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ABSTRACT

Morphology of Methyl Methacrylate Ionomers Cast
onto Si Wafer

Youn-Jeong Cho

Advisor : Prof. Beom-Gyu Lee
Co—advisor : Prof. Joon-Seop Kim
Department of Chemistry,

Graduate School of Chosun University

Ionomers, ie. polymers having a small amount of ionic 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 bulk have been performed due to their unique properties such as high
melt viscosity, percolating properties, permselectivity, etc. In the case of ionomers
in solution, the solution properties and morphology of ionomers in either polar or
non-polar solutions have also been investigated. Depending on the polarity of the
solvents, the ionomer chains in solution behave like polyelectrolytes or lead to the
aggregation. It is also known that, under some conditions, block ionomers in
solution can form nano-sized micelles. These micelle-like ionomers can be used as
drug-delivery systems, micro-reactors, and so on. In the case of random ionomers,
it was found that the polystyrene-based ionomers could be dispersed in water as
stable colloidal particles. However, the colloidal particle formation of other ionomers
has not been explored. Thus, in the present work, the morphology of poly(methyl
methacrylate-co-methacrylate) P(MMA-co-MANa) ionomers, neutralized with

sodium partly or fully, was investigated using an SEM technique. Prior to the



SME study, the critical aggregation concentrations (CAC) of the ionomer solutions
were determined using a fluorescence method. It was found that when the
un—neutralized PMMA acid form copolymer was cast onto Si wafer from 2 X 10°
g/mL THF solution, it formed spherical particles of 60-400 nm in their sizes. As
the solution concentration decreased, the average size of spherical particles
decreased down to 70-210 nm, with decreasing its size distribution. When the
neutralization degree increased, the size and size distribution of the spherical
particles decreased. At 20% of neutralization, however, the SEM image showed
networks-like features of ionomers, and further neutralization resulted in the
formation of layer of the ionomers with a rough surface. The surface of the
ionomer layer became smoother with increasing degree of neutralization. When the
acid content increased to 3.9 mol%, the average size of the spherical particles
decreased. At 7.7 mol% of acid content, no more spherical particle was observed,
and only a layer with a rough surface formed. Upon the neutralization of acid
groups, the size of the particles decreased drastically. The 3.9 mol% ionomers
formed not spherical particles but a layer with rough surface. As the last part of
the work, the morphology of sulfonated polystyrene ionomers containing sodium
dodecylbenzenesulfonate (SDBS) was investigated. It was found that when the
sample was prepared from THF solution, the average size of the acid form
copolymer/SDBS mixture was larger than that of pure ionomer. It was also found
that, in the case of ionomer/SDBS mixtures, the surface of the layer became

smoother with increasing the amount of SDBS.
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Figure 1-1. Scanning electron microscope (SEM)
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Figure 1-2. Transmission electron microscope (TEM)
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HEH 3 WA A WA wo A7 Tk 2 A7, AN ¥ Ak

4 & ol pyrene FHY FA o] A7 wE o}
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o] gl oto] A doju}E pyrene FY 7 WIS o= 5

3 Figure 3

T20x 10 g/mL

2.0 x 1078 g/mL

Wavelength {nm)

Emission spectra of pyrene in various concentrations of P(MMA-3.9-MANa)
ionomer in THF/H>O mixed solvent (Aex = 320 nm). Pyrene concentration was 6

x 10° M, and volume ratio of THF/H,O was 1/99 (v/v).
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2.0 % 10-tg/mL .

2.0 % 10-%g/mL

Intensity (a.u)

300 310 320 330 30 350 360
Wavelength (nm)

Figure 3. Excitation spectra of pyrene in various concentrations of P(MMA-3.9-MANa)
ionomer in THF/H;O mixed solvent (Aem = 392 nm). Pyrene concentration was 6

x 10° M, and volume ratio fo THF/H:0 was 1/99 (v/v).
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Figure 4. Plot of the intensity ratio obtained from deconvoluted excitation spectra(/ss;//ass)

ionomers as a function of neutralization level of ionomer in solution.
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Figure 5. Dependence of CAC as a function of neutralization level of ionomer in solution.
The values of CACs were obtained from the excitation spectra of

pyrene in ionomer solution.
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Figure 6.

