.

39n91 “Dormant state” Tidesanuzd Lﬂmaaulﬂml,ﬂmgﬁ]ﬂiaaiuamauamaﬂ‘“ ANAY
AUARAD Kocr 4T Kyeocr WABAT kp Lﬂummﬁau@ammﬂmﬁ@waéL:ualiw%’u Uinsenavaniu

TJaundweusmesivunlussuuIsuun AgUn 2.5 wananalnialuves CLRP

Termmation

P-A T“'

deact

Dormant Active

gﬂﬁ 2.5 nalnsrluves CLRP [59]

nalnnisdaaszinediuesuuy CLRP Tulsznaudisaewnasuiididy Ao
“ M3MIVAN Control” wag “n1383n Livingness” tae Control wanedi maimaqamﬁsﬂm
397U (Number average molecular weight; M,) suaﬂwaﬁma%amﬁwﬁmﬁmﬁummﬁaL‘ﬁsm
fulesifudnisiAnvesweuemedwasuluiunediues (Percent conversion) #4aziinis
mgmﬂﬁwaqﬁmﬁﬂiumqa (M,/M.) anas aunisifistursadesifusususiwesivdsuluiiy
wodwes uway druiides Livineness et dndruvesanslenediwesfndanimliaunsade
anelefuanslussuuimunlddnien q Wefuousweslussuudoasimualudadauiias
waneindnisanevesatsletosun Fanalnnisdunsisinediuesuuy CLRP ateldaeq
neAwesslitinnsouflardelddnunninalnnisduenginediueoyyadassuuudin
Lﬁaqmﬂﬂa%mﬁé’qLﬂiwﬁwaaLma'jfayu”aaaﬁmmué?qLﬁmwiazawiezj'ﬁu%ﬁ%imﬂizmiu
1 5wit uaneinnely 1 3undidu aeldialydunedwed 100 wWeiidud dufu Tunalnnns
Fuaszvinediwefuuy CLRP Weannailunisdeanslavienarlunisiin 1 i9dns Wivde
0.0001-0.1 U7 LLamiﬁLﬁudﬂLﬁmmiéjuammmaisziﬁumwaaLuaiﬁfuﬁaﬂmw%lmﬁmms
m'ﬁauamaqmdmaa Jevilinanelduasnediuasiaia 5, 6] mmmmmammmuu
ﬁma&iamamwzumamzmaﬁamaqﬁfmﬁﬂimaQa(I\/\W/Mn) osnneves M/M, asdesiili

Tndlngd 1 39905 92A0adlA1e9 kye W08NI1 AT kgeaer 110 9 W3BAUSIUNISNEUTBIEY
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lgsasgedeazla n1snszanedvesiminluanalndifesiuynaiely [5, 6] lngludagdunis

duAszvinedwasaienaln CLRP dnalnaadwuy Ao

1) Persistent radical effect (PRE) fanalnges fie N1suanda-nmsyass (dissociation
combination) #unaiiafidneglunguil laun lunsenled-ifen usineanediuelsieduuas

nslenéhwerneu WU exneumIuaBuLsAnRanadIle ST ULAAIRIFUN 2.6

Nitroxide-mediated radical polymerization; NMP

P-A ﬁéid P+ A

(=

Atom transfer radical polymerization; ATRP

P-A+B <= P+ AB’

deact

4 i U LX) LX) £ %4
UM 2.6 nalnwes CLRP Miululaludagiu : a) nsuanda-nssind way b) n1slendeesney

Innalnnisuandinazn1ssInda Weldsuanudou P-A ianisuandinateiluusinea P
faudealarienisiinufisen lasusinea A way AB LufiaiudealasenisiAnu]isen
Felufnnsauanmeiiesnasliduaaiuusines P luveiiusinea P aiunsainnisauan

[y

Auwsaraa P 1e 399 llussuutuiinsinea P* 4agninsinea A way AB ddNaliinnis

duanvesangleteual wennidauisaniununainlfiseiuaslanediuesnininseaiy

mvesmtinluanaiiay

'
a v a a aaa

2) Degenerative transfer (DT) \Wunalnidesdifdizuujisowielmandusyya
a5 FeodunsuanAsuueusinea P, w3e P, U P-A M50 P-A dauianislonéneansld
wuudounduliiniiassdnsvesaunisnalnansdaasizsinediueduuy DT 1dud S1eadida
LanRTU-wsNWnFUwUnILEWes sanlumngiseu-iden nedwelsiedu wazlolefu

nsuanes wodiua sty LLammmﬁﬁﬁugﬂﬂ 2.7
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a) Reversible addition fragmentation chain transfer; RAFT

. - KfrZ‘l -
P+ P A s p AP, === P AP,
Koy Kaarz
S. S
N\~
\c

A=
I

5 |odine-transfer polymerization; ITP

Termination Termination

P 3 P
1 + Pl # 2 + P.-l
K 2 K K 1
P ex =)
M M
o Organotellurium mediated polymerization; TERP

Termination Termination

P’ Kasy (P,
@ + P, TeR === @ + P-TeR
M M

R = -CH,, -C,H,, -C.H,

al a a a a v % [ a 6
EUVI 2.7 ﬂﬁlﬂGU’PN a) IIDATLUALDAATU-LWITNLUUNYULYUNTIUELNDT D) laiamum’]ummi

wodaldu uay o) santluwgiseu-lifun wedalsigduy
2.4 medudeyiuviduesasnguaremeiund uewluiion

a1snauatemeius wouludey Senmiludn "quats” #3e "QACs," dneglulseny
a138AusIRNTUTEUIN (Cationic surfactant) [34, 35] ManelyauuATEElaANTIUINLAE

% o & A v ¢ =~ a 4 £ A
wnsuay Fednduberiuivadanissfiala (membrane active agent) lngaangnsasunias
N1STUNIUVD AT BVULARTUUON VDI UATIT B UNTUAULAL BBV waaTUlY (cytoplasmic
(inner) membrane) VOILUAILIY 'ﬁfmﬁuﬁaﬁ:mezjaé (plasma membrane) vo38a6 QUAT il
gsselaluszauiuaziadldlumnududugs lianunsaghsalaudasdu Yssinnilad
wWaenvu wu lwlslhida (Norovirus), lsanlasa (rotavirus) 3e Walelsa (poliovirus) nle
lugdansazargluidnf anududuyssanas 1 e 5,000 89 1 #io 1,000 f3u3i31 QUAT agil

I Y 1 Y Y [ 1 dy a Vel ¥ 14 dn( ! =

Anuludunsiesedlivos ldinnsaunuiy winAnududuguunndt 1% sseaneifed
1 dl' 1 v 1 dyq yd' s
AaLtayse 9 10 @1e hydrocarbon luansuseneunguiliesldnainuenivesarsuaulssunu

12-16 aynoy [2-4, 7, 8] Fpg19anTnaNilgu
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didecyldimethylammonium M N N N N

dodecylbenzyldimethyl ammonium Q\;\“/\/\/\/\/\/\/

H;C
R

\
benzalkoni g? o
enzalkonium

CHs

R = C;;—40%, C,;—50%, C;,—10%

R = Cp—5%, Cj—60%, C,;—30%, C,—5%

a aa &
UM 2.8 a@1sUsznauane hydrocarbon 73AINBIVBIAITUBUYTZUM 12-16 D¥mBY [33,63]

[

wananlifaiinisiieueanegenuinaniuansnay QUAT L38n31 QUAT-alcohol
[62] WilorndeRvoiueanosaduiandesosues QUAT Tngaziinlinarlunisdudanuiiige
anasrsandadiodisurunsld QUAT sgrafen Turasfiussansnwldanas Tnanunaanns
anAn9ve9a1sTuAIndsuas waziilonauLeanageduInndn 40% tasdl QUAT fiuSuiw
1NN 0.2% uslalinnadn 0.3% avanunsaendoialseld uavdniduansandoridussansnm

Uunans laanslunguilidu low-level disinfectant (sanitizer) aunsadudaiosunaussinm

a < aaa ei

10 dineqdunsdlaiounnuiin QUAT asyihufaseniberiuigas vinlviwadunn laevialdans

9
[

= a I3 o A v L~ = a v \ oA
anusIFRiIIIdueAUTENOUNANYRIEvILEAT BeluianaanTanuseRsEIUTENoUMYEIUN
Pagakardlunluiviegsanduatsluluanaifisnianlaindu amphiphilic molecule

willauriu phospholipid #3 QUAT @131130%1a18%3835UN U39V T IwadLA diud

2
v =] =

Lifiryvedluanainazilulalasnisvsukuuaisnsimsedne vseanafinuudu (Wawiuaay

[

¥ lipophilic) w3etluareneddines (polyethen) FafloonFiauogiluszes

[ Y
v A

WeLiinaaadu hydrophilic Ifusudilafivai daududidtiveslumanadululsvane
Snwadz [62] 9 QUAT Wundaefuaiianils Inedonduans Surface active agent 1iasan
flassadromaniiiivsznouse 2 dauvdn Iiud Yanedradadudniiduiut Hydrophillic)
drutaredndradulalnsasueuiildvouin (Hydrophobic) [54, 56] @1%5Un15 QUAT

=) ¥ 2

Wanalnluniseengnsieuiwad Inedszguiniirluduiuuseauvesnyeainnves

q
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= ¥ (3 v

WWeruwad Fanyuoafa QUAT azunsnidlulumuiusuyiligadsnuaudinisluibe

9 Y

A

doniu wazlugawadiazaigly ng QUAT fignslunisdureuvulisesUandass
arsiudeiinlvlivseanslunisduitesgnasaiaiuiansiudeniliazlanldes

asenuiseeni uazgnuanUdesaunun yibilianansasuigelasnsdeld [61]

av dd o
2.5 MUY NLNYIVD

a

= & & = A o ! ! v a ]
Wesandgymnisvuleuveategdunidlunisusvisedansng 4 nelimialsnsig 9

q
[ (%

i1 Fedndusesdinistesiunieduduiiafinanuunivuzinaitu ngualromesun3
wouluidey (QUAT) wanlooou As wouluflen (ammonium) waglwifden (pyridinium)
[ =t i v & a Ny 1 oA a a v vy 1 ]

Junildlunguansiduedunidlaegrlivsednsam wasddldiuegnaunsvaielaeanie

I a ) v ! IS =< a a

N9LAFBUATUURIVDIN 1Y UENTOIANMTY 9 [9-12] Taedsieauialsedniainves
WoAwasnquillun1sdudnEaauUNTOAIS 9 U LUATISEUNINUIN UNTUAU LT wazliFa
U199l [13-15] Feageongnsilodudanutegdunidviud [16] Ingldussquinidnlududiu

a

Uszgauvesqdunid lnensunuiuanteosy wu Me?* vive Ca®* [17] lnelidesanydosans

I [
U = =

29NUNBEUTITD WANAIIANNNITEIANTEASIALY [18] AaDIuU [19] way FaLI85Leaau [20]

' 1% [

= o w

I3 v a v P=1 a ¢ o a &
Famaudulgninisandrsdudinden venaintnedwesnguilatuisalanediues
) 4{' = vy a a A ' a a 9 v & = a
Auansdu o weliiluszd@ndamiivuizan 191 Uszandninaiunisaiulte nsotia
UszAnsnmlunisiadou 1y mslanedwesivaisnauluaunsutilundou laeviujisen
fumlansenTaveswaglaa [30] vedui [28, 31, 76] wazlninduulaeenlud [42, 43] Wusiu

P | M ova ) - a ¢ & a ~ ~
waztlnlduiuundladniswaunniseaaualsneduasaioinasushaulutdeuasiunvusi
patnvanelaen1sianediuestuasiuulailuunauiIsotAanus LA auNEIuNusy C-H

[10, 21-23] FsanunsavUssgndldlumsindeuiunizuesing 4 legefiuss@nsnm egdlsfiny

1%
a

A | a s ad A ° & - Aae o & v Yo o a A e = &
W99 NHUAALTNUNRIA ez TunaunseaauNduIndudadldivinazatedunss aeliidu
AnsAUAINADY
% (v | 4 Y =2 [~ o‘d' 1 [ d' v Al [
nsunUagmdsnandisudadulandiiiaula lnaduinsuiuaiteyniassauunly

va o

WAsaEnsaiuuRIvesmedieslaetswin laefiudidearunsawmisuouninuiluves
a s s =) ] L - [ [ a v o 1
wodeaiataweiuns wewluiley lamenszuiunisduasgviuuuddatu [24] dunalneyya
daszuuuaufy aglsinunsdunsieiounianediuesienalnoyyadasswuunafuddl
Y A A ' N < a s v a cay va
Toidy Ae lauisamisuuienlanediues (Block copolymer) la uagwefiuesnlaiing

nsreiivesintnluananning ilinisatuaudTuiuesmyilanduniiveseynia
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wodwwasilululaenn [5, 6] LLasm‘gmﬂwaSL@Jai‘ﬁlé’%ﬁamﬁ’aﬁlmﬁ%ama F9019dmans
UsgAnBninnisinutendunisld fadu nalnnisdaaszsinedwefuuuaoulnsa/anie
wshneanediuelsiedu (Controlled/living radical polymerizations; CLRPs) [5, 25] 3at8u
waliafnzay Weudludesessnan nmsdaaszinediweisenaln CLRPs amnsalmsey
wodweslrilassad1afintuey (Well-defined structure) LaznaINMaTIsAILAIINHBINTT

wanINlldaunsanluaunIsnseatefvesivdnluanavesedwesiiuauladainlyg

' '
va A o

wodlueslatauTAviadnane [26, 27] nalnnsdunsizineawesuuy CLRPs dvanamaia
wu lunsenlan-iinsausAinoanadimelsiedu (Nitroxide-mediated radical polymerization;
NMP) [28] azmounsuaes usnnoa wodluelsiwdu (Atom transfer radical polymerization;
ATRP) [29, 30] 5110580 0awonRATU- LIS NLUUNTULSUNT 1 UdBs (Reversible addition
fragmentation chain transfer; RAFT) [31] kagoaniluingisou-dinvanadiuslyioduy
(Organotellurium mediated polymerization; TERP) [32] wieg1elsAnumadanand
galivoiduunsusens Wy natln NMP dedldamumngiigilunisdunsiz inalia RAFT 1dans
751 Bslaivanzivuamansaeiiifentsd wiaia ATRP wag TERP élanswiinifuansamuey
dolinuandléBudimsiumaia P anldlumsdaansieynianedweslussuunszane (33)
desnldldgamnfige wazlildlavenindusmaivaunisnszaneivenimdnluana
wigldansusznaumnleloles wu lelelanesy (lodoform) uwnilaveniin deansinaniiu
fnsudanndey uasiisingn Taeluauiserountil fufideusyauanudnialunisniey
aun1AUIluNeAWeSTRINeA(WnIASAR Ledn)-uden-nedalasu [34] lnsodunisuszneu
F04 (Self-assembly) [35] vasansldnodues Inosuduazdaunsziaslondrvanslaunnin
(Macro chain transfer agent) n3aarsauauiininlutanafiaiuisnazaislutild de

%
o s o

wodkes (wuniAsan weda)-lelelan weiilvegluszuuddatu vowewesdlauliivlgs
azpne o Aeareldaslvluaglyvesaslendreasldunniall auanineareldlanediues
Lanunsoagangluild agvinisuseneudedasriudiunlidvidineluiasdiuniyiesn
suueniinidueyniauluiiu andeyaninainuiazaiusainuinssueuniaulunediues
a 3 s = =~ v A a ¢ s A = =
vasnadwaivainramesusieuluieuliiliemnnedweivesmamesuniuenludonivsey

d‘ =) 3 £ 1 Y [y
vananunsafagnseuluanslendvanglaunnialaguny
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VAUUNTITINNY
3.1 ansiniluavaunel
3.1.1 a15iadl
ansLail N30 fvo
1. WyanIAsLan Analytical Reagent  Sigma-Aldrich
(Methyl methacrylate; MMA)
2. UianzAlan Analytical Reagent  Sigma-Aldrich
(Butyl acrylate; BA)
3. dlp3u Reagent Plus Sigma-aldrich
(Styrene; S)
4. d-Loasaeend-2-dlansondiuulailuu Assay: 99% Sigma-Aldrich

(4-Allyloxy-2-hydroxybenzophenone; BP)

5. [2-(lumAsladasend) Lofial Analytical Reagent
Tnsiia woulullvumaslss

[2-(Methacryloyloxy) ethyl]

trimethylmonium chloride; MTMA)

6. uuleda 1Weseanlyn Analytical Reagent
(Benzoyl peroxide; BPO)

7. 2, 2-eglaUa (lolyTa9n ol Analytical Reagent
lalslas Aaalse

(2,2-azobis (isobutyl amidine)

dihydrochloride; AIBA)

8. lololanosy Analytical Reagent
(lodoform; CHls)

9. 2-(lauiaezdly) Lofia wWniAsian Analytical Reagent
2-(Dimethylamino)ethyl

methacrylate; DMAEMA

Sigma-Aldrich

Merck

Wako

Sigma-Aldrich

Sigma-aldrich




a
GUPISREY

bNIR

v
g1

10. 1-luslulaAiau
1-bromododecane; BDC

11. oxdloululasd

(Acetonitrile; C,H3N)

12. paslsnod

(Chloroform; CHCL,)

13latedia 8nes

(Diethyl ether; (C,Hs) ,0)

14. lpoonizu

(Dioxane)

15. Lonuoa

(Ethanol; CH;CH,OH)

16. arsazangnsalalnsnassn
(Hydrochloric acid; HCl)

17. luifsunaslsn

(Sodium Chloride; NaCl)

18. luineulensonlyn

(Sodium Hydroxide; NaOH)

19. lalasailuu

(Hydroquinone)

20. winsglalasiusu
(Tetrahydrofuran: THF)

21. ndelalaifsungonaisadu
(Fluorescein disodium salt; C,oH;oNa,Os)
22 asavansvialasiuiiawiialaswiialeu
luflouraslsa
(Cetyltrimethylammonium chloride

SOlUtion; C19H42CLN

Analytical Reagent

Analytical Reagent

Analytical Reagent

Analytical Reagent

Analytical Reagent

Analytical Reagent

Analytical Reagent

Analytical Reagent

Analytical Reagent

Purity 99%

Purity 99.596%

Analytical

Analytical Reagent

Sigma-aldrich

Sigma-aldrich

Sigma-aldrich

Sigma-aldrich

Sigma-aldrich

RCl Labscan

RCI Labscan

UNIVAR

UNIVAR

Sigma-aldrich

J.T.Baker

Alfa Aesar

Sigma-aldrich
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3.1.2 \nsesllawargunsal

\n3esileuargungal U Boio
1. i3esdursniseaninsalad NEXUS 470 Nexas
(Infrared spectroscopy; IR)
2. wi3esfinpdesuuniuin wlowunud INM-ECZR JEOL
anlnsalal
(Nuclear magnetic resonance
spectroscopy; NMR)
3103097 - 3A0a awnlnslnlndines UV-1601 SHIMADZU
Waawnlnsluladimes (UV - Visible
Spectrophotometer; UV-VIS)
a.pFestunies SPINETTE IEC
(Centrifuge)
5. NADIYANIIAUBLANATOULUUAINTIA JEM 1200 JEOL
(Scanning electron microscope; SEM)
6. w3eanuuimdnuuuldanudeu C-MAG HS7 IKA 2
(Hot plate stirrer)
7. govauiau UNB 400 Memmert
(Hot air oven)
8. LATOININTUTWALUUNG T Delsa™ Nano C Beckman

(Dynamic light scattering; DLS)

9. nesnialudua aunuia unasuns
(Differential scanning calorimetry; DSC)
10. wesluunsiuvsn szulada
(Thermogravimetric analysis; TGA)

11. wSeadaade 4 fumus

(Analytical Balance)

12. 130930 pH

(pH meter)

DSC 4000

TGA 4000

SI-234

4831

Perkin Elmar

Perkin Elmar

DENVER

INSTRUMENT

Consorr
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A A ¢ a v
Lﬂi@ﬁN@LLazq‘Uﬂﬁm U g1ie

13. NADIYANTIAUDIANATOULUUABINL JEM-2100/HR JEOL
(Transmission electron microscopy; TEM)

14. w3esanlasalnTinladidnnsoudae KRATOS AXIS ULTRA DLD
S988ng (X-ray Photoelectron

spectroscopy, XPS)

15. NABIANIIALLIIOENDY Scanning Probe NX10
(Atomic Force Microscope; AFM) Microscopes, SPMs
16 \n3Inyduia DM-CE2 KYOWA

(Contact angle)

3.2 WNURATUADUNISALLEUIUINY

(%
Y a o

TuenAdeiiitureulunsdunneieyniauilunedwesuastunsuluniswioteynia

(%
Y

AURAUNIENIUA 3 Tunau Aall

AsLWSeNaNSlengea1elgunnIe Tngn1saLATIsTkUvaANsazaenlenatn oA

N

a a c Y dy a a 6 (% 6 av v Y aa
ﬂ’]ﬁLG]ﬁEJiJEJiéﬂ’]ﬁUWIUW@aLilEJiW'WUL“UEJf\!aL!VﬁEJ Tngn1sdansiziuuudlatumenalnlofin

