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ABSTRACT

Various morphologies of poly(styrene—-co-methacrylic acid)

cast onto silicone wafer

Yu-Ri Park

Advisor : Prof. Joon-Seop Kim
Department of Polymer Science &
Engineering, Graduate School,

Chosun University

Ionomers, i.e. polymers having a small amount of ilonic groups, were introduced
ca. 40 years ago; since then, the morphologies and physical properties of the
ionomers have received considerable attention from both industrial and academic
arenas. Extensive studies on the morphology-structure-property relationships in
ionomers in the solid state have been performed. In addition, over last two decades,
the properties and morphology of ionomers in polar and non-polar solvents have
also been studies. It is well known that, depending on the environment of the
ionomer in solution, the ionomer chains behave like polyelectrolytes or lead to the
aggregation. Under some conditions, they can form nano-sized micelles. The
micelle-like ionomers in solution can be applied to drug-delivery systems,
microreactors, and so on. From this point of view, it is very important to

understand the factors altering the micellar structures.



This thesis consists of three chapters. In the first chapter as an introduction
section, the history and general characteristics of ionomers are presented. The
second chapter deals with the effect of ion content on the nano-sized particle
formation of polystyrene ionomers in water. In the third chapter, the effect of
degree of neutralization on the nano-sized particle formation of polystyrene
ionomers in water is discussed. It was forward that, from the fluorescence study,
the increase in the degree of neutralization and the contents of functional(acidic and
ionic) groups shifted the CAC (critical aggregation concentration) to higher
concentrations. The SEM (scanning electron microscope) images of the acis
copolymers and their partly or fully neutralized form in THF/water(1/99 v/v) cast
on to Si wafer that acid form copolymers produced spherical nano particles.
However, ionization caused morphological transition of the ionomers from spheres

to network-like features.
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g/mLE WIAH o™ pyrene ¢ FEE 6 x 1077 M= 3AHAFHY. Figure 19
emission Z2HMEd S BHW ofo] o ww o Firt Frhgte] whel A#ERIO] 3 WA o}

Ay

A WA wel Z7lE Frrshy 1 A7](F, intensity)9] B9 I/LE #HAdE AE B
T Q=4 o] pyrene FHO FA o] A3y wEoltl. @A, Figure 29 excitation
~HEHS HE ofo]oxmo FE7 FUHE wet s urzk Hwsss o

,ﬁ:
g o] & F3dto] & kel M doju= pyrene F9 74 HEE A5+ U

Figure 2ol = 349 HL7F 300-360 nm Akololl A ZA 7/He] ~fEd url B
ol=ul Z+7 306, 311, 320, 324, 330, 334(5§ < &7 WAl pyrene ifre] ~HE
2 o) 28 34025 374 ol Ao pyrene 1o A2FEZ u]) nm 3ol A
yebd ok @3 330 nmolst Al A YEyes E we 2 WsE Bl FA @Y
ol o5 wAlste] &9 W pyrene F9 A S FsH7ol= olElgo] mET. w
ehA G o] w7t S7Hgtel met e weo] WE HJr=rF 2 334340 nm o] o
& A Al pyrene?] photo-physical A& WIS LolrRdr}, olo]xwo FETL
Z7}8ko] Wl 334 nme AE w1 AV AA 2 AEn B FEolA Holx

2 340 nmol A YEU= FF W Ve FU18HA B ol pyrene ¥ 3
=
[¢)

Aol HFAolA Aoz wiHy] wEolth e 3 FZolA X2k 334 nmoll A
AR E = w7t EAste= ol §3te] pyreneol BT AFA A U= Aol oty
2 o= AL 54 3740 Hol S ¢ F I

a9 1o g AAE F3 ~F9EY fHolHE A7) Ya Origin
6.1 HFH T2 WS ALE3LY] excitation ~2HEHS 7/] Gaussian I A= ]
AL 470 F Aol 99 HAES T ofollwm FHe F
L ®Wste] wE peak 37 49 Al WA WS (Asm/An)E @i o|EFE ofolQ
wrle] CAC#S AAT 4 Advt. Figure 3o v st o2 & st gl
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15F

2.0x 10"

