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This is the first in-depth study examining the effect of morphology on the performance of 2-amino-
pyridine (2-apy) imprinted polymers. A series of polymers were prepared by varying the amount of
crosslinking monomer (EGDMA) whilst the other polymer components remained constant. Physical
characterisation was carried out using conventional techniques, such as nitrogen sorption porosimetry
and solvent swelling studies. The use of a novel thermal desorption GC–MS technique suggested higher
levels of polymer degradation with prolonged exposure to elevated temperatures for those polymers
formed with lower amounts of EGDMA. The thermal desorption GC–MS profiles obtained correlated with
the physical characteristics of the polymers, where higher levels of polymer bleed was found to occur
with larger average pore diameters. Polymer physical characteristics were also found to correlate with
the binding parameters (number of binding sites and polymer–template association energy) obtained
from the Langmuir–Freundlich Isotherm (L–FI) and affinity distribution spectra (AD). The flexibility of the
polymers formed from lower amounts of EGDMA combined the swelling effect of the solvents on the
polymers resulted in an increase in affinity, which was both specific and non-specific in nature.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The performance of molecularly imprinted polymers (MIPs) is not
only dictated by the interaction of template with the functional
monomer pre- and post-polymerisation on a molecular level, but also
by the physical make up of the polymer on a macro level. Imprinted
polymers are generally insoluble materials whose subsequent use
depends on their morphology in terms of the particle shape and size
and the porous texture of the material. Therefore, it is important to
determine the morphology of imprinted polymers as it can effect their
subsequent molecular recognition properties and/or their mode of
application.

Typical polymer characterisation techniques include optical
microscopy (e.g. scanning electron microscopy (SEM), transmission
electron microscopy (TEM) and scanning probe microscopy (SPM)
[1,2]), sorption measurements (e.g. nitrogen or mercury sorption
[3,4]) and thermal analysis (e.g. differential scanning calorimetry
(DSC) and thermogravimetric analysis (TGA) [5,6]). Other techniques
such as swelling, FTIR and NMR analysis have also found use in
characterising polymers [7,8]. The molecular recognition behaviour of
MIPs is examined by analysis of polymer affinity and specificity,
All rights reserved.
typically carried out in solution using equilibrium binding experi-
ments or by HPLC analysis [9].

Recently, a technique based on thermal desorption GC–MS
analysis has been presented as a novel methodology for the char-
acterisation of MIPs [10,11]. Thermal desorption analysis involves
coupling a GC–MS with a direct probe sample introduction device.
The sample is exposed to a pre-determined temperature pro-
gramme and the desorbed materials are transported to an MS
detector where they are qualitatively analysed. The initial investi-
gations into the use of this methodology showed how the tech-
nique could be used to follow template removal in the initial
pre-treatment stage and to assess specificity and selectivity during
polymer reloading. The technique also displayed sensitivity that
could identify differences in polymer performance based on
compositional changes.

The phenomenon of heterogeneity predominately occurs in
non-covalently imprinted polymers due to the instability of the
pre-polymerisation monomer–template complexes. This can be
problematic as it results in the formation of a range of binding sites
with varying affinities towards the template species. This hetero-
geneous property can limit the use of MIPs, particularly in chro-
matographic applications where it can lead to poor resolution and
peak asymmetry [12], and it can also lead to cross-reactivity in
sensors [13]. A combination of studies on pre-polymerisation
complexes (by NMR, UV or FTIR spectroscopy) and analysis of the
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heterogeneous nature of the resultant polymers can lead to the
determination of an optimum composition for imprinting a specific
template. This can result in maximum polymer performance in
subsequent applications.

