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EDITORIAL

Dear readers,

the third issue of ,,Journal of Metallomics and Nanotechnologies® in 2015 is dedicated to a bio-
physical characterization of nanomaterials or bio-nanomaterials, especially by optical methods.
Another part of this issue is focused on research in area of nanotechnology and biotechnology.
The Laboratory of metallomics and nanotechnologies is the iniciator of the Visegrad Metallomic
Scientific Network also known as VAMSNet which connects researchers from Czech Republic,
Slovak Republic, Poland and Hungary. Main aim of the project was to establish functional
consortia for further research on European level. This was mainly secured by organization of
the conference, which was finally held in Brno. The events were visited by many students, who
were the direct target group. Information transfer and spreading of knowledge have enhanced
the level of education in this field and it should help to increase student s interest in the field of
Metallomics. Project partners are ready and willing to give the chance to young students and
scientists within the future projects of consortia. Countries of V4 are therefore considered to
play a crucial role in future development of Metallomics in Europe.

The last coming number of the volume in 2015 will be open for all the contributors in the main
area of the Journal of Metallomics and Nanotechnologies. The papers preferred for this issue
should be focused on novel nanotechnology in electrochemically focused analysis.

Ondrej Zitka
Editor in Chief



Editorial Board of the Journal of Metallomics and Nanotechnologies:

Chief Editor: Ondrej Zitka, Mendel University in Brno, Czech Republic
Assistant Manager Editor: Michal Horak, Mendel University in Brno, Czech Republic
Assistant Manager Editor: Sylvie Skalickova, Mendel University in Brno, Czech Republic

Expert editorial board:

David Hynek, Central European Institute of Technology, Czech Republic
Carlos Fernandez, Robert Gordon University, United Kingdom
Elena Maria Planells del Pozo, University of Granada, Spain
Gabriella Emri, University of Debrecen, Hungary

Jan Labuda, Slovak Technical University in Bratislava, Slovakia
Jaromir Hubalek, University of Technology in Brno, Czech Republic
Jitka Petrlova, Lund University, Sweden

Kledi Xhaxhiu, University of Tirana, Albania

Libuse Trnkova, Masaryk University, Czech Republic

Marie Stiborova, Charles University in Prague, Czech Republic
Marketa Vaculovicova, Central European Institute of Technology, Czech Republic
Marta Kepinska, Wroclaw Medical University, Poland

Martin Pumera, Nanyang Technological University, Singapore
Michal Masarik, Masaryk University, Czech Republic

Milan Antonijevic, University of Belgrade, Serbia

Miroslav Pohanka, University of Defence, Czech Republic

Naser A. Anjum, University of Aveiro, Portugal

Pavel Kopel, Mendel University in Brno, Czech Republic

Rene Kizek, Mendel University in Brno, Czech Republic

Tomas Eckschlager, Charles University in Prague, Czech Republic
Sarmistha Raychaudhuri, University of Calcutta, India

Vojtech Adam, Mendel University in Brno, Czech Republic

The authors declare they have no potential conflicts of interests concerning drugs, products,
services or another research outputs in this study.

The Editorial Board declares that the manuscript met the ICMJE ,,uniform requirements” for
biomedical papers.

Open Access content means the content is free of cost, and no restrictions are applied on its
Licensing and Copyrights. Open Access Journals provide free of charge scholarly content. The
literature is available for reading, downloading, and editing. The benefit of open access is that
the content can be reused for a novel cause/research/experiment.



CONTENT

Special issue for V4 projekt
Editioral material
Laboratory of Metallomics and Nanotechnologies

— an initiator of the Metallomics Scientific Network formation..........cccceeeeeeeeereecrreereeecieeeeenseeenns 6
Article
Capillary electrophoresis of metallothioNein.......ccceeeeiiieceenenenereee e eanes 15

Synthetic birnessites and buserites as heavy metal cation traps

and enviroNMmMeENtal FEMEAIES. ......ccuecvivriciirererierereresesesese e e e e e s e e see e e s e seesaessessesaessessessessessessessenses
Immunohistochemical detection of metallothionein
MALDI-TOF MSI and electrochemical detection of metallothionein in chicken liver

AFLET C EXPOSUTE...ceuverieeicreeteeieesteeeritesteseestestesseessessesseessessessesssessessesssessesseessessessesssessessesssensessesssessans 43
Regular issue

Review.

The use of MALDI MSI for the study of different tiSSUEs........cceeveeveevrererrerceesreniriceseeeesreseereesvenes 50

Utilization of graphene oxide electrophoretic deposition

for construction of electrochemical sensors and biOSENSOTS. .....cc.ccceveereeverererenrerirrenenereereeenaenaene 57

Influence of different inducers on ligninolytic enzyme activities: a review..........ceceeeveeerereennne. 64

Article

Interaction of nanocarrier apoferritin with cytotoxic drug molecules..........cccceveeueverveneruereeennen. 71

Study of cell penetrating peptide and europium(III) and terbium(III)

Schiff base COMPIEXES INTETACTION. ......cccverreeeriectereeterterteseeeerestesteseesaessessesressessessesssessessessassnsnsanes 81

HPV Detection in Leukocyte Samples of Spinocellular Carcinomas Using PCR.........ccccccccuucee 90

Characterization of carbon quantum dots by capillary electrophoresis

with laser-induced fluoreSCENCe AEtECLION....cc.cuieueieuerererieirietrerte ettt ettt e se e saeseene 97

Modification of anti-DNA antibodies with carbon quantum dots..........cccceveevvererrercrerereereesnenne 102

Fluorescence detection of carbon quantum dots (CQDs) and DNA conjugate using
stratospheric platform QDNA-STRATO........cccueciiiuirirereeterrectesesesteseessessessessessessessessesssssssssessenes 110



EDITORIAL MATERIAL

Laboratory of Metallomics and Nanotechnologies — an initiator
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The researchers from Laboratory of Metallomics and Nanotechnologies at Department of
Chemistry and Biochemistry of Mendel University in Brno were, in connection to their research
priorities, interested in the idea to create a cooperating partner network joining the excellent
central European laboratories focused on the metallomic research. The effort in this area was

supported by the project Metallomic Scientific Network of The International Visegrad Fund,
which is devoted to both creation and support of the close collaboration between citizens and
institutions in the Visegrad Group countries as well as the cooperation of these countries with
other states and regions.

Keywords: metallomics; networking; International Visegrad Fund

1. Introduction

The main goal of the project Metallomic Sci-
entific Network was to create the metallomic
network joining the partners, which will col-
laborate on the common projects in the long-
-term horizon. Laboratory of Metallomics and
Nanotechnologies sees the perspective area of
its research in metallomics — the progressive
scientific field focused on rapid and noninvasive
methods of determination, localization and
treatment of cancer. The newly formed network
enables the Laboratory of Metallomics and
Nanotechnologies and the project partners
to utilize the scientific potential, diversify the
research tasks and contribute to their solution.
The obtained results are available to all part-
ners, which contribute to the project. The viabi-
lity of the Network is confirmed by the former
successful collaboration between Laboratory
of Metallomics and Nanotechnologies and the
Faculty of Pharmacy of the Wroclaw Medical
University on the metallothionein research. The
results of this research focused on determina-

tion of human and rabbit metallothionein by
Brdicka reaction and mass spectrometry were
published in FEBS Journal. Furthermore, the
cooperation on the investigation of the meta-
llothionein’s influence on the zinc bioavaila-
bility could have the essential impact on the
understanding of mechanisms regulating the
life processes at the molecular level.

