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In this research two samples of a nominal composition of (Bi-Pb)2Sr2Can−1CunOx
were prepared by the solid state reaction method, using two different routes. Codes A
and B are used to refer to the samples. In preparing sample A, the standard calcination
method was used, while in sample B, SrCO3 and CaCO3 were calcinated at 1100

◦C for
3 h. The calcination was done separately on SrCO3 and CaCO3 in order to eliminate
CO2. Then, after mixing and grinding, the powders in the mixture of Bi2O3, CuO,
PbO, SrO and CaO were calcinated at 840◦C for 70 h. The effects of this calcination
on the structure and different superconducting phases (Bi-2212 and Bi-2223) were
investigated by XRD, SEM and AC susceptibility. The results showed that the new
calcination process helped increase rather the Bi-2223 phase than the 2212 one. The
results were as follows:

(a) The volume fraction of the Bi(2223) and Bi(2212) phases was estimated by X-ray
diffraction patterns. The XRD patterns showed that the new calcination favored
the Bi(2223) phase formation.

(b) The SEM studies of the samples showed that the largest particle size would be
increased when using the new calcination process.

(c) The AC susceptibility studies showed that by using new calcination process, the
transition of the real part of the AC susceptibility for the intragranular component
was sharper; indicating that the new calcination process improved the Bi(2223)
phase formation.
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The charge carriers in nanowires (NWs), carbon nanotubes (CNTs), and those
confined to a very high magnetic field have one-dimensional (1D) character as quasi-
free propagation of electron waves with analog energy spectrum exists only in one
direction. The energy spectrum is quantum (or digital) in other two cartesian direc-
tions where electron waves are standing waves. In the quantum limit, an electron
(hole) occupies the lowest (highest) digital/quantized state giving it a distinct 1D
character. The energy E = vF |k| in carbon-based devices is linearly dependent on the
wave vector k, where vF ≈ 106 m/s. This is in direct contrast to parabolic charac-
ter E = ~

2k2/2m∗ in solids with effective mass m∗, for example in silicon NWs. The
probability of changing wavevector from +ve to −ve direction or vice versa is greatly
reduced and hence high mobility is expected, especially at low temperatures. In this
presentation, the crucial question to be answered is: Does a higher mobility leads to
a higher ultimate saturation velocity? The distribution function in a high electric field
E is then naturally asymmetrical affected by the energy ±qEℓ absorbed or emitted
by a carrier of charge q during its ballistic flight in a mean free path ℓ. The ulti-
mate drift in response to a high electric field results in unidirectional streaming of the
otherwise randomly-oriented velocity vectors in equilibrium. The saturation velocity
limited to the streamlined intrinsic velocity is an appropriate thermal velocity for
non-degenerately-doped samples, increasing with the temperature, but independent
of carrier concentration. However, this saturation velocity is the appropriate Fermi
velocity for degenerately-doped samples, increasing with carrier concentration but
independent of temperature. The high-field drift limited by the intrinsic velocity is
ballistic unaffected by scattering-limited processes. The ultimate velocity is further
limited by an emission of a quantum either in the form of an optical phonon or an
emitted photon by an electron excited to the higher state by the applied electric field,
not dependent on scattering parameters. This is in direct contrast to the findings
of Monte Carloites who predict saturation velocity to be scattering-dominated. In
a low-field and long (length L≫ ℓ) samples, as is well-known, scattering processes
play a dominant role and hence limit the mobility. Ballistic processes as a result of
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reduction in length of a CNT or NW below the scattering-limited mean free path ℓ in
the quasi-free direction are also discussed.
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The scaling of channel length and width in a nanoscale n-type MOSFET (NMOS)
and p-type MOSFET (PMOS) is examined in ballistic (B) nano-CMOS design. The
ballistic process is predominant in a nanoscale device when channel length is shorter
than the mean free path. Our predictive model agrees well with 45 nm experimental
data from IBM. It is shown that the mobility is lower in the short channel device
compared to the mobility in the long channel device due to the ballistic process.
The intrinsic velocity [1] for carriers in a 2-dimensional channel is given by vi2 =

vth2ℑ1/2(ηF2)/ℑo(ηF2), vth2 = (πkBT/2m∗t )−1/2. Here ℑj(x) is the Fermi-Dirac inte-
gral of order j, T is the temperature, ηF2 is the reduced Fermi energy andm

∗
t =0.19mo

for an NMOS channel. For a PMOS channel, the appropriate effective mass that due
to the heavy holes and quantization is given as m∗ =m∗hh = 0.48mo. The low-field
mobility µℓfe(h) = qτce(h)/m

∗
e(h) is controlled by quantum-confinement effect as well

as by other scattering processes that may be present in the channel [2]. When chan-
nel length becomes smaller than the mean free path ℓo the mobility may be limited
by the geometrical length Le(h) of the channel [3]. The ballistic mobility may also
affect the nano-CMOS design. According to Rothwarf’s mobility model [4], a 45 nm
electron ballistic mobility is given by µLe = 0.036/(1+ (Et/150.5 ·10−6)0.666) where
µℓfe(h) = 0.036 and Et = (VGS +Vt)/(6tox). VGS +Vt is the sum of gate and thresh-
old voltage respectively while tox is the oxide thickness. On the other hand, the hole
ballistic mobility is given by µLe = 0.005/(1+ (Et/150.5 ·10−6)0.666).
Both mobility model is incorporated in the I-V model of a 80 nm MOSFET [2] and

verified against the IBM experimental data of a 45 nm NMOS and 45 nm PMOS [5].
The extracted experimental data from VG =0.4 V to 1.0 V has good agreement with
the simulated current for both NMOS and PMOS as shown in Figure 1 and Figure 2,
respectively. In order to achieve the comparable drain current in the CMOS design
as shown in Figure 3, the NMOS and PMOS have to be scaled based on the velocity
saturation and mobility ratios of both electrons and holes as well as length and width
as shown in Table 2. This can be done by scaling of PMOS length about 4 times
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Figure 1: Simulated 45 nm NMOS (lines) I-V characteristic versus 45 nm IBM experimental
data (symbol)

Figure 2: Simulated 45 nm PMOS (lines) I-V characteristic versus 45 nm IBM experimental
data (symbol)

Figure 3: PMOS and NMOS I-V characteristic using ratio in Table 2 to achieve comparable
saturation current. Initial VGS at 0.4 V at 0.2 V spacing
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Table 1: Device Model Specification NMOS & PMOS

Parameter NMOS PMOS
Effective Oxide Thickness, EOT [5] 1.2 nm
Insulator Thickness, tox 2.1 nm 1.2 nm
Channel Length, L 45 nm
Low Field Mobility, µℓf 0.036 m2/V-s 0.005 m2/V-s

Table 2: Device Model Specification for CMOS

Parameter NMOS PMOS
Channel Length, L 90 nm 22 nm
Channel Width, W 90 nm 108 nm
Length Ratio, Lp/Ln 0.24
Width Ratio, Wp/Wn 1.20
Ballistic mobility ratio µp/µn 0.11
Saturation velocity ratio vsatn/vsatp 1.53

smaller than NMOS while maintaining matching width for both devices. Both attain
same drain current when at high gate voltage (VGS = 1.0 V) as depicted in Figure 3.
PMOS has an obvious lower mobility but higher velocity saturation than NMOS.
The models are verified with simulations and IBM 45 nm experimental data for

NMOS and PMOS and are found to be in good agreement. The mobility model incor-
porated in the MOSFET model plays an important role in determining the modeling
of CMOS device due to the predominant ballistic process. The new CMOS circuit
design sets the width Wn of the NMOS and Wp of PMOS channels to be as close
as possible (Wp = 1.2Wn) while length is scaled inversely proportional to the low-
field mobility, of the channel. This promising design rule is shown to transform to
Wp/Wn= vsatn/vsatp with Lp/Ln=µℓfp/µℓfn and push the performance limit of short
channel CMOS device.
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The transient effects in a nano/micro-scale channel are severely affected by the
resistance blow-up due to sublinear current-voltage characteristics leading to velocity
and current saturation. This resistance blow-up effect increases the transit-time delay
through the device that decreases as length of the conducting channel is decreased,
but always larger than that predicted from the application of Ohm’s law. RC time
constant is shown to enhance dramatically while RL time constant decreases consid-
erably over and above the predictions of Ohm’s law. It is argued that the use of copper
in place of aluminum for an interconnect and low-k dielectric for the parasitic capac-
itance may not necessarily lower the timing delay as intrinsic resistance rise is always
present making optimization crucial. Also, the frequency response f = 1/2πτ will be
affected as resistance blows up in a micro/nano-scale resistor. A higher capacitance
extracted from RC time constants obtained from cutoff frequency is noted if R=Ro
(Ohmic) in place of blown-up resistance R is used. The critical voltage is Vc ≈∞
for a macro-resistor. For example, with length L= 1.0 cm of a typical color-coded
resistor used in an undergraduate laboratory, the critical voltage Vc ≈ εcL= 3.8 kV
is much larger than any value of the applied voltage. The experimentally measured
critical electric field [1] for an InGaAs nano-resistor is εc=0.38 V/µm. As the length
of a resistor is reduced below micro/nano-regime, say L=1.0 µm, Vc≈ εcL=0.38 µm.
A logic voltage of 5 V or even 1.8 V being considered in a modern-day very-large-
scale-integrated (VLSI) nano-circuit exceeds the critical value (V ≫ Vc). This onsets
the sublinear behavior, making Ohm’s law invalid [2]. All transients, including the
transit-time τt, RC time constant τRC =RC, and RL time constant τRL = Lind/R
delay are sternly affected due to ensuing resistance blow-up effect [1]. The resistance
(inverse slope of I-V characteristics) rises as linear Ohmic behavior transforms to
sublinear one resulting in ultimate current saturation [2, 3]. R is the resistance of
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a resistor in Ω, C the capacitance of a capacitor in F, and Lind the inductance of
an inductor in H. In this presentation, the transient phenomena as applied voltage
switches from V = 0 (low) to say V = 5 V (high) is presented for applications. The
critical voltage Vc = εcL is then 0.38 V for a 1-µm length resistor, 1.9 V for a 5-µm
resistor and 3.8 V for a 10-µm resistor.
The velocity response to an applied voltage V = εL, where ε is the resultant electric