FaY
Lo B

1.00um

SEM images of cast of PMMA copolymer containing 3.9 mol% of acid groups.
Degree of neutralization were (a) 0%, (b) 5%, (c) 20%, (d) 40%. The
concentration of the copolymers in THF/H-O(1/99, v/v) was ca. 2.0 x 10
g/mL.

(continued)
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Figure 6.

SEM images of cast of PMMA copolymer containing 3.9 mol% of acid groups.
Degree of neutralization were (e) 60%, (f) 80%, and (g) 100%. The

concentration of the copolymers in THF/H,O (1/99, v/v) was ca. 20 x 10
g/mL.
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Table 1. Summary of the effect of degree of neutralization on the morphology of

P(MMA-3.9-MAA) in THF/H:0 (1/99, v/v) solution (2.0 x 10 g/mL)

neutra:')zation Typical morphology

Spheres (two size distribution)

0 - Particles of larger in size (250-390 nm) but smaller in number
- Particles of smaller in size (50-240 nm) but larger in number
Spheres (two size distribution)

5 - Particles of larger in size (~250 nm) but smaller in number
- Particles of smaller in size (~70 nm) but larger in number

20 Network formation

60 Coats (rough surface)

80 Coats (slightly rough surface)

100 Coats (smooth surface)

Tok F3 ALV ol ool HW TS o FUW Uk YAE AV HH 5L
DolA WA A Z networkd Bt} o & A1 EAd networks o]E YAE Alo]lg o]
A% 2 a3 A A S AAYSFORE ofolww A} Alele] ®l Fko] A YA AR

FEl o layer(F)= AT & 7] WMol A4y,

s

flo

FdolME CAC FE o]4old SEM ojuAE ##Z3te] P(MMA-39-MAA) &5 349 %3}
Ao met o] 3FA Ar|et FeE WA Lol gttt o)A LulE Dl FHd A=
o Fej= ogA BekX Ao the]l Lolr A Figure 72 Svjol upel o] 3§ A =79
e E Yolr7] 93 P(MMA-39-MAA) 35 FAE &5 THF &vjoll 32 & Si ¢lo] 3
ol =2 F A2 FAL A @w A ojw Aoty & &9 Fxeo] THF/H0 (1/99, v/v)el
A & SEM olv A s} vluwed WA THF 99%°] & 1%S o] wE &3 gvjoxe n¥

A7 49 AR F FATE & 5 9
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Figure 7. SEM image of cast samples of PMMA copolymer containing 3.9 mol% of acid

groups. The concentration of the copolymer in THF was ca. 2.0 x 10 g/mL.
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Figure 8. The number of particles as a function of particle size of PMMA copolymer
containing 3.9 mol% of acid groups in various solution concentrations. Degree of

neutralization was 5%.
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Figure 9. Excitation spectra pyrene in various concentrations of

P(MMA-7.7-MANa) ionomer in THF/H>O mixed solvent (Aem = 392

nm). Pyrene concentration was 6.0 X 10° M, and volume ratio of

THF/H-O was 1/99 (v/v).

_43_



Figure 102 Ht t zAlgE 3 A~ EQ dolgE 47 93] Origin 6.1 FHFH
Z2aWE Ageted % 2HER AV s T An/hu PlE A Aolil o
ZHEE olo]oxmeol CACHS AAT 5 Atk Figure 109 ksl o] 3o

P(MMA-co-MAA)¢} P(MMA-co-MANa) ofo] Q=™ fHol FLZ fAy/lys YER
=

32

A71e] Bl &S BY ololewme] FEZF 1.0 x 10° g/mL ©]dtel Aol § o]