U

nsnseRasgBiatusuwuuAnTURRaUATULRIA UL UULAENAFBUNSAULT0AUNSE
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3.3 3N15Vna89

3.3.1 mamssuaslendganelgunnia lnensyuiunsdansgiuuvaisazanamenalnlefii
3.3.1.1 nsgueuawesmamesusiexlulevlvivieana 12 mie (QAC,,)

insuSuusaauaasalewmeasuisuenlutey (QA) Winydafa 12 vl

(OAC,,) Taeld 2-(lufiaesdlu) tofiauninsian (DMAEMA) iHunsusiuedisusu Tnnay
1-luslalawmaray (1-bromododecane; BDC) iy DMAEMA Tugwnsidiulua 1:1 ldaslu
vinnunaukaiesdlalulnsanemnaslsnesy (2:1 lneusung) laga1uidudues
upUBlLEIUTEINAL 25 W/v 9% (AIuNaNLARIRInT1s7 3.1) Unsnegnensdalauudvinlmndy
angnialaenislidugaaduivnisdufalulnsauszain 5 sou (sougavinenigld
Tulasiau) antuwtvinaddusraitudalauyinsdansizid 40 ssrwadoasnsinisty
500 souseuTLluna 24 Falus ndandwhuiansanssenisanagneululaefiadines
gavineaglangnouvas QAC,, newihluigatiendnuailassaiamaaisewmaiia FTIR wag

NMR Tnenalnuasiuneunawsen QAC,, kanafaguil 3.1 wag 3.2 auafu

H,C CH, ¥ &
0
) e\ HCH,), -Br
—_—
40 °C
e
N
Y N |
C12H25

4 6 6 v -7 =Y 1
UM 3.1 nalnnswssuLeualleIaamesusieulutenliingdana 12 v
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/ BDC \

DMAEMA
=V 4 b4/

Acetonitrile
\L( |
( ( ;
( Vacuum/N, \ (

Chloroform

T ——

AL i = QAC,,
40 °C, 500 rpm 24 h
» 1-bromododecane; BDC
» 2-(Dimethylamino)ethyl methacrylate; DMAEMA
» Acetonitrile; C;H;N
\ » Chloroform; CHCI, ,’
N\

e

a

A gj a s s = Y [ 1
?;UVI 3.2 JunpuNIsBLLDUBlLRIABasunS e lIdeNlrlividana 12 i

Y

A ! a s 3 a = Yal Il a [l
19199 3.1 mumaﬂumimssmauaLuaimamasu’mt@mLuaﬂmumgaaﬂa 12 By

Ingredients

BDC ¢ (mol) 4.99 (0.02)
DMAEMA g (mol) 3.15(0.02)
Acetonitrile g (mol) 16.2
Chloroform g (mol) 8.20

3.3.1.2 mawsguEnslendreanelgiinna Iagr unsdansiwuuasazanenenaln e

avale [2(un1nsladasend) tevial lasiufiaueuluifeounaslsa
[2-(Methacryloyloxy) ethyl] trimethylammonium chloride; MTMA) uausiias QAC, WaNAy
a1uve3dasenuuleiiluy (BP) wazlelelanody hduidowetululeniuoa anntumld
Turafunaumdonfuladeqnensdala wasvilhuanaine lenslidugeaduiunsul
wialulasiaudszana 5 sou Anduntvanadusrsiniuddlauiigungdfivanzandae
Snsnmstiu 500 seusowdt Wonawulu 15 Wil vinisanansavais2, 2-exleda (loledafia

ogdifu] lalalas aaslse (2,2-azobis (isobutyl amidine) dihydrochloride; AIBA)

'
o a a

(azanessoniuea) Iududisisuuji

a

Se1a9lUvinn1sEwATIET 70 asrwaldea Lulan
3

24 971319 (ANNMEDRTIEIULAAIAIAITIN 3.3 LATATNN 3.2)
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4 a 6 6 6
15197 3.2 an1n2lunNISm3euasUTENaUTRINe AL LDsAaMasUnS wanludeu-lalalan

Faldiduanslondreaneldunainlunisarvaunisnszatedivesimidnluananas

i desiunissiuiiveseynianedwes lnensduasigrikuuaisazatgaienalnlofid

Tneldmamaiuns wanlullen sio d-wasdasoniuuleiluu NORTIEIUAN 9

Ingredients

1

2 3 4 5

QAC;;  g(mmol) -

MTMA  o(mmol)  2.27(8.75)
BP glmmol)  2.22(8.75)
CHI, glmmol)  0.69(1.75)

AIBA glmmol)  0.04(0.175)
Ethanol g 45

- - 2.85(8.75)  4.46(14.0)
2.73(10.5)  3.63(14.0) - -
2.67(7.00) 0.89(3.50) 2.22(8.75)  0.89(3.50)
0.69(1.75)  0.69(1.75)  0.69(1.75)  0.69(1.75)
0.04(0.175) 0.04(0.175) 0.04(0.175) 0.04(0.175)

45 a5 50 50

NugL1e : RUN1 P(MTMA-BP)-1 50: 50,

RUN2 P(MTMA-BP)- 1 60:40, RUN3 P(MTMA-BP)-1 80: 20,

RUN4 P(QAC,,-BP)H 50:50 gz RUN5 P(QAC,,-BPH 80:20

/ Monomer
Transfer agent
Solvent

\;_e‘ p’

: -2 15m|n
T T LT

o Monomer=MTMA+BP or QAC,, +BP
o Transfer agent=lodoform
o Solvent=Ethanol

< MTMA = [2-(Methacryloyloxy) ethyl] trimethylammonium chloride

1

I

I

I

I

I

: & Vau:uum/N2 \‘ Polymerization \
| S\ ;w* wrer=——mr—"
1 ; { 4

1 L

I

I

I

I

I

I

\

D T

.fii /;{, =l /{J

for24h
Macro chain transfer agent

70°C,500rpm

\ < QAC,, = Quaternaryammonium for 12 alkylgroup /
\ < BP =4-Methacryloxy-2-Hydroxybenzophenonoe %4

- e o e e e = e e e E— =

- - - - e Em e Em e Em e e -

A = 1% 1 [ 4
SUN 3.3 LHUAINLEAINITLAS oUATSLENg 1018 1lgUNAA LALNISTLATIZTVLUUAITAZAY

u

senalnleiin
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a

3.3.2 mawieueymeaulunedwesFuiodunid Tnsnsdanmeiuvudiady
menalnlofii
nsduATIEiuNIAulunadosvaLuianIASan (Methyl methacrylate;
MMA) Dafiaozasian (Butyl acrylate; BA) wazalnsu (Styrene; S) lussuudtiadumgnalnnig
daanginuuledin Taldanslondreaneldunniaiindouldludunou 3.3.1.2 Wudmuay
thwiinlaiena uazansdlesiunismusveseynianediues TnefseasBendel
Futhusmnnlossuiiifie 4 (Usufeansazanensalalasnasin) adluwin
funaumfesliadegnensddleu deulfeglussuuayimelasnislitugaaduiunisi
whalulasiautszann 5 sou Mniudnansazansanslondreasldumniaadiilumafunaudis
thagwieutudn uouawes Audnsndlua uarUSmamouameisufivizan) adluiog
dioliansuauionuadnfu udaslusrniufuialauiigunglivseuia 70 esrngaldoa
esnsnsiu 500 seusoudt onatdiuld 15 unil insdnansazaneflsuuiazen
(azanefaet) adly vhnsdaasgiiiguugifvngay dednsinisiiu 500 seusound
(ﬁagﬂﬁ 3.4 151971 3.3 war m51ei 3.4) InglutumeuifasinsAnundedosne o finasens

daasgdt wu e eamgdl Usinauazanuenaeleves aelendieansldunnindusiu

e e w wm W wew w W W W W W ew e e e w ww Wew ww m ww Ww em ww ww wew ww e ww ww ww e ww W

- Y
/ \
/ Monomer \
I Control agent AIBA |
I Solvent - |
: il .
I C 1) " 07, ({ '
| NG TN |
i / ' Vacuum/N, " Polymerization I
| 4 S\~ TNTAINI 7 |
! = T : : for24 h |
I L) & S Pt L ]
i ’ - - Nanoparticle
: 70 °C, 500 rpm :
| [ Monomer = Butyl acrylate, Methyl methacrylate, Styrene !
| o Control agent = P(MTMA-BP)-1 or P(QAC,,-BP)-1 |
| o Solvent = Water (pH 4) /
‘\ | © Initiator = 2,2'- Azobis (isobutyl amidine) dihydrochloride /
’ &

- e o e e e e e e e e e e s e e e e e o

JUT 3.4 ununmnsinsueyaauTunediueiuos PIMMA-BA) fiid21uves P(QA-BP)

TnensdaAsIekuudsatumenabnlofii
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Felutunoull azvin1swigdoyn1AuIlunafwLosves PIMTMA-BP-MMA-BA)
menalnwuuaLuiessuWsuantitueannaiilsannalnuuuleiiiae lnelvunounis
ARRIYREITUNTFIATIERoUN AW lUNFRSMEnaln MsFuATIwwuUle NN weiaedl

ALY QA ay BP asliuwnuansazasanslendruaslaunnim

+l_]2j\f gnjf

BAMMA AN~  tomlision | B brea i) AR~

SH\'\’\‘*_ polymerization e J‘r' H‘\'\'\.*’
+Cr' ; - .11

,"\/\,

&t

1J 35 aumﬂuﬂuwaamasmaq P(MMA-BA) # '“ d1ur99 P(QA-BP) mmmﬂmmimmswm

wuudTatusenalnlofid
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| = a 5% & a a6 o e
MI1919N 3.3 ﬁﬂ?’l%i‘ﬂﬂ’]iLW?SN@QQW@UWIUWB@LN@?@WUL%@@&UVI?EJ IﬂﬂﬂﬂﬁﬁﬂLﬂi?%‘WLL‘U‘U

v v Y

dlatumenalnladifi 9

[

MINEIUAN o VasuTiamAsLan Jafiaozasian Lazdlnsiu

RUN
Emulsion Emulsion ITP

Ingredient CRP

1 2 3 4
MTMA glmmol)  1.40(5.000) - - -
BP glmmol)  0.64(5.000) - - -
MMA g(mmol) 4.04(40.00)  5.06(50.00) - 2.53(25.00)
BA g(mmol) 0.64(5.000) - - 3.20(25.00)
Styrene g(mmol) . - 5.20(50.00) -
4 P(MTMA-BP)-I  g(mmmol) H 0.53(0.125) 0.53(0.125) 0.53(0.125)
® P(QAC,,BP)-I  g(mmol) - - - -
AIBA g(mmol) 0.03(0.125)  0.03(0.125)  0.03(0.125) 0.03(0.125)
H,0 (pH~4) g 64 50 50 50

a3



a

a a a X & A e ) ¢
M99 3.4 aeﬂqjgé‘[fUﬂqiLmiﬂﬂawﬂ'\lﬂuqiuwaaLN@?@’]UL%@Q&UW?S Iﬂﬁ]ﬂqiaﬂLﬂsqzﬂLL‘U‘U

3

v v Y

dlatumenalnladifi 9

[ a

PFIEIUAN 9 VosTiamAian Uafiaezasian wazdalasiu (ve)

RUN
Emulsion ITP

Ingredient

5 6 7
MTMA g (mmol) - - -
BP g (mmol) - - -
MMA g (mmol) - - -
BA g (mmol) 3.20(25.0) 3.20(25.0) 3.20(25.0)
Styrene g (mmol) 2.60(25.0) 2.60(25.0) 2.60(25.0)
¢ P(MTMA-BP)-I g (mmol) 0.53(0.125) - -
b P(QAC;, BP)-| g (mmol) < 0.63(0.125)° 0.58(0.125) ¢
AIBA g (mmol) 0.03(0.125) 0.03(0.125) 0.03(0.125)
H,0 (pH~4) g 50 50 50

131181916 RUNT PIMTMA-BP-MMA-BA), RUN2 PIMMA) idld9uuas POMTMA-BP), RUN3 P(S) fifidu
489 PIMTMA-BP), RUN4 P(MIMA-BA) iiidauswas PIMITMA-BP), RUN5 P(S-BA) fiitd e PIMTMA-BP),
RUN6 P(S-BA) fiflduvas PQAC,,-BP) waz RUN7 P(S-BA) fididauwas PQAC,,-BP)
* RUN1 Emulsion CRP
* RUN2- RUN7 Emulsion ITP
@ P(MTMA-BP)- 50:50, 60:40 4@z 80:20

® P(QAC,,-BP)-I 50:50° wag 80:20¢

aq



3.3.3 NMsnadeuantRsing o veseuswasiazaynIaulunedilesiwsaula

3.3.3.1 mavieddudnmaAsuieusesfunediuesiemadanmsdaimin
Tngvimsdaiminansavaelongeaneldamanaviosyniauilunedwes Gadu)
fFuaneRldldadudsesaiidomsens uasillueuiignmad 80 oswmwaiBea iislatuay
sevaesliAnuiisehudoutidenedmesaunseiniminvomedwesas anduiiniwiin

a ca A @ Y o ° =
‘W@aL@J@i‘VIL‘V]a@a%‘ma\‘iﬂqia‘ULLa'Ju’]lﬂﬂ']u’lmm']ﬂJaiJﬂqi‘Vl 3.1

Wp x 100 ) 31

%Conversion = <Ws or Wy x [M]

W Wp fia dwitin (n3u) vasimtinyasainnisey
We D 419N (15U) (¥89815a8a18%a93INNSEUATIZA) NTIneueU
A goJ C% U a v o o £ 6 d' oll 1
We AB U1%UN (NFY) (V999UATUNRIINNITRLATIZH) VITINDUBU

[M] A8 AULUUTUVDINDUBLIBS (96Wt) ABUNTAIWATIZY

3332 maﬁﬂmmmmaymﬂLLazﬂ'ﬂmmLﬂuﬂizﬁ;ﬁﬁmaawmﬂwaaL@J@%
TAUUINBYNIAAIENATANITNTLLIAMUUNGTH LﬁammumaqﬂMl@ﬁa
1ayd1u3U (Number average diameter; @), ) LL@S‘UUW@@HﬂWﬂI@SﬁWMﬁﬂ (weight average
diameter ; d,) lnsaztheynanediesiduaszildnszatefasansaraelefounoalss
Uszanas 3-5 viea U3HIa5 20 383805 Wd1N15TAdEIATeIN19N T ImATLUUNA TR

& o [V [ aa a § Y a o A
nuuiluinAianululseaniaveseunianedmesmemalindndn

3.3.3.3 NM15ANWILATIATNIGLAL
(1) walladunssaanlngalad
nsAnwlassasmnaeiiveweusiues wavouniAulunedweimematln
sunsusaaninsalal semsinietslnonsaiavosaiuaryosuds eweudsazinney
I unauisnou LLé’aﬁﬂU’E’mma@mﬂﬁuLLmﬁmmm’mﬁumq 9 1089291095 9@DUNTILTA

(4000-400 cm™)

a5



(2) weallatuades wunudnslonuug anlnsalad

imsAinwlasaimaseiivesansiondeansldunnauazauniauilunediues
memalladundesiunuinslawuudadninsalal fMeodndmiuianeit H NMR azangsiing 19
Uszana 1-5 daansu luAifiissunezeaslsvesy Thllanududuussanu 0.1 luans laluvesnld
AIREUUN 17.5 wuRmng WWuruaugnas 5 $adwns (17.5 an x 5 mm NMR tube) wiesdn
iy waslneansazaedosdinnugeedeosuszana 4 wufiues wagldwnsswiialuaundy
ATURITFIUOND

yonniThMsmsuaeldrseressmmsduaszinedwes (Degree of
polymerization; DP) LLazﬁmﬁfﬂimaqa (Average molecular weight; M) vasaslanduans
lgunniakazoynIauilunedwesingldaunnsy H-NMR lagnisidSeuiisuiialusneu
Tnfluildfnuazsuanlusnounesdiuiingiu DP warlins1u DP [65] nM19AuIniLanass

AUN15N 3.2 hay 3.3

[, X DP, X N
DPX=<X — T H’y> 3.2
y H,x

3.3
M, = (DP, x M,) + M,

3.4

[M], X MWy X a )

M, o = MW, acroo
njip macro~CTA + <[macro — CTA], x 100

1R8N |, WAy Ny, AD NUNAFUIMLALI I UIUTUTADUAINGIAUVDY X

]

[ '
= =) =

(lainsu DP) I, uag Ny, A Nunladyqimuuazduinlysnouniudduves y (ms1u DP)
DP, uag DP, fio AN aalavas x kag y muaInu M, fe dimtnluanavesdniunilaany

19 wag M, Ao Uninluianasiuvedansnvsiu DP

3.3.3.4 MsAnwFUTMaEdugIWIEweRUAALaYRIAREY
JUSUad g IVEURIeUNIANERIBS Y NATITADUAILNG DI9aNITALBENATEU
WUUdBIn319 (Scanning electron microscopy ; SEM) uazndaigansseudiannsouwuudesiny
(Transmission electron microscopy; TEM) Tunsdives SEM aziidiatuiildlunenasuuuiunszan
Aifvundnninuiueiiedis (stub) (stivualidiu (nx e x @) 1 x 1 x 1 uhanes) ndeuduld

N3EA1ENTBInAtU vantuagyimveaiinduadliiiarldnszaiunsesgaduiieandnass
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d' 9 v av o a Y o v ! a o | A s
Wielileynieddadumniiuly ushlveuludayanea neufindiegrsasuu stub Aiasuen

wUAneg uaziluiedeunesdi WeiuariRnisiiowdidnaseuuuiavesinedauaginnmsiad
AMAIVYIYAN 9] ANAUMINZANAVTTAVIENTAI9E19 Tunsilves TEM aziddatuniignan
Useaa 50 ppm LLé’mm@haﬂNﬁaumﬂﬂssma@hﬁLLﬁaaquuLLcjuim%’UﬁaaﬂN (grid) wazUaae
Thuwiaigamnlulavhusis (desiccator) TntudsilUinsesideiies TEM
Tudumsfnunduginevesinafioudunaldannaeganssaindasgan sy
W399zmU (Atomic Force Microscope; AFM) Tnednrnieduiuunng 5.0 x 5.0 93, udaneans
2-propanol luian 5 undl udrevliurisfigumngil 80 °C wdiluindeusiseyniauily

=
#l
a s S o vy v ° % ! ° a %% 4'
wedles Mnuuinikidaetlueuludaganianeuiviessimenses AFM
3.3.3.5 M3An¥IATIEisInLarasAUTENeUNNLANUSIMURIYeIeYNA

(1) wedranlasalnUnladianasouniesadend
ﬁﬂmﬁgw‘%mmuaz@mmw‘imiwﬁmaa QAC,, [66] Tioguuiinvasoynia
P(S-BA) fifldrunas P(QAC,,-BP) daemaiatonsisdlnlndidnnsouanlnsalnd (Xray
Photoelectron spectroscopy, XPS) ¥u191 3 x 10° 583. Uagenaenu 10 mA, Anode HT 15 kV o
Tustusmisia 180° emdsiatu (10% Tneuhmin) aswualaduia 25 x 2.5 ) ntuiluoulu

L4 1

dasyaneneululaTeinewrsas XPS

2) wetlagansihlaanwazididaaiuninsalad

IN13ANYI5194a0IAUTENDUNIATVBINITAATUNIINIEANYDIDUNA

P(S-BA) Mifld@uvad P(QAC,,-BP) mismatinsansibilawan wazididasuninsalal Junauksn
a = o = v a a =

wiisuansaraengeasaty lngigeasaduazatemeansaratswiialasiuiaweuluilluy
Aaalsn (ANNLTUTY 0.25% lasuiniin) wastivalsazaroUnineswaaina pH 8.0
(AMUTUTU 0.1% Luanadns) Wwuadly 10% Lagununiaus TrdaNUutuaIws 0.5 AU
6 fadnSusiedns nasanuuihasazateNlalumAIN1snANGULALAIY UV-vis spectrometry
a = ) P A Ao -
faueIady 501 wiluwns §9laann15nsIanianueIaduniA1n1sganiugean
NNUUATENATAIRE1N Ingtdiladauaunia P(S-BA) Nildiuved P(QAC,,-BP) wu1ANing
2.5 917 2.5 wuduns ldasddudninesniaisavgesisadundainududu 1% lagdmin

Y A v

Juialfiduan 10 und Wiegadulgeeaisadu wazdidfNgaduaisngestsauuiaieig

ar



induvszana 20 fadansudadu 10 wit edidnarsvigoaisaduiiligngadueen
wé’qmﬂﬁmm‘hs’hﬁawﬁ’umsﬂgaaLia%umﬂuiu 50 1addns vesasazaneiialnsiuiia
wouluilsunaslafaududy 0.25% lagdvidn dufisly 20 wit ielkansrgesisady
fifufueyninves PQAC,,-BP) Sumaneen wazifiuaisazaeiesoasn pH 8.0
Arandudiu 0.1% luasedns Whiuasly 109% Tastwiindanun wdahnistadl 501 uluwns
MUY QAC,, WBUAUNTINUINTFIUNgeBLTaTY

