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Abstract

Radiation-induced molecular imprinting of p-glucose onto poly(2-hydroxyethyl methacrylate) (HEMA) matrix was achieved to create three-
dimensional cavities to recognize and bind glucose. Molecularly imprinted polymers (MIPs) were synthesized with different types of cross-
linkers and varying amounts of template molecule in an attempt to elucidate the impact of imprint quantities on the effectiveness of imprinting
technique. The crosslinking agents used in this study were diethylene glycol diacrylate (DEGDA), triethylene glycol dimethacrylate (TEGDMA)
and polypropylene glycol dimethacrylate (PPGDMA) in the order of increasing chain length. Crosslinking agent concentration in the polymer-
ization mixture (monomer, crosslinking agent and template) covered a range of 10, 20, 30, and 70 mol%. The mole ratio of template molecule,
D-glucose to functional monomer, HEMA, was kept either as 1:3 or 1:6. The absorbed dose varied from 1 to 15 kGy. Control polymers were
synthesized with exactly the same composition in the absence of pD-glucose. Cavity sizes of MIPs were investigated by positron annihilation
lifetime (PAL) measurements. A sandwich arrangement (sample—source—sample) was used. PAL experiments were carried out using a conven-
tional fast—fast coincidence system having a time resolution (FWHM) of about 280 ps. Free-volume hole radii of samples were investigated in
their dry and fully water swollen state.

The results obtained from a systematic study of the effects of concentration and molecular size of the crosslinking agents, template to mono-
mer ratio and irradiation dose experiments suggest that control of cavity size is feasible in nanometer scale by the optimization of these param-
eters revealed by means of (PAL) spectroscopy technique.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction interstitial geometry imposed by the template (target mole-

cule) which controls size of cavities in the network. After

Studies of molecular imprinting involve formation of a pre-
polymerization complex between a target molecule and func-
tional monomer or functional polymers with specific chemical
moieties capable of specific interactions with target molecule
by covalent, non-covalent or both and metal coordination
interactions [1—4]. The polymerization reaction is generally
initiated in the presence of a crosslinking agent to fix the
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polymerization, the template is removed by solvent-washing
procedure and the crosslinked structure retains specific recog-
nition sites and specific moieties for the template molecule.

The free-radical polymerization mechanism is mostly used
in these systems for several advantages. The polymerization
can be initiated by several factors; thermo or photolytic
initiation being the most widely used. Sreenivasan and
Sivakumar have also used radiation-induced polymerization
technique for imprinting process [5].

Recognition matrices with high substrate selectivity and
specificity can be prepared with molecular imprinting
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technique. A wide range of compounds have been used as
imprint molecules to investigate the feasibility of various prac-
tical applications. Compounds such as amino acids, proteins,
carbohydrates, herbicides and hormones have been used suc-
cessfully for the preparation of selective recognition matrices
[6—10]. Thus, molecularly imprinted polymers have been used
as separation and isolation matrices, as antibody and receptor
mimics in immunoassay-type analysis, as enzyme mimics in
catalytic applications and as biosensor like devices [11—14].
Among these applications, the best developed application
area for imprinted materials has been the stationary phases
for chromatography.

The success of imprinting process is governed by two factors:
chemical affinity of specific chemical structures usually present
in the form of pendant groups of monomers toward the template
and control of cavity size formed as a result of crosslinked
structures. The former provides the chemical and latter, physical
recognition hence binding and separation processes.

For chemically similar templates the control of pore size
becomes more important for selective separation and binding
of molecules of different sizes. The measurement of pore
size and its distribution therefore are of great importance in
the design of molecularly imprinted polymers.

Yanj and Li used N, adsorption method to analyze the pore
size and surface area of molecularly imprinted polymers.
TEM, AFM and SEM methods were also used to investigate
pore size and surface properties of imprinted polymers with
physical conformation of either irregular particles or micro-
spheres [15—18]. However, these techniques cannot give pre-
cise results about the cavity sizes of MIPs.