1.0
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0.5
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Figure 1. Emission spectra of pyrene in various concentrations of P(S-7.5-MANa)
ionomer in THF/H-O mixed solvent. (Aex = 320 nm). Pyrene

concentration was 6x10 M, and volume ratio of THF/H-O was

1/99(v/v).
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2.0x 10"

300 360
Wavelength (nm)

Figure 2. Excitation spectra of pyrene in various concentrations of P(S-7.5-MANa)
ionomer in THF/H2O mixed solvent. (Aem= 392 nm). Pyrene
concentration was 6x10 M, and volume ratio of THF/H-O was

1/99(v/v).
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AA g By ofo]owro Fwrl 1.0 x 10° g/mL olskel Afol: gdo] o

off

@8l $7] WEol pyrene ¥ OREE Zol BaHo] o} ofo]owy] FEo ue
EWE ke wolA Stk HAW ofolxn o] st FASWUA ool oy

A7 @A E 7] AlASEAL, pyrene i AE ofo]l Lw I A 4AgA FiEOE oF
stA #Hu. Wk peak 49 WAL F7FStal peak 39 WAL ZASA H
peakd/peak3e] WA Bl & Agg/AsuE 02%E ofo] Qo] o] & FFo] uwe} 6

7tA FAsHA F7bevh. 1ela o] 7] el FEFE CAC #o] g w2z
o] &S & F Utk A FH P(S-co-MAA) FFTAL A FE7|2 FIA

of “}et

IS

P(S-co-MANa) olo]o 1o WA vEo] WE CAC #S AA3dto Figure
U A T}

Figure 4-(a)& XH WA #8719 FFo] @WoldFE  P(S-co-MAA)9}

P(S-co-MANa)9] CAC 3te] T7tdts AL & 4 Aot aglx 22 287] g
oA ] P(S-co-MANa)¢] CAC < P(S-co-MAA)Y CAC #xHT 84 AatsE AL

& = 9. TA #8879 sharo]l wWolASFE P(S-co-MAA)QF P(S-co-MANa)
CAC 79 #olel ACAC #tol AA AXTYE AL & = At (Figure 4-(b)). o] & &

A3E ol g9 o) mEA Au WA eI go] @FF = Utk n¥A e
EATE 027 L A A8l FhFol obF £ A n¥AY 254 Hol

e FE W A Ag7)e FFol TG we mEAY A5He] FoASA Hol n

Agol 254 ol4F AP B AL YYHAY 1RAE 27 o Holok T A

A9 ABRERE G 5 9t AL 20 3AA Ak AA, AFF AAY B 48]

2 oolerl5 Fgol AL WEAI FAelA HFAG o] T/ AgHE U



10

[N

Feak 4
o Pesk?
o] Peak T Peak 3

% P(5-3.B-MANaNTHF H_0=1:447{molimal
@ P(5-5.5-MANENTHF H_0=1:447{molimal
W PES-T.5-MANaNTHF H_0=1:447(molimo)
# P(5-8.4-MANa)THF:H_0=1:447(molimol

A’.‘dl] / A334

1E-8 1E-7 1E-6 1E-5 1E-4
C (g/mL)

Figure 3. Polt of the area ratio obtained from deconvoluted excitation spectra
(A340/As3s or Peak4d/peak3) of P(S-co-MANa) ionomers as a function of
ionomer concentration in solution. The inset shows deconvoluted

excitation spectra of pyrene in 5.0x10 ! g/mL of P(S-7.5-MANa).
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0 RSoMANY (
%‘6 [~ 0 F(SCD-MAA) . 160
—
— v
£ 46 0 v {120
=)} ° Q)
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O 36} @)
< 080
©) 0
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0 - 040
le6|
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loncortert (M%)

Figure 4. Dependence of CAC on the content of ionic repeat units. The values of
CACs were obtained from the excitation spectra of pyrene in ionomer/

THF/ H-O soultion
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T dol awntF 3 FAE FAS = Aol Wl ] witolty. 4, P(S-co-MANa)<]
CAC #te] P(S-co-MAA)S] CAC #HEUT 2 olfrE& olF = o] 72 4Ao] A
Zg 710 AEARTY Z7] wEo|t) wpA e o ® ACAC FHol #8719 ¥xr7t F7}
GrE AAE AL n@EAY AFAS b 4719 drthe FAs] o279
o3 © & 9FS W] otk wetA nRAzE IFE ] AT dATE F

e 4 Ag7)e gE mohs ojevlel gad o wzra.