Ly

(3) MIINYUAUEE

1%
a

Y Y i DR [ = A
N5InYUENEE fapg19azRpslianwuz luveuraINnenuUATUENHN LR
LAZTEUIUTLSEU U nszandlan warnvugiignuenasdtegiiagldlunmaaeuasiivuin
AaeIliAY 150 dadwns wazaunelaiifiu 100 dadwns aufigumail 80 ssryadya
P v Y ! D] 3 dove o | a Y a ¢ v W
welviansiedaudis Famgaufildindiegreussann 0.2 lulasing udrlinseiyududa

YDUAAINUITUIUAIDE

3.3.3.6 auUAn19AUTOU
(1) wadafvinelsulisn aunuile uAassiums
theynanedweslumiomduusiuiiduuazyihnsiinsesiilduiinsould
mgadaavivlalsudya awnuils uaasumni lagldaniizeumngillunismaaaudie -10 fi
300 eernaadod lddnsnsalunisauny 10 esmgadeasoundt aeldussenoniaufa
lulsiau Mnduyhmsinsgdmandsuslamsanuieu (thermal transition) vasasiaegns
flifanaasunvamasny (Magevidorendsnu) vesasietns Wognifiu (3oan) gamgd

luussenianignAIuAN LiaILATIERNIaUnlian13sAa18uAI1v037an (Glass transition

temperature %39 Tg) VOIAIF1081

(2) wmallawasluunmin svunlada
WanseunInvemediuesluwisudunruilduudinluimseinidiunm
aaAUsEnauans Mmemaliamesiuunsiumin sxunlada lagldannvenmnll lunismageutie
i 30 fla 600 earwaldea 1Hdnsndalunisauny 10 esmialasewi meliusserenia
whalulasiau nifurhmsiansBeuwasimiingesfan Welduanudeunieliussenne

'
o

IMvuAienY1NITaafIYeI0UNIANDTIIDT
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U YV o a

3.3.4 MawsuassdtaduduuudmiuinfouatuuindunuusasaaeumdnuitoqAuras
3.3.4.1 wisuaUsdddatuiuiuudmSulafo uasuuR 1A UL UULAENAFOUNITAY
\WoqAUN3E
Foediatuveseynaunlunedwe fnIenldlvogluanandutdud 1% 2%
5% wazanuuEusy 10% uassdtatuildasduton iWeldiluausdindounouy
FfuLuy dsansnsandeveyniaulunediueslalngnss

v Y

3.3.4.2 N15AFBUHNMILBTATUAULUY

v v

TudumeutiazAnuinsindoufiniie (Cotton) feaUsddifadusuuuy luaded
33.4.1 femaliamandeudeuasy Tnefiduneudl

Tneasidnwaniie 5 wufans 811 5 wuiues wneuldanududewindeu
ndntuanasdieududusing 9 (1.0, 2.0, 5.0 waz 10% aemn) Huasuudilituy

[

B1UsEunes 3 n5Y wazvinliwialuanuila warunlulinased Aniaaas 8 Tnm 20 Tad way

Y

200 30 (MAuenuaiiuvgaan 365 wiluwng) ieliAniusylniaud Wunsiuanuamy
= a o v O = - = = = =
gnfiniudn andudnwiailunisiadeuiivanzay (15-60 u19) uenandviinisimisy
a fa o o H Y [ 1S3 a o A v
wodluesdlatu (5.0% lnsumin) gnnaudua1sdnaniglndgSmuLuuasiugeun1enIsm
(PU 816; 48% lagniln) dwmsunisiieuiieu tnerdheniiansdudeunaggnauit 120 °C

< = ] o =2 va £ [ A &a A ¢ @ s
WULIaT 3 UM ANUUNINTANYIFNUAVDINIRILARBUALUTUBUATUAULUU AD LUDILIUR

ASARBURA (%A on) MENATANISYININTN

We. — W, 3.5
%Add — on = <M> x 100
Wf,c

d' & H o 1% ] o a o w
o W wae W Ao Uniin () ¥9d1Ang NouwasnaInIsiaaunIuanu
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I

NN SNAABUAILAIURBNISTNEN 182835 AATCC135-2004 [67] Tnofiduneu
Ao Yithihumsiedevassdatusuluuisazannznisndey uvhnstneniesdndi
wuushuy (agazidiugvnasluldivhwindsasismadssann 2 Alansy) wagldnsdnlon
Uszan 66 nsulaeidenniseniuuun® (Normal mode)

¥nsin 10 adilagusazanizlunisindeuazyinnisneasueniy fmurnmefgus

N13ASBEVBIBUNTA (remaining particle; (%)) UUKHRIANNS

ooAdd —_
G Ona)> x 100

%remaining particle = (M

Tnefl %Add-on, (g) uwag %Add-on, (g) fie Wosiudnisindsuiinvesoynianediuesnou
LAENAINITTNAILAINU

Jeagldtnfledoudedeayniauluneduosinuiusslniiaud faguil 3.6 9andu
nadeuNsFuTeAunIdveskdunuuTdunsindeusisauniaulunedwes Inedonld
WUAILTBLATNUIN (Gram positive bacteria) Ao Staphylococcus aureus Wazuniuau Av
Escherichia coli Tnazfinwimn3simunzanlunisnsisdevaudinisduidowuniiie
F19199¢14%% Disc diffusion test 35 Agar diffusion test (AATCC Test Method147-2004) %3®

Direct contamination of the test specimen (JIS Z 2801:2000) Mailusgiudnumzuazauys

vosTaniiodouls
+)
o H/ i
T -

C-H =y - ? r‘
AAY r(ax«uu.\)/v\, : Ny, -

A~ H.; A A ’”*“‘*'“’V

C-H 4 ‘ l_. f\r‘r 5 S H

o i s 4
X,

C-H g g 'j(f‘r cE  AS '} f‘f
’\’\.’\ ;\’t\raaunmw\/\,-
A PIEA-MMAL AU "-J‘.‘ E ‘\-‘\ .

C-H J‘P:r, >5‘\"“\“ L{‘rrjék'_, P

A +L, S &0

A A a s a Y v
5U# 3.6 msnfieveunAlunefiseTULR ALY

50



3.3.4.3 MIUgaLUAevaIaYN AUIlUNEAWRS
I snegeuanURn IR UATIS sYetau AL luneAWes AUWBLUATTLSY
WASNAY Escherichia coli TISTR257 Pseudomonas aeruginosa TISTR1995 LaaluUAIS8LATUUIN

Staphylococcus aureus TISTR1466 Wagllios Candlida albicans ATCC10231 neiiseazidunail

3.3.4.3.1 NMSAREULTDULUATILTY

a ° X & A a Ay

IFUANVINTINIZIR BT UATIISaNADIN1TNAdaUTUD M50
Tryptic soy broth (TSB) a1nUua® £ coli P. aeruginosa Way S. aureus \asslue1mIsiian
Brain heart infusion agar (BHI) wazidie C albicans \a83luo111511a7 Sabouraud lagiye
E. coli P. aeruginosa ¢ S. aureus ﬁuﬁqm%qﬁ 37 pyfNgalEed wazlde C albicans
\a89lueIm1s dextrose agar (SDA) Uufigamndl 30 esaiwaldea Wuiian 18-24 47lu9
= ] aa a & & BT & o o P 1 |
Wenudwuaiiiseisulnemsidesdeazisuyuainiuiluuussluguuisiuuginivny
9aunQil (Shaker incubator) 91 37 BeAgaLTYa kay 30 BaMLATYa MUTANIEILITaY
| a a & A a A I3 Y A &
aontsasgLAvlaveutonuaisenltlunisnageutluiian 3-5 42lu9 1wE19AUL52
150 soUsiou? Lelmdaln nasaINUUUSULRRIY sterile sodium chloride 0.85% TwiiAa
YUIITUANLYUIATEIUEENTaza8NIRTg LA IaUA 0.5 (McFarland Standard No.0.5)
A lAANUNTUYOITUIULAAYINAU 1.5 X10° colony forming unit (CFU) Aafladans wazyin

n159nA1UYUVBIN1TAANAULAY (optical density: OD) lagldiaTosaiunlasinlndines

(spectrophotometer) fiannuenIpdn 600 WluAS e 3.7

o

Sterile sodiem chlonde 0 85 \

and Optical density ; OD

TS8 =Tryptic soy biroth

BHI = Bran heart infusion agar

NA = Nutnont agar /
“ SDA » Saboursud dexiross sgar

: E col or NA |‘
| P aeruginosa 1 S+10"CFU/mI :
! S sureus |
: Calbican ‘ :
: 5 .
1

: 4 |
| 1
| 1
) Incubated N
: Incu_bnted Incubated 30 °C or.37.°C, 36 h l
| o |
30°C or 37 °C WNCorI7*C |

| 1824 h 1824 h Shaker incubator |
| 150 rpm :
| TSBorNA BHI or NA McFariand Standard No0S |
: .
| :
I‘ '

A =) dy a a
JUN 3.7 mswIsagenuaiay
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[
LYY

3.3.4.3.2 Msvadougrssudauaiiieveseyunauluwediuesiieds Acar disk

diffusion kaz35 Agar well diffusion
nseins8udedneds Acar disk diffusion tulagazyiinisimizidss
o £ coliuay S aureusTupwsisian Nutrient broth (NB) udaitluvuitgmmgdl 37 esrnwaidea
Hunan 18-24 Fal wudueiiBeasdlalasdaunnomnadeatoiiugu Mnduthlutuse
luguudouvuivgiruaugamadl fianuds 150 soudewdt i 37 ssrmuwsaidea Wuinan
3-5 4alug AnduriinsuSuanuguende Taswisuisuanuguiuanugu Mcrarand
Standard No.0.5 a¢ldmmududuvessuauead Wiy 1.5 x 10° CFU/ml fegu 3.8 wiaantiy
dgensradeugnisuteidesiudie3s disc diffusion (Faudasan CLS|, 2009) [68-69]
Tnevnisaade Fasldliuddunamndedndedundenaaeviinionlidrsduudadn
wormnn waztluinagldvhiminensideadonds Tnsagldenms Nutrient agar (NA) 910t
NEAAIHIDE1RIAURAR (Paper disc ) WA UHUARNFIREN (VUIALEURIUALENATS 6 mm)
NevuRmtheesiueimns wdnhluvufigumad # 37 °C luannglduas (rududunasogd
15 guuusieind) Wunan 18-24 Falus fagy 3.9 Sudinteyavuadusirgudnarswodaulaly

v & & a 0o aAa £ I a _a ° d'
ATYULILYBLLUANLIY (Inhibition zone) 'V]Lﬂ@sUUIUﬁUUBNaaLll@]ﬁﬂ']u’)mm’]llﬁllﬂ']im 3.7

Llosr Zone , |
wy : r\._:ﬁj'x Incubated = / 3\ 1
} \ - 2\ 37°C 1624 h / \ |
| v y \ ’ i ] ]
[ v ; { ) R A /
Light condiion {
Paper disc { Intensity = 15 Lumen/\¥ :
(D= 6 mm)

Nutrient agar

a aa P L v aa - . .
§UVI 3.8 19NTVAFABUNITANULYDAIYIT Agar disk diffusion

NaINT3GUEe878 Agar well diffusion Tngaziielute 1 uvadeu
gnsfugauuaiisaveteoyn1Aulunediuesaieds Agar well diffusion faguel 3.9 Tnatnae
E. coli P. aeruginosa Wy S. aureus W@y (swab) Toivnuuemsideadonds BHI Lagiaie

C albicans VU158 T9 SDA saeliiwud18Usieaannide (sterile cotton swab)
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Tnglunisndslmmimune 11515 asTmNAgwUU 3 S2UIU S8RINENDIMNSWIIaUTEUN

5 Uil 1INUUIIENURIMITAIENLI1EINABSEN (Cork borer NO.3) Yu1ALAURIAUENAS

Y v

6 mm laggaauniaulunediueinaududuy 1% 2% 5% waz 10% Usuns 70 UL ldadlu

1% '
v

wauamsudadilasefsliliui Inediuinaulugamiuaudsau (Negative control) wazld

g1UfTugn1unliodu (Kanamycin 30 de/disc) 1uynniuauLBauan (positive control)
1NTU7N9 antibiotic disc MUV UURINTIBIMI5ALWTD UYL UULNEN 1NN AU D

nmaasgyiulaveatenuaiisefldlunismageuilunan 24-48 Falus lunismeaeusazide

v v
o o L = [

1% v ¢ o & N A e
N1 3 9 Uu‘I/IﬂGUE];‘JJa“UumLﬁumfjuaﬂmwaﬂi%ﬂﬂiumi&mmL“UE)LL‘UWVILiEJ (mhlbltlon zone)

M ndulurile0adunSALIUANNELNTA 2

Sample 70

/

2
i 1/ A /!\ A .:‘.:5 \ Incubated
J o \ 4

\ W Cw3I?'C 24-48h [

g A

- cork borar NO 3 {6 mn) — - ——
SDA or BHI

BHI = Brain haart nfusion agar
SDA = Sabowraud dextrose agar

(%
Ly

| a < & a Y a . .
UM 3.9 Fmsmaaeugvisdudiuuafiiseveseuniauilunediueinigis Agar well diffusion
nyindurgudnansnnuIaleulavesnisduds

aannaunns

Ra = Dc - Ds 3.7
2
o Ra fie fafimstiudade
Dc fe usumudnatauianla

Ds fie iduruAuENansves Paper disc
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3.3.4.3.3 N1SNAADUNIAIAIITNTUAIFANAIN1T0TUEINITIAT VDT B
(Minimal inhibitory concentration: MIC) ¢ng35 Broth dilution technique

rounAluneiues NN TALITR TSB LarawnTiagte BHI

a o

AU uTuanaduuafuaad (two-fold serial dilution) NANWLTUTY 1.56-100 Tadnsy

sediadans Mntulidadoynmauiunedwesfidenaud 100 lulasans ldlunavauidssde
(Cell culture plate) wazifisndonuafiiofivin1susuarusgu iy 0.5 McFarland U
100 Tulasans Tnelderuigausannsgruduiemuaunauin (Positive control) thlutsded
gaumgdl 37 esrwaBealuannizliuas (Auduuasd 15 guudetad) Wuan 16 $alug

Mnuuivansazarenisilalele lulaswnselaieulilaan (P-iodonitrotetrazolium violet; INT)

'
=

FauuasustnisiaSyveswunilise (Biologically active organisms) niinsiasyiivlnues

[
A ]

= a A 1A & aayv v a 4 I A a ¥ I _a _aa
L%@LLUQWLiUﬂWNqiﬂLUaUuaqimlﬂﬂJﬁLUuaqima‘lﬂ IWULWNW?‘I’JW@JLSUNGUU 20 4aanIUMDUDAINT

Usuns 40 lulesdns adluvauidesdewaziiluuudenanmall 37 esrgaldealuians

=

30 wIfl faguil 3.10 vimseunanududuvesiegsusaznauiliuaswdudunsuanadu

Y

1 ¥ ¥ 6 d‘ U g.JI a A&’ Y
mmmLﬁumumqmwamqiawmmimiymaﬂmalm (MIC)

Sanpie 100 pl o
— b NIT 20 s, 90y
$  Gacienatnn

Toc-toid sonad ahimn ’

' :
MIC
Y'd(fa - i sb e S »
| 2 \ Insubated 89 ) NCUBIOR a3
L Pt > el . 7% MM & -
[ » : < 18 ’ {1 175G, 30 m T No grown
) T S S -
— - . . X X 2%} Ead <
@ v e |0 @
i o o s Lightconasion TN\ { o' pee Y
=g AL Ittoredy = Y6 LW L g
- A - .
TSE o BHI

TSB =Trypc sy teath
B = Beaen hoaet rrfusion oger
Abtraviabon NIT | o= Mosdrotesaudum oobel

| 1 Y v ° P v U a & v aa . .
UM 3.10 MIVAFDUNIAIAMUUNYUA AT ANLTOTUTINTLATYUDATOAIYID Broth dilution

technique
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3.4.4.3.4 mavadoumaeuduaaiiaunsosdeld (Minimal bactericidal
concentration: MBC)

thifuded (Loop) Tienideidouds LLmzL%aIunﬂuqmﬁiﬂLﬁmmim?{au%

Hudernnsmen MIC unde (spread plate) asuuemsiasadio Nutrient agar (NA) Tagld

Vs 5 lailasang dluvafigamgil 37 esmwaidea Wunan 24 Falas Tuannzlduas

(rnuduuasd 15 quiudetng) srunalnefinnsanarduduresasiosaiiannsnsndold

wardanalinunsasydvlavedalaivewuaiiSsuuiiminenshesdengun 3.11

MBC
1

Y o = Incubated
-5 ~ - 37°C .24 h

| ¢ - ' ‘
7Y Y Light condition

2 2 \ 3 {intensity = 15 LumenWV

No grown

. Nutrient agar No grown gfoom
Gromn o

a aa | Y v 4 = A vy
?;UVI 3.11 'Jﬁﬂqu]ﬂaaUvnﬂqﬂjqﬂL%N%umqﬁjﬂwaqﬂqﬁﬂ%']LSUE’JVL@

3.3.4.3.5 MIuouuaseraIRAFauaN AL lUNeAIDS

nsmuLeRuAiT BV AfaUa YN AUIlUNEEILET NAFBUNITANY

a

VBR8N UABDIY

=

§ Ao 15 Agar disk diffusion waz 35 Waterborne bactericidal efficiencies
lnedBusnazidniedeudigeynipuilunedwesuidmdurinauliiiduiiaudnaisegi
6 fiadluns Ul lUnegeuNIIUEERI NMIedeugnsEudIuASanountnY wazly

AUVDINITANULTBA8AT Waterborne bactericidal efficiencies 1SUINNANYD £ coli way

S. aureus Widsadaiausueg ax10* CFU/ml antuduiuwaduasisiotasaieideuuniise

wazsRaluansarane PBS Us1nms 10 Uaaans wabdenvunm 2.5 x 2.5 wufing (3 91 x 3 fleg19)

'
= o

Fadusa positive control adluviinisiwgn 250 seusiouyt gaungll 37 ssrwaea wazll

aamnfaaduinal 2 91lus ndsantuazyinnisuenalsazatenazinluvinnsnaas un1sANuLae

9 Y

o

ansazangans PBS wnidedidanududuegi 107-10° CFU/ml indgasuuems YDB agar

(Wudwaugenlilinedur) wasinddieg19gu 3 A9 Tu PBS U3ums 40 Taddns (WeRautei
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Bimeesn) wav i eunlalu PBD we 250 seusiowy gamail 37 ssrmiwaided v 30 Wi
\eRudenin1ved 0anaNE1anATY NTugeansazaie PBS Usuins 100 lulasins indeasuy
879115 YDB agar (3n9uudieilinngiuin) Udigan)il 37 ssriaaldua Lan 24-48 Fluauaziiy

Tuulelatl (Weuduye positive control lsifleN)
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)
unm 4

NaN15I8LasaNUTIUNE

a e

Wenlagtuansnievldlunsindouuuianvugd msuaugeduvis v sauvsd
wazetiuvsd nelunsdlusnazdnifiuanslinmelusaugarsenanluianse 9 wazazees 9 Uanuase
&1599n11 FUTEAVBAIMNTAUT9zABY 9 anasnuUsunaasanalLazansafuola

Tunandndn Tuvaginsdindwelduadunstudusdiiandfnisduge lunsndneyyadasy

o w )

TusUlensend usinea Feliliissusiseindngaunsdudenarinaenivusuissilale Wy wanafnuas
i1 TwanAdedvinmstaweymanedwesniulinssedundsy lnonsduasiziwuudladu
menalnlefil Advwneglussivunluums nseaeddlu aansadilUndeuiianmuuslilaenss &

a ¢ = v a Y = Y] Y] = ¢ v
ﬂ’ﬂlllﬁﬂUimqﬁﬁ@aaaﬁl@]g}ﬂLLagllleuqﬂsLﬂaLﬂENﬂu LW@“LJTU“LJ'B:QLLﬁBWWUqVLIrLGﬂUﬂ'ﬁLWEEJlIﬂL‘UiEWnu

Woauvsd FeeunmeulunedwesiinneauiRlunsiuieqduisy waraninsaniouRnuuNTue

q

719 9 Wivanvangila ek wanadin wasld Fn1siedeudiaruAmugansveynAnediwes
ANNAPFBUULNNTUEAN o mesusElmiaw InssmAdetaviumendy 3 Tuneu Ussneunae
YULSIYINNSAS BLLBUBIS QAC,, NHENURRUT BaTNLaY NSNS BlanslendganelgunnIAYes

QACy, waransnauuuleiluy @audifaiusslariauiiunivuegls Weognnserumeuae?)

