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bi-functional acrylated poly(dimethylsiloxane) (PDMS-DA)

CHg
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) O CHy
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CHy methacrylate having a bulky siloxanylalkyl pendant group (Tris)
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HzO:(;:H
¢=0

N,
HC' CHy dimethylacrylamide (DMAA)

Figure 2.1. Chemical structure of hydrophobic bi-functional acrylated poly(dimethylsiloxane)
(PDMS-DA), methacrylate having a bulky siloxanylalkyl pendant group (Tris), and hydrophilic

dimethylacrylamide (DMAA), which comprise the amphiphilic copolymer membrane.



Table 2.1 Weight Fraction of Each Component in the Amphiphilic Block Copolymer

Membranes
Weight Fraction
Sample
DMS Tris DMAA
p(PDMS-DA/DMAA)1 80 0 40
p(PDMS-DA /DMAA)2 60 0 80
p(PDMS-DA /DMAA)3 50 0 50
p(PDMS-DA /DMAA)4 20 0 80
p(PDMS-DA /TrissDMAA)1 10 50 40
p(PDMS-DA /TrissDMAA)2 10 47 43
p(PDMS-DA /TrissDMAA)3 10 45 45
p(PDMS-DA /TrissDMAA)4 10 30 50
p(PDMS-DA /Triss/DMAA)S 20 30 40
p(PDMS-DA /TrissDMAA)6 20 20 50
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Py(em’sec)iE, 2(2.3) L0 7=,

P, =J,-Ax/Ac (2.3)

Ax 1IBEOER ., Ac IIEDOERID NaCl DEEZETHD,

0.30 : r ; .

0.25
0.20
0.15
0.10

c/ mM

L
3

0.05
0

0 20 40 60 80 100
t/ min

Figure 2.2. Permeation curve for NaCl through p(PDMS-DA/DMAA)3 at 35 +0.1 C(c:

concentration; t: time).
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23 WEREOEBLE

2312, BEHROBKMEDORY (PAF /LT 27U TIR) [DMAA], DEFES RE MR G ILE S

(KNSR BIEROKFIE H EOMBEE R,

08}

0.7}

S BTN ST I W ST U RS S SR S RS

0.4 0.5 0.6 0.7 0.8

[DMAA},
Figure 2.3. The relation between degree of hydration, H, of the amphiphilic copolymer membranes
and volume fraction of hydrophilic poly(dimethylacrylamide) component, [DMAA],, in the

membranes. O: p(DMS/TrissDMAA), @: p(DMS/DMAA).

INREHER LT HEL T, [DMAA], (XD sy D EEHLELBNSHE LT, MRy
~—DDRAIEDOKFIEIT, BUKMERK 7 DIRFE /> RDMAA], OO EREIZHEML7-,
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Mt ESER»PORIZEOEr 70— ICEALTH AL, B 24 X,
p(PDMS-DA/DMAA)1 & p(PDMS-DA /DMAA)3 OBk B S (K0 B DlHE , TV hTi78
h—AICEVREIZED L A 2 BT RSB T E THDH, WEIZEHV T, DMAA RO
\ p(PDMS-DA /DMAA)3 ([Z 2.4a) & DMAA D720y p(PDMS-DA /DMAA)I ([X] 2.4b)

IZBWT, REXNTEF AL DMAA OFISITG LT EINT.,

a) b)

Figure 2.4. TEM images of ultrathin sections of a); p(PDMS-DA/DMAA)3 and b); p(PDMS-DA
/DMAA)I membranes. Sample was stained with RuO,. Initial magnification x100,000. c); 3D TEM
image of p(PDMS-DA /DMAA)1 membrane. Sample was stained with OsO,. Initial magnification X
100,000. The ultrathin sections cut perpendicular to the surface of amphiphilic copolymer
membranes.
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Figure 2.5. a); The relation between permeability coefficients, Pg, of NaCl through the amphiphilic
copolymer membranes and volume fraction of hydrophilic poly(dimethylacrylamide) component,
[DMAAYJ,, in the membranes. b); The relation between solubility coefficients, Ks, of NaCl in each

membrane and [DMAA],. O: p(DMS/Triss/DMAA), @: p(DMS/DMAA).
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Figure 2.6. The relation between diffusion coefficients, Ds, of NaCl through the amphiphilic
copolymer membranes and volume fraction of hydrophilic poly(dimethylacrylamide) component,

