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Chemical modification of pore internal surfaces with 0.31
and 0.54mm in diameter in poly(ethylene terephthalate) (PET)
was examined using the alkylation reaction of the carboxylic
acids on the surfaces. The chemical incorporation of the reagent
on the surfaces was confirmed by the fluorescence microscope
images of the membranes reacting with the alkylation reagent
bearing a pyrene fluorophore.

Porous materials on nanometer scale such as ion track mem-
branes and porous alumina have attracted much attention for ap-
plying to artificial organs,1 separation membranes,2,3 and nano-
scopic electronic devices.4–7 Ion track membranes, which are
prepared by heavy ion beam radiation followed by alkaline etch-
ing, possess cylindrical pores with narrow distribution of pore
diameter in a wide range of pore sizes (Figure 1).8–12 Ion track
membranes made of poly(ethylene terephthalate) (PET) can be
applied to the selective separation of toxic metal ions, biomole-
cules, and biological cells by controlling the microscopic pore
size and the properties of the internal surfaces of the pores.2,13

Therefore, it is very important to modify the pore inner surfaces
of the track membranes to adjust the chemical and physical char-
acteristics.

Chemical modification is considered a suitable method for
the precise control of not only surface hydrophilicity and charges
but also of the quantitative introduction of functional properties,
without causing surface deformations.14,15 Recently, we reported
that the hydrophilic surface of PET films was chemically modi-
fied by the selective alkylation of the carboxyl groups on the sur-
face using acyl bromide alkylation reagents with catalytic KF,
and the chemical incorporation of the electrophiles was con-

firmed by fluorescence spectroscopy measurements.16 Thus,
we applied the alkylation method to the chemical modification
of the internal surfaces of sub-micron cylindrical pores using a
fluorescence reagent and confirmed its incorporation onto the
surfaces by fluorescence microscopy.

PET films with 12mm in thickness were irradiated by
129Xe23þ ion beams with energy of 3.5MeV/n with a beam flux
of 3:0� 107 ions/cm2. The irradiated films were illuminated by
UV light at wavelengths longer than 310 nm for 6 h to enhance
the dissolution rates in only ion tracks and, in consequence, etch-
ed in 0.5M NaOH aqueous solution at 40 �C to dissolve the ion
tracks.17 The clear hole patterns with 0.31 and 0.54mm in diam-
eter (0.31mm-pore membrane and 0.54mm-pore membrane)
were observed in SEM images.

We employed 1-(bromoacethyl)pyrene (BrPy) as a fluores-
cent probe because it possessed an acyl bromide moiety, which
reacted with carboxyl groups of PET, and showed an excitation
maximum at 360 nm, at which there was no absorption of PET
films (Scheme 1).18 According to the previous report, in which
the selective alkylation of the carboxyl groups on PET surfaces
using the acyl bromide had completed for 2 h judging from the
change in the surface contact angles,16 the pore internal surfaces
of ion track membranes were treated with the DMF solution of
0.020M BrPy and 0.050M KF at room temperature. The
DMF solution was loaded into a glass syringe, which was con-
nected to a membrane filter holder. Then, the solution was intro-
duced into the pores of ion track membranes with a constant
pressure (5.3 kPa) to make sure the contact of the reaction solu-
tion to the internal surfaces of the pores. The flow rates of the
solution through the 0.31 and 0.54mm-pore membranes were
11 and 47mL/min, respectively.

Figure 2 shows the emission spectrum of the PET mem-
branes reacting with BrPy with the excitation at 350 nm and
the excitation spectrum by monitoring the emission at 430 nm;
the excitation and emission spectra of PET are shown as a refer-
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Figure 1. Schematic illustration for the preparation of ion track
membranes and the modification of the pore internal surfaces.
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Scheme 1. The alkylation reaction of the carboxylic acid of
PET with the reagent bearing a pyrene fluorophore.
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ence in the figure. The 0.31mm-pore membrane showed emis-
sion maximum at 440 nm and excitation maximum at 375 nm,
which were not observed in the membranes without the alkyla-
tion reaction. The 0.54mm-pore membrane showed similar fluo-
rescence spectra with about two time larger intensity compared
to the 0.31mm-pore membrane. The different intensities are
qualitatively related to the total surface area of the pore internal
surfaces of the membranes. Namely, the 0.54mm-pore mem-
brane possesses 1.7 (0.54/0.31) times higher total surface area
than those with pores of 0.31mm-pore membrane since these
membranes have the same pore density (3:0� 107 cm�2). When
the 0.54mm-pore membrane was placed in the DMF solution of
BrPy without KF as a control experiment, there was no change
in the excitation and emission spectra of the film. The control ex-
periment indicates that the observed fluorescence results from
the chemical incorporation but not physical adsorption of the
pyrene fluorophore.

The fluorescent images of the 0.54mm-pore membrane were

taken using a microscope with a standard CCD digital camera.
The images were observed with the fluorescence at wavelengths
longer than 420 nm (excitation: 380 nm). No fluorescence micro-
scope image was observed on the membranes without alkylation
reaction (Figure 3a). Whereas, in the same measurement condi-
tion, one can clearly observe the fluorescent spots of about
0.5mm in diameter in the image of the membrane with BrPy,
as shown in Figure 3b. The fluorescent spots were located at
the pore position, which was determined from the optical image
of the membrane at the same area (Figure 3c). Since the alkaline
etching of irradiated PET films provides hydrophilic carboxyl
and hydroxy groups on the film surface as well as the pore inner
walls, the fluorescent probe should be also attached onto the film
surfaces. However, the fluorescence was observed only at the
pore position with a good contrast; namely, one can observe
the emission from the fluorescent probes accumulated along
the pore inner surfaces perpendicular to the film surfaces. From
these observations, it is obvious that the fluorescent probe attach-
es chemically on the internal surfaces of the cylindrical pores
with 0.54mm in diameter.

In conclusion, the internal surfaces of the cylindrical pores
with 0.31 and 0.54mm in diameter were modified by the reaction
of the carboxylic acids on the surfaces with the alkylation re-
agent bearing the pyrene fluorophore. The incorporation of the
fluorophore on the pore internal surfaces was confirmed by the
fluorescence microscope images of the membrane. Further stud-
ies are currently underway in quantitative analysis of the surface
modifications of pore inner surfaces using other chemical re-
agents and analytical methods.
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Figure 2. The emission spectra of the BrPy-modified PET
membranes (pore diameter: 0.31 and 0.54mm) with the excita-
tion at 350 nm and the excitation spectrum by monitoring the
emission at 430 nm; the excitation and emission spectra of
PET are shown as a reference.
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Figure 3. Fluorescence micrographs of the ion track mem-
branes (pore diameter: 0.54mm) (a) before and (b) after the reac-
tion with BrPy. (c) The optical image at the same area of the
membrane.

Chemistry Letters Vol.33, No.2 (2004) 151

Published on the web (Advance View) January 14, 2004; DOI 10.1246/cl.2004.150


