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APPENDIX A

X-ray Photoelectron Spectra

X-ray photoelectron spectra (XPS) were obtained on a VG ESCALAB Mk II
spectromieter using an Al anode at 260 watts(13 kV and 20 mA). Samples were
mounted on the sample holders of 10 mm in diameter, and photoelectrons were

collected from a central area of 4x7 mmZ at 5-8 x10-10 Torr.

The wide scan spectrum shows that only carbon and oxygen were present in the
sample whose concentrations are higher than 0.3% on the surfaces of 5 polymers. the
peak area of Clsand Ols and the ratio of O1s/Cls each sample are summarized in

Table A-1.

As shown in Table A-1, the O1s/Cls ratio decreases with an increase in the
styrene feed ratio. The MMA/Sty ratios on the polymer surface reflect the bulk ratios
under a hypothesis that oxygen detected in the polystyrene homopolymer is most

probaby a uniformly adsorbed component.

Table A-1 Peak area of Cls, Ols and Ols/Cls

Sample Cls Ols O1s/C1ls
(Kcps.eV) | (Kcps.eV)

PMMA 21.550 22.135 1.03

Copolymer(sty 25%) 31.191 25.253 0.810

Copolymer(sty 50%) 26.966 17.724 0.657

Copolymer(sty 75%) 36.279 23.192 0.639

PS 28.460 11.441 0.402

The amount of O1s found in the PS indicated that there was some concentration
of the PMVE matrix polymer still remained on the surface of the PS. However, the
NMR and FT-IR spectra of PS did not indicate the presence of oxygen. This implied

that, the remaining PMVE was only found on the surface of the PS.
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APPENDIX B

Nuclear Magnetic Resonance Spectra

Measurements of HINMR and CI3NMR spectra were operated on a Japan
Electron Optics Laboratory(JEOL) model JNM-GX270, 270 MHz at 45°C for all
copolymers using 4% solution in deuterochloroform (CDCI3). Tetramethylsilane
(TMS) was used as an internal reference standard.

The assignments of the HINMR and C13NMR spectrum were shown in Tables
B-1 to B-2, respectively. The copolymers of the various styrene feeds were analysed
by using the HINMR technique (Figures B-a to B-c) while only the copolmer of 75%
styrene feed was analysed by using the CI3NMR(Figure B-2) in order to obtain the
information of poly(styrene-co-methyl methacrylate) formation.

Determination of the copolymer composition from a high resolution HINMR
spectrum was done by comparing the peak areas of the methyl proton( -C-CH3; 3 =
0.1-1.1 ppm) of MMA and the phenyl proton( -C6H5:3 = 6.6-7.5 ppm) of Sty, the
peak area was measured by weighting the paper weight under the peak. The detailed
method of the determination was shown by an example of calculation. The results of
the calculation were shown in the Tables B-a, B-b amd B-c for the solution, bulk and
dispersion copolymerizations, respectively.

It should be noted that, the resonance of the methoxy proton of the MMA(-O-
CH3; 9 = 2.2-3.6 ppm) was shown to be resolved into three peaks in the
copolymer of Sty-co-MMA resulted from a diamagnetic shielding by the phenyl ring,
neighboring to the methyl methacrylate group.

Table B-1 Assignments of the HINMR spectrum of
poly(styrene-co-methyl methacrylate)

Assignments Chemical Shift(ppm)
MMA O-CHz methoxy proton 2.2-3.6

C-CH3 methyl proton 0.1-1.1
Sty CeHs phenyl proton . 6.6-7.5
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An example of calculation

Dispersion copolymer: 25 mole% Sty feed, 80 weight% EtOH in the mixed solvent

Weight of the methyl proton peak = 80.04 mg
Weight of the phenyl proton peak = 71.93 mg
Ratio of MMA:Sty = 80.04/3 : 71.93/5
= 26.68 : 14.39
%Sty incopolymer = 14.39/(14.39+26.68) = k.

