REFERENCES

Arayawongkul, . (2002) Characterization of polystyrene produced by admicellar
polymerization. M.s. Thesis. The Petroleum and Petrochemical College,
Chulalongkorn University.

Aumsuwan, N. (2003) Characterization of polystyrene formed via admicellar
polymerization: the effect of initiator concentration. M.S. Thesis, The
Petroleum and Petrochemical College, Chulalongkorn University

Barraza, H.J., Hwa, M.J., Blakley, K., O'Rear, E.A., and Grady, B.p. (2001) Wetting
behavior of elastomer - Modified glass fibers. Langmuir, 17, 5288-5296.

Brady, P.V. (1996) Physics and Chemistry of Mineral Surfaces. CRC Press.

Cummins, P.G., Staples, E., and Penfold, J. (1990) Study of surfactant adsorption
on colloidal particles. Journal of Physical Chemistry, 94, 3740-3745.

Esumi, K. (2001) Interaction between surfactants and particles: dispersion, surface
modification, and adsolubilization.  Journal of Colloid and Interface
Science, 241, 1-17.

Grady, B.P., O'Rear, E.A., Penn, L.S., and Pedicini, A. (1998) Polymerization of
styrene-isoprene on glass cloth for use in composite manufacture. Polymer
Composite, 19(5), 579-587.

Grant, L.M., Ederth, T., and Tiberg, F. (2000) Influence of surface hydrophobicity
on the layer properties of adsorbed nonionic surfactants. Langmuir, 16,
2285-2291.

Holmberg, K., Jonsson, B., Kronberg, B., and Lindman, B. (2003) Surfactants and

, Polymers in Aqueous Solution. 2rd edition. West Sussex: John Wiley and
Sons.

nier, R.K. (1979). The Chemistry of Silica, New York: John Wiley and sons.

Lai, C., Harwell, J.H., and O’'Rear, E.A. (1995) Formation  of
poly(tetrafluoroethylene) thin  films on alumina by admicellar

polymerization. Langmuir, 11, 905-911



41

Lee, E.M., Thomas, R.K., Cummins, P.G., Staples, E.J., Penfold, J., and Rennie,
A.R. (1989) Determination of the structure of a surfactant layer adsorbed
at the silicaAvater interface by neutron reflection. Chemical Physics Letters,
162, 196-202.

Levitz, p., Damme, H.V., and Keravis, D. (1984) Fluorescence decay study of the
adsorption of nonionic surfactants at the solid-liquid interface. 1. Structure of
the adsorption layer on a hydrophilic solid. Journal of Physical Chemistry’,
88, 2228-2235.

Matarredona, O.M., Mach, K., Rieger. M.M., and O’'Rear, E.A. (2003) Alteration of
wettability and inhibition of corrosion in narrow aluminium 7075 gaps by
thin polymer films. Corrosion Science, 45, 2541-2562

O ’'Haver, J.H., Harwell, J.H., O'Rear, E.R., Snodgrass, L.J., and Waddell, W.H.
(1994) In situ formation of polystyrene in adsorbed surfactant bilayers on
precipitated silica. Langmuir, 10, 2588-2593

Rosen, M.J. (1989) Surfactants and Interfacial Phenomena. 2rd edition. New York:
John Wiley and Sons.

Rutland, M.W., and Senden, T.J. (1993) Adsorption of the poly(oxyethylene)
nonionic surfactant C 12E5 to silica: a study using atomic force microscopy.
Langmuir, 9, 412-418.

See, C.H., and O’'Haver, J.H. (2003) Atomic force microscopy studies of
admicellar polymerization polysterene-modified amorphous silica. Journal
of Applied Polymer Science, 87, 290-299.

See, C.H., and O’'Haver, J.H. (2003) Atomic force microscopy characterization of
ultrathin polystyrene films formed by admicellar polymerization on silica
disks. Journal of Applied Polymer Science, 89, 36-46.

