
C H A PT E R  IIÏ 
E X PER IM EN TA L

3.1 M ateria l

All chem icals were obtained com m ercially  and used as received. 
A erosil R)O X 50, a nonporous fum ed silica was obtained from  D egussa Huls 
C om pany (F rankfurt, G erm any) with a reported BET surface area o f  35-65 
m 2/g and 40 nm particle  size. Polyethoxylated  octyl phenol (T riton X -100) was 
obtained from  U nion C arbide Co. w ith a purity  o f  100%. Styrene (99% ) was 
purchased from Fluka (M ilw aukee, WI). T etrahydrofuran  (FIPLC grade), 
T etrahydrofuran  (A.R. grade), and M ethanol (A .R .grade) w ere purchased  from 
L ab-Scan A nalytical Sciences (BKK, Thailand).

3.2 E quipm ent

Instrum ent M odel

U V -2950 Spectrophotom eter Shim azu Co.
T herm ograv im atric  A nalysis D upont Instrum ent (TG A  2950)
Specular R eflection  FTIR N exus 670 N ico let S pectrophotom eter
Gel Perm eation  C hrom atography W aters Gel P erm eation  C hrom atography 

m odel 150-CV
A tom ic Force M icroscopy D igital Instrum ents N anoscope Ilia
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3.3 Adsorption Measurement

Surfactant adsorption  isotherm  was m easured by mixing a 
concentrated  surfactan t solution with m easured am ounts o f  purified  water to 
provide a series o f  surfactant solutions o f  varying concentration. These 
so lu tions were added to 24 ml glass vials each contain ing  0.5 g o f  silica and 
sealed w ith screw  caps. The vials were allow ed to equ ilib rate  at 30 ° c  for 1 
day. The solids w ere then separated by syringe filter and the supernatant 
su rfactan t concentration  analyzed using an U V -2950 Spectrophotom eter 
(Shim adzu  Co.) at 275 nm. Surfactant adsorption  was calcu lated  by the change 
in concentration  m ethod.

[Triton X -1 0 0 ,]- [Triton X -100E ]
Triton X - 1 0 0 ^  = ------------------12®--------------------- --

where Triton X-lOOadsorb 
[Triton x -1 0 0 ]i 

[Triton X-100]e

Vsol
Wcilica

= Adsorption o f Triton X -100, (p, mol/g)
= Initial concentration o f Triton X -100, (pM)
= Equilibrium concentration o f Triton X -100, (pM) 
= Volume o f solution, (ml)
= Weight o f silica, (g)

The adsorption isotherm is plotted between adsorption o f Triton X-100 on 
silica (pmol/g) and equilibrium concentration o f Triton X-100 solution (pM).

3.4 Adsolubilization Measurement

Adsolubilization isotherms were measured by placing 0.5 g silica in 24 ml 
vials with a Solution that varying quantities o f styrene. The surfactant concentration 
was chosen to ensure that the system equilibrated below the CMC assuming that the 
adsolubilization did not significantly affect adsorption. In this study, the 
adsolubilization measurements o f styrene were detected in two different adsorbed 
Triton X-100 concentrations (50 and 100 pmol/g) on silica surface.
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The samples were allowed to equilibrate as in the adsorption studies and 
then separate the supernatant for analysis. The styrene concentration was determined 
by a u v  detector operating at 246 nm. A mass balance was used to calculate the 
amount o f adsolubilized styrene

[Styrene,]-[StyreneE] 
styrene, d!01-  i f f o

พ silica
where Styreneadsoi = Adsolubilization o f styrene, (pmol/g)

[Styreneji = Initial concentration o f styrene solution, (pM) 
[Styreneje = Equilibrium concentration o f styrene solution, (pM) 
VS0| = Volume o f solution, (ml)
Wsilica = Weight o f silica, (g)

The adsolubilization isotherm is plotted between adsolubilized o f styrene on 
silica (pmol/g) and equilibrium concentration o f styrene solution (pM )