field, in a nano/micro-scale device of arbitrary dimensionality is reported by Arora [3]:

v= vsat tgh(ε/εc) = vsat tgh(V/Vc) =
{µoε ε < εc
vsat ε > εc

(1)

with µo the Ohmic mobility and vsat the saturation velocity. The stochastic car-
rier motion in zero electric field (equilibrium) with zero average velocity is shown to
streamline in a very high electric field resulting in velocity saturation [3]. The ulti-
mate saturation velocity is the intrinsic velocity vsat = vi whose average value can be
calculated from the Fermi-Dirac distribution function and the density of states [3] for
a given dimensionality.
Figure 1 shows the current response to the applied electric field obtained from

theoretical calculations that are consistent with the experimental data of Greenberg
and del Alamo [1]. Figure 2 shows transit time delay as a fraction of τo=L/vsat. The
Ohmic transit time delay in V > Vc regime is underestimated, but is not a serious
factor in overall timing delay. Figure 3 shows the enhancement in RC switching delay
that can be a serious factor as compared to transit-time delay. While transit time
delay decreases with the length of the sample, the RC timing delay increase requiring
optimization for the length of a conducting channel. Figure 4 shows the inductive
coupling delay for which exact differential equation could be solved only by numeri-
cal means. However, an approximate analytical solution is consistent with the exact
numerical solution. So, inductive coupling may not pose as much threat for frequency
response in micro/nano-circuits as RC timing delay as length of a conducting channel
is reduced.

Figure 1: Theoretical and experimental I-V characteristics of a micro-resistor
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Figure 2: The normalized transit time delay as a function of normalized applied voltage

Figure 3: The normalized RC time delay as a function of normalized applied voltage

Figure 4: The normalized RL time delay as a function of normalized applied voltage

The blown-up resistance R as compared to its ohmic value Ro enhances as [3]:

R

Ro
=

V/Vc
tgh(V/Vc)

(2)

Equation (2) shows that in the Ohmic regime (V < Vc), R/Ro ≈ 1. However, in the
sublinear regime (V > Vc), R/Ro ≈ V/Vc rises linearly with the applied voltage. The
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rise in the incremental resistance r= dV/dI is even much higher affecting the propa-
gation of analog signals.
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Magnetic nanoparticles-assembled films are good candidates to obtain peculiar
macroscopic magnetic properties which can be optimized for specific technological
applications in a wide range of magnetomechanical and magnetoelectrical devices, by
controlling the morphology and topology of the constituent nanoparticles (NPs). In
fact, the physical properties of the systems of NPs associated to their small size and
large surface-to-volume ratio can lead to peculiar properties that cannot be found in
corresponding bulk materials [1, 2]. Despite the huge research efforts in the field of
physical and chemical methods for the preparation of magnetic nanostructured sys-
tems – with reproducible narrow size distribution, controllable shape and proper NPs
topology to tune suitable interplay between exchange and dipolar magnetic interac-
tions – there is still a great need of simply, cost-effective synthesis techniques able to
assure contemporaneously all the above mentioned characteristics.
Femtosecond pulsed laser deposition (fs-PLD) has been recently established to be

an effective, versatile and reliable deposition technique for any material [3, 4]. The
resulting films exhibit an enhanced purity and crystalline quality with respect to the
conventional preparation techniques such as nanosecond pulsed laser deposition, dc/ac
sputtering, etc. The morphological and topological peculiarities of the NPs-assembled
films prepared by fs-PLD are: (i) the constituent NPs present a typical oblate shape,
with the major axes parallel to the substrate surface, (ii) cauliflower-like aspect due
to the NPs aggregates, made of non-coalescent, smaller primary NPs, with entrapped
voids among them [5, 6].
In this work we study the possibility to modify the size and size distribution of

the NPs produced by femtosecond pulsed laser deposition, by using the irradiation of
the NPs plume with a secondary UV laser beam, and the consequent changes in the
macroscopic magnetic behavior of the NPs systems.
The experimental setup used for the preparation of Ni NPs-assembled films is

made of a chirped pulse amplification Nd:Glass laser system, delivering ultrashort
laser pulses (≈ 300 fs, 527 nm), a 99.9% pure Ni target mounted on a rotating holder
and a silicon substrate located 30 mm away from the target surface and parallel to it,
all placed in a vacuum chamber evacuated to a residual pressure of 10−10 bar. In order
to modify the size of the NPs directly generated from the target by phase explosion and
fragmentation mechanisms under the action of the fs laser pulses, a sheeted ultraviolet
(UV) beam produced by a XeF excimer laser (≈ 20 ns, 351 nm) was focused on the
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expanding plume, in a perpendicular geometry. The appropriate adjustment of the
temporal delay τ between the UV and fs laser pulse, using a delay generator, allows
the UV beam to interact with different parts of the NPs plume. Subsequently, the
NPs are collected onto the substrate and, due to suitable selected ablation-deposition
parameters.
The morphological and topological characteristics of the NPs and NPs-assembled

films was studied by an Atomic Force Microscope (AFM, Nanoscope IIIa Digital
Instruments) on less than one layer deposits. The AFM was operating in tapping-
mode, with scan size and rate of 1× 1 µm and 1 Hz, respectively, using a sharpened
AFM tip, with a very low curvature radius (2 nm) to minimize convolution effects.
Moreover, all AFM images were corrected by deconvolution, in order to avoid tip
size effect. X-ray Diffraction (XRD) was used for structural analysis. The magnetic
behavior of the deposited films was investigated by a Vibrating Sample Magnetometer
(VSM, Maglab 9T Oxford Instruments).
The comparative evaluation of the AFM images and of the corresponding size

histograms of less than one layer deposits obtained without and with secondary UV
laser irradiation, for two temporal delays (2.2 µs and 3.7 µs), shows a sensible decrease
of the median value of the in-plane diameter (D) and height (d) up to ≈ 40% and
80%, respectively of the NPs obtained by double laser irradiation with respect to
those prepared only by fs-PLD. It has been established that plume NPs absorb the
UV radiation, increase their temperature and partially vaporize, thus reducing their
size. Moreover, the D and d size distributions exhibit a remarkable narrowing for the
cases in which the secondary laser irradiation is active.
The normalized magnetization, M/Ms, versus magnetic field, µ0H, cycles at 300

and 10 K show the dependence of the magnetic behavior of the Ni NPs-assembled films
on their morphological and topological properties. The VSM measurements evidence
an increase of the magnetic cycles squareness and a broader switching field distri-
bution in the samples obtained using a secondary UV laser irradiation with respect
to those prepared only by fs-PLD, while the saturation magnetic field and remanent
magnetization ratio are almost constant.
The challenging task of solving the disadvantage of the fs-PLD technique, with

respect to other preparation methods of NPs-assembled films, in what concern the
broad size distribution of the deposited NPs has been accomplished by means of dou-
ble laser irradiation in vacuum. The changes in the films morphology and topology,
mainly characterized by NPs size decrease and size distribution narrowing, and conse-
quently in their magnetic properties, can be controlled by properly modifying the time
delay for the secondary UV laser irradiation that intercepts different regions of the
NPs plume during its expansion from target to substrate, determining the NPs partial
vaporization. The obtained results demonstrate that using this double laser irradia-
tion in vacuum, the magnetic behavior of the NPs-assembled films can be efficiently
and reproducibly tailored toward higher squareness of the magnetic cycles for spe-
cific applications in magnetic recording and magnetic micro/nano-electro-mechanical
devices requiring hard magnetic materials.
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Introduction. The testing step is a must in the industrial fabrication of integrated
circuits. Alongside with the increasing complexity and performance of integrated cir-
cuits (ICs), the number of input and output pads is also increasing. As a result, the
number of the test probes should increase at the same rate, but this is a challenging
task due to the decreasing pad size and pad pitch [1, 2]. According to the ITRS, up
to 2013 probe technologies must support peripheral staggered pad probes at effective
pitches of 20–40 µm, 45 µm pitch for dual row, non-staggered probing on all die sides.
Multi-site probing support is highly desirable.
The conventional needle probe card cannot fit to test higher pad-density ICs.