Somnuk, . (2001) Adhesion improvement in glass fiber reinforced polyethylene
composite via admicellar polymerization. M.S. Thesis, The Petroleum and
Petrochemical College, Chulalongkorn University.

Tan, Y., and O’Haver, J.H. (2004) Lipophilic linker impact on adsorption of and
styrene adsolubilization in polyethoxylated octylphenols. Colloids and

Surfaces A: Physicochem, Eng. Aspects, 232, 101-111.



42

Thammathadanukul, V., O'Haver, J.H., Harwell, J.H., Osuwan, ., Na-ranong, N.,
and Waddell, W.H. (1996) Comparison of rubber reinforcement using
various surface-modified precipitated silicas. Journal of Applied Polymer
Science. 59, 1741-1750.

Waddell, W.H., O’Haver, J.H., Evans, L.R., and Harwell, J.H. (1995) Organic
polymer-surface modified precipitated silica. Journal of Applied Polymer
Science, 55, 1627-1641.

Wei, X., Carswell, A.D., Alvarez, ., and Grady, B.p. (2003) X-ray photoelectron
spectroscopic studies of hydrophilic surfaces modified via admicellar
polymerization. Journal of Colloid and Interface Science, 264, 296-300.

, J., Harwell, J.H., and O'Rear, E.A. (1987) Two-dimensional solvents: kinetics
of styrene polymerization in admicelles at or near saturation. Journal of
Physical Chemistry, 91(3), 623-634.

Yuan, ., O'Rear, E.A., Cho, G., Funkhouser, G.P., and Glstzhofer, D.T. (2001)
Thin polypyrrole films formed on mica and alumina with and without
surfactant present: characterization by scanning probe and optical

microscopy. Thin solid films. 385, 96-108



APPENDICES
APPENDIX A

Triton X-100 Adsorption isotherm

1:2

1.0

Absorbance

0.0 1 y =0.0014x
R%=0.9986
0 100 200 300 - 400 500 600 700 800

Triton X-100 concentration (M)

Flgure Al calibration curve of Triton X-100 solution by UV-Spectrophotometer at

275 nm.



Table A.l pata from calibration curve of Triton X-100 solution by UV-

Spectrophotometer at 275 nm

Triton X-100 cone. Triton X-100 cone.

(oM) Abs. at 275 nm (pM) Abs. at 275 nm
35 0.054 250 0.351
100 0.156 250 0.352
100 0.159 300 0.424
100 0.158 300 0.421
175 0.254 300 0.421
175 0.248 400 0.589
175 0.25 400 0.592
175 0.247 400 0.593
200 0.284 500 0.737
200 0.281 500 0.729
200 0.285 500 0.732
200 0.278 600 0.863
225 0.314 600 0.86
225 0.315 600 0.865
250 0.345 700 1.028

250 0.349



Table A2 Data from Triton X-100 adsorption isotherm on Aerosil®0X50

Initial cone.
(nM)
200

400
800
1000
1200
1500
1600
1700
1800
1900
2000
3000
3200
3400
3800
4000
4200
4400
4600
4800
5000
6000
7000
8000
10000

Equlibrium cone.

(hM |
56.429

104.048
130.357
138.333
147.500
155.000
158.929
165.357
171.571
181.374
181.939
226.310
241.746
257.381
289.000
352.500
533.452
687.071
913.571
1072.143
1195.918
2238.571
3150.000
4159.821

6277.551

Adsorbed Surfactant (pmoles/g)

5.743
11.838
26.786
34.467
42.100
53.800
57.643
61.386
65.137
70.899
72.722
110.948
118.330
125.705
140.440
145.204
146.662
148.517
147.457
149.114
152.163
150.457
154.000
153.607

151.524
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APPENDIX B

B1 Styrene adsolubilization at low surfactant (Triton X-100 adsorption 50
pmol/g)
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Flgure BI calibration curve of styrene into Triton X-100 adsorption 50 pmol/g.