2. The main outcomes of the
project

The organization necessities connected to the
formation of the Metallomic Scientific Network
were discussed at several video-discussion at
which each partner introduced himself, his
scientific stuff as well as the results obtained
in his laboratory. Even though Laboratory of
Metallomics and Nanotechnologies cooperated
with all partners individually in the past, the
video-discussion was the first contact between
each other. The following video-discussions
were focused not only on the scientific topics
but also on the arrangement on two personal
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meetings of the partners at Metallomics and
Technology Conference in Brno and Workshop
in Debrecen.

2.1 Conference of Metallomics
Technology

Metallomics Technology Conference was held
from 14th to 18th June 2015 at the premises
of Mendel University in Brno. The conference
dealt with the latest trends and strategies in
the metallomic research.

The conference was organized under patron-
age of rector of Mendel University Prof. RNDr.
Ladislav Havel, PhD. During the first day of
the conference, the invited lectures by Prof.
Hajo Haase from the Technical University of
Berlin on the effect of zinc on the immunity
cell functions and by Prof. Juan Hidalgo from
the Autonomous University of Barcelona on
the effects of metallothionein in neuroinfection
were presented. In the second lecture session,
scientists from Masaryk University and from
Laboratory Metallomics and Nanotechnologies
from Mendel University in Brno presented their
lectures devoted to metallothionein. The first
day of the conference was finished with a guided
tour of the premises of the hosting laboratory

Figure 1: Lecture by Associate Professor Vojtech
Adam of Mendel University in Brno on the role of
metallothionein in cancer [1].

During the second day, the project partners
presented the results connected to the project
topic achieved by their departments, and dis-
cussed the possibilities for future cooperation
in research projects. During the third day of
the conference, the participants visited the

Department of Pathophysiology, Masaryk Uni-
versity, where, among other things, they were
acquainted with the results of the joint research
of prostate cancer obtained through the ongo-
ing collaboration of Masaryk University and
Mendel University in Brno. The fourth day of
the conference was, within the framework of
so-called Round table, was devoted to the de-
termination of major joint research interests
in relation to the creation of the metallomics
scientific network. This aims to not only at close
cooperation between the scientific institutions
of the Visegrad Group but also at the transfer of
expertise and exchange of information related
to monitored metallomics issues.

Figure 2: ,Round table“ of principal investigator
and project partners of Metallomic Scientific
Network [1].

2.2 Workshop in Debreceen

Workshop was organized by Dermatology
Department of the Medical Faculty Debrecen
University was devoted to the possibilities of
metallomics application in skin cancer therapy
and was held from 1% to 3 July 2015.

Among the most important outcomes be-
long, besides the existence of the mentioned
network, three-day workshop as a bridge the
gaps between the specialists and fields of science
as diverse as inorganic chemists, biochemists
and clinicians. The seminars were focused on
Metallotionein and skin cancer presented by
Vojtech Adam, Electrophoresis and electro-
chemistry of metallomics presented by Marta
Kepinska and Jan Labuda. The project ideas of
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Clinical characteristic and treatment of skin
cancers were introduced by Gabriela Emri fo-
llowed by contributions about Photodynamic
therapy in the management of skin cancers and
Photodynamic therapy in the management of
skin cancers. During the workshop the visit of
histopathology laboratory was done. Here could
the participants see various histopathological
samples connected to skin cancer. The last day
was the round table organized and the visitors
could discuss about metallomics and cancer.

.'("
R

Figure 3:

Workshop Metallomics and Skin
Cancer at University of Debrecen — prof. René
Kizek, PhD (LMaN) and Dr. Gabriella Emri (UD)
[2].

2.3 Videoconference of Metallomics
and Analytical Methods

In August 25" and 26" a videoconference
entitled The Metallomics and Analytical Me-
thods was realized. This videoconference was
focused on advances in metallomics as well as
progress in the field of analytical techniques in
connection to this rapidly developing scienti-
fic field and its application in cancer therapy.
This two-day session was hosted by associate
professor Vojtech Adam PhD, the head of the
Department of Chemistry and Biochemistry,
vice-rector of Mendel University in Brno and
the main researcher of the whole project Me-
tallomic Scientific Network.

METALLOMIC -
*T* SCIENTIFICNETWORK Ll

Figure 4: Lecture by Associate Professor Kledi
Xhaxhiu of University of Tirana, Albania [3]

3. Other outcomes of Metallomic
Scientific Network

Under the project of Metallomic Scientific
Network were arranged other outcomes of the
project include five webseminars [3-7], one se-
minar [8], three videoconferences [9-11] and
one workshop [2]. All these actions were fo-
cused on metallomics in connection with cancer
and metallothionein imaging. Here, we are
reported the summarization of past events in
a comprehensive table (Tab. 1). The overview
of the combined work of researchers of Vise-
grad group is given the book of abstracts of
Metallomics Technology Conference 2015: Re-
cent Advances and Strategies [12-33], orin the
book of abstracts of Metallomics Technology
Conference 2015: Metallomics and analytical
method [32,34-43]. The electronic version of
these books of abstracts is downloadable from
websites of the project

http://web2.mendelu.cz/af_239_nanotech/V4dp.
php?ip=138.
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Videoseminars
Date Authors Title Venue
Mendel University in Brno, LMaN,
24.4.2015 AdamV, Kizek R Metallomics - What is it? (PartI) Zemedelska 1,613 00 Brno, Czech

Republic
Mendel University in Brno, LMaN,

15.5.2015 AdamV, Kizek R Metallomics - What is it? (Part IT) Zemedelska 1,613 00 Brno, Czech
Republic
- oy ) Mendel University in Brno, LMaN,
562015  GuranR, z'\‘]"“‘ O, Adam  pray DI Imaging of MT in tissue slices of tumors Zemedelska 1, 613 00 Brno, Czech
Republic
- S i N PR . f Mendel University in Brno, LMaN,
14.8.2015 GuranR, ZI\S'I{A 0,Adam MALDIImaging of MT in tissue slices of chicken Zemedelska 1, 613 00 Brno, Czech
embryos .
Republic
Mendel University in Brno, LMaN,
21.8.2015 Xhaxhiu K, AdamV Particle size distribution analyses Zemedelska 1,613 00 Brno, Czech
Republic
Seminar
Date Authors Title Venue
. . _ Mendel University in Brno, LMaN,
31.7.2015 AdamV, Kizek R Metallomics and skin cancer ~DEBRECEN Zemedelska 1,613 00 Brno, Czech
meeting summary .
Republic
Videoconferences
Date Authors Title Venue
i L Mendel University in Brno, LMaN,
19.8.2015 Adam V, Moulick A, Metallomic and melanoma cancer Zemedelska 1,613 00 Brno, Czech
Kominkova M, Emri G !
Republic
’ I Mendel University in Brno, LMaN,
1042015  AdamV,Richteral, Metallomic and cancer Zemedelska 1,613 00 Brno, Czech
Hynek D, Labuda ] ;
Republic
" Mendel University in Brno, LMaN
Metallomics Technology Conference . ) ¥
25.-26.8.2015 2015:Metallomics and analytical methods Zemedelska 1,613 L?D Brno, Czech
Republic
Conference
Date Title Venue
14.18.6.2015 Metallomics Technology Conference 2015: Recent  Mendel University in Brno, LMaN, Zemedelska 1, 613 00 Brno,
T Advances and Strategies Czech Republic
Workshop
Date Title Venue
1.3.7.2015 Metallomics and skin cancer . University of Debrecen, Egyetemn tér 1, 4032 Debrecen,
Hungary
Articles
Date Authors Title ISSN
30.9.2015 Emri, G Immunohistochemical detection of metallothionein 2336-3940
30.9.2015 Maldi-tof msi and electrochemical de{ectmn of metallothionein in chicken liver after 2336-3940
Guran, R cadminum exposure
1.10.2015 Kepinska, M Capillary electrophoresis of metallothionein 2336-3940
Laboratory of metallomics and nanotechnologies —an initiator of the metallomics
Sochor, V scientific network formation 2336-3940
30.9.2015 ) Synthetic birnessites and buserites as heavy metal cation traps and environmental 2336-3940
Xhaxhiu, K remedies
Proceedings
Authors Title

Adam, V., Kizek, R.
Adam, V., Kizek, R.