Several alternative probe card technologies using the semiconductor fabrication tech-
niques have been proposed [3, 4]. A membrane probe card for high-density ICs [5, 6]
still has some limitations in use due to nonuniform contact force and high contact re-
sistance [7–9]. A cantilever-type MEMS probe card developed by Zhang et. al. cannot
endure or produce the force required to break the oxide on a pad surface [7].
Currently there is no available probe card technology on the market that would

meet all of the technology requirements (such as low contact and low series resis-
tances, high scalability, exact positioning of tips, versatile chip pattern, low cost per
touchdown) simultaneously. Different technologies are used for different applications.

The new technology. The main idea of the proposed novel design of a probe card
capable of further shrinking in dimensions is presented in Figure 1. A developed
probe card is a compliant electrical contact structure. The technology is based on
free standing metal wires embedded in a polymer matrix. The metal wires provide
electrical contact; the polymer matrix supports the wires, adds mechanical stability
and provides compliance with the assembly. The „compliance” of such an electric
contact is determined totally by the polymer whose mechanical characteristics can be
modulated.
A technology based on the silicon MEMS process was developed to obtain a devel-

oped structure. The contacting metal structures were lithographically patterned onto
the carrier substrate. Lithography was used to define the wires and tips with a high
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Figure 1: Proposed novel construction of the probe card

accuracy and shape to meet the pitch and electrical requirements. A combination of
metal layers was then electroplated on the carrier substrate to obtain wires. At the
assembly step the carrier substrate with probing structures was aligned with the alu-
mina ceramic serving as a first level signal redistribution layer. Then, the structures
were bonded face-to-face by means of solder in a thermo-compression process. Once
bonded, the assembly was separated to release the metal wires from the carrier sub-
strate and keep two substrates at a prescribed distance. A subsequent filling process
was performed to fill the air gap with a liquid polymer. After the polymer had been
cured the carrier substrate was etched releasing the probing tips.

Key processes. The technology relies on two key challenges: (i) the ability to in-
crease and control the adhesion of thick metals onto silicon and (ii) on modulating the
mechanical characteristics of the polymer. Nano-structured materials are used to fulfil
both requirements. The adhesion is tuned changing the porosity of the nano-porous
silicon structures. The fixed mechanical properties of the polymer (e.g. polydimethyl-
siloxane) are tuned nano-charging the polymer with nanoparticles (e.g. silica). De-
tailed investigations were performed in order to exploit these processes.
(i) The core of the proposed technology is a porous silicon layer. Porous silicon

is a known material used in many applications as a sacrificial and active material.
In the present technology a porous silicon matrix is used to increase and modulate
adhesion of thick metal layers to the silicon wafer surface [10]. Such modulation is
needed to keep metal wires on the carrier substrate during the preliminary step and
allow their partial release without fracture at the assembly step. Samples of uniform
porous silicon with different porosities were prepared and locally electroplated with
copper in order to measure the porosity influence on the adhesion. The metal wires
were then vertically pulled with a LLOYD LRX plus material testing machine. It was
found that increasing the porosity of porous silicon led to a significant increase in the
adhesion. The main reason for this is the penetration of metal into pores (Figures 2a
and 2b), leading to an increase in the effective contact area between the metal layer
and the silicon. Adhesion can be increased by increasing the porosity till the fragility
of porous silicon becomes higher than the adhesion value.
(ii) The electronic application of organic polymers is becoming a very strong com-

ponent in the design of devices. They are used in every step of the device fabrication
process, starting from the substrate and ending with the packaging. This is explained
by the widest spectra of the electrical, mechanical and chemical properties. In fact
polymers have been usually employed as insulators and dielectrics, but now the de-
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(a) (b)

Figure 2: SEM cross section image of porous silicon as fabricated (a) and after metal depo-
sition (b)

Figure 3: Compliant array configuration for probe card

velopment of new materials has broadened their utilization into areas where their
semiconducting and conducting properties are utilized, such as in displays, corrosion
resistant coatings, sensors, solar cells, capacitors. It is known that the mechanical
properties of polymers are tunable by mixing of different types of resins, adding
nano-powders, varying the curing time, out-gassing process, etc.
In the present application polymer was used to obtain a compliant structure com-

posed of tip bars and a uniform layer containing all the suspended metal wires. The
incorporation of nano-powder into the polymer was chosen as the process to tune
the polymer properties. The polymer used was silicone RTV 90700AB (viscosity:
1000 mPa·sec, hardness Shore A 8, density 1.1 g/cm3) and the nano-powder used
was silicon dioxide with an average particle dimension of 10 nm. Notwithstanding the
silicone’s hyperelastic behavior, the elastic module of silicone increased from 3.5 MPa
to 7 MPa loading with nano-powders. Furthermore, the polymer response to the rate
strain was investigated. The tip bar height, the layer thickness and the mechanical
properties of the nano-loaded polymer were among the critical parameters. Different
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types of polymers with high mechanical strength, good behavior at fatigue stress and
compliant strains were studied and tested. Detailed results of the mechanical prop-
erties of a polymer, mixed with nanoparticles, such as plasma etching behavior in
different gas conditions, will be presented.

Conclusions. A new fabrication process was developed to produce a prototype of
compliant MEMS. Such micro-compliant systems were applied for obtaining electric
contacts for integrated circuit testing (e.g. array probe card, Figure 3), to replace the
wire bonding technique for high power devices and for obtaining a THz band antennas
array. The properties of familiar materials were modified by using nano-porous silicon
and nanoparticles.
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Purpose: Mesenteric ischemia is an uncommon but often underestimated cause of
nontraumatic acute abdomen and its global prevalence is around 0.1% of all hospital
recoveries.
Despite our better knowledge and improved diagnostic techniques bowel infarction

is still frequently a fatal disease, with reported mortality rates between 50% and 90%.
This poor outcome has remained static for many decades and is associated with
a variety of contributing factors. Of particular relevance is the late presentation, late
or incorrect diagnosis, wrong therapies.
Thanks to a simple and versatile and inexpensive animal model, we reproduced

this pathology, inducing intestinal ischemia without laparotomy. The aim of the study
was to identify MR imaging patterns of lesions due to an acute occlusion of Supe-
rior Mesenteric Artery (SMA), relating these radiological findings to macroscopical
monitoring and histology.

Methods and Materials: 30 Sprague Dawley rats were anesthetized, a laparotomy
was performed, and the cranial mesenteric artery was isolated. In the first group
of “control” animals (n= 15), the artery was directly occluded by a tight ligation,
and, after 8 hours, the bowel was excised for a histological analysis. In the second
group (n= 15), a loop (3-0 gut) was tied loosely around the vessel and the tips were
exposed on the rat’s back without occluding the artery. After 3 days from surgery,
basal MR abdominal scans were collected for each rat. Afterwards the loop was tied
by external tips to occlude the vessel and the MR session was repeated 4 and 8 hours
later. The animals were then sacrificed and the entire intestinal package processed for
a histological analysis on hematoxylineosin-stained sections.

Results: No animals died before the end of the study. One rat from the second group
was excluded from the analysis because it showed SMA stenosis but not a complete
occlusion at 8 h after ligation in the angio-MR sequences. Abdominal MR scans
showed no gas in the abdominal cavity and no signs of bowel or mesentery irritation.
The T2 MR sequences identified several injury signs of a vascular occlusion such as
dilatation of loops, a decrease in the intestinal wall thickness and peritoneal fluid.
These changes were paralleled by histological alterations as highlighted by ex-vivo

39



7th International Workshop
on Functional and Nanostructured Materials

FNMA’10F07

examination, with no significant differences in the histological analysis of the same
intestinal tracts between the two groups.