Table Bl Data from styrene adsolubilization into Triton X-100 adsorption 50

pmol/g on Aerosil®0X50 by UV-Spectrophotometer at 246 nm

Initial styrene cone. Equilibrium styrene cone. Styrene adsolubilization
(oM) (oM) (pmol/g)
200 143.492 2.260
400 285.291 4.588
600 417.341 7.306
800 468.159 13.274
1000 533.069 18.677
2000 962.963 41.481
4000 1656.085 93.757

8000 2640.212 214.392
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B2 Styrene adsolubilization at high surfactant concentration (Triton X-100
adsorption 100 pmol/g)

0.6

Absorbance

00 T T T T T T T
0 10 20 30 40 50 60 70 80

Styrene concentration (uLM)
F|gure BZ Calibration curve of styrene into Triton X-100 adsorption 100 pmol/g.

Table B.2 pata from styrene adsolubilization into Triton X-100 adsorption 100

pmol/g on Aerosil®0X50 by UV-Spectrophotometer at 246 nm

Initial styrene cone. Equilibrium styrene cone. Styrene adsolubilization

(oM) (PM) (pmol/g)
500 281.362 8.746
1000 476.056 20.958
1500 727.700 30.892
2000 967.606 41.296
2500 1193.427 52.263
5000 1501.408 139.944

10000 2034.742 318.610

20000 2316.432 707.343

25000 2580.282 896.789
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APPENDIX ¢

Calculation for amount of Triton X-100 loading, styrene loading and AIBN for
Admicellar Polymerization

System

Silica 15 g.: Triton X-100 solution 250 ml.
Triton X-100

Molecular weight : 624 g/mol

Styrene

Molecular weight : 104.15 g/mol

Density : 0.906 ml./g

AIBN

Molecular weight : 164.21 g/mol
Cl TritonX-100 Loading calculation

Table ¢.1 calculation of initial Triton X-100 concentration for Triton X-100

adsorption 50 and 100 pmol/g

Triton X-100 Equilibrium Triton X- Initial Triton X-100 Total weight of
adsorption 100 concentration loading in the system Triton X-100
(pmol/g) (pmol/15g) (pM) (pmol in 250 ml) (pmol) (@)
50 750 150 375 787.5 0.4914

100 1500 200 50 1550 0.9672
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c 2 Styrene loading calculation

Table C.2 Calculation of initial styrene loading into Triton X-100 adsorption 50

pmol/g silica in the system

Styrene Equilibrium Initial styrene loading Total
adsolubilization styrene cone. in the system volume of
(pmolfg) (pmol/15g)  (pM)  (pmol in 250 ml) (pmol) styrene (pi)

25 375 717.13 179.28 554.28 64.36
50 750 1100.71 275.18 1025.18 119.04
100 1500 1689.46 422.36 1922.36 223.22
150 2250 2170.67 542.67 2792.67 324.28
200 3000 2593.11 648.28 3648.28 423.62
250 3750 2976.62 744.15 4494.15 521.85
300 4500 3331.71 833.93 5332.93 619.24

Table C.3 Calculation of initial styrene loading into Triton X-100 adsorption 100

pmol/g silica in the system

Styrene Equilibrium Initial styrene loading Total
adsolubilization styrene cone. in the system volume of
(pmolf/g) (pmol/15,9)  (pM)  (pmol in 250 ml) (pmol) styrene (pi)

50 750 1024.83 256.21 1006.21 116.84
100 1500 1371.41 342.85 1842.85 213.99
200 3000 1717.98 429.49 3429.50 398.22
300 4500 1920.71 480.18 4980.18 578.28
400 6000 2064.55 516.14 6516.14 756.63
500 7500 2176.13 544.03 8044.03 934.05

600 9000 2267.29 566.82 9566.82 1110.87
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C 3 AIBN loading calculation
Ratio of AIBN =1 mole AIBN 15 mole styrene

Table C.4 Calculation of AIBN loading at Triton X-100 adsorption 50 pmol/g

silica
Ratio of Total styrene AIBN loading
Triton X-l0Oadsorb styreneadki (pmol) pmol grams
25:50 554.28 39.95 6.07
50:50 1025.18 68.35 11.22
50:100 1922.36 128.16 21.01
50:150 2792.67 186.18 30.57
50:200 3648.28 243.22 39.94
50:250 4494.15 299.61 49.20
50:300 5332.93 355.53 58.38