Metallomics Technology Conference 2015:Metallomics and analytical methods,

Metallomics Technology Conference 2015: Recent Advances and Strategies

Table 1: Summarization of other outcomes of Metallomic Scientific Network.
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It is obvious, the role of metallothionein is
discussed in all presented contributions as an
important metal-binding protein in the field
of metallomics. In recent decade, the role of
metallothionein was clarified in the connection
with higher oxidative stress and cancer. Many
studies have reported higher expression of MT-1
and its mRNA in various human cancers; such
as breast, kidney, lung, nasopharynx, ovary,
prostate, salivary gland, testes, urinary bladder,
cervical, endometrial, skin carcinoma, melano-
ma, acute lymphoblastic leukemia (ALL), and
pancreatic cancers. Or the increased expression
of MT I and II could be correlated to higher
tumor grade/stage, chemotherapy/radiation
resistance, and poor prognosis [44]. Due to
metallothionein importance, various methods
for studying this metalloprotein have been
developed. We can mention electrochemical
detection by Brdicka’s reaction, PCR, capillary
electrophoresis and last but not least MALDI
imaging, which seems to be a novel, perspective
method to studying the metallothionein levels
in tumor tissues.

3.1 Published papers

For the above mentioned topic follows articles
which are focused on the problematic of meta-
llothionein and cancer, were published in the
Journal of Metallomics and Nanotechnologies
to give a comprehensive view on all this pro-
blematics: Immunohistochemical detection
of metallothionein by Emri et al [45], MALDI-
-TOF MSI and electrochemical detection of
metallothionein in chicken liver after cadmi-
num exposure by Guran et al [46], Capillary
electrophoresis of metallothionein by Kepinska
et al [47], Synthetic birnessites and buserites
as heavy metal cation traps and environmental
remedies by Xhaxhiu et al [48]. All the articles
are published in this volume of the journal.

3. Conclusion

The finalization of the Metallomic Scientific
Network project on August 315t 2015 is a sym-
bolic start of a new period of collaboration
within the metallomic research of V4 countries
on only in terms of ongoing exchange of the
experiences but also in in terms of preparation

of new projects, which will be based of the newly
developed collaboration.
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Mammalian metallothioneins (MTs) are a group of low molecular weight (6-7 kDa) proteins.
They consist of a single polypeptide chain of 61-68 amino acid residues, including 20 cysteinyl
residues. In the human, there are four isoforms: MT-1, MT-2, MT-3, MT-4. Heterogeneity of
isoforms results also from post-translational acetylation and/or variations in metal compositions.
MTs are involved in the metabolism of heavy metals and constitute an intracellular reservoir
of trace elements. Furthermore, they neutralize electrophilic compounds, have a protective
function against DNA damage and an ability to inhibit apoptosis. Due to the characteristics,
such as low molecular weight and unique primary structure, elaborating the isolation, separation

and determination conditions of MTs analysis poses many problems, especially in achieving
a satisfactory sensitivity and specificity. In addition to traditional analytical techniques, such
as gel electrophoresis, liquid chromatography, and size exclusion chromatography, capillary
electrophoresis (CE) has proven to be a powerful separation technique for MT analysis.
Numerous studies devoted to the optimization of CE conditions as capillary surface, electrolyte
background or modifiers or kind of detectors. Coupling CE with mass spectrometry creates a

powerful analytical tool for the characterization of MT.

Keywords: capillary electrophoresis; metallothionein

1. Introduction

Metallothionein (MT) was first isolated in
1957 from the horse kidney by Margoshes and
Vallee [1], subsequently MT presence was de-
monstrated in other animals, in higher plants,
eukaryotic microorganisms, and in some proka-
ryotes [2]. Mammalian MT belongs to a group of
low molecular weight proteins (6000-7000 Da)
with 30% content of cysteine. A characteristic
feature of all MTs is a tripeptide sequence Cys-
-Xaa-Cys, where Xaa is an aminoacid other than
cysteine [3]. The sulfhydryl groups of cysteine
form with metals closely packed spatial structu-
re in which metals are within the molecule [2,4].
It serves as the reservoir of metals for the body
(mainly Zn and Cu) which are the part of many
enzymes and proteins involved in the removal
of DNA damage, replication or transcription.
MT protects the cells against the toxicity of
heavy metals (Cd, Pb, Hg) by binding them. MT

is composed of two domains: o and f linked by
lysine dimer. Domain o (C-terminal) is more
stable and is able to bind four atoms of Zn or
Cd, or five or six atoms of Cu. Beta domain (N
terminal) is more reactive, it can bind tri- Zn
or Cd, or six atoms of Cu [4].

Slight differences in amino acid composition,
hydrophobicity and isoelectric point allowed to
separate the four major isoforms: MT-1, MT-2,
MT-3 (also known as, growth inhibitory factor
GIF), and MT-4. Despite the mutual similarity
of MT-1 and MT-2, their roles and presence
in tissues differ significantly [5]. While MT-2
isoform in humans is encoded by a single gene
MT-2A, MT-1 consists of multiple subtypes en-
coded by a gene set of MT-1 (MT-1A, 1B-MT,
MT-1E, MT-1F, MT-1G, 1H and MT-MT-1X),
which determine the micro-heterogeneity of
the protein (Figure 1).
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Figure 1: Comparison of the amino acid sequences of MT 1/2 human isoforms using the ClustalX

program 2.0.11 [6].

ISOFORM

OCCURRENCE

MT-1/MT-2

Nucleated cells of peripheral tissues, interstitial fluids, blood
plasma. Particularly high levels in the liver and kidneys. Also
present in the cells of the CNS serving as nourishing and supporting

cells (glia, astrocytes, cells of the choroid plexus and tires).

MT-3

Neurons (in the brain mainly in cells of the neocortex,
hippocampus, cells of the olfactory bulb and dentate gyrus), renal

tubular cells, male reproductive tract.

MT-4

Squamous cells (mouth, esophagus, stomach, appendages, skin,

feet, hands).

Table 1: Places of expression of particular isoforms of human MT [Based on 11].

MT-1 and MT-2 genes expression have been
demonstrated in many tissues: in the parenchy-
mal cells of the kidney, liver, lung, intestines,
pancreas [7], in cells of the sweat glands of
the skin, in germ cells, and in epithelial cells
of the thymus [8]. Izofom MT-3 is a protein
mainly present in brain tissue [9]. The expre-
ssion of MT-4 is limited to squamous skin and
upper gastrointestinal [10]. Sites of presence
of particular isoforms of human MT are listed
in Table 1 [11].

MT cysteine residues also play a critical role in
the removal of free radicals. MT has antitumor
activity as it neutralizes toxic electrophiles, re-
active oxygen and nitrogen species. MT is also
capable of inhibiting apoptosis and developing

resistance to radiotherapy and chemotherapy.
Higher expression of this protein has been
observed in many tumor tissues: lung, kid-
ney, pancreas, bladder, urinary tract. Lower
concentration levels have been observed in
gastrointestinal tumors tract, including liver
cancer or colon cancer.

To identify MT, sensitive and selective analysis
techniques are applied. Low molecular weight of
protein, and the heterogeneity of the biological
material to be analyzed (serum, erythrocyte
lysate, urine, different tissues), also causes a
variety of methods used for its quantitative
determination.