[DMAAL,, in the membranes. O: p(DMS/Tris'DMAA), @: p(DMS/DMAA).
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Figure 2.7. The dependence of the diffusion coefficients, Ds of NaCl through the amphiphilic
copolymer membranes on the parameter, (1-H)/H, as approximated by eq. 10. The arrow shows the

self-diffusion coefficient of NaCl (0.1 M) in aqueous solution.
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Figure 3.1. Time dependence of SAXS intensity /(g,?) during copolymerization at 338 K.
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Figure 3.2. Time evolution of the relative invariant O’ observed at various polymerization

temperatures.
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Figure 3.3. Heat flow and monomer conversions with polymerization time at 338 K.
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Figure 3.4. Time evolution of /(g,f) at various scattering vectors. Inset shows exponential growth

rates at various g. Polymerization temperature was 338 K.
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Figure 3.5. Plot of R(¢)/g* vs 4> for representation of data obtained for polymerization at 338 K.
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Figure 3.6. Scattering profiles at selective time of the sample obtained by polymerized at 338 K. The

data were fitted by Teubner-Strey model as drawn with dotted lines.

- 36 -



0
Q!
/M - 1.0
15 ~ 0.2
- 0.8
5
— &d -04 5
g-‘o.— L IR S R S I I o~ —Osg'
M ..................................... -
E) & - -0.6 2
-0.4§
5
— -0.8 0.2
IA
0 : : , 10 Lo
0 50 100 150 200

time (sec)
Figure 3.7. Plot of the characteristic size d (thick line), correlation length & (dot-dashed line), and
amphiphilicity factor f a (dotted line) of the sample polymerized at 338 K as a function of time. The

d/& (broken line) and invariant Q’ (thin line) are also plotted as a function of time. Arrow indicates

the onset of phase separation (P.S.).
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Figure 3.8. Effect of polymerization temperature (a) and intensity of incident X-rays at 338 K (b) on
the characteristic domain size d (circles) and the correlation length & (triangles) which were obtained
from the scattering on-position (open symbols) and off-position (solid symbols) of X-ray exposure.

Lines are drawn for guide to the eyes.
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Figure 3.9. TEM image of the sample polymerized at 333 K. Inset shows 2D-FFT image of the TEM

image.
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Figure 4.1. Ultra small and small-angle X-ray scattering profiles of PDMS, PDMS-PHEMA,

PDMS-PNVP, and PMDS-DMAA.
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Figure 4.2. [llustration of a chain conformation in the PDMS gel

— - i s
L i i e
e e

o -

.

Figure 4.3. Illustration of phase-separated structure in the PDMS-/-DMAA gel
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Figure 4.4. Time-resolved FT-IR spectra during polymerization of PDMS-DA with DMAA at 338K
(a). Different spectra obtained at given time with the spectra obtained after 420 sec at which the

polymerization was completed. Bold lines indicate the initial state. Peaks are bands of vibrations

associated with double bonds (b).
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Figure 4.5 Monomer conversion estimated from FT-IR measurement. Assignment of the each peak

is indicated in the Figure.
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Table 4.1 Q and e Values for Monomers and Predicted Monomer Reactivity Ratios

monomer 0 e M, /M, ¥ 72
PDMS-DA(EA)  0.41 0.55 PDMS-DA/HEMA 0.137 3.00
HEMA 1.78 -0.39 PDMS-DA/NVP 1.15 0.05
NVP 0.14 -1.14 PDMS-DA/DMAA 0.649 1.24
DMAA 0.49 0.09
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Figure 4.6 Monomer conversions vs reaction time. (a) PDMS/HEMA and (b)PDMS/NVP.

