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Abstract
In the present study, a novel ion-imprinting and non-imprinting cryogel samples 
have been prepared using ion-imprinting technique and the dielectric properties have 
been investigated using an impedance spectroscopy method. In the preparation of 
ion-imprinted cryogel, at the first attempt, N-methacryloly-(l)-cysteine methyl ester 
was used as the metal complexing monomer.  Ag+-imprinted poly(hydroxyethyl 
methacrylate-N-methacryloly-(l)-cysteine methyl ester) cryogel was produced 
by bulk polymerization. Poly(2-hydroxyethyl methacrylate) was selected as the 
basic matrix by considering properties, high chemical and mechanical stability. 
After removal of template (silver ions), the ion-imprinted cryogel was used for 
the removal of photo-film-containing materials. The dielectric properties of cryo-
gel samples have also been investigated by impedance spectroscopy within the fre-
quency range of 1 Hz–10 MHz. The real part of the permittivity increases at low 
frequencies as electrode effects become dominant. It shows a constant value at high 
frequencies due to dipole polarization. On the other hand, the imaginary part does 
not show a relaxation peak as the relaxation time of samples is very short. The fre-
quency dependence of electrical modulus has also been investigated. The real part 
of electrical modulus (M′ (f)) is an indicative of negligible electrode polarization 
phenomenon in the test material. The behavior of the imaginary part of frequency 
dependent electrical modulus (M″ (f)) exhibit that the dielectric relaxation process is 
usually not frequency-activated state. Dielectric relaxation process occurs spontane-
ously due to the hopping mechanism of charge carriers.
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Introduction

Molecular imprinting is a very suitable technique in the creation of recognition sites 
in a macromolecular matrix with the use of a template molecule [1]. For this aim, the 
template molecule is linked with selected functional monomers, and then, the resulting 
complex turns out to be a solid matrix using the cross-linking agent [2, 3]. The result 
of polymerization generates a macromolecular matrix that consolidates the performed 
interaction network. The polymer has high affinity and specify on its structure after the 
removal of template agent leaving behind cavities in the molecule [4]. Due to some 
advantages of the molecularly imprinted polymers (MIP)’s such as being economical, 
ease in preparation, decisiveness and high potential in molecular recognition, MIPs 
should be accepted as artificial affinity media [5]. In chemistry field, molecular rec-
ognition-based separation and characterization techniques have popularity thanks to 
their selection potential with regard to the molecules targeted. The technique is widely 
applied efficiently for imprinting some of the small biomolecules such as amino acids, 
proteins and metal ions [6–18]. At this point, the application of polymeric materials in 
some techniques including adsorption and purification of biomolecules in biotechnol-
ogy has gained more attention recently. Also, these polymeric materials are easy to 
be applied for applications of purification and separation of biological molecules, as 
the most important aspect. Using these polymers in biotechnology allows continuous 
improvement in the process of techniques for biomolecules [19]. Recently, the appli-
cation of gels as polymeric materials based on polymer chemistry contributes to the 
application of polymeric materials for use in biotechnological activities [20]. Cryo-
gels are supermacroporous hydrogels used as monoliths or chromatographic columns, 
which could be held by radicalic polymerization of monomers under zero degrees [21, 
22]. Cryogels also ensure suitability when they are used together with viscous media 
such as metal ions-containing wastewater. Since cryogels could be shaped in different 
sizes and templates like disks, sheets or monoliths with different formations, they have 
advantages over polymers. It is the interconnected macroporous structure of cryogels 
that renders appropriateness for various applications [23–27].

One of the applications of molecular imprinting method, ion-imprinting tech-
nology, has become increasingly popular. It is through this method that metal 
ions can be imprinted or embedded on polymer matrix and the molecule can gain 
affinity for these ions [28].