Electrochemical methods such as differen-
tial pulse and cathodic stripping voltammet-
ry, saturation analysis methods based on Cd,
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Ag and Hg, spectrophotometric methods as
well as chromatographic and electrophoretic
techniques are used [12]. Among immuno-
logical techniques used in MT analyses are:
enzyme-linked immunosorbent assay, immu-
nofluorescence assay and radioimmunoassay.
These methods are highly sensitive and can
detect even small amounts of MT in tested
material [13,14]. One of the most widely used
techniques in the analysis of proteins inclu-
ding MT is two-dimensional polyacrylamide
gel electrophoresis or capillary electrophoresis
(CE) often coupled with mass spectrometry
(MS). CE allows analysis of both MT as MT in
complexes with metals. As the determination
of various isoforms is concerned, there must be
very sophisticated detection system connected
with separation one.

Today, medicine has a lot of interest in re-
search on this protein, and thanks to modern
analytical methods with high sensitivity and
specificity, the determination of MT concen-
trations in the biological material is possible,
wherein its amount in relation to other proteins
is small.

2. Capillary electrophoresis

Electrophoresis was developed by Swedish
chemist Arne Tiselius in the 30s of the twen-
tieth century, in order to test serum proteins.
For this achievement he obtained the Nobel
Prize. The basis of this analytical method is
the ability to move of charged species, placed
in an electric field to the corresponding pole of
the power source.

CE is one of the methods of electrophoresis,
which is characterized by high efficiency, sub-
stantially higher than the efficiency achieved
by high-performance liquid chromatography
(HPLC). In CE, capillaries made of synthetic
quartz not absorbing ultraviolet radiation are
used. The capillaries are immersed in a suitable
buffer solution and when cross potential gradi-
ent is applied, hydrated cations are attracted
toward the cathode, causing a flow in the whole
volume of liquid. This phenomenon is known
as electroosmotic flow (EOF). In CE, this effect
is responsible for the movement of all particles
(cationic, anionic or neutral) along the capillary

toward the detector. EOF in capillaries filled
with a buffer is formed by the ionization of
silane groups (SiOH) on the inner surface of
the walls at pH above 4. Cations accumulate
near the negatively charged surfaces and form
electrical double layer - the potential is formed.
Applying avoltage across the capillary initiates
EOF, whose speed is typically about one order of
magnitude greater than the flow rate of solute.
So the total migration rate of the substance
(p total) is psubst + pnEOF. As the result of EOF,
all substances are transferred into the cathodic
end of the capillary, where they pass through
the chamber of the detector. Most commonly
used detectors are UV-VIS, diode-array detector,
fluorescent, electrochemical and mass spectro-
meter [12,15].

2.1 Types of capillary electrophoresis

There are several methods of separation of di-
fferent substances by capillary electrophoresis.

Capillary zone electrophoresis (CZE) is the
simplest from CE methods. Separation of sub-
stances occurs within the capillary filled with
a buffer solution of appropriate pH and ionic
strength. Upon application of the electric field
substances are transferred toward the cathode
end of the capillary in a strong flow - EOF. The
particles reach the detector in order of dec-
reasing total mobility, which depends on the
size and charge of individual substances. CZE
cannot be used for the separation of neutral
substances. The main means influencing EOF
include electric field, pH, ionic strength, com-
position and additives of electrolyte, as well
as capillary wall coating and separation tem-
perature [12].

Micellar electrokinetic capillary chromatogra-
phy (MECC) is used for distribution of both ions
and neutral compounds. It uses the addition to
buffer of surfactant solution which forms micel-
les with a hydrophobic inside and positively or
negatively charged surface. The micelles divide
neutral substances according to their partiti-
on coefficient. More hydrophobic substances
arrange inside the micelles, and hydrophilic
in buffer solution [16]. Then micelles migrate
towards the detector, complexes with a positive
charge appear first, then a neutral and at the
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end negative ones. The most commonly used
surface-active agent is sodium dodecyl sulfate
(SDS), which exhibits the best resolution [17].
The MECC basis for separation of substances is
their division between the hydrophilic aqueous
electrolyte environment and the hydrophobic
interior of the negatively charged SDS micel-
les. Separation is based on differences in hyd-
rophobicity and charge. Separation achieved
by MECC is generally lower than in other CE
techniques. However, MECC has much higher
efficiency of separation and reproducibility of
peaks migration times and their surfaces.

Capillary gel electrophoresis is used for sepa-
ration polymers, proteins and DNA sequencing.
The capillary tube is filled with a polyacrylamide
or agarose gel. The sample is applied electro-
kinetically to the capillary, and prior to the
analysis it is necessary to remove impurities
from sample. Separation of analyte particles
takes place under the influence of differences in
particle size and speed of their passage through
crosslinked gel bed. The larger particles migrate
slower through the gel [15,18].

Capillary isoelectric focusing is a technique
with a high degree of proteins separation and
other amphoteric compounds. The analysis is
carried out in a capillary, wherein pH gradient
is formed using ampholytes carrier. The iso-
electric point values are typically in the range
from 3 to 10. Upon application of an electric
field, components of the sample migrate and
become embedded in such places of capillary,
which correspond to their pl. After termination
of the separation, all components are analyzed
by a detector through which they pass under
the pressure applied to the anode end of the
capillary [15].

Capillary isotachophoresis is characterized by
the use of two different buffering sets, leading
buffer with a higher mobility than the mobility
of the sample and buffer ending with a lower mo-
bility. In them, the particles of analyte migrate
depending on their electrophoretic mobility, to
form a chain of adjacent zones, moving at the
same speed between the two solutions. This
method uses capillaries with inner diameters
500 um, and the primary detection system is
conductometry [18].

Anhydrous capillary electrophoresis is a me-
thod that has better solubility and stability for
hydrophobic molecules. Separation takes place
in a medium consisting of organic solvents in
place of aqueous buffer. Acetonitrile or metha-
nol are usually used. The viscosity and dielectric
constant of the solvent affect the mobility of
analyzed ions and the level of electroosmotic
flow [19, 20].

Capillary electrochromatography is a method
that combines the advantages of HPLC and
CE. It is characterized by a strong EOF with
flat profile and a higher selectivity than other
CE methods. Separation of charged analytes is
carried out on the basis of their electrophoretic
migration and adsorption chromatography of
neutral particles [19].

3. The use of capillary electropho-
resis in metallothionein analysis
For the separation of MT isoforms, different
CE techniques in combination with appropriate
detectors are used. It provides a wide range of
possibilities to optimize the degree of resolu-
tion by selecting the pH, temperature, buffer,
electrolyte and the type of capillary.

3.1 Types of capillaries

Two types of capillaries have been used: un-
coated or coated capillary. The use of uncoated
capillaries gives advantages in terms of their
stability and the shorter time of analysis, while
the use of surface-modified capillaries increases
the resolution of MT isoforms separation [21].

3.1.1 Uncoated capillaries

As aresult of using uncoated capillaries often
occurs undesirable phenomenon of adsorption
of proteins on the inner wall of the capillary
tube. The reason is that the silane groups at pH
3 or more are ionized. This can be avoided by:
(1) the addition of SDS or methanol that limits
the proteins ability to interact with the wall; (2)
analysis of MTs at low pH but it has limitations
because MTs are unstable at pH below 3 and
they dissociate metals; (3) the use of buffers
of high ionic strength. These buffers generate
current which causes excessive heating of the
sample and the quantitative loss of resolution.
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Therefore, effective cooling of the capillaries is
essential; (4) increase or decrease the length of
the capillary diameter. As aresult, the electrical
resistance is reduced and there is an increase of
dissipation of excessive heat, what reduces the
current flow and heating effects [22].