(% 6 A

lngnsdunsizinuuansazaenienalnlofiil TunaunaeIfonIsns sualnIANeaINesAY

N eaa

Weauvidnilvymemeius uerluileuwarvsivuleiluueg i menssuunsdaasevisdaty

TutumauaANeviINNSANINTINS U aU S DT ATUA ULUUA NS ULAR DUAUUR A ULU ULBLNAEDU

q

a6 S A ~

MIfuTeauV3E Fullgasidunnwmaluil

4.1 Nswseuanslendngaelyuinie Inen1saaAsIZikuUaNIsazagnlenatn o

a

4.1.1 Msimsendaueasaavesus worluley 1ivioana 12 e (QAC,)

Y

Mawsen QAC,, vilaanmsinuisensening 2-(laumasviily) wwiiawmesianiu
1-luslulaaaiau Tuansidrulua 1:1 tdasluvinnunaunaiiussdlanlulasdderaslsnasy

(2:1 IoeU3nns) nneldsyuugeyaniad 40 ssruwaldua 8ns1n13tdu 500 sousiaun?t uran

Lo

24 43l39 QAC,, wouelesflalidnwuela (SUN 4.1(a) wasanduviaisiiusananienis

[ =

anaznaululaefiadinesanvingazlingnouvedned,, Nildnvaeviadunigu (JUN 4.1(0)



a v ¥ o
JUM 4.1 arsazanguauaies QAC,, (a) Wazuaualles QAC,, Nlanasannisanaznauly

a1sazanslateiia dwas (b)

Lﬁa‘v‘hﬂﬁﬁqﬁ]ﬁwﬂé’ﬂwﬁmqa%ﬂﬂmﬂmﬁﬁumuauama% QAC,, LUSauLiguiu
Uouawes DMAEMA uaz BDC sawiada FTIR Tuthaaueiady 400-4,000 cm'? Wanaragy
7 4.2 wufiafl 2894-2920 cm-! 499 QAC,, (gih'?i 4.2(c)) Winanmsdunuunvesiusy CH,
waz CH, igenadasiuiiafiiuly BDC (gﬂ‘ﬁ 4.2(3)) NMsduazfiounuuinues C=0, C=C, C-N
way C-O 71 1720 e, 1680 cm, 1300 cm! waw 1160 cm™® anudnsiu Fauansdnuasians
Y99 DMAEMA (;:;Uﬁ 4.2(b)) Anulatuaiunnsuves QAC,,

A o a ¢ ) Y I~ a A = a
LLagL@JEJ‘VHﬂ']ﬁwqfﬂuu’]ﬂaﬂwfﬁiﬂiqaiqﬂmqﬁLﬂll@')ﬂLV]W‘UW NMR IWEJLMJL‘LJTEJUL“VIEJU

a

alnnsuues QAC,, (3UT 4.3 (B)) funsuaimes DMAEMA (5Uf 4.3 (A) Tnedyayias "H-NMR
fiddey 9 vedlaseadneves QAC, vouslesAisunae o dfwelud (ppm, 8): 6.17
(1H,a), 5.72 (1H, b), 1.98 (3H, ), 4.59 (2H, d), 4.17 (2H, e), 3.57 (6H, f), 3.47 (2H, 9),

1.74 (2H, h), 1.24-1.33 (18H, i), &ag 0.87 (3H, j) uay H-NMR Aiduvsiasing 9 Y89 DMAEMA
fAarolud (ppm, 6): 6.15 (1H, a), 5.78 (1H, b), 1.95 (3H, ), 4.85 (2H, d), 4.64 (2H, e),
3.65 (6H, f) GeiAlUsnoURIIAYDS DMAEMA ansnsanvlaluaiunndy QAC, luvazitiie
deimuﬁLﬁmﬁumwgé’aﬁammmaw 12 iy ﬁé’mwzgmﬁum 3.47 (2H, ¢), 1.74 (2H, h),
1.24-1.33 (18H, i), way 0.87 (3H, j) agnuluaunasy QAC,, Feianudonnaasiuuide
Aeunting [70-71] é’qﬁ?umﬂmaﬂﬁﬂqﬂﬂl,aﬂé’ﬂwaﬁmqa%wmqmﬁmamauama% QAC,,

srewmadava FTIR wag H-NMR aansadudulainuszauanudnsalunswseusausses QAC,
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®) 2 HC
1 H,C 3
3 ¢

— o
(@) chychy),cHBr o o5 5
% 4 ——
N
/ \ C12H25
17 3112 471 15
() =\ At e e e
£ iy
S
£
£ (C)ww—

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)

gﬂﬁ 4.2 FTIR @Unnsnvee BDC (a), DMAEMA wpualies (b) wag QAC,, dausiuas (c)
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® o @ ) o ®
H\ ” H, H, :
/C:C—C—O—C —C —N
H |(c) AN
CH
(b) CH; (f)3
)
(c)
(d)
(e)
(b)
(@)
CDCI
(l 3) ’
"""’?o'".""2°00"l"'0.."""""‘...""'V"i’ol...""0230.11."""3.0""
6 (ppm)
(f) (B)
@) o (@ (@ {"
H\ H H, H;
/C:C——-C—O—-C —C —N*—RBr
H | |
(b) CH; CH;
A/ ) ®
(g) (h) (i) G)
R= CH,CH,(CH,)oCH;
© ()

@ (o) (i)
(CDCly) I @ () (9 )
I L L M _LJ

7.0 6.0 s.0 40 30 20

& (ppm)

g‘dﬁ 4.3 'H-NMR alnasuveanouaas DMAEMA (A) way 1ausiies QAC,, (B)
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4.1.2 mMswseuaslendeanelaunnia IngpunsdunTIzAkuvaIsazatenlenatnlafii

Tudesurhmaseuanslondreaeldumniaves PIMTMA-BP) fidhstaauseming
MTMA sio BP #ina ) (MTMABP) Aa 50:50 60:40 uaz 80:20 Tadsdnwnszaznafivanzasiluns
duari Wngldanslendreaneleilulololaviosy uagdiwiavaneevuea lnsiunsdaasien
wuuasazaefenallefiil wuinanslondreaeldamna PIMTMA-BP)H daeasesilsvnanigs)
dnvasfumsavansdvdedauansisgui 4.4 deluAnwimiesaznsdsuulasanueus
wieslunedues (%Conversion) fliawing 9 ¢e33 gravimetry wU3n %Conversion YnanIENS
yaaosrdiilng 100% dausisveziaa 4 93lus #8500 8 Falus %Conversion it uuazAs
Tngliumnansiumnuansdansed 4.1 uazgudt 4.5 fadussornafiuangalumasdoy
aslondroansldunaineglurasszoziian 8 $alus 1lea91n %Conversion gadilnd 100%
wazliuana9aInga9an 24 Falas andutianniedanan (8 41lue) ieldlunaindoy
P(QAC,,-BP)- Tnglddnsnduluail 50:50 wag 80:20 wuinanslendeaneldumnnn P(QAC,,-BP)-
fduaneiliisaosanneiidnuusduamsazaedivieda (SUTl 4.4d uazguil 4.4e mudrity)

wavilSesarnsasuwlanminuausesidunediwesvindu 88 way 81% mudisu

gﬂﬁl 4.4 gslendreanglaunnines PIMTMA-BP)-I (a, b, ¢ ; 50:50 ,60:40 kay 80:20) hay

P(QACL,-BP) (d, e ; 50:50 W 80:20) Tiwiienlaunisdanmeiuuuasazanasenalnlofif
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| s & oa s a I a s v | 1
M15°199 4.1 Wesiuanususwesivdsullunediwesvesaislondroarslaunninmig o

S A

MmssulasnsdaaTziluvasazatsnunalnloii Miaimng 9

Time %Conversion (+SD)
(h) P(MTMA-BP)-| P(QAC;,-BPH
a b c a’ c
4 85+1.1  87+0.5 84+0.6 - -
8 87+1.3 89+1.8 85+1.0 88+0.7 81+2.0
24 93+0.5 94+1.3  87+1.2 - -

e« Insadiuluavewausiies MTMABP uay QAC,,BP 1 50:50 M
b Snsrauluavesuounwes MTMABP 7 60:40

<< Shyranluaresuaunue’ MTMABP way QAC,,:BP 7 80:20 auasiu

100

o
o
T
@l
TE]
QR

Conversion (% )
=y an
o L=
T T

M
=
T

0 & I I I 1 1 1
4 8 12 16 20 24
Time (h)

=

Ul 4.5 %Conversion ¥o4 PIMTMA-BP)- #idinstdanlua 50:50 (A) 60:40 (1) uaz 80:20 ©)

A o Y] ¢ v A A
AwseulnenisduasIeikuvansazatgmenaln baid
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ievinnsnaaeunyilsidunisafivesanslondroansls PIMTMA-BP)-I (3U 4.6d)
LAy P(QAC,,-BP)-1 (5U d.6e) sumailaifoinsunesudunsiise lurasnnueniniu
400-4000 WwuRLns ! WSsUeURUaNTRaRUAD MTMA, QAC,, LA BP (5U 4.6a-c) muafu
wuinlu FTIR annsivesarstendrsanales PIMTMA-BP)-I wag P(QAC,,-BP)-I SifiAdfgy ¢
4il fie finfiauemAdu 1600-1650 wuRiuas! Hunisduresiusy C=0 (yafuaiia) uay
fiafinueniadu 1300 wuduns ! lWunsduvesiuse C-N (myjueiiu) Fadudnuugzianis

vasluianaasninguniasianuaznymeamesun’ wedlulley wenandniinnaiueingu

2850-2960 Wufin ! o3 PQAC,, BP)H iumsdurasiusy CH (Vi3jueada) donmdasiufinulu

[V '
v aa

QAC,, SIVRNNANANUENIAAY 675 WURWIAT L ANUTdl PIMTMA-BP)- wae P(QAC,,-BPH 1uns
a o v ) a =& & oA W aa
Tasvadlasiasinaunuresiusy C=C (auwnuielainin) Saduiindnuazianizvaduanaid

g BP uandliiiudnanunsawisey PMTMA-BPH uag P(QAC,,BPH 1a

C-H 2850-2960 ¢ R 1600-1650 et C=C 675 crt
@© g ! C-N 1300 cm? |
—\_/W— ' : |

R© | |
S ! 5
3 E
=
g |
g (b) ;
£ a

(@) j

3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm-1)

JUM 4.6 FTRawnnsuvas MIMA (a) QAC;, (b) BP (O wazanslondoansleunainyes

POVITMA-BPH (d) W PQAC,»BPH (e) iR enlnemsd anssiiuuansazanesenalnledidi
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uananildinisfigaiiondnuallassadramanivesaslondroarslsunnia
Faanesoinaiia NMR '3';3J5Qﬂ'135'@mfmﬁﬂimaqa (LARIAIANTIS 4.2-4.3) ﬁqgﬂﬁ 4.7
LLaz'gUﬁ 4.8) Fa1du H-NMR @uUnns1909 PIMTMA-BP)-1 wa P(QAC;,-BP)- pudnau
Tunsdives PIMTMA-BP)- fialusnoufiiintusiumissig q sail (ppm,8): 6.128-6.136
(1H, a), 5.671-5.737 (1H, b),1.944-1.98 (6H, c), 4.48-4.59 (2H, d), 3.62-4.17 (2H, e) hag
3.07-3.49 (9H, ) iwulu MTMA (3U71 4.7(A)) gnwilu PIMTMA-BP)- (301 4.7(8) ilesanidu
Snvaiziamzras MTMA usnanifisuvdsfiadl 7.44-7.59 ppm S?iQLfJué’ﬂwmsLawwuawyj
Tilaves BP gnnulaianigly PIMTMA-BP)-| Wity waneirdnansamsen PIMTMA-BP)-| 1
Tunsdives PQAC,,-BP) firlusmouiiintusiumissing ) (ppm,8): 6.17 (1H, a), 5.72 (1H, b),
2.12 (3H, ), 4.59 (2H, d), 4.08 (2H, e), 3.45 (6H, f), 3.68 (2H, ¢), 1.24-1.43 (18H, i),0.87
(3H, j) Dudnvazianizass QAC,, wasfialusnauil 7.44-7.59 (TH, k) [udnvazianzyes

BP wandliiiiuinanaunsawmses P(QAC,,-BP)-I I¢

wenaniauinfifitelusnouil 5.66.1 pom Fwmisiia a ua © b) 299 PIMTMA-BP)-|
(g‘dﬁ 4.7B) wag P(QAC,,-BP)-I (gﬂﬁ 4.8) F3111970 CH, %QQWUﬁg@jﬁGUUWWGWaQLﬁaLﬁEJ‘Uﬁ‘U
MTMA (3U71 4.7A) uaz QAC,, (3Uil 4.38) Fsaenndosfuasifudnisiuasunousmesiiu
Waauﬁﬁﬁﬁiawﬁ’]aqq (1N 80%) wasmuialyaivedisneudisiumie a’ uay b’ 7 1.65-1.81 ppm
Y9919 PIMTMA-BPH e P(QAC,,-BPH Fungfilvmisiinainitusee liAnwusslniausisu
nalneyyadasy Fauandsisiuinng PQAC,-BPH uax PIMTMA-BPH gndainsiesidniss
devmsmsaumiesivesaeldunniaisaesniuauns 3.2 Tneldnuillddyao
v93lUsRoU Y3 CH, (4H, d) 71 4.59 ppm Wisuiuvesnguiuuleda (5H) 71 7.4-8.1 ppm
WUT1 PQAC,,-BP)12-1 $1unumthaen 12 wihe uas Isﬁﬁuﬁié’ﬁagmmmmiﬂmau 989 CH,
(3H, d) 71 4.59 ppm Wguiuvesnguiuuleda (5H) 7 7.4-8.1 ppm Wu31 P(MTMA-BP)-|
$1uunee 14 mite ndudIuanIaalulananIuaun1s 3.3 wudn PIMTMA-BP)-|
wag P(QAC,,-BP),,-l #A9NAU 4,021 wag 4,700 n3u/lua suaiau ?z'iqgjaﬂ'jwmaimaqaﬁ
Sunadldmannuiidntesuandiidiuinmsdaaneiaslondeameldunnianaesiidnume
Y9INIAIUANLALMIETIA (control wag livingness) fidsannsawdsunedimosidmaluiana

muAanEneLasialianatos q la
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| ° | S P ' A o Y] e
M5 4.2 Suumiegvesasiendlgaelgurn1AnassUlngN1SELASIZMLUUAITAT AN
senalnlafiil Mmematia NMR

Macro CTA DP o lachk OF lopk Iz OF AIBA R DPptacro-CTaexp
P(IMTMA-BP),4-| 10.0 1.08 6.67
1 _— S 14
29.2 7.31
P(QAC,, -BP),,-| 7.38 10.5
1 1 0.47 —_— 12
2.1 1.12

[ '
I = ¢

VUG : lpqy A NUNLANTMVDI MTMA Fiuns d uazae BP Aisumi k
ok D NuAldnsmues QAC,, Aidumus | uazwes BP Afumia k
R Ao 9uiudnsidiuvaelguesususiuns

WM R = (lgax W39 lay /H/NH; of AIBA /H)

DP macro-cTa (exp) = (R x DPpga)

o - ) a o A A )
M1919N 4.3 u’]‘V“HﬂIQJLﬁf]iﬁslla\'i@‘léﬂ']ﬂwaﬁLN@ﬁWQWQU{]LLﬁ%V]@ﬁ@QWLmﬁﬂﬂiﬂﬂﬂqiﬁﬂLﬂifl%ﬁLLU‘U

ansazatumenalnlefii Amewmaia NMR

Molecular weight

Macro CTA

(M Whex)”
P(MTMA-BP), | 1964.33 4020.86
P(QAC;, -BP); - 3667.99 4700.27

14

® Mo D UMTINLUENANIING YY)

5 ee) PIB WMTINLLLANAVNNITNAGDS
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(A) D,O f

a c
H CH,3
/ d e f
Cc=C H, H, /CH3
H c”:—o—c ——C ——N"-CH,;f cr
c b o CH,3
f
a b d e
LA
W
& (ppm)
(B) (c)
d
( )ﬁ © N
NH, ()—N*—(f) ©
(CDCly) of AIBA &)
(k)' ﬁﬂ (e) (@),(b’)
(d)l Conversion = 87%
- & L M, = 1964
80 70 6 50 AL ¢ L0y 20 T My exp = 4021
6 (ppm)

1 o v 1
§1Jﬁ 4.7 H-NMR g@.Unnsuees MTMA (A) wazaisiengganalgunninves P(MTMA-BP)-I

PR Y] & % A
Awseulnensduasizikuuansazatgmenalnbaiii (B)
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(©)

d
”ﬂ(e) @, |
(f)ir“ri(f)o (J)
R
NH,
Conversion = 81% R= GH,CH,(CH,)oCH of AIBA
— = 2 2 2)9™~ 113
Mhn = 3958 @ () () 0)
n,exp
@i
(CDCly)
(h)
¥ C kg
IIIIIIIIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIII
8.0 7.0 5.0 5.0 4.0 3.0 2.0 1.0

l % k4 1 d‘ a
§’1J"7|l 4.8 H-NMR giunmsuansaistondreanslagunninues P(QAC,,-BP)-I Mnsaulaanis

[ 4 ¥ a a
fuasgruuvaisazaeaienalnleiif

a

4.2 nMswsgLouNIAUIlUNERBIAUTEAWNIE TnemsdanTigiwuuddatumenalnlodii

Neaa s

auNAUTIUNOFINEIAURFUNSENIMYAIBIeTYT weululeuuavyiuuleiluu

Y

o

ogfifavdinfng 9 Ao PMMA PS P(MMA-BA) uag P(S-BA) Tngazdaias e isnunszuaunis
duaszsinuudiatudisnalaledift Aldaislendrsanslgunain PIMTMA-BP) | %30
P(QAC,,-BP),,-| ‘1'7iLm%uiﬁmﬂmsmaaqﬁawﬁ'}ﬁfﬁmﬁwﬁLﬁua’limmumsﬂ%azﬂaaﬁumi
udiuesoyna venandsdinssuumsdanssiuuudiatuionalnoyyadassuuud iy
Y990UN1A PIMTMA-BP-MMA-BA) lupynianedimesilSeuiisuiunssuiunisdaunsisiiuy
dfadudenalnleil 91nnisneaesnuindtaduiildddnvazdvnadedumnanie
(uansfs3ui 4.9) uansliifiuinynaniiznismaassoynianediuesianuaiomia

Aoaaaesgs Wilnsinmeiiuluseninnisdansey
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P(S-BA) 71 (d, d’, d”*) Tdauves PIMTMA-BP) 714 PIMTMA-BP) Aignsndausing o;
50:50 (a, b, c ez d); 60:40 (@’, b’, c ‘wag d’) wag 80:20 @7, b”, c” wag d”) uag
a1N1A P(S-BA) fifldruves PQAC,,-BP-) Tildanelandeaelgunnia PQAC,,-BP-)
AFnIIEUA 9; 50:50 (e) wag 80:20 (') MNAIRY LABLATINHIUNTZUIUNTT
Fuaszvnuudtadusionalnledii wag PIMTMA-BP-MMA-BA) (f) Tastasanunu

nsrUINMsdLATILUUBTadumenalneuyadassnuunufy
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lunsalnsmseuaynIn PMMA PS P(MMA-BA) wag P(S-BA) Ingld P(MTMA-BP), 4| i
gn31duluaves MTMABP 50:50 60:40 wag 80:20 snsin1siianediuslsigduliunnsneiu
wazlndlAgafiuaynia P(MTMABP-MMABA) TisSensnensyuiumsdunsziuuudiatunuy
Faudu lnennannensmaassdidefidudfveuamesivdsudunedwesiandlng 100%
aglunan 4 $2lus (3U7 4.11) uaNN{AeAT AU 50:50 60:40 uar 80:20 Yoy MTMABP

Tuanslendreanglgaumnin PIMTMA-BP),.-| Wathluiiasisimivuinvedeyuninnieiasas DLS
WUININSEEAveteuNIAliienguieaglussauuluang (~100-300 Wlwwns) wazdl
N13NTEMINUAY (d/d, ~ 1.10-1.50 ) (115799 4.4) HANuLadesn19naanengaiiesnain

fUszauUIN (~11ANA +53-87 mV) AN nngAdelnesuis wexlulley 3131 MTMA @aile
9gHIVDIDUNIA AR5 4.5 UBNIINTVWINTBIBUNIANARIN DLS donadeiugy SEM
4.10) IngaunIANDRLNBTUDY P(MTMA-BP-MMA-BA) PMMA Wag PS fidnuaensinay

a

(3Un
Aoy Tuvnigiieynielanedlesfisl BA luannsonsaaiase SEM 1§ iesanwedesd
T, Aoutnsidalsianunsansguoynialile aannnsld PIMTMA-BP), I 1iuaslendroany
Tgunniaveseynianodiuoiing q synianedwosiinnuaiomisaoanossig fatunisld
P(QAC,,-BP),,-| Lﬁum'ﬂaﬂé’hstmaisziwmﬂﬁﬁimqa%wiﬂé’ﬁmﬁuﬂh%mmimm%uaqﬂm

NOABSNUANULED BT IALTULA BN
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| o a s a o ¢ av o
M13°19 4.4 SU‘N'W]LLaSﬂ'ﬁﬂigf’UqEJG]'JSU@QBHQWF’]W@QLﬂJ@ﬁﬂL@%ﬁﬂJIﬂﬁJﬂqiﬁﬂLﬂi']%‘WLL‘U‘U@lIasﬁu

wUUsRLLazuUdTatule N AlY PIMTMA-BP) wWuanslenéeanelgunnie

Particle size (nm)

Emulsion ITP

Samples ;
Emulsion CRP 5050 60:40 80:20

dp a./d, a, ads/d, d, dsd, d, d/Ad,

P(MTMA-BP-MMA-BA) 316 1.06 - - - - . -

P(MMA) - - 190 125 134 118 357 1.10
PS - . 140 1.26 36 150 283 1.21
P(MMA-BA) - . 140 1.36 86 1.26 351 1.08
P(S-BA) - - 162 124 83 1.25 224 1.24