Conclusion: This animal model could represent a useful and highly reproducible tool
to evaluate by imaging the evolution of the intestinal ischemic lesion and to assess the
effectiveness of new therapeutic modalities. Compared to the histological analysis, MR
imaging can correctly identify morpho-functional alterations of intestinal ischemia due
to an acute occlusion of SMA.
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In 2000 Jensen and coworkers [1] found that some metals and metal salts could
quench the polymerisation of parylene-N and parylene-C. The inhibition of growth of
parylene chains depends on the metal type used. On the other hand, it is well known
that the polymerisation mechanism of parylenes in the gas phase is of a radical type
[2, 3]. Recently it has been also found that there is a strong dependence between the
thermodynamic barrier of metal salts reduction by radicals during polymerisation and
the normal redox potential of appropriate reaction of reduction.
In this work I propose a mechanism of metal salts reduction by biradical di-

p-xylylens. The calculations were performed by means of various ab initio DFT and
semiempirical methods finding appropriate saddle points and energy profiles crossings
depending on the spin symmetry of substrates and products. It turned out that in
some cases the kinetic barriers were very low and depended on the value of the normal
redox potential of an appropriate reaction of metal ion reduction while the anion type
was less important.
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Different ionization processes of atoms in laser fields have been the center of inter-
est in both theoretical and experimental research in atomic physics for a long time.
One of the most interesting examples of those processes is the so-called laser induced
autoionization in which a nontrivial structure of a continuum occurs due to the mix-
ing of the ionizing states with the continuum. In this paper, we consider a model for
laser-induced autoionization introduced before in [1]. Following [2] we assume that
the laser light is decomposed into two parts: the deterministic (or coherent) part and
the one which is a randomly fluctuating chaotic component, which is a correlated,
Gaussian, Markov and stationary process (white noise). This model for the field is
interesting by itself because it describes the electric field amplitude of the multimode
laser, operating without any correlation between the modes. We solve a set of coupled
stochastic integro-differential equations, describing a double Fano model for autoion-
ization. We determine the exact photoelectron spectrum and compare it with our
results obtained before in [1] and [2].
Our paper is organized as follows: After the introduction, in the second section

some details of our model are described and the equation for atomic operators is
derived. In the third part, our results are presented and discussed. Instead of pre-
senting a rather complicated formula (some details of the calculations leading to that
formula can be found in the appendix) we have restricted ourselves to just two most
interesting physical limits: weak and strong fluctuations.
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The interaction between differentiating neurons and the extracellular environment
guides the establishment of cell polarity during nervous system development. The
developing neurons read the physical properties of the local substrate in a contact-
dependent manner and retrieve essential guidance cues. We engineered biocompat-
ible nanostructured substrates designed for high-resolution live-cell microscopy by
exploiting nanoimprint lithography techniques and cyclic olefin copolymers in order
to unravel the mechanisms by which differentiating neurons read the local topogra-
phy. Neuronal contact guidance, establishment of polarity, focal adhesion maturation,
cell generated contractility, and active remodelling in differentiating PC12 cells sens-
ing nanotopographies will be analysed and discussed. Finally, the role of different
differentiation pathways in the regulation of neuronal polarization on nanogratings
will be addressed.
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The fields of plasmonics, Raman spectroscopy, and Atomic Force Microscopy ex-
perienced a huge but independent development in the last decades. The potential
progress derived by unifying these different techniques is of primary importance for
obtaining simultaneous and complementary information at level of single molecule
detection. Here we propose and demonstrate that the convergence of those distant
fields can open access to topographic, chemical and structural information on a spa-
tial scale of few nanometers. We report on the design, fabrication and measurements
of a photonic-plasmonic device that is fully compatible with atomic force microscopy
and Raman spectroscopy. The physical mechanism exploited is the generation of sur-
face plasmon polaritons by means of a tapered nanostructure that causes Raman
excitation through an adiabatic concentration of electromagnetic field in a spatial
region of few nanometers at the taper apex.
The device consists in a silver nano-cone acting as a plasmonic nanoantenna, placed

at the centre of a photonic crystal (the device is fabricated on AFM cantilever).
Surface imaging resolution and chemical sensitivity with a spatial resolution up to
7 nm were demonstrated. This new tool accesses to all of the information provided
by the mentioned techniques, such as molecular structures, molecular interactions,
force binding, local arrangement, surface topography and chemical nano-mapping also
under physiological condition. It will provide an effective convergence between nano
and bio technologies, where the understanding of how individual molecules behave
has significant implications in Biology and Medicine.
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The electroless deposition consists of the reduction reaction of nickel ions from
a solution on activated substrates. An acid or a basic nickel plating solution, together
with a reducing agent such as sodium hypophosphite, formaldehyde, dimethyl- or
diethylborane, hydrazine, etc., are used [1–3]. During the reducing process some other
metals or non-metals from the plating solution are included in the nickel deposit, and
binary or ternary intermetallic compounds are obtained. These compounds modify
some of the physico-chemical properties of pure nickel [1, 4–6].
In this paper, thick nickel films were chemically deposited on alumina and piezo-

ceramic substrates. The substrate activation is based on the general tendency of ions
in solutions to be reduced at zero-valent state in the presence of a metallic atom with
a higher electronegativity value. For instance if Al or Mg is deposited on a dielectric
substrate, with a suitable reducer and bath composition, the metallic ions from the
solution, such as Ni+2 or Co+2, are reduced and the film containing the metal from the
solution is deposited on the substrate instead of Al or Mg [7]. The nickel was deposited
in two stages. First the substrate was activated by an original method. A thin film of
a metal with electronegativity values between 1.2 and 1.7 (Al and Mg, respectively)
was evaporated in vacuum on the substrate. In the second stage the activated surfaces
were introduced into alkaline nickel plating solutions, I and II, containing different
amounts of sodium hypophosphite as the reducing agent: 0.5 wt. % and 1.5 wt. % so-
lution (with the NiCl2/sodium hypophosphite ratio of 1/1 and 1/3, respectively.) The
pH values of the nickel plating solution were 8–9.5, and the deposition temperature
range was 368–371 K.
The XRD spectrum of nickel layers chemically deposited on alumina from so-

lutions with composition I and II is characterized by broad and weak diffraction
peaks, indicating the presence of small amorphous particles and traces of crystalline
Ni grown in the (111) plane. The diffuse maximum at 2θ= 44.5◦ is attributed to the
amorphous phase Ni1−xPx. The structural order degree of the Ni-P phase can be
semi-quantitatively defined by the width, ∆NiP, at half maximum of the principal
diffuse peak at 2θ=44.5◦ (Table 1). The amorphous phase gradually crystallizes dur-
ing annealing for 1 h at 673 K and 1053 K in hydrogen atmosphere. The increase in
the crystalline nickel concentration during annealing is estimated by the height ratio
between the Ni [111] line and the amorphous peak contribution at the same angle, and
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Table 1: Crystalline parameters of Ni1−xPx compounds

Plating solution Ta (K)* ∆ NiP R1 R2

I – 5.6 0.25** 0

I 673 5.6 > 1.31 6.23

II – 7.0 0.32** 0

II 1053 7.0 0.77 8.10

* Annealing temperature (1 h in H2)
** Superposition of Ni [111] on the weak peak of the Al2O3 substrate

is denoted as R1 (the NiCryst/Niamorph ratio). Cubic Ni7P3 and traces of hexagonal
Ni5P4 were present in the films deposited from solution I. In the annealed films pre-
pared from solution II, hexagonal Ni5P2 was evidenced. The wt. % P concentration
of the layers prepared from solutions I and II was 11.05 and 11.95 respectively, and
corresponded to the approximate formula Ni80P20. Therefore, a mixture of the Ni
and Ni7P3 phases (with a small amount of Ni5P2) looked reasonable. All the phases
showed a preferred orientation of the crystallites with respect to the alumina substrate
plane. The appearance of the NixPy phases upon annealing is described in Table 1 by
the ratio, R2, between the line maximum with d= 1.94 Å (mainly due to Ni7P3 and
Ni5P4) and the diffuse halo height taken at 2θ= 46.6

◦ (R2 =NiPCryst/NiPamorph).
The thickness of electroless nickel layers is very important for the electrical prop-

erties: amorphous layers with thicknesses over 8–12 µm are good conductors of elec-
tricity, while those with the thickness less than 1 µm are resistive. The electrical
resistivity of an amorphous Ni layer is about 800 µΩcm at room temperature, i.e.
very large compared with that of pure Ni (6.9 µΩcm) [8]. The electrical resistivity of
an amorphous Ni layer is almost constant over a large temperature range (300–77 K).
For the samples annealed in hydrogen at 673 K, the electrical resistivity decreases
at about 190 µΩcm at room temperature, since the metallic behaviour of the nickel
layers is improved. The resistivity ratio (̺300 K/̺77 K) increases from about 1.05 to
4.20 for annealed samples. The linear dependence of the resistivity as a function of
temperature, ̺(T ) for both samples suggests that the phonon contribution to the
carrier scattering is dominant.
The magnetic properties of as-deposited amorphous samples on alumina and Nb-

doped PZT substrates were measured. The results are presented in Table 2 and Fig-
ure 1.
Whilst Ni1−xPx films deposited on alumina show typical soft magnetic behaviour,

the magnetic hysteresis loops of Ni1−xPx films deposited on Nb-doped PZT ceramic

Table 2: Magnetic characteristics of amorphous Ni1−xPx layers

Sample / substrate Coercivity, Magnetic moment at 1400G mr/m1400
Hc (G) M1400 (emu)