Positron annihilation lifetime (PAL) spectroscopy is one of
the most sensitive methods of studying free-volume sizes.
After entering condensed matter, energetic positron (e™) be-
comes thermalized in very short time (some ps), and at the
end of its track annihilates on an electron either directly or
through forming an intermediate state, positronium. A positro-
nium (Ps) is a bound state of a positron and an electron. Cor-
responding to the mutual spin orientations (anti-parallel and
parallel) of the consisting particles, Ps exists in two states,
called para-positronium ( p-Ps) and ortho-positronium (o-Ps).
The intrinsic lifetimes of p-Ps and o-Ps in vacuum are 0.125
and 142 ns, respectively. In molecular materials, such as poly-
mers, the o-Ps is localized in free-volume holes, or cavities,
and its positron annihilates on an electron from the surround-
ing media (the so-called pick-off process). The pick-off anni-
hilation process shortens the o-Ps lifetime to some ns. The
pick-off annihilation lifetime of the o-Ps can be directly corre-
lated to the size of the free-volume holes by a semi-empirical
equation proposed by Nakanishi and Jean according to the
quantum-mechanical model of Tao later developed by Eldrup
et al. [19—21]. The equation correlates the radius, R, of the
spherical free-volume hole, where Ps is confined, to the o-Ps
pick-off annihilation lifetime:

R 1 2R\ 1!
pps =0.5|1 ——+—sin( —— )| 1
T p-pe { R0+21'tsm<R0 )} (1)

where 7,.ps is expressed in ns and AR =Ry — R =0.1656 nm
is an empirically determined constant [22]. Although the o-Ps
lifetime has been successfully correlated to the size of the
free-volume hole, its intensity has been found to be influenced
by many factors, such as the temperature, positron irradiation,
electric field, and polar groups and cannot be used directly as
a quantity expressing the concentration of the free-volume
holes [23—27].

Our major goal in this work is to determine and control the
sizes of free-volume holes produced during the synthesis of
glucose imprinted hydroxyethyl methacrylate based polymers
by means of PAL spectroscopy. The crosslinking agents of dif-
ferent chain lengths were used in different amounts to induce
cavities with different sizes with the anticipation of obtaining
the best size for the target molecule, p-glucose. The use of ion-
izing radiation as the method of generating free radicals for
polymerization reactions at room temperature has provided
another control over cavity size by simultaneous action of
radiation in polymerization and crosslinking reactions.

2. Experimental section
2.1. Materials

The crosslinking agents, diethylene glycol diacrylate
(DEGDA) and polypropylene glycol dimethacrylate (PPGDMA
with Mn = 560), were purchased from Aldrich (Milwaukee,
USA), triethylene glycol dimethacrylate (TEGDMA) was pur-
chased from Aldrich (Steinheim, Germany). The template
molecule, D-glucose and functional monomer, 2-hydroxyethyl
methacrylate (HEMA) were obtained from Fluka (Buchs,
Switzerland). The solvents, dimethyl sulfoxide (DMSO) and
ethanol (EtOH), were purchased from Merck (Darmstadt,
Germany). All chemicals were of analytical grade and used as
received.

2.2. Synthesis of p-glucose imprinted network

All MIP systems with different compositions of template,
crosslinking agent and functional monomer were synthesized
in the presence of a solvent via radiation polymerization. In
order to achieve pre-polymerization complex formation, tem-
plate molecule, p-glucose, was first mixed with the monomer,
then with the crosslinking agent and the solvent. The cross-
linking agents used were DEGDA, TEGDMA, PPGDMA in
the order of increasing chain length. Crosslinking agent con-
centration in the polymerization mixture (monomer, crosslink-
ing agent and template) covered a range of 10, 20, 30, and
70 mol%. The mole ratio of p-glucose to functional monomer,
HEMA, was kept either as 1:3 or 1:6. Control polymers were
synthesized with exactly the same compositions as MIPs in the
absence of p-glucose. To investigate the crosslinking effect of
radiation, HEMA networks were also prepared without cross-
linking agent in the same manner. All MIP systems were pre-
pared in appropriate amount of DMSO:EtOH (3:1 vol:vol)
solvent mixture. Once the mixtures mentioned above were pre-
pared they were placed in-between the clamped glass slides
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(60 mm x 60 mm X 2 mm) separated with natural rubber ring.
Irradiations were carried out in air at ambient temperature in
a Gamma cell 220, 60CO-Y irradiator (Nordion, Canada) with
an absorbed dose from 1 to 15 kGy. At the end of predeter-
mined irradiation periods the glass slides were placed in de-
ionized water for 6 h, crosslinked polymers then carefully
separated from the glass slides and were cut into discs of
12 mm diameter. Discs were then placed into 200 mL of de-
ionized water. The rinsing solutions were changed three times
a day to remove the template and unpolymerized material if
any. The resulting discs were then dried in air at room temper-
ature and then placed in a vacuum oven (T =40 °C, 100 mbar
vacuum), until complete dryness.