-53-



PDMS-DA/HEMA 3% 3 X U PDMS-DA/NVP R &G IZE G % OREHIRER THY </ Rar’
AR BEDSEEZ o T2, BT TIE HEMA A EICE A THE S, BUMEAL7- PHEMA 78
FPUZARL T %, PHEMA & PDMS-DA IIFBVETED 22U osd~ 7l DS T 5, <2 ksy
BENNEITT DL, £/ —HEMA X PHEMA DBMEDRALATRIRAYICEA TN A Z LA TS
N5, F-Z D% PDMS-DA BEE K& FltALIZ L ZIZIE HEMA (30720 E S TWAIEY
&Y, PDMS-DA JHV® HEMA &/~ —{REIIHHIT L RDEDRVE T L CB, ZDOLHRERE
TCTHEEGHEITL, ZOIEAEED DT/ A=A — L DOI 7l 5y B E A TR L TV
5bDLEZOND, —F ., %E TiX PDMS-DA BMEELELTEA T, FOLXFHBETIX
PDMS-DA JAVIZIZ NVP &/~ —NE<FFIET DA, PDMS-DA 7% NVP LRJEL, iERYS
NVP L72o7-DBHIid, ryve OEIZEDHER TESHH NVP EEITITZR0IZW, LEER-T
PDMS-DA Uy F R EEENERT D, ZOEEEIT ER AT/ A— MR r— DI 7 atd sy
B EZ TR § %, £ D% PDMS-DA 4 0N HBEENDOBARLT5 PNVP (3 PDMS-DA &%)
RICHEES TETELTRATHRE PNVP 24K T 5, PNVP IZHIHA TR L7- PDMS-DA Uy
FrRILEARE PNVP (TAREMEN 22 | RIF)~vI/araty 77y Bia R L E 260
2o
LLEIZEY SAXS HIE TBIBEIE LA A{l(g > 0.5 nm™)DE — 27 &/MafHl(g < 0.1 nm ™D EL
SREDWERIZONT, B/ v— RGN KESEBE X HZENHATEILDTHELE R

50

433 FFf5E SAXS BIEIZ LA ERBOFDBEI2

EIDOETE AN =X L% LOHEN 2L DI 5728, BSOS E SAXS BIEIZLiE
ERRDE DIGEE 51T o727, PDMS-DA/HEMA 35 X (X PDMS-DA/NVP D EER 453 E| SAXS 71

77 ANEE 4.7 D@)BLEROICEFNETTRT,

-54-



Intensity (a.u.)
Intensity (a.u.)

3

(]

2

]l L] L] 1 L L o 5._

3 4567
0.1 .

= | o
q(nm’) q(nm’)

Figure 4.7 Time-resolved SAXS profiles during radical copolymerization of PDMS-DA/HEMA (a)

and PDMS/NVP (b) systems.
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Figure 4.8 Time evolution of the SAXS intensity at low-g and high-g regions for synthesized

silicone-based hydrogel of (a) PDMS-DA/PHEMA and (b) PDMA-DA/PNVP systems.
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Figure 5.1 Swelling ratio of gels as a function of methanol fraction in mixture solvent.
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Figure 5.2 SAXS profiles of PDMS-/-PDMAA gel in dry state and in water/methanol mixture.

Numerical numbers indicate the weight fraction of methanol in mixture solvent.
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Figure 5.3 Electron density of each component (left) and the electron density profiles assuming
two-components model (right). Dotted lines (left) indicate the electron density of pure components.
Solid line (left) was calculated with the assumption that only PDMAA domain was swollen by
solvents taking into consideration swelling ratio. Open marks (a) and (b) in the left figure
correspond to the upper (a) and (b) profiles in the right figure, respectively. The difference in
electron density was shown with Ap.. ¢; and ¢, are volume fractions for hydrophobic and

hydrophilic domains, respectively.
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Table 4.1 Electron Density of Each Component in the PDMS-/-PDMAA Gel

Component PDMS PDMAA Water Methanol

1. (mol/cm’) 0.521 0.600 0.556 0.445
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Figure 5.4 Relative SAXS intensity of PDMS-/-PDMAA gels in water/methanol mixture. Open

symbols indicate the experimental intensity. Solid line was obtained by the calculation with two

components models.