Ion-imprinting method requires three steps: (1) complexation of template (i.e., 
metal ions) to a polymerizable ligand, (2) polymerization of this complex, (3) 
removal of template following polymerization. The characteristics of ligand, 
the coordination geometry and coordination number of the ions as well as their 
charge and size are determinate in the selection quality of polymeric adsorbent 
[29–34]. Also in literature, it is well reported that  Ag+ ions reduce to silver nano-
particles through the dissolved functional polymers. It can be seen that reduced 
silver nanoparticles usually exhibit SPR peaks at the visible region [35–44].
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One of the advantages of using molecularly imprinted polymers is that they 
are readily available, cheap and easily prepared. Another advantage of molecu-
lar imprinted polymers is that they contain high mechanical properties due to 
their resistance to heat and pressure. These molecules are highly resistant poly-
meric materials due to their high stability in environments containing acidic or 
basic, metal ions or organic solvents. They continue to be practicable for sev-
eral years without disrupting their performance [12–16]. Eventually, molecu-
larly imprinted polymers are used because of their selective advantage in chro-
matographic processes, so in view of the advantages of molecularly imprinted 
polymers, ion-imprinting method which is one of the most suitable methods for 
selective behavior in chromatographic applications is preferred. The focus point 
of this investigation is to manifest the differences between the structural features 
and relaxation mechanisms of both silver-imprinted and non-imprinted cryogels. 
For this aim at first, we have prepared the silver ion-imprinted and non-imprinted 
cryogel using ion-imprinting technique and the structures of the molecules have 
been characterized using elemental analysis (EDAX), Fourier transform infrared 
spectroscopy (FT-IR) and scanning electron microscope (SEM). Then, the imped-
ance spectroscopies of the prepared samples were investigated using a Novocon-
trol Alpha-A Impedance Analyzer ranging from 1  Hz to 10  MHz at room tem-
perature in the air ambient and under total darkness.

Experimental

Materials

The functional monomer N-methacryloyl-l-cysteine methyl ester (MAC) was obtained 
from NANOREG (Ankara, Turkey). 2-Hydroxyethyl methacrylate (HEMA), cross-
linkers, ethylene glycol dimethacrylate (EGDMA) and N,N′-methylenebis(acrylamide) 
(MBAAm), and initiators, azobis(isobutyronitrile) (AIBN) and ammonium persulfate 
(APS), and the redox couple N,N,N′,N′-tetramethylethylenediamine (TEMED) were 
obtained from Sigma-Aldrich Chem. Co. (St. Louis, MO). The remaining chemicals 
and equipments, whether or not mentioned here, had reagent grade and were pur-
chased from Merck AG (Darmstadt, Germany) or local distributors. It was through 
a Barnstead (Dubuque, IA) ROpure  LP® that the water in the adsorption experiments 
was distilled with reverse osmosis unit which had a high flow cellulose acetate mem-
brane (Barnstead D2731), with Barnstead  D3804NANOpure® for organic/colloid 
removal and ion exchange packed-bed system used as the second process.

Preparation of  Ag+–MAC complex

In the preparation of MAC–Ag+ complex, 15 ml of ethanol–water mixture (50/50 
v/v) was slowly added to solid N-methacryloly-(l)-cysteine methyl ester (MAC) 
(0.189 g, 1.0 mmol) followed by treatment with silver nitrate (Ag(NO3)) (0.169 g, 
1.0 mmol) at room temperature with constant stirring for 2 h. Afterward, a filtra-
tion process was applied on the metal–monomer complex, the washing and drying 
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process of which was performed with 99% ethanol (250  ml), and vacuum oven, 
respectively. The molecular formulas of the functional monomer and the complexa-
tion between MAC and  Ag+ are shown in Fig. 1a, b, in order. 

Preparation of PHEMAC‑Ag+ cryogel

In order to prepare PHEMAC-Ag+ cryogel, first, deionized water was used to dis-
solve monomers (1.3 ml HEMA, 10 ml N,N-methylenebis(acrylamide) (MBAAm), 
1  ml MAC/Ag+), and the elimination of soluble oxygen was made possible by 
degassing the mixture under vacuum for about 5 min. Total concentration of mono-
mers was 10% (w/v). With the radicalic polymerization process, including N,N,N,N-
tetramethylene diamine (TEMED, 25  l) and ammonium persulfate (APS, 20  mg), 
the cryogel was synthesized. The cooling process of the solution was performed 
in ice bath in a time span of 2 or 3 min following the application of APS. It was 
only after the application of TEMED that the stirring process of the mixture was 
completed. This process was followed by the addition of the mixture into the plas-
tic syringe (5 ml 0.8 cm). After the reaction mixture’s treatment in plastic syringe, 
the polymerization solution was cooled under − 12  °C for 12 h, at least. The fol-
lowing day, the produced cryogel was washed by some distilled water, followed by 
the storage of cryogel in buffer with 0.02% sodium azide at 4  °C till application. 
For the removal of some contamination reagents, monomers or porogenic diluents, 
we used chromatographic system, which is attached with plastic syringe that con-
sumed polymerization solution, and also this system allowed to pump ethyl alcohol 
and water at a flow rate of 1.0 ml/min, respectively. For the removal of  Ag+ ions, 
which is templated in porouses of cryogel (PHEMAC-Ag+), we used 0.25 M EDTA 
solution, which is one of the best available sources for the removal of the metal ions 
with coupling [14]. The chromatographic system pumped 0.25  M EDTA solution 
to  Ag+-imprinted cryogel column for hours. After the removal of silver ions from 
the cryogel totally, (PHEMAC-Ag+) was eventually rinsed with 0.1M  HNO3. The 