Table C.5 Calculation of AIBN loading at Triton X-100 adsorption 100 pmol/g

silica

Ratio of Total styrene AIBN loading

Triton X-lI0Oadsorb : Styreneadsoi (pmol) pmol grams
100:50 1006.21 67.08 11.02
100:100 1842.85 122.86 20.17
100:200 3429.50 228.63 37.54
100:300 4980.18 332.01 54.52
100:400 6516.14 434.41 71.33
100:500 8044.03 536.27 88.06

100:600 9566.82 637.79 104.73



APPENDIX D

Data of Gel Permeation Chromatography

Table D.I Sample name for gel permeation analysis

Ratio of
Triton X-100adb : Styreneadsoi
1:0.5
11
1:2
1:3
1:4

1:5

1:6

1:0.5
1:1
1:2

1:3

1:4

1:5

1:6

Triton X-I0Oadsorb
(pmoi/'g of silica)
50
50
50
50
50

50

50

100
100
100

100

100

100

100

Styreneadsoi

(pmol/g of silica)
25
50
100
150
200

250

300

50
100
200

300

400

500

600
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Sample
name
L211
LI 12
L123
L134
L145
L156
50:300

@
H21
HI 12

Repeat 2

Repeat 1
100:400

(€]

100:500

100:600



Sample Information

SampleName 211 Sample Type ~ Broad Unknown

Vid 4 Date Acquired ~ 1/11/05 5:24:38 PM
Injection 1 Acg Method Set Y2005 MethR THF 30C 2
InA'ection Volume 10000 ul Processing Method Y2005 PTOCR_THF30C 2
Channel SATIN Date Processed  -1/12/05 8:23:57 AM

Run Time 22 0 Minutes

Auto-Scaled Chromatogram

150.00 i [100.00
. 3 j
140.04 A o5 ‘| Al ’ - 80.00
130.003 !I s 7;;: -eooo X
: | £ 1001 - [ £
> . s \ ! =
€ 12000 /\ 3 A g
" 4 ! & ?/ \ 4000 3
Whie == /0 \ L.
: VX N4 |
mo.oo-::: . Z? oool;—/' ~~J-000
0.00 500 1000 1500 2000 St sl
Mnutes q e
------ Mg
Peak Results .
,1M Mo M M1 Potydapersiy

260 60 T4 26 B9 LB
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Sample Information

SampleName L112 Sample Type ~ Broad Unknown
Vid 1 Date Acquired ~ 1/11/05 4:07:29 PM
Injection 1 Acg Method Set Y2005 MethR_THF 30C 2
Ing}ectlon Volume 100,00 Processing Method Y2008~ProcR'$nHF~3OC~2
Channel SATIN Date Processed /12105 8:22:39 AM
Run Time 220 Minutes
Auto-Scaled Chromatogram
130.00- ---4-100.00
120.00 i
118003 /\ 3 o
z 3 I
110.00: ’ £ -40.00
.mm‘f’/ﬁ_ﬂj‘% t
] 1-20.00
100.00] /\/ [
| 000
95.00-}—— e .
0.00 5.00 10.00 15.00 20.00
Minutes

Peak Results
y M ¥ M M M P

279 , 88 B4 T 130
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Sample Information

SampleNeme 23 Sample Type  Broad Unknown

Vid 3 Date Acquired ~ 1/11/06 4:58:55 PM
Injection 1 Acq Method Set Y2005 MethR THF 30C 2
Inﬁ'ection Volume 10000 Processing Method Y2005 ProcR 1HF 30C 2
Channel SATIN Date Processed .1/12/058:23:45 AV

Run Time 220 Minutes

Auto-Scaled Chromatogram

:

85.00 :

00— —

0.00 5.00 10.00 15.00 20.00
Minutes

120.00-

+115.004

110.00-]

z

dw td(logM)