Ni1−xPx/alumina 49 84.6 · 10−6 0.23665

Ni1−xPx/PZT-Nb Rsq = 0.2 Ω 64 459.1 · 10−6 0.13978

Ni1−xPx/PZT-Nb Rsq = 0.4 Ω 64 461.3 · 10−6 0.13766
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Figure 1: Magnetization curves for Ni1−xPx films deposited on alumina and Nb-doped PZT
ceramic substrate

substrates consist of two superposed components (Figure 1): the ferromagnetic compo-
nent is the response of the Ni1−xPx film, and the paramagnetic one is the contribution
of the substrate. A slight shifting of the magnetic moment curve vs. the applied mag-
netic field is observed for the films deposited on a PZT substrate, too. We assume
that the magnetic moment is influenced by the conductivity of the Ni1−xPx deposit,
depending in its turn on the film thickness. The ferromagnetic properties described
above are in good agreement with the results from the literature for x< 14 wt. % [9].
The same activation method can be used for Ni-Fe-P alloy deposition on dielectric

substrates.
In conclusion, the nickel layers chemically deposited by this method are amor-

phous and contain 11–12 wt. % P. The layers crystallize during heat treatment, with
formation of metallic nickel and a mixture of nickel phosphides: cubic Ni7P3, hexag-
onal Ni5P4, hexagonal Ni5P2. The heat treatment of the Ni-P chemically deposed
layer decreases the resistivity values by several times. The prepared thick Ni films,
characterized by a good adherence on the substrate and chemical stability together
with their electrical properties, are suitable as electrodes on insulator materials.
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Lutetium and gadolinum oxyorthosilicates, Lu2SiO5 (LSO) and Gd2SiO5 (GSO),
belong to monoclinic structure, however, they differ in the space group (C2/c and
P2/c, respectively). Recently, they have been of great interest owing to their unique
thermal and optical properties. Co-doped with Ce3+, they offer such applications as
detectors in positron emission tomography or efficient phosphors. Both crystals pos-
sess the ability to accommodate rare earth ions thereby emerging as valuable materials
for the design of new laser systems. Doped with Dy3+ ions, they can make laser ma-
terials emitting in the visible range. However, a disadvantage of the LSO crystal is its
high melting point of 2050◦C that is very close to the breakdown temperature of an
iridium crucible. An alternative is the growing of mixed (Lu1−xGdx)2SiO5 (LGSO)
solid solution crystals with lower melting points comprising between 2050◦C (LSO)
and 1770◦C (GSO).
The (Lu1−x−zGdxDyz)2SiO5 (x = 0.2, 0.4, 0.6, 0.8, z = 0.04) single crystals

were grown by the Czochralski method. It was found that the growth behaviour
of the Dy:LGSO crystals was similar to that of Dy:LSO and the melt tempera-
ture decreased monotonously from 2000◦C for (Lu0.8Gd0.2)2SiO5:Dy to 1835

◦C for
(Lu0.2Gd0.8)2SiO5:Dy. The X-ray results revealed that the LGSO:Dy solid solution
crystals exhibited an LSO type structure (C2/c) even for the sample with 80% of
Gd3+ replacing Lu3+ ions in the structure.
The emission bands exhibited the nature of a Dy:LSO crystal. However, the spec-

tral lines were quite broadened and their crystal-field structure was poorly resolved
what implied a considerable structural disorder. The visible luminescence from the
4F9/2 state was observed at 574 nm (yellow emission) and at 484 nm (blue emis-
sion). It was found that the luminescence intensities of Dy3+ in the (Lu1−xGdx)2SiO5
compounds were higher than those of the Dy:LSO [1] or Dy:GSO [2] crystals. The
experimental lifetimes of the 4F9/2 state in the Dy:LGSO solid solutions were close
to those in Dy:LSO (τmean ≈ 63 µs in LGSO:4% Dy, τmean = 202 µs in LSO:5% Dy)
and substantially longer than those in GSO:5% Dy (τmean = 118 µs).
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The laser potential related to the 4F9/2→6H13/2 emission in the Dy:LGSO mate-
rials was assesed based on evaluation of the emission cross section values and compared
with those of the Dy:LSO and Dy:GSO crystals.
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Introduction. In the past few years, the research on nanolithography has attracted
significant attention and interest. Among various techniques, multiphoton nanolithog-
raphy (MPN) has emerged as a powerful tool, which might hold the key to complex
3D structures fabrication with nanometer scale precision [1]. The spatial resolution of
MPN becomes one of the key issues for its application in nanolithography. With laser
direct writing technique, the spatial resolution is difficult to achieve at nanometer
scale due to the diffraction limit of light. MPN provides the potential to break the
diffraction limit and realize the fabrication resolution under nanometer scale [2]. Here,
we report the latest progresses on improvement of MPN resolution with multiphoton
polymerization (MPP) of organic photoresist, functionalization of materials suited for
MPP, and the applications for MEMS/NEMS.

Spatial Resolution in MPP. Here, we define the spatial fabrication resolution
(SFR) as the area size of the spatial volume where the multiphoton absorption oc-
cured. In MPN, SFR depends on the distribution of laser intensity of at lateral focus
plane and on the propagation direction. Fig. 1 shows the isophotes of light intentisty
calculated using a objective lens with NA of 1.45 [3]. SFR can be expressed as lateral
and axial spatial resolution (LSR and ASR).
Using fs pulse laser (λ=800 nm) and high speed scanning mode, we obtained the

LSR of 50 nm on the surface of substrate as shown in Fig. 2(a) [3], which indicated that
the area of MPP is limited to nanometer scale. Moreover, we also achieved the highest
LSR of 15 nm when the cured polymer line was fabricated as suspended line between
two supports as shown in Fig. 1(b) [4], in which shrinkage of cured polymers with
low polymerization degree was effective for reducing the LSR. Utilizing asymmetric
shrinkage of cured polymer allows us to obtain polymer lines with low aspect ratio [3],
which is of importance for fabrication of photonic devices.
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Figure 1: Isophotes of light intensity calculated using a objective lens with NA of 1.45 in MPN

Figure 2: SEM images of cured polymer lines by MPP; (a) the highest LSR of 50 nm cured
on surface of substrate; (b) LSR of 22 nm cured as suspended line

3D Lithography for MEMS/NEMS

Photonic Devices. For improving the functions of 3D microstructures, we proposed
a method suited for MPP fabrication of 3D microstructures of nanocomposites [5].
Recently, we developed the concept of size control of nanoparticles in composites with
tuning the crosslinking networks of polymer [6]. Using this concept, we successfully

Figure 3: Multicolored microbulls of CdS-polymer nanocomposites with tunable CdS
nanoparticle sizes fabricated by combination of in situ synthesis and MPP
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fabricated various 3D microstructures with the polymer nanocomposites with different
sizes of nanoparticles [7, 8], and obtained multicolor 3D microstructures (Fig. 3).
We used dendrimer to modify laser dyes and improved the dye concentration upto

5.5 wt % in photoresist. This photoresist was used to fabricate a 3D micro/nanometer-
scaled resonator, which was composed of a series of suspended polymerized fibers sup-
ported by cuboids arrays. The fabricated 3D resonator contained nanofibers exhibited
the lasing phenomenon as shown in Fig. 4 [9]. The lasing at 556 nm was observed with
a ultralow threshold of 0.30 µJ/pulse. It was indicated that the polymeric suspended
nanofibers plays a critically important role in constructing this microresonator.

3D MEMS. In order to realize the application of MPP, improving fabrication speed
is important for mass fabrication of micromachines and microdevices. Recently, we
developed a new technique for fabricating assembled 3D microstructures using a des-
ignable multiple beams [10], which could efficiently simplify the assembling process.
Using this technique, we successfully fabricated various sets of 2D & 3D microstruc-
tures as shown in Fig. 5. The method can be expected in the applications for the
practical fabrication of micro/nanoscale MEMS.

Figure 4: (a) SEM image of cuboids arrays with suspended fibers; (b) Emission spectra of
the cuboids arrays with suspended fibers

Figure 5: Top (a) and side (b) views of assembled microgear set; sets of 3D PhCs with hcp
(c) and diamond structures (d)
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Conclusion. Multiphoton nanolithography techniques, including multiphoton poly-
merization and photoreduction, have exhibited the capability as a potential tool for
the application in fabrication of nanostructures and nanodevices, since it could break
the diffraction limit and obtain the nanoscale resolution with direct laser writing tech-
nique. The resolutions of 50 nm and 120 nm have been achieved in MPP and MPR,
respectively. With funtional materials such as nanocomposites, luminescent polymers
as well as nobel metals, various nanostructures have been demonstrated as functional
devices for the applications in photonics.
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It is shown that magnetic viscoelastic materials with a magnetic component con-
sisting of magnetic nanoparticle agglomerates can have different elastic responses to
different values of the external dc magnetic field, Hdc. In the particular case of mag-
netic resonance taking place at the resonance field, Hdc=Hr, the elastic deformation

