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Preface

The 3rd International Multidisciplinary Microscopy Congress (InterM2015)
provided all scientists the opportunity to meet, present their work, discuss and
mutually interact in order to enhance and promote their research work.

This volume, published by Springer, includes selected papers presented at this
congress, held in Oludeniz, Turkey, October 19–23, 2015.

On behalf of the organizing committee we would like to thank all the partici-
pants, plenary and invited speakers for their valuable contribution.

We would also like to thank AIGTUR for their support in the organization of the
congress as well as the publishers for the quality of this edition.

Gebze, Turkey Ahmet Yavuz Oral
Zehra Banu Bahsi Oral
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Structural Analysis of Long
Single-Stranded RNA Molecules
with Atomic Force Microscopy Imaging

Jamie L. Gilmore, Aiko Yoshida, Katashi Deguchi, Suguru Asai,
Hideki Aizaki, Masahiro Kumeta, Kiwamu Hyodo, Tetsuro Okuno,
Takaji Wakita and Kunio Takeyasu

Abstract Characterization of the structure of long RNA molecules (>1 kb) is
usually a time-consuming and tedious process. In this study, we have developed an
imaging procedure for obtaining images of the extended secondary structures of
long RNA molecules combined with automated MATLAB-based data processing
algorithms for identification of the domain architecture of the molecules in these
images. These algorithms include a molecule autoselection procedure based on
height and area thresholding, a morphological thinning procedure to generate
skeletons of the molecule in order to analyze the branched structure of the mole-
cules, and a procedure to generate local volume profiles along the main chain of the
molecule for identification of domains and prediction of the number of nucleotides
comprising each domain. The single-molecule nature of this technique also allows
for the identification of varying conformations of the molecule and assessment of
the conformational flexibility of the identified domain organization.

1 Introduction

Structural characterization of long single-stranded RNA molecules (>1 kb) is a
process that often takes many years with each domain identified and studied in
independent sets of experiments. In the case the of the Hepatitis C virus (HCV)
RNA genome, structural characterization has proceeded gradually, focused mainly

J.L. Gilmore (&) � A. Yoshida � K. Deguchi � S. Asai � M. Kumeta � K. Takeyasu
Laboratory of Plasma Membrane and Nuclear Signaling, Kyoto University Graduate
School of Biostudies, Yoshida-konoe, Sakyo-ku, Kyoto 606-8501, Japan
e-mail: gilmore.jamielynn.3e@kyoto-u.ac.jp

H. Aizaki � T. Wakita
Virus Division II, National Institute of Infectious Disease, Toyama, Shinjuku-ku,
Tokyo 162-8640, Japan

K. Hyodo � T. Okuno
Laboratory of Plant Physiology, Kyoto University Graduate School of Agriculture,
Yoshida-konoe, Sakyo-ku, Kyoto 606-8501, Japan

© Springer International Publishing AG 2017
A.Y. Oral and Z.B. Bahsi Oral (eds.), 3rd International Multidisciplinary Microscopy
and Microanalysis Congress (InterM), Springer Proceedings in Physics 186,
DOI 10.1007/978-3-319-46601-9_1

3



on the 5′ and 3′ untranslated regions (UTRs), with the internal structures remaining
largely uncharacterized [1, 2]. Given the tedious nature of these processes, the
development of methods to perform high-throughput characterization of RNA
structure could greatly advance our ability to recognize the structural features on
long RNA molecules such as viral RNA genomes, messenger RNA (mRNA)
transcripts, or ribosomal RNA (rRNA).

Towards this goal, we are attempting to develop Atomic Force Microscopy
(AFM) imaging as a method to characterize the secondary structure of these
molecules [3]. The first step of this process is the development of procedures to
reproducibly image extended secondary structures of various RNA molecules. The
next step is the development of automated procedures to extract structural infor-
mation from the molecules in these images. To do this, we have developed
MATLAB-based algorithms to autoselect the molecules from the images by height
and area thresholding, generate skeletons of the molecule to analyze the branches of
the RNA molecules, and generate local volume profiles along the morphological
backbone of the molecule to predict the location of domains along the chain and the
number of nucleotides in each.

2 Development of AFM Procedures to Image RNA
Secondary Structure

Taking advantage of the fact that Mg2+ is necessary for RNA tertiary structure but
not for secondary structure [4, 5], we have developed a method to reproducibly
observe secondary structures of RNA molecules on a spermidine-modified mica
surface using AFM imaging by omitting Mg2+ from our reactions and briefly
heating the RNA to 65 °C (Fig. 1). This technique has proved effective for a variety
of RNA molecules, including the 9.7 kb full-length genome of HCV (JFH-1) [6], a
3.9 kb importin b gene transcript, a polyadenylated importin b transcript, a 5.0 kb
28S rRNA, a 1.9 kb 18S rRNA, and the bipartite genome of the Red clover necrotic
mosaic virus (RCNMV) [7] comprised of RNA1 and RNA2 (Fig. 1). Due to the
hierarchical nature of RNA folding [5], much of this structure is likely to be
conserved in the final folded molecule.

3 Analysis and Domain Recognition of RNA

After development of procedures to obtain reproducible images of RNA molecules,
the next stage is to develop data analysis procedures that can extract structural
information from these images. To do this, we have developed a series of automated
MATLAB-based algorithms to analyze RNA molecules. For now, these algorithms
have been applied to a 1.1 kb deletion mutant of the JFH-1 HCV genome with
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8.6 kb of the coding region removed (JFH-1dC_5B, Fig. 2a), leaving mainly the 5′
and 3′ UTRs which are important for guiding the viral translation and viral repli-
cation processes, respectively. These regions have been reported to be some of the
most structurally conserved regions of the genome [8]. Structures in these regions
have been well characterized [1, 2], making it ideal to test the validity of our
method.

Our algorithms were developed using the MATLAB image processing toolbox
[9]. A detailed description of the algorithms will be reported elsewhere. These
include autoselection of the molecules through height and area thresholding
(Fig. 2b, left), 2D morphological thinning to generate a skeleton of the molecule to
analyze its branched structure (Fig. 2b, middle and right), and the generation of
‘local’ volume profiles along the length of the molecule (Fig. 2c). By plotting the
‘local’ volume versus the length along the molecule, we can get an idea of the
domain structure (Fig. 2c, left). Furthermore, the nucleotide number of each domain
structure could be predicted based on the cumulative volume along the chain
(Fig. 2c). For the molecule displayed in Fig. 2c, three of the four domains identified
corresponded reasonably well to previously reported domains in the HCV genome,
including the internal ribosome entry site (IRES) (domain#1), stem loops V-VI
(domain #2), and the 3′X RNA (domain #4) located at the end of the genome which
is located at the end of a notable single-stranded polyU/UC region (Fig. 2c, right).
However, the 5BSL and VSL regions appeared to be contained within a domain
structure that encompasses more of the coding region of the genome (domain #4,
Fig. 2c, right).

Fig. 1 AFM images of various RNA molecules. Images of the full-length 9.7 kb JFH-1 Hepatitis
C Virus (HCV) genome are displayed on the left showing the tertiary structure in the presence of
1 mM Mg2+ and without the addition of Mg2+ (1 mM EDTA). The remaining images all show the
secondary structure in Mg2+-free conditions
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Fig. 2 Automated MATLAB-based algorithms to analyze a 1. 1 kb JFH-1 HCV deletion mutant
with 8.6 kb of the coding region deleted. a Model of the HCV deletion mutant with well
characterized structures labeled. b Automated data analysis processes for the deletion mutant
include autoselection of the molecule, morphological thinning to produce a skeleton, and branch
analysis. The length of each branch in nanometers in displayed in red and the total length is
recorded at the bottom of the image. c On the left, a profile of the ‘local’ volume along the main
chain detects four domains when a threshold of 1.25 nm3 is used. The profile was generated by
identifying the longest end-to-end chain in the skeleton previously generated by morphological
thinning. All pixels in the original autoselected region were then assigned to a pixel in the main
chain through an image transformation process which iteratively assigns nearby pixels a value
corresponding to the value of the line pixel. The volume was then summed for all pixels which
were ‘local’ to the line pixel and the length of the line was determined using a geodesic
quasi-Euclidean distance transform and then converted to nanometers according to the image
dimensions in order to generate the graph of ‘local’ volume versus length. The corresponding
molecule is shown on the right with the predicted domains based on the predicted nucleotide
number determined according to the cumulative volume along the main chain. Images are
displayed using the MATLAB default falsecolor visualization (green-magenta) to overlay the lines
onto the original image. Image dimensions are 200 � 200 nm2
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By calculating the composite probability that a domain will be detected at each
nucleotide for N = 67 molecules (Fig. 3a), another *230 nt in addition to the 196
nt reported for the 5BSL and VSL regions (Fig. 3a, b) was predicted by our
analysis, although this still remains to be confirmed for the full length HCV gen-
ome. Notably, this domain usually had an extended two-lobed structure suggesting
that it is composed of ‘subdomains’. The predicted nucleotides for each domain
often vary from the predicted structures by as much as 50 nt, however there may be
variations in the predicted value depending on how the domains may be oriented on
the mica surface, and on the threshold used to define the region of domains.
Additional sorting of the molecules also allows for alternative conformations of the
molecules to be detected (Fig. 3c). For example, although many of the molecules in
our dataset had the classical four domain structure, the second small domain
(SLV-VI) was sometimes missing from a subset of the molecules. Additionally, in
some molecules, the 15 nt SLI domain which precedes the IRES could be detected
as a separate domain.

Fig. 3 Composite domain analysis in a JFH-1 HCV deletion mutant for N = 67 molecules. a The
probability that a domain will be detected at each nucleotide value was calculated and plotted. The
edges of the graph falsely have very low probabilities due to low height at the edge of the
molecules. b Regions of expected structure based on previously described structures are shown on
top and the predicted regions for each domain based on the domain probability in a are displayed
below. c By sorting the molecules in the dataset, examples of conformational flexibility are
observed. Image dimensions are 200 � 200 nm2
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4 Conclusions

The experiments presented in this report demonstrate that AFM can be used as a
versatile technique to image the secondary structure of a variety of long RNA
molecules; and that a series of algorithms can select the molecule, extract infor-
mation about the molecular morphology, identify the domain organization, and
predict the nucleotides contained in each domain. Using these algorithms allowed
for the identification of a larger domain structure than previously reported, and
investigation of variations among the single-molecule images allows for the iden-
tification of the conformational flexibility of these molecules. This study has
characterized the structure of only a small portion of the HCV genome at this time,
but refinement of the algorithms to characterize the full genome structure should be
possible in the near future.

Through the continued development of the algorithms, additional metrics for the
identification of recurring domains can effectively be used for pattern recognition of
various RNA molecules observed in our images. Also, assessment of the shape(s)
and orientation(s) of each individual domain can also allow us to construct com-
posite models of each domain structure as well as obtain information about the
conformational flexibility of each domain. This may aid in the identification of
which structures are most conserved amongst the molecules in our images and may
help to guide scientists to the regions of RNA molecules which should be the focus
of additional study. Combining our method with thermodynamic modeling or
techniques with single nucleotide resolution such as SHAPE profiling may help to
model the structure of RNA within the domain structures identified in our images.

Once the secondary structure is understood, AFM could also be used to assess
how the molecules coalesce to form the compact tertiary structure. These experi-
ments can be performed by imaging samples of RNA with varying Mg2+ con-
centrations, or by imaging dynamics of RNA folding in buffer conditions using
high-speed AFM [10, 11]. To accommodate the increased height of folded mole-
cules, the development of 3D algorithms to assess their structures would be ben-
eficial. Finally, to study the role of the identified structures in viral processes, the
addition of viral or host proteins known to interact with the RNA genome can aid in
understanding the role the RNA genome plays in regulating the viral lifecycle.
Additionally, the effects of changing environmental factors such as temperature,
pH, or ionic conditions may help to understand changes in the RNA structure
depending on differing cellular microenvironments. These studies could eventually
have a significant impact on the understanding viral processes such as protein
translation, genome replication, or genome packaging into viral particles.
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Recombinant Fluorescent Ligand
of Potassium Kv1.1 and Kv1.3 Channels:
Design, Properties and Applications

Alexey V. Feofanov, Kseniya S. Kudryashova, Anastasiya A. Ignatova
and Oksana V. Nekrasova

Abstract Here we report on the development of the recombinant fluorescent ligand
RFP-AgTx2 by fusing tagRFP fluorescent protein through a flexible linker with a
peptide blocker of Kv1.x (x = 1, 3) channels, agitoxin 2 (AgTx2). RFP-AgTx2 can
be easily produced in E. coli cells and purified in the folded functionally active form.
The yield of RFP-AgTx2 achieves 100 mg per 1 L of bacterial culture that makes it
the cheapest fluorescently labeled ligand of Kv1 channels. It is shown that
RFP-AgTx2 binds to chimeric KcsA-Kv1.1 and KcsA-Kv1.3 channels with low
nanomolar dissociation constants and is displaced from these complexes with Kv1.x
pore blockers such as tetraethylammonium, AgTx2, kaliotoxin and OSK1.
RFP-AgTx2 is an advanced fluorescent molecular tool to image Kv1 channels in cells
and tissues. We present and discuss the distribution of Kv1 channels highlighted with
RFP-AgTx2 in living rat glioma C6 and pheochromocytoma PC12 cells.

1 Introduction

Potassium ion channels constitute one of the most widespread superfamily and are
present in all organism from bacteria to mammals [1]. Kþ -channel modulators
include metal ions, small organic molecules, venom-derived peptides and anti-
bodies [2]. Peptide blockers from venomous animals (snakes, sea anemones,
scorpions and others) are increasingly used in neurobiology due to their high
affinity and selectivity. In particular, fluorescently labeled peptide blockers are
widely applied for Kþ -channel imaging in cells and tissues.
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Three basic approaches are currently used for fluorescent labeling of peptide
blockers. A fluorophore can be attached to the N-terminal NH2-group of the peptide
at the last step of a solid phase peptide synthesis. Alternatively, peptide can be
conjugated with an amino-reactive organic label in solution via any free NH2-group
(including N-terminal group, amino-groups of Lys and Arg side chains).
Pre-modified peptides bearing additional Cys residue or a biotinylated amino acid
can be labeled with a thiol-reactive dye or a (strept)avidin-conjugated fluorophore,
respectively. Main limitations of these approaches relate to the high cost of a
commercial synthesis of a labeled peptide as well as to low reaction yields in the
case of labeling in solution. Last limitation becomes a big problem when multiple
sites of labeling are present in the peptide, and separation of different variants of
labeled peptide is required.

Here we report on the development of a new type of fluorescent probes for the
studies of voltage-gated potassium Kv1-channels. The new probe consists of the
peptide blocker of Kv1-channels fused by a flexible linker with a fluorescent
protein. In our bioengineering construct RFP-AgTx2, a red fluorescent protein
TagRFP (RFP) and agitoxin 2 (AgTx2) are used as a fluorophore and a channel
blocker, respectively. This recombinant chimeric protein is produced with a high
yield in E. coli cells, preserves high affinity and specificity to target channels and
has a wide spectrum of applications.

2 Materials and Methods

Chimeric RFP-AgTx2 protein was expressed in E. coli Rosetta-gami (DE3) pLysS
strain transformed with pET23-RFP-AgTx2 plasmid. Recombinant protein was
purified from soluble cytoplasmic fraction by Ni-affinity chromatography and fur-
ther by gel-filtration on a Superdex 75 10/300 GL column.

E. coli BL21 (DE3) cells that express KcsA-Kv1.1 or KcsA-Kv1.3 hybrid
channels in the inner membrane were obtained as described earlier [3, 4]. Protocols
of cell cultivation and preparation of spheroplasts can be found elsewhere [3, 4].
Spheroplasts staining with RFP-AgTx2 and competitive binding with Kv1.x pore
blockers was performed in the buffer: 10 mM Tris-HCl (pH 7.5), 0.1 % bovine
serum albumin, 0.25 M sucrose, 10 mM MgCl2, 4 mM KCl, 0.3 mM EDTA.
Recombinant agitoxin-2 (AgTx2), kaliotoxin (KTX) and OSK1 were produced by
us and purified as described earlier [5, 6].

Rat pheochromocytoma PC-12 cells was cultured in Roswell Park Memorial
Institute (RPMI) 1640 medium with 10 mM HEPES, whereas rat glioma C6 cells
were grown in a Dulbecco’s minimum essential medium at 5 % CO2, 37 °C in a
humidified atmosphere (95 %). Both growth media were supplemented with 8 %
fetal calf serum (FCS) and 2 mM L-glutamine. The day before microscopic
experiments C6 and PC-12 cells were transferred into corresponding culture
medium with 2 % FCS but without phenol red (to reduce background fluorescence).
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Cells were thoroughly washed with a Hank’s balanced salt solution, incubated with
RFP-AgTx2, rinsed again and analyzed with confocal laser scanning microscopy
(CLSM).

CLSM measurements of spheroplasts were performed with the LSM 710
microscope (Zeiss, Germany) using the aPlan-Apochromat objective (NA
1.46 � 63) and the 543.5 nm excitation wavelength. Fluorescence of RFP-AgTx2
was registered within the 560–760 nm range. In CLSM of eukaryotic cells,
fluorescence of RFP-AgTx2 was excited with the 561 nm wavelength and detected
within the 570–650 nm region.

3 Results and Discussion

AgTx2 from Leiurus quinquestriatus scorpion venoms is a well known high-affinity
pore blocker of Kv1.1 and Kv1.3 channels that acts at subnanomolar concentra-
tions. It can be produced as a recombinant molecule in E. coli [7]. To obtain
recombinant fluorescent AgTx2, the peptide was fused to TagRFP via 50 a.a. linker,
which included 6xHis-Tag. TagRFP is a widely used tag for cellular and animal
fluorescent microscopy imaging, but it was never fused with peptide pore blockers
of Kþ -channels. N-terminal location of TagRFP in the RFP-AgTx2 was dictated by
the known structural organization of a blocker-channel complex, in which
N-terminus of a peptide is exposed to solvent and not involved in interactions with
a channel [7]. Long flexible linker was introduced between TagRFP and AgTx2 to
avoid considerable disturbance of blocker-channel interactions.

After careful optimization of cell growth and protein expression, the high yield
of recombinant RFP-AgTx2 was achieved (ca. 100 mg per 1 L of a bacterial cul-
ture). Fluorescence excitation and emission spectra of RFP-AgTx2 and TagRFP
were found to be very similar (not shown) indicating correct folding of a fluorescent
protein in RFP-AgTx2. Peptide portion of RFP-AgTx2 was cleaved off with TEV
protease, isolated by reverse-phase HPLC and analyzed by MALDI MS. The
measured molecular mass of the peptide corresponded to that of native AgTx2, in
which three disulfide bonds were formed indicating that the peptide blocker adopted
a correctly folded conformation in RFP-AgTx2.

To characterize affinity of RFP-AgTx2 to Kv1-channels, the spheroplasts were
used, which expressed KcsA-Kv1.1 or KcsA-Kv1.3 hybrid channels in plasma
membrane. As shown with the CLSM-based approach earlier [3–5, 7, 8], such
hybrid channels bind specifically with pore blockers of Kv1-channels, and disso-
ciation constants of these complexes correspond to the constants estimated with
electrophysiological techniques on native Kv1-channels. As revealed with CLSM,
RFP-AgTx2 but not TagRFP binds to KcsA-Kv1.x (x = 1, 3) channels on
spheroplast membrane (Fig. 1) and demonstrates concentration-dependent satura-
tion of binding in a low nanomolar range of concentrations (data not shown).
RFP-AgTx2 binds very weakly to spheroplasts expressing KcsA and to
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spheroplasts without hybrid channels (Fig. 1b). RFP-AgTx2 is replaced from
complexes with hybrid channels by Kv1 pore blockers such as tetraethylammo-
nium, AgTx2, KTX and OSK1 (data not shown) that confirms additionally the
specific type of interactions between RFP-AgTx2 and KcsA-Kv1.x (x = 1, 3).
Evidently, RFP-AgTx2 is a reliable alternative to rhodamine labeled AgTx2, which
is an essential component of our cellular systems for search and study of Kv1 pore
blockers in animal venoms [5, 6, 8, 9].

High affinity of RFP-AgTx2 to Kv1.1 and Kv1.3 opens a possibility to apply
fluorescent chimeric proteins for investigation of distribution of Kv1-channels in
eukaryotic cells. In cells expressing Kv1-channels endogenously, amount of these
channels can be rather low, and analysis of their localization and distribution in situ
is a challenging task with any molecular instrument, either fluorescently labeled
peptide blockers or antibodies.

C6 cells are known to express Kv1.1 channels [10]. RFP-AgTx2 accumulated in
cytoplasm of C6 cells in granular structures (Fig. 2a). No membrane staining with

Fig. 1 a An example of CLSM images of KcsA-Kv1.3-bearing spheroplasts stained with
RFP-AgTx2. Bar is 2 µm. b Comparison of binding of RFP-AgTx2 (10 nM) and TagRFP
(10 nM) to KcsA-Kv1.1-, KcsA-Kv1.3- and KcsA-bearing spheroplasts as well as to spheroplasts
without recombinant channels (no channels)

Fig. 2 a CLSM analysis of RFP-AgTx2 distribution in living C6 cells. Cells were stained with
30 nM RFP-AgTx2 for 1 h. Bar is 5 µm. b Average fluorescence intensities of RFP-AgTx2 and
TagRFP in C6 cells (1 h incubation) as compared to cellular autofluorescence intensity
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RFP-AgTx2 was detected. This pattern is reproduced at different concentrations of
RFP-AgTx2. Intracellular accumulation of RFP-AgTx2 varies as a function of its
extracellular concentration (Fig. 1b). One can suppose that RFP-AgTx2 binding to
Kv1.1 on membrane of C6 cells is accompanied with fast internalization of com-
plexes, intracellular release of the blocker and recycling of Kv1.1 channels to
membrane.

In contrast to C6 cells, complexes of RFP-AgTx2 with Kv1.3 channels in PC12
cells are observed on plasma membrane, and only restricted fraction of RFP-AgTx2
is internalized (Fig. 3a). Distribution of RFP-AgTx2 on plasma membrane is
non-uniform: particular bright clusters are distinctly observed. TagRFP does not
bind to PC12 cells, and a level of autofluorescence was much lower than the
RFP-AgTx2 signal in cells (Fig. 3b). These control measurements as well as data
on endogenous expression of Kv1.3 (along with other Kv channels) [11] confirm
that RFP-AgTx2 binding to PC12 cells is specific.

4 Conclusions

A novel RFP-tagged peptide blocker of Kv1-channel was obtained by simple
protein engineering technique avoiding any chemical modifications. Using
membrane-embedded hybrid KcsA-Kv1.1 and KcsA-Kv1.3 channels we confirmed
that RFP-AgTx2 retained nanomolar affinity to Kv1 channels. We have demon-
strated an applicability of RFP-AgTx2 for optical microscopy investigation of
cellular distribution and trafficking of Kv1-channels in different cells as well as for
CLSM-based analytical test-systems. We argue that tagged Kv1 pore blockers such
as RFP-AgTx2 can be used for localization and imaging of their targets and can
efficiently substitute peptide ligands labeled with organic fluorophores in most
neurobiology applications.

(a) (b)

Fig. 3 CLSM analysis of distribution of RFP-AgTx2 (a) and TagRFP (b) in living PC12 cells.
Cells were stained with 30 nM RFP-AgTx2 (a) or TagRFP (b) for 1 h. Bar is 10 µm. Dashed
ovals in panel b mark locations of cells
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Single-Particle FRET Microscopy
of Immobilized Nucleosomes:
Technique Development

Alexey V. Feofanov, Oleg V. Chertkov, Kseniya S. Kudryashova,
Yaroslav O. Ivanov, Vasily M. Studitsky and Mikhail P. Kirpichnikov

Abstract Mononucleosomes formed by histone octamer and short DNA is an
advanced model system for investigation of RNA polymerase (RNAP) transcription
and its modulation with various transcription factors. Recent achievements of
fluorescent microscopy allow one to complement these studies with single-particle
Forster resonance energy transfer (spFRET) analysis. FRET efficiency between Cy3
and Cy5 dyes introduced in the neighboring coils of nucleosomal DNA is a sensor
of structural changes caused by DNA unwrapping or looping, or restoration of
DNA-histone interactions. Here we report on experimental setup and protocols for
spFRET microscopy of immobilized nucleosomes. Using confocal laser scanning
and total internal reflection fluorescence microscopy we demonstrated preservation
of the nucleosome structure during immobilization and long-term (>100 s, ca.
140 ms/frame) spFRET kinetic measurements. The effect of ionic strength on
nucleosome structure was studied. Applications of spFRET microscopy of immo-
bilized nucleosomes include analysis of their structural dynamics (DNA “breath-
ing”), kinetics of formation/dissociation of DNA-protein complexes, formation and
structure of stalled elongation complexes with RNAP, as well as conformational
transitions in nucleosome structure in the course of transcription.
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1 Introduction

Precisely positioned mononucleosomes formed on a short (*250–500-bp) DNA
fragment containing the T7A1 promoter are widely and successfully used in
analyses of important aspects of RNA polymerase (RNAP) transcription and its
modulation by different protein factors using modern biochemical and molecular
biology approaches [1, 2]. The progress in the development of advanced fluorescent
microscopy techniques allows one to complement and extend these studies with
single-particle Forster resonance energy transfer (spFRET) analysis. Adaptation of
mononucleosomes for spFRET microscopy was achieved by precise covalent
labeling of non-transcribed DNA strand in the neighboring coils of nucleosomal
DNA with Cy3 and Cy5 fluorophores [3–5]. Analysis of transcripts by DNA
polyacrylamide gel electrophoresis confirmed that the introduction of fluorescent
labels in the nucleosome had no significant impact on the transcription. FRET
efficiency between Cy3 and Cy5 was shown to be a reliable sensor of structural
changes caused by DNA unwrapping from the octamer or DNA looping, or
restoration of the DNA-histone interactions. Our previous spFRET studies were
performed in diluted solutions by measuring FRET from freely diffusing single
nucleosomes [3–5]. According to our experience, spFRET microscopy is indis-
pensable for analysis of complex heterogeneous systems and characterization of
structurally different subpopulations of nucleosomes and their complexes.
However, experiments with freely diffusing nucleosomes do not allow one to fol-
low structural dynamics at the level of single complexes. This restriction can be
overcome by nucleosome immobilization. In the present work we report on the
development of an experimental setup and approaches for spFRET microscopy of
immobilized nucleosomes.

2 Materials and Methods

Template 603 DNA labeled with Cy3 and Cy5 dyes and containing T7A1 promoter
was obtained as described in [3, 5]. Mononucleosomes were prepared on the basis
of the H1-depleted donor chromatin from chicken erythrocytes as described in [1].
Nucleosomes were ligated through TspRI site to an additional DNA fragment (178
base pairs) having biotinylated 5′-terminal cytosine (Fig. 1a).

Cleaned cover glasses and microscope slides were treated with an ethanol
solution of silane-polyethyleneglycol (silane-PEG, 2 kDa), and silane-PEG-biotin
(2 or 5 kDa, Nanocs, USA) mixed in the proportion of 100:1 by weight. After
washing and drying, a microfluidic cell was assembled from a cover glass and a
microscope slide (treated sides in) using a double-sided Skotch® tape. To immo-
bilize nucleosomes, streptavidin (10 ng/ml) was pre-bound to biotin-PEG-silane on
the walls of a microfluidic cell, and nucleosomes (0.5 nM, 30 µl) were added to the
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cell for 5 min in the buffer 20 mM Tris–HCl (pH 8.0), 5 mM MgCl2, 2 mM
2-mercaptoethanol, 150 mM KCl, 0.1 % poly(ethylene glycol) (ca. 400 Da).
Non-bound nucleosomes were washed out with the buffer before measurements.

spFRET measurements were performed with either the SP2 laser scanning
confocal microscope (Leica, Germany) using avalanche photodiode
(APD) detectors and the HCX PL APO objective (100×, 1.46 NA), or a total
internal reflection fluorescence (TIRF) microscopy setup described below.
Fluorescence was excited with the 514.5 nm laser line of an Ar+-ion laser (2 and
240 µW at a specimen in confocal laser scanning microscopy (CLSM) and TIRF
microscopy measurements, respectively). Laboratory assembled experimental setup
for spFRET TIRF microscopy (Fig. 2a, b) includes Ar+-ion laser (Lasertechnik
GmbH, Germany), inverted microscope AxioObserver (Zeiss, Germany) with TIRF
module and αPlan-Apochromat objective (100×, 1.46 NA), OptoSplit II module
(Cairn Research, UK) and EMCCD iXon Ultra 897 (Andor, UK). Fluorescence of
Cy3 and Cy5 was recorded in the 535–607 and 635–800 nm ranges, respectively.

Fig. 1 Immobilization of mononucleosomes on glass. a Schematic structure of a fluorescently
labeled mononucleosome ligated with biotinylated DNA fragment. Two alternatively positioned
pairs of Cy3 and Cy5 labels on adjacent coils of nucleosomal DNA are shown. b Scheme of
immobilization of biotinylated nucleosomes via high-affinity streptavidin-biotin complexes. c,
d Confocal laser scanning microscopy (CLSM) images of distribution of single molecules of
Cy3-avidin immobilized with silane-PEG-biotin at the concentration of Cy3-avidin of 100 ng/ml
(c) and 10 ng/ml (d). e Typical images of Cy3 and Cy5 fluorescence from single immobilized
nucleosomes measured with CLSM
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Fluorescence intensities of Cy3 (I3) and Cy5 (I5) of single immobilized nucle-
osomes were recalculated into FRET efficiencies (E) using equation

E ¼ I5�0:14� I3ð Þ= I5 þ 0:86� I3ð Þ; ð1Þ

where factors 0.14 and 0.86 provided correction for the contribution of Cy3
fluorescence in the Cy5 detection channel (spectral cross-talk). FRET efficiencies
calculated for nucleosome samplings were presented as frequency distribution
histograms or as time dependences.

Fig. 2 An experimental setup for spFRET TIRF microscopy (a) and its block-scheme (b). F1 is
the BP514/10 narrow band filter (Zeiss, Germany). DM1 and DM2 are the Di01-R532 and
FF635-Di01 dichroic mirrors, respectively (SemRock, USA). F2 is the ET525LP long-pass barrier
filter (Chroma Technology, USA). F3 is the FF01-571/72 band filter (SemRock). M is a mirror.
c Typical images of Cy3 (left) and Cy5 (right) fluorescence from single immobilized nucleosomes
measured with the experimental setup for spFRET TIRF microscopy. d Time dependence
(140 ms/frame) of the E value for a nucleosome marked with a red circle in panel c
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3 Results and Discussion

Fluorescent mononucleosomes, which were developed earlier [3–5], were ligated
with a biotinylated DNA fragment (Fig. 1a) and immobilized on a glass surface of a
microfluidic cell modified with a mixture of silane-PEG and silane-PEG-biotin
(100:1 by weight) (Fig. 1b).

Studies of modified glass surfaces using CLSM and Cy3-labeled avidin
(eukaryotic analog of streptavidin) revealed the high density of a silane-PEG-biotin
distribution (Fig. 1c). For spFRET microscopy, distances between immobilized
nucleosomes should exceed several times a microscope resolution. Accordingly,
surface density of immobilized nucleosomes was adjusted by optimizing a strep-
tavidin concentration (Fig. 1d).

CLSM with APD detectors was found to be sufficiently sensitive to perform
spFRET measurements of immobilized nucleosomes (Fig. 1e) but restricted in the
speed of measurements. One-two seconds were required to record nucleosome
images with a high signal-to-noise ratio using the point-by-point scanning algo-
rithm of CLSM.

Increased temporal resolution was achieved with TIRF microscopy, which is
based on the wide field simultaneous excitation and detection of immobilized
molecules. An experimental setup for spFRET TIRF microscopy was assembled
with a careful selection of filters and dichroic mirrors having high throughput for
Cy3 and Cy5 fluorescence and manifold increased suppression at the excitation
wavelength (514.5 nm, Fig. 2a, b). Extremely sensitive EMCCD camera is another
key element of this setup. Exposure time to image immobilized nucleosomes with
our TIRF microscopy setup can be as low as 100 ms (plus 40 ms for EMCCD
reading, Fig. 2c).

Immobilization on the glass modified with 2 kDa silane-PEG-biotin and 2 kDa
silane-PEG was accompanied by structural destabilization even in the central part of
a nucleosome, which was detected as an essential decrease in E value (not shown).
Addition of bovine serum albumin (1 mg/ml) or 1 % PEG in the buffer did not
stabilize a nucleosome structure (not shown). The problem was solved by using
5 kDa silane-PEG-biotin in a combination with 2 kDa silane-PEG (Fig. 3a). It
seems that the increased length of 5 kDa silane-PEG-biotin molecules reduced a
probability of destabilizing interactions of nucleosomes with a surface.

A nucleosome structure was found to be stable during at least 40 min after
immobilization and was not perturbed during buffer changes in a microfluidic cell.
It was demonstrated that a time lapse for a continuous measurement of immobilized
nucleosomes without fluorophore photobleaching could be 100 s or even longer.

Using spFRET TIRF microscopy we have studied the effect of ionic strength on
the structure of immobilized nucleosomes. It was found that an increase in KCl
concentration from 150 to 600 mM induced rather moderate changes in DNA
packing on a histone core and only for small fraction of nucleosomes (Fig. 3a),
although a loss of the H2A-H2B histone dimer could occur at 600 mM KCl.
However kinetic analysis of single nucleosomes revealed a considerable increase in
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the amplitude of temporal fluctuations of E value (estimated as a standard deviation
from an average E value for each measured nucleosome) at the increase in KCl
concentration (Fig. 3b). Thus high ionic strength likely induces and facilitates
periodic unwrapping of DNA from histone core, so called DNA breathing.

The developed experimental setup and protocols for time-resolved spFRET
microscopy of immobilized nucleosomes provide us with new possibilities for
analysis of structural dynamics of nucleosomes (DNA “breathing”), kinetics of
formation/dissociation of various DNA-protein complexes, formation and structure
of an extensive set of stalled elongation complexes with RNAP, as well as con-
formational transitions in nucleosome structure in the course of transcription.
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Post Embryonic Changes in the Eye
of an Economic Mango Plant Pest
Amritodus atkinsoni Leth. (Hemiptera:
Membracoidea: Cicadellidae)

Seetha Seetha, Sheetal Sahu, Biswa Bhusana Mahapatra
and Monalisa Mishra

Abstract Mango hopper, Amritodus atkinsoni is a serious pest of mango, which
may cause up to 50 % crop loss in cases of severe infestation. It leads to large
economic loss, as mango is of great economic importance. Amritodus atkinsoni
possess two compound eye on either side of the head. Eye plays an important role in
the growth and development of the organism. It helps in locating of food as well as
partner for mating. Compound eye is known as matching eye to the environment,
which undergoes modification with habitat. During the time of development from
nymph to adult, remarkable changes are seen in the pattern of food intake and habitat.
Young ones of this species prefer feeding on sap of leaves and fruits compared to the
adults, which are seen on the barks. Taking this idea we checked for changes in the
eye at various developmental stages. The pattern of structural change was examined
under scanning electron microscope (SEM). Under SEM the eye possesses numerous
functional units called ommatidia and occasionally corneal hairs are present in the
eye. At higher magnification the cornea appears rough. More importantly with the
increase of age the body length increases which is correlated with the eye size.
The functional units, or the ommatidia also change with the size of the animal. With
the change in eye size probably the sensitivity changes and thus make the animal
more sensitive towards light resulting the change of habitat with age.

1 Introduction

Many crustaceans and hemimetabolous insects grow throughout its lifespan. Along
with the body size eye size changes and so is it’s functionality [1, 2]. In comparison
to the other aspects of compound eye the post embryonic change is least studied.
Only a handful of literature is available on post-embryonic growth of insect’s
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compound eye. Change of eye size and structure with age of stick insect Carausius
morosus is reported by Meyer-Rochow and Keskinen [1]. Another post embryonic
age dependent eye ultrastructure study is described from spittle bug Philaenus
spumarius [2]. In this study how the eye ultrastructure changes to cope with age and
environment is demonstrated. Later the post embryonic change of the same insect
was reinvestigated by Forlove et al. [3]. Forlove et al., pronounced the change
of biophysical property of the eye with age. Additional post embryonic study from
Cimex lectularius reported change in facet size and number with the increase of
body size of the animal [4]. All the age dependent study concluded that with the
change of eye reflects the change in behaviour of animal life either by switching the
habitat or from diurnal to nocturnal life style.

Hemiptera are the sap sucking insects causes enormous harm to many economic
plants. Hemiptera are hemimetabolous insects in which the nymph resemblance
with adult and it grows to many developmental stages in it’s life span. Along with
the body size eye size also changes with each stage of development. Change in eye
size affects the behaviour of the animal to certain extend [2, 3]. In comparison to
other insects the eye of Hemipteran is least studied. Settembrini, reported that less
information is known in terms of post embryonic change in number and size of the
functional units of the eye for Hemipteran [5]. Later Fischer et al. describe the
compound eye of Hemipterans [6]. Doring and Sapthe calculated the eye size and
the acuity of a Hemipetera Acanthisiphon pisum [7]. Recently Baker et al. corre-
lated the eye size with body size in bed bugs, Cimex lectularius [4]. The current
study aims to investigate the post embryonic change of another economic important
mango pest Amritodus atkinsoni Leth not described in earlier studies.

2 Experimental

A. atkinsoni Leth causes major damage to mango trees in India [8, 9] were collected
from May to June 2015 from NIT Rourkela, Rourkela Campus, Odisha, India
(latitude and longitude of 22.25 N and 84.90 E respectively) for this study. The A.
atkinsoni was characterized and confirmed as per the description of Anufriev [10].
The adult ones are generally found on the barks of the mango tree during midday
only and they were collected by means of sticky tape from mango tree barks. The
nymphs are collected at night by using light bulbs as they are flying it is difficult to
catch them during the day. Various insects were staged as per their length of the
body. Live samples were collected and the whole body was fixed for scanning
electron microscopy. Although air drying is used for the preparation of many insect
eyes air drying method it did not work well for A. atkinsoni (Nayak et al., in
preparation). Samples were fixed with 2.5 % glutaraldehyde and 2 %
paraformaldehyde diluted in PBS at 4 °C. Next day samples were dehydrated in
gradual dehydration method with series of ethanol. The dried samples were
mounted on a stub with double adhesive carbon sticky tape. Samples were coated
with platinum in a sputter coater (JEOL-JFC-1600 auto fine coater) for 45 s. The
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samples were placed under scanning electron microscopy (JSM-M6480-LV) and
imaged from appropriate regions. All the measurements of SEM were done by
using ImageJ 1.48v software.

3 Results and Discussion

Mango hoppers A. Atkinsoni used in the current study was characterised by its
broad round head, with extending a little between both the eyes (Fig. 1). The adults
are 4.2–5 mm in size with dark grey in color with two distinct spot on abdomen as
well as scutellum as reported earlier Anufriev [10]. The nymphs are green in color
and the length of the flying nymphs varies from 2.8 to 3.5 mm. Debnath reported
the differential distribution of A. atkinsoni pest in different parts of the mango tree
[11]. In this paper highest amount of A. atkinsoni were found on the primary branch
near the trunk whereas tertiary branches have lowest amount of insects. We also
observed the adults prefer the bark of trunk whereas the nymphs are flying around
in the tertiary branches. Debnath et al., advocated the differential distribution of the
A. atkinsoni in different parts of the tree help the mango hopper to provide better
survivability. What brings the variation in terms of the distribution of these insects
in different parts of the tree was not mentioned in that paper. Study of various insect
eyes reported the change in the niche occupation is often scaled with the change in
eye size and structure of the pest to provide better survivability.