Fig. 1  a Molecular formula of MAC (N-methacryloly-(l)-cysteine methyl ester), b possible molecular 
formula of MAC–Ag+ complex
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obtained PHEMAC-Ag+ was kept at 4 °C till application. We also synthesized non-
imprinted cryogel (PHEMAC) to use as a view to comparison. This was carried out 
with the same polymerization procedure applied on PHEMAC-Ag+, but this was not 
used with the template silver ions that were applied in the preparation of PHEMAC-
Ag+ at this time.

Preparation of cryogel samples for impedance measurements

Both imprinting and non-imprinting cryogel samples were prepared using Shimadzu 
Rotary Vacuum Pump for pellet obtaining at room temperature in the air ambient. 
The diameters of the prepared samples were measured as 9 mm, and their thickness 
was measured as 1 mm with digital calipers. Then, the impedance spectroscopies 
of the prepared samples were investigated using a Novocontrol Alpha-A Impedance 
Analyzer ranging from 1 Hz to 10 MHz at room temperature in the air ambient and 
under total darkness.

Results and discussions

Chemical analyses

FT‑IR analysis

The overlapped FT-IR spectra of the silver ion-imprinted supermacroporous 
poly(hydroxyethyl methacrylate)-based cryogel and non-imprinted cryogel mol-
ecules are presented in Fig. 2. As shown in Fig. 2, FT-IR spectra of poly(HEMA-
MAC) have a broad peak at 3344.87 cm−1 that consists of several sharp peaks as the 
stretching vibration bands of hydrogen-bonded alcohol (HEMA). The characteristic 
amide I and amide II absorption bands can be seen at 1652.70 and 1530.13  cm−1, 
respectively. In addition, strong carbonyl stretching vibration at around 1724.13 

Fig. 2  a FT-IR spectrum of  Ag+-imprinted cryogel, b FT-IR spectrum of non-imprinted cryogel
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 cm−1 and  C–O stretching vibrations at 1250.8 cm−1 were observed. In order to iden-
tify the functional properties of complex, on grounds of linear coordinate covalent 
complex formation, the specific S–H stretching vibration bands at 907  cm−1 and 
849 cm−1 slip to the higher-frequency field at 844.66 cm−1 and 747.55 cm−1 because 
of a reduction in electron density of sulfhydryl group of MAC monomer. The char-
acteristic S–H bonds are observed between 2550  cm−1 and 2600  cm−1. The S–H 
bending peak appears at 2625 cm−1 of MAC [45]. For the characteristic determi-
nation of complex, due to linear coordinate covalent complex formation, the S–H 
bending peak at 2625  cm−1 slips to higher wavelength at 2943.66  cm−1 because 
the chemical bond formed between the silver and sulfur groups due to the coordi-
nated covalent bond structure is harder and more rigid. Also, Fig. 2 exhibits that the 
non-imprinted cryogel has almost similar characteristic behaviors with silver ion-
imprinted cryogel, except S–H vibration bands. 

Elemental and SEM analysis

The results of elemental analysis for non-imprinted and silver ion-imprinted 
poly(hydroxyethyl methacrylate) (PHEMA)-based cryogels are presented in Fig. 3a, 
b, respectively. One of the most important findings of the results of the elemental 
analysis was to determine the presence of the MAC co-monomer in both cryogels. 
With the detection of sulfur groups, the presence of MAC co-monomer is proved. 
Due to the fact that it is possible to make covalent bonding with template molecules 
through sulfur groups, MAC monomer is preferred as functional monomer as metal 
complexing monomer in our study. Another finding we obtained from the results 
of the elemental analysis is that silver ions were expected to be observed in silver 
ion-imprinted cryogel and silver ions were not found in non-imprinted cryogel. 
0.001485 mol MAC/g polymer was confirmed as total equivalent amount of func-
tional monomer in the polymer structure.