FE Aol A P(S-co-MAA) FF5 A9 P(S-co-MANa) ool x=m 3 gA 9 =7

K}

s dobny] 9ate] ¥ A¥ew AW CAC Bk ®& R 20 x 107 g/mLol
Table 10| YeEFW o] ®] w59t}

A e A9 shel e Ax

il

Table 1. Average particle sizes and widths at half height of size distribution
curves of P(S-co-MAA) and P(S-co-MANa) obtained from light

scattering experiments

content of functionall Size of P(S-co-MAA)(nm) | size of P(S-co-MANa)(nm)
groups (mol%) mean width mean width
3.6 242 111 1 0.6
55 461 108 182 320
7.5 258 207 7129 1657
9.4 358 146 54562 5910
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Table 1% ®B™¥ A 875 T3 oA &L P(S-co-MAA)= F8& WolA 240 —
460 nm=L7]°] 3 FAE olF=vl 2 AVl= A FAE7] wEO dFS 22 2A BA
ek Wb Al A48715 T3 P(S-co-MANa)ole] @ =w o] A g-of o] 7] Fego]
S opol 2 kv = P(S-co-MAA) T T FAI7F B A A7) Eres 24
< A71e] AFAE A o7 gFol AdaeE YA AVI7F AA S7HEH

(ofolQmmjo] Zf-ol o] wx=7F F7hgel wek Aol A717F 1 nm%FH °F 50000

ewwe &l =SS W AYIZE ZHA e AMEY ol2Ae AR
(intra-molecular interaction) &2 3] g7} 2Zlo}x] 31 o] o] &2 Hfod = A=
U2 AFERRe] o] 27]9} A& 24 (inter-molecular interaction) &2 3| A 59 3] §HA)
Z o] Fo Adl #FAE FA 7] wimolth & el FAHE P(S-co-MAA)&F
G Al et P(S-co-MANa)olo] &= & o] 3| §A =A7]ef A2 AXAZHS WY
P(S-co-MAA)& T34 ¢k P(S-co-MANa)oto] & :=w o] o] 2 3 FHA| 27]¢ Fels <&
olE 7] s mEA fHS Si-waferd] Hojrmy T SEMS A o] W kth(Figure 5).
Figure 55 2™ P(S-co-MAA)9 A b4 a7l Z2e F39 s dAEo A
He AS & 5 9w P(S-co-MANa)9] oln] Ao = sl Az Zo3lo] +
o 3FAE FASY Eue 2EY 22 UESA ouAE HAFH AUAE
Ho]F2 AT 55 mol% e 9.4 mol% ofo] = e SEM o]w| Ao A& o] e} &
%S BYu. ol NaOH= F3td vwegaditat & & Ale] o] Ql#e] F7hsto]
gt FASMIFAE )Y A5 ARS o7l HYl wWEe] aniAe gAo] F
7heko] o] FFAE FASY] Hrhe EFof dAAA HEr] BEd A 2 F

Zb A A AbEo]l ZFAIAL Qe ol 7] Abole] A EAgo] JhwaAr] wiiel At
PAZE MEYAZE FAH7] W2l A 2 P(S-co-MAA)TTFA A5 +9

Aol =7]Z ofg Table 201 e Q)
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Figure 5. SEM images of P(S-co-MAA) containing acid groups of (1) 3.6

mol% and (2) 7.5 mol%, P(S-co-MANa) containing ionic groups of (3)
3.6mol% and (4) 75 mol%. The concentrations of P(S-co-MAA) and
P(S-co-MANa) were ca. 2.0 x 10~ g/mL.
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Table 2. Average sizes of particles made from P(S-co-MAA) in THF/water(1/99

v/v) copolymer having four different ion contents, deposited onto a Si

wafer
content of functional groups (mol%)
3.6 55 7.5 94
310 + 196 350 + 160 250 £ 122 290 + 185
e 28 A & F e AL A FEUE FIEkA ¢

F> P(S-co-MAA) ¥+ %
1A A7l S el SAT gAY 2
El

ol 7} glA®F Wi 250 — 350nme] Tk

oh tha A NS A dRAE olFa
Eob gol el BEE A" 2 FAe avie A A8 FFel 9FE wA
e Ao #FHAT
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24. A&