To know the relationship of the eye with shift of habitat various stages of A.
atkinsoni, were observed under Scanning electron microscope. Like other insects A.
atkinsoni, possess two compound eyes on either side of the head (Fig. 2). Although

Fig. 1 Light micrograph of
A. Atkinsoni taken under
stereo microscope. Note the
black convex eyes present on
either side of the head. Note
the two dark patches on the
anterior part of the abdomen
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there are two distinct black spot on the abdomen and scutellum in adults under light
microscope such structures are hard to distinguish under scanning electron micro-
scope. (Fig. 2a, b). In nymphs the curvature of the eye matches with the curvature
of the head whereas the eyes are bulging in adults (Fig. 2a, b). In nymphs the eye
appears circular whereas in adults the eyes are oval in shape (Fig. 3a). Each eye is
composed on numerous functional units called ommatidia (Fig. 3b, c). The
ommatidia are hexagonal in shape and tightly packed with each other (Fig. 3c). The
lose arrangement of the facets depict poor vision whereas with tight hexagonal
facets, the resolution of the eye expected to be high. Irregular ommatidia as reported
in other species are not found for A. atkinsoni. At higher magnification corneal hairs
are found. In nymphs corneal hairs are –present only at the central part of the eye.
The length of the corneal hair is *2.5 µm (Fig. 3d). In adults corneal hairs present
throughout the eye except the marginal region. The corneal hairs are reported in
some Hemiptera like C. versicolor [12] and absent from A. pisum [13]. The role of
corneal hair is to protect the eye from strong sunlight by forming shadow and it also
has cleaning action [14–16]. The presence of corneal hair in the central part of the
eye in nymphs is probably to protect the eye from strong light as reported from
pollen eating beetle Xanthochroa luteipennis [15]. Since the adults live inside the
bark of the tree probably more cleaning action is required resulting more corneal
hair throughout the eye. At very high magnification the cornea appears rough.
A similar rough eye is reported from Scaphidium japonum beetle [17] and hemi-
ptera C. versicolor [12].

The size of the eye increases with the body size (Fig. 4a). The base of the eye and
the distance between the eye also increases with the increase of body length. The
lowest diameter of the facet is found to be 12 µm. The diameter of the facet size

Fig. 2 Scanning electron micrograph of nymph and adult of A. Atkinsoni. a Nymph. b adult. Note
the size and shape difference between both the eyes
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(a) (b)

(d)(c)

Fig. 3 Scanning electron micrographs of the compound eye of A. Atkinsoni. a. Whole head
depicting compound eyes on either side of the head. Eyes are not easily distinguishable from its
peripheral region. b. An individual compound eye demonstrating hexagonal array of numerous
compact functional units or ommatidia. c. Central part of the eye showing tight arrangement of
hexagonal ommatidia with occasional corneal hairs (pointed with arrows). d. Corneal hair at the
centre of ommatidia

Fig. 4 Graphical representation of post embryonic development of A. Atkinsoni. a Eye size with
body size. b Facet size with eye size
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satisfies the calculation of Barlow 1950 to perform the function of the eye [18]. With
the increase of the eye the facet size increases (Fig. 4b). Large facets capture more
light than the smaller one. A similar eye to facet size relationship is also reported from
hemiptera Cimex lectularius [4]. Larger facet and large eye probably makes the
animal more sensitive towards light. Insect eyes are more susceptible towards light
damage [19, 20]. To protect the eye from photic damage probably the larger insects
move to the bark region. Light/dark adaptation is more conspicuous in various
Hemipteran. It would be interesting to see such changes in A. atkinsoni. Future study
of an eye internal structure will answer how the various parts of the eye undergoes
changes with light and dark. Such kind of study will further cast light into the
adaptation of insects with light and dark and so is the change of habitat.

4 Conclusion

The above results proved our assumption that the eye size increased with the
increase in body length in A. Atkinsoni. These modifications in the eye structure of
the mango hopper as they grow into adults play a very important role in their
change in habitat and food. This change in eye size in-turn affects probably the
internal arrangement of the eye. As the pest grows into adults they are mostly found
to be present on the barks of the mango tree whereas the younger ones are present
on the leaves and fruits. This change of habitat helps us to conclude that the eyes of
the nymph are resistant towards bright light of the sun as compared to the adult
ones. The adults are more sensitive towards light thus they tend to stay on the barks
where the light intensity is less.
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Elemental Analysis of Various Feathers
of Indian Rose Ringed Parakeet Psittacula
krameri

Debabrat Sabat, Sabera Millan, P. Suchismita Sethy,
Sandhya Marathe, Harekrushna Sahoo and Monalisa Mishra

Abstract The plumage coloration is a costly phenomenon adapted by birds. In
birds, coloration can occur either by pigmentation or structural variation. The
feather coloration helps to find partner and protect from predators. A few birds
adapted cosmetic coloration, to protect themselves from the predators either by
gland secretion or by accumulating certain metals in feathers. Besides protection,
what could be the role of metals in feathers has never been identified. The current
study investigates the metal composition in different parts of the feathers of Indian
parakeet (Psittacula krameri) which shows variation in coloration throughout the
body. The male shows sexual dimorphism by wearing a red ring in the neck collar
region. Here, we have analysed the metal composition in various feathers present in
different parts of the body by XRD. The possible role of various metals in different
parts of the Indian rose-ringed parakeet is also described in this study.

1 Introduction

In birds, colorful plumage helps in signal communication for recognizing its partner
and to avoid the predators by camouflage. Bright coloration also indicates the social
status, agility, aggressiveness and most importantly attracting the partner. Thus,
plumage is a part of intra-sexual competition within the species and evolution as
proposed by Darwin in 1871. The development of color appears gradually with
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various stages starting from simple to most complex pattern in feathers [1] after
molting stage. The feather coloration is also influenced by microbial activity,
ectoparasite, accumulation of dirt or UV exposure. The feather having structural
coloration follows principle of physics like film interference, diffraction grating,
scattering and photonic interference for coloration [2, 3]. The scattering occurs due
to the micro and nano structures in barbs and barbules present in feather [4]. The
ultrastructure of barbules which contains air, melanin/keratin contributes for
coloration by changing internal arrangement of all these layers [5, 6].

Colors produced in birds can be due to pigmentation or structural coloration.
Another concept that had emerged is “cosmetic coloration” [7, 8] that helps to
protect the bird from accidental staining from environment [9]. Two types of
cosmetics are applied to birds, one is secretory product of different gland of birds
and the other which the birds acquire from the environment [7]. Besides this metals
like iron oxide from the soil is also known to change the feather coloration [7, 10].
Such change in coloration is adapted by the birds either for camouflage and or
for extra protection. Similar to iron oxide metals like calcium, zinc and copper are
involved in feather coloration by forming eumelanin and phaeomelanin pigment
[11, 12]. Metals like calcium is involved in cell signaling and bone development
[13] while zinc, copper and iron serves as enzymatic cofactors [14]. Although metal
have some role in birds, higher accumulation of these metals leads to their mortality
[15]. Birds adapt an innate mechanism to resist the toxic effect by producing
proteins or molecules that can bind with these metals. A similar mechanism is
reported in diatoms which produce domoic acid to detoxify Iron and Copper [16,
17]. Such process provides an advantage for the bird by helping them in getting the
color variations produced by various metal presence. As more of the energy is spent
by the bird in producing these molecules so it is an expensive physiological
phenomenon for the birds.

Recently different metals were reported from feathers having different colors
from sunbird Nectarinia asiatica [18]. Indian rose ringed parakeet possesses color
variation in different parts of their body. The current study aims to check the
presence of various metals in different feathers of Psittacula krameri not described
in earlier studies.

2 Experimental

2.1 Sample Collection

The Indian Parakeet P. krameri feathers were collected from the BITS-Pilani, Pilani
campus, Rajasthan, India during 2012–2014. The feathers were cleaned from dust
and kept sealed in air tight envelopes until further analysis. The feathers were
checked carefully and categorized into tail feathers, side tail feathers, wing feathers,
shoulder, head nape, collar feather and stored in separate zip-lock bag for future
analysis. At least 30 feathers from each type were used for the analysis.
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2.2 X-Ray Diffraction

For X-Ray diffraction (XRD) analysis, the portions of interest was cut from the
feathers and put onto the sample holder. The sample holder was placed in a XRD
machine (Rigaku Japan/Ultima-IV) and the samples were scanned with an angle
rotation of 5–90° with a rate of 5° per minute and with 0.05 step size to obtain the
XRD readings. Then the graphs were plotted using Origin8 software and elemental
analysis was done by Xpert Highscore Softwere.

3 Results and Discussion

The BITS Pilani campus of Rajasthan is far situated from the industrial region and
so the air is quite clean, even the water analysis report confirms presence of all
elements in permissible level [19]. Collected feathers from the bird (Fig. 1) were
subjected for XRD analyses. The XRD analysis reveals the presence of various
metals in different feathers. The metals found in XRD study of different feathers
were plotted in Table 1. Why different parts of the body feather have different
metals in it? Does the presence of metal in different feathers add advantage to the
bird is an open question at this moment. We have analyzed the function of these
metals in the light of available literature.

Fig. 1 Psittacula krameri (male) labelled with different parts of the body feathers
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Metal analysis of feather from an older study report the metals in feathers have
antimicrobial activity [20]. The current study discloses metals like copper, man-
ganese, nickel, tin, silver found in the head and collar region (Fig. 2). Zinc and iron
in the feather of neck and shoulder region probably help in its light green coloration
(Fig. 3). The flight feathers are of three different types primary, secondary and
tertials. Along with metals like copper, tin, zinc mentioned above, flight feathers
also showed molybdenum, cobalt and lead (Fig. 4). Lastly the tail feathers had an
addition of zirconium metal along with copper, tin, molybdenum (Fig. 5).

Zinc and Iron metals are commonly known to be involved in the melanin syn-
thesis and pigment formation respectively [21]. Besides, these metals give
anti-bacterial protection to birds as these metals damage the bacterial cell by

Table 1 XRD analysis of the feathers from P. krameri

Feather types Color Metals present

Head feather Greenish Copper chloride, manganese dioxide, titanium
(traces)

Black collar Blackish Copper, nickel, tin sulphide

Red collar Red-orange color Lead, zirconium, copper hafnium, titanium
dioxide
and silver phenyl phosphide

Nape feather Light green with bluish
ting

Copper, zinc, cobalt, titanium

Shoulder
feather

Light green Iron, cobalt, zinc, copper

Flight feather Dark green Copper, tin, molybdenum, cobalt, lead

Flight feather Blackish Copper chloride, molybdenum oxide, zinc

Flight feather Yellowish Titanium, molybdenum

Side tail
feather

Yellowish Copper, titanium, tin telluride

Tail feather Sky blue color Copper, tin, zirconium, molybdenum

Fig. 2 XRD graph for the feathers from the head region: a Head feathers, b Black collar feather
(in Male) and c Red collar feather (in Male)
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Fig. 3 XRD graph of feathers from the nape and the shoulder region: a Nape feathers and
b Shoulder feather

A

B

Fig. 4 XRD graph of flight feathers: a Green region. b Black region from flight feathers
(secondary). c Yellow region from secondary and tertials feathers

Fig. 5 XRD graph of tail feathers: a Side tail feather. b Central tail feather
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producing reactive oxygen species (ROS) or oxidative stress [22]. Various other
metals like titania, nickel and tin also demonstrate antibacterial property, a similar
oxidative stress mechanisms is also anticipated from these metals. Titania is found
in the nape feather, side tail feather which are lighter in color (Figs. 3a and 5a).
Titania itself produces whitish pigmentation and the presence of titania probably
help to produce lighter coloration in few feathers [23]. Titania nanoparticles are
commercially used in sunscreen to protect from UV light. Mostly, the bird is
protected from strong UV because of the presence of titania. Nickel was found in
the black part of the neck collar feathers (Fig. 2b). Nickel is known to possess
bacteriostatic activity against gram negative bacteria and also has anti-cancerous
property [24]. Similarly, tin is found to be in black collar, flight feather, side tail
feather and tail feather. Tin can protect the birds against Staphylococcus aureus,
Escherichia coli and many broad strains by undertaking dehydrogenation via
respiration process that occurs in the cell membrane of bacteria [25].

Other heavy metals like cobalt, lead, copper and silver that are found in nape
feather, black collar, red collar (in male) (Figs. 2b, c and 3a). Cobalt have antitu-
mor, anti-proliferative, antimicrobial, antifungal and antiviral activity acting as
hydrolytic agents for DNA damage [26]. Cobalt is also at the active center of
vitamin B12 and widely used in medicines forming a complex of CTC96, which is
effective in treatment of herpetic keratitis, inhibits membrane fusion then prevents
the entry of virus [27, 28]. It can obstruct formation of plaques by VZV
(varicella-zoster virus), VSV (vesicular stomatitis virus) and adenovirus. Role of
harmful toxic lead in feather is difficult to predict but previous reports states lead
can discolor carotenoid. It also take part in bird coloration but is found to be
produced in dark green coloration of flight feathers. Copper presence helps in green
coloration in of birds like Knysna turaco and the Schalow’s turaco. In those birds
“turacoverdin” a pigment is responsible for imparting green coloration. The spectral
analyses of those pigments revealed high amount of copper content than iron [29,
30]. Silver traces are also found in feathers present in red collar region in the form
of silver phenyl phosphide. Although the complex form of this silver is not known,
but silver possess antimicrobial property [31]. Zirconium is an element from the
transition metal series and is found in traces from the feathers of red collar and tail
feather region. The presence of zirconium in feather is yet unknown but zirconium
nanostructures possess antimicrobial activity against Micrococcus luteus,
Staphylococcus aureus, Pseudomonas fluorescens, Bacillus subtilis and
Escherichia coli [32] (Figs. 2c and 5b). Similarly, the molybdenum found in the
flight feathers and tail feathers also acts as an antimicrobial agent by forming acidic
surface which inhibits cell growth and proliferation. The acidic mechanism is
explained with the hydronium ions diffusion along the cell membrane. This creates
an imbalance of pH, that can affect both enzymes and the cell transport system of
cell [33]. Most of the metals described in this paper are in compound form.
Although the direct role of these compounds are not known in biological system. It
would be interesting to check the function of these compounds in bird’s physiology.
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4 Conclusion

Cosmetic coloration adapted by birds is an important, necessary and physiological
phenomenon which needs more understanding with respect to metal exposure. The
presence of various metals in feathers is somehow involved in giving a contrasting
variation in the coloration. Besides providing attractive look these metals also
possess property of antimicrobial, bacteriostatic, antifungal and antiviral activity.
Metals like titania has the capacity to protect these feathers from harmful UV
radiation damage. More studies needs to be performed on its interaction basis with
the feathers and to learn the significance of its presence in the composite form. The
various forms of natural phenomenon adapted by the animals needs to be under-
stood and harnessed in order to utilize them optimally for human benefit.
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PNIPA Microgel and Alcian Blue Dye
Aqueous Solution Interaction (Microscopic
Investigation)

T.G. Baluyan, A.A. Novakova, Yu. B. Mandzhieva
and V. Yu. Karaulov

Abstract The interaction of Poly(N-isopropylacrylamide) (PNIPA) gel and Alcian
blue dye (AB) aqueous solution was studied in this work by means of optical and
electron microscopy. During the PNIPA synthesis sodium metacrylate (MaNa)
monomers were added to the chains to increase the gel charge activity. Optical
microscopy was used to observe the results of dye and gel interaction. Scanning
electron microscopy was performed in ESEM mode to observe the detailed struc-
ture of samples’ initial state and state after PNIPA and dye interaction. It was found
that Alcian blue dye forms threads that combine microgel particles which leads to
complex conglomerates formation. In the macrogel case, alcian blue dye follows
the polymer threads that may be used to visualize the gel structure.

1 Introduction

Alcian blue dye is widely used in histology and tomography, but the mechanism of
it’s interaction with biological tissues is not well known. It is interesting to observe
the results of this interaction by means of electron microscopy, especially using
ESEM mode.

PNIPA + AB system is a suitable model for the interaction of this dye with
biological tissues, because the temperature of phase transition in this polymer is
close to the temperatures of the proteins folding.
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In this work, we observed PNIPA microgel particles and PNIPA macrogel mixed
with various concentrations of alcian blue dye solutions by means of optical and
scanning electron microscopy.

2 Experimental

Alcian blue dye is a synthetical phtalocyanine stain. It has a copper atom in the
middle of the molecule, that’s why it’s blue. It’s coloring properties may vary with
the varying of the medium pH [1]. The coloring is performed through the nitrogen
atom in the dye molecule radical Fig. 1 [2].

PNIPA is a polyelectrolyte gel. Our samples under investigation were obtained
by radical polymerization method. Sodium metacrylate (MaNa) monomers were
added during the radical polymerization to increase the gel charge activity [3]. Two
different samples were synthesized: microgel with 5 % MaNa and macrogel with
10 % MaNa. N,N′-ethylene-bis-acrilamyde was used as a cross-linking agent. The
gels were washed after the polymerization. The initial sizes of the microgel particles
were defined by means of light scattering [3]. Their sizes were in the interval of
160–180 nm. Macrogels were synthesized in the same way using more NIPA and
MaNa monomers. Gels were then incubated in the alcian blue dye aqueous solution.
The temperature during the whole process was never more than 32 °C—the tem-
perature of PNIPA collapse [4].

Samples under investigation:

1. Alcian blue dye aqueous solution
2. PNIPA microgel (5 % MaNa), incubated in the AB aqueous solution, concen-

tration of AB was 0.038 � 10−3 mol/l
3. PNIPA macrogel (10 % MaNa) incubated in the AB aqueous solution, con-

centration of AB was 0.02 � 10−3 mol/l
4. PNIPA macrogel (10 % MaNa) incubated in the AB aqueous solution, con-

centration of AB was 0.4 � 10−3 mol/l
5. PNIPA microgel without MaNa бeз MNa, incubated in the AB aqueous solu-

tion, concentration of AB was 0.02 � 10−3 mol/l.

Fig. 1 Alcian blue dye
structural formula
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Optical microscopy was performed on the Keyence VHX-5000 optical micro-
scrope with high-speed camera, which is important for oscillating liquid samples,
Fig. 2. Electron microcopy was performed in the Quanta 3D FEG FEI electron
microscop, Fig. 3. Environment Simulation Electron Microscopy (ESEM) unit with
sample table cooling and aqueous atmosphere creating was used in order to obtain
the best quality pictures, which is not available for such samples in high vacuum
mode, because they evaporate and burn under the high energy electron beam.

3 Results and Discussion

Alcian blue aqueous solution; Electron microscopy of AB aqueous solution was
performed to find out whether any special aggregates form during the AB dis-
solving. It was found that AB forms 3–12 µm spherical conglomerates without any
regular structure and ordering, Fig. 4.

PNIPA microgel (5 % MaNa), incubated in the AB aqueous solution; Optical
microscopy of this sample showed that the size of microgel particles significantly
increased from 160 nm, Figs. 5 and 6.

Fig. 2 Optical microscope
Keyence VHX-5000
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Fig. 3 Electron microscope
Quanta 3D FEG FEI

Fig. 4 Alcian blue dye
aqueous solution eletron
microscopy

44 T.G. Baluyan et al.



Microgel particle size rose up to 200 µm, Figs. 7 and 8. They were colored
evenly with some small parts of more intensive color. However, optical microscopy
gave no information about the particles’ structure that is why electron microscopy
was performed.

It was found that AB aqueous solution incubated PNIPA microgel forms 1–
200 µm particles with the specific structure—microgel basis and long parallel
threads. Electron beam was focused on these threads and they melted with coloring
the surrounding medium that is why we can declare that these threads are formed by
alcian blue dye. The threads width was estimated 0.8–1 µm and the distances
between them were 7–8 µm. The interesting fact it that these threads are parallel to
each other.

Fig. 5 Incubated PNIPA
microgel optical microscopy,
dye distribution

Fig. 6 Incubated PNIPA
microgel optical microscop,
different particles
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The structure of these aggregates is thready due to the alcian blue dye molecule
structure—it has many aromatic elements and therefore can act in stacking, or p-p
interaction [5]. This interaction leads to thread aggregates forming, as it is observed
in the liquid crystals [6].

PNIPAmicrogel (without MaNa), incubated in the AB aqueous solution; Electron
microscopy of this sample showed spongy structure made of polymer, but no alcian
blue threads were observed. It occurred because of the lack of charged monomers in

Fig. 7 Incubated PNIPA
microgel electron microscopy,
microgel particle

Fig. 8 Incubated PNIPA
microgel electron microscopy,
microgel particle
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Fig. 9 Incubated PNIPA microgel (no MaNa) electronl microscopy, estimated wisp width

Fig. 10 Incubated PNIPA microgel (no MaNa) electronl microscopy, panoramic view
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the gel structure. Insufficient amount of charged monomers gave AB molecules no
chance to get close enough to activate stacking interaction, so these molecules acted
like an additional cross-linking agent. The additional cross-linking formed the
structure of gel that looks like thick wisps, as it is shown on Figs. 9 and 10.

PNIPA macrogel (10 % MaNa), incubated in the AB aqueous solution; In order
to perform a more detailed investigation of AB theads in the gel structures,
macrogel was synthesized. Significantly more MaNa (10 % instead of 5 %) was
added during the synthesis. Two concentrations of AB were used: 0.02 � 10−3 and
0.4 � 10−3 mol/l. Optical and Electron microscopy of these samples are shown on
Figs. 11, 12, 13, 14, 15, 16 and 17.

The pictures shown on Figs. 11 and 12 were obtained from the different parts of
the macrogel bulk. Figure 12 was taken from the more colored part. Doubling the
MaNa amount lead to the increase of threads’ with for two times. These threads
were also observed in the optical microscope. These threads were not parallel, as it

Fig. 11 Optical microscopy
of PNIPA macrogel, AB
concentration is 0.02 � 10−3

mol/l in the reflected light

Fig. 12 Optical microscopy
of PNIPA macrogel, AB
concentration is 0.02 � 10−3

mol/l in the passed light (right
picture)
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was observed in the microgel sample. This fact is explained by decreasing of
structure-forming function of alcian blue dye when coloring the macrogel. When
coloring the microgel, alcian blue dye forms the structure of microgel particles and
during the coloring of macrogel the dye attaches to the polymer threads and just
repeats their curves.

Fig. 13 Electron microscopy
of PNIPA macrogel, AB
concentration is 0.02 � 10−3

mol/l, threads conglomerate

Fig. 14 Electron microscopy
of PNIPA macrogel, AB
concentration is 0.02 � 10−3

mol/l, smooth part of the gel
surface
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Increasing of AB concentrations 20 times lead to more even coloring, which is
seen on Fig. 15. Electron microscopy showed the significant decrease of dye
threads amount without any changes in their width. That means that thread width
depends only on the charged monomers amount in the gel structure. These threads
are not parallel as well which corresponds well with the AB curving of polymer
threads.

Fig. 15 Optical microscopy
of PNIPA macrogel, AB
concentration is 0.4 � 10−3

mol/l

Fig. 16 Electron microscopy
of PNIPA macrogel, AB
concentration is 0.4 � 10−3

mol/l, estimated thread width
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4 Conclusion

As a result of this work it was found that alcian blue dye interacts with PNIPA gel
in a specific way. It acts as a stain only if the gel is doped with additional charged
monomers, otherwise it acts like an additional cross-linking agent. If charged
monomers are added, alcian blue forms threads in the gel structures, the width of
this threads increases with the increasing of charged monomers amount. When
interacting with microgel, alcian blue dye threads form the structure of conglom-
erates, while interacting with macrogel, alcian blue molecules follow the polymer
threads and therefore visualize the structure of gel.

Some problems, though, still left. It is not well understood why the alcian blue
thread width is independent on the alcian blue concentration as well it is unclear
why increasing of charged monomers amount leads to increasing of thread width. It
is also unclear why increasing the amount of alcian blue makes threads almost
disappear, so there is much work to be done in this research.
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Cells Shrinkage and Phosphatidylserine
Externalization in Post Mortem Muscle
by Fluorescence Microscopy

S. Becila, Y. Boudida, M. Gagaoua, K. Hafid, H. Boudchicha,
H. Smili, R. Belachehabe, C.H. Herrera-Mendez, M.A. Sentandreu,
R. Labas, T. Astruc, A. Boudjellal, B. Picard and A. Ouali

Abstract Postmortem (PM) meat tenderization is a complex biochemical process
that involves multiple endogenous proteolytic enzymes and that is not completely
understood. Cell death by apoptosis is recently proposed as a novel mechanism in
this process. The signification of the caspases implication in muscle proteins
degradation is that the cells are dying through apoptosis, a major cell death pro-
gramme. Our purpose was therefore to verify this statement using different well
known hallmarks of the apoptotic process including cell shrinkage, phos-
phatidylserine (PS) externalization. Cells start to shrink few minutes after animal
death and reach a maximum shrinkage about 24 h postmortem while they showed
the typical rounding appearance of apoptotic cells. Externalization of PS is
detectable within 1 h postmortem and increased gradually with time. The present
work is therefore the first to provide direct evidence supporting the onset of
apoptosis in post-mortem muscle. The present findings should lead us to reconsider
as a whole, the mechanisms contributing of the development of meat qualities
(tenderness, flavor, juiciness …) by a detailed analysis of the apoptosis associated
biochemical and physiological modifications taking place within the cells.
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Abbreviations

FITC Fluorescein isothiocyanate
IgG Immunoglobulin
PS Phosphatidylserine

1 Introduction

Over the last years, several reports suggested a contribution of caspases, especially
caspase 3, to the overall proteolysis taking place in postmortem muscle. After
perfusion with the caspase inhibitor Z-VAD-fmk, a reduction in tilapia muscle
toughness was thus reported by Ishida et al. [1]. Similarly, a significant reduction of
proteolysis in chicken skeletal muscle was observed upon treatment with a specific
caspase 3 inhibitor whereas calpain activity was unchanged over the whole treat-
ment length [2]. On the other hand, Kemp and Parr [3] demonstrated the high
sensitivity of myofibrils to the action of caspase 3. These findings are in good
agreement with the conclusion of Camou et al. [4] who reconsidered the role of
calpains in postmortem muscle and concluded their investigations by stressing that
other proteolytic systems than calpains are involved in postmortem proteolysis and
pore specially caspases. Hence, caspases contribute very likely to postmortem
proteolysis. The activation of effector caspases requires the preliminary initiation
apoptotic process by specific stimulus. Upon initiation of the apoptotic process, one
or several initiator caspases are activated and these will in turn activate, through
limited proteolysis, the effector caspases. The effector caspases will then degrade
cellular proteins up to total cell dismantling [5].

After animal bleeding, the dynamic regulation of the biological processes
existing in the living cells will not be efficient anymore and if the apoptotic process
is set up postmortem, it will be very probably never fully completed. There is two
major reasons supporting this assumption: (a) the physicochemical conditions (pH,
osmotic pressure, …) which will change unfavorably and (b) because of the lower
efficiency of the supplying energy pathways, the energy needs for a full completion
of the process will probably not be fully covered.

Although several sets of evidence suggested the contribution of caspases to
postmortem proteolysis, especially of caspase 3, the onset of the apoptotic process
in postmortem muscle has never been clearly established. The purpose of the
present work is to fill in this gap and provide experimental data demonstrating that
apoptosis is set up in postmortem muscle. To achieve this goal two major changes
characterizing the apoptotic process (reviewed in [6]). Have been selected and
tested in postmortem rat muscles: (a) cell shrinkage and rounding; (b) phos-
phatidylserine externalization and. The whole set of findings reported in this paper
led us to conclude that the apoptotic process starts to be set up in the first few
minutes postmortem and progresses then during time.
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2 Experimental

2.1 Animals and Muscle Sampling

Five 10–12 weeks old Wistar rats provided by the research center rat breeding
group were used in the present work. Animals were anesthetized by intra-peritoneal
injection of sodium pentobarbital (0.1 ml/100 g of rat weight) and then killed by
decapitation. For each animal, Gastrocnemius (red muscle) and Plantaris (white
muscle) muscles were excised from the left hind leg within 1 h postexsanguination.
The muscle from the right hind leg was maintained on place and excised 24 h
postmortem after storage of the carcass at 10 °C for 5 h and then at 4 °C up to
1 day postmortem. These two muscles were used to study the extent of cell
shrinkage and rounding together with the phosphatidylserine externalization.
Because more samples were needed for DNA fragmentation studies, this experi-
ment was performed on a larger muscle, namely rat Longissimus muscle, from
which samples were taken at each predefined times postmortem from the left side
and then from the right side of the carcass.

2.2 Muscle Cells Shrinkage

Muscle strips from Gastrocnemius and Plantaris muscles were immersed in 4 %
paraformaldehyde and 0.1 %Ewere cut and observedwithout any additional staining
or treatment with an Axioplan 2E Zeiss light microscope (Zeiss, Lyon, France).

2.3 Estimation of the Extent of Shrinkage

The estimation was carried out on samples excised just after bleeding from rat
Longissimus muscle, a larger muscle enabling analysis of a greater number of
samples. Samples were prepared for microscopy examination as described above
for cells shrinkage. The contrast of the image was adjusted in order to identify
clearly the cell limits using Corel Paint Shop Pro X application from Macromedia
(Paris). After printing the image presented in Fig. 1, cells were cut out with or
without the associated extracellular space and pieces of paper corresponding to the
cell alone (grey (G) area in Fig. 1) and to the cell plus the extracellular space (grey
(G) + black (B) area in Fig. 1) were weighted. The extent of shrinkage was cal-
culated using the following equation:

Shrink ¼ 1� G= GþBð Þð Þð Þ � 100

where “Shrink” is the extent of shrinkage (%), “G”, the weight of the cell alone and
(G + B), the weight of the cell plus the associated extracellular space.
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Measurements were carried out on 1–3 cells per cut and 5 cuts were analyzed for
each animal. A total of 52 fibers were analyzed on samples prepared within the first
10 min after animal decapitation. As a reference we used the cell volume for a
negligible extracellular space (B = 0 and cell weight = B + G).

2.4 Phosphatidylserine Externalization and Laminin
Labelling

Phosphatidylserine externalization was investigated using 2.5 × 6 mm strips from
Gastrocnemius and Plantaris muscles. These samples were stretched and fixed with
needles on cork plates before immersion in 1 % (v/v) paraformaldehyde, 0.1 %
(v/v) glutaraldehyde, 0.1 M sucrose in 0.1 M sodium phosphate buffer, pH 7.2, for
15 min at room temperature. FITC-Annexin V Conjugate (Sigma-Aldrich A9210,
Saint-Quentin Fallavier, France) was used for Phosphatidylserine detection. After
three washes with PBS buffer for 5 min, muscle strips were incubated in PBS buffer
containing FITC labeled Annexin V (1.8 µg/ml) for 24 h at 4 °C and kept over-
night in the dark upon mild stirring. One strip was used as a control and similarly
incubated in the same buffer but in the absence of Annexin V. After three washes
with PBS buffer for 5 min, muscles were cut into small pieces (1 × 3 mm) parallel
to the fibre axis. These small cuts were frozen at −160 °C in isopentane immersed
in liquid nitrogen and subsequently kept at −80 °C until use. Transversal sections
(10 µm) were then cut using a Reichert Frigocut 2800 (Leika) and dried in the dark
at room temperature before fixation in PBS buffer containing 2 % formol. Thin
Annexin V labeled cuts were then treated for Laminin labeling as previously
described [7], using a rabbit anti-Laminin (Sigma-Aldrich) primary antibody
(dilution: 1/100) followed by the addition of a cyanine 3 conjugated goat anti-rabbit
IgG (dilution: 1/150) as the secondary antibody (Santa Cruz SC-5879, Santa Cruz
Biotechnology Inc., Heidelberg, Germany). Finally, sections were mounted on
glass slides in Mowiol and observed by using an Axioplan 2E Zeiss light micro-
scope. FITC-Annexin V conjugate was revealed using ʎexc 488 nm and ʎemm
530 nm whereas for cyanine.

G

B

Fig. 1 Estimation of the
extent of shrinkage on
samples excised just after
bleeding from rat Longissimus
muscle
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2.5 Preparation of Samples for Electron Microscopy

For routine ultrastructural studies, rat muscle samples were treated as previously
described [8].

3 Results and Discussion

3.1 Muscle Cells Shrinkage

Cell shrinkage which is one of the first steps of the cell death program [9], has been
investigated on both rat Gastrocnemius and Plantaris muscles. Similar findings were
obtained for both muscles. Thus only those corresponding to Gastrocnemius muscle
are presented hereafter. As shown in Fig. 2a, after1 h postmortem, some cells are
shrunk (left part of the white line) whereas some other are not (right part of the
white line). It is worthy to remember here that each cell can decide by itself,

Fig. 2 Cell shrinkage and
related structural damage of
the membrane. a Transversal
section of rat Gastrocnemius
muscle excised 1 h
postmortem (×1000). The
white line delimited the left
region of the section where
shrinkage is more important
than in the right one.
b Membrane disruption at the
costamere level observed by
electron microscopy
examination of a 2 h
postmortem sample
(magnification: ×100,000).
The black arrow indicate the
position of the hole in the
membrane and the white open
arrowheads shows the
released portion of the
membrane still bound to the
costamere/Z-line
(Z) transversal filaments.
c Transversal section of rat
Gastrocnemius muscle
excised 24 h (×1000). For
more details see the materials
and methods section
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independently from the others, to commit suicide by engaging into the cell death
program at the right time. This explains why, within the same cut, the behaviour of
each cell can be different. The extra-cellular space is thus minimal and more regular
in the right part of the plate as compared to the left part, where this space is
abnormally large and variable from one area to another.

An estimation of the extent of shrinkage has been performed as described in the
Materials and Methods section on rat Longissimus samples excised just after
bleeding. For each sell examined, the reference is the same cell before shrinkage
meaning that shrink = 0 and total cell weight = G + B. On average, cell volume
decreased by about 20 % (20 ± 6 %). age This shrinkage results very likely from
the cytoskeletal induced traction forces on the cell membrane with a concomitant
water out flux towards the extracellular space.

The intensity of the forces concerned at the time of the cellular retraction is
sufficiently important to cause wrenching of anchorage structures (costameres,
integrins, …) from the membrane. They also cause a retraction of all intracellular
organelles contributing, at least partly, to their dysfunctions. This feature is illus-
trated in Fig. 2b for a 2 h postmortem sample from Gastrocnemius muscle showing
a clear release (black arrow) of part of the membrane corresponding to the costa-
mere region, the membrane fragment being still anchored to the transversal inter-
mediate filaments emanating from the Z-line (open arrowhead).

Figure 2c presents a cut from the same Gastrocnemius muscle at time 24 h
postmortem. After 24 h, all cells are shrunk and extra-cellular space increased
significantly, suggesting a time-dependent progress of the cell death process.
Another interesting feature is that, in the 24 h postmortem sample, almost all fibres
showed the typical rounding appearance of cells dying by apoptosis [9].

3.2 Phosphatidylserine Externalisation

Analysis of phosphatidylserine externalisation was performed on both rat
Gastrocnemius and Plantaris muscles and, as no difference was observed, only results
of the former muscle are presented herein. Besides cell shrinkage, another charac-
teristic feature of apoptosis is the externalization of phosphatidylserine (PS), a class of
acidic phospholipids normally located on the internal leaflet of the lipid bilayer.
However, in some physiologic conditions, the internal PS is exposed to the external
surface especially in dying cells [10, 11]. Phosphatidylserine (PS) externalization is
thus regarded as one of the earliest hallmarks of cells undergoing programmed cell
death [12]. In living organisms, macrophages recognize the PS externalized cells
through a specific PS receptor, resulting in a possible contribution of macrophages to
the target cell dismantling [13].

To comfort the idea that the onset of the cell death program takes place
immediately after bleeding, an assumption supported by the intense cell shrinkage
observed as soon as 1 h postmortem, redistribution of PS has been investigated on
small muscle fibers bundles using a FITC labeled specific PS-binding protein,
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Annexin V, as a specific probe. To attest the extracellular location of PS, we
referred to Laminin, a major component of the basal lamina. In living cells, the
primary function of the Laminin protein family is the anchorage of the plasma
membrane to the extracellular matrix. Hence, these proteins are located in the
vicinity of the external leaflet of the plasma membrane [14] and constitute an
interesting internal control to verify that the PS labeling is extracellular and not
intracellular.

Small muscle fiber bundles taken at 1 h (Fig. 3a) and 24 h (Fig. 3b) postmortem
were incubated with FITC-labeled annexin V for 24 h and then frozen. Frozen cuts
obtained from the Annexin V labeled samples (Fig. 3a1) were then treated with a
primary rabbit Laminin antibody, revealed with a FITC-labeled goat anti-rabbit
secondary antibody (Fig. 3a2) and examined under the light microscope for
Annexin V and Laminin fluorescence. Note that serial thin cuts were obtained from
the central part of the frozen sample avoiding the peripheral fibers which can be
damaged during preparation of the sample.

As depicted in Fig. 3a1 (1 h postmortem sample) and Fig. 3b1 (24 h post-
mortem sample) analysis of the Annexin V distribution in transversal muscle thin
cuts led to a specific green fluorescent labeling of the periphery of the fibers. In
addition, the labeling intensity appeared to be greater in the 24 h postmortem
sample suggesting a time course progress in the PS externalization during the first
24 h post-exsanguination. No fluorescence was detected in fibers treated with the
same buffer in which Annexin V was omitted (Fig. 3a4). Immunostaining of rat
muscle fibers prepared 1 h (Fig. 3a2) or 24 h (Fig. 3b2) postmortem with a
Laminin rabbit polyclonal antibody revealed with a cyanin 3 conjugated goat
anti-rabbit IgG led to specific fluorescent red labeling of the periphery of the fibers.
When the first antibody was omitted, no fluorescence was detected (Fig. 3b4).

Merging images corresponding Laminin and PS labeling led to a yellow color, a
result indicative of a co-localization of Laminin and PS-bound Annexin V. Such
color change was observed both at 1 h (Fig. 3a3) and 24 h (Fig. 3b3) postmortem
samples. The co-localization of both antigens confirms that Annexin V is bound to
extracellular PS and not to intracellular acidic phospholipids. It is noteworthy that
the yellow color is more intense in the 24 h sample, suggesting an increase in the
number of externalized PS between 1 and 24 h postmortem. The present results
clearly indicate that PS groups are externalized in postmortem muscle as soon as
1 h postmortem and that the extent of PS externalization increased between 1 and
24 h postmortem. By contrast, Laminin labeling tends to decrease between 1 h
(Fig. 3a2) and 24 h (Fig. 3b2), a feature indicative of a probable degradation of this
protein soon after death.

Since the beginning of the present decade, several reports suggested a contri-
bution of caspases, especially caspase 3, to the postmortem proteolysis [1, 2, 4]. On
the other hand, caspases are the driven motor of the programmed cell death by
apoptosis development. The present work intended therefore to obtain evidence
supporting the onset of the apoptotic process in postmortem muscle.