The morphology of the non-imprinted and  Ag+ ion-imprinted cryogels was 
examined with scanning electron microscopy (SEM). Figure 3c, d shows SEM pho-
tographs of  Ag+-imprinted and non-imprinted cryogels. The groups in the macropo-
rous polymeric structure were symbolized by element mapping method, which is 
shown in Fig.  3e, f, and the findings were strengthened in addition to the results 
obtained with elemental analysis. These cryogels were composed of interconnected 
cavities that form a macroporous structure. According to SEM photographs, the size 
of cavities was roughly determined in the range of 0.4–1.6 μm. Generally, the sizes 
of cavities of ion-imprinted cryogels were larger than non-imprinted cryogels.

During the preparation of cryogel, silver ion was used, which led to a change in 
polymerization kinetics. Unlike the conventional cryogel synthesis in which other 
metal ions rather than silver ion were used, the pores were more spherical and larger; 

Fig. 3  a Elemental analysis of  Ag+-imprinted poly(hydroxyethyl methacrylate) (PHEMA)-based cryo-
gels, b elemental analysis of  Ag+-imprinted poly(hydroxyethyl methacrylate) (PHEMA)-based c SEM 
photographs of non-imprinted cryogels, d SEM photographs of  Ag+-imprinted cryogels e element map-
ping of non-imprinted cryogels, f element mapping of  Ag+-imprinted cryogels

▸
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however, the pores were observed to be more amorphous and sequential in this study 
because of the existence of silver ions [9, 12–17]. However, structures with pores 
were observed in both of the metal ions used.

Electrical analysis

The dielectric constant of the samples was measured as a function of the frequency 
of the applied electric field at room temperatures. The investigation of dielectric 
spectroscopies such as ε′, ε″ and tanδ the real and imaginary parts of electric mod-
ulus (M′ and M″) of molecular imprinting and non-imprinting cryogels have been 
studied via impedance spectroscopy by varying frequency from 1 Hz–10 MHz at 
300 K. Materials preferred for dielectric measurements should have important quali-
ties such as good dielectric properties and electric modulus. All of these parameters 
were obtained by using the following formulas.

Here, ε′ and ε″ are the real and the imaginary parts of complex dielectric permittiv-
ity; M′ and M″ are real and imaginary parts of electric modulus; Z′ and Z″ are real 
and imaginary impedance and tanδ is loss factor of dielectric permittivity.

Figures 4 and 5 illustrate the real (dielectric constant) and imaginary (dielectric 
loss) parts of the permittivity of a molecular imprinting and non-imprinting cryogel, 
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permittivity of cryogel samples 
at room temperatures



5709

1 3

Polymer Bulletin (2019) 76:5701–5716 

respectively. The samples should be analyzed very well in terms of dielectric prop-
erties to examine the conductivity behavior in  Ag+-imprinted and non-imprinted 
supermacroporous cryogels polymeric materials. The decrease in the dielectric con-
stant of  Ag+-imprinted cryogels especially at high frequencies can be attributed to 
the increase in the number of charges carriers caused by  Ag+ [46, 47]. It is physi-
cally important that the amount of dielectric loss in the characteristic behavior of 
Fig.  5 is approximately four times higher in the  Ag+-imprinted cryogel. The four 
times higher dielectric loss rate in  Ag+-imprinted cryogel than non-imprinted cryo-
gel can be ascribed to the additional contribution to conductivity as a result of the 
imprinted silver ions with the cryogel [48, 49]. As seen in Figs. 4 and 5, the real 
part of the permittivity increases at low frequencies as electrode effects become 
dominant. It shows a constant value at high frequencies due to dipole polarization. 
At room temperatures, the imaginary part does not show a relaxation peak as the 
relaxation time of samples is very short [50, 51]. Figures 4 and 5 show a few similar 
features. First, both the real and imaginary parts of the permittivity decrease when 
the frequency rises. When frequency decreases, the kinetic energy of the cryogel 
molecules also decreases proportionally to the frequency while the permittivity of 
cryogel increases. Both effects reduce the motion of the dipoles in the cryogel. This 
leads to the reduction in both the real and imaginary parts of the permittivity. The 
reduction in dielectric permittivity with increasing frequency can be explained by 
considering time available for the molecular dipoles to follow the field. At low fre-
quencies, the dipoles have sufficient time to follow and align with the field, resulting 
in larger values of the permittivity [52, 53]. Besides that, the rise seen in the real 
part of the permittivity at lower frequency in Fig. 4 is due to dipole polarization. 
Though we expect the plateau at high frequencies, there is also a weak plateau at 
low (intermediate) frequencies, indicating the presence of relaxation processes at 
different frequencies at room temperatures.  

