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Preface 
 

The XXXI Panhellenic Conference on Solid State Physics & Materials Science is a historic 

event, started in Thessaloniki in 1982, that is held annually and constitutes a unique national 

forum bringing together all specialists working in different areas of Solid State Physics and 

Materials Science in Greece. Following the corresponding 2014 event in Herakleion, Crete, 

the XXXI Conference takes place in Thessaloniki, at the facilities of the Porto Palace hotel 

from 20th to 23rd of September 2015.   

The Conference integrates fundamental and applied research, thereby merging cutting edge 

research with up-to-date and evolving applications. It strongly promotes an interdisciplinary 

approach to various issues related to the physical properties of solids. Emphasis is given to 

emerging nanostructured materials engineering for tailoring desired materials properties, as 

well as to the participation of graduate students, postdocs, and early career researchers, 

which represent the critical human resources for next generation science. The Conference is, 

therefore, dedicated to addressing the most recent advances and defining future directions in 

the field of Solid State Physics and Materials Science. 

Under the consultancy of the Advisory and Program Committees, this Conference was 

specially designed to comprise high scientific interest topics, such as: Photonics & 

optoelectronics; Structural, mechanical & optical properties of condensed matter; 

Electronic transport, semiconductors & devices; Magnetism, superconductivity & strongly 

correlated systems; Nanoscale, surface & interface science; Inhomogeneous materials, 

composite materials, polymers, biomaterials; Interdisciplinary solid state physics. 

A total of 182 abstracts were submitted, by almost all Greek Universities and Research 

Foundations, as well as Technical Institutes. Foreign contributors from the UK, USA, 

Germany, France and Poland set an international character for the Conference, which is also 

reflected upon the large number of collaborations among Greek and foreign scientists co-

authoring the submitted abstracts. The scientific program consists of 62 oral (1 plenary, 2 

keynote, 8 invited, and 51 contributed) and 120 poster presentations. 

The Conference is organized by the Organizing Committee members, under the auspices of 

the Physics Department of the Aristotle University of Thessaloniki (AUTH) and sponsored 

by the AUTH Research Committee, ANELIS, ITC, Vector Technologies, N. Asteriadis S.A., 

and Analytical Instruments S.A. 

Expecting a fruitful and enjoyable next event, it would be a pleasure to attend the 2016 event 

in Ioannina. 

 

 

Assoc. Prof. Thomas Kehagias, Chairman 
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Selective removal of silver ions from synthetic mining effluents using 
Molecularly Imprinted Polymers (MIPs) 

 
G. Z. Kyzas and D. N. Bikiaris 

 
 Laboratory of Organic Chemical Technology, Department of Chemistry, Aristotle University of 

Thessaloniki, GR-541 24 Thessaloniki, Greece  
 

E-mail: georgekyzas@gmail.com 
 
 
Silver is a precious metal used since the ancient times to make money coins and high 
values objects. In its native form this precious metal occurs alloyed with Gold, 
Copper(II). Lead(II), or combined with other chemical elements in ores such as horn 
silver (AgCl), Argentite (Ag2S). Nowadays it is used in numerous fields of applications 
that include: photographic and electronic, porcelain, mirroring, electroplating, ink 
formulation, dentistry, medical equipments, chemical and jewellery industries etc., 
Despite its wealth of applications, silver remain a scare metal with very limited natural 
sources. Most of the metal used is recovered from bearing silver wastes such as 
photographic films, scraps from jewellery and electroplating wastewater. In most cases 
silver ions are present at very low concentration in solution and their enrichment and 
separation prior to their recovery is necessary. Conventional techniques which have 
been applied to the extraction of soluble silver metal from its solutions include solvent 
extraction, precipitation, ion exchange and electrodeposition. Hence there is still need 
to develop more efficient technologies for the separation and recovery of silver ions. In 
the last decade significant research effort have been directed towards techniques 
improving the selective extraction of silver ions; and ion imprinted polymeric materials 
with different functional groups have been frequently used. In this work, two Ag(I) 
imprinted polymers (IIPs) were prepared by a precipitation polymerization method 
using two functional monomers, 4-vinyl pyridine (4-VP) and 1-vinyl imidazole (1-
VID), with N,N-ethylene bisacrylamide (EBAm) as the cross linker. Characterization 
of the polymeric materials, optimization of variables affecting the extraction efficiency 
of Ag(I) ion from aqueous media as well as their selectivity for Ag(I) ion were 
investigated. 
 