105.00-]

100.00-]

Peak Results
y M Me ft+1 Poydkperaty

2684 B4 60 14 182 13MgM
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Sample Information

SampieName L134 Sample Type ~ Broad Unknown
Vid 6 Dote Acquired ~ 1/11/05 6:16:05 PM
Injection 1 Acq Method Set -~ Y2005 MethR n-F 30C 2
ELection \Volume 10000 Processing Method 2005 ProcR_IHF 30C 2
Channel SATIN Dete Processed  -1/12/056:41:19 AM'
Run Time 22.0 Minutes
Auto-Scaled Chromatogram
1%, ] 1.804 -100.00
125.00] 1.604
1.40] -20.00
120.00 :
120 [ <
115.00- ! § - 6000 2
: 110.004 ’ § & 4000 %
| ! 060 i
105.00- /I \ i SN : \ -
100.00- ) ! 02 / \\\ :
T m 0001 —" 000
95.00 [T e t S -
0.00 5.00 10.00 15.00 20.00 350 3.00 250
Minutes Mol Wt
Higgpan
Peak Results
M M el Rolydxety

%M

270 %0 86 1% [MB 1%
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Sample Information

SampleName 45 Sample Type ~ Broad Unknown

Vid 5 Date Acquired ~ 1/11/05 5:50:21 PM
Injection 1 Acq Method Set Y2005 MethR_ THF 30C 2
hjectkxi Volume  10000u Processing Method Y2005 ProcR THF 30C 2
nannei SATIN Date Processed  «1/12/056:24:06 AM™

Run Time 22 0 Minutes

Auto-Scaled Chromatogram

120.00 10000
. 1.60] I
115.00- § 1.40] " 80.00
1204 / ;
| - o000 S
110.00 oy 180.00 2
| : ' ;
t o0 I
E ; 1-40.00
105.00-] l’ 050 ; s
0.40 '
100.00 A 2000
: 020
] ! 000l 00
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Sample Information

SampleName  L1% Sample Type ~ Broad Unknown

o 2 Date Acquired ~ 1/11/0S 4:33:13 PM
Injection 1 Acq Method Set Y2005 MethR_THF 30C 2
Infiection Volume 10000l Processing Method Y2005_ProcR_THF 30C 2
Channel SATIN Date Processed * 1/12'06%:23:W AM

Run Time 22.0 Minutes

Auto-Scaled Chromatogram

130.00-

Cumuktv* %

1.80
125.00] § 1,604
] 1.404
120.00-]
1.204
115.004 g 1.00]
z 3
>
110.00 .
] 0.604
.00
i ] 0.404
100.00] a 0204
0.001=""-""
5.0 ————— S — Ay = |1 B
0.00 5.00 10.00 15.00 20.00
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Sample Information

SampleName ~ 50:300 () Sampletype ~ Broad  know!

o 1 Date Acquired  12/14/04 11:14:00 AMI
Injection 1 Acq Method Set Y2004 1 MethR THF 30C 4
Ing']ection Volume 100.00 u Processir.g Method Y2005 ProcR THF 30C 1
Channel SATIN Date Processed  12/14/04 11:43~18AM
Run Time 22.0 Minutes

Auto-Scaled Chromatogram

120.00
110.004
100.00- §
E 3
0.00-] 3
£0.00-]
SRS, (S S S ———
0.00 5.00 10.00 15.00 20.00 5.00 450 400
Minutes Loo Molwt
MW Distribution
Tot Area
J— Y
Peak Results e [
Ml Mw  MP Mz hfesl Potydbpers&y 3 .
1 16053 33002 26122 60260 92952 2.061466 .
2 862 1210 1046 1562 1926 1403859 § [s000 *
H [
% 40.00
lzo.oo
0.20 L
by [ 0.00
350 3.(IJO 250
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Sample Information