The concept of apoptosis was introduced by Kerr et al. 4 [15] to indicate a form
of cellular death totally different from necrosis, from both the morphological and
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Fig. 3 Phosphatidylserine externalization and Laminin labeling. a Samples from rat
Gastrocnemius muscle excised 1 h postmortem. b Samples from rat Gastrocnemius muscle
excised from the second leg 24 h postmortem. 1 Samples labeled with a FITC-Annexin V
conjugate at 1 h (a) and 24 h (b) postmortem. Note the greater fluorescent labeling of the 24 h
sample as compared to 1 h (ʎexc 488 nm; ʎemm 530 nm). 2 Samples labeled with a rabbit specific
Laminin antibody revealed with a cyanine 3 goat anti-rabbit IgG conjugate at 1 h (a) and 24 h
postmortem. Note the lower fluorescent labeling of the 24 h sample as compared to 1 h probably
indicative of the degradation of the Laminin (ʎexc 554 nm; ʎemm 568 nm). 3Merged image from
1 and 2. 4 Control samples for annexin V (a4) and Laminin (b4) labeling in which the FITC
Annexin V conjugate and the primary anti-Laminin antibody respectively were omitted

60 S. Becila et al.



biochemical points of view. In muscle tissue, chronological events conducting to
apoptosis are the same than in mononucleated cells which are usual models for such
studies [16]. As previously reviewed [6], in contrast to necrosis often considered as
a “disordered” cellular death, apoptosis is regarded as an “ordered” cellular death
proceeding through a series of chronological and strictly regulated events: Dying
cells lose their contact with neighboring cells and signal their status by external-
ization of phosphatidylserine which are normally located on the inner leaflet of the
membrane. Concomitantly, the general condensation affecting the dying cells and
their organelles led to an intense shrinkage and a significant reduction in the cell
volume together with an increase in the extracellular space. Mitochondria undergo
several major modifications leading to a release of pro-apoptotic proteins including
cytochrome c. After condensation of the nucleus, chromatin is cleaved in regular
fragments of approximately 180 pairs of bases.

According to Green programmed cell death is a rapid process taking place within
few minutes to few hours. Hence, if apoptosis [17]. Set up in postmortem muscle,
the first characteristic changes induced by process would be detectable soon after
animal death. Four of the above hallmarks of apoptosis, including cell shrinkage,
phosphatidylserine externalization, DNA fragmentation and actin degradation, were
therefore investigated.

It was shown that cell shrinkage is detectable few minutes after exsanguination
and that this change progress over time to reach its maximum about 24 h post-
mortem. For samples excised within 1 h postmortem, the cell volume decreased by
about 20 % but all cells are not concerned at the same time, comforting the idea that
each cell decides when it will commit to suicide and engages into the cell death
programme. After 24 h, all cells are shrunk and all have the rounding shape
characterizing apoptosis. Cell shrinkage led to an important increase in the extra-
cellular space. This increase in the extracellular space was generally ascribed to a
decrease in the capacity of myofibrillar protein to bind water during the acidification
of muscle and the consequent pH drop [18, 19]. The causes of the large raise of the
extracellular space in postmortem muscle would have to be reconsidered in the light
of the present findings.

One of the major consequences of cell shrinkage is the strong constraints sup-
ported by the anchorage structures associated to the plasma membrane (costameres,
integrins, …) which can be strongly altered. As illustrated in the present work,
costameres are sometimes wrenched from the membrane while they are still attached
to the transversal intermediate filaments emanating from the Z-line. This limited
opening of the membrane will facilitate water flux towards the extracellular space.

The second hallmark of apoptosis considered was the externalization of phos-
phatidylserine (PS) which move from the inner to the outer leaflet of the plasma
membrane. Using FITC-labeled Annexin V as a specific probe of these acidic
phospholipids, it was shown that a strong green labeling was noted in the vicinity of
the membrane. To attest the extracellular location of PS, we referred to Laminin, a
major component of the basal lamina located in the vicinity of the external mem-
brane leaflet, which ensures the connection of the extracellular matrix to the cell
membrane. Laminin was labeled with a specific antiserum and revealed using a
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cyan 3-conjugate secondary antibody (red color). When the fluorescent images were
merged the color changed to yellow indicative of a co-localization of the proteins,
i.e. Annexin V and Laminin. In addition, we noted a decrease in the Laminin
labeling intensity probably suggesting a probable alteration of this protein over the
first 24 h postmortem. In contrast, intensity of PS labeling seemed to increase over
this time laps suggesting a time dependent raise in the number of PS group
transferred on the outer leaflet.

Recently Huang et al. [20] demonstration thereby strengthened the hypothesis
that in post mortem muscle, oxygen deprivation-induced apoptosis is dependent on
the mitochondrial pathway. On the other hand, proteins involved in the regulation of
the apoptotic process whether released from mitochondria (AIF, Endo G,
Cytochrome c,…) or expressed in muscle cells (IAPs, caspase inhibiting serpin,…)
have never been revealed by 2D gel electrophoresis proteome analysis and thus they
would merit to be selectively targeted using alternative more specific approaches
[21].

4 Conclusion

In conclusion, the present work provides, for the first time, indisputable evidence
supporting the set up of apoptosis in muscle immediately after animal death. It has
been further proven that this process affects cell metabolism, oxidative processes
affecting proteins, lipids and meat color, cytoskeletal network degradation. These
different events contributing the development of different meat qualities (tender-
ness, color, flavor and juiciness) must be reconsidered in relation with the complex
apoptotic induced modifications of cell metabolism and physiology.
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Synthesis of Nanostructure Carbon Thin
Films by Microwave Plasma-Enhanced
Chemical Vapor Deposition

Ahmed S. Wasfi, Hammad R. Humud and Mohammed E. Ismael

Abstract In this work, hydrogenated amorphous carbon (a-C:H) thin films were
prepared from methane gas using microwave plasma enhanced chemical vapor
deposition (MPECVD). The microwave plasma system was built in our laboratory
with maximum attained plasma electron temperature and density of (0.65 eV) and
(1.45 × 1018 cm−3), respectively. The effect of argon/methane mixing ratio on the
optical and structural properties of the films were investigated. X-ray diffraction
results indicated a broad peak ranging from 15 to 35 in 2θ angle confirm the
amorphous nature of the deposited carbon films. While, FTIR measurements
revealed the existence of (a-C:H) through its absorption peak. AFM was used to
study the morphological characteristics and to monitor the nanostructure under the
influence of different mixing ratios of argon with methane. The distribution of
granularity ranged from 30 to 140 nm, and the particles average diameter were
94.39–81.92 nm, also the root mean square roughness was increased with the
increasing of the argon/methane mixing ratio. The optical energy gap (Eg)
decreased from 2.76 to 2.40 eV with increasing deposition pressure from 0.5 to
1.5 mbar and varying the argon/methane mixing ratio.

1 Introduction

In the last four decades, a huge number of researchers have worked on the
microwave induced plasma and microwave plasma enhanced chemical vapor
deposition [1, 2]. This technology is extremely promising because of its high
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control of film quality, low cost, high efficiency and reproducibility. Moreover, the
subject of amorphous carbon deposition occupied the interest of researchers as a
coating material which has unique properties such as a wide range of optical energy
gap and other features [3].

These films are produced by ionizing a hydrocarbon compound, which is possibly
dissociated and accelerated in an electric field towards the substrate where the film is
grown at a moderately low pressure. Amorphous carbon (a-C) is a non-crystalline
form of carbon that only has a short range structural order. The term (a-C:H) is also
used to include hydrogen-containing (hydrogenated) forms of non-crystalline car-
bon. The two main crystalline forms of carbon exhibit either 100 % sp3 bonding (in
the case of diamond) or 100 % sp2 bonding (in the case of graphite), while a-C films
contain a mixture of sp3 and sp2 bonding. It is the ability to control the ratio of sp3 to
sp2 bonds through growth conditions that allows the development of a-C films to
exhibit astonishingly different mechanical, electrical and optical properties [4]. In
addition to bonding hybridization, a second parameter like hydrogen content, plays
an important role in determining the film properties. Such films have found appli-
cations as dielectrics in the electronics industry and as a protective coating for metals
and other surfaces such as silicon and silicon devices [5].

In this work, deposition of carbon films by microwave plasma enhanced
chemical vapor deposition was achieved, using methane as a hydrocarbon precursor
gas. Furthermore, the structural and optical properties of these films with different
deposition parameters were investigated.

2 Experimental

Our home-built microwave plasma system consisted of cylindrical stainless steel
vacuum chamber of 10 cm inner diameter and 30 cm length. The cylindrical
chamber has many ports, one port is coupled with vacuum pump system (double
stage rotary vane pump, pumping speed 25 m3/h with zeolite trap), to maintain a
vacuum of about 10−4 mbar in the chamber. The other port is used to introduce the
gases, which are fed through highly precision (±2.5 %) flowmeters (glass
rotameters) from Shanghai Cixi Instrument. Furthermore, there is a borosilicate
glass view window fixed at the side port which is used to monitor the plasma
spectrum of the reacting species by an optical spectrometer. The viewport is
employed also as a quick access door which can be used to feed the samples into
the plasma reaction chamber. The two axial end ports of the cylindrical chamber are
closed with two flanges that have circular holes at their centres where a quartz glass
tube is passed through along the cylindrical chamber axis.

The inside of the glass tube was at atmospheric pressure whereas the outside was
at low pressure. After proper evacuation time, Argon was fed to the chamber, as a
working plasma gas, through a needle valve that controls the gas flow precisely.
The filling pressure in the chamber was monitored using Pirani gauge. To avoid
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heating due to the plasma in the chamber, air blower was fixed at one end of the
quartz tube.

Microwave was generated by means of 750 W magnetron, working at frequency
of 2.45 GHz, and was transmitted to the plasma chamber through a rectangular
waveguide which hold a TE10 transmission mode.

A copper pipe of diameter (6 mm) was inserted at the other end of the glass tube
through the waveguide at a certain position that represents a maximum of the
standing wave oscillating in it. This copper pipe acts as an antenna that conducts the
microwave radiation from the waveguide to the vacuum chamber. A cylindrical
plasma column obtained as a result of the propagation of electromagnetic surface
wave plasma (SWP). In fact, this configuration can be considered as a coaxial cable
transmission line where the copper pipe represents the central conductor of the
cable, the glass tube represents its outer insulator and the generated plasma, which
is a conductive medium, replaces the missing outer conductor of the coaxial cable.
When the electric field strength, which is transmitted through the copper antenna,
exceeds the breakdown field strength of the argon gas, discharge ignites at the low
pressure regime inside the chamber. Increasing the microwave power, the plasma
grows along the quartz tube and radially homogeneous plasma is formed. The space
occupied by the plasma is proportional to many factors such as microwave power
and working gas pressure.

The glass substrate after proper cleaning procedure was fixed at certain position
just below the plasma; this was done using a linear motion feedthrough adjusting
the position of the substrate holder. Schematic diagram and a photograph of the
experimental arrangement are shown in Fig. 1.

Diagnostic of the microwave argon plasma was done in an earlier work [6], in
order to optimize our system and ensuring that the MPECVD system is capable of
producing a good quality and reproducible a-C:H films. Optical emission spec-
troscopy was used as a plasma diagnostic method; it gives very interesting infor-
mation on the plasma parameters such as plasma electron temperature and density,

Linear Motion 
Feedthrough

Magnetron

Vacuum 
pump

Gases inlet

Substrate holder

Main vacuum chamber

Waveguid

Copper antenna

Quartz tube

Fig. 1 A schematic diagram and a photograph of the microwave plasma system
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moreover, on the influence of process parameters. Electron temperature was
determined using the ratio of two argon plasma spectral lines’ intensity method. The
maximum attainable plasma electron temperature and density were 0.65 eV and
1.45 × 1018 cm−3, respectively.

3 Results and Discussion

Three sets (A, B and C) of amorphous carbon films were deposited on glass
substrates, from pure methane gas and methane diluted with argon, at three different
working pressures using microwave plasma. The deposition pressure was varied
from 0.5 to 1.5 mbar. Whereas, the methane flow rate was fixed at 24 sccm for all
sets, the deposition time was fixed at 90 min and the substrate temperature was at
room temperature for all deposited films. Table 1 shows the methane, argon and
their mixing flow rates, thickness and deposition rate of carbon films at different
working pressures.

Thicknesses of carbon thin films were measured using StellarNet (EPP2000)
system. Figure 2 shows the variation of a-C:H film thickness with working pressure
and at different argon dilution ratios (0, 25 and 40 %). It is found that the highest
thickness and deposition rate of a-C:H films was achieved at the lowest working
pressure of 0.5 mbar. Furthermore, the thickness of a-C:H films decreased when the
percentage of argon gas increased.

The formed CH radicals are favourable in the development of the a-C:H films
[7]. Therefore, decreasing of methane concentration (adding more argon gas)
reduces C2 and CH radicals, which contributed in the growth of the a-C:H films
through the deposition process. Also, when the pressure decreases the plasma
electron temperature (Te) increases and consequently more dissociation of the
methane molecules occurs, hence the growth rate increases as shown in Fig. 2. The

Table 1 Flow rate of methane and argon at different working pressures, film thickness and
deposition rate

Working
pressure
(mbar)

Sample CH4

flow
(sccm)

Ar
flow
(sccm)

Total
flow
(sccm)

CH4

(%)
Ar
(%)

Film
thickness
(nm)

Deposition
rate
(nm/min)

0.5 A1 24 0 24 100 0 293.1 3.25

A2 24 8 32 75 25 180.8 2.01

A3 24 16 40 60 40 152.3 1.69

1.0 B1 24 0 24 100 0 241.5 2.68

B2 24 8 32 75 25 161.2 1.79

B3 24 16 40 60 40 144.7 1.61

1.5 C1 24 0 24 100 0 142.4 1.58

C2 24 8 32 75 25 109.2 1.21

C3 24 16 40 60 40 89.3 0.99
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simultaneous effects of argon ion sputtering at the film surface and the reduction of
carbon radicals due to the increasing of argon gas percentage, reduce the film
thickness and the deposition rate of a-C:H films.

X-ray diffraction (XRD) is a common non-destructive experimental method to
structurally characterize materials. The X-ray diffraction patterns of three samples
A1, A2 and A3 were investigated using Shimadzu diffractometer unit (LabX XRD
—6000). The three samples have similar patterns as they are shown in Fig. 3, the
broad peak ranging from 15 to 35 in 2θ angle confirms the amorphous structure of
the carbon films.

FTIR measurements were made using SHIMADZU FTIR-8400S with spectral
range 400–4000 cm−1 and a maximum resolution of 0.85 cm−1. Figure 4 represents
infrared transmission curves of samples (A1, A2 and A3) obtained using the FTIR
spectrometer. The absorption band 2800–3000 cm−1 can be attributed to
hydrogen-carbon stretching modes. This absorption band is related to the presence
of H bonds in the form of sp-CH and sp3-CH2 groups in the a-C:H films [8].

The morphological characteristics of the amorphous carbon films were studied
by Atomic Force Microscope (AFM) to monitor the nanostructure of the films
under the influence of different mixing ratios of argon with methane. Figure 5
illustrates the surface morphology of sample A1 that scanned by AFM. It can be
seen that the particles grown on the surface of the deposited films are comparatively
uniform with few large particles protruding on the surface. The AFM results of the
distributions of granularities are approximately from 30 to 140 nm and the average

Fig. 2 Thickness of a-C:H films as a function of deposition pressure at different argon dilation
ratios (0, 25 and 40 %)

2θ (degree) 2θ (degree) 2θ (degree)

Fig. 3 XRD patterns for A1, A2 and A3 samples
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diameter of particles is 94.39, 85.59 and 81.92 nm for samples A1, A2 and A3,
respectively. Table 2 lists the particles average diameter, root mean square
roughness and roughness average of the samples that have obtained from AFM.

Figure 6 shows the particles average diameter in samples A1, A2 and A3 as a
function of argon concentration. It is clear, once the mixing ratio of argon to
methane increases the particles average diameter is decreased. Figure 7 represents

Sample A1

Sample A2

Sample A3

Fig. 4 FTIR spectrum of samples A1, A2 and A3
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Fig. 5 AFM topography and granularity cumulation distribution charts for sample A1

Table 2 Particles average diameter, root mean square roughness and roughness average of
samples A1, A2 and A3 that were obtained from AFM

Sample Particles average diameter
(nm)

Root mean square
roughness (nm)

Roughness average
(nm)

A1 94.39 0.759 0.626

A2 85.59 2.17 1.9

A3 81.92 3.38 2.88
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the variation of root mean square (RMS) of roughness with argon concentration in
samples A1, A2 and A3, which increased with the increasing of argon/methane
mixing ratio.

The optical properties of the a-C:H films deposited by MPECVD technique on
glass substrates, at different methane concentrations and different pressures have
been investigated using the UV-VIS-IR spectrophotometer (Metertech SP-800,
wavelength range: 190–1100 nm, bandwidth: 2 nm, wavelength accuracy: 0.5 nm).

After obtaining the optical absorbance spectra and calculating the absorption
coefficient α of a-C:H films in the wavelength range 300–700 nm, the optical band
gap can be obtained from the extrapolation of the asymptotic at the linear part of the
curve that is drawn between (αhυ)2 and photon energy (hυ), its intersection with the
photon energy axis represents the optical band gap Eg. Figure 8 illustrates Eg values
of the samples at different working pressures (0.5, 1.0 and 1.5 mbar) and different
methane/argon mixing ratios.

The variation of the optical energy gap (Eg) with methane concentration at
different pressures is illustrated in Fig. 9, it can be seen that the optical energy gap
increases when the methane concentration is increased and decreases as the
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Fig. 8 Variation of (αhυ)2 with photon energy (hυ) of a-C:H films
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deposition pressure is increased, a decrease in the Eg can be attributed to: (1) an
increase in sp2 fraction, (2) a decrease in H content, (3) an increase in sp2 cluster
size in the a-C films, this result has a good agreement with the results of Silva [9].

4 Conclusion

Nanostructured amorphous carbon films were successfully deposited via microwave
plasma enhanced chemical vapor deposition (MPECVD). The outcomes of this
work showed that highest deposition rates were obtained for the films deposited at
lowest flow rate or lowest deposition pressure. Argon addition to the CH4 plasmas
decreases the growth rate due to the sputtering effect of Ar ions. The reported
experimental results of the optical and structural properties of the films suggested
the possibility to control the film growth rate and the optical energy gap and
consequently the improvement of the photoconductivity by proper selection of the
deposition parameters. It is obvious that mixing ratio of argon to methane has an
important effect on the topography of the amorphous carbon film surface.
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Microstructural Investigation of SPA-C
Steel Sheets Used in Railway Vehicles
in Resistance Spot Welding

Nuri Akkaş, Erman Ferik, Recep Kılıç, Erdinç İlhan
and Salim Aslanlar

Abstract This paper presents an experimental study on resistance spot welding of
SPA-C steel sheets used in side wall and roof in rail vehicles. SPA-C steel sheets
having 2.3 mm thicknesses were joined by using resistance spot welding as lap
joint. A timer and current controlled resistance spot welding machine having
120 kVA capacity and a pneumatic application mechanism with a single lever was
used to prepare the specimens. Welding periods were chosen as 5, 10, 15, 20, 25
and 30 cycles and also welding currents were increased from 6 kA up to 14 kA by
rise of 0.5 kA. The electrode force was kept constant at 6 kN. The micro and
macro-structures of prepared welding specimens were investigated by means of an
optical microscope and scanning electron microscope (SEM) in order to see the
joinability of SPA-C steel sheets by resistance spot welding.
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1 Introduction

Resistance spot welding (RSW) is one of the oldest of the electric welding pro-
cesses in use by industry today. The weld is made by a combination of heat,
pressure and time. As the name implies, it is the resistance of the material to be
welded to current flow that causes a localized heating in the part [1].

The RSW is a complex process which involves electrical, thermal, mechanical
and metallurgical phenomenon. These complicated phenomenon have a major
influence on the formation of a welded joint, including the nugget and the
heat-affected zone (HAZ) [2]. In order to appropriate weld nuggets, understanding
these complicated factors and evaluating the role of the major metallurgical factors
and processing parameters are necessary.

The weld microstructure is the most complete measure of weld quality and is
therefore the best way to define process requirements [3]. However, RSW produces
more complex microstructures than other welding processes, because it involves
rapid heating and cooling. Microstructural changes during RSW dramatically affect
mechanical properties by transforming the base metal microstructure [4]. The result
of this usually weld nugget with significantly different microstructure than the base
metal. A coarse granular structure is susceptible to hot cracking. A finer structure,
distorted columnar structure, or equiaxed structure is more resistant. The structure
and crystallographic orientation of grains in the heat affected zone generally con-
tinue to the fusion zone [5]. This complex microstructure development can impact
the failure behavior of RSW and should be taken into account.

To date, the microstructures and failure mechanisms of RSW SPA-C steel sheets
have not been examined in sufficient detail. So, the objective of the present study is
to characterize the microstructure of SPA-C steel sheets after RSW, as a basis for
understanding the relationship between the microstructure and the failure behavior.

2 Experimental Work

2.1 Materials

The materials studied are SPA-C steel sheets having 2.3 mm thicknesses, which are
used in rail vehicle bodies. The chemical composition and the mechanical prop-
erties of the sheet are, respectively, shown in Tables 1 and 2.

Table 1 Chemical composition of steel sheets used in experiments

Chemical
composition

C Si Mn P S Cr Ni Cu

wt% 0.097 0.397 0.433 0.0913 0.0016 0.605 0.257 0.331
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2.2 Welding Process

A timer and current controlled RSW machine having 120 kVA capacity and
pneumatic application mechanism with a single lever was used in the experiments.

The electrode force was continuously measured and controlled during the
experiments. Weld time, hold time and clamping time were adjusted automatically
by electronic devices of machine. Welding was carried out by using water cooled
conical Cu–Cr electrodes having a contact surface of same diameter (7 mm) in
accordance with EN ISO 5182 [6].

The prepared specimens were overlapped with 30 mm. spacing and welded. For
joining, 5, 10, 15, 20, 25 and 30 cycles weld time were applied while other welding
parameters such as applied electrode pressure (6 kN) and clamping and hold times
of electrode (25 cycles) were kept constant. The welding current was increased
from 6 to 14 kA by 0.5 kA increments.

The cross-sections of the weld joints were polished mechanically and etched
with Nital. The specimens were then examined with an optical microscope (Nikon
SMZ800) and a scanning electron microscope (SEM; JEOL JSM-6060LV).

3 Results and Discussion

The spot weld joint of SPA-C steel sheets contains three microstructural zones of
primary interest that will be described based on the proximity to the weld. Figure 1
displays the three zones of interest:

(i) Fusion Zone (FZ) or weld nugget contains the sections of the material that
becomes molten and resolidifies during the welding and subsequent cooling.

(ii) Heat Affected Zone (HAZ) which is experienced solid state microstructural
alterations during thermal cycle of welding. This section of the weld has not
been melted; however, significant thermal affects are evident. Several
microstructural changes can occur in the HAZ. The HAZ of a spot weld can
be subdivided into three main regions which include the coarse grain (CG),
fine grain (FG) and intercritical (IC) HAZ [4].

(iii) The final zone is the base material (BM). This zone is adjacent to the HAZ
and represents the portion of the spot weld joint that has not been affected by
the welding process and is comprised of the parent material used to produce
the weld [7].

Table 2 Mechanical
properties of the sheet steel

Yield strength (MPa) 430

Tensile strength (MPa) 550

Total elongation (%) 45
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Fig. 1 Metallurgical zones of the spot weld joint of SPA-C steel

Fig. 2 Microstructures of spot welded SPA-C samples a base metal, b IC-FG HAZ, c CG HAZ,
and d fusion zone or weld nugget
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Figure 2 shows the weld microstructure for SPA-C steel. The BM microstructure
consists of ferrite grains (grey) with carbides (dark colored) situated at grain
boundaries (Fig. 2a).

The IC HAZ consists mainly of ferrite and some pearlite (Fig. 2b). The FG HAZ
consists mainly of pearlite and some ferrite (Fig. 2b). The CG HAZ shown in
Fig. 2c has a needle like structure. The needle like structure consists of island and
side plate ferrite with stripes of grain boundary ferrite. The FZ consists of a
columnar structure composed mainly of martensite, which is shown in Fig. 2d. In
this region which experience grain coarsening during thermal cycle of the welding
process, both high cooling rate and large grain size promote the formation of
martensite.

Several researchers have noted the presence of martensite in the RSW nugget
and HAZ. Martensite will create altered mechanical properties (i.e., increased
strength, reduced ductility) in comparison to the original material properties [8].

Figure 3 shows the SEM micrograph of (a) BM, (b) IC HAZ, (c) CG HAZ and
(d) FZ. As shown in Fig. 3a, the microstructure of base metal used in this inves-
tigation is ferritic with a small amount of Fe3C. EDS analysis of point (1) were
given in Table 3. SEM images of FZ (Fig. 3d) reveal that there exist needle-like
microstructures within the martensite laths.

Fig. 3 SEM micrograph of spot welded SPA-C samples a base metal, b IC HAZ, c CG HAZ, and
d fusion zone or weld nugget
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4 Conclusion

The microstructures in the fusion zone of SPA-C steel sheets after RSW were
characterized by means of optical microscopy and SEM. The main conclusions are
summarized as follows.

– The microstructure of base metal used in this investigation is ferritic with a small
amount of Fe3C.

– The microstructure of weld nugget, which mainly consists of martensite. Despite
the low carbon content of the base metal, martensite phase was formed due to
high cooling rate involved in RSW process.

– Several microstructural changes can occur in the HAZ. The HAZ can be sub-
divided into three main regions which include the coarse grain (CG), fine grain
(FG) and intercritical (IC) HAZ. The IC HAZ consists mainly of ferrite and
some pearlite. The FG HAZ consists mainly of pearlite and some ferrite.
The CG HAZ has a needle like structure. In HAZ, the grain coarsening occurred
owing to thermal cycle of the welding process.
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Table 3 EDS analysis of point (1)

Elt. Line Intensity
(c/s)

Error
2-sig

Conc Units

C Ka 3.85 1.240 3.744 wt%

O Ka 14.04 2.370 5.043 wt%

Fe Ka 338.99 11.644 91.213 wt%

100.000 wt% Total
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Microstructure/Properties Relationship
of Advanced Heat-Resistant Intermetallics
TiAl(Nb,Cr,Zr) After Casting and Float
Zone Processing

A.V. Kartavykh, M.V. Gorshenkov and A.V. Korotitskiy

Abstract New Ti-44Al-5Nb-3Cr-1.5Zr (at.%) β-stabilized intermetallic alloy was
synthesized by the electron beam casting and afterwards re-solidified by the
high-gradient (300 °C cm−1) induction float zone (FZ) technique. FZ-processing
led to the ordered microstructure creation consisting of volumetrically prevailing
(γ + α2) lamellar colonies separated by minor seam-like γ-granular interlayers, and
the least intergranular quota of β(Ti)/B2 phase. The optimum phase balance, sub-
micron interlamellar spacing and preferable alignment of lamellae along the thermal
gradient were controlled by FZ-conditions. Unique microstructural adjustment
enhances drastically the high-temperature yield strength, Young modulus and creep
resistance. Thus the thermal limit of γ-TiAl(Nb,Cr,Zr) structural applicability could
be extended from 750–800 °C towards 900–950 °C.

1 Introduction

γ-TiAl based intermetallics are attractive candidates for applications in aircraft
turbine engines for their low density and specific strength [1]. Recently General
Electric has reported the application of GE48-2-2 (Ti-48Al-2Nb-2Cr at.%) alloy in
its newest engine, GEnx-1B for the Boeing-787 Dreamliner that best illustrates the
cutting edge of TiAl technology. Low pressure turbine (LPT) firstly incorporates
the last two stages made of γ-TiAl blades that save 180 kg per engine when
compared to its precursor. The GEnx offers up to 15 % better fuel consumption,
which translates to 15 % less CO2 emission [2]. However, heat-resistant potential of
GE48-2-2 alloy is seemingly near to be limited by the final LPT stages operating at
the “softest” thermal modes. Many investigations are targeted to improve strength
and ductility of γ-TiAl within the temperature range expanded towards 800–850 °
C. In the last years, novel γ-TiAl based alloys family, so-called TNM alloys, have
been developed which define the upper strength limit of titanium aluminides [3–5].
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These Al-lean alloys contain a high level of β-stabilizing elements Nb, Mo, Cr,
W et al. That lead to the existing of a significant amount of β(Ti) phase with
disordered bcc structure, or its ordered B2 counterpart within technologically
important domains of phase diagram. Being especially ductile at the elevated
temperatures, stabilized β(Ti)/B2 phase plays the positive role in an improvement of
workability and applicability of TNM alloys.

Present paper reports the results of advanced structural properties development
of Ti-44Al-5Nb-3Cr-1.5Zr (at.%) alloy belonging to the TNM family. Aiming its
microstructure control and thus enhancement of heat resistance and deformability
on the basis of purely thermodynamic approach, we applied the high-gradient float
zone processing, offering additionally the advantage of a crucibleless technique.

2 Experimental Design, Materials and Methods

The synthesis of raw alloy has been performed by the electron beam
semi-continuous casting. As-cast billet had 165 mm in diameter being 15 kg of
mass; the casting details could be found in [6]. The rod-shaped blanks
(Ø10 × 120 mm) of cast alloy with uncontrolled microstructure were directionally
re-solidified by the vertical FZ technique in argon of 4 N grade purity. Zone melting
is ensured by narrow inductor loop that is powered by AC current of 400 kHz
frequency. The inductor power of 700 V A caused the axial temperature gradient
value 300 °C cm−1 at solid/melt interface. Re-solidification proceeds at the upward
inductor movement with the rate of 150 mm h−1, that ensured the cooling rate of
5.5 °C s−1 of processed material. The facility is represented in Fig. 1a, and the
details of FZ process could be found in [7]. Figure 1b shows the exterior of
FZ-processed ingot.

Fig. 1 a Induction FZ-resolidification of γ-TiAl(Nb,Cr,Zr) cast blank in the laboratory facility;
b FZ-processed ingot with labeled positions where the specimens were cut for the compression
testing; c appearance of the aligned lamellar microstructure (blue areas) within axial bottom
section of FZ-ingot
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As-cast and FZ-alloys were comparatively analyzed in SEM and TEM modes
using the JEOL JSM6610 electron microscope also equipped with AZtecSynergy
EBSD system. The revealing of ordered structure appearance at the initial stage of
FZ-process was implemented by optical polarized light microscopy (Fig. 1c).

Mechanical properties of alloys at 750–1050 °C were examined under 10−7 bar
vacuum using quenching-deformation dilatometer DIL 805A/D by Bähr
Thermoanalyse GmbH. The device has operated under the static loads varying from
1 to 700 MPa to obtain the temperature-stress dependences of creep rate, and to plot
the stress/strain curves using the test bars of Ø2.5 × 5 mm dimensions.

3 Results and Discussion

SEM micrograph of as-cast alloy (Fig. 2a) displays the coarse three-phase
microstructure. Basic intermetallic phase γ-TiAl (D 0.19 type) is imaged here by
grey, α2-Ti3Al (L 1.0 type)—by black and stabilized B2—as bright phase.
Although XRD revealed the same phases in FZ-ingots [7], their microstructure has
refined drastically (Fig. 2b). The continuous cooling transformation diagrams, both
calculated and experimental [8, 9] predict the formation of duplex microstructure
consisting of (γ + α2) lamellae regions and massive γ grains, and what’s more the
lamellar fraction should exceed 90 % at the applied cooling rate of 5.5 °C�s−1.

Really in our β-stabilized alloy the lamellae occupy about 80 % of volume. This
structural constituent is shown in Fig. 2c, d representing the magnified framed areas
in Fig. 2b. Fine design of such area (Fig. 2d) is composed of the alternating γ-TiAl
(grey) and α2-Ti3Al (black) lamellae. γ-TiAl lamellae of 400–800 nm thickness are
volumetrically prevailing. α2-Ti3Al phase contains in FZ-alloy as lamellae of 100–
200 nm thickness. γ-granular fraction (Fig. 2b, c) is estimated as 15 %, and the
remaining 5 % falls at the B2 fraction that is seen in Fig. 2b, c as bright phase.

Within the state diagram the phase transformation path of cooling Ti-44Al-
5Nb-3Cr-1.5Zr alloy can be simplified as the follow:

bðTi)�!ða)B2þ a�!ðb)B2þ a2-Ti3Alþ c-TiAl ð1Þ

where the stage (b) is splintered in turn into two kinetic mechanisms really pro-
ceeding in non-equilibrium mode:

a ! a2-Ti3Al þ c-TiAlð Þ-lamellar ð2Þ

B2 ! c-TiAl-granular ð3Þ

They explain the joint formation of γ-granular and (γ + α2)-lamellar fractions
co-existing with the retained B2 phase. The reaction (2) begins inside α-grains
leading to basic lamellar colonies formation within the boundaries of each trans-
formed α-grain (Fig. 2b, d). Since B2 is disposed along these boundaries, the partial
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proceeding of reaction (3) results to the formation of (B2 + γ) seam-like interlayers
between (γ + α2) colonies (Fig. 2c). The ratio of transformation (3) can be con-
trolled kinetically by the cooling rate and thus by the related zone melting rate.
Therefore, the phase content ratio (γ + α2)/γ/B2 can be controlled within some
limits.

The effect of ultra-high directional thermal gradient is extremely important for
ordering of resulted micro-structural system. Owing to this thermodynamic spatially
anisotropic “pulling” impact in the course of FZ-processing, the aligned lamellar
microstructure is formed throughout the sample, where direction of (γ + α2)
lamellae is preferably parallel to the ingot’s axis. As revealed from Fig. 1c, the new

Fig. 2 a Irregular microstructure of cast Ti-44Al-5Nb-3Cr-1.5Zr; b ordered microstructure of
FZ-processed alloy; c magnified transition between the lamellar area and (γ + B2) interlayer;
d magnified axially-aligned (γ + α2) lamellae. a, b, d SEM, and c TEM micrographs
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ordered structure appears shortly after the initial seeding interface. In Fig. 1c this
structure is given in blue, thus reflecting the axially aligned lamellar fraction.

For detailed analysis of lamellae orientation the selected area of 2 × 3 mm2

dimension that disposed in ingot’s longitudinal section was examined by EBSD.
Colored orientation map of this area is shown in Fig. 3a. Figure 3b, c display the
inverse pole figures (IPF) derived from Y (axial) and X (diametrical) directions of
ingot’s section, respectively. Because of much smaller α2-lamellae thickness, the
γ-phase solely was revealed in Kikuchi pattern. Although SEM images in Fig. 2b–d
demonstrate at the first glance well-aligned lamellar colonies, it is clear from
Fig. 3a that the domains of different γ-lamellae orientations still occur inside the
former β-grains. The IPF of axial ingot’s direction (Fig. 3b) indicates the lamellae

Fig. 3 a EBSD colored orientation map in the longitudinal ingot’s section along with the inverse
pole figures derived from Y-axial (b) and X-diametrical (c) directions of the ingot
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tendency to be oriented along three selected directional zones with low (of few
degrees order) angle deviations around each. This selective growth conditioned by
the high-gradient thermal impact and results in the axially-ordered substructure
formation. Only three Blackburn orientation relationships between the parent α and
born γ-lamellar phases can survive within the directional seedless solid-phase
transformation. In contrast, Fig. 3c shows a multiple orientations of γ-lamellae and
does not reflect any preferable growth along an ingot radius.

The ordered microstructure depicted in Fig. 2b possesses more balanced prop-
erties compared to the cast material. Fine lamellar constituent (Fig. 2d) is respon-
sible for the improved strength and creep under axial loading. The heat resistance
and plasticity get enhanced thanks to the incorporated interlayers composed of γ-
and ductile B2-phases (Fig. 2c). At the expense of limited elastic mobility of
γ-grains within the medium of B2-phase, such interlayers promote relaxation of
stresses in lamellar structure, thus raising the high-temperature threshold of its
destruction.

The results of high-temperature compression tests are given in Fig. 4a–d.
FZ-processing led to substantial improvement of deformability (Fig. 4a), increase
of yield strength (Fig. 4b) and Young modulus (Fig. 4c) at the same temperatures.
At the same loads the creep resistance rises. Exemplarily, under the load of

Fig. 4 Plots of physical-mechanical properties of cast (in black) and FZ-processed (in red) alloys
versus temperature: a axial deformation curves; b yield strength; c Young’s modulus; d creep rate
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200 MPa the first signs of creep of FZ-alloy appear only at 950 °C (Fig. 4d).
In other words, FZ-alloy possesses the identical level of deformability parameters at
the temperatures by 100–150 °C higher when compared to cast material. Thus the
upper temperature limit of γ-TiAl(Nb,Cr,Zr) applicability could be extended from
750–800 °C towards 900–950 °C.

4 Conclusions

1. The applicability of high-gradient induction float zone (FZ) processing is
demonstrated for microstructure engineering and enhancement of mechanical
properties of β-stabilized γ-TiAl intermetallics.

2. FZ processing led to specific microstructure creation of Ti-44Al-5Nb-3Cr-1.5Zr
(at.%) alloy consisting of (γ + α2) lamellar colonies separated by minor inter-
layers of (B2 + γ) phases. The (γ + α2)/γ/B2 phase balance, submicron lamellar
thickness and preferable alignment of lamellae along the applied thermal gra-
dient were controlled by FZ conditions.

3. Microstructural adjustment enhances the high-temperature deformability
parameters: yield compressive strength, Young modulus and creep resistance.

4. As a result the upper temperature limit of γ-TiAl(Nb,Cr,Zr) structural applica-
bility could be extended from 750–800 °C towards 900–950 °C.
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Micro Graphical Analysis
and Comparison of MWNT and CNF
Reinforced Polymer Composite

Smrutisikha Bal

Abstract Numerous research efforts have been undertaken regarding the
mechanical and electrical behavior of epoxy matrix by the introduction of carbon
nanofillers like multiwall carbon nanotube (MWNT) and carbon nanofiber (CNF).
In the present work, a simple but novel route regarding preparation of nanocom-
posites has been reported in terms of curing them at low temperature. The purpose
is to investigate the effect of reinforcing strategies on properties of prepared
composites using different nanomaterials that are again supplemented by micro-
scopic investigations. Flexural properties, hardness and electrical conductivity of
nanocomposites improved significantly than epoxy. Among the two nanocompos-
ites, MWNT composite demonstrated enhanced results that were again confirmed
from micro graphical analysis. CNF composite exhibited comparatively lower
mechanical result but almost equivalent electrical result with CNT composite.

1 Introduction

Polymer matrix composites with carbon nanotube (CNT)/Carbon nanofibres (CNF)
reinforcement have become popular in structural applications because of their
unique atomic structure, very high aspect ratio and extraordinary mechanical and
physical properties like strength and flexibility [1–3]. CNTs are crystalline carbon
nanostructures consisting of single or multiple concentric graphene cylinders. The
high bond strength of the constituent carbon–carbon bonds of multi-walled carbon
nanotubes (MWNTs) are the reason behind its outstanding mechanical properties.
Carbon nanofibres (CNF) are hollow cylinders with diameters typically in the range
50–500 nm and lengths of a few tens of microns giving high aspect ratios
(length/diameter > 100) with parallel and homogeneous alignment of nanoscopic
graphene layers along the axis. In the polymer field, epoxy resins are well
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established thermosetting matrices of advanced composites, displaying a series of
interesting characteristics, which can be adjusted within broad boundaries [4–7].
They are used as high grade synthetic resins, for example, in the electronics,
aeronautics, and astronautics industries. Several studies related to the enhancement
of the mechanical and electrical properties of epoxy matrix by the introduction of
CNT/CNF have been conducted [6, 8–14].

In this work, the nanocomposites have been prepared using sonication method
with very low content (0.75 wt%) of MWNTs and of CNFs in the epoxy matrix.
Additionally, the nanocomposites were prepared for the first time at low temper-
ature in refrigeration process. Flexural modulus and strength, hardness and elec-
trical conductivity of resin as well as nanocomposite samples were examined and
variations in different properties between the respective cases were observed. The
purpose of this study is to optimize the conventional method of manufacturing
composites and examine their effect on mechanical and electrical which were again
supplemented by electron microscopy.

2 Materials and Methods

Multiwall carbon nanotubes (MWNTs) used for this experiment are of 95 % purity,
10–50 lm length and 20–70 nm diameter (Fig. 1a). Carbon nanofibers (CNFs) are
200–500 nm in diameter (Fig. 1b), 10–50 µm long and >95 % purity. Transmission
and scanning electron microscope (TEM and SEM morphology) of these products
(Fig. 2) reveals that they are randomly oriented, curved and entangled as well as
multiwall in nature. Epoxy polymer matrix was prepared by mixing epoxy resin
(Ciba-Geigy, araldite LY-556 based on Bisphenol A) and hardener HY-951
(aliphatic primary amine) in wt. ratio 100/12. Epoxy resin (5.3–5.4 equiv/kg) was of
low processing viscosity and good overall mechanical properties.