Only in recent years have post-polymerisation attempts been
made to characterise the heterogeneous nature of imprinted
polymers. Typically an experimental binding isotherm is generated
for the imprinted polymers and it is then possible to estimate the
binding behaviour of the system by fitting the experimental
isotherm to various mathematical models, for example Langmuir
(LI), Bi-Langmuir (Bi-LI or Scatchard), Freundlich (FI) and the hybrid
Langmuir–Freundlich (L–FI) isotherms. Each of these models has
their advantages and disadvantages, which are discussed in detail
in review papers by Diaz-Garcia [9] and Umpleby [14]. Bi-LI is
typically applied using Scatchard plots and has up until recently
been the most common method for the assessment of MIPs.
However, because of its limitations, including the assumption that
binding occurs at either high or low affinity binding sites as
opposed to a range of affinities of binding sites, a recent trend has
been to use a variety of binding isotherms in polymer assessment.

An earlier study that utilised LI, FI and L–FI for polymer char-
acterisation compared covalent and non-covalent polymers, all of
which were taken from the literature [15]. The FI has been used
previously to examine the binding behaviour of polymers formed
using different compositions [16]. The use of the isotherms indi-
vidually, or as a combination, have typically been used to identify
the most appropriate model for a given template using only one
polymer composition [17], a comparison of bulk and precipitation
polymers [18], assessment of binding to films [19], by varying the
type of functional monomer and the template used [20] or used for
the assessment of the cross reactivity of an imprinted polymer [21].

L–FI is increasingly becoming the model of choice for MIP
characterisation. Unlike LI and FI, L–FI is capable of simultaneously
modelling the binding characteristics of imprinted polymers at
both high and low concentrations for heterogeneous and homo-
geneous systems [9,14,15]. It has also been proven to accurately
model the binding behaviour of imprinted polymers, as demon-
strated by Umpleby et al. [15] who applied the model to five
systems (heterogeneous and homogeneous) taken from the
literature.

Affinity distribution analysis of binding sites can be carried out
by surface topography characterisation [9], expectation max-
imisation (EM) methods [22–24] or by the generation of affinity
distribution (AD) spectra [15,16,25–35]. AD spectra typically display
the number of binding sites with respect to association constant of
those sites. While AD spectra have found use in the assessment of
imprinted polymers, the majority of those plots have been gener-
ated based on FI parameters [16,25–28,30–34], or directly by
Hunstons approximation method [35–38]. Umpleby et al. are the
only group, to date, to report the generation of AD spectra based on
L–FI binding parameters [15].

The following study was carried out so as to characterise the
morphological changes pertaining from various polymer compo-
sitions using the novel thermal desorption GC–MS technique,
mentioned above, and also by using LI, FI, L–FI and AD spectra. The
imprint system chosen for analysis was methacrylic acid-co-
ethylene glycol dimethacrylate (MAA-co-EGDMA) selective
towards 2-aminopyridine (2-apy). This system has previously been
studied, both in terms of pre-polymerisation monomer–template
interactions [39] and post-polymerisation selectivity towards the
template and structural analogues [40–43]. However, such studies,
in terms of the binding capability, have been carried out on poly-
mers formed using only one ratio of MAA-co-EGDMA (1:30). As the
performance of this system is well established it therefore acts as
an ideal candidate for investigating the effect of morphology (i.e.
the porous structure) on the performance of imprinted polymers.
This study also allows for further investigation into the suitability of
thermal desorption GC–MS for the characterisation of MIPs, and it
is also the first report of the use of LI, FI, L–FI and AD spectra based
on the L–FI fitting parameters in the examination of composition on
polymer performance, as carried out in the solution phase.
Comparisons to traditional polymer characterisation techniques,
such as nitrogen sorption porosimetry and solvent swelling studies,
were also made.

2. Experimental

2.1. Materials

Ethyleneglycol dimethacrylate (EGDMA) (98%), methacrylic acid
(MAA) (99%), 1,1-azobis(cyclohexanecarbonitrile) (ACCN) (98%) and
2-aminopyridine (2-apy) (>99%) (all purchased from Sigma–
Aldrich (Dublin, Ireland)). All solvents were of analytical grade
minimum. Chloroform (Lennox Dublin, Ireland) was stored over
molecular sieves (3 w, 3.2 mm) to maintain the absence of mois-
ture. Polymerisation was conducted in VGA-220-241K 20 mL glass
vials, which were sealed with VGA-221-510D 20 mm stoppers and
20 mm crimp seals.

