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ABSTRACT: The adsorption of acrylic polyampholytes on
fiberglass reinforced plastics (FRP) was investigated using
random copolymers derived from (dimethylamino)ethyl
methacrylate (DM), methacrylic acid, and f-butyl methacry-
late (t-BMA). The effect of the copolymer structure changes
on the adsorption and the interactions between the copoly-
mers and the surface were assessed using {-potential and
contact angle measurements, NMR, and ESCA. The copoly-
mer having the composition of 58 mol % pDM, 38 mol %
PMMA, and 4 mol % pt-BMA was adsorbed on the FRP
surface at pH 7, and it formed the highest hydrophilic sur-
face among the tested copolymers. An analysis by use of
atomic force microscope revealed that the copolymer af-
forded a uniform 4-6 nm thick coverage on the FRP. We

concluded that the interactions between the copolymer’s
cationic sites and the anionic FRP surface are important as
well as the hydrophobic interaction for adsorption. Further-
more, it is suggested that the hydrophilicity of the copoly-
mer’s adsorbed surfaces is related to the density of the
copolymer’s anionic sites. These results indicate that the
ampholytic structure of the polymers would be essential for
the surface modification on the FRP. The effect of functional
groups of surfaces on the acrylate adsorption was also as-
sessed using surface plasmon resonance. © 2006 Wiley Peri-
odicals, Inc. ] Appl Polym Sci 101: 4454—-4461, 2006
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INTRODUCTION

The phenomenon of ampholytic polyelectrolyte ad-
sorption at a solid/liquid interface has received con-
siderable attention because of its importance in bio-
logical science and moreover due to various practical
applications in industry.'* Concerning biotechnology,
the adsorption of natural ampholytic polyelectrolytes
such as proteins plays an important role in biological
assays and the development of biomaterials.>* Syn-
thetic polyelectrolytes have also been used for many
technological processes such as flotation, wastewater
treatment, and paper production.”® More recently, the
application of synthetic polyampholytes to the surface
modification of various hard surfaces has been exam-
ined.”” During the past decade, considerable informa-
tion on ampholytic polyelectrolytes has been accumu-
lated and the properties and behavior of the ampho-
lytic polyelectrolytes in solution have been well
investigated.'®™'® Even so, adsorption phenomena are
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often more complicated than the behavior of related
systems in solution,'* and recent reports have been
directed to understanding the adsorption phenom
ena. 1518

In this context, we have undertaken studies of the
adsorption behavior of acrylic polyampholytes on fi-
berglass reinforced plastics (FRPs) and especially the
evaluation of the surface properties of the thin poly-
mer films formed from the adsorbed polyampholytes
on the FRP surface."

The goal of our studies is to develop novel surface
modification agents for hard surfaces as part of a
surface modification strategy for toiletry products.
The FRP surface is hydrophobic and is negatively
charged in an aqueous solution. It was well known
that amphoteric compounds, having positive-nega-
tive ion pairs, strongly bind to anionic charged mica,
and the adsorption of the amphoteric polyelectrolyte
depends on the number of discrete ionic bonds.*® In
other words, the adsorption is determined by the de-
tails of the charge distributions and not by the net
charge carried by the polymer. In addition, changing
the hydrophilic/hydrophobic balance would control
the polymer solubility and the adsorption on FRP.
Therefore, our strategy for the design of the surface



ADSORPTION OF ACRYLIC POLYAMPHOLYTES

modification agents involves the use of polyam-
pholytes slightly modified with a hydrophobe. As a
first report of our studies, we now report a study of
the effects of changes in the polyampholyte structure,
i.e.,, the charges, the hydrophilic/hydrophobic bal-
ance, etc., on the adsorption behavior of the copoly-
mers and the characteristics of the copolymer-covered
surfaces.

We prepared a series of random copolymers de-
rived from (dimethylamino)ethyl methacrylate (DM),
methacrylic acid (MAA), and t-butyl methacrylate (¢-
BMA). The adsorption of copolymers with different
DM/MAA ratios on the FRP from dilute solutions was
studied as a function of pH to assess the effects of the
charges on the adsorption. The effect of the hydropho-
bic interaction was assessed using the copolymers
with different t-BMA ratios. The interactions between
the copolymers and the FRP during the adsorption
were assessed using {-potential measurement, 'H
NMR, and ESCA. The surface properties produced by
the copolymer adsorption were also evaluated using
atomic force microscope (AFM), contact angle and
{-potential measurements. In addition, the surface
plasmon resonance of an alkanethiol gold surface was
used to evaluate the surface effects, especially the
importance of the substrate’s functional groups on the
adsorption phenomena.