Fig. 1 SEM of a MWNTs and b CNFs; showing their diameter
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Nanocomposites were prepared by dispersing MWNTs and CNFs in the epoxy
resin kinetically by ultrasonication. Then the mixture was cured under vacuum at
90 °C followed by hardener addition by manual stirring. One part of sample was
allowed to set at room temperature and another part under refrigeration. Flexural
tests were accompanied according to ASTM D790–00 on an Instron 5967 testing
machine. The hardness of all composite specimens was measured using a
micro-hardness tester by the Vickers hardness test method. The electrical properties
of the neat and nanophased epoxy were measured by using a Keithley electrometer
with sample dimension (8 mm � 5 mm � 4 mm). All the results obtained by
mechanical and electrical studies were supplemented and complimented by micro-
scopic investigation through scanning electron microscope (SEM: Jeol JSM 6480
LV), Field emission scanning electron microscope (FESEM: Nova NANOSEM 450)
and Transmission Electron Microscope (TEM: FEI, TECHNAI G2).

3 Results and Discussion

3.1 Morphological Analysis

The fracture surfaces of composites give first information about fracture mechanisms
and the influence of particle modification on the fracture behaviour. To investigate
the failure mechanism of CNF/epoxy as well as MWNT/epoxy composites, the
fracture surfaces of failed specimens were examined. The fracture mechanism was
different for neat epoxy resin and reinforced composites. While the surface of epoxy
resin was very smooth (Fig.3a), the fracture surfaces of composites contained some
deep cleavages with deviation of crack propagation plane (Fig. 3b, c). The
nano-reinforcements, here carbon nanofillers may act as obstacles, change of the
propagation rate that justified the higher mechanical strength of composites. Low
magnification surface image of failure nanocomposite samples were compared to
obtain some remarkable information. CNF composite surface (Fig. 3b) demonstrates
a typical feature of brittle fracture behaviour, thus accounting for the low fracture

Fig. 2 a TEM of MWNTs, b TEM of MWNTs showing multiwall nature, and c SEM of CNFs
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toughness. However, the fracture surfaces of MWNT composites in Fig. 3c seem to
be comparatively rougher. The surface with very non-directional deformation lines
thus interrupting the crack propagation. In other words, since the segments of pri-
mary crack front had to bend between the nanotubes, more energy must be necessary
for such local deviation which leads to an increase in mechanical properties [15].

3.2 Dispersion Behaviour

The final properties of a composite primarily depend on the dispersion of the fillers
inside the matrix. Hence a micrographical comparison of dispersion behavior is
necessary between CNF and MWNT composites in the present work. It was found
that dispersion was better in MWNT composite (Fig. 4a) where nanotubes were
seen to be uniformly distributed. Aggregated phases were found in CNF composite
(Fig. 4b) that may be the reason behind poor mechanical properties mentioned in
the following section. Reported study reveals that CNFs are more prone to
agglomeration that ultimately affects the modulus [16].

3.3 Mechanical Properties

Increase in flexural properties was found in the order Epoxy < CNF/
epoxy < MWNT/epoxy (Table 1). This may be attributed to the high mechanical
strength of MWNT. Further, low temperature treatment results relatively better
curing of epoxy resin, which allows more interaction with hardener by delaying the
settling time [17, 18]. This facilitates improvement in dispersion in nanocompos-
ites. Stronger bonding between matrix and nanofillers is expected from these
nanocomposites whose microscopic verification was elaborated afterwards.

Fig. 3 Fracture surface of a neat epoxy, b CNF/epoxy, and c MWNT/epoxy composites
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Hardness results agreed well with flexural test results with the confirmation that
MWNT composite samples had improved mechanical properties than CNF com-
posite samples with the same wt% of nanofiller.

4 Microscopic Analysis

Comparative analysis of high magnification fracture images of MWNT and CNF
composites highlighted some vital evidences. Bridging of nanotube inside the crack
region is observed in MWNT that facilitates mechanical properties (Fig. 5a). In these
composites, the cracks were spanned by the nanotubes causing enhanced resistance
to the crack propagation process. The bridging of the nanotubes as a mechanism of
inhibiting the crack initiation in polymer and ceramic based nanocomposites has
been well illustrated in literature [19]. On the other hand, Carbon nanofibers are
debonded from the epoxy matrix that creates a weak interfacial bonding (Fig. 5b).
Few CNFs are pulled out depicting lesser mechanical properties.

4.1 Electrical Conductivity

Demonstrable improvement in electrical conductivity was found in CNF/MWNT
reinforced composites. Conductivity of these nanocomposite samples are 6 orders

Fig. 4 Dispersion of nanofillers in a MWNT/epoxy and b CNF/epoxy composites

Table 1 Flexural properties
and hardness of specimens

Sample Epoxy CNF/epoxy MWNT/epoxy

Flexural modulus (MPa) 1998 2835 3673

Flexural strength (MPa) 45 62 79

Hardness (MPa) 12 19 22
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higher to that of resin sample (Table 2). MWNTs are generally conducting and
typically have aspect ratio of around 1000. Even if the CNFs do not touch each
other directly, conductivity of the nanocomposites is achieved as long as the dis-
tances between them are lower than the hopping distances of the conducting
electrons. As the materials with electrical conductivity between 10−6 and 10−2 S/cm
are treated as semiconductors, the nanocomposites presented in this work can be
utilized for electrostatic discharge and electromagnetic interference shielding
applications [16].

4.2 Network Formation

SEM of fracture surface of one direction of MWNT composites shows limited
agglomerates of nanotubes near the fracture area (Fig. 6a). Improvement of elec-
trical conductivity in this case was due to the fact that aggregated phases form a
conductive three-dimensional network throughout the whole sample (Fig. 6b). This
agglomeration promoted CNT-to-CNT interactions through surface contact (or
tunnelling) and hence facilitates the electrons flow through the formed CNT net-
work [20]. Furthermore, formation of network inside the epoxy matrix by the

Fig. 5 Bridging in a MWNT/epoxy; b debonding in CNF/epoxy composites

Table 2 Electrical
conductivity of specimens

Sample Conductivity in S/cm

Epoxy 2.8 � 10−9

MWNT 5.4 � 10−3

CNF 2.7 � 10−3
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aggregate phases of carbon nanofibers in CNF composite is shown in Fig. 6c.
Although the network formation feature by nanofillers here is different from
MWNT composite but the result in both is enhancement in electrical conductivity.

5 Conclusions

• Although flexural and hardness values of MWNT/epoxy sample are much
higher than CNF/epoxy sample, electrical conductivity in those samples offer
little variation.

• Uniform dispersion of nanofillers inside epoxy matrix of MWNT composites
facilitates higher flexural modulus and hardness.

• Agglomerates and debonding of nanofibers in CNF composites are the reason
for lower value of mechanical properties.

• Network formation of nanoparticle inside the matrix of both nanocomposites is
observed in micrographs that confirms electrical conductivity.

• The results obtained from mechanical and electrical studies in this work are well
supported by microscopic demonstration.
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The Effect of ZrO2 Addition on Sintering
and Microstructural Properties
of Cordierite Produced from Zeolite

Betül Çitak, Sunay Ayhan, Abdulkadir Akyol, Tuğba Tunç Parlak
and A. Şükran Demirkıran

Abstract Cordierite (2MgO.2Al2O3.5SiO2) that is known as a high technology
ceramics was produced from mechanically activated powder mixture with the
intention of increasing the reactivity of substance. The powder mixture consisted of
zeolite that was used as a source of silica, pure MgO, Al2O3 and ZrO2. During
powder preparation, mechanical activation duration, speed of main disc and ball to
mass ratio was kept constant at 60 min, 600 rpm and 20:1, respectively. After
compacting of the mechanically activated powder mixture, the samples were sin-
tered at 1250 °C for 1 h. The sintered samples were analyzed by means of X-ray
diffraction (XRD) and scanning electron microscopy (SEM). The sintering behavior
of the samples was determined by measuring the linear shrinkage, water absorption,
density and apparent porosity. The hardness measurements were performed by
using a Vickers microhardness tester under the load of 500 gf for 10 s. The density
of samples ranged between 2.554 and 2.777 g/cm3 depending on ZrO2 additive.
The hardness values of the undoped sample, the sample containing 10 % Zirconia
and the sample containing 20 % Zirconia were found as 8.63, 9.60 and 11.9 GPa,
respectively.

1 Introduction

Cordierite (2MgO.2Al2O3.5SiO2) is a technically important ceramic due to com-
bination of properties such as its excellent thermal shock resistance resulting from
its low thermal expansion coefficient, high thermal and chemical stability, high
refractoriness and mechanical strength [1–5]. Until now, many raw materials, such
as clay, kaolinite, talc, andalusite, stevensite, diatomite, steatite, gibbsite, sepiolite,
and forsterite, were used as raw materials in the production of cordierite. However,
there is no sufficient knowledge about cordierite ceramic produced from zeolite [6].
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Zeolites are hydrate aluminosilicate minerals with a structure based on a
three-dimensional network of aluminium and silicon tetrahedra linked by sharing
oxygen atoms [7]. Low-cost natural zeolites are abundantly found as raw materials
in many countries; they are very easily crushed and milled; and they facilitate
sintering in the production of ceramic bodies [8, 9]. Recently, attention has been
given to studies involved the addition of suitable dopants such as zirconia, ceria,
titania, yttria and silicon carbide to improve properties of ceramics.

The aim of this study is to investigate the effect of ZrO2 addition on sintering and
microstructural properties of cordierite produced from zeolite.

2 Experimental Procedures

In this study, natural zeolite (90–95 % clinoptilolite, cristobalite), MgO (99 %, Alfa
Aesar), Al2O3 (99.9 %, Alfa Aesar) and ZrO2 (99 %, Alfa Aesar) were used as raw
materials. The natural zeolite used as a silica source was supplied from the ETI
Holding Company located in Turkey. The chemical composition of zeolite used as
raw material is presented in Table 1. Firstly, the mixture of MgO/Al2O3/SiO2 in the
ratios of 2:2:5 adjusted according to the cordierite stoichiometry was prepared.
Then, ZrO2 (10 and 20 wt%) to this mixture was added and mechanically activated
for 1 h using a planetary high-energy ball mill (Fristch Mono Mill Pulverisette 6)
with tungsten carbide (WC) balls of 10-mm diameter. The milling was performed in
dry conditions at 600 rpm, and the ball to mass ratio was 20:1.

The mechanically activated powders were shaped by uniaxial dry pressing under
a pressure of 2 tones. The compact samples were dried at 110 °C for 24 h in a
drying oven and sintered in an electrical furnace with a heating rate of 10 °C/min at
1250 °C for 1 h in air atmosphere. The samples were cooled to room temperature in
the furnace.

The sintering behaviour of the samples was evaluated by measuring the linear
shrinkage, water absorption, density and apparent porosity. The density of the
sintered specimens was determined by the Archimedes principle. The phase anal-
yses of the samples were realised using X-ray diffraction analysis with a Rigaku
D/MAX 220 PC diffractometer operating with Cu-Kα (λ = 1.54056 Å) radiation.
The microstructures of the metallographically prepared samples were examined by
scanning electron microscopy (JEOL JSM 6060 LV). The hardness measurements
were performed on the polished surface of the samples by using a Vickers
microhardness tester (FutureTech FM 700) under the load of 500 gf for 10 s.

Table 1 The chemical compositions of zeolite used as raw material

Components (wt%)

SiO2 Al2O3 Na2O K2O Fe2O3 CaO MgO TiO2 SrO Rb2O ZnO

79.28 11.22 0.15 4.22 1.20 2.52 1.22 0.08 0.06 0.03 0.02
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3 Results and Discussion

The XRD patterns of three compositions (without ZrO2 addition, with 10 and 20 wt%
ZrO2 addition) sintered at 1250 °C for 1 h are presented in Fig. 1. The XRD pattern
of undoped sample consists of cordierite and spinel peaks. In addition to these phases,
some glassy phase is present. In case of ZrO2 present in the samples, ZrO2 reacts with
silica present in the mixture and forms ZrSiO4 [10]. As shown in Fig. 1, the intensity
of cordierite peaks decreases with increasing ZrO2 addition, while the intensity of
zircon peaks rises with increasing ZrO2 addition.

To see the effect of ZrO2 additive on the microstructure, examination with SEM
was performed. Generally, microstructural investigation of this sample revealed
various features, including blocky and nodular grains and porosity. The SEM
micrograph of the samples produced without ZrO2 and EDS analysis at three dif-
ferent points are observed in Fig. 2a. EDS analysis taken from three different points
indicated a composition dominated Al, Si, Mg and O. Thus, the presence of cor-
dierite phase determined by XRD analysis was supported by the results of EDS
analysis. The same EDS analysis results at the every three points were obtained.
Therefore, it is seen that dominant phase of this sample is cordierite. As seen in
Fig. 2b, white forms and blocky forms takes attention in the sample containing
10 % ZrO2. EDS analysis shown that while white forms contain Zr, Si and O as
dominant, blocky forms contain Al, Si, Mg and O. Therefore, it is thought that
while white forms are zircon, blocky forms are cordierite. The amount of white
forms increases in the sample containing 20 % ZrO2 (Fig. 2c). When it was con-
sidered together with the XRD analysis, it appears that the opinion is true.

Fig. 1 XRD patterns of the sintered samples
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The sintering behaviour of the samples was evaluated by the determination of
density, apparent porosity, water absorption and linear shrinkage as a function of
ZrO2 addition. The obtained results are presented in Fig. 3a–d. The density,
apparent porosity, water absorption and linear shrinkage values increased with
increasing ZrO2 addition, as observed from the graphics. While the density of
samples without zirconia is 2.554 g/cm3, the density value of samples containing

Fig. 2 The SEM micrographs and EDS analysis of the samples a without ZrO2, b containing
wt.10 % ZrO2, c containing wt.20 % ZrO2
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20 % ZrO2 additive is 2.777 g/cm3. As is known, the water absorption is an
important parameter of densification or sintering. The water absorption values are
between 0.47 and 1.90 %. The shrinkage values of the samples changes between
14.15 and 17.23 % as depending ZrO2 addition.

Fig. 3 a Density, b apparent porosity, c water absorption and d linear shrinkage of sintered
samples as function of the ZrO2 addition

Fig. 4 The hardness
variation of the samples as a
function of ZrO2 addition
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The hardness change graphic of the samples as a function of zirconia addition
was plotted and presented in Fig. 4. The hardness values of the undoped samples,
the samples containing 10 % Zirconia and the samples containing 20 % Zirconia
were found as 8.63, 9.60 and 11.9 GPa, respectively. As shown in Fig. 4, the
hardness of the samples increased with increasing zirconia additive.

4 Conclusions

The XRD patterns of the samples containing ZrO2 consist of cordierite, spinel and
zircon peaks, while the XRD pattern of undoped sample consists of cordierite and
spinel peaks. In addition to these phases, some glassy phase is present. The intensity
of zircon peaks rises with increasing ZrO2 addition.

Generally, microstructural investigation of this sample revealed various features,
including blocky and nodular grains and porosity. While white forms are zircon,
blocky forms are cordierite and white forms increase with increasing ZrO2 addition.

While the density of samples without zirconia is 2.554 g/cm3, the density value
of samples containing 20 % ZrO2 additive is 2.777 g/cm3. The hardness values of
the samples undoped, the samples containing 10 % Zirconia and the samples
containing 20 % Zirconia were found as 8.63, 9.60 and 11.9 GPa, respectively.
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Energetics and Scanning Tunneling
Microscopy Images of B and N Defects
in Graphene Bilayer

Yoshitaka Fujimoto and Susumu Saito

Abstract We report energetics and scanning tunneling microscopy (STM) images
of boron and nitrogen defects in bilayer graphene using a first-principles
density-functional study. It is found that the formation energies of N-doped AB-
stacked bilayer graphene depend on the substitution sites, while those of B-doped
one possess almost the same values without depending on the substitution sites.
The STM images of B and N defects in not only AB-stacked but also AA-stacked
bilayer graphene are calculated. The STM images near B and N defects in upper
layers of AA- as well as AB-stacked bilayer graphenes are found to be similar to
each other, whereas those of undoped lower layers show different images.

1 Introduction

Graphene, atomic monolayer consisting of hexagonal arrangements of carbon
atoms, possesses unique properties such as ballistic transport at room temperature,
anomalous quantum Hall effect and extremely high charge mobility [1–3]. A few
atomic layered materials of graphene have also received much attention from
nanoscience and nanotechnology since the electronic structure of multi-layered
graphene is different from that of graphene monolayer. Thereby, graphene-based
materials become promising candidates for future nanoelectronics and optoelec-
tronics materials [4].

One of the effective ways to tune the electronic properties of graphene-based
materials is to dope them with foreign atoms. The substitutional doping with B and
N atoms can often modify the electronic properties and the chemical reactivity of
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graphene, leading to developments of nanoelectronics, sensors, storages and so on
[5–10].

In this work, we study energetics and scanning tunneling microscopy
(STM) images of B-doped and N-doped graphene bilayers with AA and AB
stackings based on the first-principles density-functional calculations [11]. It is
found that the formation energies for N-doped AB stacking bilayer graphene vary
depending on N-doped sites, whereas B-doped ones show almost the same values.
It is also found that doped upper layers and undoped lower layers of bilayer
graphenes with AA and AB stacking patterns show the similar and different STM
images, respectively for both B-doped and N-doped cases.

2 Theoretical Methods

We here examine graphene bilayers with AA and AB stackings as shown in Fig. 1. It
is reported that AB stacking as well as AA stacking patterns of undoped bilayer
graphenes are observed experimentally [12]. In the case of AB stacking pattern, there
are two substitution sites of B(N)-doped bilayer graphene: AB1 and AB2 stackings
(see Fig. 1). One is that the C atom on top of the C atom of the adjacent graphene
layer is replaced with a dopant (AB1 stacking) and the other is that the C atom on top
of the center of a hexagon of the adjacent graphene layer is replaced with a dopant
(AB2 stacking). For the calculations of the energetics and the STM images, the 4 � 4
supercell along the directions parallel to the graphene sheet is used.

First-principles total-energy calculations are performed within the framework of
the density-functional theory (DFT) [13]. The interactions between the ions and the
valence electrons are described by the norm-conserving Troullier–Martins pseudo
potentials [14], and exchange-correlation effects are treated using the local density
approximation (LDA) parameterized by Perdew and Zunger [15–17]. Wave func-
tions in the Kohn–Sham equations are expanded in terms of the plane-wave basis
set with the cutoff energy of 50 Ry [18]. The vacuum region of the supercell along

Fig. 1 Schematic views of bilayer graphene with AA and AB stackings. The dotted line denotes
the two-dimensional unit cell. Large circles denote the substitution sites of dopants
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the direction perpendicular to bilayer graphene is set to be 16 Å. The Brillouin-zone
integration (BZ) is performed with 6 � 6 � 1 k-points sampling. Upon the
geometry optimization, atomic configurations are updated until Hellmann–
Feynman forces on all atoms are less than 0.05 eV/Å. The formation energy is
defined by

Ef ¼ Etot � mClC � mBorNlBorN ; ð1Þ

where Etot are the total energies of the B- or N-doped bilayer graphenes with AA,
AB1 and AB2 stacking patterns, mC is the number of C atoms in a supercell, and lC,
lB and lN are the chemical potentials of pristine bilayer graphene with corre-
sponding AA or AB staking pattern, a-boron crystal, and N2 molecule, respectively.

The STM images of B- and N-doped bilayer graphenes are calculated based on
the Tersoff–Hamann (TH) approximation [19–23]. In the TH approximation, the
STM images are obtained from the isosurface of the spatial distribution of local
density of states q(r, �) with energy � over the energy range from EF to EF + eV:

IðrÞ�
ZEF þ eV

EF

qðr; eÞde; ð2Þ

where EF is the Fermi energy and V is the bias voltage. The negative and positive
V values reflect the occupied and unoccupied electronic states, respectively.

3 Results and Discussion

We study the energetics of B and N-doped bilayer graphenes. Table 1 shows the
formation energies calculated by Eq. (1). Irrespective of the stacking patterns, the B
and N dopings into bilayer graphene are found to become energetically favorable
rather than those into monolayer graphene. The AB1- and AB2-stacked graphenes
take almost the same formation energies for B-doped cases since their energy
difference is only 6 meV. On the other hand, in the case of the N-doped graphene,
the formation energy of the AB1-stacked graphene is considerably larger by
28 meV than that of AB2-stacked one, indicating that the substitution with N atom
on top of the center of a hexagon becomes energetically favorable rather than that

Table 1 Calculated
formation energies of B and
N-doped graphene monolayer
and bilayer

Formation energy (eV)

B-doped N-doped

Monolayer 1.42 0.32

Bilayer AA 1.355 0.240

AB1 1.372 0.284

AB2 1.366 0.256

See Fig. 1 for stacking patterns of bilayer graphene
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on top of C atom. Thus, the formation energy for the substitution with N atom
depends on the substitution site, whereas that for B atom does not depend on it.

We next study the STM images of doped upper layers and undoped lower layers
of B-doped and N-doped bilayer graphenes.Figure 2a–c show the STM images of
upper layers of B- and N-doped bilayer graphenes with AA, AB1 and AB2 stacking
patterns, respectively. It is seen that there is a triangular bright area in the STM
images of the B-doped graphene. Interestingly, irrespective of the stacking patterns
for AA, AB1, and AB2 stackings, the STM images are almost similar to one another.
Furthermore, the triangle-shaped bright area in these simulated STM images is also
observed experimentally in the B-doped monolayer graphene [24]. In the case of
the N-doped cases, there exist in the STM images three bright spots at three C
atoms around the N atom and the dark area appears above the N atom as if the N
site is vacant. This variation of contrast in the STM image is also observed in the
case of the substitutional N defect in monolayer graphene theoretically and
experimentally [25, 26]. In addition, the STM images of bilayers with the three
stacking patterns for the N-doped cases also are similar to one another as in the case
of the B-doped bilayers.

Figure 3a–c show the STM images of undoped lower layers of B- and N-doped
bilayer graphenes with AA, AB1 and AB2 stacking patterns, respectively. The
B-doped graphene with AA stacking has also triangular bright but small area,
compared with the case of the doped upper layer. The STM images of B-doped
graphenes with AA and AB stacking patterns are found to be considerably different
from each other. In the N-doped case, the STM image of AA stacking patter has a
bright spot above the C atom on top of the N atom in the lower layer. The STM

Fig. 2 Simulated STM images of doped upper layers of a AA, b AB1 and c AB2-stacked bilayer
graphenes doped with B atom (upper panel) and N atom (lower panel). The STM images for
B-doped and N-doped cases are shown at the applied bias voltages of +0.5 eV and −0.5 eV,
respectively. The arrows denote the dopant sites of the upper layers
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images of N-doped graphenes with AA and AB stacking patterns also show different
images.

4 Summary

We have studied the energetics and the STM images of B-doped and N-doped
bilayer graphenes using first-principles density-functional calculations. It is found
that the formation energies of N-doped AB-stacked bilayers vary depending on the
substitution sites. On the other hand, two AB-stacked bilayers for the B-doped case
have similar formation energies without depending on the substitution sites.
The STM images of B- and N-doped bilayers have triangular bright area and three
bright spots, respectively. The STM images near B and N defects in the upper
layers for three stackings are found to be similar to one another, whereas those of
lower layers are different.
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Fig. 3 Simulated STM images of a AA, b AB1 and c AB2-stacked bilayer graphenes doped into
the lower layers with B atom (upper panel) and N atom (lower panel). The STM images for
B-doped and N-doped cases are shown at the applied bias voltages of +0.5 eV and −0.5 eV,
respectively. The arrows denote the dopant sites of the lower layers
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Improved, Photon Conversion Efficiency
of (SnO2) Doped Cesium Oxide
(Cs) Nanofibers for Photocatalytic
Application Under Solar Irradiation

K. Kaviyarasu, E. Manikandan, J. Kennedy,
R. Ladchumananandasiivam, Uilame Umbelino Gomes, M. Maaza
and Genene T. Mola

Abstract We report the synthesis of high quality Tin Oxide (SnO2) doped Cesium
Oxide (Cs) nanofibers by hydrothermal method at room temperature. Composition,
structure and morphology of the nanofibers were analyzed by X-ray diffraction
(XRD) and high resolution transmission electron microscopy (HRTEM). XRD
assessed the crystal structure of the nanoplatelets which identified peaks associated
with (110), (101) and (200) planes of hexagonal wurtzite-type SnO2 with lattice
constants of a = b = 3.249 Å and c = 5.219 Å. XRD results also indicated that the
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crystalline properties of the doped samples were improved without affecting the
parent lattice. The morphological and optical properties (SnO2) doped
(Cs) nanosamples were characterized by HRTEM and UV-vis spectroscopy. The IR
results showed high purity of products and indicated that the nanoplatelets are made
up of Sn-O2 and Cs bonds. Absorption spectra exhibited an upward shift in char-
acteristic peaks caused by the doping material, suggesting that crystallinity of both
doped compounds is improved due to specific doping level. The
Photoluminescence (PL) spectra are dominated by a strong narrow band edge
emission tunable in the blue region of the visible spectra indicating a narrow size
distribution of SnO2/Cs nanofibers.

1 Introduction

Over the past few decades, researchers have turn into increasingly absorbed in the
study of metal-oxides [1]. Metal oxides (SnO2:Cs) are ionic compounds that are
through up of positive metallic and negative oxygen ions. The electrostatic
exchanges between the positive metallic and negative oxygen ions consequence in
firm and solid ionic bonds [2–4]. The s-shells of metal-oxides are entirely filled;
hence mainly of the metal oxides have good thermal and chemical constancy [5].
On the other hand, their d-shells may not be completely filled, giving them a
assortment of unique properties [6]. These exceptional properties include wide
bandgaps [7], soaring dielectric constants [8], hasty electronic transitions and good
electrical [9], optical and electrochromic devices [10] as well as superconductivity
[11]. Therefore, rapid developments in the field of nanoscience and nanotechnology
have very much motivated the scientific community and industry to explore new
features of both emblematic and novel materials at the nanoscale level [12].
Materials with dimensions at a nanoscale level are known as nanomaterials. In
general, nanomaterials can be categorized as having three different morphologies or
nanostructures: 0D, 1D and 2D nanostructures. It should be renowned that when the
size and dimensionality are abridged, the electronic structures of the nanomaterials
are dissimilar from individuals of the bulk materials [13]. These differences in the
electronic structures can source an assortment of changes in both chemical and
physical properties. The intrinsic n-type semiconductor with dipole forbidden direct
bandgap energy of 3.6 eV at room temperature (RT), crystallizes in the tetragonal
rutile structure [14]. At the same time as doped with cesium the transparent oxide
the distribution of the energetic level of the trivalent exciting cesium ions, con-
struction them suitable for developing cesium based optical emitters. Tin oxide has
been functional in many forms such as in the form of powders, thin films or more
lately as nanostructures [15, 16]. Even though well established knowledge on the
structural and electrical properties of tin oxide, the material’s optically active
defects have not been deliberate to a large amount either in their pure or undoped
forms. Also, the morphology, shape, size, crystalline structure and chemical com-
position of the 1D (SnO2)/(Cs:SnO2) nanostructures remains a challenge in the
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development of 1D convenient synthesis methods [17–19]. The schematic
Mechanism of SnO2 doped Cs nano fibers is shown in Fig. 1.

2 Experimental Details

2.1 Typical Synthesis of Tin Oxide Nanofibers

All the reagents and solvents were analytical grade and were used without any
further purification. Tin oxide (SnO2), Cesium oxide (Cs), ammonium hydroxide
and ethanol were purchased from E-Merck Company (99.99 %). In a typical syn-
thesis, 100 ml of 1 M Tin oxide aqueous solution was mixed with 25 ml of 1 M
Cesium oxide and the resulting mixture was stirred thoroughly using a magnetic
stirrer. The precursor of yellow precipitate was obtained. The as-obtained yellow
precipitate was collected and washed with double distilled water twice. For
hydrothermal synthesis nearly 0.5 g of precursor was added to 50 ml of 0.5 M
concentration of ammonium hydroxide, to get a precipitated liquid. Then the above
solution was transferred to Teflon lined autoclave at 700 °C in an oven for 24 h.
After 24 h white crystalline product was collected and thoroughly washed with
ethanol twice. Finally, the obtained nanofibers of tin oxide were used for

Fig. 1 Schematic mechanism of SnO2 doped Cs nanofibers
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characterization studies. The mechanism part of Photocatalytic activity under SnO2

doped Cs nanofibers is shown in Fig. 2.

2.2 Characterization Studies

The X-ray powder diffraction (XRD) experiments were measured on a RigaKu
D/max-RB diffractometer with Ni-filtered graphite monochromatized Cukα radiation
(λ = 1.54056 Å) under 40 kV, 30 mA with scanning between 10° to 80° (2θ).
UV-vis diffuse reflectance spectra of SnO2:Cs nanofibers were recorded by a
UV-vis-NIR, spectrophotometer (JASCO V-550, Japan). A Renishaw micro-Raman
spectrometer RM 2000 with IR (440 nm) and UV (325 nm) excitation lasers was
employed to measure the nonresonant and resonant Raman spectra of Sno2:Cs
nanosamples correspondingly. The number of gratings in the Raman spectrometer
was 1800 for visible laser and 3000 for IR laser. All spectra were taken in the
backscattering configuration at room temperature (RT). Photoluminescence
(PL) measurements of the as synthesized products were carried out using an F-4500
KIMON Fluorescence spectrophotometer at room temperature, with a Xe lamp as
the excitation light source. The electrochemical responses were measured using
single compartment three electrode cell setup CHI-760C, USA Potentiostat work-
station. The Pt wire and Hg/HgCl2 (calomel electrode) were used as counter and
reference electrode, and glassy carbon electrode (GCE) as working electrode and all
the potentials were measured vs GCE. The cyclic voltammetry is the most sensitive
technique; to detect the trace level impurities in the measurement. The I-
V characterization properties were measured by Hioki LCR Hitester 3532. The
morphology of pure and doped samples was detected by scanning electron micro-
scopy (JSM-5600 LV, JEOL). The stoichiometries of SnO2:Cs nanosamples were
investigated by energy dispersive spectroscopy. The morphology and microstructure

Fig. 2 Mechanism part of photocatalytic activity under SnO2 doped Cs nanofibers
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were examined using high resolution electron microscopy (HRTEM) performed
with a Philips CM12 at an acceleration voltage of 200 kV. The selected area electron
diffraction (SAED) (IH-300X) analysis was performed at several points in the
HRTEM arrangement.

3 Results and Discussion

3.1 XRD Analysis

The X-ray diffraction pattern was calm to identify the crystal structure, phase and
purity of the samples. The spectra of SnO2 and SnO2:Cs are shown in Fig. 3. All
samples show wide diffraction peaks, which could be indexed to the tetragonal
rutile structure of SnO2 (JCPDS card No. 41-1445) with lattice constants of a =
b = 0.4743 nm and c = 0.3198 nm. Furthermore, no other characteristic peaks of
impurities such as metallic tin or other tin oxides were pragmatic [20–22]. These
indicate that the level of impurity in the sample is low. The crystalline size
dimensions were carried out using Debye-Scherrer equation Dhkl = 0.98λ/βcosθ,
where D is the crystallite size, λ is the wavelength of X-ray radiation, β is the line
width and θ is the angle of diffraction. The mean grain sizes of as-synthesized SnO2

and cesium doped SnO2 were found to be 35 and 40 nm, respectively. By com-
paring the relative intensity of the diffraction peaks, it can be seen that the relative
intensity ratio of (110) to (101) of the diffraction peaks of SnO2 and cesium doped
SnO2 were found to be 1.145 and 1.149, respectively, which is quite significant
with the worth obtained from the standard card (JCPDS card No. 41-1445). An
interesting point to mention is, the increase in the relative intensity ratio of the
diffraction peaks of cesium doped nanocrystals (i.e., 1.145 to 1.149), which could
be attributed to the anisotropic growth of SnO2 nanopowder by solvothermal

Fig. 3 XRD pattern of Cs:
SnO2 nanofibers calcinated at
700 °C
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method. The X-ray diffractogram of the undoped SnO2 displayed only the cassi-
terite structure for all the nanoparticles treated at 700 °C. These results are in good
agreement with the other works. But in the case of cesium doped SnO2 samples
expansion on Raman peaks was found. The research proves that cesium chloride
dopant has been incorporated into SnO2 nanostructures remains a challenge in the
development of opto-electronic devices [23].

3.2 UV-Visible Absorption Studies

The UV-visible absorption spectrum which has been comprehensively studied is
one of the majority significant methods to reveal the energy structures in addition to
optical properties of semiconductor nanostructures. The subsequent band gap
spectrum of SnO2 and SnO2:Cs are shown in Fig. 4, respectively. The fascination
values are at 352 nm and 361 nm. The band gap energy (Eg) for SnO2 and SnO2:Cs
nanocrystallites be able to exist obtained through extrapolation of the mounting
dimension of the combine in the direction of the x-axis [24, 25]. The consequential
band gap vigor is originated to be 3.53 and 3.62 eV. The reduce in band gap,
confirms with the purpose of the conductivity is elevated intended for cesium doped
tin oxide than so as to of pure tin oxide nanocrystals [26].

3.3 Raman Measurements

The Raman spectrum of the untainted SnO2 along with SnO2:Cs nanocrystals in the
100–1000 cm−1 region was deliberate by RENISHAW which is a condescending
concert Raman microscope spectrometer by a 442 nm diode lasers. The

Fig. 4 Absorption spectrum
of Cs:SnO2 nanofibers
calcinated at 700 °C
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arrangement of the tetragonal rutile construction crystalline peak was corroborated
by the µ-Raman spectra while shown in Fig. 5. Raman spectra of SnO2 along with
SnO2:Cs nanocrystals bare the split peaks at room temperature (RT). First sharp
peak appears at 475 cm−1 which does not subsist within pure SnO2 nanocrystals,
other than after cesium is additional, it happening to exist empirical. During dis-
tinctive spectrum of the fashioned samples by means of two molecules for each unit
cell, eighteen standard vibrational modes are unsurprising secure to the Γ (q = 0)
crest of the primary Brillouin region intended for the substance crystallizing during
the tetragonal rutile structure [27–29]. At the same time, while during the case of
the single crystals, each and every one three energetic Raman modes having Eg, A1g

and B2g symmetries were accredited into the high occurrence array at
475 cm−1(Eg), 663 cm−1 (A1g) and 774 cm−1 (B2g) correspondingly [30]. In addi-
tion, occupied widths on the partially greatest (FWHM) magnification of A1g peak
4 cm−1 seeing that glowing while decreases 3 cm−1 red dangle of the vibrational
modes were observed in the doped image to be expected outstanding to the lattice
distortions [31–33]. Disorder activated resonances (q ≠ 0) depending going on the
component volume along with nanosamples assortment temperatures be present in
addition experimental within the 475–775 cm−1 constituency while reported [34].

3.4 PL Measurements

Although the consideration of the substance intended for a quantity of optoelec-
tronic applications the enlargement of the optically active defects within tin oxide
deserves an thoroughly revise. Figure 6a, b shows the PL spectra of wholesome
SnO2 and SnO2:Cs nanocrystals on extent temperature by means of a 30 W laser
power. While aforementioned, such a PL behavior is illustrative of overlapped
optical emitting modes throughout distinct de-excitation gateways [35–38]. With

Fig. 5 µ-Raman spectrum of
Cs:SnO2 nanofibers
calcinated at 700 °C
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the intention of additional survey the optical fringe centers of the pure SnO2

nanocrystals (green and red emission bands) the PL proportions were acknowl-
edged next to remarkable excitation energies realized at RT. Figure 6a, shows a log
(I/Io)-log(P/Po) arrange of the further than mentioned emission wherever ‘I’ cor-
responds to the included concentration and ‘P’ is the excitation ascendancy [39].
During declining the excitation absorption beyond no changes in the indistinct
outline and the peak positions were predictable. These consequences in cooperation
by means of the angle obtained proposed for the power law, I*Pk, suggest through
the intention of a gear relating to donar-acceptor pairs transitions strength be surplus
even as recombination illustration planned for the red PL bands. For that reason a
unitary incline suggests an exciton-like transition regarding a thoughtful stage
defect. At RT temperatures the untried information is trustworthy during one optical
node peak at *660 nm which is responsible in good turn of the red luminescence
overlapped among high energy creation assembly which accounts on behalf of the
position empirical in the green spectral region as in Fig. 6b. As a result of
thought-provoking the SnO2 nanostructures in the insertion edge with 3.8 eV
(325 nm) energy photons the luminescence of the undoped samples is conquered by
a extensive shapeless secretion band extending beginning the ultraviolet to the near
infrared due to the overlapped emitting centers.

3.5 Cyclic Voltammogram Measurements

The electrochemical responses of SnO2:Cs/GCE were deliberate using cyclic
voltammogram (CV) in 0.1 M Phosphate Buffer (PBS) as electrolyte (pH * 7) at
scan rate, 50 mV/s, in the eventual range of −1.0–1.0 V, In Fig. 7, three redox
responses and one irreversible peak from the anodic region are shown in themulti scan
sweep distribution. The anodic oxidation transition of Sn(I)/Sn(II) and Sn(II)/Sn(III)
be attributed to the four dissimilar tin oxide transition so as to occur on the electrode

Fig. 6 a, b Luminescence studies of Cs:SnO2 nanofibers calcinated at 700 °C
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frontage (Sn(O)2, SnO–OH and SnO2) and the cathodic responses become known in
the consequential turn down [40, 41]. The unchangeable anodic retort observed at
−0.99 V; proves that nano-tin has high functionality due to higher electrochemical
bustle lacking any modification. As of the second sweep segments the current was
decreased by the adsorption of Na+/K+ ion on the facade of the electrode from the firm
interfacial deposit on the SnO2:Cs/GCE.

3.6 I–V Characterization Studies

The optoelectronic retort of pure SnO2 and SnO2:Cs nanocrystals was investigated
in air by means of UV light with a wavelength of 254 nm. Figure 8, shows two I–
V curves for the pure SnO2 and Cs:SnO2 nanocrystals with and without disclosure

Fig. 7 Electrochemical behavior of Cs:SnO2 nanofibers calcinated at 700 °C

Fig. 8 I-V characterization studies of Cs:SnO2 nanofibers calcinated at 700 °C
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to the UV light, respectively. At the same time as performance to UV light, the
nanorods conductance inflated on typical by 33 times (N = 6 devices, ranging from
26 to 36 times). Two large amount significant mechanisms are to be predictable
occupied in the conductance scale. First, electrons were directly energized from the
valence band (VB) into the conduction band (CB) by the UV light of 254 nm in
wavelength which communicates to 4.9 eV. This lead to the increase of the integer
of gratis carriers within the nanorods and therefore, the conduction augmentation.
Second, the UV light triggered the photo desorption of oxygen and damp on the
nanofibers surface, which resulted in the decline of the size of the electron depletion
layer close to the surface.