The three major features noticed in cryogel samples can also be seen in Figs. 4 
and 5. There are decreases in both parts of the permittivity with increasing fre-
quency. Since the cryogel contains 88% water, the explanations for these features 
are the same as in water. The dielectric loss peak is not clearly visible due to the 

Fig. 5  Imaginary part of 
dielectric permittivity of cryogel 
samples at room temperatures
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complexity of the material compared to the ideal Debye material. In addition to 
these features, Fig. 4 shows more than one bump in εʹ as a function of frequency. 
This is an indication of the presence of more than one relaxation process in these 
cryogel samples.

The ratio of the imaginary part of the permittivity to the real part gives the 
dielectric loss tangent, tanδ. Comparative plots of the loss tangent tanδ in the 
molecular imprinting and non-imprinting cryogels in wide range of frequency 
(from 10  Hz to 10  MHz) are shown in Fig.  6. In addition that is precisely in 
suitable of tangent characteristics with the results of morphological SEM image 
and impedance properties. So, the loss tangent behavior can be employed as a 
favored technique to determine structural properties of the materials. In order to 
obtain more detail in determining the structure of both  Ag+-imprinted cryogel 
and  Ag+-non-imprinted cryogel, the loss tangent behaviors were examined at dif-
ferent frequencies [54]. Measurements of the loss tangent indicate the presence 
of relaxation processes in the all cryogels. This relaxation process was similar to 
the process observed in water dielectric. Similar to water, the relaxation peaks 
in the loss tangent move to lower frequency due to a slowing of the relaxation 
processes. As can be seen from Fig. 6, the values of tanδ decrease exponentially 
as the frequency increases at a wide frequencies range of 10  Hz–10  MHz. On 
the other hand, these values keep almost constant at a highest frequency range of 
10 kHz–10 MHz. An increase in frequency is accompanied by flaws in the lattice 
as well as the moving capacity of ions and electrons [55–61]. Those curves are 
quite similar to the ones suggested by Debye relaxation model for orientational 
polarization [62]. 

Complex modulus analysis can be used as another way of investigating the 
electrical features of the sample, rendering it as a sought-after means of identify-
ing, analyzing and understanding the dynamical features in the concept of electric 
transport (i.e., parameters such as carrier/ion hopping rate, conductivity relaxa-
tion time). In the analysis and interpretation of the data obtained in the experi-
ments, model equivalent circuit supplying the exact signification of the electrical 
qualities is of great importance. This modulus signification represses the negative 

Fig. 6  Dielectric loss tangent 
factor of cryogel samples at 
room temperatures
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impacts of extrinsic relaxation which is generally employed in analyzing dynamic 
conductivities of ionically conducting glasses.

The dielectric modulus (M* = 1/ε*) is generally employed in analyzing dielectric 
data [63, 64]. The benefit in using complex electric modulus spectra stems from the 
fact that it can be used in differentiating between electrode polarization and grain 
boundary conduction process. The application of electric modulus spectroscopic 
analysis facilitates building a relationship between this concept and other features, 
particularly the dynamical mechanical modulus. Figure  7 shows the frequency 
dependence of real part (M′) complex electric modulus (M*) for cryogel samples 
whose frequency may stand somewhere between 1 Hz and 10 MHz. It can be seen 
from the figure that M′(f) values tend closer to zero with decreasing frequency and 
increase exponentially with increasing frequency. This shows that electrode polari-
zation is of low levels in the samples [65]. 

Figure 8 shows the frequency dependence of imaginary part (M″) complex elec-
tric modulus (M*) for cryogel samples whose frequency may stand somewhere 
between 1  Hz and 10  MHz. The plots of M″ (f), as shown in Fig.  8, exhibit the 

Fig. 7  Real part of the complex 
electric modulus of cryogel 
samples at room temperatures

Fig. 8  Imaginary part of the 
complex electric modulus of 
cryogel samples at room tem-
peratures
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increase for M″ at low frequencies between 1 Hz and 1 kHz. At frequencies above 
fmax, the carriers are mobile on short distances because they are confined to their 
potential wells, pointing to fact that the dielectric relaxation is not the usual fre-
quency activated type dominated by hopping mechanism of charge carriers. The 
dielectric relaxation mechanism is activated with a lower frequency. It is through the 
modulus spectra that dipole mechanism can be proven to have a role in transmitting 
electricity in the materials [66].