B oATe M MeadeelEe] %ol 36, 55, 7.5 mol%St 9.4 mol%ql (e
oldl-co-MELZ LYol E) ofo] 2 =M F£5F THF %9 F 60 x 10" M pyrene
S A E(prove)E AlE3le] 3 ~HEHAL Eio dA 3T FE(CAC)E AAT}

ot 283 light scattering® SEMS E3dto] 89 oA FAHE 3 TA (S

G Al -micelled #AH) 2] A7) 9 REZ X2 B3
A9 AAE BY ojolewm AAWEL o FE U A A4 FFo] FALFF

Zreth W 4 447085 F38 P(S-coMAN@® A4 ol s F/bel o
& A5gel Fohstel TR ol AFAT FAFY nke YEAAS FHdE 2
2.
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A 3% F3t =7t THF/H:0 €94 W P(S-co-MANa) oto] =" CAC " A

9%
31. A &
ofo] & :=m (ionomer)= HI =4 AEAH(NE - 52 ZEfoldl) Al FEAow L

C AR FHAZ 2% A5 AZBAN, SEN 4878 1~15% o] A%

e

T

-

getn 9 nEAE 2" DuPontol A Surlyn®olgls ofol 0w E wHEo]
mjst7] A zbgE ol g2 A A ool wmwmo] I A= 1deo] 1000 of W o] =&
I} 57 s AR wg @it Hdode 34 2Roet AAAJ] o

| Al Eeo] F EmE AEEe A HE Aol & A Fi vk wEkA
o SHAY BaE 5 e v ool I FR oA e ofo] Q%
w ol Ao dig A7

3t g s 10d ol Fob ) FAR=H o] AFES A& F= A
el o] @l o] t} ¥

Tt ~Eglo]ldl ofo] @ = = tetrahydrofuran(THF)(e=7.58, 6=18.6)2} xylene(e=2.3, &
=18) Z& v FA fufjol ZolA HW ofo] Qo] HEES A FE ¥ FA AE o]
A F2E v =S4 el S FHu ofo] oo o] 27|52 H=A &l A sHA

A gFol ool Qv Apo]o] BgHE ojml=d o] AHEZ W S (rheology), ¥

|

£ 337 (fluorescence), SANS(small angle neutron scattering), 34AF@(light scattering)
S ol Aoz FAHAG @u 2etoldl ofolwmm]E FA Lol HolA H
W Adgte] @Y. o8 X 54 vl FolA N N-dimethylformamide(DMF)(e
=382, 6=248)% S S Evjel ZElolal ofo]ewwmE FHolA HW o]V
DMFol] o}F & %3 ~glolall FiE2 DMFo| A A3 ZofEo ko). a8y} =

el =(e=80.1, 6=47.9)0l ZEfo]& ofe] e =W 5 FHoly d}

o,
ofo

ol
2
N
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Z g (2gold-co-MEFZL AN [P(S-co-MAA)]S &7 YA AAE Zgolalz u
Bl ko] FAatsiil zd JRAIAS W oF 60 CollA ARy ¥a F3T359
(MW = ca. 500,000). 4 %< THF (tetrahydrofuran)& AF-&ste] 3 A A 71 & 3}ake]

AghZel "WojmRa, 2 Hd=S deA oF 120 TolA oF ¢ ¥ - A=Az

ATk A2 dA H A FE77F dE dFAY FEE 94 mol% AT NaOH=
T3 ofollowmE WEV] 98 AF FEo nEAE WA/ /vEE (91 v/v)el
NaOH/HW &t& §doz FZgA o b 28715 2+7F 10, 20, 40, 100% F3HA1#

Wy

5 .0xAA B2 e Az agon 140 CAA 24

323, LEA Ao FH|
P(S-co-MAA) &5gA < 4 2472 10, 20, 40, 70, 100% 3471 P(S-co-MA
Na) ofo]o Mo &

FEEA WA A AR H(stock solution)& RFESITH o] nEA &ASs 259 A

7b 20 x 10° g/mL7} =2 4% THFY 91 8% 5o

Blol Al pyrened 6.0 x 10 M ¥EZ 83t = FgEAo 23 %7t 1.0 v%7}
He2 g e AHs "olmyrh HE gt uRA ¥rE 20 x 107 g/mL
R, CAC 4L S8 2839 5& w59 945 w57 &l foF 22 Hygo=z