2.2. Polymer synthesis

Polymers were synthesised using a previously described
method [11,43].

2.3. Nitrogen sorption analysis and solvent swell ratio
determination

The solvent swell ratio was determined in chloroform, aceto-
nitrile and methanol based on a method described by Mashelkar
et al. [44]. The swelling ratio (Sr) was calculated using Equation (1)
[45], based on the volume of dry polymer and the volume of wet
polymer. The average value of triplicate independent results were
obtained.

Swelling ratio ðSrÞ ¼ volume of wet polymer
volume of dry polymer

(1)

Nitrogen sorption analysis was carried out on approximately
15 mg quantities of polymer using a Gemini VI Surface Area and
Pore Size Analyser (Micrometrics). One hundred and ten point
adsorption/desorption isotherms were generated and the surface
area of the polymers was derived from the adsorption isotherm, in
the P/P0 range < 0.3 for a six point plot, using Brunauer, Emmett
and Teller (BET) analysis.

Pore analysis was carried out using the Barrett, Joyner and
Halden (BJH) method [46]. Pore radii at each P/P0 point was
determined using the Kelvin equation (Equation (2)), which was
corrected for multilayer adsorption using the Halsey thickness
equation (Equation (3)). Differential pore volumes were generated
by plotting dV/dD versus D (V is the pore volume and D is the pore
diameter) [47].

rk ¼ 2s1gv1

RTlnðPo=PÞ (2)

Where [48]; rk is the Kelvin radius,
s1gis the surface tension of the liquid condensate, and,
n1 is the molar volume of the liquid condensate.
The Halsey thickness equation, which corrects for multilayer

adsorption is given in Equation (3).
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t ¼ 3:55
�
�5:00

�1=3

(3)

lnðP=PoÞ

Where [4]; t is the thickness of the adsorbed liquid monolayer, and,
3.45 and 5.00 are empirical values.

The average value of duplicate independent results was
obtained.
2.4. Thermal desorption GC–MS analysis of polymers

Thermal desorption experiments on the polymers were carried
out using a Varian CP-3800 Gas Chromatograph coupled with
a Varian Saturn 2000 GC/MS/MS, as previously described [10,11].
A Varian Chromatoprobe was attached to one of the temperature
programmable injection ports of the GC which was connected via
a programmable switching valve to the MS detector through a 1 m
uncoated capillary column (i.d. 100 mm) housed in the GC column
oven. The flow gas was CP-grade helium at 0.5 mL min�1 min. The
programmable switching valve was used to select fractions for MS
analysis or to vent fractions to waste in order to protect the MS
detector from excessive exposure in the early part of the thermal
treatment.
Ni ¼ Ntamð1=KiÞmx

�
1þ 2að1=KiÞmþa2ð1=KiÞ2mþ4að1=KiÞmm2 � a2ð1=KiÞ2mm2 �m2

�
�
1þ að1=KiÞm

�4 (8)
2.5. Binding analysis

Fifty mg quantities of the polymers were weighed into 10 mL
volumetric flasks to which 5 mL of 0.025 mM–4.0 mM 2-apy in
chloroform were subsequently added. The flasks were stoppered
and equilibrated in a Stuart Scientific Orbital Incubator S150 at
25 �C for 16 h. Polymer solutions were then filtered using Omnifix
10 mL syringes fitted with OEM syringe nylon filters (0.45 mm). The
quantity of reloaded binding substrate bound to the polymer, B (see
Equation (4)), was determined by UV/VIS spectroscopic analysis of
the post equilibrium solution at the pre-determined wavelength
(approximately labs z 290 nm). The average values of triplicate
independent results were obtained.

B ¼ T � F (4)

Where; B is the amount of substrate bound to the polymer,
T is the initial amount of substrate added to the polymer, and,
F is the amount of free substrate in solution after equilibration.
Table 1
Linearised forms of LI, FI and L–FI [9].