Table B-a Copolymer composition of the solution copolymer

Sty in feed | wt.of phenyl | wt.of methyl| Sty: MMA F
(mole %) peak(mg) peak(mg) | in copolymer| (96Sty)

25 65.4 69.2 13.08 : 23.07 36

38 97.9 58.2 19.58:19.40 50

50 81.2 43.0 16.24:14.33 53

62 65.6 24.2 13.12: 8.07 62

75 56.6 12.3 11.32: 4.10 73

F: copolymer composition

Table B-b Copolymer composition of the bulk copolymer

Sty in feed | wt.of phenyl | wt.of methyl| Sty: MMA F
(mole%) | peak(mg) | peak(mg) | incopolymer| (%Sty)

25 29.7 33.2 5.94:11.07 35

38 46.2 31.8 9.24:10.60 47

50 41.5 19.8 8.30: 6.60 56

62 61.5 19.8 12.30: 6.60 65

75 123.5 21.9 24.70: 7.30 77

F: 'copolymer composition



Table B-c Copolymer composition of the dispersion copolymer
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Sty in feed| wt of wt. of Sty: MMA E
(mole%) | phenyl methyl in (%Sty)
peak(mg) (mg) | copolymer ,
25 71.9 80.0 14.39:26.68 35
38 74.5 72.7 14.90: 24.24 38
50 42.7 21.0 8.53 : 6.99 55
62 45.4 17.5 9.08 : 5.82 61
75 71.7 17,7 14.34: 5.90 71

F: copolymer composition

Table B-2 Assignments of the C13NMR spectrum of
poly(styrene-co-methyl methacrylate)

Assignments Chemical Shift(ppm)
MMA C*=O carbonyl carbon 174-178
C*H; methylene carbon 47-54
>C*< tertiary carbon 43-47
C-C*H3 a-methyl carbon 16-22
Sty aromatic ring carbon(1) 142-147
aromatic ring carbon(2-6) 125-130
C*H2 methylene carbon 47-50
C*H methine carbon 3640
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Figure B-c3 HINMR spectrum of the dispersion copolymer
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Figure B-c5 HINMR spectrum of the dispersion copolymer
(Styrene 62 mole% feed)
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Figure B-c6 HINMR spectrum of the dispersion copolymer
(Styrene 75 mole% feed)
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APPENDIX C
Fourier-Transform Infrared Spectra

The FT-IR spectra of all copolymers were operated on the NICOLET 740 with
the TGS detector. The product samples were prepared by using the method of KBr
pellet; the standard samples, on the other hand, were prepared by using the solution
method of chloroform (CHCI3) as a solvent.

Table C-1 shows the assignments of the FT-IR spectrum. The FT-IR spectrum
of PMMA product (Figure C-b1) shows the C=0 stretch at 1728 cm-!, and the PS
product shows the C-H benzene ring stretch at 698 cm-1 (Figure C-b7). Both of the
C=0 and C-H benzene ring stretchs were obtained in all the poly(styrene-co-methyl
methacrylate) spectra. By considering these two stretching vibrations, a calibration
curve was made by finding the relationship between the mole% styrene in the standard
and the ratio of absorbance (Aggg/ A1728) that was obtained from the FT-IR
spectrum (Figures C-al to C-a5 and Table C-2). The calibration curve was shown in
Figure C-1.

Figures C-b2 to C-b6 show the FT-IR spectra of the copolymer products.
From these spectra, the ratios of the absorbance at 698 cm-1to the absorbance at 1728
cm-1 (A698/A1728) of all the copolymers were calculated (Table C-3). The
_copolymer compositions were therefore, measured by using the above calibration
curve (Table C4).

Table C-1 Assigments of the FT-IR spectrum of
poly(styrene-co-methyl methacrylate)

Assignments Wave Number(cm- 1)
MMA  C=0 stretch 1728
C-O stretch 1250-1100
COOCH3 stretch 990, 755
Sty C-H benzene ring stretch 3061, 3029
C-H aliphatic stretch 2923, 2851
C=0 benzene ring stretch 1602, 1493
C-H benzene ring stretch 760, 700




Table C-2 The ratios of the absorbance of the standard

105

Sty wt% 25.0 33.3 50.0 66.7 75.0
Sty mole% 24.3 32.5 49.0 65.8 74.3
Agog/A1728| 0.36 0.48 0.76 1.11 1.45
Table C-3 The ratios of the absorbance of the products

Sty% feed 25 38 50 62 75

Agag/ A1728 0.43 0.55 0.72 0.81 1.04
Table C-4 The copolymer composition of the products
f(mole%Sty)| 25 38 50 62 75
F ( % Sty) 29 7 47 52 63

f: monomer feed composition F: monomer composition in the

copolymer
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Figure C-al FT-IR spectrum of the standard copolymer at 25.0 weight%
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APPENDIX D