3.5 A dm icellar Polym erization

The surfactan t feed concentration  was chosen in o rder to prevent 
em ulsion polym erization  in the presence o f m icelles so that the equilibrium  
bulk concentration  was approxim ately  80% and 40%  o f  CM C representing  
adsorption  levels o f approxim ately  100pm ol/g  and 50pm ol/g  o f  silica. The 
T riton  X -100 to m onom er concentration  ratios were varied from  2:1, 1:1, 1:2, 
1:3, 1:4, 1:5 and 1:6. The am ount o f  AIBN used was in the ratio  o f  1 mole 
AIBN: 15 mol o f  styrene. The volum es o f  ethanol w ere about 40 tim es the 
am ount o f in itia to r using for d issolve the initiator. The adsorption  experim ents 
w ere carried  out by placing equilib rated  sam ples contain ing  w ater, surfactant, 
ethanol, styrene, silica, and AIBN solution into a shaker bath  w here they were 
left at 30 ๐c  for 24 hr. The polym erizations were carried  out by heating  the 
reaction  flask  at 7 0 °c for 2 h. The reaction  is term inated  by placing the 
reaction  flask in an ice bath.
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The m odified silica is w ashed by w ater until no foam ing was observed 
upon agitation . The m odified silica is filtered , dried for 12 hr. at 70 ° c  and 
ground into a fine pow der w ith m ortar.

3.6 Polymer Extraction

Ten to twelve grams of modified silica were stirred overnight with 150 ml 
o f THF. The slurry was then refluxed for a further 4 hours in the same THF and 
filtered. The volume o f the filtrate was reduced by evaporation to 5 ml. The filtrate 
was then added to 50 ml. o f methanol the extracted polymer was filtered and dried in 
a vacuum oven at 4 0°c  for 24 h.

3.7 Characterization Techniques

3.7.1 Fourier Transform Infrared Spectroscopy
FTIR spectra o f the modified silica, unmodified silica, and extracted 

material were acquired by Specular Reflection FTIR on Nexus 670 Nicolet 
Spectrophotometer.

3.7.2 Thermogravimetric Analysis
M odified  silica, extracted  silica, pure silica, T riton  X-100 and 

extracted  polysty rene were analyzed by TGA 7 Perkin E lm er instrum ent. All 
sam ples w ere carried  out from 3 0 °c  to 7 0 0 °c  at a heating  rate o f  10°c/m in 
under n itrogen  atm osphere.

3.7.3 Gel Perm eation  C hrom atography
All extracted  polystyrene sam ples w ere characterized  by W aters 

Gel Perm eation  C hrom atography m odel 150-CV. T etrahydrofuran  (HPLC) 
grade was used as the m obile phase at a flow  rate 1.0 m l/m in. Polymer 
solu tions w ere auto injected w ith a volum e o f  100 pm  at tem perature 30°c. 
The colum n set used was a Pl-gel 10 pi m ixed B 2 colum ns (C hurch Stretton, 
UK). Polystyrene standards were used for calibration.
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3.7.4 A tom ic Force M icroscopy
Atomic Force M icroscopy is a versatile tool for investigation various 

properties o f a substrate surface down to atomic level. AFM consists o f a 
piezoelectric drive, an optical head and a feedback controller. The piezoelectric 
drive allows the displacement o f the sample in X, Y and z  positions in atomic 
resolution.

As the tip cantilever is moved towards the sam ple’s surface, the 
cantilever will deflect. The movements o f the cantilever are detected by the changes 
in the photodiode output, which is sent to an electronic feedback controller where the 
signal is interpreted. The controller then alters the potential needed to maintain the 
vertical location o f the cantilever. This feedback controller works to maintain a 
constant force on the cantilever. Any changes in potentials will be monitored and the 
signal converted to a topographic image.

The atomic force microscope, a multimode Nanoscope Ilia AFM, 
was purchased from Digital Instruments Inc.(Santa Barbara, CA). Topographic and 
phase images were captured simultaneously using tapping mode AFM. All imaging 
was done by using 125-pm silicon tips obtained from Digital Instruments, Inc. A set- 
point ratio (ratio o f the engaged oscillation amplitude to the free air oscillation 
amplitude) between 0.5 and 0.7 was used for all topographic and phase images unless 
otherwise stated. With this set-point ratio, darker regions will represent the softer 
polystyrene film, whereas brighter regions will represent the harder silica substrate.

The thickness o f the polystyrene films was analyzed by using the 
Nanoscope Ilia software version 4.23r23 (Digital Instruments). The microscope was 
enclosed within a Plexiglas® box (14 X 14 ^ 30 in.). Dry air (7 ± 2% relative 
humidity) was pumped into the container. The relative humidity inside the container 
was monitored by a humidity probe obtained from Cole-Parmer Instrument Co. 
(Vernon Hills, IL). All tapping mode images were captured at room temperature and 
in air with a relative humidity < 25%.
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