Isotherm Linearised
Form

Plot Parameters

LI 1/B ¼ (1/Nta) þ (1/F) 1/B versus 1/F Nt ¼ 1/intercept,
a ¼ intercept/slope

FI mlog F ¼ log A log B versus
log F

a ¼ y intercept,
m ¼ slope

L–FI Solver functiona log B versus
log F

Fitting coefficients- Nt, a
and m.

a L–FI were fitted to the log–log plot of the experimental isotherms using
Microsoft Excel by varying the fitting parameters to minimise the coefficient of
variation (R2) determined to 1 as described by Shimizu et al. [15].
An experimental isotherm was generated by plotting B versus F
and was subsequently fit to the Langmuir (LI), Freundlich (FI) and
the hybrid Langmuir–Freundlich (L–FI) isotherms LI, FI and L–FI
(Equations (5), (6) and (7) respectively) as outlined in Table 1.
Affinity distribution spectra were generated by fitting the L–FI
binding parameters into Equation (8), using Microsoft Excel Solver
function [15].

� Langmuir isotherm (LI)

B ¼ NtaF
1þ aF

(5)
� Freundlich isotherm (FI)

B ¼ aFm (6)
� Langmuir–Freundlich isotherm (L–FI)

B ¼ NtaFm

1þ aFm (7)
� Affinity distribution equation for the L–FI
Where; Nt is the total number of binding sites,
a is related to the average binding affinity K0 via K0 ¼ a1/m,
m is the heterogeneity index, and,

log K ¼ log

 
1�
F
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�
!

3. Results and discussion

3.1. Nitrogen sorption analysis and solvent swell ratio
determination

The sorption isotherms for the 10 mmol and 40 mmol1

imprinted polymers are shown in Fig. 1. The 40 mmol polymers,
both MIP and NIP (NIP isotherms not shown), produced Type IV
isotherms, consistent with mesoporous structures, with type H3 or
H4 hysteresis. The 10 mmol polymers produced isotherms similar
to a Type II isotherm which is indicative of non-porous or macro-
porous materials. The adsorption and desorption mechanisms were
similar which is usually indicative of larger pores [47]. Non closure
of the loop, which was observed for all isotherms, implies incom-
plete removal of adsorbate from narrow pores [48].

The BET surface area and the pore data obtained are given in
Table 2.

The 40 mmol polymers had a larger surface area than corre-
sponding 10 mmol polymers. This was in agreement with previous
studies where surface areas have been shown to decrease with
decreasing crosslinker ratios [49]. Higher surface areas are indicative
1 10 mmol and 40 mmol refer to the concentration of EGDMA in the polymer
formulations.
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Fig. 1. Sorption isotherms for the imprinted polymers containing 40 and 10 mmol
EGDMA.
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of phase separation occurring at later stages of the polymerisation and
the formed polymers are accompanied with smaller pore size distri-
butions [50,51].

Similar trends in average pore volumes were observed on going
from the more crosslinked polymers to the less crosslinked poly-
mers. The pore volume distribution plots are illustrated in Fig. 2.
The average pore volume for all polymers was in the mesoporous
region. The 10 mmol polymers were less porous than the corre-
sponding 40 mmol polymers as is observed by the lower pore
volume in Fig. 2 and Table 2.

The polymer swelling ratios, as determined in chloroform,
acetonitrile and methanol, are illustrated in Fig. 3.

Chloroform swelled the polymers to a larger extent than aceto-
nitrile or methanol. This was expected as chloroform was the
porogen and would be expected to fill the pores in accordance with
polymerisation conditions. The polymers with higher surface areas
had lower swell ratios. This was consistent with previous studies
[44,52], swelling would be expected with lower crosslink ratios.
Although the cumulative volume of pores was less for the polymers
formed from lower amounts of EDGMA, the greater flexibility
allowed greater solvent ingress to the pores. Thus, more of the pores
may have been filled possibly causing greater expansion of the pores
and the surrounding polymer network. The broader distribution of
pore sizes for the 10 mmol polymers must also be considered. Cor-
responding MIP and NIP polymers swelled to the same degree in all
of the solvents. This is in agreement with the pore volume distri-
bution plots where solvent ingress through the pore network is
expected to be similar for comparable pore distributions.
3.2. Thermal desorption GC–MS analysis of polymers

The initial pre-treatment step of thermal desorption GC–MS can
be used to facilitate the removal of unreacted polymer components,
as outlined in the early work utilising this technique [10,11]. Fig. 4
illustrates the pre-treatment desorption profiles attributed to
EGDMA (crosslinking monomer) for the 10 mmol and 40 mmol
polymers.