SEM Micrographs and Particle Size Distributions

The SEM micrographs of all copolymer were operated ona HITACHI model
S430 at various magnification powers : 800, 1.2k, 2.5k and 5k. The particle size was
measured by the direct size measurement of particle on the micrograph in comparison
with the scale showed that was set by the microscopic magnification. On a particle size
distribution, the frequency of each particle size range was counted and the standard
deviation for each sample was alsa calculated from the respective frequency.

Figures D-1 to D4 show the scanning electron micrographs of the
copolymer by solution and dispersion copolymerizations.

Figure D-al to D-a7 show the particle size distribution of the dispersion
copolymer at various styrene feeds.

Figure D-bl to D-b7 show the particle size distribution of the dispersion

. copolymer at various percents of ethanol in the mixed
solvent.
Figure D-c1 toD-c3 show the particle size distribution of the dispersion

copolymer at various temperatures.
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Figure D-al Particle size distribution of the dispersion
copolymer (MMA 100% feed) in the mixed solvent
of 80:20 weight% ethanol/n-hexane -
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Figure D-a2 Particle size distribution of the dispersion
copolymer (St 25% feed) in the mixed solvent
of 80:20 weight% ethanol/n-hexane
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Figure D-a3 Particle size distribution of the dispersion
copolymer(St 38% feed) in the mixed solvent
of 80:20 weight% ethanol/n-hexane
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Figure D-a4 Particle size distribution of the dispersion
copolymer(St 50% feed) in the mixed solvent
of 80:20 weight% ethanol/n-hexane
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Figure D-a5 Particle size distribution of the dispersion
copolymer(St 62% feed) in the mixed solvent
of 80:20 weight% ethanol/n-hexane
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Figure D-a6 Particle size distribution of the dispersion
copolymer (St 75% feed) in the mixed solvent
of 80:20 weight% ethanol/n-hexane
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FigureD-a7 Particle size distribution of the dispersion
copolymer(St 100% feed) in the mixed solvent of
80:20 weight% ethanol/n-hexane
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Figure D-b1l Particle size distribution of the dispersion
copolymer in the feed content of 25:75

mole% St/MMA in homogeneous system
(100 weight% n-hexane)
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Figure D-b2 Particle size distribution of the dispersion
copolymer in the feed content of 25:75
mole% St/MMA in homogeneous system
(EtoH 20 weight%)
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Figure D-b3 Particle size distribution of the dispersion
copolymer in the feed content of 25:75 mole %

St/MMA in homogeneous system
(EtOH 35 weight%)
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Figure D-b4 Particle size distribution of the dispersion
copolymer in the feed content of 25:75 mole%
St/MMA in heterogeneous system
(EtOH 50 weight%)
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Figure D-bS Particle size distribution of the dispersion
copolymer in the feed content of 25:75 mole%

St/MMA in heterogeneous system
(EtOH 65 weight%)
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Figure D-b6 Particle size distribution of the dispersion
copolymer in the feed content of 25:75 mole%
mole% St/MMA in homogeneous system
(EtOH 80 weight%)
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Figure B-b7 Particle size distribution of the dispersion
copolymer in the feed content of 25:75 mole%

St/MMA in homogeneous system
(EtOH 100 weight9%)
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Figure D-c1 Particle size distribution of the dispersion
copolymer in the feed of 75:25 mole%

St/MMA and mixed solvent content of
80:20 weight% ethanol/n-hexane

at 50° C of the reaction temperature
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Figure D-c2 Particle size distribution of the dispersion
copolymer in the feed of 75:25 mole%

St/MMA and mixed solvent content of
80:20 weight% ethanol/n-hexane

at 55°C of the reaction temperature
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Figure D-c3 Particle size distribution of the dispersion
copolymer in the feed of 25:75 mole%
St/MMA and mixed solvent content of
80:20 weight% ethanol/n-hexane
at 64°C of the reaction temperature



Appendix E
Calculated-Glass Transition Temperature
Tg of the copolymer was calculated from the following (1):
Ty = (W1 Tg1+KwTg2)/(wi+Kw2) E(1)

Tg1 and Ty are the glass transition temperatures of homopolymers 1 and 2
w1 and w, are the weight fractions of constituents 1 and 2 in the copolymer.
K is calculated from the ratio of ar-a.g of homopolymer 1 to homopolymer 2

when o isthe thermal expansion coefficient of the rubber state.

ag is the thermal expansion coefficient of the glass state.

ar-ag is about 2x105 for polystyrene and poly(methyl methacrylate).