EXPERIMENTAL
Materials

All reagents including (dimethylamino)ethyl methac-
rylate (DM), methacrylic acid (MAA), and t-butyl
methacrylate (t-BMA) were the best grade commer-
cially available and were used without further purifi-
cation, unless otherwise specified. The FRP plates
(Inax) and FRP particles (Matsumura Kasei) consisting
of polyester resin and glass fibers were used for the
adsorption experiments.

Polymerization procedure

Deionized water (90 g) in a 500 mL separable flask
equipped with a reflux condenser, N, inlet tube, drop-
ping funnels, and mechanical stirrer was stirred for 30
min at 80°C in a N, gas atmosphere. To the flask, 168 g
of the aqueous solution containing 83 g of DM, MAA,
and -BMA, and 27 g of the aqueous solution contain-
ing 1.5 g of sodium persulfate were added dropwise
over a 2 h period. The mixture was stirred for an
additional 5 h at 80°C and allowed to cool. The prod-
uct was obtained as a clear and colorless to pale yel-
low aqueous solution. The composition ratios and the
polymerization yields were measured by nuclear mag-
netic resonance spectrometry (‘"H NMR). The '"H NMR
spectra were recorded at 400 MHz in D,O on a JOEL
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GSX-400 NMR spectrometer. The composition was ex-
pressed as the ratio of pDM, pMAA, and pt-BMA,
which represent the polymerized units of each mono-
mer in the copolymers. The polymerization yields
were greater than 99%, and the composition ratios
were almost the same as the ratios of the monomer
used. The molecular weights of the copolymers were
determined by gel permeation chromatography (GPC)
based on a pullulan standard.

Methods
C-potential of FRP plate surfaces

The {-potentials of the untreated FRP plate surface
and copolymer 4-treated FRP plate surface were mea-
sured using an ELS-8000 (Otsuka Electronics) with a
cell for a flat plate sample with monitor particles*"**
(monitor particle, Saradyn standard polystyrene latex;
d, 212 nm; E, —33.6 v/cm).

The IEP of the copolymers

Copolymer IEPs were determined by the titration
method to assess the degree of dissociation as de-
scribed in the literature.”® One mol/L HCIl and 1
mol/L NaOH were used to adjust the pH of the co-
polymer solution. All measurements were carried out
in 0.001 mol/L NaCl solutions.

Adsorption of the copolymers on FRP composed of
polyester resin

The adsorption of copolymers on the FRP particles
(specific surface area: 2.7 m*/g (BET)) was carried out
by treating the FRP particles with an aqueous solution
of the copolymer containing 0.01 mol/L NaCl. The
copolymer concentrations were varied from 0.01 to 0.1
g/L and pH values were adjusted to 3.8 or 7.2 with
NaOH or HCI in amounts that were negligible when
compared to the salt concentration. During the mea-
surement, 1 g of the FRP was dispersed in 5 g of the
copolymer solution, and the dispersion was stirred for
24 h at 25°C. After filtration, the copolymer concen-
trations of the initial solution and the treated solutions
were measured by GPC. The GPC analyses of the
copolymers were performed on a Hitachi LaChrom
system with refractive index at 50°C. An Asahipak
Ohpak Q-802 as the column and M/15 phosphate
buffer (pH 9.2) as an elution solvent were used, the
flow rate being 0.5 mL/min in all cases. The adsorbed
amount was calculated from the difference in the con-
centrations.

Repetition method of the copolymer adsorption

The 0.5% aqueous solution of copolymer 4 was
sprayed on the FRP plate, 10 X10 cm?, followed by
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drying. The treated FRP plate was then rinsed with
water to remove the excess copolymer on the FRP
surfaces. The process was repeated to assess the ad-
sorption behavior of the copolymer on the surface.
After the repetition, the adsorbed polymer on the sur-
face was extracted with a 2 mol/L methanol solution
of HCl. Using the extract, the amount of the copoly-
mer irreversibly adsorbed on the surface was deter-
mined by GPC.

Treatment of the FRP plate with copolymers for
surface analysis

Two milliliters of a 0.5-1% aqueous solution of a co-
polymer, adjusted to pH 7, was sprayed on an FRP
plate, 10 X3 cm? or 10 X10 cm?, and then rinsed with
water for 30 s, followed by drying. The plate was used
for the analyses of the surface properties.