The synthesis of beads imprinted polymers was performed by precipitation 
polymerization, using the molar ratio 1:2:8 (template: functional monomer:cross 
linker). The functional monomers (in 20 mL ethanol) were added to AgNO3 solution 
(prepared by dissolving 0.1698 g AgNO3 in 30 mL deionized water) with continuous 
stirring at pH around 7.0 until formation of the template Ag(I)/monomer complex. It 
was then polymerized with cross linking monomer N,N-ethylene bisacrylamide 
(EBAm) using 2,20-azobis(2-methylpropionamidine) dihydrochloride (AMP) as 
initiator with constant stirring at 70 °C for 24 h. At the end of the reaction, the Ag(I) 
containing polymer beads were washed with the mixture of a methanol: water (1:1) 
several times and dried in oven at 60 °C for 24 h. 
 
SEM showed that the surface of IIPs was not smooth but it had many channels and 
cavities. 

MOP 

P060 
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Figure 1: SEM photos of IIP. 

The experiments for the pH effect showed that the optimum value was at alkaline 
conditions for all IIPs. Comparing the suitability of isotherms in fitting the adsorption 
data, both Langmuir and Langmuir-Freundlich adsorption isotherm seem to provide 
better fitting for both imprinted polymer (R2 is above 0.96). However, the values of the 
correlation coefficient (R2 for 4-VP-EBAm and 1-VID-EBAm imprinted polymers are 
0.990 and 0.995 respectively) showed that the Langmuir equation gave a better fit to 
the adsorption isotherm. Furthermore, the theoretical values of maximum adsorption 
capacity (74 and 76 mg/g) obtained from the Langmuir equation for 1-VP-EBAm and 
1-VID-EBAm imprinted polymers were very close to the experimental values 73 and 
77 mg/g, respectively. 

Competitive adsorption of Ag(I) ion in the presence of Cd(II), Pb(II) and Cu(II) was 
investigated in an equilibration/adsorption batch system. The selected ions often co-
exist with precious metals in the scrape or ore exhibiting certain interference properties 
in aqueous environment. Additionally, all of the competing ions have similar ionic radii 
and they are soft or borderline metal ions in the Pearson’s classification. The obtained 
results indicate that, except for Cu(II) the highest (b) values were obtained for Ag(I), 
and the more remarkable differences were observed for Cd(II) and Pb(II) ions. The 
highest selectivity (68.01) was recorded for Ag+/Cd2+ with 4-VP-EBAm polymer, while 
the lowest selectivity (2.04 and 1.85) were recorded for Ag+/Cu2+ with both polymers. 
This could be explained by the fact that Cu2+ has the smallest ionic radius [Cu2+ 71 pm] 
when compared to the other competing ions, and also has a strong affinity for this type 
of ligands. These results strongly suggest that prepared imprinted polymers have a high 
selectivity for Ag(I) ions. This could be attributed to molecular geometry since the 
polymers were prepared in the presence of Ag(I) as target ion. 

Acknowledgment: The support for this study was received from the State Scholarships 
Foundation (IKY) of Greek Ministry of Education and Religious Affairs (in the framework of 
the Hellenic Republic - Siemens Settlement Agreement) through the research program “IKY 
Fellowships of Excellence for Postgraduate Studies in Greece - Siemens Program” under the 
title “Advanced Molecularly Imprinted Polymers (MIPs) as materials for the selective binding 
and recovery of various high-added value environmental targets with application to industrial-
scale adsorption columns”, which is gratefully appreciated. 



Abstract / Aim / Novelty

Aim

Selective removal of silver ions from synthetic mining effluents 
using Molecularly Imprinted Polymers (MIPs)

George Z. Kyzas and Dimitrios N. Bikiaris

Laboratory of Polymer Chemistry and Technology, Department of Chemistry, Aristotle University of 
Thessaloniki, Greece

Synthesis of adsorbent
The synthesis of IIPs was based on already existed synthesis in
literature, but making some slight differentiation in order to enhance
the adsorption properties [33]. The whole procedure belongs to
precipitation polymerization. The ratio of the reagents used was
selected according to preliminary experiments. For each 1 mmol of
template used (Ag(I) ions), 3 mmol of monomer (1VID or 4VP) and
10 mmol of cross-linker (EBAAM) were used. A fixed amount of
monomer (diluted in 50 mL of EtOH) was added to AgNO3 solution
(prepared by dissolving 0.16987 g of AgNO3 in 50 mL deionized
water) under continuous stirring. The pH of the solution/mixture was
kept at approximately 7 until the formation of the template
Ag(I)/monomer complex. Then, the polymerization was taken place
with cross-linking N,N-ethylene bisacrylamide (EBAAM) after the
addition of 10 mg initiator (2,20-Azobis(2-methylpropionamidine)
dihydrochloride (AMP)).