2.3. PAL experiments and data analysis

For positron annihilation lifetime (PAL) experiments a pos-
itron source was prepared by depositing ca. 1.8 MBq of aque-
ous **NaCl on a 7 pm-thick Kapton foil having a 10 x 10 mm?
area. After drying, the foil was covered with foil of the same
size, and the foil edges were glued with epoxy resin. A sand-
wich arrangement (sample—source—sample) was used. PAL
experiments were carried out using a conventional fast—fast
coincidence system having a time resolution (FWHM) of
about 280 ps. The measurements were carried out in air at
room temperature. The spectra were recorded at every 2 h
with total counts in each spectrum being of ~1.8 x 10°.
Then, for each type of sample, the first five spectra were
summed together resulting in statistics of ~9 x 10° counts.
In a number of experiments on polypropylene and polyethyl-
ene, the exposure to the energetic positrons of the weak,

N. Djourelov et al. | Polymer 48 (2007) 2692—2699

radioactive source may lead to increased Ps formation inhibi-
tion with the elapsed time of the exposure what is known as
source effect [28]. No such sequential change was observed
over the timeframe (for some of the samples more than
48 h) of the measurements.

Assuming that e’ annihilates from states with definite
discrete lifetimes, 7;, the PAL spectrum can be written as:

n

S(t) =R(O®{ (N) Y _(Ii/7)exp(~t/7)) + B ¢, 2)

i=1

where R(f) is the apparatus time resolution function, n is the
number of different states, /; (Z;’Zl I; = 1) denotes the relative
intensity of the corresponding component or probability of
annihilation with lifetime 7;, N, is the total counts, and B is
the background. For a continuous distribution of the lifetime,
the sum in Eq. (2) has to be replaced by the integral
J=,(1/7)(r)exp(—t/7)dr, where [ I(t)dr = 1. First, all
of the experimental spectra were analyzed by MELT program
assuming continuous lifetime distribution [29]. As it was ex-
pected, for the short lifetime region (<0.5 ns), two sharp peaks
of the lifetime distribution were observed (Fig. 1). The mean
lifetime of the first peak was close to 0.125 ns, in good agree-
ment with the p-Ps lifetime. The mean value of the second
peak was ~0.380 ns, which is a value usually ascribed to an-
nihilation of free positrons. However, for the longer lifetime
region (>0.5 ns), we observed different types of distributions
(unimodal or bimodal) even for a single sample (see Fig. 1).

For the case of discrete lifetimes, we used the LT program,
and the spectra were resolved first into four components [30].
The experimental errors of the two long lifetimes and their
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Fig. 1. Example of lifetime distribution for 30% TEGDMA containing sample with 3:1 HEMA:glucose mole ratio and 5 kGy irradiation dose. The continuous lines
represent MELT result for consecutive spectra for the same sample with statistics of ~ 1.8 x 10° counts. The dashed line is plotted from the third component data

obtained by LT from the summed spectrum with statistics of ~9 x 10® counts.
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corresponding intensities were large which lead us to the con-
clusion that, actually, the two long-lived components represent
one component but with a wide distribution. Therefore, for the
final analysis, we used the feature of the LT program that
allows mixed analysis: two short-lived components were
assumed to be discrete and a long-lived component, due to
pick-off o-Ps annihilation, was assumed to have a log-normal
distribution. It should be mentioned that the LT results for the
0-Ps component differ very little for the consequent spectra of
the same sample. That is why the o-Ps lifetime distribution
only for the summed spectrum is plotted in Fig. 1. For all
the samples the standard deviation of the mean lifetime 73
with a log-normal distribution obtained by LT program was
in the range 0.4—0.5 ns. These data are not presented graphi-
cally because there was no clear correlation with the sample
preparation conditions.

2.4. Doppler broadening of annihilation gamma-line

For the measurements of the Doppler broadening of the an-
nihilation line, a Ge detector with energy resolution of 1.2 keV
at 662 keV line of '*’Cs was used. The measurements were
performed simultaneously with the PAL measurements. The
shape of the Doppler-broadened annihilation y-line is usually
characterized by the integral S and W parameters. The S
parameter was defined as the ratio of the sum of counts in
the central region of the peak (JAE| < 0.9 keV, where AE is
the shift from the 511 keV peak maximum) relative to the total
peak counts (N, and the W parameter, as the ratio of the sum
of counts in the peak wings (2 < |AE| <7 keV) to Ny

3. Results and discussion

3.1. The effect of type and amount of the crosslinking
agent

3.1.1. Dry samples

Fig. 2 shows the mean free-volume hole radius, R, and o-Ps
intensity versus the type of crosslinking agent at different con-
centrations. The presented results are for dry samples with
fixed HEMA/glucose (H:G = 3:1) ratio and gamma-irradiation
dose (D =5 kGy). The values for the radii are calculated by
iteration procedure based on Eq. (1).