Figure 1: Dependence of average angle, ϕ= 1

N

∑N

i=1
ϕi, formed by the magnetic anisotropy

axis and the direction of Hdc on Hdc strength for different temperatures; ϕ0 represents the
initial angle at which the magnetic nanoparticle is pinned elastically to its nonmagnetic
surrounding. Sample A denotes the results for a cluster of N = 30 magnetic nanoparticles
with the majority of magnetic anisotropy axes aligned with the direction of the external dc
magnetic field, Hdc. Sample B represents a cluster of N = 30 magnetic nanoparticles with
all magnetic anisotropy axes which are oriented at random with respect to the direction of
Hdc. The values of Hdc where the maximum discrepancy of ϕ/ϕ0 between samples A and B
is observed correspond to the resonance magnetic field, Hr
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of the surrounding of magnetic nanoparticles can be much larger than the deforma-
tions corresponding to the values of Hdc close to Hr. The magnetic anisotropy axes of
the magnetic nanoparticles undergo orientation ordering after the external magnetic
field, Hdc, is switched on. The reorientation processes of magnetic nanoparticle ag-
glomerates strongly depend on the viscoelasticity of the materials in which they are
dispersed. It is especially important for the deformation phenomena driven by a low
concentration of magnetic nanoparticles in a non-magnetic matrix. Some physical
properties of such a matrix could change positively for their application state [1, 2].
A theoretical study of the viscoelastic materials and their temperature dependence
could give a better understanding of the orientation processes of the spin correlat-
ing systems in transforming the physical properties of a new generation of magnetic
materials.
There is a narrow range of temperatures where the magnetic resonance can be

detected from the deformation strength of the surrounding of magnetic nanoparticles.
A simple theoretical model of a single cluster consisting ofN magnetic nanoparticles in
an elastic polymer matrix is introduced to show the magnetic resonance effect on the
deformation of the nonmagnetic nanoparticle surrounding through magnetic-elastic
coupling. The model is based on the stochastic version of the Lifshitz-Landau equation
for nanoparticle magnetization. The role of the viscosity temperature dependence on
the absorption lines in the FMR experiment (ferromagnetic resonance experiment)
has been discussed by the authors recently [3].
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Electrical detection schemes for the quantification of DNA using nanostructure-
based sensor arrays are proposed in this work. The prime objective is to develop a novel
sensing procedure, based on the electrical transduction mechanism, which would mit-
igate the problems intrinsic to nanostructure-based biosensing devices. Design con-
siderations of the sensor array take into account the feasibility of mass production in
a cost-effective way by using standard silicon microfabrication technologies.
Two nanostructures, namely silicon nanowires and nanogaps, are discussed. Ar-

rays of highly ordered n-type silicon nanowires (SiNW) are fabricated using comple-
mentary metal-oxide semiconductor compatible technology and their applications in
biosensors are investigated. Peptide nucleic acid (PNA) capture probe-functionalized
SiNW arrays show a concentration-dependent resistance change upon hybridization
to complementary target DNA that is linear over a large dynamic range with a detec-
tion limit of 10 fM. As with other SiNW biosensing devices, the sensing mechanism
can be understood in terms of the change in charge density at the SiNW surface after
hybridization, the so called “field effect”.
The second type of sensor array is based on nanogaps. The sensing mechanism

relies on bridging the nanogap upon hybridization of the two termini of a target DNA
with two different surface-bound capture probes, followed by a simple metallization
step. About two orders of magnitude enhancement in conductance, as referred to
a clean background (< 1.0 pS), was obtained in the presence of as little as 1.0 fM
target DNA. A linear relationship between the conductance and DNA concentration
was obtained from 1.0 fM to 1.0 pM with an exceptional signal intensity of 2.1 ·104%
change per unit concentration. This change in conductivity is so large that it can
unambiguously detect the concentration of DNA quantitatively and may obviate the
need for target amplification used in current DNA tests.
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Most materials we encounter have a tendency to get thinner when stretched
(i.e. exhibit a positive Poisson’s ratio). Nevertheless, not all materials behave like this
and it is possible for materials and structures to get fatter when stretched (i.e. ex-
hibit a negative Poisson’s ratio). Such materials are commonly referred to as auxetic,
a word which derives from the Greek word αυξετoσ.
Auxeticity, despite being uncommon, is a highly desirable property since mate-

rials with a negative Poisson’s ratio are known to exhibit several beneficial or en-
hanced properties when compared to their conventional counterparts. These include
an increased resistance to indentation, enhanced vibration absorption properties and
a natural ability to adopt dome shaped surfaces.
In this paper we present some recent advances made in the field of auxetic materi-

als. In particular we review some of the models which are currently in use to explain
the Poisson’s ratio (both positive and negative) in various classes of materials and
show that new materials can be produced to exhibit this anomalous property. We also
discuss materials and structures which exhibit negative thermal expansion (i.e. shrink
when heated) and negative compressibility (i.e. expand in size when they are subjected
to positive hydrostatic pressure), and show that some systems can exhibit more than
one of these negative properties.
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Carbon nanotubes (CNTs) exhibit unique electronic, metallic and structural prop-
erties compared to other materials. For that reason, researchers have focused on utiliz-
ing these characteristics for engineering applications such as actuators, hydrogen stor-
age, chemical sensors and nanoelectronic devices. Several papers have been published
utilizing CNTs as the sensing material in pressure, flow, thermal, gas, optical, mass,
strain, stress, chemical and biological sensors [1, 2]. Amongst many of their superior
electro-mechanical properties, it is the piezoresistive effect in CNTs that is attractive
for designing strain sensors. When CNTs are subjected to mechanical strain, a change

(a) (b)

(c)

Figure 1: SEM microphotographs of prepared PCL/CNT nanocomposites; (a) PCL-neat
(×3500), (b) PCL/0.5% CNT (×6500), (c) PCL/1% CNT (×10000)
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in their chirality leads to a modulation of their conductance. In this paper, a novel car-
bon nanotube/biopolymer nanocomposite was used to develop a piezoresistive strain
bio-nanosensor. A biocompatible polymer matrix was used to provide good interfacial
bonding between carbon nanotubes. MWCNTs (d= 30–50 nm, purity> 95%) were
used for preparation of polycaprolactone based nanocomposites, PCL/MWCNT. The
PCL/MWCNT nanocomposites were prepared by mixing of the MWCNT and PCL
in a tetrahydrofuran solution for 24 h. The PCL/MWCNT nanocomposite films were
characterized by DSC, TGA, FTIR and SEM.
The characteristic morphology of the prepared nanocomposites is presented in

Figure 1 (a: PCL-neat, b: PCL/0.5% CNT, c: PCL/1% CNT).
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A nanocrystalline 0.90(Fe2O3)/0.10(ZnO) sample was prepared by the coprecipi-
tation and calcination method. The phase composition of the sample was determined
by X-ray diffraction. It was dominated by the Fe2O3 and ZnO phases and also a very
small concentration of the ZnFe2O4 phase was identified. The ferromagnetic resonance
(FMR) of the 0.90(Fe2O3)/0.10(ZnO) nanopowder was investigated in the tempera-
ture range from liquid helium to room temperature (Figure 1). An asymmetrical and
very intense magnetic resonance line was recorded at all temperatures.

Figure 1: Registered FMR spectra of 0.90(Fe2O3)/0.10(ZnO) at different temperatures

A significant shift of the FMR spectra towards low magnetic fields with decreas-
ing temperature was observed. Very good fitting by two Lorentzian functions was
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Figure 2: 0.90(Fe2O3)/0.10(ZnO) FMR spectrum decomposition registered at 90 K

achieved which suggests the existence of a strong anisotropic magnetic interaction.
The 0.90(Fe2O3)/0.10(ZnO) FMR spectrum decomposition registered at 90 K on
two components is shown in Figure 2. The temperature dependence of the reso-
nance fields (left panel), linewidths (middle panel) and FMR signal amplitudes (right
panel) for the two component lines of the 0.90(Fe2O3)/0.10(ZnO) sample is presented
in Figure 3. Certain similarities could be observed in the temperature dependence
of the FMR parameters registered previously for the 0.95(Fe2O3)/0.05(ZnO) sam-
ple, but the measured values were essentially different. The temperature shift of
the resonance field ∆Hr/∆T , the resonance line broadening as well as the FMR
signal amplitude changed more strongly with temperature in comparison to the
0.95(Fe2O3)/0.05(ZnO) nanopowder. The following ∆Hr/∆T gradient values were
obtained for the 0.90(Fe2O3)/0.10(ZnO) sample: 16.7(1) Gs/K and 20.7(1) Gs/K
for temperatures above 60 K (for 0.95(Fe2O3)/0.05(ZnO) it was 3.7(1) Gs/K and
8.3(1) Gs/K [1]) while below 40 K the values were 41.5(1) Gs/K and 56.0(1) Gs/K
(in contrast to 40.5 Gs/K and 49.6 Gs/K for 0.95(Fe2O3)/0.05(ZnO) [1]). Thus the
reorientation processes were more intense in the 0.90(Fe2O3)/0.10(ZnO) sample, es-
pecially at high temperatures.

Figure 3: Temperature dependence of resonance fields (left panel), linewidths (middle panel)
and FMR signal amplitudes (right panel) for two component lines of 0.90(Fe2O3)/0.10(ZnO)
sample
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A nanocrystalline 0.95(MnO)/0.05(ZnO) sample was prepared by the coprecipita-
tion and calcination method. According to the XRD analysis the dominating phases
are Mn3O4 and ZnMn2O4 [1]. The electron paramagnetic/ferromagnetic resonance
(EPR/FMR) investigation was carried out in the temperature range from liquid he-
lium to room temperature (RT). The registered spectra at different temperatures
are presented in Figure 1. An almost symmetric, very broad and intense magnetic
resonance line was recorded in the high temperature range (T > 60 K) and a very
asymmetric line in the low temperature range (T < 40 K).