The relation between Tg of the homopolymer and the copolymer is therefore
transformed into

Tg = (Wng 1+W2Tg2)/(W1+W2) = Wng1+W2T82 E(Z)
as wi+wa = 1

An example of calculation

Dispersion copolymerization of 25:75 mole% styrene/methyl methacrylate feed
and 80:20 weigt % ethanol/n-hexane in in mixed solvent.
Let styrene be the constituent 1, '
w1 be the weight fraction of styrene in copolymer =35.9%,
w2 be the weight fraction of methyl methacrylate in copolymer = 64.1%,
Tg1 be the glass transition temperature of homopolystyrene = 96°C,
Tg2 be the glass transition temperature of homopoly(methyl methacrylate) = 111°C.

Tg of the 25 mole% styrene feed copolymer = (0.359x96)+(0.641x111)
= 105.2°C

Reference
i Billmeyer, F.W. Textbook of Polymer Science. 3™ ed. New York: John
Wiley & Sons., 1984:337-339.




APPENDIX F

Gel Permeation Chromatography

The GPC chromatograms were obtained on a Shimadzu (LC-10A) with a
Showa Denko (KF-80M) chromato column at the maximum temperature of 60°C. Both
of refractive index (RI) and ultraviolet (UV) spectrophotometer were used as detectors.
UV detector was used at 277 nm for PS and copolymers and at 246 nm for PMMA.
The GPC column was packed with poly(styrene-co-divinylbenzene) with the minimum
number of theoretical plates 10,000. Tetrahydrofuran (THF) was used as a solvent and
carrier.

For GPC analysis, 2 mg of dried sample was dissolved into 2 ml of THF.
The solution was then filtered by using 0.45 pm syringe filter. 10 microliter of the
filtered polymer solution was injected into the GPC (using THF as the carrier fluid) for
each analysis.

Figures F-al to F-a7 show the GPC chromatograms of solution
copolymers

Figures F-bl to F-b5 show the GPC chromatograms of bulk copolymer

Figures F-csl to Fcs7 show the GPC chromatograms of dispersion
copolymers at various styrene feeds

Figures F-cel to F-ce7 show the GPC chromatograms of dispersion
copolymers at various ethanol contents

Figures F-ctl to F-ct4 show the GPC chromatograms of dispersion
copolymers at various reaction temperatures
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Peak information Tine (nin) Mol, size Height
start 12.333 6976163 53
top 15,416 455614 6560
end 20,333 5869 26
Number-A MW, MN\= 186719 Weight-A.M.W, M= 717828
Z-AMMN, M= 1631220  Visc-A MW, Mv= 619726
Dispersity MA/MN=_ 3,84442 Dispersity MI/MN=  8,73626
Dispersity MV/MN= 3,31962 [.Viscosity 1,VISC=  1,06523
. T . . . ] V '
: ; : 5 : P e :
: : : : = : B ;
: : : : < : & ! :
: : : ' = ' : '
= - :oo o 2 S 9

Peak information Time (min) Mol. size Height
start 13.333 2876792 55
top 15.661 366589 5860
end 19 . 19099 339
Number-A.M.W. MN= 195366 Weight-A.M.W. MW= 418973
Z-A.M.VW. MZ= 692992 Visc-A.M.VW. Mv= 384437
Dispersity MW/MN= 2.14455 Dispersity MZ/MN= 3.54714
Dispersity MV/MN= 1.96778 I.Viscosity [.VISC= 1.40283
: a a A a z
' [ ' ' LV ' ' '
[ ] [ ' LY ] ' [
. ‘ ; : 7 1 % i
[ ' ' ' ] 0 '
: . . : . o p
: : : : ; : P :
ftspestm . -'L,_- __;,:*":;-_ ey _1'::‘ ________ e , ______ ] _:r_ ':'t‘:":‘:‘t‘t‘:*_"::t
o » o by » o b -
: : : r . 5 i e