The results shown in Fig. 2 can be evaluated under two
categories: low (C =10 and 20%) and high (C =30 and
70%) concentration of the crosslinking agent. When the con-
centration is low, R is slightly affected by the molecular size
of the crosslinking agent, as we go from pure HEMA (denoted
by NA on the figures) crosslinked by gamma rays only to
HEMA crosslinked in the presence of DEGDA, there is an in-
crease of about 0.01 nm in the radius of holes. We can explain
this behavior with the purely random crosslinking of HEMA
alone resulting in dense crosslinking whereas in the presence
of DEGDA the two functionality of the crosslinking agent im-
poses a certain limited mesh size on the crosslinked structure.
In the same concentration range by increasing the size of the
crosslinking agent from DEGDA to TEGDMA, R does not

(a)

0.3

0.295
029
0.285

0.28 F

R (nm)

™

0275}
027}
0.265 |
026 |
0255F &

0.25 r "
NA DEGDA

TEGDMA  PPGDMA

(b)

27
25
23}

21}

0-Ps intensity (%)

W\

19}

17

15| : :
NA DEGDA

TEGDMA  PPGDMA

Fig. 2. Free-volume hole radius (a) and o-Ps intensity (b) for dry samples versus
the type of crosslinking agent at different concentrations. Irradiated samples
(D =5 kGy) with 3:1 HEMA:glucose mole ratio; symbols A, (1, ¢, @,
and M indicate 70, 30, 20, 10% and no crosslinking agent containing samples,
respectively. NA indicates sample prepared without crosslinking agent.

seem to be affected much if not slightly decreasing. Although
by going from DEGDA to TEGDMA there is an increase of
one ethylene glycol unit on the chain, this small increase in
size is compensated by the presence of methyl group of meth-
acrylate. The increase in R in the presence of PPGDMA as
compared to other crosslinking agents is clear from the figure,
which is simply related to rather big difference in their respec-
tive chain lengths. But still the effect of PPGDMA is not as big
as expected which can be related to dominating structure of
randomly crosslinked HEMA in this range, comprising 80
and 90% by mole of the total.

In the high concentration range of crosslinking agents
(C =30 and 70%), however, the change of R with crosslinking
agent type is obvious as seen from Fig. 2a. R steadily increases
by going from DEGDA to TEGDMA and to PPGDMA from
about 0.26 to 0.28 and to 0.30 nm, respectively. In this cross-
linking agent concentration range, HEMA is in rather low
amounts as compared to the crosslinking agent and the overall
structure of crosslinked system is dominated by the



2696 N. Djourelov et al. | Polymer 48 (2007) 2692—2699

polymerization of crosslinking agent itself resulting in mesh
sizes imposed by the lengths of crosslinking agents. A com-
parison of the relative sizes of free volumes in the swollen
state of MIPs can be made by measuring the equilibrium
swelling degrees of these crosslinked systems. In parallel
with PAL spectroscopic studies, the swelling behaviors of
MIPs were also investigated. Fig. 3 shows the swelling kinet-
ics of three MIPs in water. The equilibrium swelling ratios
obtained for HEMA crosslinked in the presence of 30% of
DEGDA, TEGDMA and PPGDMA were 37, 43 and 82%, re-
spectively, as shown in Fig. 3, which show a good correlation
with free-volume hole radii of dry samples as given above.

3.1.2. Samples swollen in water

Fig. 4 shows the PAL spectroscopic results for the same
MIP samples used in Fig. 2, this time fully swollen in water.
R versus crosslinking agent type graph given in Fig. 4a reveals
an interesting result. Irrespective of the chain length of cross-
linking agent and its concentration, the free-volume hole ra-
dius determined for these MIPs was found to be the same
for all systems. Water absorption and consequent changes in
free-volume characteristics in polymers are widely studied
by PAL spectroscopy [31—35]. With an increase of water con-
tent in the polymer an increase in the sizes of free-volume
holes has been observed. This has been explained by the
plastification effect (enhanced polymer chain mobility) of the
water molecules absorbed at the inner surfaces of free-volume
holes. What is measured by PAL spectroscopy in these studies
is the free volume not occupied by water. At higher water con-
centration, the o-Ps lifetime reaches a saturation value that
corresponds to free-volume hole radius of 0.28 nm. The last
value is the Ps-bubble size in water at room temperature which
means that Ps is formed in bulk water fully or partially occu-
pying the free-volume holes in the water swollen samples [36].