0
7] wWiol pyrene WA tiRES Zo EAFE O] 9lo] ofo]o ] Fiof w

o) 5]
2 508 W8E Bolx duvh SAW 9 ok clolewnie o] FrHWA olo]
owwl HgA7L FAH) AAea, pyrene AL ofol o HFA 254 PR
o olgaA Hrh WA Ao W& 1% ool oule] o] & gheol w14
AN 1674 FANA FARTh £ ofo]omue] o] 7] FuFo] FAAFH CAC

°

g sEw olsdde & F Atk A FEH e P(IMMA-co-MAA) & T & A e 4
715 F3tA1Zl P(MMA-co-MANa) ool x=mo] A7 vl &o w2 CAC #<
3l Figure 11°] YEl ATt Figure 11 (a)S B HA =879 ko] wold
2 P(MMA-co-MAA)9 P(MMA-co-MANa)¢] CAC 3ol =7ttt AL &

g 22 A8l F%d W P(MMA-co-MANa)®]  CAC &
P(MMA-co-MAA)S] CAC #uth 324 Atk 1S & 5 vk sAl 28719 %
#Zro] Wold L= P(MMA-co-MAA)9H P(MMA-co-MANa) CAC %o Aol ACAC
ol A48 AXdY= AS & 5 Ak (Figure 11 (b). oy Z234E T £d U 1+

Al vl WEE B ol dZF & vk wEA ol EASE oles] R A4 A

4o R
ol 0110
-

32

Mo

_44_



f33 7‘”33 4

Figure 10.

2.0

16 F

12 F

04 F

0.0

Te-¥ Te-f || Te-5 Te-4

Concentration (g/mL)

Plots of the intensity ratios obtained from deconvoluted excitation spectra
(A31/lsza) of pyrene in (a) PIMMA-co-MAA) copolymer in THF/water (1/99
v/v) solution as a function of ionomers concentration.
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Figure 10. Plots of the intensity ratios obtained from deconvoluted excitation spectra
(A3i/lsza) of pyrene in (b) PIMMA-co-MANa) ionomer in THF/water (1/99 v/v)
solution as a function of ionomers concentration.
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Figure 11. (a) CAC of P(MMA-co-MAA) copolymers and P(MMA-co-MANa) ionomers
as a function of the contents of the functional units. The values of CACs
were obtained from the excitation spectra of pyrene in ionomer
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ionomer (THF/H:20) solution.
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Figure 12.  SEM image of P(MMA-co-MAA) containing acid groups of (a) 1.0
mol%, (b) 3.9 mol% and (c) 7.7 mol%. The solution concentrations

of POMMA -co-MAA) in THF/H,O (1/99, v/v) were 2.0 x 10" g/mL.
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Figure 13. The number of particle as a function of particle size of PMMA
copolymer containing 1.0 mol% and 3.9 mol% of acid groups. The
solution concentrations of P(IMMA-co-MAA) in THF/H-O (1/99, v/v)
was 2.0 x 10 g/mL.
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4HPMNAZ204 15.0kV 8.2mm x50.0k

Figure 14. SEM images of P(IMMA-co-MANa) containing ionic groups of (a) 1.0
mol% and (b) 39 mol%. The solution concentrations of

P(MMA-co-MANa) in THF/H-O (1/99, v/v) was 2.0 x 10" g/mL.
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Figure 15.

SEM images of P(MMA-co-MAA) containing (a) 1.0 mol%, (b) 3.9
mol%, (c) 7.7 mol% and (d) 12.4 mol% of acid groups.

The solution concentrations of P(MMA-co-MAA) and
P(MMA-co-MANa) were 2.0 x 10° g/mL.

(continued)
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Figure 15.

12HNA205 15.0kV 6.2mm x50.0k

SEM images of P(MMA-co-MANa) ionomers containing (e) 1.0
mol%, (f) 3.9 mol%, (g) 7.7 mol% and (h) 12.4 mol% of ions.