F-b2 GPC chart of bulk comopolymer: St feed 38 mole%
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: Peak information Tine (min) Mol, size Height

5 start 12 9361694 12

; top 15,714 349792 9864

5 end 19,5 12276 291

: Number-A MW, MN= 235000 Weight-A.M.W, Mé= 816834
Z-A MW, M= 1856069  Visc-A.M.W, My= 697215
; Dispersity MA/MN= 3.4473 Dispersity MZ/MN= 7.86565
' Dispersity Mv/MN= 2.96424 1.Viscosity I,VISC= 2.13568
: : : : 3 : : :

: : . : & ' : :

] : : : 0w @ ! :

et T — L > el L\ _____ ;

T P S S

Figure F-b3 GPC chart of bulk comopolymer: St feed 50 mole%

Peak information

start
top
end
Number-A.M.W. MN=
Z-A.M.W. MZ=
Dispersity MW/MN=
Dispersity MV/MN=

Time (min)

13:333
15.772
19

203655
613136
1. 90025
1.76164

o~
i~
>

[3
™
-

Mol. size

Height

2876792 81

332487 10055

19099 410
Weight-A.M.W. MW= 386994
Visc-A.M.W. MV= 358766
Dispersity MZ/MN= 3.01066
I.Viscosity I.VISC= 1.33603

Figure F-b4 GPC chart of bulk comopolymer: St feed 62 mole%
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Peak inforwation Tine (uwin) Mol, size Height

start 13,333 2876792 32

top 15.884 301023 12149

end 19.5 12270 352
Number-A MW, MN\= 170427 Weight-A MW, M= 348491
Z-A MW, M= 561084  Visc-AM,W, Mv= 321795

Dispersity MW/MN= 2.04481 Dispersity MZ/MN= 3.,29222
Dispersity MV/MN= 1.88817 I.Viscosity I,VISC= 1.23729

—.23.600_____.

Figure F-b5 GPC chart of bulk comopolymer: St feed 75 mole%
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66
33821
30951
3. 26875
0.23688

Height
6557

MZ /MN

size
I.Viscosity 1.VISC=

234402

28484

1804
Visc-A.M. W,

1.91809 Dispersity

1.75531

Mol.
17633 Weight-A.M.W.

57637

16. 167
18. 548
21. 667

Time (min)

MW /MN
MV/MN

Z-A.M.W.

start

top
end
Number—A.M.W.

Dispersity
Dispersity

Peak information

0
.
[}
@
o~
'

e Clw

.. .0C.

Lo S b

[
[]
.
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—
’

L T T T T e et

St feed 62 mole%,

Figure F-cs5 GPC chart of dispersion copolymer
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Figure F-ce3 GPC chart of dispersion copolymer: EtOH 35 weight%

%213 : .
N 00 O ] "
NS | ...82.)
oA OF (] (SR EEREEE SEm sEe R ee Sen s s Ll".-ll |;.
LN 0 ] [}
%0 (o) ] '
- f -
= 9L VT " "
L [} '
M% ---------------------------- TN (A
] L]
= l '

N >
=" ' |
e =% 5 " "
"IN EE 2 ' '
“2a& <<% L...07. !
S~ 'm0 vim == 2
| - O WO | '
3 £902 o
-> 0> ! ;
e - . ] ]
B a— | '
' '
' |

n N
r.ﬂ”-lz _ru.um._..-...
AN 00 N [ [}
— o O\ — b~ ] |
= N O 0 O ] |
= %7 . . !
8 hed — ey | '
~ — 1 LS |
© O 00 — ' '
=R N — R ———————————— ﬁ-".-.-ﬁ..“
(ol I (I 1 ' '
WWNM ] '
| '
m ' |
EZ “ "
e @ e ' '
(o] BEBE | m ]
- v I s e e e eie e wiaie e el WP, . (|
- == > ] [
« IR | |
g QG oo e ' '
L ol | | 2w ] |
O W LN | |
w— ¢ QT v v v ] [
c+ 0 C o Q. Q, | '
- N+ QO a n n | '
5 — o | ]
] E O o ses e ses s aNeE Pes Se ke wes I S
« ] [
LM ] [
o ' [
{ L}
] 1
| '
| !
] '
1 1
T B ST S sy e i i Do A AR R EE SEE.E SEe AN e s