The decrease of free-volume hole size after swelling for the
samples prepared with PPGDMA, C =30 and 70% (Fig. 4a)
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Fig. 3. Swelling experiments in water for imprinted polymers crosslinked with
30% of DEGDA (M), TEGDMA (@), PPGDMA (A ).
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Fig. 4. Free-volume hole radius (a) and o-Ps intensity (b) for water swollen
samples versus the type of crosslinking agent at different concentrations. Irra-
diated samples (D =5 kGy) with 3:1 HEMA:glucose mole ratio; symbols A,
[, ©, &, and W indicate 70, 30, 20, 10% and no crosslinking agent contain-
ing samples, respectively. NA indicates sample prepared without crosslinking
agent.

indicates that the free-volume holes inside the swollen cross-
linked polymeric system are larger than the Ps-bubble size
and probably fully occupied with water. For the rest of the
samples, an increase can be seen in the free-volume size as
compared to dry samples because of the swelling. Therefore
for the last-mentioned samples plastification effect is the other
possible explanation for the observed hole size enhancement.
However, because of the almost constant R-values for the
swollen samples, we are inclined to believe that what is mea-
sured for all of the swollen samples is the size of the Ps-bubble
in water which occupies the free-volume holes. This conclu-
sion has also lead us to propose that the pores created during
formation of MIPs are not closed but all interconnected giving
access to diffusion of water. The presence of interconnected
pores instead of or together with discrete ones may be ex-
pected to cause a slight increase in the estimated pore sizes.
As Ps is formed in such systems, it may diffuse through
the interconnected pores to find the largest one which is
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energetically the most favorable for Ps thus giving rise to
slightly overestimated mean sizes for the pores.

O-Ps intensity (Figs. 2b and 4b) is a quantity directly con-
nected to the Ps formation probability. Although Ps formation
probability depends mostly on the available free-volume holes,
it is affected by many additional factors as discussed in Sec-
tion 1. For the studied samples, the main factor is the presence
of polar groups in the chemical structure of the sample precur-
sors. The electro-negativity of oxygen atom is 3.5 P.u., while
that for hydrogen and carbon is 2.1 and 2.5, respectively.
Therefore, groups like C=0O and COH express definite polar-
ity, and oxygen is partially negatively charged. Thus, positrons
are attracted by the oxygen of these groups and Ps formation is
inhibited. If the difference can be neglected for the polarity of
the different oxygen containing groups, an estimation can be
made roughly for the oxygen effect on the o-Ps intensity by
calculating the fraction of the oxygen weight over the total
molecular weight of HEMA and the crosslinking agents.
This fraction is 0.20, 0.31, 0.35, and 0.08 for HEMA,
DEGDA, TEGDMA, and PPGDMA, respectively. That is
why both effects on the actual change in the number of free-
volume holes and Ps inhibition have to be considered care-
fully. If we consider only the oxygen effect because of the
presence of DEGDA and TEGDMA crosslinking agents on
the o-Ps intensity we should observe a decrease from the
values for HEMA samples. However, the observed change is
an increase (Figs. 2b and 4b). So, it could be concluded that
there is increase in the free-volume holes’ number due to
crosslinking which is evident for higher crosslinking agent
concentrations (C = 30 and 70%), while for the lower concen-
trations (C =10 and 20%) it is not clear. The o-Ps intensity
value for the PPGDMA crosslinking agent is higher compared
with those for the other crosslinking agents but this does not
surely mean higher number of free-volume holes. Most prob-
ably this comes from the lower oxygen content in PPGDMA.