SampleName ~ H21 Sample Type  Broad linknown

Vid 7 Date Acquired ~ 1/10/05 6:41:47 PM
Injection 1 Acy Method Set Y2005 MethR_THFj 30C 2
Inﬁection Volume  10000u Processing Method Y2005 ProcR THF 30C 2
Channel SATIN Date Processed ~ 1/12/05~8:35:09 AM

Run Time 220 Minutes

Auto-Scaled Chromatogram
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| ! 1004 N/ \ =
E 110.001 | : 2 \ %
| = :
105.00 ; A /
10000~ gy I 047
95.00i l / i 02 /
] 1 0 0.0
90.00-1 - —
om lWI[es Lw 2o 3.% " 20
Iﬁ/IIaNDistribution
Tctf* Area
Peak Results
M Ml

W
TR R R <



60

Sample Information

SampleName H 112 Sample Tyoe ~ Broad  Imown

o e Date Accijired /19106 11:59:40 AV
Injection 1 Acq Method Set Y2005 M*hR THF 30C 2
In[j]ection \Volume 10000 Processing Method Y2006 ProcR THF 30C 2
Channel SATIN Date Processed  1/18/05 3:15:36 PM™
Run me 220 Minute*

Auto-Soaled Chromatogram

116.00 2.00+ § _~1-100.00
114.00 T I
|
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- T +
110.00-] il 2 / L o
§ by L80.00 5
108.00-] L 00l 8 / i
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Sample Information

SampteName Repeat 2 Sample Type  Broad Unknown
Vi 9 Date Acquired ~ 1/19/05 1:16:48 PM
Injection 1 Acq Method Set Y2005 MethR THF 30C 2
inLection \Volume  100001i Processing Method Y2005 ProcR 7HF 30C 2
Channel SATIN Date Processed  1/19/053:16:27 PM™
Run Time 220 Minutes
Auto-Scaled Chromatogram
120.00 ) 1.00
115.00- % el
e a :
Z 110.00- § N
3 0.40+
105.00-
020
1(!).(!)-‘-L J 0.
000 | s00 1000 1500 2000 's00 | 45 400 350
Minutes Log Mol Wt
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Sample Information

SampteName Repeat 1

Vid 8
Injection 1
Inf|]ection \Volume 100004
Channel SATIN

Run "Tine 220 Minutes

Auto-Scaled Chromatogram

M My MW M lied Mydaparty
BI¥ 32D Hip EB W4B 24635
ate 9O 74 97 1B 11050

N I

dw tid(logM)

dw td(logM)

Sample Type ~ Broad Unknown

Date Acquired ~ 1/18/05 12:51:06 PM

Acq Method Set Y2005 MethR THF 30C 2

Processing Method Y2005 ProcR THF 30C 2
e Processed  1/18/053:16.09 PM™
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Sample Information

SampleName 100:400 (1) Sample Type ~ Broad Unknown

Vid 3 Date Acquired ~ 12/14/04 12:44:34 PM
Injection 1 Acq Method Set Y2004 1 MethR THF 30C 4
Inf]\ecﬂon \Volume  10000u Processing Method Y2005 ProcR THF 30C 1
Channel SATIN Date Processed  12/14/04 2:20716 PM

Run Time 220 Minutes

Auto-Scaled Chromatogram
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Sample Information

SampleName ~ 100:500 Sample Type ~ Broad Unknown

4 Date Acquired ~ 12/14/04 1:10:16 PM
Injection 1 Acq Method Set Y2004 1 MethR THF 30C 4
InH']ection Volume 10000 Processing Method Y2005 ProcR THE 30C 1
Channel SATIN Date Processed -  12/14/04 2:208 PM
Run Time 22.0 Minutes

Auto-Scaled Chromatogram
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Sample information

SampleName 100.600

Vid 2

Injection 1

In%ection Volume  100001i
Channel SATIN

Run Time 22.0 Minutes

Auto-Scaled Chromatogram
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Acq Method Set~ +Y2004 1 MethR THF 30C 4
Processing Method Y2005 ProcR THF 30C 1
Date Processed - 12/14/04 2:16:15 PM
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