The solution concentrations of P(MMA-co-MAA) and
P(MMA-co-MANa) were 2.0 x 10° g/mL.
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Figure 16.
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Excitation spectra of pyrene in various concentrations of P(S-2.8-SSNa)
ionomer in THF/H20 mixed solvent (Aem = 392 nm). Pyrene concentration

was 6 x 10° M and volume ratio of THF/H:0 was 1/99(v/v).
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Figure 17.
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Plot of the area ratio obtained from deconvoluted excitation spectra (Ass/Asss
or peakd/peak3) of P(S-2.8-SSA) and P(S-2.8-SSNa) ionomer as a function
of 1lonomer concentration in solution. The inset shows deconvonluted

excitation spectra of pyrene in 2.0 x 10" g/mL of P(S-2.8-SSNa).
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Table 2. Summary of CAC (critical aggregation concentration) of P(S-2.8-SSA) copolymer,

P(S-2.8-SSNa) ionomer and ionomer mixtures with SDBS in copolymer solution.

ratio of SDBS
copolymers - ; CAC (g/mL)
to ionic groups of ionomer
P(S-2.8-SSA) 0 3.0 (+1.0) x 10°
0 29 (+1.1) x 10°
1 16 (+0.1) x 10°
P(S-2.8-SSNa) :
2 42 (+1.1) x 10°
4 35 (+0.0) x 10°
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Figure 18. Plots of the area ratios obtained from deconvoluted excitation spectra
(Asg0/Ass) of pyrene in solutions containing P(S-2.9-SSA) copolymer, its
ionomer form and ionomers containing organic salts as a function of copolymer

concentration in solution.
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Figure 19.

SEM image of cast samples of (a) PSSA copolymer containing 2.8

mol% of acid groups and ionomers containing various amounts of
organic salts [(b 1:1, (¢) 1:2, () 1:4]. The concentrations of
P(S-co-SSA) and P(S-co-SSNa) ionomers in THF/H.O (1/99, v/v)
were 2.0 x 10 ' g/mL.

_68_



AANA E#H7) ot ARG HAW £ FE FEI e Fo
SDBSE obo] 9.er] Sgolo] ol W o] 4] o] SDBS7 ofo] e o} 43 a4

% §lo] ofolowue] SgdAe Yol dFL Foh ooz EAls: SDBSe
o] 27152 o)Al ofo]owrle] o] 27|18 FT G o] AFAT o7 A%

o e o 7pgo]l &ThY ofolewm o] o] £7]E L ofo]2wmo o] £7]she] FEA
gRTE Afzol $4Y 4 Y= SDBSY o719 AFaA Hol ofol 2wm Al

= AAHoew Bol mpa] o277 AR A Sl Hlol2A nEAAY Fed
]

r°l'

Y m1> »

fo
r
A2
L
2
[
rlr
jin
D)
1o,
H

npxeto 2 Si ¢lo]d 99 P(S-co-SSNa) o}o]l o x=m o] 3 Ao 79 s &
olr 7] 93 ololewmE F4¢ THF &vjo] %5 & A5E vHE3 SEMS ©] 43}
o] ool w9 FeE AAH(Figure 20). olwl AFE3 fuli= THFSIH o] &vie
of g F& fwfolx FeAo] vol HA FRIE FHES AR U
T}, oo Fr ool Ady 2L 20 x 10° g/mLoltl. Figure 20 R SDBS
71dS #H7bskAl @2 P(S-28-SSNa) ¢tolexmE B §ul THEZ} ofo]

o
&
HEol AFAE ol F7] Hdol| FEEH7] wEel ofo]emm= ErH A THS Bol

il

9o AR2RE & F g 22 %% A (amphiphilic) 719 ¢] SDBSe] o] &7] & o]
ofolemm o] o] 27|57 o] T ol oA ILEAEO
T3 JdAE FAs = A GA @b SDBSE olol w9 o]27] ey e o

Yo AHSode SDBSY dH7F 9ulA(reverse micelle)

o
o
it
)
o
=

s



Figure 20.

SEM image of cast samples of (@) P(S-co-SSNa) containing 2.8 mol%

of ionic groups and ilonomers containing various amounts of
organic salts [(b) 1:1, (c¢) 1:2, (d) 1:4]. The concentrations of ionomers

in THF were 2.0 x 10" g/mL.
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