Figure F-ce4 GPC chart of dispersion copolymer: EtOH 50 weight%



151

S
P
| h | |
N oS~ f on AN 0 .‘. '
< OV 00 00 ) e O OO | |
N =~ OO ] OOVN ] 87!
IR .= IVD ON BN o e i i S HeeE SRR Sbate PR -1/
T FON ] w0 nnm ! !
= ) .
o M No o ) '
o i 8 zns3 L
E : ClE " “
oend | o

LY ] H [} | |
B . \n\ ]
nonoa v O = o 9LL VT ' vz, |
£ R TR 1 1 o o .. S,
ga 3 a9 : "
N > ] S N > ] \
= - | MU. = ' __

. = ] .o . —
)
Qin=m =E s ! m Som =N - i \
=S N EE > ' - 0 LN EE 5 ' '
nooN L e N > SMIZ LT e | 07!
SO AN L s s Sesdesscsed d L _..0C.. N <<— 0 [ A
O I I @« o | NN I | »no | '
- N - O O ' o, — - O W O 1 “
NV v > m0~.wﬁ ' Q .ﬂv w > “ n

s Rt : i =
= a— ' = 3 a— ! ¥
o~ i 91!
T o - ., - . S ) e 8l e N~ W () & J
N33 X 22R% " “

]

O .? O O~ ' '
= - SB3R i m. = K&8% 1 !
8 © - g ‘" m - _ _
= L~ S ; '

- | . .

wn ] [
FARE @ sssssssssessacaiie LA % T I Y ————— A B

oo ] el
oo oo ! !
- 2952 - T $4% " i
& - ! |
3 EZ , o n Ex ! "

. . L} . .
2 B i o i i e i i ... ¥ 2 B i i i S O
- == > > [} - E=E > | "
a E Soh O 3 <<ol i _
by o I | »nwn ] [y ) ] '
O N ' O DN e ' '
- @ QT v v o Ny — ¢ Qo o v v ! '
[ o a Q. ' 5} c« 0c ] Q Q. ' !
. N+ Q m mw " O it N O m .w.m_. “ "
2 2. BB s e SeE sensen e nseeses s mee w-.-w.-._ ) ~ - R g Cos sl
8 b B S ] "
LM

as Y e i H
' ) " “
' = !
§ 20 1 “
-------------------------------------------------- run.O..." F P e R -o.boa-.
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; Peak information

' start

: top

; end

' Number-A MW, MN=
- I-A MW, M=
; Dispersity Md/MN=
' Dispersity MY/M\=

Tiwe (min)

28.667
34.899
42.167

Mol, size

638578
44458

1989

24855 Weight-AM.W,
Visc-A .M. W,
2.03653 Dispersity
1.84682 1.Yiscosity I.VISC=

92576

M=
MV=

MZ/MN=

Height

1249
]

50617
45902
3.72444
0.31288

45.532

'28'"1"""'""""‘""""""“‘

Figure F-ctl GPC chart of dispersion copolymer: 50°C

E Peak information Time (min) Mol. size Height
! start 15.167 567932 2
¢ top 18.389 32788 7941
: end 21.667 1804 95
E Number-A.M.W.  MN= 18168 Weight-A.M.W.  M¥= 36780
H Z-A.M.VW. MZ= 66901 Visc-A.M.W. MV= 33411
: Dispersity MW/MN= 2.02445 Dispersity MZ/MN= 3.68236
: Dispersity MV/MN= 1.83899 I.Viscosity I.VISC= 0. 25002
. P g g s
. . L] L] L (12} . —: . .
: : 5 : : & 3 & :
o - P o

. . —

Figure F-ct2 GPC chart of dispersion copolymer: 55°C
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Peak information
start
top
end

Number-A MW,

Z2-A MW,
Dispersity
Dispersity

Time (min)
29,833
36.367

44.5

M\=
MZ=
MW/MN=
MV/MN=

Mol, size
387784
23734
733

15826 Weight-A MW,

55691

Visc-A MW,

1.92756 Dispersity
1.7541 1.Viscosity I,VISC=

‘

M=
My=
MZ/M\=

Height

2
6519
]

30565
271768
3.51902
0.21937

e T e E R LR R R R R R R
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r
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Figure F-ct3 GPC chart of dispersion copolymer: 64°C

Peak information
start
top
end

Number—-A.M.W.
Z-A.M. VW,

Dispersity

Dispersity

Time (min)
29.833
36.704
44.667

MN=
MZ=
MW /MN=
MV/MN=

14649
54928
1.98549
1.80231

Mol. size
387784
20553
683

Weight-A. M. W,

Visc-A.M.W.