3.7 SEM and HRTEM Measurements

The morphology and microstructure were considered by SEM and HRTEM, and the
outcomes are depicted in Fig. 9a–f. As shown in Fig. 9a–c, the result is comprised
of micron-sized fibers-like structures constructed by rod-like nanofibers [42–45].
The elevated-magnification SEM image in Fig. 9b reveals to facilitate they are of
smooth surfaces and rectangular cross section with a diameter of 25 nm and a span
up to several hundred nanometers. The rod-like shape of the nanofibers can be
inveterate unambiguously in the low-magnification SEM image displayed in
Fig. 9a. To study the complete lattice structure, the SEM image and its EDS image
are approved out. Uniform and regular lattice fringes can be seen evidently, which
confirms that the SnO2:Cs nanofibers without any other phases such as SnO2

nanofibers. The interplanar distances of the two groups of crystallographic planes
noticeable in the picture have been intentional to be 0.47 and 0.31 nm, respectively,

Fig. 9 a–f SEM and HRTEM images of Cs:SnO2 nanofibers calcinated at 700 °C
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indistinguishable well with the (110) and (101) planes of rutile SnO2, and repre-
sentative so as to the extension direction is [112]. Figure 9d–f shows HRTEM
images of SnO2:Cs nanofibers displaying opaque growth of homogeneous nanofi-
bers that are extended with lengths ranging from 5 to 50 nm and additional. The
SnO2:Cs nanofibers can develop to such comprehensive lengths since a intensifi-
cation time of 2 h was worn and nanofibers with lengths of a few microns can be
synthesized by sinking the growth time to less than 1 hr. Figure 9d, e shows a
high-exaggeration picture of the SnO2:Cs nanofibers which draw closer into vision
in a straight line and stretchy with smooth surfaces; the diameters of these nano-
fibers assortment frequently between 5 and 10 nm. The nanofibers at the fiber
apexes in wide-ranging emerge dappled and have high distinction compared with
the trunk of the nanofibers. Figure 9f shows the selected area electron diffraction
(SAED) pattern of SnO2:Cs nanofibers calcinated at room temperature (RT). SAED
pattern recorded perpendicular to the axis of this nanofibers can be indexed for the
(220) region of the cubic phase of SnO2:Cs which reveals the single crystalline
scenery of these nanofibers [46]. Subsequently, HRTEM is occupied to view the
arrangement of the nanofibers [47]. In addition, the angle between the (002) plane
and the comprehensive axis are parallel to the (111) crystalline direction of the
cubic of SnO2:Cs. The SAED pattern has moreover recognized that the nanofibers
quite grow next to (112) in agreement with the HRTEM investigations, the SnO2:Cs
nanofibers is conceivably due to the highly crystalline nature of SnO2.

3.8 Conductivity Measurements

The conductivity of the material can be detected through illustration the graph
between resistivity and temperature. In the Fig. 10, shows the resistivity retort of
the SnO2:Cs aligned with temperature. The graph shows the non linear concert of

Fig. 10 Conductivity images
of Cs:SnO2 nanofibers
calcinated at 700 °C
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the conducting assets of the composite. From the Fig. 10, showed the proportional
graph of SnO2:Cs nanofibers. The blue spectral line of the graph displays the
resistance uniqueness of SnO2:Cs. Initially, the resistance is directly proportional to
the temperature [48]. It is stable between 200–220 °C and after that; the resistance
is inversely proportional to the temperature. From the graph, it is originating that;
the conductivity of the material can be tuned by the controlling of the temperature.

3.9 Sensor Analysis

In Fig. 11 shows the sensitivity variations of SnO2:Cs of nanosamples for methanol
concentration of 75 ppm for different temperatures. The graph shows the linear
performance of the sensing assets of the composite. The projection of blue spectral
line up in the graph reflects the sensing competence of the present materials [49,
50]. The sensitivity of the SnO2:Cs material is deliberate up to 220 °C and it is
observed that, the sensitivity is more at 200 °C. From the analysis, it is concluded
that, the sensitivity of the present compound is more than pure SnO2 and Cs. The
sensitivity of the SnO2 is added with sensing ability of the Cs compound and if this
material used as sensor, the device efficiency will be more.

Fig. 11 Gas sensing images
of Cs:SnO2 nanofibers
calcinated at 700 °C
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4 Conclusions

The structural and surface morphological investigations from XRD, SEM, TEM
and UV absorption are concordant and optical PL spectrum reveals the formation of
highly pure SnO2 and SnO2:Cs nanofibers. This approach offers a great deal of
control of the size and the size distribution of the particles and facilities their
production at relatively low temperatures under ambient conditions, have the ability
of self-assembling into ordered arrays on a large scale. The sharpness of the
emission peak observed in the pure SnO2 and SnO2:Cs nanocrystals for PL spectra
ascertains that they have desirable uniformity and good emission properties. The
reaction medium is harmless, and simple, and can be used as a hydrothermal route
to synthesize high quality SnO2:Cs nanofibers. The crystallization temperature is
initiate to play an important role in the morphological variation of SnO2:Cs
nanofibers. This technique may provide a new route to 1D semiconductor from the
same kind of materials that are usually of regular shape with large sized aggrega-
tions on its surface.
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Microscopy Study
of Amorphous/Nanocrystalline Coatings
Thermally Sprayed

Nacer E. Bacha

Abstract A commercial NiCrBSi and FeCrPC amorphous–nanocrystalline coat-
ings were fabricated on a carbon steel substrate by plasma thermal spraying in a
controlled atmosphere vessel. A cold helium gas stream can be blown directly onto
freshly deposited layers to form amorphous coating or suppressed to allow for-
mation of crystalline coating. Microstructural studies are investigated by means of
X-ray diffraction (XRD), optical microscopy, scanning (SEM) and transmission
(TEM) electron microscopy. Hand fracture surfaces in the fully amorphous coatings
specimens exhibited a vein like morphology typical of many metallic glasses. When
coatings are aged at 300 °C for 15 min, the vein like morphology is still present. If
the coating is heated to 500 °C for 15 min, the vein pattern, characteristic of
amorphous materials, disappears completely and nanocrystalline structure appeared.
TEM was made to give more detailed information on the nanocrystallized structure.
Fine nanocrystalline particles were grown on the amorphous matrix in the aged
coatings having grain size ranged between 50 and 100 nm. From XRD, full
amorphous coatings seem to be obtained but meticulous TEM examination has
revealed the presence of crystallites of approximately 100 nm within size in the
amorphous matrix. The thermal plasma technology is well adapted to the manu-
facture amorphous coatings on a substrate of any shape. However, the numerous
operating parameters that govern the deposition of a coating render difficult the
preparation of fully amorphous coatings. X-rays diffraction is not sufficient to assert
that the crystallization is totally suppressed. Careful observation by the TEM
microscope is necessary.
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1 Introduction

The first amorphous metal alloy was obtained by rapid solidification there are
already five decades [1]. The alloy Au–Si consisted of a metal and a metalloid, the
composition was close to a eutectic. Both semi empirical conditions were subse-
quently used to guide the development of a large number of amorphous alloys. The
properties of an alloy in the amorphous state are different from those of the alloy in
the crystalline state with the same chemical composition, because of the lack of
periodicity in the atomic structure. Studies on the kinetics of the crystallization of
metallic glasses were moderately developed to date. The results obtained are
however encouraging. For example, an amorphous Fe80B20 alloy, heated to a few
degrees per minute, almost instantly crystallizes around 400 °C and would take
over 500 years to initiate crystallization to 200 °C [2].

When a liquid is cooled slowly, so that it can, at each instant, be considered to
thermodynamic equilibrium, there is a liquid-solid transition at a characteristic
temperature TM. During cooling, all crystalline structural rearrangements have time
to develop, thus obtaining a crystal. Below TM, there is a Tg for which the degree of
mobility of the atoms becomes smaller than their size. All structural rearrangement
becomes impossible for a reasonable time scale. If the metal liquid taken to a
temperature just above TM, is suddenly frozen to a temperature below or equal to
Tg, resulting in a solid off-balance that has kept the atomic structure of so-called
liquid glass structure. For alloys capable of forming amorphous solids, the crys-
talline state is reached within a few milliseconds, which requires a cooling rate of
the order of 105–106 °C/s [3].

Amorphous alloys in ribbon, wire and powder forms have been produced and
used as commercialized materials. The ordinary critical sizes of these amorphous
alloys are about 20–30 µm in thickness for ribbon, about 100–200 µm in diameter
for wire and less than 25 µm in thickness for powder, respectively [4–6]. The
development of amorphous alloys by thermal spraying currently looks more and
more researchers across the world because of the enormous potential of this tech-
nology. The purpose of this work is to prepare amorphous coatings using thermal
plasma and study the physical characteristics of the deposits obtained.

2 Experimental Details

Two powder compositions were used to make amorphous metal coatings: an
AMDRY-915 NiCrBSi based powder and FeCrPC Special AMDRY-based powder.
Both powders provided by Alloys Metals Inc. were prepared by atomization in
liquid phase. For both powders, the percentage of chromium by atomic weight, is
over 10 %. Examination by X-ray diffraction of powders confirmed that both
received powders have a crystalline structure. The atomized particles for both
powders are in the 20–90 µm size range with an average diameter of 75 µm for the
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Ni based alloy and 45 µm for Fe based alloy. The coating is sprayed onto mild steel
samples. The surface to be sprayed is sand blasted immediately before plasma
spraying with Al2O3 abrasive. The powder to be deposited is injected into the
plasma stream through stainless steel tube screwed externally to the gun just before
the inlet of the nozzle. A cold gas stream can be blown directly onto freshly
deposited layers to form amorphous coating or suppressed to allow formation of
crystalline coating. All specimens are maintained on a rotating water-cooled holder
during the deposition stage. The amorphous coatings obtained are about 250 µm
thickness. The coatings obtained are examined by optical microscope, transmission
and scanning electron microscope with EDX, X-ray diffraction with CuKα
radiation.

3 Results

The degree of fusion of the powder particles FeCrPC was evaluated based torch
power, plasma gas flow, the flow rate of carrier gas and the mass flow of the
particles. In the first experiments, we found that a detrimental reaction occurs to the
quality of the coating produced with the plasma gas Ar-N2 as shown in Fig. 1a.
Figure 1b reveals unmelted particles and excessive porosity. Accordingly, the
nitrogen was removed and argon was used alone as a primary gas.

Figure 2 shows respectively the amorphous coatings NiCrBSi (Fig. 2a) and
FeCrPC (Fig. 2b) fractured by hand. Venous pattern, characteristic of an amor-
phous state is highlighted. The structure of the coating FeCrPC reveals a good
compactness and low porosity. For the coating based on NiCrBSi, the coating
structure is lamellar.

The quenching action of a jet of helium on freshly deposited liquid particles on
the substrate results in formation of an amorphous structure. Thin blades of the
amorphous coating FeCrPC observed in a transmission electron microscope

Fig. 1 Surface appearance of a coating deposited by a gas plasma with Ar-N2, b magnification of
the inset area

Microscopy Study of Amorphous/Nanocrystalline … 131



(TEM) confirmed the amorphous state of the coating as shown in Fig. 3a. However,
meticulous microscopic examination reveals the presence of crystallites in the
amorphous matrix of approximately 100 nm in size as is shown in Fig. 3b.

The idea of using metallic glasses as precursors for crystallization has been long
in coming. The exploitation of crystallization only began in the early 80’s. Special
interest of crystallized metallic glasses is that they offer the possibility of micro-
cristallinity (grain diameter < 1 µm) combines high resistance to grain grow during
the heat treatment. Figure 4 shows TEM pattern of cristallized FeCrPC coating
helium gas is suppressed during thermal spraying.

When Fe based coating is heat treated at 800 °C during 15 min, secondary
phases is highlighted as shown in Fig. 5a. Figure 5b shows the magnification of the
second phase. The second phase is rich in phosphorous element due to its segre-
gation at the surface.

Fig. 2 Cross sections of a NiCrBSi coating, b FeCrPC coating

Fig. 3 TEM pattern of an amorphous FeCrPC coating of a completely amorphous region,
b crystallites in the amorphous phase
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4 Conclusion

The thermal plasma technology is well adapted to the manufacture amorphous
coatings on a substrate of any shape. However, the numerous operating parameters
that govern the deposition of a coating render difficult the preparation of fully
amorphous coatings. X-rays diffraction is not sufficient to assert that the crystal-
lization is totally suppressed. Careful observation by the TEM microscope is
necessary.

Fig. 4 TEM pattern of crystallized FeCrPC coating

Fig. 5 Microstructure of a an amorphous FeCrPC aged at 800 °C during 15 min, b magnification
of the second phase
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Phenotypic Plasticity in Desert Rodents
Harderian Glands Under Seasonal
Steroids Control

O. Saadi-Brenkia and N. Haniche

Abstract Sex hormones activate reproductive behaviors throughout the Harderian
glands (HG) in desert rodents. It appears that gonadal hormones have both orga-
nizational and activational effects on epithelial cells. This study, thus represents a
significant advance in our understanding of the steroid actions that regulate cellular
differentiation and thereby pheromones production. Our results reveal that HG of
two desert rodents having an opposite lifestyle, Psammomys obesus (diurne) and
Gerbillus tarabuli (nocturne) are capable of undergoing significant morphological
changes from season to season. In both species, during the mating season, HG
exhibit remarkable phenotypic responsiveness in order to produce chemical cues
that promote sexual interaction. Small specimens from the HG were processed for
light and transmission electron microscopic study. Obvious structural differences
were observed between diurnal and nocturnal species. The gland is compound
tubulo-alveolar, being characterized by a single layer of vacuolated columnar cells
in Psammomys obeus, whereas two cells types were found in Gerbillus tarabuli,
vacuolated columnar cells and pyramidal basal cells. In breeding season, a new
cellular type (the same for both species) appears characterized by large lipid vac-
uoles. Porphyrins and cellular debris were observed in the glandular lumens indi-
cating that important cellular remodelling occurs in the HG of desert rodents. The
possible functional significance of this new cellular type was discussed. These
results suggest, that phenotypic plasticity is an important means by which HG cope
with environmental lighting.
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1 Introduction

The Harderian gland (HG) is a large orbital gland which occurs in most terrestrial
vertebrates and which opens by a duct onto the surface of the nictitating membrane
[1]. The main role of the HG in many species is to provide a source of lubrication
for the third eyelid (nictitating membrane), and contribute to the lipid phase of the
tear film, however, other secondarily functions have been assigned to this gland.
These consist of being a potential site of immune response [2–5] part of the
retinal-pineal axis [6, 7] and a source of pheromones [8–10]. Previous data have
indicated that, HG activity is under endogenous control such hormones and envi-
ronmental factors such light and temperature [11–13].

Previous studies on HG morphology in Saharan rodents have been conducted by
[14, 15]. But, there has been no seasonal work on their structural aspect related to
gonadal status. As is commonly known steroid hormones mediate pleiotropic cel-
lular processes involved in metabolism, cellular proliferation, and differentiation. In
addition [16] have reported that, androgens are recognized to affect HG morphology
and secretory activity. Thus, the current study aims to investigate, whether the
secretory cells in HG undergo seasonal differentiation under steroids control. This
might provide some knowledge on the phenotypic plasticity in HG at the
intraspecific level in these seasonal breeders which inhabits desert.

2 Experimental

Animals: Desert rodents are seasonal breeders, we used in this study Gerbillus
tarabuli (strictly nocturnal) and Psammomys obesus (strictly diurnal) species, both
from Gerbillidae family. The breeding season for sand rat extends from September
to March and from December to April for gerbil [17, 18]. Ten adult’s male from
both species were captured during May (resting season) and December (breeding
season). They were caught in desert of Béni-Abbès, Wilaya of Béchar, Algeria: 30°
7’N; 2°10’W. The animals were cared for in accordance with the criteria outlined in
the “Guide for the Care and Use of Experimental Animals” prepared by the
National Academy of Sciences and published by the National Institute of Health.

Light microscopic analysis: HG samples were fixed in 10 % buffered formalin,
paraffin-embedded, and sectioned at 5 lm. For standard histology, sections were
stained by different procedures.

Transmission electron microscopic analysis: Following glutaraldehyde fixa-
tion, samples were washed in phosphate buffer and then post-fixed in 1 % osmium
tetroxide in phosphate buffer. Tissue pieces were then dehydrated through an
ascending ethanol gradient, and embedded in Epon 812 resin. Semithin sections
were cut, stained with 1 % Toluidine Blue and examined under light microscope.
The ultrathin sections placed on copper grids and double-stained with uranyl acetate
and lead citrate were observed by an electron Zeiss EM-109.
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3 Results and Discussion

Our morphological observations demonstrate that HG of each species varied in
accordance with the reproductive state. The gland is enclosed in a fine capsule,
made up of connective tissue rich in vessels and nerves, in addition to melanocytes
(Fig. 1a, b). This capsule sent septa which divide the secretory portion into lobules.

Secretory cells are organized into tubulo-alveolar units. In sand rat, the glandular
epithelium is uniform lined by only one cellular type. Columnar in shape, con-
taining acidophilic cytoplasm, richly vacuolated (Fig. 2a).

In pseudostratified epithelium of gerbil, two cell types can be distinguished.
Columnar principal, cells similar to those observed in sand rat and pyramidal basal
with highly basophilic cytoplasm (Fig. 3). In the glandular lumens, porphyrin
accretions and cellular debris are observed in both species.

A remarkable effect of sex steroids in our study concerned the induction of new
cellular phenotype revealed by structural and ultrastructural studies. Indeed, in both
species, in reproductive season some principal cells undergo significant morpho-
logical changes which are regarded as an indicative of cell differentiation. In
breeding season the secretory epithelium contains two cellular types in P obesus
and three in G tarabuli. This new cellular phenotype is characterized by numerous
and large lipid droplets occupying the whole cytoplasm (Figs. 4, 5).

Fig. 1 Histological sections showing the general view of HG in desert rodents a in Psammomys
obesus. Van Gieson stain b in Gerbillus tarabuli. Hemalun/eosin stain. Capsule (black arrow),
lobule (red arrow)
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Fig. 2 Psammomys obesus HG, showing the large lumen (lu) of tubules lined by prismatic
homogeneous cells. a Hemalun/picroindigocarmin staining of the tubuloalveoli. Note the
abundance of melanin (ml) in connective tissue septa. b Semithin section Toluidine blue stain.
A porphyrin accretion (P) in a gland tubule lumen. c Low magnification electron micrograph of
prismatic epithelial cell. Note numerous small lipid vacuoles (V) and nucleus (N) located at basal
portion of cell

Fig. 3 Morphological features of Gerbillus tarabuli HG. a Photomicrograph of a paraffin section
illustrating The lining epithelium of the glandular units consists on two cellular types are clearly
distinguishable. Prismatic cells (blue arrow) and pyramidal shaped cells (black arrow). Note the
presence of porphyrin (P) in the lumen and melanin in the interstices. Azan Stain. b Semithin
section stained with Toluidine blue, showed that the secretory end-pieces were lined with principal
columnar cells (blue arrow) and basal pyramidal cells (black arrow). c Low magnification electron
micrograph displaying prismatic cell with acidophilic vacuolated cytoplasm (blue star) and
basophilic pyramidal cells (red star). Nuclei (N),Vacuoles (V) and capillary (CP). Often epithelial
cells are binucleated
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Fig. 4 The glandular epithelium of sand rat in reproductive season. a Semithin section stained
with Toluidine blue. Appearance of new cellular phenotype containing large lipids vacuoles (black
arrow). b Electron micrograph at high magnification of new differentiated cell showing numerous
large lipids vacuoles (V) invading the cytoplasm and deforming the nucleus (N)

Fig. 5 The tubuloalveoli with secretory cells types from gerbil’s HG in reproductive season.
a Semithin section of general view, showing three cellular types. Toluidine blue stain. b Semithin
section at high magnification displaying the newly cellular type (red arrow). Toluidine blue stain.
c ultrastructural appearance of secretory prismatic cells. Note the newly differentiated (red arrow)
charged with large lipids vacuoles (V), nuclei (N) are completely deformed
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4 Discussion

The results of the present study underline that, desert rodent’s HG is capable of
undergoing significant morphological changes from season to season. And it’s
considered as a target for steroid hormones. Indeed, as revealed by [19] the gland
has receptors for the steroids hormones. Earlier reports by [20] have indicated that,
androgenic hormones exert a variety of effects upon mammalian tissues. Including
of gene expression and control of cellular growth and differentiation. In addition,
[21, 22] have reported that, androgens are the principal determinants of the regu-
lation and the differentiation of the Harderian glands in Syrian hamster. According
to [23], to convert information from the environment to the appropriate behavioral
responses, animals use a combination of somatosensory, visual, auditory, chemical,
and mechanical inputs to acquire information about their surroundings [24] have
stated that, pheromones released from HG act through olfactory pathways to exert
powerful effects on sexual behavior in rodents. Then, it appears that in both species,
target cell groups within HG that mediate mating by pheromones released displayed
a significant morphological plasticity during seasons. Steroid hormones induce
cytological differentiation involved in metabolism of the steroidal pheromones.
There seems that, some principal prismatic cells under steroids control exhibit an
epithelial phenotype resulting in intracellular changes. In fact, numerous large lipids
vacuoles deforming the nucleus are observed. According to [25], the size and
appearance of lipid droplets were controlled by androgens [24] have proposed that,
the lipids from the Harderian gland of golden hamster serve as a pheromone to
declare their territory and to seek the mate with good congeniality. We suggest that,
the new cellular phenotype plenty of numerous and large lipid droplets encountered
only in mating season in these desert species is related to pheromones production.
Hence, cellular death and tissue remodeling are evidenced by the presence of
cellular debris in the glandular lumens. Despite to the voluminous literature on the
hamster’s HG, we cannot take it as a reference. Since, according to [26–28], the
hamster’s HG shows a remarkable anatomical and biochemical sexual dimorphism.
But in desert species, no morphological differences in HGs between male and
female have been detected by [14, 15].

5 Conclusions

The current data suggest that in desert rodents:

– The glandular morphology is related to the habits of the species, uniform
epithelium (one cell type) in diurnal species and pseudostratified (two cells
types) in nocturnal species.

– Steroids are essential for appropriate cytological differentiations, which are
probably linked to pheromones production in breeding season.
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– Steroids act as a morphogenic signal and indirectly regulate social behavior in
these species.

– Beside cellular differentiation in HG steroids hormones control tissue
homeostasis.

Further studies are necessary to identify the expression of androgen receptors
according to seasons for a clear understanding.
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TEM Investigation of Nanostructures
with a High Aspect Ratio

A.V. Myasoedov, A.E. Kalmykov, D.A. Kirilenko and L.M. Sorokin

Abstract In this work, we intend to demonstrate an essential role that can play a
TEM investigation of cross-sections of HAR nanostructures for a characterization
of their internal structure and surface morphology. For illustrative purposes we
briefly present some results of the TEM investigation of CuO, GaAs, GaN whiskers
as well the comparative study of mineral and synthetic chrysotile nanotubes. In
particular, the investigation of CuO nanowires (NWs) revealed that they do not
have a proper crystal habit and in a majority of cases the nanowhiskers have a
bi-crystalline structure, but rarely come across ones consisting of more than two
crystals. And it is also interesting, that a boundary of a junction of two crystals can
be not planar. As a result of the analysis of diffraction patterns of cross-sections of
different nanowhiskers the growth direction was determined as [110]. Concerning
the GaAs and GaN whiskers, their cross-sections have the shape close to a regular
hexagon, as was expected. In addition, the observed GaN whisker has the faceted
nanopipe, also with a hexagon shape. The average diameter of nanotubes in a
chrysotile fibre was estimated and compared with the diameters of the given syn-
thetic chrysotile nanotubes.

1 Introduction

One of the main objectives of high-resolution TEM studies is a characterization of
novel materials. A significant part of these materials constitute high-aspect-ratio
(HAR) micro- and nanostructures. Examples of HAR micro- and nanostructures are
carbon nanotubes, semiconductor nanowires, mineral and synthetic chrysotile
nanotubes, such structures usually have a diameter in the nanoscale range
(<100 nm) and a high length to diameter ratio.

HAR nanostructures may have unique mechanical, chemical and electrical
properties, that can strongly differ from properties of the same bulk material [1]. For
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example, it is known, that nanowhiskers can have dislocation-free structure. The
absence of dislocations excludes the conventional plastic strain mechanisms, as a
result nanowhiskers demonstrate considerable strength, flexibility [2] and resistance
to corrosion.

Since the middle of the 20th century the whiskers became the subject of the
thoroughly studies [3]. Initially, the interest in whiskers was related with their
negative influence on a work of electrical equipment [4], namely, a spontaneous
growth of whiskers on the surface of a metal solder may result in a short circuit. The
problem was overcome by the use of new solder brands including those not con-
taining the lead.

Over the years of the whiskers research, it was proposed numerous ways of their
growth, such as vapour phase epitaxy, electrocrystallization, thermal oxidation and
others [5]. At the present time, whiskers find wide application in various fields of
science and industry, especially as gas detectors [6], heterogeneous catalysts [7],
accumulator electrodes [8], probes [9], emitters [10] and etc. Semiconductor
whiskers, for example, CuO and TiO2 whiskers may be used as a high efficient
photocatalysts [9, 11], at that tenorite whiskers (CuO) are more preferable because
they have the narrow band gap (band gap 1.2 eV) and have a conductivity of
p-type, what makes their application possible in photocatalysis in the visible range.

Natural chrysotile fibre is a soft, fibrous silicate mineral more known as asbestos.
The material widely is used in building materials, but could be very toxic for
humans. The multi-walled hollow chrysotile nanotubes are perspective material for
creation of nanowires. Using both high-pressure techniques and metal-organic
chemical vapor deposition (MOCVD) inner nanoscale channels can be filled with
the metals or with semiconductor materials [12].

The conventional sample preparation technique of HAR nanostructures for the
high-resolution TEM study includes the use of fine mesh grids covered with for-
mvar film. Specimens are placed on the supporting film either by casting of one
drop of colloid solution prepared by sonication or by mechanical scrape of sample
surface. In order to eliminate a contribution of supporting film in signal usually use
a holey film. Nanostructures on the supporting films lie in the plane that is per-
pendicular to the electron beam and such technique does not allow to observe
internal structure and surface morphology of a nanostructure.

The aim of this work is to demonstrate an essential role that can play a TEM
investigation of cross-sections of HAR nanostructures for a characterization of their
internal structure and surface morphology.

2 Experimental

For illustrative purposes we briefly present the results of the TEM investigation of
CuO, GaAs, GaN whiskers as well the comparative study of mineral and synthetic
chrysotile nanotubes. The special sample preparation technique for TEM/HREM
observation of cross-sections was used. The initial stage of the technique depended
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on an initial state of samples, but the final aim of this stage was to obtain the
randomly or particular way oriented nanotubes embedded in an epoxy resin
between two silicon plates. The obtained bars have been used for a conventional
cross-section TEM specimen preparation consisting of a mechanical preparation
and an ion milling. The schematic illustration of the specimen preparation is shown
on Fig. 1. In the [13] is described by authors the similar technique, which was
applied for preparation of SrTiO3 nanotubes cross-sections. It is the first description
of the technique that we had found.

The investigation was performed with Philips EM420 and JEM 2100F micro-
scopes operated at 100 and 200 kV, respectively.

CuO NWs were formed by a thermal annealing of a thin steel grid coated by
copper at the elevated temperatures [14]. The grid was embedded in an epoxy resin
and sandwiched between two silicon plates.

GaAs nanowhiskers were grown by an epitaxy on a silicon substrate.
A conventional TEM specimen has been prepared with additional compression and
lapping in the particular direction at the stage of the gluing. This provided more
suitable orientation of the nanowhiskers in the specimen instead of side-back views.

GaN nanowhiskers were grown by an epitaxy on a sapphire substrate. In order to
embed nanowhiskers in an epoxy resin they were carefully scraped onto a silicon
plate coated by an epoxy resin.

In the case of the natural chrysotile, a bunch of chrysotile fibres was embedded
in an epoxy resin and sandwiched in the particular way between two silicon plates.
The synthetic chrysotile was supplied as the powder. The powder was dispersed in
ethanol and sonicated in an ultrasonic bath. Then, a one drop of the solution was
poured and dried on a silicon surface. After that, a conventional cross-section TEM
specimen has been prepared for the obtained thin film structure.

3 Results and Discussion

The investigation of CuO NWs revealed that they do not have a proper crystal habit.
We connect it with the low symmetry of the monoclinic crystal system. In a
majority of cases the nanowhiskers have a bi-crystalline structure, but rarely come

Fig. 1 The schematic illustration of the specimen preparation
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across ones consisting of more than two crystals. And it is also interesting, that a
boundary of a junction of two crystals can be not planar. As a result of the analysis
of diffraction patterns of cross-sections of different nanowhiskers the growth
direction was determined as [110] (Fig. 2).

The average diameter of nanotubes in a natural chrysotile fibre was estimated
and compared with the diameters of the given synthetic chrysotile nanotubes
(Fig. 3). The average diameter of nanotubes in a chrysotile fibre and synthetic
chrysotile nanotubes is about 20 and 70 nm, respectively. The HREM investigation
of the synthetic chrysotile detected that nanotubes have the shell different from the
core. When the nanotubes lie in the plane that is perpendicular to the electron beam,
it is more difficult to reveal this shell or impossible at all.

The GaAs and GaN whiskers cross-sections have the crystal habit close to a
regular hexagon, as was expected. Such orientation of a nanowhisker could allow to
obtain the HREM image of interface between core and shell (Fig. 4).

The GaN whiskers were not enough thin to be transparent to electrons (the
diameter of the whiskers was about 2 mkm), that is why the preparation their
cross-section was the most suitable way to the TEM observation.

The investigation of the GaN whisker revealed the presence of a faceted
nanopipe in the core of the 2 µm thick whisker (Fig. 5). As shown in Fig. 5, b the
nanopipe has the shape similar to hexagon.

Fig. 2 a TEM image of CuO nanowires; b cross-section HREM image of a nanowire ‘trunk’
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Fig. 3 HREM images of chrysotile nanotubes. a cross-section HREM image of a synthetic
chrysotile nanotube; b cross-section HREM image of a natural chrysotile fibre; c diameter
distribution of natural chrysotile nanotubes in a fibre

Fig. 4 TEM images of the GaAs nanowhisker. a, b cross-section TEM images of a GaAs
nanowhisker, the image was taken with the incident electrom beam parallel to the [111] zone axis;
c cross-section HREM image of a GaAs nanowhisker, the image was taken with the incident
electrom beam parallel to the [11-2] zone axis

Fig. 5 TEM images of a GaN whisker. a cross-section TEM image a GaN whisker, the image
was taken with the incident electron beam parallel to the [0001] zone axis, b an enlarged portion of
the a image showing a faceted nanopore in the GaN whisker

TEM Investigation of Nanostructures with a High Aspect Ratio 147



4 Conclusion

The essential role of a TEM investigation of cross-sections of HRA nanostructures
for a characterization of their internal structure and surface morphology was
demonstrated. It is worth noting that the most part of the shown data could not be
get without a preparation of the cross-sections.

Acknowledgments Work was made at Joint Research Center “Material science and characteri-
zation in advanced technology” Saint-Petersburg, Russia. This study was supported by the pro-
gram of Presidium of the Russian Academy of Sciences “Actual Problems of Low-Temperature
Physics”.

References

1. Abramova, A.N., Dorogov, M.V., Vlassov, S., Kink, I., Dorogin, L.M., Lõhmus, R.,
Romanov, A.E., Vikarchuk, A.A.: Nanowhisker of copper oxide: fabrication technique,
structural features and mechanical properties. Mater. Phys. Mechanics 19, 88–95 (2014)

2. Herring, C., Galt, J.K.: Elastic and plastic properties of very small metal specimens. Phys.
Rev. 85(6), 1060–1061 (1952)

3. Cobb, H.L.: Cadmium whiskers. Mon. Rev. Am. Electroplaters Soc. 33(28), 28–30 (1946)
4. Compton, K.G., Mendizza, A., Arnold, S.M.: Filamentary growths on metal surfaces—

whiskers. Corrosion 7(10), 327–334 (1951)
5. Tiwari, J.N., Tiwari, R.N., Kim, K.S.: Zero-dimensional, one-dimensional, two-dimensional

and three-dimensional nanostructured materials for advanced electrochemical energy devices.
Prog. Mater Sci. 57, 724–823 (2012)

6. Wang, C., Fu, X.Q., Xue, X.Y., Wang, Y.G., Wang, T.H.: Surface accumulation conduction
controlled sensing characteristic of p-type CuO nanorods induced by oxygen adsorption.
Nanotechnology 18(14), 145506–145516 (2007)

7. Switzer, J.A., Kothari, H.M., Poizot, P., Nakanishi, S., Bohannan, E.W.: Enantiospecific
electrodeposition of a chiral catalyst. Nature 425(6957), 490–493 (2003)

8. Gao, X.P., Bao, J.L., Pan, G.L., Zhu, H.Y., Huang, P.X., Wu, F., Song, D.Y.: Preparation and
electrochemical performance of polycrystalline and single crystalline CuO nanorods as anode
materials for li ion battery. J. Phys. Chem. B 108(18), 5547–5551 (2004)

9. Zhang, Q., Zhang, K., Xu, D., Yang, G., Huang, H., Nie, F., Liu, C., Yang, S.: CuO
nanostructures: synthesis, characterization, growth mechanisms, fundamental properties, and
applications. Prog. Mater Sci. 60, 208–337 (2014)

10. Zhu, Y.W., Yu, T., Cheong, F.C., Xu, X.J., Lim, C.T., Tan, V.B.C., Thong, J.T.L., Sow, C.
H.: Large-scale synthesis and field emission properties of vertically oriented CuO nanowire
films. Nanotechnology 16(1), 88–92 (2005)

11. Chen, X., Mao, S.S.: Titanium dioxide nanomaterials: Synthesis, properties, modifications
and applications. Chem. Rev. 107(7), 2891–2959 (2007)

12. Roveri, N., Falini, G., Foresti, E., Fracasso, G., Lesci, I.G., Sabatino, P.: Geoinspired
synthetic chrysotile nanotubes. J. Mater. Res. 21(11), 2711–2725 (2006)

13. Gec, M., Zagar, K., Bussmann, B., van Aken, P.A., Ceh, M.: Preparation of nanotubes for
cross-sectional TEM/STEM observations MC 2009 Proceedings, pp. 245–246 (2009)

14. Dorogov, M.V., Kozlov, A.Y., Gryzunova, N.N., Vikarchuk, A.A., Romanov, A.E.:
Structure, formation mechanism and properties of copper oxide nanowhiskers. In:
Sustainable Industrial Processing Summit 2015, vol. 1, pp. 259–268 (2015)

148 A.V. Myasoedov et al.



Morphology, Chemical Composition,
and Magnetic Properties of Arc Discharge
Fe–C Soot

Sergey A. Novopashin, Marina A. Serebryakova
and Alexey V. Zaikovskii

Abstract The present research aims of elaborating a new manufacturing technol-
ogy of magnetic nanoparticles for ferrofluid applications. Composite Fe–C anode
sputtering in a low-pressure arc discharge has been used to produce Fe-containing
nanoparticles on a carbon matrix. The chemical composition and size distribution
function of iron containing nanoparticles have been measured. The sizes of
Fe-containing nanoparticles are of 3–12 nm: chemical composition includes iron
and iron carbide. It was shown that the powder is a superparamagnetic material. The
stable ferrofluid, based on synthesised magnetic nanoparticles on a carbon matrix in
water with nonoxynol-9 as surfactant, has been manufactured. The value of satu-
ration magnetization on the level of 30 KA/m has been obtained.

1 Introduction

The studies of the plasma-arc method for the synthesis of magnetic nanoparticles,
encapsulated into the carbon coating, started from the paper [1] on the fullerene
synthesis. The discovery of a possibility to encapsulate the atoms and nanocrystals
by the fullerene structures [2] allowed the start of a study on the magnetic properties
of encapsulated atoms at the example of gadolinium carbide [3]. The plasma-arc
synthesis and systematic studies of the magnetic properties of nanoparticles
obtained by spraying the composite “graphite-transition metal” electrodes, were
performed in the work of [4]. The works on the synthesis of magnetic nanoparticles
in a carbon coating by the electric arc method are continued. This method uses the
DC electric carbon arc with a hot cathode in the atmosphere of inert gas of the
reduced pressure. Metal precursors are usually put into a cavity drilled in a graphite
electrode, and then they are sprayed together with graphite. Under these conditions,
the discharge is maintained by thermal emission of electrons from the cathode. The
high temperatures in the zone of arc glow lead to thermal spraying of the anode
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material. The flow of high-temperature atomic spray products into the buffer gas
medium occurs. Diffusion and turbulent mixing of outflowing products with the
buffer gas results in cooling, processes of heterogeneous condensation and chemical
reactions of the spray products. As a result, the metal particles “packed” into the
carbon material are formed. The determining parameters of the synthesis are the
pressure and type of the buffer gas, current and discharge voltage, electrode
geometry and composition, molar content of the precursor in the sprayed electrode.
Varying these parameters, we can control the morphology and chemical compo-
sition of the synthesized particles. The pressure of the buffer gas is one of the most
important parameters that determine the rate of cooling and kinetics of condensation
processes and chemical reactions, which allows the control of an average size of
nanoparticles [5]. Usually, the synthesis of nanoparticles is implemented in the inert
gas atmosphere. The presence of oxygen in the reactor leads to undesirable oxi-
dation of the graphite electrode. Therefore, the synthesis of metal oxide nanopar-
ticles is performed in two stages. At the first stage, the metal nanoparticles are
synthesized on the carbon matrix and at the second stage; synthesized material is
annealed in the oxygen atmosphere. The second stage allows oxidation of the metal
particles and removal of the carbon material in the form of carbon oxides [6]. The
disadvantages of this method are low productivity, broad function of nanoparticles
distribution by sizes, and heterogeneity of the carbon coating thickness. Moreover,
as usual, the mixture various forms of carbon is synthesized and it is difficult to
separate the product from the impurities [7]. Typically, the composite material
consisting of graphite and pure metal is used as the sprayed anode, but the
plasma-arc method synthesizes nanoparticles from the complex chemical com-
pounds at their spraying and pyrolysis. This ability is demonstrated in experiments
[8] on the synthesis of bimetallic magnetic nanoparticles with the use of double
salts as the precursors.

The interest in preparation and study of magnetic nanoparticles covered by an
inert shell [9, 10] is connected with both the possibility of preventing the coagu-
lation and oxidation of magnetic nanoparticles and the need to ensure biocompat-
ibility in medical applications [11, 12], as well as during their storage and transport
in the form of a powder for ferrofluid application. Moreover, at laboratory inves-
tigations the presence of magnetic powder can quickly change the magnitude of
magnetic properties of fluid and the base fluid itself at application of corresponding
surfactants. The magnetic nanoparticles in the coatings of silica dioxide [13],
polymers [14], and carbon [3, 4] are the most studied for the synthesis. In this paper
we present results of morphology, chemical composition, and magnetic properties
of arc discharge Fe–C soot for ferrofluid applications.
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2 Experimental

The arc plasma reactor (Fig. 1) is vacuum chamber 1, which can be evacuated to the
pressure of 10−2 torr and then filled with inert gas to the pressure of 3–500 torr.
There are two electrodes in the reactor, and the arc glows between these electrodes
in the inert gas atmosphere. Mobile electrode 2 is a graphite pellet with the diameter
of 20 mm, immobile electrode (anode) 3 is a rod of 7-mm diameter and 70-mm
length. This construction allows variation of a distance between the electrodes and
maintenance of the conditions of arc glow. The electrode is moved by bellows unit
of translation transfer 4. To introduce the current into the reactor, high-current
metal-ceramic hermetic input 5 is used. Around the electrodes, there is copper
water-cooled circuit 6. Inside, there is removable stainless steel screen 7 for col-
lecting the synthesized products.

The source of DC current (80–140 A) was used for the arc discharge. Depending
on the distance between the electrodes, the voltage obtained on the arc is 20–30 V.
The anode is the graphite rod with an axial hole (diameter of 4.2 mm), filled with
the iron-graphite powder in a weight ratio of 2:1. Anode spraying leads to the
formation of the atomic components of carbon and iron in the arc. Diffusion and
convection of atomic components in the buffer gas lead to cooling, heterogeneous
condensation and chemical reactions. Then, the products of condensation are
deposited on the cooled screen. The synthesized material consists of the nanopar-
ticles of iron and iron carbide on the carbon matrix. The determining parameters of
synthesis are geometric and composition of electrodes, buffer gas and its pressure,
and electric characteristics of discharge.