Surface analysis by using AFM

The surface of the FRP plate treated with copolymer 4
was analyzed using a Digital Instrument NANO-
SCOPE III a. The measurements were performed in
the contact mode.

Surface analysis with ESCA

The surface conditions of the copolymer 4-treated FRP
plate surfaces were analyzed using a Physical Elec-
tronics QUANTUM 2000 Scanning ESCA microprobe.
The auto Z beam radius was 100 um, and the irradi-
ation angles were 30°, 45°, and 70°.

Analysis of the adsorption process by using NMR

D,O solutions (0.025%) of copolymer 4 (0.555 mL) in
the absence and presence of FRP powders (particles
smaller than 150 wm, 100 mg) were prepared in NMR
tubes. The pHs of the solutions were adjusted at pH
2.0,4.0, and 6.0 using the buffer solutions of potassium
hydrogen phthalate. The NMR measurements were
performed using a JOEL GSX-400 NMR spectrometer
in the SGHMG mode (64 scans) at ambient tempera-
ture.

Contact angles of the surfaces

The contact angles were determined with a CAZ con-
tact angle goniometer (Kyowa Surface Science) using
water and methyl iodide. In preparation for the mea-
surements, the FRP plates were treated with 0.5%
aqueous solutions of the copolymers at pH 7.2. The
plates were washed with water to remove any excess
copolymer followed by drying.
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TABLE 1
Copolymers Derived from DM, MAA, and t-BMA, and
Their Molecular Weights

Composition (mol %) Molecular weight

Copolymer pDM/pMAA/pt-BMA M, M, M,/M,
1 86/10/4 34000 88700 2.61
2 67/29/4 23200 59300  2.56
3 60/40/0 23600 35400  2.35
4 58/38/4 18800 46400 247
5 55/36/9 20300 49300  2.43
6 38/58/4 10500 28200  2.69

Preparation of the alkanethiol adsorbed surfaces

The mixed organosulfur monolayers were formed by
immersing the gold-coated plates, (SIA Kit Au, Bia-
core) in 2 mM ethanol solutions of thiol derivatives for
12 h. The plates were rinsed with ethanol and dried.
Three surfaces were prepared using three different solu-
tions: (A) HS(CH,),sCH; and HS(CH,),,COOH(1: 1),
(B) 1:1 mixture of HS(CH,),sCH; and HS(CH,),;OH,
and (C) HS(CH,),(COOH and HS(CH,),;OH. The con-
tact angles for each plate were determined in water
using a CAZ contact angle goniometer (Kyowa Surface
Science).

Measurement of the adsorption amount of the
copolymers by SPR

The amount of copolymer adsorbed on the thiol-
treated surface was determined using a Biosensor In-
strument Biacore3000. A phosphoric acid buffer, 10
mM, pH 7, was used as the running buffer in the
flow-cell of the instrument. A 0.5% aqueous solution
of the copolymer was passed through the flow-cell for
adsorption followed by the flow of the buffer solution
to remove any excess copolymer. The variation in the
refractive index before and after the copolymer ad-
sorption was measured as RU. The amount was cal-
culated using the RU value according to the following
relationship 1RU = 1 pg/mm?

RESULTS AND DISCUSSION

Copolymer adsorption on FRP as a function of the
polymer concentration

The acrylic polyampholytes used in this study and
their characteristics are shown in Table I. Based on the
initial results, copolymer 4 was used to explore the
adsorption behavior. The copolymer 4 has the compo-
sition of 58 mol % pDM, 38 mol % pMAA, and 4 mol
% pt-BMA, and among the copolymers used (see be-
low), it afforded the most hydrophilic surface on the
FRP.

During the adsorption experiments, the FRP parti-
cles were treated with aqueous solutions of copolymer
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Figure1 Adsorbed amount of copolymer 4 as a function of
copolymer concentrations at different pH values. pH 3.8 (H)
and pH 7.2 (@).

4 at pH 3.8, pH 7.2, and ambient temperature. The
adsorbed amount of copolymer 4 as a function of the
polymer concentration is shown in Figure 1. In each
case, the amount reached a plateau value. The satu-
rated amount of the adsorbed copolymer at pH 7.2
was 90 ng/cm” and this value was greater than the
adsorbed amount at pH 3.8 (30 ng/cm?). A similar pH
dependence of the adsorption was previously ob-
served for other polyampholytes.”>® In that case, it
was found that the adsorption at the polyampholyte’s
isoelectric point (IEP) reached a maximum. This in-
crease in the adsorption as the IEP was approached
was attributed to a decrease in the polyampholyte’s
net charge. It seems reasonable that a lower net charge
would cause less electrostatic repulsion of the ad-
sorbed aggregates. Less repulsion should lead to a
higher adsorption density. Therefore, we determined
the IEP of copolymer 4 to be pH 6.6. (see Table III)
Since pH 7.2 is much closer to the IEP than is pH 3.8,
there should be less repulsion at the higher pH and the
greater adsorption of copolymer 4 is in the correct
direction.