I
Y 1Y

M9l 4.5 Ardnddsnvaseyniawedieifiniualasnsruiumsdianyituudiadusady
wazddatulodin
Zeta potential (mV)
(£SD)
Samples - .
Emulsion CRP Emulsion TP
50:50 60:40 80:20

P(MTMA-BP-MMA-BA) +65 £ 0.4 - - -

P(MMA) - +80 £ 0.4 +64 + 0.8 +53 £ 0.4

PS - +80 £ 0.1 +58 £ 0.5 +70 £ 0.7

P(MMA-BA) - +83 £ 0.3 +61 £ 0.7 +82 £ 0.5

P(S-BA) - +87 £ 1.0 +75 £ 0.7 +72 £ 0.7
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ITP

80:20

a . P o ¢
JUN 4.10 SEM micrographs w838101A PIMTMA-BP-MMA-BA) (a) Nw3uulngsTUIUNMTAUATIZN
wuudliatunusiuuazeun1a PMMA (b-d) uag PS (e-) MwSeulagnsdaunsigiuuy
dadusienalnledifl lneld PMTMA-BP)- \uaslendeaeldunninfionsidiures

MTMA:BP #1149 9; 50:50 (b k&g ) 60:40 (c hag f) wag 80:20 (d kag g)

100 LG8 @ A
&
=~ k. ¥
= 80 ®
&
S
= 60 P,
]
= a
S 40
o
20 5
D . — —
0 1 . 3 4
Time (h)

gﬂﬁ 4.11 %Conversion Yateun1A PIMMA-BA) (A ) P(S-BA) (@) PS (O) uaz PMMA Q) it
PIMTMA-BP)-1 (A§as1dmves MTMABP 50:50) luaslondreanelsamanalaenis
duamgiuuudtatusenalnlefiit wazeynia PIMTMA-BP-MMA-BA) @) Msdey

1R85 UIUNITAWATIZANDDLUDT LU UDTATUA LAY
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[
v v =

Aatudslanaasansenaynin PIMMA-BA) Tasanslendieanala P(QAC,,-BP),,-|
fisnsrdaulua 50:50 way 80:20 WANUIBUNIA P(MMA-BA) 714 P(QACL,-BP) -1 1851
dwlua 50:50 finsdusufufouunsaiu onalieunaindunumiiegives QAC,, fiteuiAuly
(HUszquintdes) vihlvieunia PIMMA-BA) anuiadesiioy agslsfmaniiold P(QAC,,-BP),,-|
fidnsndrulua 80:20 Lifinsfudndufeuvesoynia PIMMA-BA) uansituszquani
RUTUANMUI BS993 QAC,, YIHAIAIULATETVOIDUNIANDALUDS AR Fauindenld

P(QAC,,-BP),,-| Midns1dulua 80:20 dmsuniswisedeynianedweasiudusely

(b)

5U#l 4.12 TEM micrographs v838ynA PMMA (a) e PS (b) Aildanslonéeansls PQAC,,BP)-
fidnsndr1un09 QAC,2BP WU 80:20 0S8ulAsNIzUIUNITEUATIZANOAILDS
WUUBLATURAILAN

MIUANIIVANINEUAIANRALINESTIMSENTN1TlANaSiuesiU BA ayn1ANadLes

(%
o YY)

azdl To i Fatufianiiziioatu (14 P(QAC,,-BP) -l isws1drulua 80:20) wieldlunis

Ww3BuayaIn PMMA (U7 4.12a) uaz PS (SU 4.12b) sunianediuasilsusrmsenand

9

v 1 a

ANULEDETERERIRINIUTERUINUINATT +80 mV Fedasiunsriumiulaiduseafvinlud

YUINBUNIAYTENIN 150-200 wiluuns ddulunsalvaslanadiues 1y P(MMA-BA) P(S-BA)

Y

wag P(MTMA-BP-MMA-BA) n1ssadatelanediuasiuseansain ddatuilesduuiuy

Inglaifin1ssiudaniu (3UN 4.13 a-d) § %Conversion 11N31 80% Aeluszey 4 Flus

al

wandanililauiaynialiinvuinenniAaiewAIag DLS (SUN 4.13 a’-d’) wuileynia

Y

P(MTMA-BP-MMA-BA) Slaunnaynin (D) ogil 316 unlutuns dsiliinisnszatefaminfu
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3

1.5 winuasaun1Adu 9 Ledaineynianinaldiinalnnisiineyniaiuuenius 33 MTMA

IS 1

(Hvy] QA NHUsEUIN) lalndluesuuuduyilisiuseauinangn (+55 mv) Tunsalvesnalnledii

ddfadunavuaiia Dz 98939 101-190 urluiuns uwazdA1@ndlilndntegaie 61-72 mv
Feldumneneiu n1sndUseauInuInnIneun1a PIMTMA-BP-MMA-BA) 813L183911311A13
dupszvnedweswuudiatunisnalnle?iil Usgquinifieunanunves QAC,, N119INa13

londrganeldamnin P(QAC,,-BP),,-| Agilaagfiiivetounia

(%Conv=289) (a) 83.3° (%Conv = 93] b 83.9°
()

D, =316 nm (@) D, =190 nm (%)
PDI = 0.059 PDI =0.096

16 Zeta potential = +55 mV/ 16 Zeta potential = +61 mV
g =
S %’ 12
c <
3 Qo
=1 3
g 8 0\ g 8
T A T

|
4 4
1 10 100 1000 10000 1 10 100 1000 10000
Diameter(nm

Diameter(nm

)
(%Conv=87) () I 107.1°
(d)

)
(%Conv =83)  (c) I 106.0°
)

20

D, = 136 nm D, =101 nm
PDI = 0.068 PDI = 0.090
16 | Zetapotential = +72 mV 16 | Zeta potential = +70 mV
g I g
S 12 i S 2
5 i 5
E | S
g 8 | g 8
i | i
11
]
4 4
0 b b N 0 b i Vi

1 10 100 1000 10000 1 10 100 1000 10000

Diameter(nm) Diameter(nm)

Uil 4.13 sUnmaiatu (a, b, ¢, d) ymﬁmﬁaﬁ’lw (@, b, c, d) LazNITNTLINLAILAZIUIA
@" b" c" d”) ves PIMTMA-BP-MMA-BA) (3, a', a") FduaTeviesiatuLuusady
ey PIMMA-BA) (b, b', b"), P(S -BA) (¢, ¢, c") ﬁfl PIMTMA-BP) ilaz P(S-BA) (d, d', d")

71l P(QAC,,-BP) N&amszmlaedsiatulafid
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N30 P(QAC,,-BP),,-| Hleagfidivesounianafiuesd annsadudumemaia XPS
(3U7 4.15 ) Buduwedanmvgevezaoululasiadianedwosinuiinumun 10 uilumng
Ingadnnsu XPS wanadea@knukuUnIN (3UN 4.15A) 989 P(S-BA) 7ifld1uv9 P(QAC,,-BP)

pgHINUIANF Y IUYes C, N uag O 71 284 eV, 400 eV way 532 eV AuaFU wenani
defiansun XPS fimuaziBungavesiia Cls aswuaufingos (3U7 4.158) Ae C-C/C-H
(~284 eV) C -O/C-N (~286 eV) wag C=0 (~289 eV) [71,75] Favznufiavas C-N uansliidiy
imomeusuenlunien Tuvazfiiaves Nis AgnilasziinuaziBengauaznuing 4 fia
go8 (UM 4.150) A -N-R, (~399 eV) -NH, (~400 eV) -N-R; (~402 eV) uay -NO (~403 eV)
[71,75] §a9znu -N-R; Ao meweurswenludoy Tneflusuiawes-N-R, agjﬁ ~1% uonaIni
TavinsmuSunaiwes QAC,, ﬁﬂaaqmﬂwaémaéé’mmﬂﬁﬂqﬁamﬂima‘lﬂﬂ NNISTANYIYI
AnududunsaveInsuInsgIu IeN1sIATIERAI9ANGURAITEIANSINTT UG BITATY
Tugsanududusaus 0.5 89 6 fiadn3usioddns nNranITARDINUIIAIGANE ULAIZIER
vesasvlgeatsadunnaududusgi 501 uiluuns (F3U914a) wazainnnsadiensim
mmgm%amemmé’mﬁuﬁ‘iwdwmmL%’uﬁé’fmaﬂmiazmemwmgmuazmmi@@ﬂﬁum
fimue1IAay (V) 501 w1luLas W‘Uiﬁm’]w;‘jmmLflmé’umaagﬂmmﬂamL%m%’uﬁgum
0.5 89 6 fadnSuredns neflArduusyansandusiug (R fdawvirfu 0.9994 Fern R? filg
Wnlna 1 med’]ﬁmwmﬁmﬁumaLLamﬁquﬁ 14b waziilotiasiieg197id %Add-on Vo4

ISP A

pynauuindindutu 5% Tasdinin lunaaeunuiiaisiogdidinisganiuuas
agjﬁ 0.4937+0.0165 Haanduredns antuMUILMIUSL VDS QACy, ﬁﬁaaumﬂwaﬁma%
VUATITvUIAng1e 2.5 1wuiuns 817 2.5 wufwns wuindiuiuia QAC,, agUszunn
41.5+0.015 wilulua

PNHARINANHEIRUIN OAC,, LmzagjuuﬁuﬁwmaumﬂwaaLmﬁ Fedonndaaiy
U3 QAC,, iussanas 41.5+0.015 wilulya msvmiUsunaues QAC, ﬁﬁaaymﬁwaﬁma%

mewadaglaunlnsalnt/aw?
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15

1.4 (a) (b)
y =0.2357x + 0.0331
12 12 . R= 0.9994 "
1
8 . 8 0.9 1 -
o] —1lppm Q i
< | 3ppm &
0.4
—4ppm 0.3 -
0.2 —gppml -
—Sample :
O T 1 /\\ 1 1 1 0 . T T T T T T
200 300 400 500 600 700 80 o 1 2 3 4 5 6
Wavelength (nm) Concentration (mg/L)

a | a a | 1
JUN 4.14 Arganfiuuasgagavesalsigeeisady (a) wagtnaududunsivesaisazany
WnsgIUNgeeLsaty (b)

Cls
Ols

Br3d

700 600 500 400 300 200 100 0
Binding Energy(eV)

3 -NRz* (C)
’l;\
[}
N
|}
i
' \
\
! \
! \
! \
! \
! \
! \
C-O/C-N H \ NR,
K \
\
) J NH,
c=0 \ <
N / \. / =S
292 290 288 286 284 282 405 403 401 399 397
Binding Energy (eV) Binding Energy (eV)

gﬂﬁ 4.15 anasu XPS LUy wide-scan (A) wag high-resolution Cls (B) tag Nis (C) aunasu
Ys0UNA P(S-BA) il P(QAC,,-BP) agjﬁﬁ'g
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WievinsAnwyuduiaveuuiauveseunIa PIMMA-BA) wag P(S-BA) wuidyy
dudaveaveaiiindumuanmanulifvivesoynanediues Inediduszuia 84°uay 107°

dmuaynia PIMMA-BA) way P(S-BA) mud1diu (3UA 4.13a7-d"") Fafiuiafilaiweuih

¥ '
a ] a A

UINTULUAINI508AN15TAN1ETENINFAUNTdUasNuRINTanT095UlATINIaI5andn

q

' [ 2/
6 A U v =

Qauvsimeeenanituiliie [41] fauiadenldeunia PS-BA) fifldu PQAC,,-BP) 1y

sumaivinzand miuriiluasdedouinuazinuiiogdunsd

TunsainmsAnwautanisanuiouves P(S-BA) waliameoslunnsiumnin szuilads
(TGA) uagwmallndviivlalsudea aunuils upaesums (0SC) azgnldlunisdnw (gﬂﬁ 4.16)
Taglunsalvas TGA ('g‘tl‘i?i 4.16A) 7185L8LN5HYB P(QAC,,-BP) - ('g‘d‘ﬁ 4.16A(a)) WaNIN1S
ama&hmamm%@)uﬁsﬁmqmmﬁ 150-300 °C luvauzfinisaatssniaaudeuves P(S-BA) i
fdruv09 P(QAC,,-BP) (;mﬁ 4.16A(b)) Haer19Ae 200-300 °C wag 300-450 °C lagaI9usn
UN9EUI9INNITEAURIVES PIQAC,,-BP)-5-(PS-BA) Tuvmziigisfidesfionisaansdives
P(S-BA) m1ud1du lagaun)in1saalgfigiansnazgendionisaaigfived P(QAC,-BP)
(UM 4.15A) éntietlaeiliegfiuszanas 13% ganin PQAC,,-BP) (~8%) fildlumsdunsizyiass
mmﬁmmmrﬂumnﬁmymﬂ P(S-BA) Tu9isnu89nIsdaasIznazian 1Ln1SUsENa us e v
P(QAC,,-BP)-{(PS-BA) Reufiaziinmsaeasldvedanaaiuasvos PS-BA) MelUOYNANEINIA

aumm?fuéfmé’a US100903 P(QAC;,BP)-5{(PS-BA) Tu TGA F3gandn P(QAC,,BP) s3uéintlet

Tunsdlvesnisinsgy Tg (SUA 4.16B) Te 183 P(QAC,,-BP)-I (U7 4.16B()) o
Uszanas 60 °C luvauzdiliinuiiadandalu DSC inosluunsuveseynin P(S-BA) il
d7U P(QAC,,-BP) (;mﬁ' 4.16B(b)) mmﬁmmmmﬁﬂ%mm%mﬁu P(QAC,,-BA) #1130
P(QAC,-BP)-1 l@soaneTdfulanadiuasiintdy P(QAC,,-BP) - H-(PS-BA): (HAFINE1E
d0nARBIAUNANITIATIERAI8 TGA) nananialiny Te vae PS (Uszana 101 °C) 1guiu
wiasnu Te Tvaituszanas 21 °C windfu %qa&ﬁw'ﬁﬁa Tg 9949 PBA (-50 °C) wag PS (100 °C)
PRIV S:BA (1:1) Mdlun1sdunsigit nsiil Tg AUszana 21 °C agvilvioynia
P(S-BA) WiiiduldineflazanunsaBafaduiiuinvesiangsesiusng 1 Ssazdelviftdunioudn

UVUNYUE AN SEUIUM AT UM LAY
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100 1 [ endo Tg =101.0 (°C) (B)
% s (c) Tg = 59.8 (°C)
£ 3
= 60 1
: gl@)
2 3 o
40 - e Tg=21.1(°C)
——
20 A (b)
0 T T T T T - - - - - : : . :
0 100 200 300 400 500 600 5 20 35 50 65 80 95 110 125 140
Temperature (°C) Temperature (°C)

UM 4.16 TGA mosTuunsy (A) war DSC wesluunsu (B) vesarslondruarsldunnia

P(QAC,,-BP)-I (a) aﬂgmﬂuﬂuwaﬁmﬁ P(S-BA) fildues P(QAC,,-BP) (b) ®unA

PS Mwspulaensduasizvisiiatunienalneyyadassiuunaau [52] (o)

¥
I )

Wevinisiigaiiendnenivedlasiaitamaniivagnsisaeumiininlaana (M)

smﬁwﬁwmuqusjﬁﬁwaqmgmﬂwaaLm% P(S-BA) @11 P(QAC,,-BP) saetnaiin NMR

a

(WaARaFIn1519 4.6 war3ud 4.17) nudrawnasu NMR dfialusneundiAgyiindudn

1%
a

ALNUIA9 9 G198 (ppm,S): 0.8-1.4 (25H, h), 1.6-1.8 (8H, a' hag b)), 3.7-3.8 (2H, 9),

6.0-7.2 (5 H, ) uag 7.4-7.6 (8H, k) waziilevdruauvineg ues PS-BA) auaunisi 3.2

Imﬂlﬁﬁuﬁiﬁé’@,mmﬁﬁ‘hl,mmﬁmm (@), (U waz (K) Fadusunuues BA, S uaz P(QAC,,-BP)

pudIdy nudiuuagdnuns PS-BA) Wiy 484 nuag antudiuiamimvdnluana

AaNn1si 3.3 wudrdaurindu 96,400 nfu/lua leeilavlndidsstuuialuananimgug
o

(ATUIUAINANNTT 3.4 WAAIRINISI 4.6 ) bilaA1uranUastduddndiulaguininyed

P(QAC,,-BP) ﬁﬁmaimaqa 4,700 n3u/lua luaynia P(S-BA) fifldru P(QAC,,-BP) 2wuindl

AN (~0%) TpnInAlTasalusyniInansaunsIEyt 919uleau1a1n P(QAC,,-BP) Taasuluidu

P(QAC,-BP)-6-P(S-BA) @onadasiunanadauniiniusaumemaiia DSC uag TGA

7



() M, P(QAC,,-BP) = 4,700 g/mol
—— M,,P(S-BA) = 96,900 g/mol
% P(QAC;,-BP) in polymer = ~4%

(9)
©
ki
a0 70 s0 sa o an  3a 20 10
&(ppm)

gﬂﬁ 4.17 H-NMR atUnasuveauyn AU lunafiuos P(S-BA)s fifldruves P(QACL,-BP),,

‘:l' a [ 6 a v o Y aa
‘VlL@imﬂﬂﬂﬂ’]iﬁﬂLﬂi’]%ﬁLLU‘U@N@“H‘N@UEJﬂ’ﬁiﬂl@‘V]‘W

4% . { NY: @S2 o
AN 4.6 U mTinlulanNaka IIUIUNLILTIVDDUNIANDANBS N3 EUlAEN1TANATIETIUY

v o Y

dfatumenalnlefi Amewala NMR

Polymer DP, Ny ) Nux DPy (M) (Myexo)

P(S-BA)sga 12 0.18 8 1.85¢ 5 287
12 0.18 8 2157 4 197 51164 96903

A7gURU S way Dguny BA
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laglutunouillainn1smaaauAUaINITANITAIAIVBIBYNIALUAN1IZTLBYAN 9
laen15u1aun1A P(S-BA) N3ld3u P(QAC,,-BP) unnseaiediluaisazaied pH g q lagld
asazanglufeulansenlenuazninlalasraeinlun1susu pH nudteynianediuesiia1nig

[d A ' 1 ! = d' ! =

Wudsequiniigendn +60 mV egnnyiaiiiey Tuvasiivuinauniaunuazliiuisunlas
s1nnan1snaassiiiansliiuitoynianedwesiduasizildnuneaniizyndiswes pH
fianuafeosnaneaasssgs (115197 4.7) Fununzisdlldduasdiuaelanainrane

a AR,
aﬂ’nﬂﬂ'ﬁ’m%L‘UumﬂﬂﬁﬂLLagL‘Uﬁ

o

A v ! & ¥ a sal ! N a
A9 4.7 N13N3LINYAILATANANYTATUBIBUATANDALUDINNLBYA ) Mwnsoulagnis

(% 6 av v Y a
Fupsgsnuudtatuniunalnlenia

pH Particle size (nm) Zeta potential(mV)
Dy PDI (xSD)
3 98.2 0.163 +61 £ 0.7
a4 101.0 0.090 +70 = 0.7
5 98.0 0.149 +63 + 0.8
7 98.9 0.139 +62 £ 0.6
9 97.0 0.157 +63 + 0.2
11 97.4 0.167 +65 + 0.5

4.3 NM9R3eLasEBTATUAUKUUA NS UARB UAIUURIA UL UULAE NAABUN I SAN U DRAUNTE
4.3.1 NsipfoUrIAILdATUALLUY
Tuaddetlndendiheduiansossusuwuu Tngasinisdnyinisedeudn

o a

Agdliaduvetaynia P(PS-BA) Nild1uveq P(QAC,,-BP) A38NI¥UIUNITLIIAIBLALEYT

Y

Tunmsfinunduneuusnaz@nuszezinalumandevinfinaidig q (U7 4.182) @ 15 unil
89 60 w7l TagldmoAmosdiadu 2% lnthmin Fwihnisndeudouayifiddsind 8 fnd
warAnwlesidudinisiedoufin (%Add on) (Fuiumuauns 3.5) waenadeunnumuniuly
nsdnluudvesayniafiiony (%) vuiniadeu (Auimmuauns 3.6) deAnwdefidus
nsLAREURRNUINENTIAS B UTIIATANS 5 A 15, 30, 45 wag 60 W19 Aeun15gnil %Add-on

9g# 9.517, 8.335, 7.516 way 8.831% g win audiu lunnaniiz %eouniailvidesd
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o A (Y 3 P & @ [
ALANAIRNUIDUNNTUNRAZLNADUTEUI 50% NA991nYN 5 59U Lu@ﬂ‘-ﬂ’mLU@iL""ﬂuG}@Hﬂﬂﬂ

Mwdelduanareiuiddinaluindouidungn Ao 15 uril antudluAnwddeing

9 3 A

f&eTnd 8, 20 uaz 200 Fad (U7 4.18b) Tnudl %Add-on ol 3.35 8.02 uaz 10.37

Y

=)