At low pH MTs are unstable. They dissociate
metals and the level of apolipoprotein arise.
The release of metal causes a reduction in UV
absorbance and MTs sample more concentrated
should be used for their determination. Sepa-
ration of MTs complexes with Cd and Zn in the
pH range of 3-5 is not reproducible due to the
partial dissociation of the metal. Often, in the
electropherogram it is difficult to distinguish
the peaks of MT-1 and MT-2 from each other.
There is no such problem with MT-3, because
it is highly charged, migrates faster and it is
completely separated from the MT-1 and MT-2
in neutral and low pH. In order to improve
resolution of MT-1 and MT-2 isoforms, ions of
surfactants with the electrolyte are added to
samples of MT. Use of MECC technique enables
the separation of all MT isoforms, which is not
possible using only phosphate buffer. The best
MECC recommended conditions include using
of a50 cm x 75 pm uncoated capillary, 300 mM
borate buffer pH 8.4 containing 85 mM SDS.
Furthermore MECC at 10 kV gives a better
separation by changing pH from 8.4 to 10.4 or
SDS concentration from 60 to 120 mM, when
compared with the use of higher voltage [17,21].

3.1.2 Modified capillaries

The inner surface of a fused silica capillary
is modified or coated with various substances
or ligands in order to eliminate EOF and inte-
raction of proteins with walls. This affects its
charge, hydrophobicity and surface chemistry.
Neutral capillaries are used for the separation
and qualitative assessment of proteins, among
others MT isoforms. They enable to use a wide
range of different electrolytes and buffers. Both
low and neutral pH can be used for analysis
by changing the polarity. Good resolution is
observed in organic buffers and phosphate. Ca-
pillaries coated with amino groups give better
results for the separation of proteins positively
charged (at pH below the pI of the protein), be-
cause the wall has a positive charge. However,

some of capillaries are not suitable for use in
pH below 3.5. MT isoforms with pI 4-4.5 and
charge from 1 to 13 at neutral pH, should not
be separated in capillaries coated with amino
groups in neutral or alkaline pH. However,
using high ionic strength and phosphate buffer
at pH above 8 as the electrolyte, a good separa-
tion of all MTs is obtained [22].

3.2 Sample preparation for metallothionein
analysis

Quantitative determination of MT isoforms
in tissues requires adequate sample preparati-
on technique. Radioimmunoassays and some
analytical techniques do not require sample
purification. They can be used directly to MT
measurements. In contrast, samples for chroma-
tography and electrophoresis should be wholly
or partially purified. Purification always reduces
the amount of tested substance in the sample,
so finding optimal solution is desired. MTs in
relation to other proteins are heat-stable and
they can be purified by heat treatment at the
temperature of 60°C for 10 min. or to 100°C
for 1 min. The temperature and heating time
are depending on the size of the sample [23].

Another method of sample purification is to
acidification of tissue fragments prior to ana-
lysis, MTs are difficult to denaturize at a low
pH, but they lose metals. They are also stable in
50% aqueous solutions of a mixture of solvents:
ethanol, acetone and acetonitrile. Many other
proteins in these solutions are deposited on
the vessel walls.

These procedures cause significant dilution
of samples, and from analytical point of view,
the use of concentrated samples is required.
Therefore, the most used technique for MTs
preparation from tissue is by a two-stage solvent
extraction having a concentration of 50% and
80-90%. It gives partially clean and concent-
rated extract, which is analyzed using CZE. In
this technique isimportant to choose a suitable
solvent. Using of a mixture of acetonitrile-etha-
nol as a solvent gives a reproducible and highly
efficient procedure. The purification yield can be
increased by adding 0.5 mM of sodium chloride
to the homogenisation buffer 100 mM Tris-HCI
pH 8.0 [22,24].
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3.3 The choice of buffer and electrolyte

Increasing the resolution of MT isoforms is
achieved by appropriate selection of buffers and
electrolytes. Their selection should be guided by
three main factors: UV absorbance, conductivi-
ty and pH buffering capacity. The most, sodium
phosphate is used, because it has a very low
absorbance in the UV wavelength range and
has very good pH buffer capacity. The phos-
phate buffer gets a higher degree of resolution
than the borate buffer, but generates a higher
current because it has a higher ionic strength.
Therefore, when using a sodium phosphate is
recommended to use narrower (25 and 50 pm)
and longer capillaries (50-100 cm). Borate buffer
has low conductivity, lower ionic strength and
resolution of phosphate buffer. However, the
resolution is increased by using higher con-
centrations of buffer [21]. Good separation of
MT is achieved with organic compounds for
example: 2-amino-2-hydroxymethyl-propan-1,3-
-diol (Tris) and mixed buffer, eg. Tris-borate.
Virtanen et al. presented a systematic study of
the impact of buffer composition, concentration
and pH as well as temperature and voltage on
separation of MT isoforms [25]. Later, the same
author introduced CE method using Tris-tricine
buffer containing methanol as a background
electrolyte [26]. The advantage of using bipolar
organic buffers is their low conductivity and low
ionic strength. When using UV detection below
220-230 nm, the absorption of some organic
buffers is limited by their high concentrations
[27]. From buffers discussed above, the best MT
separation was obtained in uncoated capillaries
in a phosphate buffer with high ionic strength
and low pH [22].

3.4 Methods of metallothionein detection
Identification of separated MT isoforms from
tissue extracts and in purified MT samples
using CE is not so difficult in comparison with
a further detection, especially because of the
limited amount of material that can be ob-
tained from tissues. The choice of method for
determining MT isoforms in CE depends on the
required degree of reproducibility, sensitivity
and specifics. The techniques of detection which

are used in the analysis of MT isoforms are
UV detection, diode array detector and mass
spectrometers.

3.4.1 Detection of metallothionein
by UV and diode array detector

The absorbance detection is highly universal
especially in the deep UV range of spectra, its
sensitivity is dependent on the optical pathlen-
gth, which is given by the capillary diameter.
MT absorbance detection is mostly carried out
at 200 nm employing the light absorption by
the peptide bond [12]. MT does not disclose the
absorbance at 280 nm, as it does not contain
aromatic amino acids. The most common me-
thod of MT isoforms identification is the use of
diode-array detector. Simultaneous monitoring
of spectra at different wavelengths: 200, 214,
and 254 nm can be done to see: apoproteins
at absorbance at 200 nm, Zn-MT - at 214 nm,
Cd-MT - at 254 nm. Another problem is the
type of buffer used. Organic buffers as HEPES,
Tricine strongly absorbs UV light below 230
nm. This limits the use of lower wavelength.
In contrast, buffers as phosphate and sodium
borate do not absorb UV light and are suitable
for the determination in wavelength lower than
230 nm. A mixture of alkaline borate and SDS
shows a good separation and repeatability of
migration times.

3.4.2 Metallothionein detection
with mass spectrometry

Avery good method for determining isoforms
of MT is to use MS. The device separates the
beam of charged particles according to a weight
value of the particle charge by means of electric
and magnetic fields. There are many types of
mass spectrometers differing in the type and
direction of fields, shape their area of operation
and the distribution of the intensities.

With MS, monomers and polymers of MT
isoforms can be identified. The spectrometer
analyzes very small sample volumes, making
it possible to obtain more detailed information
about the fraction obtained after separation on
CE, compared with UV or DAD detection. Fur-
thermore, the combination of MS with various
techniques for CE gained a lot of important
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information on MT. CZE-MS shows the mole-
cular structure of MT and inductively coupled
plasma (ICP)-MS binding of MT with metal. The
application of CE-ICP-MS has made significant
progress in MT analysis in last few decades. The
metals complexes of two major MT isoforms,
MT-1 and MT-2, were separated and elements
present in isoforms were selectively detected
by CE-ICP-MS coupled via various interface
designs [28,29].