The NIP polymers consistently displayed higher levels of bleed,
relative to corresponding imprinted polymers, across multiple
Table 2
Summary of the BET surface areas and the pore data obtained for the polymers formed

Polymer BET surface area (m2 g�1) Cumulative surface area
pores (cm3 g�1)

MIP NIP MIP NIP

40 mmol EGDMA 293.9 (�9.9) 347.2 (�2.5) 260.9 (�20.4) 289.6
10 mmol EGDMA 93.1 (�11.8) 67.1 (�0.6) 92.4 (�14.5) 64.6
analyses. Similar to the solvent swell studies, the pore structures
(i.e. the pore volume distributions) would facilitate the migration of
desorbed materials from within the polymer network. As the pore
volume distribution profiles for MIPs and NIPs were experimentally
similar (Fig. 2(a) and (b)), the pre-treatment analysis supports the
earlier hypothesis that the non-imprinted polymers may not have
been crosslinked to the same degree as corresponding imprinted
polymers [10,11]. What must also be considered is that the average
pore diameter for the NIP species was larger than MIP polymers, for
both compositions. Consequently, this may also have contributed to
the higher level of bleed observed from the NIP polymers as the free
volume within the NIP polymers was larger thus facilitating
increased levels of migration within the polymer matrix.

During the assessment of polymer affinity it was again possible
to carry out a bleed composition analysis. Fig. 5 illustrates the RIC
(Reconstructed Ion Chromatogram, which displays the total ion
count for all ions generated in the range m/z 40–300) for 40 and
10 mmol MIPs and the profiles for 2-apy, EGDMA, MAA and chlo-
roform (m/z 83) for the 10 mmol imprinted polymer. The RIC
profile, more specifically the high level of bleed relative to the other
components, would suggest possible degradation coinciding with
the ramps of the temperature programme employed. There was
less bleed for the 40 mmol polymer than for the 10 mmol sug-
gesting a higher level of degradation for the latter composition.

Bleed due to EGDMA was identified during the template
reloading stage, again, suggesting possible degradation. The
maximum temperature reached during both the pre-treatment and
reloading was 250 �C. While the pre-treatment temperature
program consisted of a different temperature ramp than that used
in the reloading analysis, both have the same max temperature of
250 �C. Fig. 6 visually illustrates the difference between the bleed
obtained for a pre-treatment versus reloading. It was evident from
analysis of the desorption profiles (Fig. 6) that a larger amount of
EGDMA was displaced during the pre-treatment stage. It is
presumed that the bleed in the pre-treatment stage was due to
residual unreacted crosslinking monomer. As the binding capability
of the polymers was shown to diminish with prolonged exposure to
elevated temperatures [10], indicating possible destruction of
binding sites, it is suggested that the bleed during reloading was
due to degradation as opposed to removal of residual EGDMA.
3.3. Binding isotherms and affinity distribution analysis of MIPs

LI and FI displayed poorer fits (R2) to the experimental binding
data relative to L–FI (Table 3). Thus, the results discussed in this
work are based on the novel application of L–FI and AD spectra on
the effect of varying the amount of crosslinking monomer on the
binding characteristics of 2-apy imprinted polymers.