All experiments were carried out at a discharge current of 100 A in helium at
pressure of 50 torr.

TEM, XRD and magnetic measurements were used to test the material prop-
erties. High-resolution TEM images were obtained using a JEM-2010 electron
microscope (JEOL, Japan) with lattice-fringe resolution of 0.14 nm and acceler-
ating voltage of 200 kV. The high-resolution images of periodic structures were
analyzed by the Fourier method. Local energy-dispersive X-ray analysis (EDXA)
was carried out using an EDX spectrometer (EDAX Co.), fitted with a Si

Fig. 1 Experimental setup
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(Li) detector, at a resolution of 130 eV. The samples for the HRTEM study were
prepared on a perforated carbon film mounted on a copper grid. XRD analysis was
carried out using a Bruker D8 Advance diffractometer, equipped with a Lynxeye
(1D) linear detector, over the angular range of 10–75° at 2H = 0.05° with the
storage time of 1 s for each point. Monochromatic CuK-radiation (1.5418 °A) was
applied in these experiments. Magnetic susceptibility was measured by an MS2
susceptibility/temperature system (Bartington, Great Britain) and SQUID magne-
tometer MPMSXL (Quantum Design).

3 Results

Transmission electron microscopy of the synthesized material indicated that it
consisted of the iron-containing nanoparticles (see Fig. 2) embedded into the
amorphous carbon matrix. The function of size distribution of nanoparticles is
shown in Fig. 3. The solid line is the logarithmically normal approximation. The
average size of particles is 7 nm.

XRD spectroscopy shows that Fe–C soot consists of graphite, iron, and iron
carbide (see Fig. 4).

Magnetic susceptibility was measured in wide range of frequencies
(63 Hz–16 kHz). Figure 5 shows logarithmic decreasing of magnetic susceptibility
with frequency. Magnetization curve is shown on Fig. 6. Saturation value of about
50 G cm3/g is reached at magnetic field of about 104 Oersted. No hysteresis has
been observed at room temperature. Analysis of the magnetization curve near the
zero external magnetic field shows that the residual magnetization is zero, i.e., the
synthesized material is a superparamagnetic.

To synthesize ferrofluids, we used ultrasonic dispersion synthesized material in
water during an hour. Stable ferrofluid was manufactured with the use of
nonoxynol-9 as surfactant. For mass fraction of magnetic material of 30 %, the
value of saturation magnetization on the level of 30 KA/m has been obtained.

Fig. 2 The morphology of the synthesized material
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Fig. 3 Size distribution
function

Fig. 4 XRD spectrum of
synthesized material
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4 Conclusion

Composite Fe–C anode sputtering in a low pressure arc discharge has been used to
produce Fe-containing nanoparticles on a carbon matrix. The chemical composition
of the synthesized material consists of carbon soot, graphite, iron, and iron carbide.
Size distribution function of iron containing nanoparticles is lognormal with
maximum at about 7 nm. Relaxation processes of magnetization resulted in loga-
rithmic decreasing of magnetic susceptibility with frequency. The dependency of

Fig. 5 Magnetic
susceptibility at different
frequencies

Fig. 6 Magnetization of
Fe-C soot
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magnetization on magnetic field showed no hysteresis. It means that synthesized
material is superparamagnetic. The stable ferrofluid, based on synthesised magnetic
nanoparticles on a carbon matrix in water with nonoxynol-9 as surfactant, has been
manufactured. The value of saturation magnetization on the level of 30 KA/m has
been obtained.
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Exploration of Carbon Based Solid Acid
Catalyst Derived from Corn Starch
for Conversion of Non-edible Oil
into Biodiesel

Judy R.B. Witono, Ken Hashigata, Herry Santoso
and Inge W. Noordergraaf

Abstract To avoid the problems caused by free fatty acids in the conversion of low
cost vegetable oils to biodiesel, the use of solid acid catalyst for (trans-) esterifi-
cation reaction is considered. Such a catalyst could be produced eco-friendly by
using renewable raw materials such as biomass. The use of starch for this purpose it
still very limited. In this paper, various methods were explored to produce a solid
acid catalyst from corn starch. We investigated two different carbonization meth-
ods: complete pyrolysis in an oxygen-free environment and hydrothermal car-
bonization at milder conditions. Starch was used either in the native form or as
pregelatinized starch. After the carbonization, acidic sites were introduced by sul-
fonating the materials. To characterize the catalysts, Scanning Electron Microscopy
(SEM) was applied while the sulfonic content was determined by Energy
Dispersive X-ray Spectroscopy (EDS). To test the performance of the catalysts, the
conversion of free fatty acids was determined using oleic acid as a representative
component of biodiesel feedstock. By both of the carbonization methods, a catalyst
can be obtained that shows up to 84 % conversion of oleic acid. The hydrothermal
treatment may then be preferred since it can be done at milder conditions.
Differences between the performances of the respective catalyst samples could be
well explained by structural features seen in the SEM-pictures. These also have
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their effect on the amount of sulfonic groups that was found (from EDS). The
general trend is logical: the catalysts with a higher sulfonic load give a higher
conversion of oleic acid.

1 Introduction

In this era, the amount of oil reserves in the world is no longer abundant. Also there
is ever increasing concern about the climate and the environment. Consequently,
there is a need to look for renewable alternatives for the diesel fuels derived from
mineral oil. One of the promising substitutes is called biodiesel. Biodiesel is a diesel
that is derived from triglycerides that are present in many vegetable oils. Apart from
the renewable aspect, biodiesel also has several advantages when used as a fuel
compared with the conventional diesel. It has lower CO emission, better lubricating
effect, it is free of sulfur and also shows much lower dust emissions [1–3].

However, there is a problem in producing biodiesel. Using clean oil with high
quality is expensive to produce. Moreover, such clean oil used in biodiesel pro-
duction is in severe competition with human’s other daily needs, food in particular.
For this reason, non-edible oils are being used instead of clean oil as raw materials.
But using non-edible oil has its own issues. The high free fatty acids (FFA) content
in such oils causes saponification with base catalyst during the transesterification
reaction [3, 4]. Therefore expensive feed treatment (e.g. esterification of the FFA) is
required to remove these fatty acids or to provide anhydrous reaction conditions.
However, the alternative to use strong acid catalyst is attractive since by performing
esterification in situ, such catalysts are less sensitive to FFA. Although they need
more reaction time and perhaps higher temperature, acid catalysts can produce
biodiesel from low-cost feedstocks [5].

Earlier, homogenous acid catalysts like sulfuric acid were used as acid catalyst to
process feedstocks with high FFA content. But using homogenous catalyst caused
several problems, such as corrosion [4, 6] and difficult separation of the product
from the acid. In order to eliminate this problem, heterogeneous acid catalysts are
being developed [5]. Carbon based acid catalyst is one of the promising candidates
for a heterogeneous acid catalyst, because of its eco-friendly properties and effec-
tiveness in the esterification reaction. Many kind of the biomasses have been used
as raw materials in synthesizing the carbon based acid catalyst such as D-glucose,
sucrose, cellulose and (limited) starch [3, 6] through carbonization [7–10] and
hydrothermal carbonization (HTC) [11, 12]. But to obtain the simple process with
low energy applied and catalyst that can be reused many times, the research should
be developed more.

In this paper, the use of corn starch in its native and pre-gelatinized condition is
explored as a raw material in synthesizing carbon based solid acid catalyst. For
carbonization, two methods that were used, pyrolysis and hydrothermal
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carbonization (HTC) with milder conditions. After the carbonization process, the
product was then sulfonated with sulfuric acid solution (98 %) to add SO3H groups,
the active site of the catalyst, to the carbon chain. The resulting catalysts were tested
with esterification of oleic acid, to determine their performance in a realistic bio-
diesel-feedstock reaction system. The application of Scanning Electron Microscopy
(SEM) allowed for a visual impression of the carbonaceous materials thus pro-
duced. Energy Dispersive X-ray Spectroscopy (EDS) was used to analyze the
content of sulfonic groups obtained in the final catalyst.

2 Experimental

2.1 Gelatinization of Corn Starch

50 g of corn starch was added to 500 mL water. The mixture was then heated to
75 °C for 25 min to achieve complete gelatinization. The resulting mixture was
then dried overnight with at 80 °C.

2.2 Carbonization of the Starch

For pyrolysis, 45 g of native (PN400) or pre-gelatinized (PG400) starch was heated
at 400 °C for 15 h under nitrogen flow. The product was a carbonaceous powder
with a black color. For hydrothermal carbonization, 100 gr of starch was added into
200 mL water. The mixture was heated to 75 °C for 25 min (gelatinization). The
resulting mixture was added to a pressurized reactor and heated for 24 h at 180 °C.
The resulting product was then filtered and washed with ethanol and then water.
The product was then dried overnight at 80 °C (HTCG). As an alternative, 100 gr of
starch with 200 mL of water added directly to the pressurized reactor without
gelatinization (HTCN).

2.3 Sulfonation

For all carbonized samples the same sulfonation procedure was applied. 12 g of the
carbonaceous powder was added to 100 mL of 97 % concentrated sulfuric acid and
heated to 150 °C. The resulting catalyst was filtered and washed with water. The
cleaned catalysts were then dried overnight in the oven at 80 °C.

2.4 Esterification of Oleic Acid

In each case, 1.5 g of the resulting catalyst was reacted with 28.5 g of oleic acid and
32.3 g of methanol at 60 °C for 5 h. Oleic acid has been used for testing the catalyst
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in this work since it a good example of the free fatty acids (FFA) that can occur in
vegetable oil used as a feedstock for biodiesel. Conditions were chosen such that
the molar oleic acid to methanol ratio is 1:10 while catalyst mass is 5 % of the oleic
acid mass. The resulting mixture was then separated from the catalyst with a
centrifuge. After that, the liquid phase was separated from the remaining methanol
in a separatory funnel. The resulting oil-like liquid was then washed with warm
water to ensure complete removal of residual methanol.

2.5 FFA Contents Analysis

1 mL of the resulting oil from the esterification reaction was mixed with 10 mL
isopropyl alcohol and some drops of phenolphthalein indicator. The mixture was
then titrated with KOH solution and the content of free fatty acids (FFA) can be
calculated.

2.6 SEM and EDS Analysis

The structural aspects of the produced catalyst samples were examined with
Scanning Electron Microscopy (SEM). Energy Dispersive X-ray Spectroscopy
(EDS) was used to determine the sulfur content of the materials. Since there is no
other source of sulfur in the material, the amount of sulfonic groups can immedi-
ately be calculated from the sulfur content. The instrumental analyses were done in
commission at Institut Teknologi Bandung (ITB).

3 Results and Discussion

3.1 Conversion FFA for the Different Catalysts

Pure oleic acid is used, so the conversion can directly be calculated from titration
analysis after the esterification reaction. Table 1 shows the conversion and the FFA
content left in the product, for each of the solid acid catalysts.

Table 1 %-Conversion of
FFA by the catalyst

Sample code FFA remaining (%) Conversion (%)

PN400 16.5 83.5

PG400 58.6 41.4

HTCN 21.3 78.7

HTCG 15.2 84.7
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From Table 1, it can be seen that the best results are obtained with catalysts
obtained from hydrothermal treatment of gelatinized starch (HTCG) and the pro-
duct of pyrolysis of native starch (PN400). Both of these products manage to reach
well over 80 % conversion while the catalyst from hydrothermal treatment of native
starch (HTCN) can only reach 78 % conversion. On the other hand, PG400, the
catalyst obtained from pyrolyzed pre-gelatinized starch, cannot produce more than
42 % conversion.

For further understanding of these results, the information on the properties of
the catalyst from the SEM and EDS analyses could be used. Figure 1 is the result of
SEM analysis for catalyst PN400 and PG400, the catalyst carriers before sulfona-
tion: the pyrolyzed starches. Figure 2 shows the SEM pictures of the hydrother-
mally treated materials. In all pictures, magnification is the same (500×).

Between the pyrolyzed starches, in Fig. 1 a clear difference can be seen in the
carbonaceous structure that has developed. The sample derived from native starch
has a fine morphology while the product from gelatinized starch tends to form an
aggregate. This is in parallel with the behavior of gelatinized starch [13].

In Fig. 2, the catalyst carriers produced with hydrothermal treatment show even
finer particle dispersion. Peculiarly, the result from gelatinized starch looks better
here, in terms of an even finer morphology.

In Table 2 EDS results and calculated sulfonic group contents, and for com-
parison also the FFA-conversion are shown.

There appears to be at least a qualitative correlation between the visual
appearance of the catalysts carriers and the amount of sulfonic groups that could be
attached to the material. The PG400 sample, showing the tendency to form
aggregates, has the lowest amount of sulfonic groups. The most finely dispersed
materials shows the highest level of sulfonation. From Table 2, it can also be seen
that the result of EDS analysis agrees with the result of the conversion of oleic acid:
catalysts with higher amounts active sites produce a higher conversion percentage.
That the correlation is not complete or quantitative, indicates that other factors will
also affect the maximum conversion that can be obtained. For example pore size

Fig. 1 SEM analysis a PN400 b PG400
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and -distribution will be important, as this can interfere with perhaps some steric
hindrance effects towards oleic acid molecules. Such factors will need further
investigation, in order to obtain the knowledge to develop the optimal catalyst
carrier for this reaction. In a follow up project, for example BET-measurements
could be included to study this aspect further. Still, almost 85 % conversion of oleic
acid, as a benchmark for free fatty acids in biodiesel feed oil, is a promising result
already from this first exploration of solid acid catalysts derived from starch.

3.2 Re-Use of the Catalyst

To check the stability of the catalyst, ‘spent ‘catalysts, that have been used already
in an esterification reaction were recovered and tested again with at the same
reaction conditions. The most promising materials HTCN and PN400 were recy-
cled, which also allows for a comparison of the stability of catalyst produced from
the hydrothermal carbonization and from pyrolysis. Table 3 below shows the
results of the second reaction run.

Fig. 2 SEM analysis a HTCN b HTCG

Table 2 Result of EDS
analysis compared to
conversion of FFA

Sample %-wt. S %-wt.
SO3H

%-Conversion of
FFA

PN400 1.35 3.42 83.5

PG400 0.49 1.24 41.4

HTCN 0.69 1.75 78.7

HTCG 2.12 5.36 84.8

Table 3 %-Conversion of
oleid acid by fresh (1) and
recycled (2) catalyst

Sample Number of use Conversion (%)

HTCN 1 78.7

2 78.1

PN400 1 83.5

2 83.5
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It can be seen that both of the catalysts retain their conversion capacity in the
second cycle. Therefore, it can be concluded that both of the catalysts are stable and
there has been almost no leaching of active sites during the first esterification
reaction. Of course, more cycles will be needed to test stability also in the longer
term. But from these preliminary test results, it can be concluded already that both
hydrothermal and pyrolysis carbonization can be used to synthesize a stable carbon
based acid catalyst from renewable raw materials. Since the hydrothermal reaction
can be conducted at milder conditions, this method is preferable for the production
of solid acid catalyst from biomass. With hydrothermal treatment, starting with
gelatinized starch gives the catalyst that shows the best FFA conversion.

4 Conclusions

A catalyst could be produced from both pyrolysis and hydrothermal carbonization
of starches followed by sulfonation. It was demonstrated by using oleic acid as a
test component that these catalysts can decrease the content of free fatty acids
significantly by an esterification reaction. Both methods can produce catalysts that
have high stability and show high conversion of oleic acid, up to 84 %. Since the
performance is almost similar, the material that requires the mildest synthetic
conditions should be preferred, which is the product from hydrothermal treatment.
Then, starting with gelatinized starch gives a catalyst with slightly better perfor-
mance. Differences between the conversion results of the respective catalyst sam-
ples could be correlated with the structural features that could be seen in
SEM-pictures. The same factors, mainly the level of fine dispersion of the car-
bonized particles, also determine the amount of sulfonic groups that could be
attached to the carbonized material. In turn, the sulfonic load has a direct and
positive relation with the esterification performance.
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Responses of Dendritic Cells to Different
Coatings of Titanium

Natalia G. Plekhova, Irina N. Lyapun, Valentin B. Shumatov,
Sergey V. Gnedenkov, Sergey L. Sinebryukhov, Artem V. Puz’
and Evgenii V. Pustovalov

Abstract Significant inflammation of the tissues surrounding a fixed implant is
associated with activation of dendritic cells (DC). In this work, the effect of surface
modification of the titanium implants on the maturation of DC was examined. The
method of formation of bioactive calcium-phosphate coating on commercially pure
titanium VT1-0 by plasma electrolytic oxidation (PEO) has been developed. Plates
without coating (Ti), with calcium phosphate coating formed by PEO (PEO Ti) and
with hydroxyapatite coating obtained by boiling of the PEO coated samples in
20 % NaOH aqueous solution (HA PEO Ti) were used as samples. It was snowed
that CD86 level on both PEO Ti and HA PEO Ti samples is higher than on the Ti
sample. Furthermore, the method of Scanning Electron Microscopy showed that in
the cells contacting with PEO Ti or HA PEO Ti samples the maturation processes of
DCs were more rapid than on Ti sample. After a 24 h exposure to the Ti the percent
DC recovery (recovered DCs/plated DCs) was not different (p < 0.01) from the
other samples of Ti. Cells growing on Ti were small, round, flattened and lobulated,
whereas those on PEO Ti and PEO HA Ti were larger with numerous microvilli and
dendritic pseudopodia. These features of morphology cells pointed on the process
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of DCs maturation. Thus, it was demonstrated that the surface modification of Ti
influences on the rate of DC maturation, and PEO HA Ti is less immunoreactive as
compared to other samples.

1 Introduction

Titanium and its alloys are extensively applied for manufacturing dental and
orthopedic implants and artificial joints, plates, and screws used in fracture fixation
due to a unique combination of their physical, electrochemical, and mechanical
properties (high ultimate strength limit, excellent corrosion resistance, wear resis-
tance, high hardness, and low density) [1]. Numerous studies indicated that
incorporation of hydroxyapatite in coating composition improves the biological
performance of implants [2]. Plasma electrolytic oxidation (PEO) has been exten-
sively used to form porous coatings on titanium alloys to enhance their bioactivity
[3]. Bioactive layers containing hydroxyapatite can be formed [4, 5].

The critical role of innate immunity cells in inflammation induced osteoclasto-
genesis and subsequent bone loss were studied, thereby establishing a new para-
digm of osteoimmunology [6–8]. The initial injury to the tissue surrounding the
implant also induces an inflammatory response mediated by the cells of innate
immunity, such as neutrophils, macrophages, and dendritic cells (DC). Cells
adhered to the implant walls release reactive radicals, enzymes, and chemokines,
which triggers a cascade of inflammatory responses [9]. DCs are the most potent
antigen-presenting cells responsible for activation of native T cells and orchestra-
tion of the immune response, become critically situated at the osteo-immune
interface [10]. DCs don’t play a role in bone homeostasis at non-pathological
conditions, but some data suggest that DCs could act as osteoclasts precursors in an
inflammatory milieu through transformation into DC-derived-osteoclasts, according
to phenotypic and functional characterization studies [11, 12].

A surface modification of titanium implant would enable to ensure better bio-
compatibility with the tissue and reduce inflammation and negative side effects at
using metal implants without coating. Among the available electrochemical
methods of coatings deposition on the metal implant surface, the most significant
advantages are concerned with the method of plasma electrolytic oxidation [13, 14].
The PEO process yields the electrochemical synthesis of coatings containing both
the oxidized metal and the electrolyte components on the metal surface.

Here, examined the effect of titanium with and without coating on the maturation
of DCs.
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2 Experimental

Rectangular plates (8 mm � 8 mm � 1 mm) of commercially pure titanium
VT1-0 were used as the samples. For standardization, plates were ground with
sandpaper until the roughness parameter Ra = 0.12 µm. After mechanical treat-
ment, samples were thoroughly washed with deionized water and ethanol and dried
in the air flow.

The electrolyte was prepared in 2 L of deionized water by adding the following
components: 30 g/l of calcium glycerophosphate dehydrate (C3H7CaO6P)�2H2O and
40 g/l of calcium acetate monohydrate (Ca(CH3COOO)2�H2O). The electrolyte pH
was adjusted to 10.9–11.3 by adding 20 % NaOH solution [14]. Plasma electrolytic
oxidation was carried out using a reversible thyristor rectifier as power supply
equipped with an automated control system with appropriate software. All the
samples were treated in the unipolar PEO-mode at a current density of 0.67 A/cm2.

The treatment time was 300 s and the final voltage was equal to 540 V.
The phase analysis was carried out using a D8 ADVANCE automatic X-ray

diffractometer (BRUKER, Germany) with CuKa radiation. Conventional Bragg–
Brentano geometry was used for the scans within the 2h range at an increment of
0.02° and 1 s time per step. The relative content of the phases in the coating was
estimated as the ratio of the lines with the strongest intensity. X-ray patterns were
analyzed with the EVA search program using the PDF-2 powder diffraction database.

Experimental series were carried out with the 2 sample coatings, which included
calcium phosphate and hydroxyapatite Ca10(PO4)6(OH)2 on titanium substrate. The
titanium samples were denoted in the text as: uncoated titanium—Ti; titanium with
calcium-phosphate coating (Ca/P = 1.1)—PEO Ti, and titanium with the
PEO-coating additionally treated by boiling in 20 % NaOH solution for 2 h and
containing hydroxyapatite (Ca/P = 1.6) – HA PEO Ti. The samples were punched
in the 6-well tissue culture polystyrene (TCPS) plates (Termo Fisher Scientific,
Germany). The samples were sterilized in a laboratory oven (Thermo Scientific,
Denmark) at 180 °C for 15 min (with controlling of surface properties), in accor-
dance with the rules for sterilization of medical devices.

Bone marrow (BM) derived DCs were generated, as previously described, by
Masoud et al. [15] with some modifications. Briefly, BM cells were removed from a
male of guinea pig and cultured in 24-well-culture plates, at a concentration of
5 � 106 cells per well, in 800 µl of RPMI-1640 (Lonza, Belgium) supplemented
with heat-inactivated 10 % fetal calf serum (FCS), 100 µg/ml of penicillin,
100 µg/ml of streptomycin, 5 � 10−5 m 2-mercaptoethanol (Lonza, Belgium) plus
GM-CSF (50 ng/ml) and IL-4 (10 ng/ml). On days 3, 6, and 9 the supernatant was
gently removed and replaced with the same volume of the supplemented medium.
On day 9 of culture, � 80 % of the cells were CD11c+ DC.

For the differentiation assays, BM-derived DC were cultured as described above,
in the presence of lipopolysaccharide of Escherichia coli (control, LPS,
Sigma-Aldrich, USA) and modified coatings and titanium samples. The differen-
tiated cells were harvested on days 3, 6, and 9 of culture, labelled with specific
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antibodies (CD34 PE, CD14 FITC, CD80 PE, CD86 FITC, BioLegend, USA) and
analyzed. For the maturation assays, the cells were differentiated, as was described
earlier, but in the absence of titanium samples. On day 9, the cells were activated by
the addition of LPS (1 µg/ml). Cells cultured with supplemented medium plus the
recombinant cytokines were considered immature DC (controls). After 48 h of
incubation, the cells were recovered and labeled with specific monoclonal anti-
bodies, supernatants from all cell cultures (differentiation and maturation assays)
were also collected and stored at −20 °C for cytokines assay. The mean fluores-
cence intensity (MFI) value for the CD11+ cells expressing CD34, CD80 and CD86
was analyzed using a confocal scanning laser microscope (Zeiss, Germany) and an
MACSQuant (Miltenyi Biotec, Germany) 3 lasers flow cytometer equipped with an
argon laser (15 mV) source operating at 488 nm. The emission of fluorochromes
was recorded through specific band-pass fluorescence filters: FITC, 525 nm (FL1);
PE, 575 nm (FL2). Data were analysed using MACSQuantify™ Software 2.6
(Miltenyi Biotec GmbH). For immunophenotyping, gating was done on side scatter
(SSC; ordinate). Nonviable (7-AAD-positive) cells were excluded from analysis.
An average of 20 000 cells were collected per sample.

Cell viability was estimated at 24, 48, and 72 h using a mitochondrial colorimetric
assay (MTT assay) by the percent of total lactate dehydrogenase (LDH) released.
Briefly, in each well, 600 lL of culture medium was aspirated, leaving 400 lL, to
which 40 lL of MTT solution (3-(4.5-dimethylthiazol 2-yl)-2.5-diphenylte-
trazoliumbromide, Sigma) was added. The cells were incubated for 4 h. The upper
medium was removed carefully, and the intracellular formazan was solubilized by
adding 400 lL of dimethylsulfoxide to each well (Sigma-Aldrich, USA). The
absorbance was measured at 570 nm. The results expressed as optical density
(OD) were obtained for three different experiments from each surface modification.

The qualitative analysis of cell adhesion was determined at 1, 3, 6, and 9 days
using the scanning electronmicroscope observation. Specimens were fixed using 2 %
glutaraldehyde, dehydrated using a standard ethanol dehydration series, freeze-dried,
and coated with gold using an ion coater. After the cells were cultured, the material
surface was observed and photographed using scanning electron microscopy
(SEM) was observed and photographed using scanning electron microscopy (Zeiss,
ULTRA PLUS-40-50, Germany) after spraying, in accelerating voltage 5 kV.

3 Results and Discussion

For providing of sufficient progress in direction of formation coating formation on
titanium implant, it is required to develop new economically sound methods of
synthesis and deposition of hydroxyapatite on its. It is also considered as a
promising biomaterial in its porous form improving mechanical compatibility of the
implant to the bone tissue [16]. A passive oxide layer on the alloy surface ensures
good biocompatibility and protects the metal substrate from an aggressive bio-
logical medium. The following methods are applied for the coatings formation:
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sparc anodization, plasma spraying, thermal processing, pulse laser sintering,
electrophoretic deposition, biomimetic deposition [17–20] etc. The developed
method of the coatings formation using the method of PEO allows formation of
bioactive calcium-phosphate coatings on titanium substrate. According to our
experiments the coatings on titanium contained calcium and phosphorus at a ratio of
(Ca/P = 1.6), which is comparable to that in the bone tissue (1.67). According to
X-ray diffraction data, hydroxyapatite and calcium phosphates are present in the
coating’s chemical composition (Fig. 1). Based on the analysis of the data on the
morphology of coatings obtained by means of atomic force, electronic, and optical
microscopies, it can be concluded that the surface is developed and has pores, the
presence of which is favorable for the ingrowth of bone into them and formation of
a stronger implant-bone junction (Fig. 2a, b).

Fig. 1 Diffractogram of the sample VBT1-0 with hydroxyapatite coating obtained by boiling of
PEO coated samples in 20 % solution (HA PEO Ti)

Fig. 2 SEM images of surface (a) and a cross-section (b) of the sample titanium VT1-0 with
hydroxyapatite coating obtained by boiling of PEO coated samples in 20 % NaOH aqueous
solution (HA PEO Ti)
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Innate immunity is the nonspecific and first line of the body’s defense system,
which relies on pattern recognition receptors (PRPs) to recognize broad and con-
served molecular patterns found on pathogens (pathogen-associated molecular
patterns, PAMPs) [21]. Therefore, the innate immune system plays an essential role
in the early recognition and subsequent proinflammatory response. Different
physical and chemical properties of coated titanium induce different cellular
responses, such as cellular uptake and intracellular biodistribution, leading to the
different immune responses [22, 23]. The morphology of DC after contact with Ti
sample examined by SEM showed a spherical shape with an estimated size of
20 µm in diameter (Fig. 3a). In contact with PEO Ti and HA PEO Ti DCs were
larger and have a long dendrite like pseudopodia, rough cell surface with many
folds and different types of protrusions (Fig. 3b, c).

Fig. 3 SEM images of the cells on the surface of the Ti (a), PEO Ti (b) upon 3 days incubation
and HA PEO Ti samples upon 3 days (c) and 6 days incubation (d)
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The expression of CD34, CD38 indicates the degree of differentiation and
maturity of the DC. The CD34+ cells in bone marrow are precursors of both the DC
and granulocytes, and such cells are of the “intermediate” type. On the 6 day, under
effect of the inductor, these cells capable in differentiation into DCs or leukocytes.
In order to study the role of implants as inducers, the receptor phenotype of DC was
analyzed. CD34+ DC on 1 day of co-incubation with LPS was 72 ± 5.8 %,
thereafter, their number by decreased 8.6 ± 0, 8 % (9 days). Under effect of
samples implants, CD34+ DC was lower as compared to the control (Fig. 4).

For the Ti samples it was 56 ± 4.8 % (1 day), while for the samples with PEO
coated titanium PEO Ti it was 42 ± 4.6 % (Fig. 5). The minimum number of
CD34+ cells was found at the end of the observation period (21 days), and it is
equal to 3.8 ± 0.2 % and 8.4 ± 0.6 % respectively. Under effect of LPS on the
degrees of expression receptors on day 9, the indicator of CD14+ DC was minimal
against the maximum of CD83+ (2.4 ± 0.2 % and 62.4 ± 0.6 %, Fig. 5a). In
contact with titanium Ti sample, the number of CD14+ cells in this period was
32 ± 2.1 % and CD83+ 48 ± 2.6 % (Fig. 5), with coated titanium PEO Ti
sample—26.4 ± 2.1 % and 52.6 ± 4.6 % and HA PEO Ti sample—21.3 ± 2.3 %

Fig. 4 The phenotype of DCs at different stages of maturation in vitro. BM-derived DCs were
tested by flow cytometry and cultured with GM-CSF and IL-4 (1000 IU\l) for 6 days.
Immature DC cultured in presence of IL-4 and another 3 days with either LPS, either HA PEO
Ti to induce their maturation to matDC1 and matDC2 respectively. At the end of the population
were collected and cells stained by fluorochrome. The analysis was performed by flow cytometry.
Data of imDC and DC phenotype typical for more than five cellular cultures were presented
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and 56.2 ± 4.2 %, respectively. These data indicate to the effect of coatings on
titanium as inductors of DC differentiation.

The increased indicators of enzyme activity were detected in the initial period of
DCs contact with samples. During this period, the difference was observed between
indicators of enzymes depending on the sample type: the highest one was detected
in cells contacted with Ti 2 and Ti 3 (2 and 3 days). Further these parameters
decreased, thus showing the cells stabilization. Such a change in cell metabolism
was associated with the components contained in coatings on titanium.

4 Conclusion

The DCs are considered the most potent antigens presentation cells and are essential
in the understanding of regulatory mechanisms of immune system. They are the
only cells to prime native T cells and initiate primary immune responses [24]. There
exists an increasing interest in understanding the DC biology as they have the
ability to modulate the immune response towards either specific effector functions
or tolerance. Changing after contact with the implants of DCs functional state can
be regarded as trigger factors of the inflammatory process that usually accompanied
the introduction of a foreign material. In the present study, we explored the effects
of uncoated titanium VT1-0; titanium with calcium-phosphate PEO-coating and
with the coating comprising hydroxyapatite on the morphology and functional
activity of innate immunity cells. A more expressed stimulation of adhesion and
enzymes activity cells was detected in contact with hydroxyapatite containing

Fig. 5 The effect of LPS and Ti sample, on the expression of differentiation/maturation antigens
on DC subsets. The surface expression of CD34, CD144 and DC maturation marker CD83 was
examined by flow cytometry. The percentage of cell positivity is shown and is representative of
three independent experiments
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coating on titanium. Thus, the optimization of the enzyme reaction innate immune
cells via the subsistence of titanium of bioactive osteogenesis coating is a prereq-
uisite for a strong, long-term, and lasting fixation of implants in bone tissue.
Products of cells released into the extracellular environment mediators, namely,
pro- and anti-inflammatory cytokines, might contribute to intercellular signaling
biochemical environment for the formation of the bone tissue on implant. Finally,
coatings on titanium affect the functional state of cellular processes accompanying
bone mineralization, especially in contact with calcium phosphate coating formed
by the method of PEO.
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Microscopy of a Goatskin Bag Cheese
“Bouhezza”

O. Aissaoui Zitoun, S. Carpino, N. Fucà, M.L. Mansour, H. Attia
and M.N. Zidoune

Abstract Scanning electron microscopy and confocal laser scanning microscopy
(CLSM) were used to visualize changes in the microstructure of a goatskin bag
cheese “Bouhezza” during manufacturing and ripening. The exceptional cheese-
making process is based on the successive addition of salted fermented milk “Lben”
in the goatskin bag for few weeks and then adding raw milk at the end of ripening.
The SEM observation shows a proteinic aggregates organised in an open space
matrix in which lipids and whey are entrapped in the proteinic mass. We observe
the limits of micelles where caseins are not completely fused between them. During
the manufacturing the semi-liquid structure of the Lben change to a gel structure
and the formed cheese grows rich out of proteins and its structure becomes denser,
specially marked enter the first and the third week of manufacturing. Then and to
6 weeks, the structure of cheese does not changed and the proteinic network
became just more dense. This structure allows the continuous draining of the whey
through the perforations of the goatskin. The CLSM shows the same observation.
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Fat globules were less in the first weeks of manufacturing and at the end their
distribution appears to be homogenous in the protein matrix and are in form of
visible small and large globules.

1 Introduction

The microstructure of cheeses compiles information from surface observation of the
product structure and visualizing the different macromolecules arrangement that
principally proteins (appearance, size, arrangement of caseins) and lipids (size and
dispersion). Several studies have been conducted on cheeses or lactic acid gels
microstructure using different types of microscopes [1–3]. For cheese, the
microstructure differs depending on the type of cheese and the manufacturing
technology. It has been proven that cheese’s microstructure can be influenced by
various factors related to the milk and to cheese-making processes (the pressure and
temperature treatment of the milk, rennet, ripening bacteria action …) [4, 5].

The goatskin bag is a container, traditionally used for foods preparation or
conservation in some African and Asian countries. In dairy products its used for
churning the fermented milk to obtain “Lben” beverage and for ripening in few
cheese-making process like Tulum cheese (Turky), Darfeyeh (Lebanon) and
Bouhezza cheese in Algeria. Bouhezza is a traditional cheese made from goat, ewe
or cow’s raw and/or fermented milk “Lben”. The cheese is obtained by spontaneous
coagulation in the goatskin bag container locally named “chekoua” for draining and
ripening during at least one month. First results showed that the Bouhezza is a soft
and mid-fat cheese and described with a slightly spicy taste, a rather pronounced
acidity and a medium salty flavor [6].

Considering the limited information available concerning Bouhezza cheese
characteristics, the aim of this work was to study the microstructure of the formed
cheese in the goatskin “chekoua” and its changes during ripening using the
Scanning electron microscopy (SEM) the and confocal laser scanning microscopy
(CLSM).

2 Experimental

Chees making of Bouhezza was undergone as cited by Aissaoui Zitoun et al. [6].
Figure 1 show all stapes of manufacturing.

Tow manufacturing experiments were carried out in our laboratory via the tra-
ditional diagram and for a ten weeks’ time. During the first six weeks, the tow
goatskin bags received each three day only salted Lben, this time to ensure the
ripening mechanisms. At the last weeks of manufacturing-ripening and to adjust
organolepic characteristics of the bouhezza pasta (salt and acidity intensity),
additions of whole raw milk were done. In this study the additions of fresh whole
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milk was perused until the tenth week to observe eventual evolutions in this case. In
all cheesmakin process, the goatskin “chekoua” was suspended in an aerated room
and daily washed and scraped on the external face.

Cheese sampling was performed at different manufacturing and ripening stages.
Samples were at 2, 4, 6, 8 and 9 weeks.

Cheese samples of Scanning Electron microscopy (SEM) analysis were prepared
according to Attia et al. [8]. A fine layer of Bouhezza sample was spread on a

Fig. 1 Adopted procedure for traditional Bouhezza cheesemaking in permeable goat skin [7].
a The process was started with salted lben (6 L to start at day 0, salt: 25 g L-1), and repeated
additions of lben are made until day 42 (3 L at day 1, and then 1.5 L every three days); b continual
draining; c additions of fresh whole raw milk are made between day 42 and 70 (1.5 L every three
days); d recovery of the Bouhezza cheese from the chekoua and spicing with red hot pepper;
e Bouhezza cheese spread on traditional bread
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sluggish surface and dried on air for one hour and in a saturated atmosphere with
glutaraldehyde for a night. Next samples were deshydrated in graded ethanol series
and observed under a scanning electron microscope Philips XL30 (Philips, France)
after drying to CO2 critical point using a Baltec CPD 030 apparatus and coating
with gold using a Baltec MED 20 apparatus (Balzers Union, Balzers, Germany).

For Confocal Microscopy, samples at different ripening time were mounted on a
microscope slide and directly stained with 10 μL of Nile Red 0.0025 % diluted in
acetone to detect lipids and 10 μL of fluorescein isothiocyanate (FITC) 0.002 % in
acetone to distinguish proteins. After 15 min of dark incubation, the samples were
observed with a C1si Spectral Confocal system on a Nikon TE2000E inverted
otorized microscope using 10× and 20× objective lenses [9]. Protein and lipid
fluorescence excitation was produced with the 488 nm line from a 40 mW Argon
Ion Melles Griot Laser and the 543 nm line from a He/Ne 2.0 mW Melles Griot
Laser, respectively. Their emission wavelengths were 520 nm and 640 nm,
respectively. Images were obtained with a multi-anode PMT and controlled with
Nikon EZ-C1 3.0 version software.

3 Results and Discussion

SEM and confocal microscopy observations are presented in Figs. 2 and 3
respectively.

The SEM observation shows a proteinic aggregates organized in an open space
matrix (Fig. 2) in which lipids and whey are entrapped in the proteinic mass. In
protein mass we see the limits of micelles which caseins are not completely fused
together. The cheese structure was open at the beginning than but more compact at
the end of ripening. During the manufacture the cheese is enriched in protein and its
structure becomes denser it is marked enter the first weeks where the appearance of
the cheese that forms changes completely.

After the 4th week, the cheese structure does not appear changed and the protein
network is visualized with the presence of various microorganisms within. In our
opinion it is this structure that allows continuous draining of whey through the
goatskin perforations; this is again a feature of making cheese Bouhezza. This
microstructure is consistent with remarks of TUCKEY (1964) [1] where he states
that the proteins in granule form as an active, sensitive surface which, under normal
conditions, acts as a semi-permeable membrane, allowing the passage of whey.

Figure 3 of CLSM results shows the same observation as SEM and complete
first Bouhezza cheese results [7] Fat globules were less in the first weeks of
manufacturing and at the end their distribution appears to be homogenous in the
protein matrix and are in form of visible small and large globules. Native fat
globules were completely spherical and usually small-sized, which proposes that
appear after whole raw milk additions starting at 6 weeks manufacturing. Fat pools
are probably generated from Lben fat, which is in the form of small lipid grains.
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Fig. 2 SEM observations on Bouhezza cheese during manufacturing-ripening
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Fig. 3 CLSM observations of Bouhezza cheese during manufacturing-ripening
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4 Conclusion

During the manufacturing of the Bouhezza cheese, the semi-liquid structure of the
fermented Lben change to a gel structure and the formed cheese grows rich out of
proteins and its structure becomes denser. The SEM and CLSM shows similar
observations where proteins are organized in an open space matrix in which lipids
and whey are entrapped. The Bouhezza microstructure is similar to the
microstructure of other soft and creamy cheeses.
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N-Hexane Isomerization on Pt-Containing
Ti-Pillared Tagan’s Montmorillonite

N.A. Zakarina, A.K. Akurpekova, D.A. Zhumadulaev
and O. Dalelkhanuly

Abstract Ti–pillared interlayered clays have been synthesized by the exchange
reaction between acid modified Tagan montmorillonite in Na-form with an aqueous
solutions of TiCl4 and characterized by XRD, N2–adsorption/desorption analyses,
temperature-programmed desorption of ammonia (TPD NH3), transmission electron
microscopy (TEM). The maximum conversion of n–hexane equal to 64.1 % was
found on 0.35 %Pt/Ti (5,0) NaHMM + M-catalyst thus the yield of isohexanes
makes 45.0 %. At the decrease of platinum amount to 0.1 %, the conversion of
n-hexane decreases slightly it makes 61.7 %, and the yield of isohexanes increases
by 1.4 %. According to TEM separate dense particles mainly with a sizes of 50–
100 Å are shown. Morelarger particles have the sizes within 200 Å. These particles
can be related to the mixture of the phases Pt, PtTi, Pt3Ti, TiO, TiO2 that testify
about strong interaction of the supported metal Pt with the support with formation
of intermetallids (PtTi, Pt3Ti) and oxides.