Additional confirmation of the last suggestion comes from
the plot of S parameter as a function of W parameter (see
Fig. 5) obtained from DBAL experiments. S parameter de-
pends mostly on the Ps yield, while W parameter is sensitive
to the chemical structure of the sample. For our choice of
the energy range for W parameter calculation, W parameter
is highly sensitive to annihilation on oxygen [36,37]. Although
the experimental data scattering in Fig. 5 is high, it can be seen
that the trend lines of the sample groups prepared with
PPGDMA (dry and swollen) differ from the rest of the sample
groups. The slopes of the trend lines for these two groups are
approximately —1.70, while those for the other groups lie in
the range —1.33 to —1.17. This means that for the same de-
crease of the Ps yield (S parameter decrease) the increase in
W parameter for PPGDMA containing samples is lower than
that for the other group of samples. The reason is that fewer
positrons are trapped and annihilate on oxygen in the samples
prepared with PPGDMA than that in the samples prepared
with TEGDMA and DEGDA, and in pure HEMA, because
of the relatively less oxygen content of propylene groups.

3.2. The effect of template concentration

Fig. 6 shows the effect of template concentration on the
free-volume hole radius and number of MIPs. Two classes
of samples are considered, those prepared from pure HEMA
only by radiation-induced crosslinking denoted by NA (see
the caption of the figures, solid and empty circles) and those
prepared from HEMA — TEGDMA (C =30%) and glucose
where the HEMA to glucose concentrations were kept at 3:1
and 6:1. PAL spectra of all these samples were taken in both
dry and swollen states. In dry state, although small but still
a difference was observed for imprinted (those with the tem-
plate, H:G = 6:1 and 3:1) and non-imprinted (H:G = 6:0 and
3:0) samples. The free-volume hole radius of imprinted
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Fig. 5. S parameter as a function of W parameter. Horizontal and vertical error bars (not drawn for clearness) for S and W are about twice the size of the points. The
lines are linear fits of the corresponding groups of experimental points; (<) NA, (4 ) NA swollen, (1) TEGDMA, (Ill) TEGDMA swollen, (A ) PPGDMA, (A )
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Fig. 6. Free-volume hole radius, R (a) and o-Ps intensity (b) versus HEMA/
glucose (H:G) ratio. NA indicates samples prepared without crosslinking
agent. Irradiated samples (D =5kGy) with 3:1 and 6:1 HEMA:glucose
mole ratio; symbols @, O, W, and [] indicate NA in dry state, NA in swol-
len state, 30% TEGDMA in dry state, and 30% TEGDMA in swollen state,
respectively.

samples was found to be smaller than non-imprinted ones
which shows that the presence of template brings a control
of cavity volume though small in magnitude. In swollen sam-
ples since what is measured is the dimension of the Ps-bubble
in water filling the free-volume holes, the R-value does not
change much with neither crosslinking agent nor template
ratio. In fact the equilibrium swelling ratios of non-imprinted
HEMA only samples with different template ratios were
almost the same, 69 and 71% indicating that even in the
expanded state they do not differ much in volume.

3.3. The effect of radiation dose

The change of R with dose as shown in Fig. 7 is given only
for samples prepared in the presence of TEGDMA and shows
that for non-imprinted samples R is smallest at the lowest dose
and become independent of dose beyond 5 kGy. This is an
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Fig. 7. Free-volume hole radius, R (a) and o-Ps intensity (b) versus irradiation
dose. NA indicates samples prepared without crosslinking agent. Samples with
3:1 HEMA:glucose mole ratio; symbols @, O, M, and [ indicate glucose
imprinted NA, non-imprinted NA, glucose imprinted 30% TEGDMA contain-
ing sample, and non-imprinted 30% TEGDMA containing sample with vary-
ing dose, respectively.

expected result since the lower the dose, the less will be the
concentration of crosslinks, thus wider will be the space be-
tween the chains. With increasing dose crosslink density will
increase and beyond a certain dose considering the chain scis-
sion effect of radiation as well it will reach a saturated value.

4. Conclusions

Positron annihilation lifetime (PAL) experiments presented
in this study are the first attempt at molecular imprinting to
analyze cavity size in nanometer scale. The free-volume hole
measurement for p-glucose imprinting in a polymer matrix
via PAL spectroscopy demonstrated in this study shows the
power of this technique in analyzing the success of molecular
imprinting process.
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In this study, p-glucose imprinted networks were synthe-
sized with different crosslinkers by using radiation-induced
polymerization. For the optimization of free-volume holes in
imprinted network, crosslinkers with different chain lengths
selected and varying amounts were used with two different
template-functional monomer ratios. The use of ionizing radi-
ation as the tool for initiation of polymerization and copoly-
merization provided an additional parameter for controlling
of network structure. These results demonstrate the feasibility
of measuring and thus controlling cavity size in an imprinting
system based on various parameters.
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