Figure  9 exhibits the impedance curves of  Ag+-imprinting and non-imprinting 
samples. Besides the incomplete semi-circle in both  Ag+ imprinted cryogel and 
 Ag+ non-imprinted cryogel, almost no semi-circular tendency was observed as 
the frequency increased, and for the relaxation mechanism it could be said to be 
dominant only at low frequency. Namely; impedance characteristics exhibit the non-
Debye behavior [67, 68]. Besides that, the semicircular diameters of the silver ion-
imprinted cryogel sample tend to increase. This is due to the reduction in conductiv-
ity caused by silver ions deficiency in non-imprinted cryogel samples [54]. Besides 
the incomplete semicircle in both  Ag+-imprinted cryogel and  Ag+-non-imprinted 
cryogel, almost no semicircular tendency was observed as the frequency increased 
and so the relaxation mechanism could be said to be dominant only at low frequency. 
It is well known that the cryogel materials can be modified for their electrical and 
dielectric properties due to the fact that both ion-imprinted and non-imprinted [54] 
cryogels can be obtained. 

Conclusion

Cryogels and their physical properties are very interesting topics in the literature 
due to their application in the biotechnology. This was the motivation for the present 
work. Therefore, a novel ion-imprinting and non-imprinting cryogel samples have 
been prepared using ion-imprinting technique and the dielectric properties using an 
impedance spectroscopy method have been investigated. In the preparation of ion-
imprinted cryogel, at the first attempt, N-methacryloly-(l)-cysteine methyl ester 

Fig. 9  Impedance plots 
(imaginary part versus real part) 
of cryogel samples at room 
temperatures
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(MAC) was decided to be employed as the metal complexing monomer. It was with 
the use of bulk polymerization that  Ag+-imprinted poly(hydroxyethyl methacrylate-
N-methacryloly-(l)-cysteine methyl ester) cryogel was obtained. Features such 
as high chemical and mechanical stability were taken into consideration in deter-
mining poly(2-hydroxyethyl methacrylate) (PHEMA) as the fundamental material. 
Upon removing the template (silver ions), the  Ag+-imprinted cryogel was prepared 
to use as chromatographic column with a view to remove silver ions from silver ion-
containing photo-film materials. The dielectric properties of cryogel samples have 
been studied through impedance spectroscopy, the frequency range of which was 
1 Hz–10 MHz. The real part of the permittivity increases at low frequencies as elec-
trode effects become dominant. It shows a constant value at high frequencies due to 
dipole polarization. On the other hand, the imaginary part does not show a relaxa-
tion peak as the relaxation time of samples is very short. The basic features noticed 
in cryogel samples in terms of dielectric measurements can be shown easily by 
decreasing both parts of the permittivity with increasing frequency, containing high 
volume water of cryogel due to the fact that they nearly have same properties as the 
water. Electrical features of material can be investigated through complex modulus 
analysis, which can be considered as another viable method. In identifying analysis 
and coming up with a sound understanding of dynamical aspect of electrical trans-
port, this modulus analysis is of great significance and convenience. In coming up 
with the result of the data obtained through experiments, using a model equivalent 
circuit is necessary on grounds that this truly signifies the electrical features. For 
this, the frequency dependence of electrical modulus has also been investigated. The 
experimental data exhibited that the real part of electrical modulus (M′ (f)) is indica-
tive of negligible electrode polarization phenomenon in the test material. The behav-
ior of the imaginary part of the electrical modulus (M″ (f)) applied frequency consist 
that the dielectric relaxation is not the usual frequency activated type dominated by 
hopping mechanism of charge carriers. It is through the modulus spectra that dipole 
mechanism can be proven to have a role in transmitting electricity in the materials. 
As the result, ion-imprinted cryogels have great importance on the removal of heavy 
metal ions from industrial waste waters and aqueous solutions. Besides that, the die-
lectric properties of silver ion-imprinted cryogel show that they can be applied as an 
insulator material on electronic device applications. Cryogels should be considered 
as promising material on their future applications such as organic field-effect tran-
sistor (OFET), capacitor or supercapacitor and diode because of physical properties 
of these materials.
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