PN uazwuINmdsingd 200 Yad fanuaamuienistngsgalasioyniaiindoeg
Uszanal 70% vidaandn 10 sou uenanissléimsfnumanududureseynia Ps-BA)
faudiutu 1, 2, 5 way 10% Tnerun (3U7 4.180) oun1s9nd %Add-on eefi 4.73, 8.79,
21.01 wae 31.88% lagimin suddy wasediduiouniefivdeagudsainnisdn 10 seu
ifinduainuszanm 45% 1y 85% vesaududu 19 Tagtmin wag 5% Tagtmin
puddy wansinsAeflduvomediuefasifindunulinuvomediueilaeaziininiia
fusglanaudidoudeszuinafinfunedivesuasseninseynianediuei 5% laetmin
93 P(S-BA) fthavgnindeusienedwesldauysaiuansislusud 4.19 Fsneundourduledh

a )

iiRaFou (3UT 4.19a) uazardifinguszanniu (3Ul 4.190) ognindoufionediues
uenNiNuAITivgvTEsinegndatndn 10 sou (U 4.190) ogslsfinunuinaududy
fufiutu (10% Tagtnin) Wedidudeyniafiinieaglildunndiaain 5% Inguinidn
p1aflesunanininfaidunedimeinaredusanfanuiridauudmeiunsedreunn
Fetfuil 5% lngtninvesoynianediuesindurududugianiioziadouinldegied

ULANTN N

a a o v

& v A a = o ¢ Y
ANTLAADUNINENNIENLBRUIZEAN AD LIAT 15 UIN NNN1AILES 200 616 LLagAANULIYHUUY

'
a

Y84 P(S-BA) datuil 5% lagurnin wuirfiesiuiouniafivioagraudisgeniinisly

9

a

o A o o o | 9 v a '
ﬁ’]iﬁ]’JL‘U@Mﬁ’MiUﬂﬁLﬂa@ULLﬁ%QGﬂ’J’WﬂWﬂMI“HLLﬁQQ’J (sUN 4.18d) 9819UIN NANITNAAB

Y

saa |

wansliiiudnaunianediuesfluy BP fiuszdnsainuazazainuinniinisiadeusie
ansiLdon uaﬂmﬂﬁﬁamwﬁL‘vmwamiumimﬁaui@a%’j’awmﬂ PS fifldau P(QAC,,-BP)
Algimsanwuitelflunisiuieuidiou (U7 4.20) Fawuinnnslaidl BA é1 Tg wes PS azgann
P(S-BA) msiAniuszlainaudszninaeyma PS uazdniussavsaimenitlemedwesdaiou
efidnvesifuioynafiviosgUsrann 75% ndsainnisdnafausnuazanaande 549
#&191Nn13874 7 a39 nenanilfafiusravsamlndidsstunisldeynia PS-BA) fifldauves
P(QAC,,-8P) usilallduaeTlunssuiunsiadey (gih?i 4.19d) (54% n&sndn 5 aS) uandliidiu
Twiaestiadeie (1) suniemedwesfilidulssnouves BA ua (2) MuasTlunssuiunianieu

° o a saa | a a a a v Y
AMTUNDALUDINNAIUUTZNBUUDY BP SU']‘EJLWNUﬁgaWﬁﬂWWIUﬂqiLﬂa@‘UN’] Ium\‘immummmﬂ
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a A

Unmniisaostade wlunsdimsldoyma Ps ffldauves PQAC,-BP) uillld¥sdyT oyme
PS azvianoenniieuiamalaseymeiiidong fissud 20% wdndne 3 ads (U 4.20)
dmdunsrurunisiedouressuidedannsoazUlédd duusnoynianediues
awndouasuuiilasendo Tg s ndsntuasiaiuslaiaudseninsounia PS-BA)
fifld1umes PIOAC,,-BP) Aufiufinvesindlognnasdudsuasyd [16-18, 271 n1elduasy
dianaseuvesezmnausandaulunyaisuedavedluiana BP aziianismsudduain n U
oei0via duilvieendiauegluaniuzvindidnasou wazigeymeNsendlauazduivozney
lelasiuvesiiuiinsesiurliAnasusuushraroswiuuiassluianafio «C-OH 10 BP wag
C» vastansosiy Mudeamsafiaiusylariaud C-C léie aniheasihliwedwesiadeu

awu"’a’ﬁ@ﬁm%’uﬁwumuLLaz:ﬁmmLL‘%&LLNLLazmmqa [15, 30]

81



a
100 Elf" @ 100 o (b)
< = @ = =
S 80 | =2 S 80 8
Q o
2 % S O
3 60 . S 60 | ]
o o
o) = o
c
€ 40 & £ 40 |
o 015 min 3 @
IS . =
g 20 | 030min $ 50 | 08 Watt
445 min 20 Wat
0 60 min Q o L° 200 Watt | | ':P
0 2 4 6 8 10 0 2 4 6 8 10
Washing (Time) Washing (Time)
c (d)
100 8 o 5 5 ©] 100 # . 5 E%
_ $ S S fiins i 4 f
£80 "J'J I |80t
[} (<5}
9o @:l S ) ‘%
=t B £ 60 |
g % g b
2 2
€40 | '# E 8
‘T ]
g H1% g 20 7 With UV light %
L 920, O 1 I8
e 20 Jéoﬁ % & Without light
Bind
0 Lo10% L DONSA ‘ . o
0 2 FVE/IA\a\I o 2 4 6 8 10
Washing (Time) Washing (Time)

| i % v A o ]
U 4.18 n1smageuAINAIUAaNITEnYeIINiian1a P(S-BA) AUNTNAaBURIY 9;
nanmMaeReuuasy? () Mdwwemasng? (b) wazanudidueseuna PS-BA) () Taui
nsisuiigureunaianisutlagidsuieunsusmgwagItun1suNAIgLLY

spanulneltansatou (d)
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J L4 v td‘ =) 4
JUN 4.19 AFM micrographs VOININNEFTIUAT (3) hazk 1 eNAdaUAIYD

5% laegunnnn (b way o) nawdn (b) waruaddn 10 58U (©)

-

Remaining particle (%)

@O

vuiRd () waglsifinast

Washing (Time)

A 1 L% v & v lﬂld 1
FUN 4.20 msvpdouANUAIMUADNSENVBINLARBUMIBBUNIA PS Yillduuas P(QAC,,-BP)

TedeAlunszuiumsedou O)

dayu P(S-BA)




4.3.2 NSANYINITANUBRLUATIS

lutuneutlafnwUsednsainnisdiuieuuniiisevotaynin P(S-BA) Nildiuvas

[

P(QAC,,-BP) Twiseulalazinfindiouaynafainanlagiin1snaaaumedsing o fall

4.3.2.1 AnwUseansnmnsaueqdunidveteynianeiiues

[
< 1Y a

1) nMsnaasugnsduddunigvetoun1Anefiueinie3s agar disk diffusion

q

v o Y ¥
[

waz Agar well diffusion Tne4a993510UN1501929N309gNTN15TUETIANULTOVOIB L TUDIAY
= a & A i = 1 o Y ¢ a
Fevanualuenuninitgeiinnulidenisnaaeunseld lngdatdurmudnalannuiiauley

lavaan1sduds (clear zone inhibition) WawiauNIANERLBITNAMTNTUAS o) FiD 1% 2%

[% (%
U =)

5% Wway 10% lasu1ndn 5IUYU0UBLNDS QAC,, YINN1INAdRUgNSIUIR1ULon1Y

€

1%

aa . . I a a a o v o & & a

7% Agar well diffusion wudAnusiaiafeslaunisdudiluaiuemsifsadenuniiise
(S. aureus;g‘tlﬁ 4.21a’-a”’ E coli; E‘Uﬁ 4.21b’-b.”’uay P, aerug/nosa;gﬂﬁ 4.21c)
Wavl¥es1 C albicans (3UT 4.21d) T8UAIUNLIY0IBUNIANDALNBSNAIUTUTUAN 9

(FURUS G H | wag J auaisu) Wieguiuueusiues QAC,, (Muwnus E) waglde Kanamycin

Y

waz Miconazole 1Jusanruauilinauan (Fiunus B waz C muaiav) uwazuinauidudn

[
=1

AIUANTIIANAAU (A1WVUe A) A93UT 4.21 uananilidlevinnisinvuialeulun1sduduie

Y

(1151991 4.8) WUINANUTUTUYDIBUNIANDALNBTUNARDNITAIUTD FIAIULTUTUAINT

£ U

2% Inguwitin lalanansaduiels luraeiinduiutugandt 5% lngunin auisaiuie
Innaneiiug (3UN 4.21e) nrafinaiudlainaunianedwes P(S-BA) Niidiuved PQAC,,-
BP) MilAnuidudueglutiauseana 5 89 10% lagumtin dussansnnlndifgeiueujiue

Muanss19ds Fellounisdududeldunndianu usnainiildiioynia P(S-BA) Nfldruves

¥

P(MTMA-BP) 11aa0ugns§udanuaniiendeqs Agar disk diffusion ufiu wagnwuiiia

1 [
a =)

vinanadeslaunisdudduraruemsideaiionuaiisy (S aureus ; JUN 4.21a uay

E. coli; 3U#1 4.21b) sausunisvasoynianedues (Munis F) waglden Ampicillin 10udn

[ I

AuANAbiNaUIn (Fuvids D) wazinaudumaiuauiilinaay (Funds A) Siedeslounis

(% [
v v

Y & Y ° ] ) a a a Y = ' Ao
‘EJUENIUMW]’]UL“U@?]@H%J’NW]ﬂ’JW”U@\‘iWJEJ’]LLazﬂJﬂizﬁ%ﬁﬂﬂwiumm‘U@mﬂ’JTe]Lquﬂ P(S-BA) vl
@109 P(QAC,,-BP) Lllasannisiianalaves QAC,, Nilaraldanvetarsueuluseninesey
UINVB9 QAC,, JUAUNLIwadveudauasaslgeIvesasuauaraiunsawnsnin uluwadive

a a 6=

TadeilAAnaunzng Weoraunidislidinsiasgyduls

9
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2) msmaaumﬂ'ﬂmmL%’msﬁuﬁwqm‘ﬁ'mmmé’ugqmsw%msumL%@ (Minimal inhibitory
concentration: MIC) #8738 broth dilution technique 1lanuiteyaianadiuesilaainnig
yadeugrstuiutedunisldudiazshnmaasumeanududusaniiamsasudininaie
voude S aureus uay £ coli Tnsazthumedeufiveynanediuefiiionisemsdsade
Ttanududuegdne 1.56-100 Tadnsusediadans nulteyniediueskianunsaniusuiauainig
ddusaeiianunsodudimaniyeadeld iesanoyneduiudufoudeldasomadeate

WARaRagun 4.2

. (e)
. A =B =C =D =E =F =G ®=H | =)

30 A

25 4

Diameter of inhibition Zone (mm)

S. aureus E. coli P. aeruginosa C. albicans

gﬂﬁ 4,21 Lﬂﬁaﬂ%umsé’ué’%ﬁa S aureus (a,a’,a”,a”’") £ coli (b, b’,b”,b”") P. aeruginosa (c)
waz\Tos C albicars () uazpidurinugudnansvesudnunmsdudslngasy (e) fae
35 Agar disk diffusion: a-b ¥8s0MA P(S-BA) fifiduvas PIMTMA-BP) uagds Agar well
diffusion: a’-d veseu"A P(S-BA) fifiduued POAC,,-BP) fienadudusing 4 Tnesumia
dndunazueusiued QAC, Lﬂuﬁammmmﬁmaau (M1LAU9 A LAy E auansv)
e kanamycin miconazole wag ampicilin lusmuauilinauan (Aus B
C wag D uEd9u) aunA P(S-BA) ffld1uv09 P(QAC,,-BP) fimnundudusing 5 A9 1%

2% 5% Waz 10% g ntin ((uvia G H | uag J mudav) uagaunia P(S-BA) il

Y89 PIMTMA-BP) (419 F)
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< o = o & & o a s
19799 4.8 Sﬂmﬂﬂi‘EJUENL%E]LL'Uﬂ‘VILiEJGZJ’eNE‘]Hﬂ’]ﬂ‘U’]IUWE]aLiJai

Inhibition zone (mm)

Samples ( SD)

S. aureus E. coli P. aeruginosa C. albicans
Kanamycin 23.0+1.00  16.7+0.58 15.0+1.53 -
Ampicillin 8.0+0.00 10.0+0.00 - -
Miconazole - - - 30.0+0.00
Water DI - - - -
QAC,, 29.7+0.58  18.7+0.58 11.3+0.58 19.0+0.00
P(MTMA-BP)-6-P(S-BA) 0.50+0.00  0.50+0.00 - -

P(QAC,,-BP)-6-P(S-BA) 1% 14.0+0.00 5 - -

P(QAC,,-BP)-6-P(S-BA) 2% 15.0+0.00
P(QAC,,-BP)-6-P(S-BA) 5% 24.0+0.00  10.0+£0.00

P(QAC;,-BP)-H-P(S-BA) 10% 29.3+0.58  18.3+0.58 9.7+0.58 18.0+0.00

| 1 Y v o i v o a ¥ o a o
UM 4.22 mveaeumAIrNUITNTUAgaTiaansadugin1sias yueatian 1S broth dilution

technique

86



4.3.2.2 MIFUTaTaIRTARoUBYN AU UNDRLLES

a

HIOUHNTILAR D UINVIAEBUNIA TR LAEYINNSANYINIAUT OB LA TIo Ao 35 Agar disk
diffusion LAz Waterborne bactericidal efficiencies Ingn1snagauiukuafisenolsaluuysd

2 eneWus fe S aureus Wae £ coli (Gram-positive Waie Gram-negative ANUEIRU)

Tunsdinsnaaeunsdudadned Agar disk diffusion Tnenaaaunisiuideuuailie
vosfuAdey (SUl 4.23) i %add-on Y838yn1A P(S-BA) fiild1uves PQAC,,-BP) 71 4.73
(Funs ©) 8.79 (funis D) uag 21.01 (Fuwia B) lnsthuiinlagldin bl ludaunm
Weau (Funia A) waz Ampicillin 1usiaaugudauin Euwrds B) nudninusnaedsslau
nsduddluamemmsideatewvaiiioseudnadoud %add-on fe 9 wandliifiuinuuniise
(S. aureus ; JUT 4.23a-c uay £ coli; UM 4.23d-N lalamansaidulalduaziduriugudnans
vosutnaunsfudigninuazuandllusudl 4.22¢ uagmianeil 4.9 vTunsusdms
S, aureus Wag £ coli vesfadouliiuiuniu %add-on uenainidwiunisnaaey £ coli
wuinduadeudisl %add-on i 8.79% Midukitugudnarsuiinunisdusafideudiii
(2.67+0.33 faduns) ninguaruauiltiuuin (3.30+0.34 fadiuns) luvaeil %add-on
21.01% (4.67+ 0.33 fiadiuns) uansdnannlunisdudsiideudregilunisdedu £ col
pgslsfinunisiadouoyniaddaduiianundidnoninlunisiiu S aureus tosndingu
AruAudaan lnefiduriuguinansvonandudy (<3.50£0.10 fadiuns) diniivesien
Ampicillin (12.00+0.50 Siadwns) og1eiltiedAgy onadunssde £ coli dunnsuaunt
wasdduudAlalnauauiiviendy s aureus Muunsuviniiliuinunssudsdauindn
Mnuansneaesazlldiiadeveumediatuausadifenuaiiseldegeiiusyanam

\Wesaneunallangld QAC,, MNLegUUNURIYBIaUNTA P(S-BA) AN1IZUUULIAS
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)
=

-
@ O N

Diameter of inhibition zone (mm
(®)]

E. coli S. aureus

gﬂﬁ 4.23 \paeslounsiudaie S aureus (a-c) waz £ coli(d-H LagLAURIUAUINAT9YRY
U%Lammsé’us"?ﬂmaaqﬂ (9) ¥4 MAIUANLTIAU (A), NgudIAIUANLTIUIN (B) Uay
fpdeuiisl %add-on fn 9 U3 P(S-BA) aﬂgmﬂﬁ'ﬁmais& P(QAC,,-BP) (wt%):
4.73 (C), 8.79 (D) waz 21.01 (E) ULOMNSLABT
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4 v U gj dy a A ¥ A a [
M99 4.9 imJﬂ’]ﬁEJ‘UEJQLSUE]LLUF’WILTEJGU@QNWLﬂﬁ@U@HﬂWﬂuWIUW@aLN@i

Inhibition zone (mm)

(z SD)
Samples S. aureus E. coli
Water DI - -
Ampicillin 12.00+0.50 3.34+0.34
P(QAC2-BP);,-5-P(S-BA)4gq 1% 1.00+0.10 1.00+0.00
P(QAC2-BP);,-H6-P(S-BA)4g4 2% 1.84+0.47 2.67+0.33
P(QAC;-BP);,-6-P(S-BA)gsq 5% 3.50+0.10 4.67+0.33

'
o Y a =

Iuﬂia'isuaamawmaaumsé’u&ﬁw%’% Waterborne Bactericidal Assay 3¢UINIMNLARDU
aymﬂuﬂuwaéL@Ja%LLazﬁiiummﬁﬂmﬁ’wmam% Tneduneuusnazifunisinm
Usinandeluansuuiuaseduasduneuiigondunisinuiusinandesidnnisfugi Faasld
Wouuaii3e S aweus way £ coli finanududuidudy 4x10° CFU/ml lunisnageau
idlavhnsfnwsinandeluansuvivaseiniaede wuisssuan (positive control; 1)
GH rfmﬂﬁauagmﬂ P(S-BA) ﬁﬁa’aumaq P(QAC,,-BP) (negative control; 2) NaINATULLTU
nan 2 Falus fimsiesaivlnvende s, aureus uay £ coliiisdu TnefiUSuandouiuass
97l 3.20 x10° uay 5.25 x106 CFU/ml mwddy Lilessnanuuaiieannsaaigyivlnly
01318 wandliifuin fsssuniliannsafudeld slsinsiuidossdl 0% sendlsfinu

VAIINNTNAADURU U EMUVBIN WA BUBLNA P(S-BA) Nild1uvad P(QAC,,-BP) Wuina1unse

a

v X vy a o N Y = a & 2
G]’]ULGU@VL@IVN?Z{@QGUUW NAIANNNTULLTUIAN 2 GU’JINQ uﬂ'ﬁ@iiy}miﬂmsﬂaﬂﬂj@ S. aureus aNadNae

5.57 x10° CFU/ml d@unisnaaauiuide £ coli wuinldiinasiasgivlavesiuaniiylu

IUUNIUABYA LneTsERNTRMIAUT0RET 97% War 100% Mmua1Ru (FUN 4.24a)

89



(%
Y [ =

ANPYUNINISANIUSUIUTBNTALN1EAUN Taen15UsLluaInNn1si33nsonvuad

wuafiSenRnegiufiiegeadeusnAuIlunedLesLarisTsn lnguendiag1akiann

1
IS 14

osiasutemaiudiuduadluaisatsazats PBD e 250 sourounl guvgd
37 perneaiBed 1an 30 W1 wazas1adeUUTIIAvENTe S aureus uay £ coli Wuind
Usanaudedusuiinisunding 3.60 x10° waw 3.33 x10° CFU/ml nud iy wagndsainmsva
HowuUmanie S aureus uas £ coli fimaasyivlnventoanauvdeuinaitongi
8.03 x10? CFU/ml waglinuuSinumeadomdosgnuddy Ineideriaesaneiusaiunsoan
MsiTinsenveuuaiizeidnegiuiiegnasile ogfl 87 waz 100% muddu (3UT 4.24b)
doissuidisufuinsssun nwantsvaaesasdldinimeasusnteuuadiFeluiivesd

WARBUBYNIA P(S-BA) NdIUVBY P(QAC,-BP) tuiiuszdnsnnlunisiuidenuaisunalsa

Tunywdiaesangiugla

100 | (?) (2) @ 2) (b)

o
o
T

(2)

[0}
o
T
[0}
o
T

Bactericidal efficiency (%)
N fo)
o o

Bactericidal efficiency (%L

(o2}
o

40
20 20
o L@ @) A0 (@)
S.aureus E.coli S.aureus E.coli
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Abstract
Antimicrobial spray for material coating was developed using polymer

nanoparticles coating quaternary ammonium (QA) and benzophenone (BP) on
their surfaces. The obtained nanoparticles can be coated onto the substrate with
covalent bond via BP group where antimicrobiol was performed by QA group.
The polymer nanoparticles were prepared by emulsion lodine Transfer
Polymenzation (emulsion ITP). The macrochain transfer agent of copolymer of
QA and BP as P(QA-BP)-I was firstly prepared by solution lodine Transfer
Polymenzation (solution ITP).Thereafter, polymer nanoparticles of styrene-
butylmethacrylate was synthesized by emulsion ITP using P(QA-BP)-I as a
macrochain transfer agent. The obtained polymer nanoparticles were
characterized by vanous techniques such as Fourer transform infrared
spectroscopy (FTIR), Scanning electron microscopy (SEM), Laser diffraction
analysis (DLS) and Zeta potential. [t was found that the uniformed spherical and
smooth surface polymer nanoparticle was obtained with a size of 200-300 nm
where a positive charge of 70 mv was observed. In addition, the QA group on
the nanoparticle surface represented antimicrobial activity against both types of
microorganisms as Staphylococcus aureus and Escherichai coli.