The fitting coefficients Nt, a and m were determined using Solver
function (see Table 4). For these values to be accurately obtained K0

(average association constant) must fall within the limits 1=Fmin and
1=Fmax (the limits of affinity distribution). This is a pre-requisite in
determining the suitability of L–FI. These values were determined by
the relationships Kmin ¼ 1=Fmaxand Kmax ¼ 1=Fmin, where F is the
concentration of free analyte in solution. As the K0 value for all of the
using 40 and 10 mmol of EGDMA.

of Cumulative volume of pores
(cm3 g�1)

Average pore diameter
(nm)

MIP NIP MIP NIP

(�4.6) 0.481 (�0.025) 0.606 (�0.005) 7.4 (�0.2) 8.4 (�0.2)
(�4.9) 0.313 (�0.022) 0.225 (�0.022) 13.6 (�1.2) 14.0 (�2.4)
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polymers fell within these limits (coupled with the improved R2

values) the information obtained on the binding characteristics are
deemed appropriate for polymer study. The general trend observed
for the average association constant, K0, was that it decreased with
decreasing EGDMA content. The reduction in K0 may be attributed to
the presence of less defined binding sites as a result of lower
amounts of crosslinking monomer.

The total number of binding sites, Nt, was found to increase with
deceasing EGDMA content. This trend was expected due to the
increased flexibility which permitted the intrinsic sites of the
polymer to become occupied, resulting in the observed overall
higher capacity of the polymers. The average pore diameter
decreased with increasing EGDMA amount which may have
resulted in a greater sieving capability of those polymers, ulti-
mately leading to an overall lower capacity (and number of calcu-
lated binding sites). As the initial concentration of template to
monomer remained constant for all polymers there should, in
theory, be an equal number of binding sites present in all of the
polymers. However, applying the L–FI to the polymers indicated
that this was not the case. The flexibility and various porous
structures of the polymers combined with the swelling of the
polymer in chloroform may have resulted in greater access within
the polymer matrix. This then resulted in a higher degree of
binding, which may have been both specific and non-specific in
nature [11]. Therefore, while the number of sites was shown to
increase with decreasing EGDMA content the values given do not
account for potential non-specific binding.

The heterogeneity indices, m, for all polymers were high indi-
cating that the polymers were approaching homogeneity. This result
was unexpected as the polymers were imprinted non-covalently
which typically results in heterogeneity due to the instability of the
template–monomer complexes pre-polymerisation. A value of m
0
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Table 3
Regression (R2) values for each MIP composition obtained from LI, FI and L–FI.

EGDMA LI FI L–FI

40 (mmol) 0.936 0.921 0.892
30 (mmol) 0.921 0.927 0.968
20 (mmol) 0.578 0.851 0.868
10 (mmol) 0.754 0.919 0.921

Table 4
Binding data obtained from fitting the experimental data to the L–FI for each MIP
composition.

EGDMA Nt

(mmol g�1)
a
(mM�1)

m K0

(mM�1)a
Limits of affinity
distribution (mM�1)b

40 (mmol) 88.6 0.94 0.97 0.94 0.32–28.3
30 (mmol) 136.7 0.78 0.99 0.78 0.30–35.7
20 (mmol) 259.9 0.52 1.00 0.52 0.39–52.9
10 (mmol) 281.9 0.53 0.80 0.46 0.40–84.0

a The average association constant K0 ¼ a1=m$
b Limits of affinity distribution were calculated from the maximum and minimum

values of F by the relationships Kmin ¼ 1=Fmax and Kmax ¼ 1=Fmin, [15].
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Table 5
Summary of the relationship between polymer composition and the various experimental
lowest value for each parameter determined. For the exact values refer to the text and T

EGDMA
(mmol)

BET SAa

(m2 g�1)
Cumulative SA
of pores (cm3 g�1)

Cumulative volume
of pores (cm3 g�1)

Average pore
diameter (nm

40
10

a SA ¼ Surface area.
b Trend correct for chloroform, acetonitrile and methanol.
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equal to one results in the L–FI reducing to the LI. The FI is inaccurate
at very low concentrations of analyte [9], as a result the L–FI is also
inaccurate at very low analyte amounts. The heterogeneity index
values obtained may be due to the inability of the L–FI to accurately
reduce to the FI at very low concentrations.