The polymerization was carried with constant stirring at 70 °C for 24
h. At the end of the reaction, the Ag(I) containing polymer beads
were washed with a mixture of a MeOH:water (1:1) several times
and dried in oven at 60 °C for 24 h. The extraction of Ag(I) ions was
achievied by stirring 2 g of the material with 80 mL acidified thiourea
(0.5 mol/L) for 12 h. The resulting polymer particles (obtained after
filtration) were dried in oven at 80 °C to get the final IIP particles. In
the case of 1VID monomer used as monomer, the final IIPs
produced are denoted hereafter as Ag-VID-IIPs, while for 4VP the
abbreviated used is Ag-VP-IIPs. In order to compare the selectivity
and affinity of the prepared IIPs with its template ion, materials were
similarly prepared just in the absence of template ions (known as
non-imprinted polymers and denoted hereafter as NIPs). After the
synthesis, NIPs and IIPs were ground in a mortar and sieved in
order to make particles homogenous in size (~ 300 μm).

Experimental Results

Conclusions
The characterization of binding properties of two synthesized ion-
imprinted polymers (IIPs), which they were prepared for the
selective binding of silver ions from aqueous solutions. The
optimum pH found for the rebinding experiments was 6 for both
IIPs, while the best isotherm fitting was for LF equation. PS1
kinetic model presented excellent fitting to experimental kinetic
data, but Ag-VID-IIPs showed three clear kinetic zones during
rebinding. The IIPs prepared were found to be very selective after
experiments with triple ions mixtures (copper, cadmium along
with silver ions). A detailed affinity distribution analysis was
discussed for the investigation of IIPs heterogeneity.

The scope of this study is to characterize the binding properties of
two ion-imprinted polymers (IIPs), which they were synthesized for
the selective binding of silver ions from aqueous solutions. The
synthesis of IIPs was based on an already widely known procedure
using 4-Vinylpyridine or 1-Vinylimidazole as functional monomers. At
first, the pH-effect on rebinding (adsorption) experiments was
investigated. Based on the experimental equilibrium data, many
fittings were done to Langmuir, Freundlich, and Langmuir-Freundlich
isotherm equations in order to select the most suitable model. A
detailed affinity distribution analysis was set up for the investigation
of IIPs heterogeneity. Some typical selective experiments were
carried out just only to confirm the existed selectivity of the IIPs. The
investigation of kinetic behavior of IIPs was evaluated running kinetic
experiments and fitting the experimental results to pseudo-first and
pseudo-second order equations

Acknowledgment
The support for this study was received from the State Scholarships
Foundation (IKY) of Greek Ministry of Education and Religious Affairs (in
the framework of the Hellenic Republic - Siemens Settlement Agreement)
through the research program “IKY Fellowships of Excellence for
Postgraduate Studies in Greece - Siemens Program” under the title
“Advanced Molecularly Imprinted Polymers (MIPs) as materials for the
selective binding and recovery of various high-added value environmental
targets with application to industrial-scale adsorption columns”, which is
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SEM images of: (a) Ag-VID-IIPs; (b) Ag-VP-IIPs; (c) NIPs
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Table 2 
Selectivity factors for Ag-VID-IIPs and Ag-VP-IIPs. 

Ions 
C0

(mg/L) 
Ce

(mg/L) 
Qe

(mg/g) 
Removal 

(%) 
KD

(L/g) 
α β 

Ag-VID-IIPs 
Ag(I) 50 14.16 35.84 71.7 2.531 - - 
Cu(II) 50 42.24 7.76 15.5 0.184 13.75 21.15 
Cd(II) 50 45.34 4.66 9.3 0.103 24.57 70.21 

Ag-VP-IIPs 
Ag(I) 50 24.11 25.89 51.8 1.074 - - 
Cu(II) 50 41.15 8.85 17.7 0.215 4.99 7.67 
Cd(II) 50 46.11 3.89 7.8 0.084 12.78 36.51 

NIPs 
Ag(I) 50 48.22 1.78 3.6 0.037 - - 
Cu(II) 50 47.32 2.68 5.4 0.057 0.65 - 
Cd(II) 50 45.24 4.76 9.5 0.105 0.35 - 
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