4. Conclusions

MTs are considered as medical or environmen-
tal pollution biomarkers therefore methods of
their effective determination are needed. The
present paper shows advantages of capillary
electrophoresis as a tool for MT determination.
Despite many years of research on MT and the
use of CE in its analysis, there is still lack of
method that allows the simultaneous analysis
of all isoforms of MT directly in the tissues.
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Microporous Na-birnessite-type manganese oxides are synthesized by oxidation of Mn(OH),
with K S,0, in strong alkaline environment. Subsequent ion-exchange reactions in aqueous
solutions containing Sr, Ba promote their incorporation into the layered structural frameworks,
which upon further hydration lead to the respective layered Buserites. Chemical composition and
surface structure are assessed by X-ray powder diffraction, nitrogen- and argon- sorptiometry.
Na-birnessites and Sr-buserites display good crystallinity. Ba-buserites consist mainly of
nanocrystals. Their N, adsorption/desorption isotherms of resemble IV-type isotherms. Integral
and differential pore distribution curves obtained by N,-sorptiometry exhibit out-of-layers pores
of 4-5 nm and 10-20 nm. Na-birnessites, Sr- and Ba-buserites possess external B.E.T surfaces
of 75.6, 49.2 and 93.6 m?/g respectively. Considerable adsorption volumes of 14, 17 cm3/g for
P/P0 = 0.05 for Na-birnessites and Ba-buserites are assessed by Ar-sorptiometry. Differential
pore distribution curves confirm inner-layer micropores of 5 to 7 A with a B.E.T specific area of
76.2 m?%/g for Na-birnessites and 51.8 m?/g for Ba-buserites. Na-birnessites and Sr-, Ba-buserites
possess enhanced ionic exchanging capacity, acting as a “sink” for heavy metal cations such
as Fe?*, Fe3* Co?*, Ni?**, As*". The retention of U, Cs and Sr radioisotopes by them unfolds their
salient anti-pollution potential for soil and subwater ecosystems.

Keywords:Na-birnessites, Sr-, Ba-buserites, one- and two-dimensional layers, porous media,
adsorption/desorption properties, ion exchange capacity, heavy metal cation trap

1. Introduction

The history of the name birnessite derives
from the region called Birness, from where Jo-
nes and Milne reported at first on this material
[1]. Itimportance is related to the its manganese
content which classify it as the main Mn-con-
taining phase in soil, marine and nodules [1,
2]. Beyond this fact, what makes this mineral
important is its characteristic two dimensional
layered structure built of edge- and corner-sha-
ring MnO, octahedral sheets separated by a
single water molecule layer and random cations
[4,5]. The latter cause a spacing varying from
7-7.1 A [5]. Upon further hydrating at certain
conditions they convert reversibly to busseri-

tes which have a similar structure but consist
of two single molecule water layers enlarging
the interlayer space around 10 A [4,6,7]. Since
water is loosely bound to the buserite structu-
re, it can be lost easily upon drying yielding
back birnessites [4,6,7]. This inter-conversion
is of great importance for various topics and
especially for manganese distribution in the
nature. The special structure of birnessite and
buserite bears several unusual properties such
as pronounced adsorptive properties and ion
exchanging [8-13]. In spite of the industrial
applications of the latter [14-16, 17-20] deri-
ving from this property, increasing interest is
paid for their application as anticontamintats
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[10,12,21,22] in the environmental remedia-
tion. Numerous studies have unveiled their
adsorbing/exchanging capacities of various
alkaline metal cations [7,10,8,24], transition me-
tals cations [9,11,13,22,23] or even hazardous
nuclear wastes containing uranium cations [5].
Due to the importance of these materials and
their continuously reevaluation, this study aims
to shed light on the structural and adsorptive
properties of Na-birnessite and emphasise their
cation sorptive/exchanging properties.

2. Results and Discussion

2.1 Structure of birnessites and buserites

Golden et al. were the first to report on the
layered structure of birnessites. They found
the chemical formula Na,Mn,,O, *9H,O for
the synthetic Na-birnessites classifying it to
the orthorhombic crystal system. The structure
of Na-birnessite consisted of two-dimensional
sheets of edge-shared MnO, octahedra, spaced
at 7 A and occupied by Mn3*/Mn* species.

] dehydratian

® i, ——

dehydrated Birnessite

-y
|7-71A

Birnessite

distance reported by them was in full accordan-
ce to the previous investigations of Post and
Veblen which determined the crystal structure
of synthetic sodium, magnesium and potassi-
um, birnessite using TEM and the Rietveld
method [25]. Upon drying, Na-birnesites lose
their single water molecule layer which leads
to a decrease of the interlayer spacing of 5.6 A
[7]. Buserites in comparison to birnessites have
a greater interlayer spacing of 9.3-10 A [7], and
contain double-water molecule layers between
the two-dimensional edge-shared MnO, octa-
hedral layers. They easily lose one water layer
transforming to the respective stable Na-birnes-
sites [4,7]. This transformation is interlaced with
an interlayer shifting of approx. 0.3 A. Due to
the ability to maintain or lose the second water
layer they are classified to unstable and stable
buserites [7]. Buserites which lose reversibly
one layer of water molecules upon drying and
regain it upon stirring in water represent the
unstable ones. Luo et al. showed that this pro-
cess is strongly dependent on the preparation

P® |

Buserite

Figure 1: The reversible conversion of birnessite to dehydrated birnessite (left) and buserite
(right). The top and bottom layers represent edge-sharing MnO, octahedra. The given
distances between octahedral layers are based on the literatures [4,5,7].

This distance between layers could accom-
modate a single layer water molecules and ex-
changeable Na ions [6]. Latter studies of Le
Goff et al. on Na-birnessites and buserites ba-
sed on infrared and absorption spectroscopy
investigations reported the chemical formula
Na0.,,MnO,*0.67H,0 for the dried Na-birnes-
site. Although the oxidation state of manga-
nese is represented as 4, according to them
it was merely 3.68 [4]. They could classify the
Na-birnessite lamellar structure in the mono-
clinic space group of C2/m with Na ions and
water molecules occupying the prismatic holes
formed between the octahedral layers with a
typical interlayer distance of 7.1. This interlayer

method and proposed a double aging method
for the synthesis of stable Na-buserites at ambi-
ent conditions for longer times [7]. A schematic
which summarizes all is described above on
the reversible transformation dry-birnessite-
-birnessite-buserite is exhibited in fig. 1.
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Figure 2: Measured XRD powder patterns of
Na-birnessites, Sr- and Ba- busserites.

The measured diffraction pattern of Na-bir-
nessites (Fig. 2) shows a good match with the
pattern published by Prieto & Rives [26], which
indexed and refined it in the monoclinic system
with the lattice constants a,=5.039 A, b,=2.822
A, c,=7.366 A, B=103°.Indeed, literature data
unveils that in most cases Na-birnessites crysta-
llize in the monoclinic crystal system [4,27,28].
Asreported by them, this is due to the high po-
larizing effect of the alkali cations (Li*, Na*, K*)
toward the water molecules which constrain the
layered structure to maintain the monoclinic
symmetry. The measured sample of Sr-buserite
revealed a good crystallinity as shown by the
powder pattern of fig. 2. In opposite to it, the
powder pattern of Ba-buserite resembled more
to XRD pattern of a nano-crystalline sample.
Both diffraction patterns of measured buserites
(Fig. 2) matched well to the measured pattern
of Na-birnessites, especially for the position
of the main reflections. This similarity to the
diffraction pattern of Na-birnessites is due to
the instability of Sr- and Ba-buserites at ambient
conditions for long times as reported by Luo [7].
He found that Ba-buserite change direcly to Ba-
-birnessite upon drying, meanwhile Sr-buserite
canretain the buserite structure up to 1 h after
drying. For the latter, this conversion occurs
gradually and partially. This fact explains the
presence of some buserite structure reflections
with low relative intensities, in the measured

powder pattern of Sr-buserites.