In view of the application to toiletries, we measured
the surface accumulation and saturated amount of the
adsorbed copolymer by the following spray and rinse
method. A 0.5% aqueous solution of the copolymer
was sprayed on an FRP plate, which was allowed to
dry. The copolymer-treated FRP plate was rinsed with
water to remove the excess copolymer on the FRP
surface. After spraying, more than 2000 ng/cm? of
copolymer 4 remained on the surface and most of the
copolymer was removed from the FRP surface after
rinsing with water. The residual amount of the copol-
ymer is ca. 100 ng/cm?. This amount agrees with that
(90 ng/cm?) obtained by adsorption from the aqueous
solution described above.

A plot of the residual amount versus the repetition
time is shown in Figure 2. The amounts of the ad-
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Figure 2 Adsorbed amount of copolymer 4 as a function of
repetition times.

sorbed copolymer after rinsing are approximately the
same under these conditions showing that the repeti-
tion did not cause an accumulation of the copolymer.

Evaluation of the electrostatic interaction between
the copolymer and the FRP on the adsorption

To evaluate the interaction during the adsorption pro-
cess between the FRP surface and copolymer 4 solu-
tions, we determined the IEP of the copolymer in the
solution and {-potentials of the FRP plate surface as a
function of pH. The results of the {-potentials of the
FRP plate surface are plotted in Figure 3. The IEP of
the FRP surface is pH 3.8, so the net charge of the FRP
surface should be near zero for the adsorption at pH
3.8. The copolymer’s IEP is pH 6.6, and the polymer
would be positively charged during the adsorption at
a solution pH of 3.8. There should be no strong elec-
trostatic attractive force between the FRP surface and

20

10 f

L-pokntial (mv)

o1 2 3 4 5 & 7 8B 9 10

rH

Figure 3 (-potential of the nontreated FRP plate surface
with pH of the aqueous phase.
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TABLE 1I TABLE IV
Adsorbed Amount of the Copolymers on FRP Properties of the Thiol-Treated Surfaces
Copolymer A (ng/cm?) Surface Functional group Molar ratio 0 (deg)
1 115 A COOH/CH; 1/1 80
2 110 B CH,/OH 1/1 84
3 96 C COOH/OH 1/1 53
4 100
5 145
6 50

the copolymer in the solution at pH 3.8. At pH 7.2, the
FRP would have a negative surface charge and the
polymer would be negatively charged, but the density
would not be high because pH 7.2 is near the copoly-
mer’s IEP. The adsorption interaction between the FRP
and the copolymer at pH 7.2 should be unfavorable
for adsorption due to the charge. Experimentally, the
adsorption is about threefold greater at pH 7.2 than at
pH 3.8, suggesting that the hydrophobic interaction or
the interaction of the cationic sites on the molecule, not
the net charge of the molecule, with the anionic FRP
surface plays an important role in the adsorption.

Effects of changes in structure of the copolymers
on the adsorption

The effect of copolymer structure on the acrylic poly-
ampholyte adsorption on the FRP was investigated
using the compounds listed in Table I. Table II shows
the saturated amounts of the adsorbed copolymers at
pH 7.2 and Table III shows the IEP of the copolymers.
The ratio of pDM to pMAA and the adsorption
diminish in the following order: 1 (pDM/pMAA
= 8.6) > 2 (pDM/pMAA = 2.3) > 4 (pDM/pMAA
=1.5) > 6 (pDM/pMAA = 0.65). This implies that the
adsorption increases with the increasing density of the
dimethylamino groups. Copolymer 6 has the lowest
isoelectric point (i.e. pH 5.9) and would have the high-
est density of the anionic charges (at pH 7) in this
group. If the electrostatic repulsion between copoly-
mer 6 and the FRP at pH 7 is the highest, the adsorp-
tion should be the lowest. In other cases, the pDM
value is higher than that of the pMAA and they would
be less repulsion than for copolymer 6 and the FRP.