Figure 1: EPR/FMR spectra of nanocrystalline 0.95(MnO)/0.05(ZnO) at different temper-
atures

A resonance line due to the Mn3O4 phase dominated in the high temperature
range while the signal from the ZnMn2O4 phase prevailed at low temperatures. There-
fore, a significant change of the magnetic resonance spectrum was observed with the
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Figure 2: Temperature dependence of the resonance field (left panel), linewidth (middle
panel), and signal amplitude (right panel) obtained from the high temperature spectra

Figure 3: Dependence of the resonance field (left panel), linewidth (middle panel), and signal
amplitude (right panel) obtained from the low temperature spectra

temperature decreasing from RT. It resulted in a strong temperature dependence of
the magnetic resonance parameters (resonance field, linewidth, signal amplitude). In
Figure 2 the temperature dependence of these parameters, obtained from the high
temperature spectra, is presented while in Figure 3 a similar dependence for the low
temperature range is shown. Magnetic ordering processes (of the antiferromagnetic
type) in Mn3O4 nanoparticles are assumed to be responsible for the disappearance of
the high temperature magnetic resonance line. The observed temperature dependence
of the magnetic resonance parameters is connected with the magnetic interaction be-
tween nanoparticles during the correlated spin system formation. The magnetic reso-
nance line amplitude in the low temperature range reaches a maximum value at 20 K
probably after formation of a strongly correlated spin system with ferromagnetic or-
dering. The temperature dependence of the resonance line is also characteristic for
a strongly correlated system with ferromagnetic ordering [2].
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Leaves of Ficus benjamina were prepared in a thick film form to study the pho-
toacoustic (PA) response. Two absorption bands in the visible range at about 398 nm
and 670 nm for the green leaf and 544 nm and 570 nm for the red leaf were registered.
Absorption bands from the π→ π∗, π→ n charge transitions were detected in the
ultraviolet range. The visible PA spectra strongly depended on the leaf colours. The
absorption band at 670 nm could be connected with photosynthesis processes [1, 2].

Figure 1: Ficus benjamina leaves in November 2009 on the University of Athens Campus
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Figure 2: PA spectrum of green and red Ficus benjamina leaves

The observed absorption band at 398 nm for the green leaf disappeared for the red
one, but a new band appeared at 544 nm. The above absorption bands in the PA
spectrum were very similar to an earlier obtained spectrum of another living organ-
ism [3, 4]. The absorption band near 544 nm was similar to the one obtained for
spermidine, an important compound involved in the information transfer to DNA [5].
The results obtained are significant, confirming experimentally that the red leaf ab-
sorption is particularly strong in that part of the solar radiation spectrum where water
is transparent.
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The transport properties of the multicomponent vanadates, Ni2MV3O11 (M =Cr
and Fe) and M3Fe4(VO4)6 (M =Mg and Mn), were investigated by electrical con-
ductivity measurements. All the compounds exhibited semiconducting behavior. The
two former samples showed better conductivity of many orders of magnitude (over

(a) (b)

(c) (d)

Figure 1: Temperature dependence of resistivity for four different multicomponent vanadates
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105 times at RT) than the later two ones (see Figure 1). Replacement of the magnetic
Cr(III) cation with a magnetic Fe(III) ion in Ni2MV3O11 resulted in a significant in-
crease in its electrical conductivity at RT and an increase in the activation energy. Very
low conductivity was registered in the M3Fe4(VO4)6 compounds in which replacement
of the non-magnetic Mg(II) ion with a magnetic Mn(II) ion caused a strong decrease
in conductivity. The M3Fe4(VO4)6 compounds had a few sublattices with magnetic
ions and displayed the presence of competing magnetic interactions and were thus
susceptible to drastic changes of their transport properties by replacement of ions.
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Material synthesis using femtosecond pulsed laser deposition (fs-PLD) is an im-
portant application because an interesting by-product of the process is the automatic
generation of nanometer scale particles during ablation. In the first part of this lec-
ture the related phenomenology will be presented, the nanoparticles (NPs) identified
by their structureless continuum optical emission, and the advantages will be showed
in comparison with other techniques. From a theoretical point of view, the different
models and simulations are based on two important points: (i) the heat transfer from
the laser pulse to the target occurs almost at solid density with respect to nanosecond
pulses with comparable fluence because the energy is delivered before any significant
thermal conduction into the target’s bulk can occur and (ii) the subsequent rapid
expansion and cooling of the irradiated material result in NPs generation trough
mechanisms like phase explosion and fragmentation [1, 2, 3]. These mechanisms, reg-
ulated by suitable laser fluence values, determine the splitting of the ejected plume
in two main components: a cloud of fast atomic species and a slower one, mainly
composed of NPs [4, 5]. Comparing with ablation techniques that use longer laser
pulses, namely ns-PLD, where the presence of a high-pressure gas is necessary to
obtain NPs [6], in this production system the NPs are produced directly through ma-
terial decomposition with the ejection of clusters of material of different sizes down
to individual atom dimension [1, 7]. Therefore the Nps are spontaneously obtained
during the ablation process, the volume fraction can be controlled independently of
the NP size and the NPs can come into direct contact.
An important issue is the actual shape of the deposited NPs. They have system-

atically a disk-like, instead of a sphere-like shape, indicative of a liquid or at least
plastic state of the particle impinging on the substrate with a kinetic energy sufficient
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to give rise to particle deformation which produces the final observed shapes and an
aspect ratio value that depends on the ablation-deposition parameters (e.g. laser in-
tensity, wavelength, etc.). This is of special interest in the case of magnetic materials
since these shapes could potentially give rise to anisotropies characteristic of these
morphologies [8, 9, 10]. It was observed that the NPs do not coalesce but retain a dis-
tinct boundary, even at high NPs volume fractions, though the precise nature of the
interface remains uncertain, and an exchange interaction is active among the nearest
NPs [11]. Moreover, the films are characterized by an ordinate disposition of the NPs
with the major cross-section parallel to the deposition substrate [12].
For all these reasons, fs-PLD is an interesting emergent technique for the fabri-

cation of magnetic nanostructures with a wide size range and exhibiting interesting
geometries.
fs-PLD is accomplished by irradiation of a rotating target with high-intensity

(1012–1014W/cm2) ultrashort laser pulses (typically≈250 fs, 527 nm), in high vacuum
(the typical pressure is in the 10−7 to 10−3 mbar range). The ablated material was
collected on suitable substrates placed at a distance of few centimetres from the
target surface, and analyzed by microscopy techniques (AFM and SEM). Less than
one layer deposits have been used to characterize the NPs shape and size distribution,
while collection of a large number of NPs leads to the deposition of a NPs-assembled
film. X-ray Diffraction (XRD) was used for structural analysis, while the chemical
composition of the prepared films was determined by micro-Energy Dispersive X-ray
Spectroscopy (mEDXS). The magnetic characterization of the deposited films was
performed by means of a Vibrating Sample Magnetometer (VSM, Maglab 9T Oxford
Instruments).
Exchange-coupled monocomponent (Fe, Co, Ni,) and bicomponent (NiSi, CoCu,

FeAg) magnetic films constituted of disk-shape nanoparticles, produced by fs-PLD in
vacuum, will be showed together with their magnetic properties. The strict correlation
between the NPs morphology (i.e. particles aspect ratio), their ordinate disposition
without coalescence, and the macroscopic magnetic behaviour of the fs-PLD NPs films
it has been confirmed by the behaviour of the hysteresis loop and initial magnetization
curve. The as-deposited films present a high in-plane remanence ratio, relatively low
values of the saturation and coercive fields and a steep slope near coercivity at a vol-
ume fraction above the magnetic percolation threshold. This appears related to the
fact that the nanoparticles, connected by exchange interactions, are effectively single
domain and single grain NPs, as observed comparing AFM andX-ray size evaluations.
Consequently, the fs-PLD films are substantially composed by randomly oriented sin-
gle domain magnetic NPs without significant textures, coupled through the exchange
interactions caused by moderate aggregation of the NPs due to free volume inclusion.
The single domain character is also confirmed by the first magnetization curves of the
corresponding films.
Subsequently it will be evidenced that the exchange interaction between hard

magnetic nanoparticles (Terfenol-D) and soft magnetic nanoparticles (Iron) is active
in the fs-PLD film, giving a cumulative magnetic response resulting from an average
of the properties of the two component phase (exchange-spring magnets).
The mEDXS measurements demonstrate that the prepared films have the same

composition of the target, within an accuracy of ≈5%.
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In prospective the striking properties of these nanoparticles-assembled films appear
very promising for potential application as nanocomposite permanent magnets and
in data storage technology, by tailoring the deposition parameters.
However, for fs-PLD to become of relevance in a near future as a standard tech-

nique for the fabrication of magnetic nanostructure, a few aspects need to be improved,
especially concerning the particle size distribution. In order to reach this goal, that is
to say Nps with a monodisperse small size, we exploited the technique based on the
irradiation of the NPs produced by fs-PLD, in flight prior to deposition, with a sec-
ond, appropriately delayed nanosecond UV beam. By selecting the time delay from
the fs laser ablation pulse, one allows vaporizing laser pulse to interact with different
parts of the NPs plume. In particular, for time delays ≈1–2 µs the vaporizing beam
intercepts the most of the NPs plume, while only the trailing edge of the ablated
NPs is irradiated at longer time delays. In brief NPs which absorb the UV radiation
increase their temperature and are partially vaporized, thus reducing their mean size
and the size distribution.
In the second part of this lecture the elastomagnetic and elastoresistive effects