Ao A% Sde FH
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3.2.4. Fluorescence

DR Gdo] mol A 3G} EHQ pyrened EFETH AHES A5 9
AB2 Luminescence Spectrometer (Aminco-Bowman)E Al&3dtgch 33 W& ~9
ERY FHAx) 320 nm 3, 5F Z2HEZ 3 Aen)S 392 nm ™ band
passi 2 nm©] 1 step size= 0.2 nm At HolA THE pyreneo] XH fA4S o

1243 T Aol

1

FA 3 & olo] o ko] wWE pyrene?l emission 2~
EH 3 excitation 2HEH S F23FAT)

5. #ater

0 v T

3.2.
ol ore] A Tmol= PAe Z7E L7 AT FaE APEL Multi-g

correlator (Malvern Instrument Ltd.)E Al&3stdcd FYUoZE Ar o] oA =

488 nm)E AF83t9 k. PCS(photon correlation spectroscopy)E o] 83 %7 wkx| &
T2 e 3 AZEYAE AEFHY AN EE P(S-co-MAA) T A9 F3t

AeE 27 3 P(S-co-MANa) ofolQeme] FgolS 3 24 HAygor U7
H

=0 w9l 20 x 10° g/mL7F ¥ A Fv]s )

kv

3.26. FAAAAR A
Si-wafer $ol =X3}o] WHE oflo] o AJg 2-33Y X L& H7] H3 &
n 7 AdL S-4700 SEM(scanninng electron microscope)(Hitachi)& o] & 3o <=3 3}
ATk SEM Ad= A ANsE FHlst7] HalA Si-wafer ol 1o L&A &

o e "oy b2 FFAE AY 5y BFe §98 AAG F AL ¢
24 A ZF Fok AEAIAT. olgA FulE AEE 40

§oto] Ao BEZAZT BRI

B

o WE 29 F SEME of
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Pyrene®] FW 37 o] FA4olA HFAHOZ v we} 3 F5&0] AA F7hstar
emission 2HERH ] ZF weo] A7 F A WHAL A HA o M7 v 7F (L/13) 7
A2%tE AS AF & 4 o). Figure 6= THF/HO £ &1 W o] 27]E 9.4 mol%

Z83s g P(S-94-MANa) ololexmeol CAC # -39 pyrened A3

0y

emission Z~HEH S HAFT, o] AFEGA olo]o w9 Fxryl F7hg uhet

e weo A7I7E S/ v A 3 iAol A HA A w o) wle(l/I)o] Mt

= A2 ¢ = dedH o8 FF otolewvo F=vt FUFEe wEl pyrene WY
ZAo] FrTE AL 4 ¢ drk. AT B Ao AE emission AFEHLS
excitation®] Aol whel W3y dojys= wdo] Q7] W&o excitation 2=HE

oo

9 o CACE 243 Y

Figure 72 o}ol 2 x9 t}ofdl Fxo] wE pyrened excitation 2HEHS Ho]F
ot oofol e w o] Fwvt S7bgel] wetl pyrened excitation ~FEF F ot W)
T & F A= olE Foto] & SrelA dolub= pyrene 9 4 WIE A
g F Utk o] 2P zE B 22 37330 nmolshl A YEYeE A we 2 W
32 BoFA 7] Wi o]& EA5te] & Ul pyrene F9 #F#AE dF37)el =

=
o Fo] wETh stAIN ofo] Qw9 Fr7t FhEe] whet 334340 nmd] lF o
o] Mgty e AEE Auldoe=r A7 wiiol o]& F3do] pyrene®l photo-physical %

A #Zd = Ak ofolex=m o Fwrt F7HEe] wet 334 nmo F w=
AR Fasta F2 sEoA Holx €W 340 nme MF "= AAHo Frhe.
B 2}7F @olx pyrene EAEo] XA

al
oA g4 FEor olFsty] witolth EF X FolA 2k 334 nmel A
1

o]
=3
v
I
2
Ir
ol
iy
ofo
2
x
__>|'_‘,,
=
M
2
i)
2
¥°
o
o
7
ol
¥°
s}

_30_



| ntensity (a.u.)