Dispersity
I.Viscosity I.VISC=

36. 704

Mw:
MV=
MZ /MN=

Height

2
6385
0

29085
26402
3.74963
0.21174

'
]
1
'
[
'
]
'
'
'
'
.
]
'
.
[
'
'
'
[
[
[
[

Figure F-ct4 GPC chart of dispersion copolymer: 73°C
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APPENDIX G

Elemental Analysis

Elemental analysis was operated on a Perkin-Elmer model PE2400II.
Analytical data showed %C, %H and %N. Percent carbon was used to calculate the
styrene composition in the poly(styrene-co-methyl methacrylate).

An example of calculation

St CgHsg Mw = 104.15 %C = 12*8/104.15 = 92.17
MMA CsHgO, My = 100.12 %C-= 12*5/100.12 = 59.93

Dispersion copolymer ; 25 mole% St feed, 80 weight% EtOH in the mixed solvent

%C found (15t expt) -4 71.15
%C found (20d expt) = 70.82
Average %C found = (71.15+70.82)/2 = 70.985
Ratio of MMA:St = (92.17-70.985) : (70.985-59.93)
= 21.185: 11.055

% St in copolymer 11.055/(21.185+11.055) = 34
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Table G-1 Analytical data of solution copolymers

Copolymer %C %H %N
(%St)
25 1st 70.86 8.05 2.05
2nd 70.87 8.09 2.07
38 1st 74.83 8.09 0.84
2nd 74.81 8.10 0.65
50 st 77.38 8.01 0.66
2nd 77.20 L 0.96
62 1st 80.42 8.14 0.92
2nd 79.95 8.09 0.47
75 1st 83.70 8.15 1.45
2nd 83.20 8.08 1.60

Table G-2 Analytical data of dispersion copolymers

Copolymer %C %H %N
(%6St)

PMMA (0) 1st 59.93 8.54 0
2nd 60.24 8.56 0

25 1st TS 8.17 1.75

2nd 70.82 8.14 1.91

38 st 72.60 8.22 0.44

2nd 71.76 8.11 0.51

50 1st 77.60 7.99 0.42

2nd 17:23 7.94 0.38

62 1st 77.84 197 0.54

2nd 79.14 8.09 0.64

75 Ist 82.37 8.17 1.23

2nd 82.90 8.23 j

PS (100), 1st 91.95 7.95 0.48

2nd 92.35 8.01 1.19




APPENDIX H

Differential Scanning Calorimeter

Glass transition temperatures (Tg) of the dispersion copolymers were measured
on a differential scanning calorimeter model Seiko DSC 200-SSC5000. For each
operation, a portion of dried copolymer (weight ca. 10 mg) was placed in the sample
can that was sealed and weighed. The sample can was placed on the sensor at room
temperature, together with an empty container to assist output balance. They were and
rapaidly heated (heat rate 10°C/min) to the required temperature (400°C). The heating
step was divided into 3 steps, from room temperature to 140°C then cooling by the use
of liquid N» to -100°C and finaly, heated the sensor to 400°C. The Tg was observed in
the final heat step.

Figures H-1 to H-7 show the DSC curves of the PS, PMMA homopolymers
and poly(St-co-MMA) copolymer.
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APPENDIX 1

Thermal Gravimetry/Differential Thermal Analysis

Decomposition temperatures (Tq) of the dispersion copolymers were measured
on a thermal gravimetry/differential thermal analysis model Seiko TG/DTA 200-
SSC5000). For each operation, a portion of dried copolymer (weight ca. 10 mg) was
place in an aluminium pan and placed on the sensor at room temperature, together with
an empty container to assist output balance. They were heated at the heat rate of
5°C/min to 500°C.

Figures I-1 to I-7 show the TG/DTA curves of the PS, PMMA
homopolymers and poly(St-co-MMA) copolymer.
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