TABLE III
IEP of the Copolymers

Copolymer IEP

UL WN =
(o)}
(o)}

The data obtained for copolymers 3, 4, and 5 suggest
that the t-butyl ester groups also affect the adsorption;
the higher the density of the t-butyl ester groups, the
higher the adsorption. These data imply that both the
density of the cationic sites and the hydrophobic na-
ture of the molecule play important roles in the ad-
sorption at pH 7.2, which is near the IEP of the copol-
ymers.

Anal?rsis of the adsorption phenomena of the
copolymers using surface plasmon resonance

The surface adsorption of copolymers can be mea-
sured by surface plasmon resonance when the poly-
mers are adsorbed on an alkanethiol surface.?*?° Thus,
three different alkanethiols or mixtures were adsorbed
on Au plates. The thiol structures and the observed
contact angles are recorded in Table IV.

Alkylthiols are well known to form a highly ordered
monolayer surface when adsorbed on Au.?*"?® In the
three cases summarized in Table IV, the thiol contacts
and covers the Au surface revealing hydroxyl or car-
boxyl substituents on the opposite side of the mono-
layer. As shown in Table IV, surface A consists of CH;
groups and COOH groups, and surface B possesses
CHj; groups and OH groups. The contact angles of the
surfaces were 80° and 84°, respectively, and the data
imply that these surfaces are hydrophobic. Surface C
is the most hydrophilic, having OH and COOH
groups on the upper surface of the layer (contact angle
= 53°). By using these plates, we evaluated the effects
of surface functional groups on the copolymer adsorp-
tion. The experiments were carried out at pH 7 and the
data were obtained using a Biacore 3000 instrument.

Table V shows that copolymer 1, which has the
highest density of cationic residues in the group 1, 4,
and 6, is most strongly adsorbed on A. At pH 7, the

TABLE V
Adsorbed Amount of the Copolymers on the Thiol-
Treated Surfaces

Copolymer
Surface 1 2 3 4 5 6
A 59 <5 10 66 17
B 48 177 154
C 169 230 205

®ng/cm?.
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Figure 4 AFM images of the copolymer 4-treated and non-
treated FRP surfaces at a scan area of 3 X 3 um?. (a) surface
image; (b) sectional view.

surface carboxyl groups on surface A should largely
be ionized to COO™ ions, and the net charge on the
polymer should be near zero because its IEP (7.1) is
nearly identical to the solution pH of 7. We conclude
that 1 strongly adsorbs due to the interaction of its
cationic residues with the anionic surface. A consider-
ation of the adsorption results for the other polymers
(i.e. 3, 4, and 5) suggests that although the charge
effect dominates, the hydrophobic property of the co-
polymer is also significant for the surface adsorption
at pH 7 on surface A.

Surface B possesses hydroxyl groups on its surface,
and the surface hydroxyl groups should not largely be
ionized to RO~ ions at pH 7. In this case, it is seen that
the adsorption amounts of the copolymers 3, 4, and 5
on surface B were greater than the corresponding
adsorption amounts on surface A. It is postulated that
the hydrophobic interaction between surface B and the
copolymers is more significant compared with that of
surface A for the adsorption. On the other hand, in the
case of surface C, which is hydrophilic, the three co-
polymers (i.e. 3-5) afforded the highest adsorption
amounts on surface C among the three surfaces, A-C.
Therefore, it is expected that the electrostatic interac-
tion between the hydrophilic surface and the copoly-
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mers is much more dominant than those of the hydro-
phobic surfaces and the copolymers during the ad-
sorption.

Analysis of the copolymer-covered FRP surface by
AFM

The surface topography of the FRP surface in the
presence and absence of any treatment with copoly-
mer 4 was examined using AFM (Fig. 4). Figure 4(a)
shows the AFM image of the surfaces, i.e., the upper
side is the nontreated one and the lower side is copol-
ymer 4-treated. The sectional view showing the height
of the layer is also displayed in Figure 4(b). From the
data, it was found that the copolymer afforded uni-
form coverage on the FRP surface with a polymer
thickness of about 4—6 nm.

(-Potential of the copolymer-covered FRP surface

In an attempt to evaluate the locations of the func-
tional groups on the copolymer-covered surface, we
measured the {-potential of the copolymer 4-treated
FRP surface at pH 7.>"** At pH 7, the {-potential of the
copolymer 4-treated FRP surface was —39 mV, which
is lower than that of the untreated FRP surface (see
Fig. 3). This implies that the density of the negative
charges on the copolymer-covered FRP surface is
higher than the negative charge density on the un-
treated FRP surface.