Keyword: antimicrobial spray; nanopolymer particle; emulsion TP
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ABSTRACT
A

etimicrobial spray for material coating was deveboped using polymer nanoparticles coating quatemary ammonmm {QA)]
jand benzophenone (BP) on their surfaces, The abtuined sanepanticks can be coated onto the substrate with covaient bond via BP group where
antimicrobinl was performed by QA group The polymer nunoparticles were prepared by emulsion lodine Transfer Polymerization (emulsion ITP).!
[ The macro cham transfer agent of copolymer of QA and BP as PIQA-BIM was fisstly prepared by solunon lodme Trassfer Polymenizatson!
I{solution ITP) Thereafter, polymer nanoparticles of styrene-butyl methicrylaste was synthesized by emwlsion ITP using PIQA-BP)-I as a mncro chain
Iransfer agent. The oblamed polymer naroparticles were characieriaed by vanous lechniques such as Founer transfonm anfrared spectroscopy (FTIR),
Scanning clectron microscopy (SEM ), Luser diffraction amalysis (DLS) and Zatn potentiol, 1t was found that the uniformed sphencal and smooth sarface|
|polymer nunoparticle was obtiined with o size of 200-300 nm where a positive of 70 mV was observed. 1o addtion, the QA group on the
nunoparticle represented antimicrobial activity against boch types of microonganisms as Staplviococeis anrens and Lscteriohie coll
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Development of antimicrobial spray using quaternary ammonium-contained nanoparticles for material coating
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Antimicrobial speay for material coating wais developed asing polymer nanopaticles coating quaternary ammonium (QA) group amd
benzopbencae (BP) on thweir surfaces. The obtainsd manoparticles can be costed onlo the substrale with covalent bax! via BP group where
sntimicrobial bebavior wis performed by QA group, The mssceo ghiin rsfer agent of copolymer of [24Methacryloykiny) ethyl] trimethyl-
saemonium chloride {MTMA) and BP as PIMTMA-BP)-1 was firstly prepared by solution iodine transfer polymerization (sofution ITP). It was then
used s & mocro chain transfer apent for the proparmtiva of poly(methyl mothacrylute butyl methucrylate) [XMMABA)] nanoparticles by emalsion
ITP. The obeained polymer nupopasticles weee umtonn spherical with smooth surfice having a size of 200-300 ans. The posstive charge of 70 mV
was observed doe 10 the presence of QA group on their surfaces. In addition, the QA group on the nanopurticle surfoce represented antimicrobial
activity against both types of microorganisms as Stapfiviococcms sy snd Eseherichie coll

ar Introduction

Microbial contamination oa materials or containens considered an important issue o humans that hove o direct effect on physical health
arwl di Therelore 11 has developed continuous disposal sl presention methods for microbial contamination, One of the most
effective methods s coating antimicrobual agents on the materfal of coatainer, In general, there wre two types of sdhesion mechanisms: |} physical
adsorption coating and 2) chemical bonding. The latter case is more powerful very popalar because the coating maenials can maintain onto the
substrate for Jorger time, One of the famows antimscrobial agents & the molecule containing quaternary ammeaium (QA) group. For practical
wse, sach molecules trequently dissolve m arganic solvenrs wheeh is sot civironmentally fricadly. To overcome this deawback. s research
focuses on the development of entimiciobiad ugeats W the form of polymer oamoparticles wlm their suefices contsined the QA group,
The polymar nnmpamclu were synthesized by ! wdine fer polymeri via poly on induce self-assembly for particle

These I fos not only provade the antimicrobial property but also provide the langer surface arcs In addition, the obained
product & in the eonulsion form wheee lhc nasoparticles dispersed o the aqueons twedim. Therefare, the obzained emmision would more useful
when directly wse as o spruy basex! on eny Iy friendly product
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UV-activated coating polymer particle containing quaternary
ammonium for antimicrobial fabrics
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Abstract

Antimicrobial speay for material coating was developed using polymer particles containing quaternary ammonium {QA)
und benzophenone (BP) groups on their surfaces. The obtained particles can be coated anto substrate with a covalent bond
via the BP group, and the QA group displays anfimicrobial behavior. First, the macro chain transfer agent {(macro CTA)
of poly{ 2-methacryloyloxy dodecyl dimethyl ammonium chloride-t-allyloxy-2-hydroxybenzoghencne)-iodide (PIQAC, -
BP)I) was gynthesized by solutica iodine transfer polymerization. It was then used as a macro CTA for the preparation of
poly(styrene-buty! methacrylate) [INS-BA)] particles by emulsion lodine transfer poly merizaticn. The obtained P(S-BA)
particles were nearly uniform (0.090 of polydispersity mdex: PDI), having a size of about 101 nm. A positive charge of 470
mV was observed due o the presence of the QA gronp derived from P(QAC, -BP) scgments on their surfaces. In addition,
the QA group on the particle surface represented antimiceobial sctivity against microorganisms such as Stuphylococcus
aurens and Exchwrichin coli, This particle can cout fabrics via UV initiation without a binder and demonstrates high washing

durability, with over 80% of particles remaining after 10 washing cycies.

Keywords Emulsion I'TP - Antibacterial polymer particle - UVeinitiated eoating

Introduction

Microbial contamination oo materials such as medical
devices, food packaging containers, clothing, and textiles ks
consideresd a major problem for humans. Tt directly impacts
physical health and disease [1, 2]. Therefore, methods for
eliminating and preventing microbial contamination have
been continnously developed with various materials, such
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as antibiotic [3] and halogen (4] compounds of beavy metals
{silver copper of mercury) [3, 6] and quaternary ammoaium
(QA) {7). One of the most effective methods s to coat an
antiniicrobial ageat onto o masterlal o container via physical
ar chemical adsorption, For physical adsorption, mainly vin
Van der Waals of electrostatic interactions {8], the conted
materials are not dorable and easily come off the substrate
materials. In contrast, coating undergoes n chemically
covalent baad and s ware robug, making it more popular
rewlﬂy;

Many groups of sitimicrobial agents have high antimi-
crabial efficacy. However, some antimicrobial substances,
such as triclosan [9], choline 110], and silver jon [11), com-
monly added to products. suppress microbial growth by
rekeasing antimicrobial agents, inhibiting microbial growth
for 8 short pericd. Afrer the antimicrobial substances are
usedd up, microbes ean grow again. Additionally, the anti-
microbizl mechanism uses » metal oxide group hased on o
photocatalysis mechanizm under light and in the presence off
water to generate hydroxyl radicals [12-15). Moreover, this
material 18 restricsed 10 coloeed substrates or fabrics in which
hydroxyl radicals can degrade dyes, including polymer ilm
ot textiles.
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By contrast, the antimicrobial sgent s the molecule con-
talning QA [16-19] is preferable. The positive charge of
the QA groups electrostatically Interacts with the negative
charge of microbes, After that, an alkyl chain on QA can
penetrate the bacterial cell membranes, resulting i cell jeak-
age and death [16, 19-23]. Antimicrobial activity increases
with the presence of an alkyl chain: QA with 12 units of the
alkyl group 15 the most effective (8, 24, 25] for antimiero-
bial sctivity. The antimicrobial performance of molecules
containing QA would be maintsined as long as the QA was
atill present. Usually, due to its low toxicity, polymer chains
containing QA have been used for medical-device coat-
ing for anfimicrobial purposes [26, 27]. A polymer chain
containing QA ¢an be coated on various substrates with a

covalent bond anl is often used when the QA molecule s

copalymerized wilh a monomer containing silane [28] or
aryl azide [29] groups, However, those functional groups
fimit hydronyl groups 1o the substrate surface. A copolyimer
of QA and benzophenane (BP) groups has been developed
for more use with various substrates. [t can create a covalent
boad with any substrates under UV light, preseating BP {16,
30] and resulting in a robust and durable film. Howeser,
the obtained copolymers QA and BP are often in organic
solvents, limiting some applications. A green synthesis as
an emulsion polymerization often synthesizes polymer par-
ticles with an easy, nearly uniform functionalization [25,
31-37). Therefore, it is an excellent choice 16 synthesize
antimicrobial polymer particles coataining both QA and
BP. Moreaver, the tolal surface ares of the polymer particle

might be larger than the polymer film, which might impeove

antimicrobial activity where QA Kills microbes on contac,
The obtained emulsion can be coated directly onto fabrics
or other substrutes.

Emulsion iodine transter polymerization (emulsion FTP)
s appropriste 1o produce polymer perticles containig batly
QA andd BP on their surface. I previons works, we Buye suc-
cessfully prepared polystyrene (PS) particles stabilized by
some polymethacrylic scid-block-polystyrere (PMAA-L-PS)
copolymer chains [38, 39) vis cmulsion FTP. The PMAA
chains were first polymerized by solution ledine transfer
polymerization (solution FTPY and wsed as 4 macro chain
transter agent (macr CTAY and a0 emmlsifier in emulsion
ITP of PS. The PS parficles showed good colloidal stability
with the negative charge ol the carbaxyl group derived from:
the PMAA segment located oa the particle surface. Polymer
particles containing QA snd BP groups an their surface can
be fabricated based on this ides. The obtained particles are
casily coated onto fabrics cured with light Ireadiation, result-
ing in potential antimicrobial activity.

Therefore, in this work, polymer particles containing
QA and BP were prepared by emulsion TIP, Coating per-
formance and the antimicrobial activity of the coated fabyrics
were afso studied.
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Experimental
Materials

Methyl methacrylate (MMA; purity 995, Aldrich, USA),
styrene (S: purity 99%, Alfs Aesar, England. UK}, butyl
ascrylate (BA; purity 99%, Loba Chemie, India), 4-allyloxy-
-hydroxybenzophenone (BP, purity 99%; Aldrich, USA),
and 2-(dimethylaminojethyl methacryiate (DMAEMA;
technical grade 98%, Aldrich, Germany) were purified by
passing through a column packed with basic aluminum
oxide. The L-bromododecane (BDC: purity 974, Aldrich,
France), iodoform (CHI: purity 99%, Aldrich, USA),
[2-{methacryloyloxy) ethyl] trimethylmonium ehloride
(MTMA: purity 99%. Aldrich, USA). 2.2.az0bis (isobuty]
amidine) diwdrochloride (ATBA; Pure Chemicals, Wako,
Japan), acetonitrile, (C_H.N; parity 99.7%, Lab Scan, Thai-
landd), diethyl ether [(C.H;),0: purity 99%, GREC, New
Zealandi], ethanol (CH.CH.OH; purity 9%, Lab Scan,
Thailand), sodium hydroxide (NSOH; purity 97%UNIVAR,
New Zealand), sodinm chioride (NaCl; purity 99.9%; UNI-
VAR, Australia), and hydroguinone (purity 99%:; Aldrich,
USA) were used as recelved. Delonized water with a spe-
clfic resistance of 18 M Q cm was distilled before use,

Macro CTA synthesis

Before the macro CTA synthesis, 2-methacryloyloxy dode-
<yl dimethy! ammoninm chlorkde (QAC, ;) was first prepared
according to the previous work [251. DMAEMA (3.2 g, 200
mmal), BDC (5.0 g. 20.0 mmol). and CHCL, (8.2 ml) were
dissolved in acetonitele (16.2 ml) betore being added into &
roand-bottom Schlenk flask, The resction was kept at 40 °C
for 24 hunder a stirring rate of 500 rpm. After that, QAC,
was purified by precipitation in diethy] ether. It was further
wsed for magro CTA synthesis. Solution ITP was employed
for macro CTA preparation, where various ratios of QA
(QAC; or MTMA L BF were used (as shown in Table 1) 1o
prepare poly(2-(rmethacryloylaxy) ethy] trimethylmaonium
chloride-4.allyloxy-Z-hydeoxybenzophenone) (PIMTMA-
BP-1) ¢ poly(QAC, ,—-ullyloxy-2-hydroxybenzophenone )

Table1 Recipes tor s macro CTA synthesized by soluson ITP

Tgredients Maom CTA, Mo CTA,
QAC;, gimmaly - 4.46(14.00)
MIMA 2 (mmoly 3.63 (14.00) .

BP £ (mmol ) D8 (3.50) 089 (3.50)
CHI, 2 (fomoly 069 (1.75) 0.69{1.75)
AlBA & (mmol ) 003 (1,18) 0,03 (0.18)
Ethoo! 8 30.00 S0.00

Mico CTA | PIMIMA-EP - and Maceo CTA : PUQAC  -BP)-1

130



Collok and Polymer Sclence

(PQAC, -BP)-1). The manomer and CHIE, were dissolved
in ethano] before being added into a round-bottom Schlenk
flask. The flask was then closed off with a sillcone ubber sep-
tum and degassed using several nitrogen gas/vacuum cweles
(finally in nitrogen condition). It was then immerged into an
oil bath at 70 °C under a stirring rate of 500 rpm. After 15
min, as an initiator, AIBA was injected into a round-bottom
Schilenk flask to start the polymerization, After 4 . macro
CTAs (PIMTMA-BP)-1 or PIQAC, -BP)-I) were obtained,

Polymer particle-containing QA and BP synthesis

Polymer partickes were synthesized by emulsson ITP a8 fol.
lows. An ackdic agueous solution (ca. 5¢.0 g) was added to a
round bottom Schlenk flask. The flask was closed off with a
silicone rubber septumn before degassing using several nitrogen
gas/vacuum eyeles (flmally in nitrogen condition ), A propier
amotnt (=00125 mmol) of macro CTAS and various Kinds and
ratios of menomer (e 10 wi'% of emulsion) were injected via
syringe @0 2 round-bottom Schienk flask before being placed
In an oil bath at 70 "C. After 15 min, AIBA dissolved in an
aqueous solution was mjected into a round-bottom Schienk
flask a§ an initiator to start the polymerization. The resction
proceeded under a stirring rate of 500 rpm for 4 b, In addition,
similar to emulsion I'TP, polymer particles were prepared by
conwentional emulsion polymerization (without macro CTA),
where MTMA (1.40 g), BP (0,64 g1, MMA (4.04 g), and BA
(0.64 g) were copolymerized in acidic water (pH ~4: 45 g).
The reagent amaounts foe the synthesis are shown in Tahle 2,

Characterizations

Monomer conversion was measured by gravimetry, The poly-
mer emulsion (~1,0 g) taken from the reactor was transfereed
directly into the aluminum cup. Severnt drops of Tydrogui-
noae solution {1 wi') were added therein and weighted. All
Figuics were eyaporated i Oven at 80 “C uatil the constant

weight of the dried polymer was obtaimned. Monomer conver-
s50n was obtained by comparimg the weight of dried polymer
with that of the ceiginal monomer, as in Eq. (13

. Wex W, x100 )
% Conwersion = —W (1
where We is the polymer weight (g) after drying, W is the
polymer emulsion weight (g} before drying, W, i the total
weight () of the emulsion before polymerizstion, and W,
ts monomer welght in the recipe.

The chemical structures of QAC, ., macro CTAs, and polymer
particles were messured by Fourber Transtorm Infrared Spee-
troscopy (FTIR: NEXUS 470, Nexas) and ' H mclear mognetic
resoruinee (H-NMR;: JEOL INM-ECZR S00MHz, JOEL). For
FTIR, the polymer emulsion or mopomer was dried and com-
pressect into the test s FTIR g oeded inthe
range of 400-4000 e~ Foe 'HNMR, the polymers oc mono-
mers were completely dssolved in the solvent. either deuterated
cleeoform (CDAL) or deuterium oxide (D,0). The sample solu.
tion (ca, 0.1 M) was added to the NMR tube to approximately
4.cm in height, 'H-NMR was performed at room temperature,

The degree of polymerization (DP) and average molecu-

dar weight (M) of the obtained macro CTA and polymer

nanoparticles were investigated using 'H-NMR spectes by
comparing the relative integral proton peak (1) of a known
muiety with 3 known number of protoas 10 that of (he repeat.
ing chialn unit of interest [25]. The DP and M, were caku-
lated By Bgs. (2) and (3), respectively.

Lo N

DP, & & e iy 2
P o

Mﬂ = (DP. XM‘,} +l‘l: (3)

where I, and N, - are (he integral peak and the mumber of pro-
toes, respoctively, of the matety « (unknowa DF). 1 and Ny,

ey Rl g1 M) ML) MU M CTA ) 'gsz ABAG) BO®
vin | I
polymanzation iwed em ision 1 404 054 © 140 . - 0.03 45.00
e T T 3 / . asi 003 14500
3 - - s20 - - 053 0.03 45.00
4 53 30 - 0,53 - 003 45.00
3 - 120 260 053 - 0.03 45.00
& - L&) 260 - s (] 45.00
MMA
“BA
\']
MITMA
PMTMABP
thmu'am
£ Springer
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are the integral peak and the number of protons, respectively,
af the meiety v (known 7). DE, and DF, are the degree of
polymerization o repeating units of molety x and y, respec-
tively. M, is the molecular weight of one repeating unit, and
M_ s the combined molecular weight of the known O,

Volume- and number-avernge diameters (4, ond 4, respec-
tively} were measured by dynamic light scattering (DLS,
Delsa Nano C, Beckman Coulter; Germany) ot o 165° angle
at room temperature, The emulsion samples (approximately
10 wt% ) withdrawn from the resctor were directly measured
in concentration mwode. The surfsce durge was messured by
zeta potential. The emulsion was diluted to ca. 2 wi% in 1.0
mM of NaCl before measurement.

The surface chemistry of P(S-BA) particle was qoalifa-
tive measured by X-ray photoelectron spectroscopy (XPS:
Kratos AXIS Ultra DLD) equipped with monochromated
Xeray sources (Al K_alpha), base pressure in XPS analysis
chamber of 3 % 10* Torr, Operating conditions i emission
10 mA, Ancde HT 15 kV. A hemispherical analyzer is

positioned at an angle of 1807, The quantitative analysis-

of QAC, , coverage was studied [40). The P(S-BA) can-
taining P(QAC..-BP) film coating on the glass slide (2.5
% 2.5 em?) was immersed in s 1% fleoresceln solation
i distilled water (20 ml) for 5 min o ensure comphetion
of dye binding to QAC,,, The phivsical adsorption of the
fluorescein was washed by water ungil no more desbrbed
fluorescein was found (measured by UV-vis

at 501 am). The stained film was placed in 50 mi of cetyi-
trimethylammoninm chloeide solution (0.1 wi% i aque-
ous phosphate bufter, pH 3.0} and shaken for 20 min 1o
desarb the fluorescein. The fluoresceln concentration I
the buffer solution was measured at 501 nm compared with
the calibration curve of flucrescein, which accorded 1o he
amount of QAC, .

The water coatact angle was messured by contact sngle
meters {Automatic Contact Angle Meters DropMastes;
DM-CE2, KYOWA); air emalsion sample wes dropped oato
a glass plate and dried at 30 “C. The glass plate was placed
into the platform of the contact angle gonsometer until it
matched the needle before belag rotsted in & water dropict
with a size of c2.0.2 i . The platform was slid 1o the watet
droplets before contact angle measprement.

The glass wansition (1) of macro CTAS aid polymer par-
ticles was measured using differential scanning calorimstry
(DSC: DSC 4000, Perkin-Blrmer, USA} at o hesting rile of 10
“Clenin noder N, flow in 8 scanning temperature smage of =30 10
250 °C. Thermogesvimetrie analysis {TGA: TGA 4000, Perkin-
Elmer, USA) st 0 heating rate of 10 °Chmin was placed under an
N, flow i a scanaing temperature range of 3010 600 “°C.

The morphology of the coated fabries was observed by an
atomic force microscope (AFM, Moltimode 8; Bruker), The
cotton fabric was ¢ut info 5.0 X 5.0 cm pieces, ultrascricnted
m 2-propanol for $ min, and dried a1 80 °C. The coated fabeic
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wis dried A room temperatize in a desiceator before being
chserved by AFM.

Coating fabrics

A 100% cotton knit fabric with an interlocking structure and
a fahric weight of 237 g/m” including wale per inch (WPI)
and cousse per inch (CPI) of 36 and 35, respectively, was
coated with polymer porticles containing QA and BP. The
cotton fabric was cut ingo 3.0 x 5.0 ¢ paeces, ultrasonicated
in 2-propanc for 3 min and dried at 80 °C. The cotion pleces
were sprayed with polywer emulsion at varions concertrations
(1.0, 2.0, 5.0, and 10 wt%) for about 3 g and dried in dark-
ness. Then, the pleces were irradiated on both sides at 365
nm with an 8 W, 20 W, or 200 W handheld UVA lamp ata 5
¢m distance for various times (15-60 min), The cotton sam-
Ples gained a cream tint, Using the same procedure, polymer
epmlsion (3.0 wt'%) wis mixed with a special self-crosstink g
polyether polyurethane binder (PU B16; 48 wt'%) for comguari-

“gon, where the obtained cotton abric was cared a1 120 °C for

3 min The sddd-on effickency (%) of the polymer particles was
measured by gravimetry and calcolsted by Eq. (4).

W, —W,
S ) e “

%A - on = (
where W, and W, are the weight {2) of the cotton fabric
before and after coating, respectively.