1 Introduction

Reactions of a catalytic isomerization of light normal alkanes are widely wide-
spread in oil processing for production of isomerizats—a high-octane component of
commodity gasolines. The isomerization changes raw materials—light C4–C6

alkanes—into isoparafins with a high octane numbers. There are processes of an
isomerization of n-butane to isobutane, which is raw material for alkylation;
n-pentane to isopentans; n-hexane to isohexans; a pentane-hexane fraction to
mixture of isopentans and isohexans which have high octane numbers. The iso-
merization of C5–C6 fractions appeared in the most economically effective way for
achievement of new requirements to commodity gasolines and now the isomer-
ization is the most large-capacity industrial process [1].
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Materials on the basis of clay minerals can serve as effective and rather cheap
sorbents and catalysts in various processes. Development of technologies of pro-
duction the modified clays and research of their adsorptive and catalytic properties
is an actual task. Pillaring of the montmorillonite (MM) clays is the modification
method allowing to improve porous structure of clays, to change its structure and
acid properties [2–5].

The purpose of this work is to synthesize and investigate the catalytic activity of
Pt-catalysts on pillared Ti- montmorillonite (TiNaHMM), modified by mordenite
(M) with the silica modulus 20 in a hydroisomerization of n-hexane and the defi-
nition of physical and chemical characteristics of catalysts.

2 Experimental

Synthesis of Ti-pillared NaHMM on the basis of Tagan MM is described earlier [6].
Textural characteristics of samples determined by the BET method by
low-temperature adsorption of nitrogen on the ACCUSORB device.

Dispersion of metal particles was determined electron microscopically
(EMV-125) by method of replicas with the extraction and the application of
microdiffraction method. Catalysts were tested in the course of a hydroisomeriza-
tion of model hydrocarbon—n-hexane, a component of industrial a pentane-hexane
straight-run gasoline oil with the aim of receiving a high-octane component of
gasoline. Process was carried out in the range of temperatures of 250–400 °C with
an atmospheric pressure of hydrogen, the molar ratio H2:C6H14 = 3.5 and volume
feed rate of 0.82 h−1. Catalyst volume—5 cm3. The analysis of products of reaction
was carried out by gas chromatography on the chromatograph 3700 with applica-
tion of the capillary column (50 m) filled by skwalane.

Pt (0.05–0.35 % mass.)—catalysts prepared via the impregnation of Ti-pillared
montmorillonitewithH2PtCl6 solutions followed by thermal decomposition (500 °C)
to the oxides and their subsequent reduction in hydrogen current at 450 °C. The
catalysts were modified by mordenite (15 %).

3 Results and Discussion

Data on textural characteristics of initial NaMM, the acid activated NaHMM and
Ti-pillared montmorillonite modified by mordenite TiNaHMM + M are provided in
Table 1.

It was seen that a pillaring increases the specific surface of a sample from 90.3 to
190.5 m2/g (Table 1). The increase in concentration of the pillaring agent from
5.0 mmol of Ti/g NaHMM to 7.5 mmol of Ti/g NaHMM leads to growth of a
specific surface area from 115.1 to 190.5 m2/g, the total volume of a pores passes
through a maximum for Ti (5.0) NaHMM + M. According to the standard
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classification of a pores, a pores with a width <20 Å are a micropores, with a width
20–80 Å-intermediate mesopores, a pores with a width >200 Å—a macropores. It
should be noted the absence of a macropores (>200 Å) at the synthesized samples.
The calculation (Table 1) shows that in comparison with NaMM and NaHMM for
which the share of a mesopores equal to 77.1 and 61.3 %, respectively, at the
pillared TiNaHMM from the H-form at the ratio Ti4+/NaHMM = 5.0 mmol/g the
quantity of a mesopores is 88.2 %, a share of micropores—11.8 %.

Data on the hydroconversion of n-hexane over 0.35 % of Pt/TiNaHMM-catalyst
with an additive of a mordenit are given in Table 2 at various temperatures and
ratios of Ti in TiNaHMM.

As it seen from Table 2, conversion of n-hexane increases as the process tem-
perature increases from 250 to 400 °C. Selectivity to all formed isomers remains
very high (90.6–100 %). The maximum yields of isohexanes were observed at
350 °C on catalysts with ratios 5.0, 2.5 and 7.5 mmol Ti4+/g NaHMM which
accordingly equal to 46.8, 36.8.0 and 37.6 %. Existence of C7 isomers testifies
probably about parallel proceeding processes of disproportionation in the course of
n-hexane isomerization.

Figure 1 presents the data on the activity and selectivity of
Pt/TiNaHMM + M-catalyst in reaction of a hydroisomerization of n-hexane
depending on the ratio of Ti4+/NaHMM. The optimal activity shows the catalyst
with a ratio of 5.0 mmol Ti4+/g NaHMM. Conversion of a n-hexane on Pt/Ti(5.0)
NaHMM + M-catalyst reaches 64.1 %at 400 °C. On this catalyst at 350 °C about
25 % of a 2,2-dimethylbutan (2.2-DMB) and 21.8 % of a 2-methylpentan(2-MP) are
formed. Also Pt/Ti(2,5) NaHMM with conversion of n-hexane 50.1 % and high
selectivity of process is rather active. On this catalyst the yield of disubstituted
isomers equal to 22.5 %.

The acid properties of the catalysts prepared from Ti-pillared NaHMM are
presented in Table 3 according to the modern acid centers classification.

From data of Table 3 it is visible that for 0.35 % of Pt/Ti(2,5) NaHMM-catalyst
the total amount of acid centers is 206,3 µmol of NH3/g. From them the amount of

Table 1 Comparative structural and adsorption characteristics of the initial NaMM, activated
NaHMM and Ti-pillared MM (TiNaHMM + M) with various ratio of Ti4+/NaHMM

Sample S
(m2/g)

Total volume of a
pores (cm3/g)

R (Å) Relative quantity (%)

Micropores
(0–20 Å)

Mesopores
(20–80 Å)

NaMM 76.9 0.176 12.0-70.0 22.9 77.1

NaHMM 90.3 0.070 12.5-70.0 38.7 61.3

Ti(5.0)
NaHMM + M

115.1 0.223 12.5-70.0 11.8 88.2

Ti(7.5)
NaHMM + M

190.5 0.172 12.0-70.0 36.0 64.0
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weak acid sites (50 < T< 200 °C) is 15.0 %, amount of the medium a.c.
(200 < T < 300 °C)—15.0 % and on a share of the strong a.c. (T > 300 °C)—
70 %. The introduction of a mordenite grows the total acidity of the catalyst, it
makes 234.4 µmol of NH3/g. From them on a share weak (50 < T < 200 °C) a.c.
have 22.2 %, on a share of the medium a.c. (200 < T < 300 °C)—25.9 % and on a
share of the strong a.c. (T > 300 °C)—51.9 %, i.e. at the introduction of a mordenit
occurs reduction of the relative contents strong a.c. from 70 to 51.9 %, while the
amount of medium and weak a.c. grows that is followed by increase of isomer-
ization activity of the studied catalysts.

We conducted electron—microscopic examination of the dispersion and struc-
ture of platinum particles after their preliminary reduction in a hydrogen flow at
450 °C and experiments at 250–400 °C.

The electron microphotographs of the 0.35 %Pt/Ti(2.5)NaHMM + M-catalyst
are given in Fig. 2.
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Fig. 1 Change of conversion and selectivity of 0.35mass%Pt/TiNaHMM + M-catalyst with
various ratio of Ti4+/NaHMM in the isomerization of n-hexane at 400 °C, and the structure of the
main formed products

Table 3 Acidity of 0.35 %Pt/Ti(2.5)NaHMM and 0.35 %Pt/Ti(2,5)NaHMM + M – catalysts

Sample Amount of acid
centers (a.c)

Acid centers

Weak
<200 °C

Medium
200–300 °C

Strong
>300 °C

Total
acidity

(0.35 %) Pt/Ti(2,5)
NaHMM

% 15.0 15.0 70.0 100

µmol NH3/г 30.9 30.9 144.4 206.3

(0.35 %) Pt/Ti(2.5)
NaHMM + M

% 22.2 25.9 51.9 100

µmol NH3/г 52.0 60.7 121.7 234.4
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Figure 2a taken for Pt/TiNaHMM-catalyst show small dense particles of Pt
which the size fluctuates within 30–50 Å. They alternate with the dense particles of
the TiO2 carrier with a size of 100–200 Å (Fig. 2b).

Data on isomerization activity of Pt/Ti (2,5) NaHMM, modified by mordenite
depending on the content of metal are presented in Table 4 and in Fig. 3.

The conversion of n-hexane grows with temperature increase and reaches
61.7 % for 0.1 %Pt/Ti(5,0)NaHMM + M-catalyst and 55.4 % for 0.05 % Pt/Ti
(5,0) NaHMM + M-catalyst. Selectivity on all formed isomers remains the very
high—93.0–100 %. The yield of S6-disubstituted isomers at 400 °C for 0.1 %Pt/Ti
(5,0) NaHMM-catalyst makes 24.4 %. At decreasing of the quantity of platinum to
0.05 % yields of C6-disubstituted isomers changes a little and makes 23.5 %. At
increase in the concentration of the pillaring agent the isomerization activity of the
catalyst is falled. The quantity of products of hydrocracking fluctuates from 0.1 to
1.4 % depending on the structure of the catalyst and the temperature.

The maximum yield of isohexanes was received on 0.1 % Pt/Ti (5,0)
NaHMM + M-catalyst at 400 °C that makes 46.4 %. Formation 9.7 % of C7 iso-
mers (2,2,3 TMB, 2 MG, 3MG, 3 EP) on this catalyst testifies probably about is
collateral the proceeding processes at an isomerization of n-hexane.

The electron microscopy picture of the catalyst at the reduction of the content of
platinum to 0.1 % is given in Fig. 4.

In Fig. 4a separate dense particles of the TiO2 carrier are shown which size
fluctuates within 50–70 Å. In the Fig. 4b separate dense particles mainly with a size
of 50–100 Å are shown. More larger particles have the sizes within 200 Å. These
particles can be related to the mixture of the phases PtTi, Pt3Ti, TiO, TiO2 and Pt
that testify about strong interaction of the supported metal with the support with
formation of intermetallids (PtTi, Pt3Ti) and oxides.

Fig. 2 Elektron microphotographs of the 0.35 %Pt/Ti (2.5) NaHMM + M-catalyst (magnification
50,000)
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The comparison of the electron microscopy photographs of Pt-catalysts with the
quantity of Pt 0.35 and 0.1 % (Figs. 2 and 4) shows that with the decreasing of Pt
quantity in the catalyst the interaction of Pt with Ti from the support intensified
while it isn’t possible to do a conclusion about the dispersion of Pt particles on the
basis of the received results.
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Fig. 3 An yield of isohexane, selectivity and conversion of n-hexane over 0.1 %Pt/Ti (2.5)
NaHMM + M (a); 0.1 %Pt/Ti (5,0) NaHMM + M (b); 0.1 %Pt/Ti (7,5) NaHMM + M (c)—
catalysts depending on process temperature

Fig. 4 Electron microphotographs of the 0.1 % Pt/Ti (2.5) NaHMM + M-catalyst (magnification
50,000)
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4 Conclusion

Ti–pillared interlayered clays have been synthesized by the exchange reaction
between acid modified Tagan montmorillonite in Na-form with an aqueous solu-
tions of TiCl4 and characterized by XRD, N2–adsorption/desorption analyses,
temperature-programmed desorption of ammonia (TPD NH3), transmission electron
microscopy (TEM).

Pt-catalysts, supported on TiNaHMM, were tested in the isomerisation n-hexane
depending from amounts of Pt, Ti and reaction temperature. The maximum con-
version of n-hexane equal to 64.1 % was found on 0.35 %Pt/Ti (5,0)
NaHMM + M-catalyst at 400 °C. In these conditions the yield of isohexanes was
45.0 %, the yield of 2,2-dimethylbutan was 24.0 %. The decrease of platinum
amount to 0.1 %, the conversion of n-hexane decreases slightly it makes 61.7 %,
and the yield of isohexanes increases to 46.4 %.

According to TEM separate dense particles mainly with a size of 50–100 Å were
revealed. More larger particles have the sizes within 200 Å. These particles can be
related to the mixture of the phases Pt, PtTi, Pt3Ti, TiO, TiO2 that testify about
strong interaction of the supported metal with the support with formation of
intermetallids (PtTi, Pt3Ti) and oxides.

Thus, Ti-pillared Tagan montmorillonite containing as the metal phase Pt, and as
acid component TiNaHMM + M can be used in reaction of a skeletal isomerization
of linear alkanes to isomers with high octane number at the atmospheric pressure.
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Analysis of Historical Monuments
Through the Lens and Electrons: Case
Study: The Monastery Hurezi

Ioana Gomoiu, Dan Mohanu, Ileana Mohanu, Mădălin Enache
and Roxana Cojoc

Abstract The Horezu Monastery is dating from the seventeenth century, but the
refectory was built in the western side of its axis and painted in the early eighteenth
centuries. The main objective of the work is to perform a deep analysis of pink and
black pigmentation from the refectory and the cellar. It started from the pink
coloration observed by the naked eye followed by photographic registration and
analysis by mobile optical microscope. Then micro samples have been taken for
analysis at optical and electronic microscope and resin embedding to obtain
cross-sections. Photographic registration is a useful method to map pink pigmen-
tation but microscopy and microbiological analysis are essential for finding its
biological origin. Spherical cells like Rubrobacter grouped in chains or tetrads
developing a pink biofilm and filamentous branching bacteria like actinomyces
were identified on the surface of mortar, mural painting and bricks. Many groups of
bacteria have been found in cracks and pores. This observation explains the ability
of pink bacteria to travel through pores and clog them impairing water evaporation.
Black pigmentation is the result of mortar colonization by fungi which developed
both mycelium and conidiophores with conidia. Examination of the samples by lens
and electrons allows scientists and restorers to identify the microbiological origin of
the pink and black discoloration and to avoid their misinterpretation as colors which
are coming from chemical reactions or deposits from the atmosphere. Based on
these results, a strategy for decontamination is elaborated to be applied before
restoration work.
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1 Introduction

Biodeterioration of mural painting from historical monuments has as result chro-
matic changes, colored stains appearance, cracks and detachments promoting aes-
thetical and structural damages. The main biodeteriogens of mural painting are
bacteria, algae, yeasts, fungi and lichens. Specific conditions favorable for micro-
bial colonization are as follows: reduced carbon and energy sources, varying
moisture levels and low or variable temperatures [1, 2]. The pink color of stains is
due to carotenoids produced by archaebacteria (genera Halobacterium,
Halococcus), halophilic bacteria (genus Rubrobacter) and yeasts (genus
Rhodotorula) [3, 4]. White patina appears as an intensive, compact and whitish
deposit on the powdered pictorial layer, very similar to salt efflorescence, but in fact
is produced by pseudomycelium belonging to Actinomycetes [1]. Blue–green bio-
film is produced by Cyanobacteria and green biofilm by green algae grown on the
mural paintings exposed to natural and artificial light [5, 6]. Stains are also a
consequence of the presence of secondary colonizers like fungi. Melanized fungi
produce black stains (genera Aspegillus, Ulocladium, Alternaria) or dark-brown
spots (genus Cladosporium) [7–9]. Other fungi like Trichoderma viride develop
brownish–grey patina [10]. Lichens produce colored crusts on the surface of the
external walls and even on the internal ones if there is natural or artificial light [11].
The aim of this research is to identify stains on the surface of pictorial layer and
mortar from Hurezi complex monastery and their origin, to elaborate a scientific
diagnosis useful for the strategy of restoration. We also investigate the methodology
for examination of stains in situ and in laboratory.

2 Materials and Methods

The Hurezi monastic complex dates back to the 17th century (1690–1693), being
founded by the ruler Constantin Brancoveanu. In early eighteen century, a refectory
was built and decorated with mural painting made in al frescoes techniques in the
western side of its axis. Later on, the eastern and western walls of the refectory as
well as the inner side of the niches have been covered by massive over paintings on
the lower side of the walls. All walls of the refectory in the lower part are stained in
yellow-pink and black. Stairs, walls and the ceiling of the cellar are covered with
pink-red biofilm.

After visual identification of stains and photographic registration, the examina-
tion under Dino-Lite Digital microscope was performed. The walls of the refectory,
bricks and stairs were sampled at 30 cm above the ground and observed under
optical microscope (Nikon AZ 100) as well as under Scanning Electron Microscope
(SEM; JEOL JSPM 5200—Japan), to identify the origin of pigmentation. Samples
for microbiological analysis were weighed (g) then the decimal dilutions were
inoculated on solid media supplemented with 10 % respectively 20 % NaCl [12] as
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well as on the yeast-glucose-chloramphenicol-agar [7] and incubated at 28 °C for
35 days. Pure cultures were obtained using depletion loop technique.

3 Detection of Pink Pigmentation

Visual Examination of the refectory identified pink pigmentation on the infilling
mortars of eastern wall on the lower part either as uniform areas with well defined
margins (Fig. 1a) or as detached even powdery areas (Fig. 1b). On the northern
wall, very clear pink areas were observed both on the infilling mortar and pictorial
layer (Fig. 1c). Pink pigmentation from the northern wall passing to the western
wall could be remarked only at the level of infilling mortar which was applied up to
60–70 cm high (Fig. 1d). Our research started one year ago but religious persons

Fig. 1 General view of the distribution of pink discoloration in the refectory and cellar: a, b the
eastern wall; c the northern wall; d the western wall; e the southern wall; f bricks; g stairs; h some
bricks are covered by black deposit and yellow or white colonies
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frequenting the place sustained that pink pigmentation on the northern wall has
appeared at least 10 years ago. On the southern wall pink pigmentation was
observed in the lower part of the wall (up to 30 cm height); it changed color from
light yellow six months ago to light pink presently (Fig. 1e).

Mortar and bricks from all walls as well as on the stairs, ceiling and floor are
covered by pink pigmentation; mortar became powdery, bricks are covered by pink
efflorescences and stairs (Fig. 1f) by the red biofilm (Fig. 1g). Also, there were put
in evidence even yellow and pink colonies (Fig. 1h).

Microscopical Examination in laboratory, under Nikon AZ 100, performed both
on samples from the refectory and from the cellar revealed large or small pink areas,
white and pink efflorescences on the surface of the pictorial layer, infilling and
original mortar (Fig. 2a–c). The real color of pictorial layer cannot be seen because
of pink biofilm. Also the original mortar is covered by smaller or larger pink areas
(Fig. 2a, c). These observations show that contamination covered both refectory
and cellar and it could be a possible consequence of migration of water from soil

Fig. 2 Pink pigmentation identified in situ and in laboratory under optical microscope: a, c on the
pictorial layer and on the infilling mortar; b only on the infilling mortar
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into the walls. The process is continuous and takes place in connection with
available water into the walls, relative humidity, temperature and biological char-
acteristics of biodeteriogens. White, yellow and pink efflorescences had been
observed. Laiz et al. [13] and Imperi et al. [14] found in three different sampling
sites with specific environment the bacterial aetiology of rosy discoloration. Our
results have been obtained on a monument with different environments: the
refectory is situated on the ground and indoor, with the door open during the day
where relative humidity and temperature are different during the day and night; the
cellar is situated underground with high relative humidity and low temperature. The
main sources of bacteria producing pink discoloration are: water, outdoor micro-
biota and already contaminated areas.

Electron micrographs revealed that samples taken from the refectory and cellar
are covered by groups of round shaped bacteria distributed either on the surface
(Fig. 3a–c) or in pores (Fig. 3c, e, f). Filamentous branching bacteria together with

Fig. 3 Round shaped bacteria and filamentous branching bacteria: a the eastern wall; b the
northern wall; c the western wall; d the southern wall; e bricks; f stairs
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spherical cells had been found on the northern and southern walls, as well as on the
bricks (Fig. 3b, d, f).

Microbiological Analysis of samples allowed to isolate the microorganisms
associated with damage to the mural painting and infilling mortar which developed
pink, yellow, white colonies (Fig. 4a, b). They belong to different species but
yellow and pink colonies belong to the same species. All species are halotolerant or
moderately halophilic strains.

4 Detection of Black Pigmentation

Visual Examination of the refectory identified brown and black spots on the
infilling mortars from the northern wall of the refectory at about 60–70 cm height
(Fig. 5a). Some of them are more colored in the center and light colored to the
margins. Macroscopically no differences could be observed in consistency of the
fungal biofilm.

Microscopical Examination in situ revealed that in dark brown and black areas
there is sporulated mycelium and in the light brown and dark areas there are
branched hyphae. Their sparsely distribution makes them light colored (Fig. 5b).
Electron micrographs have demonstrated that mycelia, hyphae, conidiophores and
spores are present both on the surface and in the deeper layers of the infilling
mortar. In the dried areas hyphae and conidiophores are collapsed. Individual or
chains of spores attached to the mortar suggest the spreading potential of fungi. In
the wet areas germinated spores of Ulocladium sp. (Fig. 5c), conidiophors of
Penicillium sp. (Fig. 5d), and hyphae were found. There are some areas where
hyphae could be found next to groups of round shape bacteria.

Fig. 4 Microbiological analysis: a macroscopic features of predominant isolated strains; b pink
biofilm includes red, yellow and white colonies
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Microbiological Analysis of samples brought more information about areas
colonized by fungi. They belong to different species that develop on the nutrient
colonies which have different colors due to the sporulation stage (Fig. 5e–g). The
following genera: Acremonium, Aspergillus, Penicillium, Ulocladium (Fig. 5e),
Aspergillus, Penicillium, Aureobasidium (Fig. 5f) had been identified. Some genera
develop antagonistic relationships like Penicillium and Ulocladium (Fig. 5g).
Melanized fungal strains as well as genera Acremonium and Penicillium had been
found as typical inhabitants of frescoes [8, 15, 16].

Fig. 5 Black pigmentation identified by different methods: a dark and light spots—visual
observation; b mycelia—optical microscopy; c germinated spore of Ulocladium sp.; d conidio-
phores of Penicillium sp.; e–g fungal colonies
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5 Conclusions

The macroscopical and microscopical analysis of mural painting and mortar
demonstrated pink and black pigmentation. In the refectory, pink pigmentation was
identified on all walls mostly on the lower part, but in the cellar it was found on the
walls, stairs and ceiling. SEM micrographs clearly demonstrated the presence of
microorganisms as bacteria and fungi. Individual and grouped cells, hyphae,
conidiophores and spores are spread both on the pictorial layer and mortar.

The microbiological analysis confirmed the biological origin of pink and black
pigmentation. Pink, yellow, white bacterial colonies had been isolated. Their
affinity to salt explains the colonization of mortar and pictorial layer covered by
efflorescences. Black pigmentation is produced by melanized fungi like genera
Aspergillus, Ulocladium and Aureobasidium. Further investigations are needed for
the molecular identification of bacteria and fungi as well as for decontamination.

This work highlights the importance of the analysis of the origin of mural
paintings pigmentation in order to establish the scientific diagnosis and the proper
treatment as step of restoration process. It suggests also the importance and sig-
nificance of methods applied in this study: visual analysis, microscopical analysis
(LM and SEM) and microbiological analysis.
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Investigation on Switching Operation
in Resistive RAM Using In-Situ TEM

Masashi Arita and Yasuo Takahashi

Abstract Our recent works on resistive RAMs (ReRAMs) are reviewed, where
in-situ transmission electron microscopy (TEM) realizing simultaneous electric
measurements and TEM observations was applied to investigate resistive switching
operation of some conductive bridging RAMs (CBRAMs). In multiple switching
cycles, the Cu conductive filament was experimentally confirmed to appear in the
Set process giving the low resistance state (LRS, on-state) and to disappear in the
Reset process giving the high resistance state (HRS, off-state). No drastic change in
the geometry of the conductive filament was seen when the switching current was
small. With increasing the current, the filament became thick, but its position was
unstable, and too much Cu moved into the switching layer in a wide area. This may
induce the device degradation and failure.

1 Introduction

Large resistance change with voltage application was widely known in Perovskite
type complex oxides, binary oxides such as NiO, TiO2, HfO2 and Ta2O5, and solid
electrolyte (e.g. Ge-S) with Cu or Ag. In recent years, many works have been
reported to apply this phenomenon on non-volatile resistive RAMs (ReRAMs) and
on neuromorphic devices [1–4]. To guarantee the operation of these devices,
clarification of the switching mechanism is strongly required. Based on the elec-
trochemical discussion of their electric properties, it is a common knowledge that
the resistance switching in binary oxides and solid electrolytes is caused by for-
mation and rupture of the conductive filament [1, 2]. However, details of its
operation mechanism are still ambiguous and difficult to be clarified only using
electric properties. Dynamical observations in real space using in-situ transmission
electron microscopy (TEM) are a method to overcome this difficulty, where the
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electric measurements and TEM observations can be performed synchronously
[5–10]. Several types of in-situ TEM holders became commercially available in
recent years, and the number of reports in this category has increased. However,
works on realistic switching operations such as the current-voltage (I-V) switching
cycle, the switching repetition and the pulse endurance are rare [11, 12].

In this report, our recent works on ReRAMs using the in-situ TEM are reviewed,
which are categorized as the conductive bridging RAM (CBRAM) such as GeS-Cu
[13, 14], Cu/MoOx [11, 15, 16] and Cu/WOx [17, 18]. In all of these CBRAM
systems, the Cu conductive filament was experimentally confirmed to appear in the
Set process giving the low resistance state (LRS, on-state) and to disappear in the
Reset process giving the high resistance state (HRS, off-state). No drastic change in
the geometry of the conductive filament was seen at the Set/Reset switching
moment, and the filament growth/erasure was seen during continuation of the
current flow.

2 Experimental Procedure

Three types of ReRAMs were used for investigation, which were composite
GeS-Cu(8–60 nm) deposited on a wedge-shaped PtIr, Pt(100 nm)/Cu(30 nm)/MoOx(50nm)

or Pt(100nm)/Cu(30nm)/WOx(20nm) trilayer films on a TiN/Si wafer chip. For all
samples, the film deposition was done using conventional RF sputtering (Ar) or
reactive sputtering (Ar-20 %O2) of metal targets at room temperature (RT). In the
latter two samples, the Cu and the TiN layers worked as the top electrode (TE) and
the bottom electrode (BE), respectively. The GeS-Cu sample was used for in-situ
TEM without any further processing, because the tip of the PtIr wedge was thin
enough for TEM observations. On the other hand, the ReRAM samples of MoOx

and WOx were processed using the ion-shadow method [19] which is a kind of the
ion-milling method.

In-situ TEM experiments were carried out using the system shown in Fig. 1
composed of a hand-made piezo-driven TEM holder and a JEM-2010 microscope
(Cs = 0.5 mm). A movable Pt-Ir probe was contacted to one of the ReRAM devices
formed on the TEM sample, and the I-V switching cycles were measured using a
commercially available source-measure-unit (SMU, Yokogawa GS610). To prevent
eternal device destruction caused by the strong overshoot current in the Set process,
current limitation (compliance current; Icomp) was introduced using this SMU. In
the GeS-Cu sample, the wedge-shaped PtIr substrate was biased while the probe
was grounded. On the other hand, in MoOx and WOx samples, the TiN/Si substrate
was grounded while the probe was biased. Geometrical change of the filament was
dynamically recorded using a CCD camera (30 ms/frame).
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3 Results and Discussion

3.1 Filament Formation in Cu-GeS

The I-V curve measured in TEM is shown in Fig. 2, where the horizontal axis
corresponds to the potential of the substrate relative to the probe [13, 14]. The
voltage was varied in a sequence of 0 V, +7 V, −2 V and 0 V, and a clear hys-
teresis curve was obtained. Though the retention time (memory holding time) of the
LRS was not long enough for the practical memory application, formation and
erasure of the conductive filament was clearly confirmed.

The TEM images extracted from the video are shown in Fig. 3. There are a
Cu-GeS amorphous film containing Ge nanocrystals on the Pt-Ir substrate (Fig. 3a).
In the first quadrant of the I-V graph, where the substrate was positively biased

Fig. 1 In-situ TEM system

Fig. 2 I-V curve of Cu-GeS

Investigation on Switching Operation … 207



relative to the probe, the current increased gradually. There was drastic increase at
the voltage of +2.6 V, and its resistance was converted to the LRS (Set operation).
Correspondingly to this change, a filamentary dark contrast appeared (Fig. 3b). In
the selected area diffraction (SAD) pattern during the Set process, Debye rings of
Cu appeared. In addition, the energy dispersive X-ray spectroscopy
(EDX) measurements were done during the Set process with positive bias voltage to
the substrate (but on another filament than that in Fig. 3). In Fig. 4, the EDX
spectra before (Fig. 4a) and during (Fig. 4b) the Set operation are compared. It was
clearly identified that the deposit contained much Cu. Considering these two results,
the deposit appeared in the Set process was concluded to be made of Cu
nanocrystals. Afterwards, a negative voltage sweep was done, and the deposit
gradually disappeared and completely erased at about −2.8 V (Fig. 3c, d). The
resistance showed a sudden increase at this moment. This is the Reset process
which converts the LRS to the HRS. The deposit observed here worked as a
conductive filament for the CBRAM switching.

Repeating switching cycles, the Set voltage (Vset) gradually decreased. This
indicates that the Cu-GeS layer in the HRS after the Reset operation changed from
the initial state as confirmed in Fig. 5. First, a filament was formed (Fig. 5a) and

Fig. 3 Microstructure corresponding to Fig. 2. Video a in the initial state, b and c with positive or
negative voltage, and d after the I-V cycle
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erased. Afterwards, the Pt-Ir probe was shifted by 100 nm (Fig. 5b left panel), and a
positive voltage was applied to generate a filament again (Fig. 5b right panel). The
filament appeared from the probe toward the position of the first filament. It did not
reach the nearest position on the substrate. The region in which the filament was
formed once must be a priority position for the formation and the growth of a
filament. It is expected that there are some residuals such as Cu nanocrystals even
after filament erasure, which can behave as filament nuclei. This is thought to make
the filament formation easy and to induce reduction of VSet.

The results mentioned above suggest that the Cu filament is formed/erased by
application of positive/negative voltage, and the CBRAM operation is achieved.
Checking the TEM video, the filament grew from the probe (negative voltage side)
with positive voltage, and it was ruptured and erased from the substrate (negative
voltage side) with negative voltage. This dynamics fits to the electrochemical model
(ECM) reported so far, where the Cu ions drifted along the electric field are reduced
to be the metal by receiving electrons on the cathode surface, and the Cu filament is

Fig. 4 EDX spectra a without and b with positive voltage application. The deposit contained
much more Cu than other regions

Fig. 5 Filament growth in sequential switching cycles (a and b), where arrows indicate
corresponding position. In each figure, the left panel is before the switching cycle, and the right
panel is with positive voltage. The filament appeared almost in same place
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formed towards the anode [1]. However, the current was small (<1 lA), and the
retention property of the LRS was not good enough. The probe used as the BE was
mechanically contacted to the solid electrolyte switching layer (Cu-GeS), and this is
different from the realistic CBRAM device. To investigate more realistic switching
operation, a Cu/MoOx/TiN trilayer CBRAM will be discussed in the next
subsection.

3.2 Set/Reset Switching of Cu/MoOx/TiN

The sample was Pt/Cu/MoOx/TiN/Si where Cu and TiN were the TE and BE,
respectively [11, 15, 16]. The device size was 350 nm in diameter. The electric
properties were measured between the Pt cap layer (biased) and the Si substrate
(grounded). An example of the I-V curve is shown in Fig. 6a, which was the second
switching cycle after the initialization process called as Forming. A shaper Set than
in Cu-GeS is seen in the first quadrant. The corresponding TEM images extracted
from a video are presented in Fig. 6b. The resistance state was the HRS between the
states A and B, and there was no clear change in the image. Just after the Set
switching (state C), a small dark region (nucleus of the filament) appeared near the
TiN BE. Though the current was almost the compliance value (Icomp), there was no
dark region binding the TE and BE. The ionic current of the Cu anion is thought to
contribute to electric conduction. Afterwards, the filament grew from the TiN BE
towards the Cu TE. The bridging of the filament between the TE and the BE was
completed within 200 ms.

The Reset operation was started at 5 min. after the Set process was completed.
The LRS was kept after this interval, because Icomp was large (400 lA). Two small
current jumps between −1 and −2 V in Fig. 6a correspond to the Reset switching.
The Reset curve was uneven as frequently observed in conventional CBRAM
devices. This may suggest that Reset is more complicated process than Set. In the
corresponding TEM image (Fig. 6b), there is no clear structure change just after
Reset switching (state F). This switching is thought to occur very locally, and it was

Fig. 6 a I-V characteristics of Cu/MoOx/TiN and b TEM images during in-situ observation
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not identified in the TEM image. Increasing negative current to about −300 lA (at
−2.6 V), the filament was ruptured near the interface between MoOx and TiN and
shrank toward the Cu TE (states G). This process with additional negative current is
called the over-Reset process in this report. The filament erasure here cannot be
explained by the ECM model where the filament shrinks from the Cu TE to the BE.
In the present work, the surface of the TiN BE was oxidized. The resistance at this
oxidized region is high, and the local temperature must increase by Joule heating.
Thus, it is thought that the electrochemical reaction of Cu in this region prefer-
entially occurred, and the Cu filament shrank toward the TE. The current of 100 lA
(or more) was used for switching operation in many CBRAM devices reported
earlier. While the details are still obscure, it must be sure that the Joule heat
influences the Reset operation.

In this paragraph, the filament position and size will be discussed. Images after
Set of five switching cycles are compared in Fig. 7, where Icomp was increased
stepwise. Here, the filament was almost completely erased by performing over-
Reset. The initial state was the HRS, and the contrast in Fig. 7a is due to the matters
such as the outer shape of the specimen. In the first switch with Icomp = 200 lA, a
filament having a width of 7 nm was formed (Fig. 7b). By increasing Icomp, the
filament width increased to 35, 45 and 100 nm in Figs. 7c–e respectively. This
increase can be used for the multi-bit memory operation. However, the filament
position changed as seen in these figures. This position instability is thought to be
caused by almost complete filament erasure during over-Reset.

3.3 Device Degradation of Cu/WOx/TiN

The investigated sample was Pt/Cu/WOx/TiN/Si [17, 18]. Examples of I-V graphs
measured during in-situ TEM are shown in Fig. 8a–c where the horizontal axis
denotes the potential of the Cu electrode relative to TiN/Si. Figure 8a is the

Fig. 7 TEM images of Cu/MoOx/TiN. a Initial state and b–e LRS with increasing Icomp
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Forming curve. There was a current jump at 2.4 V. This resistance change to the
LRS was much quicker than in MoOx. Correspondingly, a filament was formed
between the Cu and TiN electrodes within one video frame (30 ms). The LRS was
kept just before the Reset operation which was performed at 9.5 min after Set, and
the retention time was long enough for in-situ TEM experiments. By carefully
checking the video during the Reset operations, clear filament erasure was not
identified though sharp switching to the HRS was realized. No strong over-Reset
was adopted in this switching series as seen in Fig. 8b, c, and thus the filament was
not erased (but with switching to the HRS). This result suggests that ReRAM
switching occurs in local area of the filament. The resistance change in switching
repetition (endurance graph) is shown in Fig. 8d. The resistance ratio of HRS/LRS
was kept about 100, and a reasonable CBRAM endurance property is seen.
However, as seen in this graph, the resistance in the HRS gradually decreased with
the switching cycle. This degradation is known also in realistic ReRAM devices,
and it has been reported to induce the endurance failure where the ReRAM
switching cannot be achieved [20, 21]. This is believed to be caused by imbalance
between Set and Reset. In Fig. 9, TEM images after Set/Reset switching cycles are
compared. During switching repetition with increasing Icomp, Cu moved into the
WOx layer in a wide area, and the effective thickness of the WOx layer became thin.
This is thought to be the origin of the endurance failure.

Fig. 8 a–c I-V curves during in-situ TEM of Cu/WOx/TiN and d the cyclic endurance where the
resistance was estimated at ±0.3 V
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4 Conclusion

In this work, in-situ TEM was applied on three CBRAMs to investigate the
microstructure during the switching operation. It was experimentally confirmed that
the Cu filament is formed in Set, ruptured in Reset and erased in over-Reset. The
filament becomes thick with increasing the operation current, but its position
becomes instable. It was also confirmed that Cu moved into the solid electrolyte and
thinned the switching layer. This reduces the resistance of the HRS and finally
induces the endurance failure. The retention property must improve by increasing
the Set current, and large resistance ratio of HRS/LRS is expected by over-Reset.
However, these treatments induce instability of the filament position and movement
of excess Cu in wide area. These can be origins of device failure. Selection of
materials and the device structure for easy Set/Reset balancing must be important
for further development of ReRAM devices.
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Simulation and Verification
of Tip-Induced Polarization During Kelvin
Probe Force Microscopy Measurements
on Film Capacitors

D.A. Nielsen, V.N. Popok and K. Pedersen

Abstract Kelvin probe force microscopy (KPFM) is widely used as characteri-
zation tool on functional heterostructures and components but it often suffers from
measurement artifacts on such structures because the presence of the biased can-
tilever tip transforms the actual surface potential. In this work we have developed a
physics-based finite element model of KPFM measurements on dielectrics in order
to investigate the impact of tip-induced polarization. The model is compared with
experiments on film capacitors, where it is found that tip-induced polarization is a
significant contributor to the potential profiles obtained by KPFM.

1 Introduction

KPFM is a very powerful tool in the field of materials characterization. It allows to
measure electric surface potential distributions with nano-scale resolution [1–3]. It
has increasingly being used as a characterization tool in the study of dielectric films,
multi-layered systems and interfaces [4–6]. However, the potential distributions
measured by KPFM on such structures are often affected by tip-induced polariza-
tion of the sample [7]. This effect is rarely considered and the measured surface
potentials on, for example, organic field-effect transistors, layered capacitors and
solar cells are wrongly interpreted as actual ones [8–10].

The use of KPFM has also entered the field of reliability and failure analysis of
active and passive electronic components [11]. In particular, capacitors are of great
importance within the field of power electronics but as any other electronic devices
they undergo fatigue [12]. For that reason the intention is to use KPFM as a failure
analysis tool to investigate metallization corrosion and degradation of the dielectric.
This does, however, require a deeper knowledge in how to interpret the measured
potential profiles and how to avoid measurement artifacts when using KPFM on
metal/dielectric structures.
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In this work we have prepared film capacitors for analysis by micro-sectioning.
We have measured the surface potential distributions by KPFM and found that they
do not correspond to the expected distributions. In order to explain the measured
surface potentials we have developed a physics-based model of the measured
system that takes into account polarization of the dielectric due to the presence of
the cantilever tip.