2.2 Porosity and BET surface area

N, sorptiometric measurements were taken
to determine the porosity and BET surface
area of Na-birnessite, Sr- and Ba-buserite.
The adsorption isotherms and the respective
differential pore distributions are plotted in
fig. 3. At the first glance, the adsorption iso-
therms of Na-birnessite (Fig 3a) and Ba-buserite
(Fig. 3e) are characterized by a similar initial
and maximal N, adsorption volume. Anyway,
a close observation of the adsorption data un-
veils a light advantage of the initial and final
adsorption volumes of Ba-buserite (13.32 cm3/g
vs. 15.91 cm3/g) and (135.27 cm®/g vs. 157.71
cm®/g) making a difference in the adsorption
volumes of approx. 20 cm?/g.

Sr-buserites showed a poorer adsorption be-
havior in comparison to Na-birnessites and
Ba-buserites. Its initial and final adsorption
volumes consisted merely of 8.73 cm3/g and
94.67 cm®/g. The differential pore distributions
of the measured samples (Fig. 3b,d,f) display-
ed the presence of the microporosity in all of
them and an overall external porosity increa-
sing in the order Sr-buserite < Na-birnessite
< Ba-buserite. Since the N, kinetic molecule
diameter is 3.64 A [29] the N, molecule steri-
city impedes its entrance and accommodati-
on in the free space between the interlayers,
which in the case of Na-buserite in dried form
is reported 1.94 A. The BET specific surface
area for these three samples was measured
by this adsorbate and is shown in fig. 4. As
expected and in full accordance to the adsorp-
tion isotherms and differential pore distribu-
tions, Ba-buserite shows the highest specific
area 93.64 m?/g followed by Na-birnessite with
75.57 m?/g and Sr-buserite 49.16 m?/g. Indeed,
the determined BET specific surface area of
Na-birnessites was slightly above the maximal
border value of 72 m?/g reported by Wong and
Cheng [21] and much higher than the literature
values [26,30]. To overcome the difficulty of the
proper determination of the sample porosity
due to the inaccessibility of N, entering the
inlayer space of these materials, complementary
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Figure 3: Adsorption desorption hysteresis of: (a) Na-birnessite, (c) Sr-buserite and (e) Ba-buserite; dif-
ferential pore distribution of: (b) Na-birnessite, (d) Sr-buserite and (f) Ba-buserite.
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Ar-sorptiometric measurements were taken
for the samples of Na-birnessite and Ba-buse-
rite. Ar atoms have a smaller kinetic diame-
ter 3.4 [21] and hence can better access the
pores. The Ar-adsorption isotherms of both
samples were recorded for a relative pressure
of 0.05 (Fig. 5a). The recorded Ar-adsorption
isotherms exhibit slightly lower initial adsorp-
tion volumes compared to the N, adsorption
data. Again Ba-buserite shows the highest
adsorption volume of 17 cm®/g, compared to
14 cm®/g for Na-birnessite.

The differential pore distribution calculated
according to the Horvath-Kawazoe equation
(Fig. 5b) for both samples reveals the main pore
distribution with mean diameters varying from
0.3 to 1.2 nm, and the maximum value at 7 A.
This is the most reported value of the interlay-
er distance in birnessites. This fact reinforces
the conclusion regarding the instability of the
Sr-and Ba-buserites at ambient conditions and
emphasizes their partial or total conversion
into the respective birnessites. These measure-
ments also endorse the fact that the exchange

of Na* with Ba?" increases the porosity in the
birnessite structure.

Complementary BET specific area determi-
nation based on Ar-sorptiometric measure-
ments of Na-birnessite and Ba-buserite samples
(Fig. 6) exhibited a larger BET specific area of
thelatter (60 vs. 64 m?/g). Anyway these values
are lower in comparison to the BET values repor-
ted above for the N,-sorptric data and slightly
above the value 55 m?/g reported for Na-birnes-
site by Wong and Cheng [21]. The discrepancy
between the BET surface area determined by
N,-sorptiometry and Ar-sorptiometry occurs
due to the difference between the shapes of N,
molecule and Ar atom, their polarisabilities and
their surface packing behavior. Na-birnessite
showed reveals a larger BET specific surface
area compared to its external surface (60 m2/g
vs 57 m?/g). The opposite was observed for
Ba-buserites which showed a larger external
surface area instead (64 m?/g vs. 69 m?/g).
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Figure 5: (a) Ar-adsorption isotherms of Na-birnessite and Ba-Buserite, (b) differential pore distribu-
tion of the samples of Na-birnessite and Ba-Buserite determined by Ar-sorptiometry.

The BET surface area determined for Ba-bu-
serites is inferior in comparison to the appro-
ximate value 200 m?/g reported by Jeffries and
Stumm [8]. This indicates that the product ob-
tained and reported in this study, claimed as
Ba-buserite was probably an intermediate of
Na-birnessite and Ba-buserite. This conclusion
is fully endorsed by the finding of Luo et al. who
reported the same while exchanging of Na with
Ba in instable Na-buserite [7].

2.3 Cation exchanging and
environmental protection

2.3.1 The role of birnessites

The physical properties of the nonstoichio-
metric manganese oxides, i.e. birnessites and
buserites have a considerable effect on their
adsorption properties. Although we didn’t per-
formed yet cationic adsorption studies with
the synthesized materials, there is plenty of
information in the literature reporting on the
cationic adsorption/exchanging properties
of birnessites and buserites. At one hand the
cation adsorption in such layered materials
occurs in the space between the octahedral
layers. At the other hand, the cation exchanging
process in them with the environmental cations
occurs in two levels, namely a) exchanging with
the cations situated between the octahedral
layers, which is the quite frequent for most of
them, b) exchanging with the manganese ca-

tions, occupying octahedral holes. The cation
exchanging in birnessites and buserites has a
considerable contribution in the environmental
remedy. Rives, Arco and Prieto [10] reported
on a partial cation exchange of Na- and K- con-
taining birnessites when they were introduced
to solutions containing Li*, Mg?* and Cu?* The
reported exchanging order was L*> Mg?* > Cu?*.
Since the cation exchange occurred between
the interlayers ones and those introduced by
the environment, it wasn’t associated with the
change of the interlayers spacing in them. Feng
etal [11] found L-type adsorption isotherms of
heavy metals from the aqueous environment.
The adsorption was concentration dependent
and increased sharply when the equilibrium
concentration of the heavy metals was inc-
reased. From all the tested manganese oxides
type structures, they reported on the enhanced
adsorbing properties of birnessites toward Pb*,
Cu?* Zn?*", Co** and Cd?**. Lead was adsorbed the
most followed by the others according to the
given sequence. They also proposed that the
cation adsorption process occurred in their
hydroxylation form where the adsorbed amount
was proportional to the respective hydrolysis
constants. Table 1 exhibits the reported maxi-
mal adsorbed values for the mentioned cations.
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Adsorbing Maximal adsorption values of some heavy metals (mmol/kg)
‘ Pb Co Cu Cd Zn
material
(0.396 nm)* | (0.35nm)* | (0.349 nm)* | (0.371 nm)* | (0.35 nm)*
Birnessite 148 189 190 168 189

Table 1: Maximal adsorption values of five heavy metals by birnessite [11].