/

below cac
I1/I3:1.66
2 ]
360 400

Figure 6. Emission spectra of pyrene fluorescence of P(S-9.4-MANa) ionomer in

THF/H>O mixed solvent dispersions below and above cac, Aex=320 nm.
Pyrene concentration was 6x10 ‘M and volume ratio of THF/H-O was

1/99(v/v).
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I ntensity (a. u.)

300 330 360
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Figure 7. Excitation spectra of pyrene in THF/H:O mixed solvent dispersions of

P(S-9.4-MANa) ionomer at different concentrations, Aem=392 nm.
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Figure 8. Polt of the area ratio obtained from deconvoluted excitation spectra
(As340/Asza  or Peakd4/peak3) of P(S-co-MANa) ionomers as a

neutralization level of ionomer concentration in solution.

_33_



A Figure 82 &9 2% oA AF3e A} LS Origin 6.1 FFEH T2 2P S ALE
gto] ool wm o] Fi Wsle] wWE excitation ZFHEFOZRE T3 334 nmo
peak 3% 340 nm®| peak 4] AW stol] o3k A M & (As/An)®E CACE 245
}.

Figure 8& X% 1.0 x 10° g/mL o] 49 el ole]2wn] A5 o oA
WEHAY B2 AEZ 37 "ol pyrene A tiFEo] Eo] Eakyo] glo] 54
& WA WsES wolx vk AN olo]owmme] FE7E 1.0 x 10° g/mL oo
2 7 el wE otole v IItHu HAAM e FAFAES FAE7] A Asto
oA 24 FEoR ofsstA ®vk. wekA 334 nm H A

A71= F7hsto] WA v&2 F 48

F7h@eh 2Ey 50 x 107 g/mL ool HW @ ¥ pyrene olw] AFA F#
ox olFete] WA H&o FTUMEE AF AopA= ASE & 5 AUk Figure 73 #
< WHE AMgste F3 AR wWE P(S-94-MAA) FEEAY WA v&
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Figure 9. Dependence of CAC on the neutralization level. The values of CACs
were obtained from the excitation spectra of pyrene in ionomer/THF/

H>O soultion
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Table 3. Average particle sizes and widths at half height of size distribution
curves as P(S-94-MAA) of neutralization level obtained from light

scattering experiments

size of P(5-9.4-MANa)(nm)
neutralization(%)

mean width

0 358 146

10 0.6 0.2

20 232 253

40 221 643

70 5596 6939

100 54562 5910

Table 3& ®H 2t 28715 10% 33 o]27] gdaFo] ¥ P(S-94-MANa) o}o]
oxme] Ao FgA YolA P(S-co-MAA) TFTA 7} HolFE= 33A 9 =7
Hos 348 Ze =27)9 TFAS dAsY o] L] ko] 7

3 d45) A A7 FUHET ol w2 o] ke ofole wmmE fujof
el

b
ol
e
2

N
oo
N
il

2717 ZdA L e AFE 9 o] 247Ee] A ¥ (intra-molecular interaction) & &
S| FA7E ZropAl o o] FFol me Afole AR e ASIEY o279 Fs AR
(inter-molecular interaction) .2 3| A E2] I FAE o]Fo] Ad FAE FA3H7]
uff i o] o},
Aw7tA &4 ol P(S-co-MAA) & &A A 28719 F3 A=r 3FA =2
719 3% skl oW FEFE mA=A o] ] Lobr i L ThH & Qhe A7}
obd AgoA Az AAE W P(S-co-MANa) ool 2=wmo] o2 3 FA 7]}
Pl oA dotrry] s A §AS Si-wafero] Hojmd ¥ SEM<S AUtk
(Figure 10). o}#¢] SEMe]u]x]o] A P(S-co-MAA)S E 150 — 350 nme] t}ergh

aANE zte= 3y IAAAES FAEFAT P(S-co-MAA)Y A #A&7]E 10%% =3}

g‘l
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Figure 10. SEM images of cast sample of P(S-9.4-MANa) ionomers. The

neutralization level are (1) 0% (2) 10% (3) 20% and (4) 100% The
concentration of P(S-9.4 -MANa) was ca. 2.0x10° g/mL.
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