The durability of the coated fabrics was tested based on
the AATCC 135-2004 method, The accurate weight of the
conted Pabrics was included with other elothes 1o obtain the
final mass of abont 2 kg. After that, about 66 g of detesgent
was added, The clothes were washed for varkous lengths of
time in the washing machine in normal mode, The coating
performance of polymer particles was evaluated according to
the percentage of remaining particles, calculated by Eq, {5).

) ( {ARATd = on,}
Srumainingparticle = (m)xlw (5)
where SAdd-on,, (2) and #Add-ca, (g) were the Sadd-on
of polymer particies before and after washing, respectively.

whmrblmny

Gram-positive Staplylococens aureus (8. aurens, TISTR
1466 ) and gram-negative Esciericiia colt (E. coli, TISTR
157) were cultured 1o brain beart infusion (BHI) beoth at
37 °C overnight, the bacterinl suspensions were adjusted
{0 0.5 McFarland standard turbidity (1.5 x 10° CFU/mL),
The antimicrobial activities of the coated fabric against
the indicator microorganisms, 5. awrens and E. coli, were
evaluated by the agar well diffusion method. Inhibition
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zones 10 visualize the antimicrobial effect of the coated
fabric were measured, The 100 pl. of bacterial cultures
was cosed on BHI agar plate and then s hole with a dlam-
eter of 6 mm was punched with a steslle coek borer on the
hioassay agar plate with S, qureus and E. coli. Coated fab-
ric pieces of 6 mm were placed into these agar wells and
then incubated overnight at 37 °C for 24 h, The microbial
activities were evaluated by messuring the diameter of the
inhibition zone surrounding the conted fabric.

Results and discussion
Macro CTA synthesis

To prepare the polymer with high-performance antimiero-
hial activity, the DMAEMA monomer was then modified
by BDC 10 obtain a QAC, . monomer (Fig. 1), FTIR char-
acterized the obtained QAC, . manomer compared with the
pristine DMAEMA and BDC, as shown in Fig. S1. The
peaks at 2894-2020 cmi* of QAC,, (Fig. S1C) attribuied
to the stretching vibration of CH, and CH; accorded with
the peaks seen in BDC (Fig. §1A). The stretching vibea-
tions of C=0, C=C, C-N, and C-0 at 1720 cm”', 1680

[

0 o

DMAEMA

Fg.1 Sh
chains (111

OCQAC,, prepanition (T), solutk

em™’, 1300 cm™', and 1160 e, respectively, character-
ized to DMAEMA were also seen in the QAC,, spectrum.
'H-NMR messurement was also performed to confirm the
tormation of QAC,, moaomer [25, 41] where QAC,, spec-
trnm (Fig, S2B; displayed compared to DMAEMA mon-
omer (Fig, S2A). All of the proton peaks of DMAEMA
can be found in the QAC, . spectrum while the additional
proton peaks according to alkyl groups in a chain Jength
of 12 units at signals (ppm} of 3.55 (ZH, g), 1.76 (3H, h),
1.26-1.34 (18H, 1), 0.89 (3H, j) were ohserved in QAC,,
spectrum. The results also supported FTIR t
that QAC, , was successfully prepared. It was further used
for macro CTA synthesis by Solution ITP (Fig. 11T The
synthesis proceeded smoothly where the monomer conver-
sions reached over 80 at 8 b for all macro-CTAs, POMTMA-
BP)-1, and P(QAC..-BP)-I. The 'H-NMR was performed
1o confirm the formation of P(QAC,,-BP)-1, including
molecular weight measurement. For all characteristic
protons of the QAC,, (Fig, S2B) were found in P(QAC, .-
BP)1 (Fig. 2), including the pheayl protons at 7.44.7.59
ppm. This indicated that BP was suceessfully copolymer-
ized with QAC, . Moreover, protons were found at 5.6-6.1
ppm, attributed to CH, of the double bond (marked ss o
and b) for the QAC,, (Fig. $2B) monomers spectrum, The

)

T
70°C, ¢h L"' ° /"
e ! ]
[‘ [uu’ = - OL\"n-
O, ELOM, AIBA e
Schution ITP 5 &
Colhye
PIOAC, 87}
(Maoo Cla)
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Cyttyy

TTP of NQAC, - BPFH (I and easiisica TTT of P(S-BA ) particle containiag P QAC,,-BP}

=
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Fg.2 ' H-NMR spectrum of FQAC .-BP). 1) (ppet 6): 6,17 (ML 8%, 5.72 (11 by, 212 (614, ¢, 4.59 (411 ), 408 (4H, ¢}, 3,45 (6IL 1), 3.68
(2H, b 124143 (18H, 0 087 (3H. J 1681 81 2H, &b, and %.44-7.59 {TH, &)

Intensity of peaks significantly decreased on PIQAC, -
BP (Fig, 2), indicating that the percentage of monomer
conversion was very bigh according to monomer cosnver-
sion (81%), Moreover, the new peaks of methine protons
as 8" and b at 1,98 ppm of PIQAC, - BP)-1 were observed

as they dissppesred in the QAC, (Fig. S2B) monomer.

The chemical shifts of both pesks were cansed by paly mee
formation. These results indicated that I(QAC -BP) 1
was synthesized suceessiully. The DP of PQAC, -BP}-
was calculated by Eq. (2)using the integral peaks of -CH,
(3H. j) ot 0.87 ppm (representative of QAC,, unit) axd
proton in phenyt group (SH, k) at 744-7.59 ppm (repre-
sentative of BP unit) compared with that of the -NH, (2H:
a1 1.90 ppm of AIBA. The repeating unit was 12, QAC, .
and BP of about 10 and 2 units, respectively. Based on the
obtalned DP. the experimental molectlar weights (3, )
of the obtalned PQAC, -BP-I calculated by Eq. (3) were
about 4,700 g/mol. It wss a bit higher than the theoretics!
molecular weight (3,688 g/mol)

€) Springer

Polymer particle-containing QA and BP synthesis

In the previous works [39), emulsion ITP of PS, the
polyinerization in the polymerizing particles was mainly
hased on-conventlonal radical polymerization, where
the oMained molecular welight of PS was significantly
larger than the theoretical malecular weight, including
relatively high molecular weight distribution (Mw/Mn
~>2). However. the particles were submicrometer-sized
(=100 nm ), smaller 1han the PS particles (~300-400 nm)
formed by homogencons nucleation [31, 35-37]. This
indicated that PMAA-1 eventually worked as a macro
CTA and emulsifier in an aqueons medium and was

‘anchored ooto the PS particle surface. This work was

Intended to peepure highly stable submicrometer-sized

-polymer particles containing QAC,, and BP segments

‘on their surfaces, The schematic preparation of polymer
particles confaining P(QAC, ,-BP) chain using emulsion
ITP is shown in Fig, 1111
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Emulsion TP of PIMMA-BA} and P(S-BA | particles
using macro CTAs, POIMTMA-BP)-1 or PIQAC, -BP) -1,
as the macro CTA and emulsifier, were then employed.
Moreover, the emulsion ITP of PS and PMMA using
P(QAC,.-BP), -1 as macroe CTA and the emulsion con-
ventional radical polymerization of PIMMA-BA-MTMA-
BP} particle was also studied for comparison, In the case
of homopolymer, the PMMA (Fig. S3a) and PS (Fig. S3b)
partickes were spherical with a size range of about 150-200
nm due 1o high positive charge (= 80 mV) on their sur-
faces. In all conditions of the copolymer. polymerization
proceeded smoothly and the milky emulsions without
coagulation were obtained (Fig. 3a-d). The conversions
of all polymer particles were over 80% within 4 h, From a
DLS histogram (Fig. 3a'-d'}, the 22, (316 nm} of POIMMA-
BA-MTMA-BP) particles was about 1.5 times that of the
other particles, This is because PIMMA-BA-MTMA-BP)
particle was formed by homogenecus nucleation, in which
the MIMA rambom copolymerized gave the lowest posi-
tive charge (55 mV), [n the case of all emulsson ITP coadi-
tions, D, (101-190 nm) and zets potential values (61-72
mV) were not different, This indicated that P(QAC, .-
BP), ,-I represented s similar performance to POMTMA-
BPI to stabilize P(S-BA] particies. The higher positive
charge of the obtained particles prepared by emulsion [TP
is based on having the most macro CTA chains apchored
on the particle surfaces. XPS was used 1o confirm the cov-
erages P(QAC, .-BP) onto P(S-BA) particle, &5 shown in
Fig. 4. The wide-scan XPS spectrum (Fig. 3A) of P(S-BA)
particle-contzining P(QAC, -BP) was observed exhibit-
Ing C. N, and O slgnals at 284 eV, 400 eV, and 532 eV,
respectively, This suggested thot the QAC, covered the
polymer surface. Morcover, the C,, peak of the P(S-BA)
particle-containing P{QAC ,-BP) can be qurve fitted into
three peaks (Fig. 4B) according to C-C/CH (=284 eV),
CAVWC-N (=286 eV), and C=0 (=289 eV (22, 42). In
addition, N, signal was snalyzed. The N, pesk can be
cueve-fitted into four peaks (Fig 4C5: -N-R, (<399 V),
-NH, (-400 eV, -N-R, (=402 ¢V, and -N-O (=403 ¢V}
122, 42). The observed C-N and -N-R peaks indicoted the
presenting of QAC, . on the fifm surface. It sccorded with
QAC,; content measured by UV-vis spectrophotometry,
the amount of QAC,, coversge on the PIS-BAJ film was
41,510,015 nmol/em’,

Moreover, the water contact angle incressed with the
hydrophobicity of the polymer; they were about 847 and
107° for POMMA-BA) and PS-BA ) particles, respectively
(Fig. 3a"—d"). The more hydrophobic surfaces can reduce
the adbesion force between bacteria and a sobid substrate,
Bacterin including the death form can be easy to remove
from the surface in terms of anfibacterial performance [43].
Therefore, P(S-BA | parficles contaming POQAC,,-BP) seg-
ments were used for further study,

Both TGA and DSC were psed 1o investigate the ther-
mal properties of P(S-BA) particles, as shown in Fig. S, For
TGA measurement (Fig. 5A), PIQAC, -BP), I (Fig. 5A,
) showed & one-step degradation of a temperature range of
150-300 °C, while & two-step degradation of temperature
was observed for P(S-BA) particles containing P{QAC, .-
BP) chains (Fig, SA, b). They are 200-300°C and 300-450
“C, which would align with the degradation temperature of
PIQAC, .-BP}-5-(PS-BA) segment and P(S-BA ) primary
polymer, respectively. The first step of temperature degra.
dation was a bit incressed from the pristine P(QAC, -BP)
becasuse of the formation of PIQAC,,-BP).4-(PS-BA).
Mareover, the content of PIQAC,,-BP)-4-(PS-BA) based on
the TGA curve was about 13%, which was relatively higher
than the P{QAC,,-BP) feed (~8%) and the P(QAC,.-BP)
fraction (~4% ) measured by NMR (Fig. 54). This indicated
that PQAC, -BP)-5-(PS-BA) chains were polymerized to
form the prepasticle m an agueous medium in the finst step
of emulsion ITP before S-BA ) was mainly polymerized in
1he forming particle. [n the final step, highly stable P(S-BA)
particles containing PAQAC, ,-BA ) chiains an their surfsces
were obtained. For T, analysis (Fig. 5B}, the T of P{QAC -

‘BP}I (Flg. 5B.s) was about 60 °C, while it disappeared in

ke DSC thermogram of P(S-BA) particle (Fig, SB, b} This
may be due to either o low content of P{QAC,,-BA) seg-
ments or a new form of PIQAC, .-BAMb-P(S-BA ) segments.
Moreover, the 7, of PS (abont 101 °C) also dissppearest.
Only a aew T_of about 21 °C was cbserved, which aligned
betoeen T,ot’PBA (=50 "C) and PS (100 °C) based an the
weiglt ratie of S:BA (1:1) in the feed. This indicated that the
P(S-BA) copolymer generally proceeded. At the T, of about
21 °C of the obdained polymer particle, it was easy to form
2 film and adbere it to the substrate surface, which permitted
the UV-initiated coating process.

Coating fabrics

The UV-initisted coating peocess of PIS-BA) particles can.
taining PQAC, -BP) chains was studied using a cottan
knit fabelc as &« model. The fshric coating was expected to
have high washing durability. Fisstly, varfous curing times
(Fig. 6a) at 15-60 mins were investigated using a polymer
emulsion of 2 wi% and Lamp energy of 8 W, The washing
durability test in terms of remnining particles (%) on the
conted fabric (Fq. 5} was ased for coating optimization.
The %add-on (Eq. 4) of P(S-BA) particles on the coated
fabiric before washing wss about 8.79 wi%. In all condi-
tions, the $remaining particles decreased in each washing
eycle by shout SOF after 5 washes. Because the %remain-
ing particke was not different, the shortest curing time (15
min) was then used for further study, As seen in Fig. 6b,
the Sremaining particle was improved with lamp energy;
200 W gave the highest washing durability of the coated
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<Fig.3 Emolsicn photos ia, b, ¢, ). water comtact angles (a', I, ',
&), and anlessity size diswtbutions (&%, BY, ¢, &7 of POIMMA-
BA-MTMA-BP) (a, a', a") syuth d by | tioaal
ealicd polymerizanon st POMMA-EA) (b, B B, BS-BA) (¢, ¢,
") comtigning PYMTMABP) segments, sand WS-BA) (d, d', d*) can
tainisg FIQAC,.-BF) seginents synthesized by emulsion TTP

fabric, where nver TO'% of particles remained after 10 wash-
ing cycles. Moreover, the costing performance was also
iproved with increased P(S-BA) concentration, as shows
m Fig. 6¢. The %add-co of P(S-BA) particles at 1, 2, §, sod
10 wi% on the coated fabrics before washing were 4.73,
8.79, 21.01, and 31.88 wt'%, respectively. The %remaining
particles after 10 washing cycles increased from about 45
to 85% for | wi'% and 5 wt'% of P(S-BA}, respectively. The
film formation would be enhanced by increasing P(S-BA}
particles, where the covalent bond might connect the fab-
ric surfuce and each particle. The (abric might be covens!
entirely with polymer filin for § wi% of P(S-BA ), as shown
in Fig. 7. It was clear that the smooth surface of the fabric

(A)

(Fig. 7a) became rougher (Fig, 7h) due to PiS-BA) being
entirely couted onto the fabeic surface. Mareover, the rough
surface still remained after 10 washing cycles (Fig, Te)
However, with more Increased concentration (10 wtS ), the
Nremaining particles were not improved; higher polymer
concentrations might form more Glm layers of the fabric.
The coated fabric was also more rigid with 10 wt% of P(S-
BA) emulsion. Therefore, 5 wt% wonld be the maximum
ideal concentration for fabric coating, Using the optimal
coating condition (curing time of 15 min, 200 lamp enesgy.
and 5 Wi P(S-BA) emulsion), %remaining particles were
relatively higher using a binder foe curing and significantly
higher foe without UV light (Fig. 6d). These results indi-
cated that polymer particles containing BP groups were
more beneficial for coating without o binder. In addition,
at the optimal condition, PS pasticle<ontaining P(QAC, ;-
BP) were also studied for comparisen (Fig. $5)., Without
BA component (higher 1)), the covalent bond between PS
particle and cottan fabrics was not smoothly proceeded.
The Sremaining particle was relatively lower than using

Cis

Binding Energy (eV)

403 401 399 97

'Blndim Energy {aV)

Fig. 4 XPS wide-scan speciram (A ) sl Mgh-resclugon XPS C,, (B) snd N, (Ch spectra of FiS-BA) particle-contaming PIQAC, ~BI) surfaces
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P(S-BA) particles, where i was about 75% after first wash-
ing and reduced 1 54% after 7 washing times. Morcover, i
was stnilar 1o using PS-BA) particles without UV radiation
(Fig. W) (545 after S wastnog umes), This indicated thal

boch Ty of polymer and UV radiation of BP segment affect
the coating pecformance, 1n comtrast, without them (s the

L radical polymeriztice 1380

case of PS particle-contzining PLQAC, ,-BP) without UV
radiation}, PS particles were almost completely removed (20
S remaining particle) after 3 washing timies (Fig. §5), For
the coating provess of this woek, the PIS-BA) particles can
be frst adhered onto the G based on bow 7, After that,
the covaient bond between the PIS-BA) particle-containing

Fig.6 Wishing durubilay
testing of (he ﬁm::.unm-an 100 L L 100 ‘ o ®)
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»‘. 0E ﬁ. kv H =
Fig.7 ANM micragraph of pristine cotton fatme (n) and the cosan fabyles coated by 3 wi'd INS-BA) earalsion (b and €3 before washing (b} and
after 10 wasksng cyclon (€}

BP and the abac would be formed by UV inioation [17-19, 2% orbitals, The electron-deficient oxygen atom was (hen
44]. Under UV raduation, the electron of the oxygen atom obtamed. 11 was easy (o abstract the hydrogen atom of the
in the carbony! group of BP molecule transitions from a to substrate, giving iwo carbon radicals on hoth sites (oC-OH

Fig.8 § moou teec)and ¥
i (=0 inhibstion somes and
summarized inhibaion xome
dinmeters (@) of segnlive con
ol (AL (xositive comenad (16,
e coated fabrics with yaroos
Rockd oo of MS-BA) particies
contuining MQAC, ,-BP) cheins
(Wt e 473 (C), 8.79 (D), and
2100 (K on (e agar plates

)
e

B gl

(m
-t
{2

10

Diameter of inhibition Zone

Q. NWN° /78 _ P\ &

E. coli S. aureus
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of BP and Ce of 1he substrate). Then, o C-C covalent bond
was formed via the radical combination [16, 30, 45).

Antibacterial assay

The agar-well diffusicn method was first evalunted with an
antimicrobial test of the cooted fabrics (Fig. §1 with Tacdd-
on of P(S-BA) particles containing PIQAC, -BP} chains at
4.73 (C position}, 8,79 (D position), and 21.01 (E position)
Wi using DI water as the negative control (A posizion) and
Ampliciline as the positive control (B position). The clear
zone an the disc around the coated fabrics at varicus Sadd-

on revesled that becteria (5. anrews; Fig. 8a-¢ and E. coliz,

Fig. 8d-f) could not grow, Inhibition zone diameters were

measured and are shown in Fig. 8g. The inhibition zones

for S eweewr and £ cofl of the coated fabrics increasesd
with %add-an, For the £ colf test, the conted fabric with
8.79 Fadd.on had o relatively lower inhibition zone diam-
eter (2.6740,33 mm) than the positive control (3.3420.34
mn), whereas the 21,01 Tadd.ca (4.6720.33 mn) showed
4 relutively higher potential against E. colf. However, all
the coated fabrics were less potential against S, qureus fhan
the positive control, where thelr inhibition zone diameters
(£3.5040.10 mm) were significantly fower than that of
Ampliciline (12.0040.50 mm). It may be due 1o that gram-
negative E. coli, comtains a thinner peptidogiycan Iayer
than o gram-positive 5. gurens. The inhibition 2o i small
because the coated fshric efficiently kills on ¢ontact Wit
bacteria. The QAC, chains may collspse on e P(S-BA)
surfsce at a dried state. However, the QAC, . chains snchoved
onto the P(S-BA) surface could be active as loug a8 they sre
present on {he surface, ' '

Conclusions

The stable and nearly monodispersed submicron PIS.BA )
particle (101 nm: PDI of 0.090) contsining PIQAC, .-
BP) chalns on their surfaces were successfully synthe-
sized by emulsion ITP. Because of the P(QAC, -BP;
chains anchored on the P(S-BA) particle surface, the
positive charge derived from QAC . was over +70 mV,
The obtained P(S-BA) parficles can easily coat the (ab-
ric via spraying and be UViactivated, The coaled fabric
showed high washing durability, with over 80% of par-
ticles remaining after 10 washing eycles. This was refn-
tively higher than the couventicnal pad-deied cure with the
binder. In addition, the caated fabric was highly effective
against bath gram-positive 8. careis and gram-nogative
E. coli, The prepared particles.could be applied to varions
substrates via simple spraying and UV-activated.
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Fig. S1 FTIR spectra of BDC (a). DMAEMA monomer (b) and QAC z monomer (¢)
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Fig. 52 H-NMR spectra of DMAEMA (A); (ppm, 8): 615 (1H, 2}, 5.78 (1H, b), 1.95 (6H, ¢),
4.85 (4H, d). 4.64 (A1 ¢). 3.65 (6H. 1) and QAC), (BY. (ppm, 8): 6.17 (1H, n), 5.72 (1H. b), 1.98
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0,87 (3H. j).
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Fig. 83 TEM micrographs of PMMA (a) and PS (b) particles prepared by emulsion TP using

P(QAC)>-BP)-I as macro CTA.
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Fig. 54 1H-NMR spectrum of P(3-BA) particle containing P(QAC 12-BP)12-1); (ppm, &): 0.8-1.4
(25H, h), 16-1 8(8H, 8" and b"), 3.7-3.8 (2H, g, 6.4-7.2(5H, ), and7 4-7 6 (8H, K). Mn of P(3-
B &) was calculated by equations 2 and 3, where the integral peaks of (2), (1) and (K) positions were

used for the representative of BA, B and P(QAC 12-BF), respectively.
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Fig.S5 Washing durability testing of the fabric containing PS particles containing P{QAC,>-BP)
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