2 Experimental

The film capacitors used in this work were of the metallized polypropylene
(PP) type and they were new, meaning that they have not been exposed to any
electrical, thermal or environmental stresses. The samples were prepared using
micro-sectioning method as described in [13] with some details mentioned below.
The capacitors were initially cast into epoxy for structural support. Next, the surface
of interest was exposed using a water-cooled, rotating diamond saw blade. The
surface was then grinded using a series of sanding pads. A 2 mm thick slice was cut
from the sample and, finally, wires were soldered on to the terminals, enabling
application of an external voltage during KPFM measurement. Optical images of a
typical capacitor sample and its cross-section at high magnification are shown in
Fig. 1.

The AFM and KPFM measurements were carried out using an NTEGRA-Aura
nanolaboratory from NT-MDT. The cantilevers used in this study were the
platinum-iridium coated NSG01/Pt type, also from NT-MDT, with a tip apex radius
of 35 nm according to the manufacturer. The KPFM measurements were performed
in two-pass mode. To measure the surface potential the samples were scanned
twice: first with both leads connected to the AFM ground and second with 5 V DC
applied to one of the terminals while keeping the second one grounded.

Fig. 1 a Cross-section of film capacitor prepared for KPFM analysis and b optical microscopy
image of it where bright stripes represent the metallization layers
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3 Tip/Capacitor System Model

Tip-induced polarization of a dielectric has shown to have a great impact on KPFM
measurements, especially at interfaces with metallic layers or contacts [7].
Furthermore, the polarization strongly depends on the position of the tip which
moves across the surface during scanning. For that reason, a three-dimensional
finite element of a system containing the cantilever tip and layered metal/polymer
sample (resembling the cross-sectional structure of the capacitor) is constructed. It
serves to predict the surface potential distribution measured by KPFM. It also
allows calculation of the “true” potential distribution that exists on the surface of a
capacitor structure without presence of the tip.

The simulations are carried out by COMSOL Multiphysics 4.3. The tip is rep-
resented by a cone with a hemispherical apex. The film capacitor surface is con-
structed as a solid PP dielectric with periodic vertical planes of the metallization
layers. Geometry and close-up of the tip are shown in Fig. 2.

The model utilizes a stationary simulation tool that solves the Poisson equation
using a set of boundary conditions as a starting point. It is assumed that there are no
free charges in the system and therefore the charge density term in the Poisson
equation is set to zero. The electric potential at the tip surface is fixed at −1.4 V
corresponding to the contact potential difference between the aluminum metal-
lization and the platinum iridium coating of the tip. The width (film thickness) of
the PP layers is 7 µm and its dielectric constant is set to 2.2. The tip height is set to
5 µm, the tip apex radius to 35 nm and the tip half-aperture angle to 15°. The
tip-to-sample distance is 10 nm as was the case for the KPFM measurements.

Simulation sets were carried out for a grounded capacitor and a capacitor with
5 V applied to every second metallization layer. In both simulation sets the spatial
potential distribution is calculated for tip positions on a line spanning two metal-
lization layers with 0.5 µm between every tip position. For every tip position the
potential profile along the scan line is recorded. A point spread function
(PSF) de-rived by COMSOL according to [14] and presented in [7] is then applied
in order to simulate the potential as measured by KPFM.

Fig. 2 a 3D image of the sample geometry and b 2D image of the tip geometry, where ht is the tip
height, R is the tip apex radius, z is the tip-sample distance, and h the half aperture angle
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4 Results and Discussion

Initially, the KPFM measurements are performed on the sample with both con-
nector leads grounded. Hence, there should not be any potential distribution in the
component. However, as can be seen in Fig. 3a the KPFM measurement reveals a
periodic potential distribution corresponding to periodicity of the PP and metal
layers. Then, 5 V DC is applied to one of the terminals, while the power supply
ground was connected to the AFM ground. The measured potential profile is given
in Fig. 3b which shows a period corresponding to twice the PP film thickness.

From the KPFM measurements presented in Fig. 3 it is clear that the measured
potential profiles do not resemble the expected potential distributions in a grounded
and biased capacitor, respectively. Furthermore, in Fig. 3b it is seen that the
measured potential difference between biased and grounded metallization layers are
in the range of 1.5 V but not 5 V applied during the measurement. This phe-
nomenon can be explained by the tip-induced polarization of PP layers as well as by
fact that the biased cantilever beam being affected by the electrostatic potentials of
metallization layers during the measurement.

The results of the potential simulations for the grounded and biased capacitor are
shown in Fig. 4a, b, respectively. This modelling includes the potential distribu-
tions after the application of the PSF. The surface potential profiles that would exist
without presence of the tip are also shown.

As can be seen for the grounded capacitor in Fig. 4a, the simulated potential
distribution including the PSF both qualitatively and quantitatively resembles the
measured one (see Fig. 3a). One distinct difference is that the peaks at the

Fig. 3 Line profiles of the KPFM measurements on a grounded and b biased capacitor,
respectively. The dashed lines indicate positions of metallization layers. The plus and minus signs
show whether the metallization is connected to bias or ground
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metallization layers are broader in the measurements compared to the simulations. It
is expected that this is a result of the exclusion of the cantilever beam from the
model, which may have an impact during KPFM measurements, as described in
[15].

The profile for the biased capacitor, shown in Fig. 4b, is also observed to be in
good agreement with the measured one (see Fig. 3b). The potential difference
between the biased and grounded metallization layers is larger for the simulated
potential profiles compared to the measured ones. Also the width of the peaks is
smaller for the simulated potential distributions. Again, it is expected to be caused
by the cantilever beam.

From the results presented in Figs. 3 and 4 it is evident that tip-induced polar-
ization during KPFM on layered metal/polymer structures has a great impact on the
measured surface potential profiles. It is also clear that the potential measured by
KPFM does not resemble the actual surface potential distribution of the sample.
Thus, great care and consideration should be taken when applying KPFM to
heterostructures. However, if the physical phenomena that occur during KPFM
measurements are well investigated and understood, this method is still a powerful
tool in the analysis of dielectric components and heterostructures.

5 Conclusion

In this work we have investigated the phenomenon of tip-induced polarization
during KPFM on cross-sectional slides of capacitors by comparing potential pro-
files from measurements and simulations. Samples of standard film capacitors were
prepared by micro-sectioning and the surface potential distributions were measured
by KPFM. An electrostatic finite element model that calculates the expected surface

Fig. 4 Simulated surface potential profiles without the tip (black solid line) and with the tip
(dashed blue line) for the a grounded and b biased capacitor, respectively
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potential distributions on the layered metal/polymer structures was developed and
the results were compared to the KPFM measurements. Good agreement was found
between the model and experiments, where the small differences are assigned to the
exclusion of the cantilever beam and general simplicity of the model. Thus, it is
concluded that tip-induced polarization during KPFM measurements is one of the
significant factors which can lead to misinterpretation of the obtained potential
distributions on samples with dielectric materials.

Acknowledgments This work is a part of the research activity within the Center of Reliable
Power Electronics (CORPE) funded by the Innovation Fund Denmark.
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Estimating 3D Volume of Dirt Particles
Using Depth from Shadow

Peter Frühberger, Thomas Stephan, Jan Burke and Jürgen Beyerer

Abstract Measuring the volume of dirt particles within the context of technical
cleanliness is a crucial task, because the measured 3D shape yields important
information concerning the risks those particles might cause while operating the
technical component in the intended application. The production process therefore
needs to be optimized to take care, that such particles are not introduced into the
final product during fabrication. Measuring 3D volume in the range of a few
microns concerning the area of a particle implies expensive microscope measuring
devices. In this paper we describe a hardware approach combined with software
algorithms using eight LED lights for illuminating the specimen from various
known directions. The LEDs are used to produce cast shadows of the specimen to
be inspected. The circular layout of the LEDs takes care to illuminate the particles
out of different directions to yield shadows surrounding the whole object. The
brightness of the LEDs can be manipulated to adapt for various specimen with
different reflection properties. Our model driven approach uses a grid, which is
aligned to the image data in order to sample the surface for estimating the height at
those discrete positions. The model-driven approach incorporates the measurement
results given by established state-of-the-art microscopes for initial calibration. The
estimated heights are illustrated in a 2.5D pseudo-color representation and evalu-
ated from a quality point of view. The approach described in this paper yields a
practical solution for estimating 3D shape and volume with little hardware
requirements and therefore low maintenance costs.
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1 Introduction

Estimating the volume and the 3D shape of dirt particles in the context of technical
cleanliness is a crucial task as it yields important information concerning the risks
such particles might cause inside technical components. The fabrication process
therefore needs to be adjusted, such that perturbing particles are not introduced into
the attachment parts. According to [1] particles within a range of 50–1000 lm
diameter are relevant and need to be detected. 3D shape and therefore the volume is
not yet a mandatory result demanded by this spec, but given the impact, especially
concerning the possible conglomeration, it will most likely be added in the future.
This paper at hand describes an image processing approach for detecting and
analyzing clotted residuals inside of those components, e.g. motor parts and
cylinders that would clog supply lines during operation. A cost-efficient setup,
consisting of an industrial camera in combination with a developed LED ring light
illumination is used to extract volume information by illuminating the sample from
different directions.

2 Hardware and Software Setup

The hardware setup consists of three components, a custom-built double LED ring
light in combination with an industrial camera equipped with a bi-telecentric
objective. The LEDs used in this setup are fabricated by Nichia company having a
color temperature of 5000 K while providing 4.16 W electrical power. The angle of
radiation is specified as 120° and therefore suitable for uniform illumination while
producing sharp shadows. The lower ring consists of eight LEDs arranged equally
spaced to illuminate the specimen from a flat angle as shown in Fig. 1c. The upper
ring is used to acquire homogeneous illuminated overview images (Fig. 1b). The
second component is an industrial color camera Manta G-419C of ALLIED Vision
Technologies with a resolution of 2048 � 2048 pixels. This camera was combined

Fig. 1 Illustration of the hardware setup showing the LED ring light (a), an overview image using
the upper ring (b) and resulting shadows using one of the LEDs of the lower ring (c)
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with the bi-telecentric objective TC 2M HR 016-C manufactured by Opto
Engineering. The setup allows a pixel size of 4.5 lm2 and a depth of view of
2.0 mm. Therefore the field of view is 9.2 � 9.2 mm2. In order to scan larger
surfaces, this setup can be extended with a motorized stage as shown in [2]. The
software implementation was done in C++ using the opencv image processing
library [3].

3 Algorithm and Implementation

The initial step of the algorithm is finding a robust calibration to estimate the
positions of the lights Li in three-dimensional space. The center point pc ¼
cx; cy; zð ÞT of the spanned vector space is set to 0 at the center of the projected

image scene. The unit of this vector is pixel in the x and y dimension. The z
dimension is a scalar value mapped to a metric scale by comparing to ground-truth
height measurements or a-priori known height of a common specimen. When
assuming a punctual light source Li with its correspondences Ci ¼ fcjkg with
jCij � 2, cjk representing a point on the object oj and its corresponding shadow
contour point sk, it is possible to construct equations of lines lðcjkÞ with oj as
support vector and t � sk � sj

� �
with t 2 R as the direction vector. The light source

Li can then be estimated by finding the intersection point by pairwise constructing
lines lðcjkÞ and lðcj0k0 Þ; j0 6¼ j; k0 6¼ k. Because of deviations when computing the
corresponding points a single intersection point does not necessarily exist.
Therefore we need to solve this problem by finding a point p with minimal
euclidean distance, denoted as distðp; lÞ to all lines constructed out of Ci, which
yields an estimation for Li.

Li ¼ argmin
p

X

j;k
j 6¼k

distðp; lðcjkÞÞ ð1Þ

An example correspondence mapping is shown in Fig. 2a. The calibration needs
to be estimated for all LEDs in the given setup. To find the correspondence points,
knowledge of the light source’s position can be incorporated. It is helpful to choose
simple specimens for calibration. In our example the corresponding points could be
estimated by using a Harris corner detector as shown in [4, 5]. In combination with
the overview image Fig. 1b corner candidates located on the object and others
introduced by shadow can be distinguished as those appear in both images. False
positives can be eliminated by taking previously known symmetric constraints into
account. As the calibration is a crucial part concerning the accuracy of this method a
manual calibration, implemented as a wizard in software is highly recommended.

Figure 2b illustrates the algorithm for determining the height value at different
positions (red circles) on the image plane. The outer contour of a shadow area Si
introduced by LED Li can be estimated by masking the segmented specimen itself
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with the post-processed overview image Fig. 3a. After applying a threshold to
segment the shadow from the background the contour can be estimated by com-
puting its outline with morphological operators and edge detection. As we are only
interested in those parts of the outer boundary, that have at least a minimum
distance from the specimen itself in the direction of light position, those non rel-
evant candidates are removed by multiplying the contour image with a slightly
enlarged mask. The result can be seen in Fig. 3b. With the position of Li and the
shadow boundary points Bi, containing all shadow points produced by the light
source out of the direction Li, a height value can be assigned to every pixel position
q ¼ x; y; 0ð ÞT on the image plane. The height value is computed by an
orthogonal projection of the line of sight between the LED Li and all corresponding
shadow boundary points Bi as shown in Fig. 2b. This procedure is repeated for all

(a) (b)

Fig. 2 Lines (blue dashed) are constructed out of correspondence points between object (red) and
surface (green) (a). The height value of the modeled beam between light source and shadow point
is assigned to the corresponding position on the image plane (b)

Fig. 3 The mask is generated with morphological operators (a) while the outline (green) is
constructed by using an edge filter and removing inner parts of the boundary (b)
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calibrated LEDs in this setup. The assignment is done by maintaining a minimum
rule, which means, that a height value at position q0 is only updated whenever the
new height value would be lower than its current value. After the iteration is
finished the mask computed in a prior step is again multiplied by the image to
eliminate artifacts located outside the object.

4 Results

When directly comparing the results with measurements acquired by a professional
system as illustrated in Fig. 4a one can directly see that the height resolution of the
microscope is much higher than the reconstruction seen in Fig. 4b, c. The micro-
scope reconstructs the surface in much greater detail, taking surface properties like
roughness into account. As seen in Fig. 4b the initial calibration yields results that fit
into the expected range of the before measured values. The chip and its cuboid shape
are accurately reconstructed. The height, which is specified at around 6 mm
according to the data-sheet is in the same range with the method described here.
When looking at Fig. 4c, it becomes clear that the calibration needs to be optimized
as currently single outliers in the list of corresponding points result in a displacement
of the estimated LED position, which directly influences height estimation. Another
point for improvement is the shadow edge detection, as single artifacts worsen the
measurement results. This cannot alone be achieved by changing the edge detection
algorithms or further post-processing but needs to be incorporated into a model
approach which uses sanity checks to remove falsely detected contours.

As shown in Fig. 4 on flat objects, that are known before hand, these calibration
errors can be corrected after the reconstruction by averaging the height values. But
for rough surfaces, this compensation approach will lower the reproduction gran-
ularity of the surface and therefore the height resolution will be further reduced.
Hence it is suggested to reduce possible errors in each image processing step. When
comparing the given results with the microscope’s measurement one can see, that
the height dimensions are in a similar range but still way off when micrometer

Fig. 4 The measurement of a was acquired with an Alicona InfiniteFocus G4 microscope. The
results generated from the custom-build sensor are shown in a and c
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accuracy is required. A really big advantage of the donated setup is the large lateral
range 1000 � 1000 lm2 that can be measured without stitching partial results
together.

5 Summary and Outlook

The approach shown in Sect. 3 was implemented as a software and hardware
prototype with the goal to realize a cost-efficient sensor for estimating height and
volume information of dirt particles. As demonstrated in Sect. 4 it is possible to
estimate this information with a quite simple setup. In the future, these results need
to be further compared and benchmarked in detail against ground-truth measure-
ments to determine the accuracy and robustness of this approach. Also the intro-
duced model should be extended by surface properties like roughness or material
characteristics to improve the height estimation. The artifacts introduced by
assuming a linear relation between shadow contour candidate, the point light
position and the resulting height could be post-processed by introducing these
surface characteristics.

Estimating height information while maintaining high-throughput measurements
in the context of an industrial in-line QA process is still a critical task today. Hence
a huge demand exists for measurement systems, that can ensure persistence in
industrial environments while also keeping service costs low. The solution shown
in this paper yields great potential for those kind of systems in the near future.
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Structural/Functional Analyses
of Protein-Nucleic Acid Interactions
by AFM

Kunio Takeyasu, Katashi Deguchi and Jamie L. Gilmore

Abstract Here we review 20 years of investigations on the molecular mechanisms
of protein-nucleic acid interactions using a combination of molecular biological and
biochemical techniques and atomic force microscopy (AFM). AFM can be used for
molecular imaging as well as for measurement of interactive forces between
molecules. This chapter focuses on the imaging capabilities: (i) imaging abilities of
AFM as a tool for biological studies, (ii) action mechanisms of nucleic acid-binding
proteins revealed by AFM, and (iii) challenges in shifting from double-stranded to
single-stranded nucleic acids.

1 Introduction

Elucidation of the structures of biological macromolecules and subcellular com-
partments is of great interest to the scientific community. In order to extract useful
information, it is desirable to achieve spatial resolutions in the range of nanometers
(nm) to micrometers (µm) and sub-second time resolution. The ability of Atomic
Force Microscopy (AFM) to directly visualize the nanostructure of the whole
genome in a variety of configurations in a single experiment makes it a very useful
technique to assess the higher-order structures and dynamics in a variety of con-
ditions. The usefulness of AFM for evaluating the nanometer scale architecture of
biological molecules was realized soon after the inception of the technology (1).
AFM has been used extensively for imaging of DNA with applications ranging
from the study of DNA dynamics, DNA-protein interactions, to DNA ORIGAMI
structures (2).
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2 AFM as a Tool

Over the last 20 years, the configuration, operation techniques, and sample
preparation procedures have developed to a point where AFM has become a
powerful tool in the biological sciences [1, 2]. In addition to imaging, AFM can be
used for the measurement of forces at the piconewton level between molecules (as a
rupture force) or within a molecule (such as the unwinding force of
secondary/tertiary structures). This technique has been well documented elsewhere
[3].

2.1 Spatial and Time Resolution

AFM experiments can be performed in solution as well as in air. Currently, spatial
and time resolutions of a few nm and *100 ms have been achieved using
high-speed AFM systems, respectively. Figure 1 shows a representative image of
fluctuating DNA in solution using this technology.

2.2 Double-Stranded RNA and Double-Stranded DNA

Methods of imaging DNA have been well established [4]. Double-stranded RNA
can be imaged in a similar way. When the length of DNA is measured from an
AFM image, it generally approximates the Watson-Crick Model for B-DNA, with a

Fig. 1 Dynamic motion of DNA captured by fast-scanning AFM in solution. a A snap shot of a
3 kbp DNA plasmid. b Consecutive AFM images obtained over 30 s were overlaid. The data
illustrate thermodynamic fluctuations
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measured length of about 3.4 nm per 10 base pairs. On the other hand, the length of
double-stranded RNA measures slightly shorter as shown in Fig. 2.

3 Protein-Nucleic Acid Interactions

Various proteins interact with DNA and RNA to elicit various biological functions.
Such proteins can directly regulate gene function, promote formation of chromatin
structures, and act as signaling molecules. Now AFM can analyze such processes at
nanometer and sub-second time resolution.

3.1 Protein Interaction and Action on DNA

It has been reported that DNA-binding proteins can find their site of action on DNA
faster than would be expected for interactions relying on random diffusion.
Proposed mechanisms to increase the efficiency of the site-search process include
binding, sliding, jumping, and hopping. Fast scanning AFM experiments have
enabled investigation of these mechanisms [5, 6]. Once proteins have found their
site of action, they exert their functions. Figure 3a shows an example of an enzyme
(restriction endonuclease SfiI) cutting DNA in solution [5]. This technique has also
been used for another restriction enzyme (EcoRII) [6] as well as for RNA poly-
merase [7].

dsRNA 2.95+/-0.23 nm dsDNA 3.63+/-0.08 nm

Fig. 2 AFM images of double-stranded RNA (14,728 base pairs of bell pepper endornavirus
RNA, n = 11) (a) and double-stranded DNA (3412 base pairs of linearized pGEM-T pac, n = 14)
(b). Scale bars 200 nm. The helical rise (mean ± S.D.) were calculated from the measured length
of each molecule
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For imaging dynamic processes in solution, one complication is that the speci-
men must be loosely attached to the substrate to observe sample movement.
Optimization of imaging conditions usually requires trial-and-error. One method to
overcome this issue is the use of a DNA origami tile (Fig. 3b). Here, we investi-
gated the action of resolvase on Holliday junctions. The origami was designed so
that the DNA forming a Holiday-junction could be held in the center of the tile [8].

3.2 Chromatin Structural Proteins

The nucleosome is one of the most well studied protein-DNA structures. This
structure in comprised of eight histone proteins wrapped around 146 bp of DNA.
Using a reconstitution technique, arrays of nucleosomes on DNA
(beads-on-a-string) can be visualized [9–12], and the dynamics of nucleosomes on
DNA have been analyzed by using fast-scanning AFM [13]. Another structural
protein (TK0417) in Thermococcus kodakarensis does not wrap around DNA, but
instead binds to DNA and forms thick fiber-like structures, resulting in no DNA
compaction as visualized by AFM [14].

3.3 Signal Transduction

MDA5 plays a role in natural cellular immunity as a double-stranded RNA sensor.
Initial AFM investigation demonstrated that the MDA5 molecule assumes both
open and closed conformations [15]. AFM imaging also showed that MDA5 binds
double-stranded RNA in a cooperative manner to form a thick fiber-like structure.
ATP-binding to MDA5 accelerates this fiber formation, whereas ATP hydrolysis

Fig. 3 a Dynamic imaging of a restriction enzyme, SfiI, was captured by fast-scanning AFM. The
snap shots are shown at 1 s intervals (5). Scale bar 50 nm. b Resolvase reaction captured by
fast-scanning AFM with DNA origami (7). Two origami tiles, one has a resolvase (top) and the
other free. After a second, the Holiday junction was resolved (bottom)
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induces dissociation of MDA5 from RNA, causing a conformational change in the
protein (Deguchi et al., manuscript in preparation).

4 Single-Stranded Nucleic Acid

Compared to double-stranded nucleic acids, imaging single-stranded RNA has been
difficult due to its complicated internal structures. Most techniques generally study
bits and pieces of long single-stranded RNA and hope to eventually arrive at the
final global structure over time. We have chosen a different approach taking
advantage of the ability AFM to image long single-stranded RNA.

4.1 Single-Stranded RNA Length-Volume Relationship

The contour length of single-stranded RNA is difficult to measure, because many
secondary structures are formed within a single RNA molecule. We found that there

Fig. 4 a Length-volume relationship of single-stranded RNA as imaged with AFM and analyzed
by Gwyddion grain analysis. b 1.5 � 1.5 µm2 AFM image of importin-b RNA transcript
secondary structure with (top) and without a poly(A)-tail (bottom) (11). c Representative
0.4 � 0.4 lm2 images with a gallery of HCV genomic RNA. Arrows show the poly(U) region.
Scale bar 100 nm
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is a linear relationship between the length (number of bases) of RNA and the
volume measured by AFM imaging (Fig. 4a) [16]. This relationship is important for
further structural studies on the single-stranded RNA.

4.2 Structure of Poly(A)-Tailed RNA

Polynucleotides of a single species can be visualized as, expected, lacking
higher-ordered structural domains. Figure 4b shows an AFM image of Poly(A)-
tailed single-stranded RNA, where the Poly(A) region can be seen easily.

4.3 Visualization of Long Genomic RNA

To analyze the structure of long single-stranded RNA (>1000 kb) is challenging.
We chose the Hepatitis C virus genomic RNA as a target of our AFM studies. AFM
imaging depicted the Poly(U) region within the genome (Fig. 4c). We are currently
working on the development of analytical methods based on the AFM images, and
will describe in detail in the following chapter.
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Dual Energy Microtomography Applied
to Oil and Gas Assessments

A.P. Teles, R.T. Lopes and I. Lima

Abstract Dual energy X-ray Microtomography (DE-MicroCT) has proven to be a
valuable method in oil and gas industry because it provides non-destructive
investigation of the mineral composition of internal structures, characteristic of
reservoir core materials. In order to distinguish among different rock materials, a
dual energy scanning is carried out to determine both the density and effective
atomic number of the minerals of interest. Accurate and reliable quantitative
measurements can be achieved with an appropriate calibration within the range of
measured attenuation values. However, image quality is the key of an accurate
measurement and image signal to noise ratio (SNR), which is related to the ability
to define the ratio of the signal intensity to the ambient noise level, is primary
determinant. This study provides an investigation of the inner mineralogy phases
and microstructural characteristics of a reservoir rock sample by DE-MicroCT. For
that purpose a carbonate with different ranges of total porosity and consequently
permeability was used. Image analysis process is crucial for an accurate differen-
tiation between calcite (matrix density = 2.71 g/cm3) and dolomite (matrix den-
sity = 2.87 g/cm3) minerals because they are very similar, although the last mineral
is denser than the first one. The results show that small differences are enough to
obtain measurements of different mineral phases in Brazilian reservoir rock sam-
ples. The results also illustrate that important morphometric parameters to petro-
physics investigation may be obtained in this approach.
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1 Introduction

X-ray computed microtomography (microCT) is a sophisticated method used to
investigate the inner part of an object. With a mathematical approach it is possible
to access all the coronal, axial and sagittal planes and perform a comprehensive
three-dimensional (3D) microanalysis procedure. The basis of CT lies in how
radiation interacts with matter according to the energy range, which is related with
the experiment objectives. For a particular material with homogeneous attenuation
coefficient a linear relationship should be found between X-ray intensity and
material thickness. For a monoenergetic X-ray beam the linear attenuation coeffi-
cient is energy dependent [1]. However, in practice X-ray sources such as the usual
X-rays tubes are naturally polychromatic, impairing the determination of those
coefficients. Furthermore, most investigations are related to heterogeneous materials
and single microCT becomes very limited.

Dual-Energy X-ray microtomography (DE-MicroCT) refers to microCT that
uses two photon spectra, which usually in practice consists in setting two different
X-ray tube voltages in order to obtain absorption information by using a
sophisticated flat panel detector. Because of its non-destructive nature, microCT
can inspect with excellent spatial resolution the inner part of almost any kind of
material, such as carbonate rock samples playing an increasingly important role in
the gas and oil field where the mineralogy of those samples has to be evaluated.
Dolomite is a common mineral found in carbonates often coexisting with calcite.
These two minerals share a lot of similarities with very close chemical properties.
The first one has matrix density of 2.87 g/cm3 while the second one presents a
value of 2.71 g/cm3. Such extremely close quantities are very complicated to be
solved by conventional microCT with a single energy value, because the similarity
of the attenuation coefficients is a challenge for material differentiation. However,
DE-microCT evaluates the density of rocks by two different X-ray spectra and
uses the energy dependence of mineral attenuation coefficients to provide more
accurate quantitative measurements [2]. Another issue is that beam hardening
effect causes a shift in the X-ray spectral distribution and consequently, mathe-
matical or physical corrections should be performed in order not to propagate this
error [3, 4].

One of the main concerns of Humanity refers to global warming. A good
alternative to mitigate the greenhouse effect is carbon geological sequestration,
which consists in storing a major cause of global warming under sedimentary
layers. Fossil fuels and accumulation of sedimentary basins are associated [5] to
each other. About 80 % of fossil carbon is fixed in oxidized state as geochemically
stable carbonate minerals in limestone and dolomite deposits [6], while the
remaining 20 % consists of the altered remains of organisms. The great interest in
carbonates is justified by the fact that these rocks store the largest portion of the
Earth’s remaining conventional petroleum resources [7]. Mineral phase investiga-
tion is crucial to understand the complexity of carbonate reservoirs and
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consequently their relationship with well porosity potential. In this context, this
possibility has significantly increased the relevance of microscopic elemental 3D
distribution in geochemical sciences.

2 Imaging Strategy

The capability of the X-rays to distinguish objects depends on theirs linear atten-
uation coefficients. In this sense, DE-MicroCT is useful to improve the visualization
of certain regions of the materials, such as dolomite and calcite, which are key
factors in carbonate reservoir quality. From X-rays produced at different energy
levels, continuous rock scans were calibrated in order to supply attenuation coef-
ficient dependent images at the micrometer order. Yet, photoelectric effect and
Compton scattering are dominant effects in the diagnosis using this energy range.
At an (x, y) position the attenuation coefficient can be written as a linear combi-
nation of those two effects [8]. According to Eq. 2.1, j1, j2 and fp are constants, q
is the mass density, Z is the atomic number, A is the atomic weight and fjN refers to
Klein-Nishima formula contribution. j1 and j2 are constants that need to be
determined by calibration procedure.

l x; y;Eð Þ � j1
qZ
A

x; yð ÞfjN Eð Þþ j2
qZ4

A
x; yð Þfp Eð Þ ð2:1Þ

The calibration procedure method uses phantom materials with known properties
in order to obtain electron density based on the relationship between µ for a mixture
of elements together with tabulated cross-section values [9]. When the constants are
determined it is possib to predict any other electron density of an unknown material.
In this study geochemical minerals were used to generate the DE-microCT
calibrated curve [9].

The lowest and highest experimental tube voltages (bench-top microCT scanner)
were 80 and 130 kV respectively, with extra 0.5 mm copper filtration, aimed at
physically correcting the beam hardening effect due to the use of the polychromatic
X-ray spectrum. This procedure considers a pre-processing routine acting on the
projection data. In order to optimize image quality and consequently obtaining very
good signal-to-noise ratio (SNR), the following setup conditions were used: 720
projections obtained by regular steps of 0.5°, each projection averaged from 5
frames and pixel size of 24 µm. SNR is strongly influenced by the number of
frames by projection, in general the noise level decreases with the number of
frames, however total time acquisition that is product of exposure time, number of
incremental movements and frames by projection increases [10]. Thus, it is
impractical to increase this parameter indiscriminately. In this se, the solution is
adopting a value for this parameter that provides worthwhile sample scan results.

The X-ray source and the flat panel detector remain stationary while the rock
sample rotates along the minor z axis (conventionally x and y directions are within
the plane of the slice whereas z direction is along the axis of the material). Figure 1
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shows a scout view (a) and an example of a profile line (b), which sometimes helps
to clarify, in real time, image quality in terms of contrast and noise.

3D reconstruction can be achieved either by iterative or analytical methods. The
most popular routine belongs to the last group and it is the so-called filtered
back-projection based on Feldkamp paper [11], which applies a filter in the spatial
domain before back-projecting the projection images. Figure 2 shows an example
of microCT reconstructed slices of a carbonate rock sample used in this study
acquired at 130 kV: (a) coronal and (b) sagittal and (c) axial.

The major experimental quantitative concern in microCT is the segmentation
procedure, which generates one of the highest uncertainty sources for dimensional
measurements. Threshold operations are used for separating objects of interest from
the rest of the image. There is no standard method and a reliable choice may
profoundly impact final data analysis. Some practices still use manual segmentation
in some cases. However, is time consuming and impractical for large data sets.
Among different approaches it is possible to choose a single value, which is applied
to the entire image and can be classified as a global method. Other possibility is to
choose an adapting value, which depends on local image characteristics. Some
interface areas are difficult to label correctly by thresholding. As a result, a
pre-processing filter was used in order to enhance boundaries. Followed by this
procedure, the watershed method was applied, which is based on the mathematical
morphology theory [12].

Fig. 1 MicroCT scout view of a carbonate rock sample (a) and a profile line (b)

Fig. 2 MicroCT carbonate reconstruction. a Coronal, b sagittal and c axial
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3 Results and Discussion

The goal of DE-microCT imaging was properly and clearly modeling 3D density
range in a non-destructive way in order to understand reservoir heterogeneity. The
stack of images was rendered by using AVIZO package. Figure 3a shows the
resulting density calibrated images; in this image, three phases may be observed.
The main phases of the matrix (around 2.0–3.25 g/cm3) correspond to density
values of materials expected in this carbonate example. The denser phases (ap-
proximately 4.0–4.5 g/cm3) are particles of other materials that need to be analyzed.
Although it is possible to identify different phases in the sample, a more accurate
methodology needs to be developed, since materials that compose carbonate rocks,
such as calcite and dolomite, have very close density values [13].

In Fig. 3b the 3D porous space model is showed, which was produced at 40 µm
spatial resolution and these high resolution images were used to obtain porosity
results. Total porosity is the volume of all open plus closed pores as a percent of the
total volume. Porosity value obtained in this study was 10.49 %.

Together with porosity, geometry and connectivity influence the petrophysical
properties, and their study helps assessing the potential of a petroleum and gas
reservoir. Porous space images obtained by dual energy methodology provide other
important information on rock characteristics. Porous space 3D thickness may be
obtained by Skeletonization [14]; a 3D skeletonization result of a cubic region
extracted of the sample is presented in Fig. 4. This approach is based on the
distance map of pixels, where, starting from the object edge, inner pixel values are
increased recursively by one, and finally, one region formed by higher value pixels
defines the image skeleton. The 3D mean separation among pores (sr.Sp), that may
be interpreted as the rock matrix thickness among the pores of the studied sample

Fig. 3 3D rendering of DE-microCT density calibrated images of a carbonate rock sample: matrix
(a); porous space (b)
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was obtained by its binarization within the image assuming average value of
0.63 mm. Connectivity of porous space may be investigated by the fragmentation
index (Fr.I), which can be calculated taking into account the solid perimeter and
area before and after the dilatation procedure of a binary image. The idea of Fr.I is
the fact that all structures can be described by their relation between concave and
convex surfaces, where concavities indicate connectivity and convexities indicate
disconnected structures [15]. The fragmentation index obtained analyzing the
sample images was Fr.I = 5.8 mm−1. If this result is analyzed with others rock
samples, connectivity may be compared.

4 Conclusions

Images obtained by dual energy methodology provided value information about
density distribution into a rock sample. The material composition of a sample is
important to help defining the best strategy for oil and gas exploration. In addition,
the 3D porous space model obtained by dual energy images showed potential to
provide information on petrophysical parameters, such as, pore thickness and
connectivity.

Acknowledgments The authors would like to thank CAPES, CNPQ and ANP for financial
support. We would like to thank CENPES/PETROBRAS for financial and technical support and
for furnishing the rock sample.

Fig. 4 Porous space
skeletonization model
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Contribution of X-Ray Imaging
Microscopy in Metal Bioaccumulation
Studies

S. Pennafirme, R.G. Leitão, R.T. Lopes, I. Lima and M.A.C. Crapez

Abstract Industrialization, urbanization, agriculture and natural resource explo-
ration activities are the main sources of release of pollutants, which contaminate
both the aqueous compartment and the sediment. In general, metals are the major
pollutant, and 90 % approximately of the heavy metals bind to mineral particles,
organic matter and to microbial biofilm. The sufficient bioavailability of contami-
nants can result in bioaccumulation and, depending on the contaminant level, most
marine sedimentary ecosystems can become toxic and/or presumably extinct. The
knowledge of the physiological mechanisms and the investigation of how these
organisms deal with the bioaccumulation of heavy metals are the key in order to
unlock adaptive processes, which contribute to the evolutionary fitness and per-
manence of the species in the environment. In this context, X-ray fluorescence
microscopy with Synchrotron radiation with tomography assessment (3D images)
was used in order to mapping the body heavy metal distribution of a high abundant
marine worm from Guanabara Bay, which is a chronic heavy metal polluted area
located at Rio de Janeiro, Brazil. Cadmium, nickel, chromo and cooper were
investigated and the results showed a bioaccumulation in the inner parts and
especially at the anterior region of the organism. Therefore, X-ray imaging tech-
niques can be a useful tool in order to investigate bioaccumulation in marine
benthic invertebrates.
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1 Introduction

The X-ray imaging microscopy with fluorescence through synchrotron light can be
used to investigate biological samples, with the benefits of to reveal the elemental
distribution of the sample in a non-destructive way [1]. This is because a chemical
element can be stimulated to X-ray fluorescence by exposure X-rays whose energy
is greater than or equal to the binding energy of the electrons in the shell [2]. The
elemental mapping of a given organisms can highlight the first clues regarding its
physiologic and metabolic adaptations [3–5].

Marine benthic organisms can bioaccumulate heavy metals in their body
structures. Metals are the major pollutants of marine ecosystems and 90 %
approximately of the heavy metals bind to the mineral particles, organic matter and
to the microbial biofilm [5–8]. Once marine benthic organisms feed on these
materials, concentrations of heavy metals can be found accumulated in their bodies,
especially in those that inhabit polluted areas [9–12].

The investigation of how these marine organisms deal with the bioaccumulation
of heavy metals is the key in order to unlock adaptive processes, which contribute
to the evolutionary fitness and permanence of the species in the environment
[13–15].

In this context, arises the need for a method which allows both identifying the
metal which is being bioaccumulated and its location inside the organism. The
present work aimed to investigate the support of X-ray imaging microscopy in
metal bioaccumulation studies of marine worms.

2 Material and Methods

Individuals of Laeonereis acuta (Nereididae: Polichaeta) were collected from the
mangrove of Guanabara Bay, Rio de Janeiro, Brazil, a highly heavy metals polluted
area [16]. The organisms were fixed with formalin 4 % and dehydrated through
alcohol series. One adult individual was sectioned under stereoscopic microscopy
and the region from prostomium to third setiger was analyzed (Fig. 1).

The images acquisitions were realized through synchrotron X-ray fluorescence
microscopy (µSXRF) at the Synchrotron Light National Laboratory (LNLS), São
Paulo State, Brazil. The sample was positioned at 90° relative to the detector and
the incident beam. The sampling scheme is demonstrated on Fig. 2 and the
acquisition parameters on Table 1. The sample was kept under the cryojet flux
during the images acquisition.
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The metals analyzed were cadmium, nickel, chromo and cooper, since they are
found at the mangrove sediment of Guanabara Bay [16]. The images reconstruction
followed [17, 18].

Fig. 1 Analyzed region of L. acuta a under stereoscopy microscopy before image acquisition and
b on sampler holder after image acquisition

Fig. 2 Sampling scheme of X-ray fluorescence microscopy with Synchrotron radiation with
tomography assessment for L. acuta
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3 Results and Discussion

The X-ray fluorescence microscopy with Synchrotron radiation and tomography
assessment (µSXRF-CT) allowed the generation of 3D images of metal bioaccu-
mulation in marine worms (Fig. 3). It was also possible to investigate the metal
distribution inside the organism in a non-destructive way, which may amplify the
possibilities of toxicology and physiological studies.

Further, the comparison of the metal distribution at the same organism slice
through µSXRF allowed important biologic consideration. For example, it was
possible to observe that the metals do not have the same distribution within the
organism and different tissues/organs might have different roles on metal bioac-
cumulation (Fig. 4).

Table 1 Sampling
parameters of X-ray
fluorescence microscopy with
Synchrotron radiation with
tomography assessment for L.
acuta

X-ray synchrotron experimental parameters

Sample distance from detector 20 mm

Aluminum filter thickness 165 µm

Collimator thickness of detector 1 3 mm

Collimator thickness of detector 2 2 mm

Dual energy Yes

Sample rotation 180°

Pixel size 20 µm

Time/pixel 0.2 s

Angle 6°

Cryojet temperature −30.4 °C

Average temperature on sample −20 °C

Sample distance from cryojet 74 mm

Fig. 3 3D view of a cadmium and b cooper bioaccumulation of L. acuta
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4 Conclusions

X-ray fluorescence microscopy with Synchrotron radiation and tomography
assessment (µSXRF-CT) can be a useful tool to investigated metal bioaccumulation
in marine worms.

This technic allowed visualizing the heterogeneous metal spatial distribution
inside the organism, suggesting that different tissues/organs might have different
roles on metal bioaccumulation.

Acknowledgments To LNLS for research grant for this project (XAFS1-17053), to Dr. Perez and
Dr. Miqueles for beamline and image reconstruction supports and to Dr. Soares-Gomes for lab-
oratory support.

Fig. 4 Metal bioaccumulation mapping (X-ray fluorescence intensity scale) of L. acuta
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