Surface analysis by using ESCA

We measured the Cls, Ols, and N1s ESCA spectra of
the FRP surface before and after treatment with copol-
ymer 4. The nontreated FRP surface exhibited Cls and
Ols in a ratio of 85.3:14.6. No clear N1s peak was
observed. In contrast, the copolymer-covered surface
showed two N1s peaks having bond energies of 403
and 399 eV. (see Fig. 5) The former peak is attributed
to the ammonium group, and the latter is assigned to
the tertiary nitrogen group. Peaks were observed for

Nis

100

80t

60}

cls

4ot

20t

410 405 400 395
Binding Energy (eV)

Figure 5 ESCA Nls spectrum of the copolymer 4-treated
FRP surface.
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Figure 6 Relative proton peak areas of NCH; (M) and main
chain (@) as a function of pH in the presence of FRP parti-
cles. The value of the ordinate is the relative proton peak
area (%) compared with those without FRP.

Cls and Ols; the intensities were in the order Cls
82.0% > Ols 16.7% > Nl1s 1.3%. The increase in the
Ols and N1s peak intensities implies that the copoly-
mer is adsorbed on the FRP surface. Splitting of the
N1s peak is probably due to the interaction between
the copolymer’s N—CH; moieties and the FRP’s an-
ionic sites.

Surface analysis by using NMR

Proton NMR was used to assess the functional group
orientation on the surface covered by copolymer 4.
Spectra were obtained in D,O solutions at different
pH values in the presence and absence of the FRP
powder. Figure 6 plots the proton peak area for NCHj,
versus solution pH (filled squares) and the main chain
protons of the copolymer (filled circles). At each pH,
the peak area was lower in solutions with the FRP
powder than without the powder. Furthermore, the
decrease in the peak area of the protons in NCH; was
greater than that of the proton in the main chain. We
assume that the copolymer interacts with the FRP
surface when adsorbed, and this alters the proton
environment. The decrease in the N-CH; proton in-
tensity was greater than that for the main chain, sug-
gesting that the NCH; groups are located at the inter-
face between the FRP surface and the copolymer. The
anionic groups would tend to locate in the polymer/
water interface on the surface. These observations are
consistent with the data on the {-potentials of the
untreated and treated FRP plate surfaces and ESCA
analysis described above. These results imply that the
cationic moieties of copolymer 4 interacted with the
anionic sites of the FRP to adsorb on the FRP surface,
while the anionic sites of the copolymer are predom-
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inantly located at or near the copolymer/water inter-
face of the copolymer layer on the FRP.

Contact angle evaluation

The contact angles for pure water against the copoly-
mer-covered surfaces were measured using a contact
angle goniometer. The data, summarized in Table VI,
show that the copolymer-treated surfaces exhibit
lower contact angles compared with the nontreated
FRP surface. Copolymer 4 afforded the most hydro-
philic surface among the copolymers tested; its water
contact angle is 43°.

In the case of the copolymers having the pDM/
PMAA ratio of > 1.0 (i.e. 1, 2, and 4), their contact
angles decrease in the order 1 (pDM/pMAA = 86/10)
> 2 (pDM/pMAA = 67/29) > 4 (pDM/pMAA = 58/
38). These values imply that the contact angle de-
creased with the increasing density of carboxyl groups
in the molecular structure, and reached a minimum at
the ratio pDM/pMAA = 1.5. Copolymers 3, 4, and 5
have the pDM/pMAA ratio of 1.5 and their contact
angles were similar to each other. This result suggests
that the t-butyl ester groups did not strongly affect the
surface wettability.

CONCLUSIONS

The present study reports the adsorption of the poly-
ampholytes derived from DM, MAA, and -BMA on
the FRP surfaces. The results suggest that the copoly-
mer having the composition of 58 mol % pDM, 38 mol
% pMMA, and 4 mol % p-t-BMA was adsorbed on the
FRP surface at pH 7, and formed the most hydrophilic
surface on FRP among the tested copolymers. Analy-
ses of the copolymer-treated surfaces using AFM,
NMR, ESCA, {-potential, and contact angle measure-
ments showed that the interaction between the copol-
ymers and the FRP surface is primarily electrostatic.
The ionic interaction between the cationic sites of the
copolymer and the anionic FRP surface is dominant,
but the hydrophobic interaction also plays a signifi-
cant role in controlling the surface adsorption.

TABLE VI
Contact Angles of the Copolymer-Treated FRP Plate
Surfaces
Copolymer 0 (deg)
1 66
2 49
3 45
4 43
5 46
6 71
nontreated FRP 78
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