The radius of the hydrated ion was calculated
7.+ 27,0, Tion was reported by Shannon [31]

Similar studies performed by McKenzie and
Tebo et al. [9,23] in this field, revealed increased
adsorption/exchanging capacities of birnesites
toward the cationic species as follows Pb?*> Cu?*
> Co*>Ni?* >Zn*>Mn?* > Ca*>Mg?*. Manga-
nese oxidation state plays the most important
role in this sequence followed by the distribu-
tions of the cations in the layers and interlayers
respectively [13,22]. Meanwhile, Villalobos et
al. [32] found that the adsorption/exchanging

capacity for Pb?* among others was dependent
on the birnessite specific area. According to
Wong et al. [21] the great sorption capacity of
Pb?* in comparison to the other heavy metals
is interlaced with its ability to occupy interla-
yer space in birnessite and their surface edge
sites. All the adsorption/exchanging processes
involving greater ions than the present ones are
associated by the enlargement of the interlayer
distance and birnessite cell distortion. Al-Attar
and Dyer [5] reported increases of b-dimension
in birnessite cell due to high uranium sorption
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on Li-, Cs- and Ba-birnessites. Since the process
is pH dependent, the best distribution coeffici-
ents values reported for Li- and Ca-birnessites in
deionised water 2.71 x 106 and 1.67 x 106 ml/g
respectively were achieve at pH = 6. In contrast
to them, transition metal birnessites showed low
adsorption/exchange values ranging between
34-184 ml/g.

Despite of the above distinctive exchanging
properties between interlayer situated cations
and the environmental ones, as mentioned pre-
viously, birnessites take part also to the cation
exchanging between Mn3*/** occupying the
octahedral holes and the environmental ones. In
such process Mn plays the role of the oxidation
agent. Feng et al. reported on the considerable
amounts of Cr3* adsorbed on birnessite reaching
up to (1330.0 mmol/kg). The adsorption of
Cr3* occurring of at the interface induced new
equilibria between it and Mn, leading to its
further oxidation to Cr%*. Due to the surface
characteristics, once Cr® was formed it desor-
bed back from the birnessite surface into the
solution. This process attributes to birnesites
environmental remediation properties since
Cr®* is less toxic than Cr3*[11]. Dias et al. [12]
proved a similar behavior of synthetic birnes-
sites toward As®*. The contact of As3* with the
birnessite surface caused its direct oxidation
to As® and the consequent reduction of Mn**
to Mn** and Mn?*. The maximal As®* adsorption
level reported by them was approx. 20 mg As/g.

2.3.2 The role of buserites

Similar to birnessites, busserites as their de-
rivatives or precursors possess ion adsorption/
exchange properties. Murray et al. [24] were the
first to report on the adsorption/exchange of
Ni?*, Cu?", Co* Ca*" at high concentrations from
buserites. Jeffries and Stumm [8] reported later
on the adsorption of two valent ions of Ca?,
Zn* and Cu?* from their aqueous solutions.
At a pH values varying from 2-7 they found
the following buserite adsorption sequence:
Ca?*<Zn* < Cu*. At normal pH values ranging
from 6-8 buserites show enhanced adsorption
capacities, decreasing considerably their con-
centrations in see waters. They also stressed
the fact of the complicity of the heavy metal

adsorption process regarding the released hyd-
rogen ions from the surface. Later studies of
Luo et al. [7] unveil the feasibility of obtaining
stable buserites of Mg?*, Ca?*, and Sr?* from
Na-buserite. They demonstrated also the for-
mation of stable buserites from the treatment
of unstable Na-buserite with some transition
metal cations, such as Mg?, Cu?*, Zn**, Ni**, Co*,
and Mn?*.All these latter buserites formed, alt-
hough considered stable at ambient conditions,
upon heating they displayed higher instability
in comparison to Mg-busserites. The latter were
obtained very quick due to ion exchange from
the unstable buserite. Different from all of these,
the exchange of Na with Ba led to the formation
of an intermediate product between birnessite
and busserite. All of this cationic adsorption
exchanges similar to birnessites were related
with significantly increased interlayer spacing.

3. Experimental Section

We reported in this study the synthesis of Na-
-birnessite and the attempt of the synthesis of
Sr- and Ba-buserites. The synthesized samples
revealed significant differences in their XRD
powder patterns. The XRD pattern of the Na-
-birnessites matched well with the literature
reported pattern, assigning it hence to the mo-
noclinic system. The claimed Sr- and Ba-buserite
patterns displayed also close similarities with
reported ones. The N, adsorption measure-
ments unveiled the presence of micropores
in all samples. The overall external porosity
of them increased in the order Sr-buserite <
Na-birnessite < Ba-buserite. Ba-buserite shows
the highest specific area 93.64 m?/g followed by
Na-birnessite with 75.57 m?/g and Sr-buserite
49.16 m?/g. The complementary Ar-sorptio-
metric measurements for Na-birnessite and
Ba-buserite recorded for a relative pressure of
0.05 exhibited slightly lower initial adsorption
volumes compared to the N, adsorption data.
Ba-buserite showed the highest adsorption
volume of 17 cm?/g, compared to 14 cm3/g for
Na-birnessite. A mean diameter of 7 A obtained
by the differential pore distribution calculated
according to the Horvath-Kawazoe equation
reinforced the conclusion regarding the insta-
bility of the Sr- and Ba-buserites at ambient
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conditions and emphasized their partial or
total conversion into the respective birnessites.
Complementary BET specific area determina-
tion based on Ar-sorptiometric measurements
showed a higher specific area in the case of
Ba-birnessite compared to Na-birnessite. The
latter, show a higher specific aree compared to
the external surface, meanwhile the opposite
was observed for Ba-buserite. The BET surface
area determined for Ba-buserites was inferiorin
comparison to the one indicated in the literatu-
re concluding that the claimed as Ba-buserite
was probably an intermediate of Na-birnessite
and Ba-buserite. The adsorptive/exchanging
properties of birnessites and buserites toward
alkali- and transition heavy metal cations, for
the remedy of the environment from their con-
tamination are emphasized.

4. Conclusions

We reported in this study the synthesis of Na-
-birnessite and the attempt of the synthesis of
Sr- and Ba-buserites. The synthesized samples
revealed significant differences in their XRD
powder patterns. The XRD pattern of the Na-
-birnessites matched well with the literature
reported pattern, assigning it hence to the mo-
noclinic system. The claimed Sr- and Ba-buserite
patterns displayed also close similarities with
reported ones. The N, adsorption measure-
ments unveiled the presence of micropores
in all samples. The overall external porosity
of them increased in the order Sr-buserite <
Na-birnessite < Ba-buserite. Ba-buserite shows
the highest specific area 93.64 m?/g followed by
Na-birnessite with 75.57 m?/g and Sr-buserite
49.16 m?/g. The complementary Ar-sorptio-
metric measurements for Na-birnessite and
Ba-buserite recorded for a relative pressure of
0.05 exhibited slightly lower initial adsorption
volumes compared to the N, adsorption data.
Ba-buserite showed the highest adsorption
volume of 17 cm®/g, compared to 14 cm3/g for
Na-birnessite. A mean diameter of 7 A obtained
by the differential pore distribution calculated
according to the Horvath-Kawazoe equation
reinforced the conclusion regarding the insta-
bility of the Sr- and Ba-buserites at ambient
conditions and emphasized their partial or

total conversion into the respective birnessites.
Complementary BET specific area determina-
tion based on Ar-sorptiometric measurements
showed a higher specific area in the case of
Ba-birnessite compared to Na-birnessite. The
latter show a higher specific surface compared
to the external one, meanwhile the opposite
was observed for Ba-buserite. The BET surface
area determined for Ba-buserites was inferiorin
comparison to the one indicated in the literatu-
re concluding that the claimed as Ba-buserite
was probably an intermediate of Na-birnessite
and Ba-buserite. The adsorptive/exchanging
properties of birnessites and buserites toward
alkali- and transition heavy metal cations, for
the remedy of the environment from their con-
tamination are emphasized.
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