From the parameters obtained from L–FI an affinity distribution
(AD) spectrum was generated for the polymer species. An AD
spectrum displays the population of binding sites, N, having
a particular association constant, K. For the affinity distribution
spectra to be deemed accurate the K0 value, determined from the L–
FI fitting parameters, must fall within the limits of affinity distri-
bution. As was seen in Table 4 all polymers fell within these limits.
The area under the curve corresponds to the total number of
binding sites.

The AD spectra for all MIPs are shown in Fig. 7 and are plotted in
semi-log format. The exponentially decaying region correlates with
reloading in the lower concentration region and assesses the high
affinity sites. As the AD spectra shown are unimodal distributions,
as opposed to only displaying the exponentially decaying region, it
indicates that the polymers have been assessed in a broad
concentration range and that the polymers have reached satura-
tion. As a result more information can be gained on the type and
number of binding sites. The narrow shape of the distributions
indicates that the imprinted polymers are relatively homogeneous
in nature, which was determined by fitting the data to L–FI.

The heterogeneity index determines the shape of the distribu-
tion where the shape broadens when m is reduced from 1 to 0. The
AD spectra were clearly able to distinguish between each polymer
composition.

For the 40 and 30 mmol imprinted polymers, the number of
binding sites increased with decreasing EGDMA concentration,
with the exception of the 10 and 20 mmol compositions. A change
in the K value for the maximum number of binding sites (Nmax)
with composition change was also identified. Nmax shifted to
a lower K value with decreased EGDMA concentration, again sug-
gesting the presence of less defined binding sites due to the
potential destabilisation of the template–monomer complexes in
the early stages of polymerisation. Aside from Nt, the fitting
parameters a and m, as well as Ki, (refer to Equation (8)) should be
parameters obtained. The arrow heads are pointing in the direction of the highest to
ables 2–4.

)
Srb m/z 69

pre-treatment
m/z 69
reloading

Nt
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considered when determining the binding sites via AD. As these
parameters are different between the two compositions different
AD spectra were expected.
3.4. Summary of results

The experimental results discussed in the above sections high-
light a clear link between the effect of morphology and the
subsequent performance of MIPs. Through the use of numerous
techniques, the physical characteristics of the polymers, such as
porosity, surface area, the swell ratio in various solvents and
polymer bleed, were linked to various performance related
parameters i.e. the affinity of the polymers towards the template,
the total number of binding sites and the binding energy. These
trends are summarised in Table 5.
4. Conclusion

The investigation into the relationship between morphology
and the performance of MIPs has been carried out extensively
through the novel application of thermal desorption GC–MS and
affinity distribution spectra generated from the L–FI fitting
parameters. Correlations between the morphological characteris-
tics of the polymers, as determined by the traditional polymer
characteristion technique nitrogen sorption porosimetery, and the
results obtained using thermal desorption GC–MS, the L–FI and AD
spectra were identified, thus highlighting the suitability of the
latter techniques as polymer characterisation methodologies.

The thermal desorption GC–MS technique is novel in terms of
analysing the thermal stability/degradation properties of polymers.
The initial pre-treatment stage of the methodology permits a bleed
composition analysis [10,11]. Whilst other techniques such as TGA
can offer a similar insight into the thermal properties of polymers,
this technique is more specific as it allows identification of the
various degradents. It is suggested that the technique is not
applicable solely to the characterisation of imprinted polymers and
that it may be used for the assessment of other polymeric materials.

The L–FI isotherm was deemed the most appropriate isotherm
for analysis in the concentration range used. This was based on the
improved linear regression values obtained when it was fit to the
experimental data. The L–FI was sufficiently sensitive to identify
changes in binding site energies with change in composition and
correlations were identified between the physical properties of the
polymers and the results obtained, where the total number of
binding sites increased with increasing flexibility. The average
binding energy of the sites decreased with decreasing EGDMA
amounts. This highlights the importance of the crosslinking
monomer in maintaining the fidelity of the binding sites during
polymerisation. The AD spectra were a useful tool in displaying the
relationship between the number of binding sites and their asso-
ciated energy. This was also the first use of AD spectra based on the
L–FI fitting parameters in the examination of composition on
polymer performance.
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