ZIT, RRICLI— RS BEFBEOLR DRSS FET I ET VEERL T BES
B (Tolm, BIEEIL. PDMS 2SKRAZ ) — Lo T RMEE I U TBFnE 2 el =%
JVE— I TR LS DR A AT ER2\ 2 DS | IK/IAY ) —/VIPDMAA IRE R A 3 PDMS K
A LE BT A L0 A S $72\ ) PDMAA BE A TR EVDRAUBIFIETHEE
255D, BYUMENBE OO TIIRODEVIBLENLDE R ThHD, 72D HBUKIED PDMS KX
Ay VEIEA S F720 ) PDMAA J& . e PDMAA PRALIZR AV D Z/isnaE 2 K%
4.51RLT,

S LA EELER B LIk KA PRV TR T2, 2

Q « (p10280e1% + P1sBper” + P2P3Bpez®)  (4.2)

-67 -



ZIT, ¢y @ BIUPILBAKIED PDMS KAV WA S 722\ PDMAA 8. BLOWH S
PDMAA 2NEE LTZN AL DIEFES RER LT, Apers Aper BE TP 31T 5.5 1R LA
RAS VRO BFEEZEZR U, FHREITOBR, ETHEENLREF OBUKIED PDMS FAA
Y DEFES RERTE T 5, PDMS DIRFES FITHL T, A S £220  PDMAA BOEI S5 BLE
HIZ2MEEL T PDMS RASL DRESDKIE%D 20%FEEEFDRA L DRESLELTEE p(5
~30%) &LTz, A E E2V PDMAA AU OEIE p ZHHTENIT BV OB LN RE
TED, BTS2 PDMAA KA HORY v —EIELRBHIRESNDED T, ZROD
BETRENRHETED, VKON DEEK p lICR LT, A EELEEZRDI-LEZA, p 23 10%FE
DEE BELERIZIVEONTZAY ) — VBB I M R E A R B T2 L0345
2o ZOFEREZIK 5.5 DEB TR, BERENF/MIRDBAZ ) —NVEIS I LU T EEL
FEDOWD RBRERFERLITT —BL CODBIER DD o, ZOFERIT. PDMS RACAZHLT
9 10%F2EDEIE T PDMS RAS & PDMAANEIIR AN AL 2t o B REIB N TEIE T B2 L

ERETHLD THoT,

-68 -



© Experimental SAXS Intensity
- Calc. 3 comp. model

0.8 —

g
o
1

SAXS Intensity (a.u.)
o
o
1

Figure 5.5 Relative SAXS intensity of PDMS-I-PDMAA gels in water/methanol mixture. Open
symbols indicate experimental intensity (top). Solid and dotted lines were obtained by the
calculations with three and two components model, respectively. Illustration (bottom) shows the

electron density profile of the assumed three-component model.
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Figure 5.6 Core-shell cylinder model.
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Figure 5.7 SAXS profiles obtained from the gel in mixture solvent (water/methanol = 25/75, solid
line). The dotted line indicates the calculated profile with a core-shell cylinder model using the
electron density profile as shown in the bottom. The radius of the PDMS core includes a distribution

of s=0.87 nm.

Table 4.2 Parameters Used for Fitting the SAXS Profile in Figure 5.7

electron density cylinder length L: oo

PDMS core  0.521 mol/cm’ core radius ,,,,: 3-851m
PDMAA shell 0.600 mol/cm’ ¢ of r,,: 0.87nm
PDMAA/Solvent  0.529 mol/cm’ shell thickness ¢: 0-40 nm
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Figure 5.8 Visualized image of the core-shell cylinder swollen with water/methanol mixture. Black

skin is a shell region and a grey part is a core region.
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