in Co50Fe50 films produced by fs-PLD, will be showed. In particular, this investiga-
tion is focused on the influence of the novel structural conditions on the coupling
between strain and magnetization, and/or strain and resistivity, in Co50Fe50 NP films
deposited on Kapton substrate. Due to the NP nature of the films, these couplings
are substantially different from standard magnetostrictive and piezoresistive effects.
Magnetization and resistivity versus applied strain were studied [13], thus evidencing
novel elastoresistive and elastomagnetic functionalities and evaluating their relative
sensitivities.
Room-temperature micro and nano electromechanical devices technology will can

benefit by further in-depth studies about these innovative materials.
Finally, in view of the development of cost-effective, innovative, patterned mag-

netic systems for magnetic random access memories (MRAM), magnetic media for
recording density up to 1 Tb·in−2 and nanomagnetic logic devices, we have starting
to study the possibility to use, together with fs-PLD, the Electron Beam Lithogra-
phy (EBL) as a high resolution method for fabricating advanced magnetic nanostruc-
tures. Preliminary results concerning the elastoresistive effect in Co50Fe50 microwires,
produced by micrometric photolithography, and the magnetoresistance in Ni84Fe16
nanowires containing two constrictions about 100 nm width, produced by EBL, will
be presented.
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Smith C, Clarke R, Mart́ınez L, Huttel Y, Román E, Telling N D, van der Laan G 2009
Phys Rev. B 79 014414

[9] Iannotti V, Aruta C, Ausanio G, Barone A C, Campana C, Amoruso S, Lanotte L 2008
J. Phys. D: Appl. Phys. 41 195006

[10] Iannotti V, Ausanio G, Campana C, D’Orazio F, Hison C, Lucari F, Lanotte L 2008
J. Magn. Magn. Mater. 320 e594

[11] Ausanio G, Barone A C, Iannotti V, Scardi P, D’Incau M, Amoruso S, Vitiello M,
Lanotte L 2006 Nanotechnology 17 536

[12] Ausanio G, Barone A C, Iannotti V, Lanotte L, Amoruso S, Bruzzese R, Vitiello M
2004 Appl. Phys. Lett. 85 4103

[13] Ausanio G, Campana C, Iannotti V, Amoruso S, Wang X, Lanotte L 2010 IEEE Trans.
Magn. 46 479

72



7th International Workshop
on Functional and Nanostructured Materials

FNMA’10 F24

The Effect of Surface Nano-Architecture

of Polyterpenol Thin Films on Bacterial Retention

K. Bazaka1, M. V. Jacob1,
Vi Khanh Truong2, R. J. Crawford2, E. P. Ivanova2a

1Electronic Materials Research Lab
School of Engineering and Physical Sciences, James Cook University

Townsville QLD 4811, Australia

2Faculty of Life and Social Sciences, Swinburne University of Technology
PO Box 218, Victoria 3122, Australia

aeivanova@swin.edu.au

The nanometer scale surface topography of a solid substrate is known to influ-
ence the extent of bacterial attachment and their subsequent proliferation to form
biofilms. Previous studies on the effect of surface roughness on the attachment be-
havior and production of extracellular polymeric substances for the Gram-positive
coccoid pathogen, Staphylococcus aureus CIP 68.5, and Gram-negative rod shaped
bacterium, Pseudomonas aeruginosa ATCC 9027, have shown that both pathogens
exhibit a greater propensity for adhesion to surfaces that are “nanosmooth”, resulting
in elevated cellular metabolic activity, augmented production of extracellular poly-
meric substances, and increased number of bacterial cells undergoing attachment.
In this context, the present study is an extension of our previous work on the

development of a novel organic polymer coating for the prevention of growth of med-
ically significant bacteria on three-dimensional solid surfaces. In this study, the effect
of surface encapsulation on the adhesion and proliferation tendencies of S. aureus
and P. aeruginosa were examined. The surface of substrat was encapsulated with
a polyterpenol thin film prepared from terpinen-4-ol using radio frequency plasma
enhanced chemical vapor deposition. Terpinen-4-ol is a constituent of tea-tree oil and
its monomer (liquid) form is known to inhibit growth of broad range of bacteria.
The resulting polyterpenol thin films were first characterized using X-ray photoelec-
tron spectroscopy (XPS), water contact angle measurement, atomic force microscopy
(AFM) and 3-D interactive visualization and statistical approximation of the topo-
graphic profiles. AFM studies showed that application of the coating decreased the
substrate surface roughness from approximately 2.1 nm to 0.4 nm.
The extent of bacterial attachment and extracellular polymeric substances (EPS)

production was then analyzed using scanning electron microscopy (SEM) and confo-
cal scanning laser microscopy (CSLM). The CSLM and SEM analyses clearly demon-
strated that S. aureus and P. aeruginosa presented notably different patterns of at-
tachment in response to the presence of the surface film, where the amount of attach-
ment, EPS production and cell proliferation on the encapsulated surface was found to
be greatly reduced compared to that obtained on the unmodified surface. This work
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suggests that the antimicrobial and antifouling coating could be effectively integrated
into medical and other clinically relevant devices to prevent bacterial growth and to
minimize bacteria-associated adverse host responses.
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Depending on the geometry, single-walled carbon nanotubes (SWNTs) can be ei-
ther metallic or semiconducting. So far this is the only known material to possess
this unique property. For electronic applications it is of vital importance to separate
the two electronic components. Selective chemical functionalization can support the
separation of semiconducting from metallic SWNTs. Therefore, we performed func-
tionalization of SWNTs via H2O2 what led to the preferential removal of the semicion-
ducting tubes hence enrichment of metallic tubes concentration in the bulk sample.
The starting material was synthesized in a catalytic process using Pt:Rh:Re as the
catalyst in laser ablation (LA). The samples have been characterized via high resolu-
tion transmission electron microscopy (HR-TEM), optical absorption spectrosacopy
(OAS) and Raman spectroscopy.
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The reduction of fused iron catalyst doped with calcium oxide (2.94 wt %), alu-
minum oxide (2.31 wt %), silicon oxide (0.42 wt %) and potassium oxide (0.53 wt %)
or lithium oxide (1.67 wt %) with different ion ratio Fe2+/Fe3+ higher then 0.5 was
studied. The ICP-AES, in situ XRD, TGA and selective etching methods were used.
Potassium oxide doesn’t form solid solution with iron oxide and it is located in the
intergranular spaces. Lithium oxide occurs in two forms: the solid solution with mag-
netite and as Li2Fe3O4 phase.
During the reduction process of catalyst doped with potassium oxide, the reduc-

tion of iron (II) oxide was observed from 350–400◦C and the magnetite reduction
started from the temperature of 400◦C. Reduction of the catalyst doped with lithium
oxide is slower than that observed for the catalyst doped with potassium oxide. The
magnetite phase with dissolved lithium oxide was reduced first. As a result of reduc-
tion, elemental iron as well as a solid solution Li2O ·xFeO where x> 3 are formed. The
Li2Fe3O4 and Li2O ·xFeO phases are reduced slower then magnetite. Lithium oxide
coming from reduction wets the iron surface and forms a glass phase with silicon oxide.
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Nanoelectromechnical resonators are promising in various new applications. Their
resonance frequency can be made as high as GHz [1], and femtogram-level mass de-
tection has been achieved with a gold-coated silicon cantilevers resonating at about
2 MHz with Q factors around 25, photothermally actuated by a 4 mW diode laser
[2]. Possibility of attogram detection has been shown using nano-beams of higher Q
factors 103 to 104 [3, 4]. Also, force sensing by measuring the detection of piezoresis-
tive cantilevers have been achieved at pN [5] and even at aN [6] level for the forces
perpendicular to the surface at 4.8 K, or at the nN level for the lateral forces [7].
This paper presents femtonewton-level force sensing using a nanoelectromechanical

doubly-clamped beam with magnetomotive transduction in moderate conditions.
SiC has been considered to be a versatile material for high-frequency resonator.

Due to high Young’s Modulus, low density (high tensile-strength-to-density) and high

Figure 1: A schematic view of the nano-beam. (a) AC driving ports; (b) Fully suspended
structure
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acoustic velocity, SiC-based resonators provide high Q factors [8], high resonant fre-
quencies, and high sensitivity.
Although SiC has high rigidity, it does not have electrical conductivity and current

density high enough. Therefore, Al has been selected as a conducting layer. Since Al’s
low density does not significantly reduce resonator’s sensitivity or resonance frequency,
Al is suitable for a sacrificial layer to increase the electrical conductivity with the
minimal weight increase.
Two types of beams are fabricated with the Al capped 3C-SiC film and AuPd

on a silicon wafer, which undergo E-beam (electron-beam) lithography and liftoff
processes [9]. The device pattern is made on top of the film using E-beam lithography,
followed by evaporation and liftoff of Al. DRIE (deep reactive ion etching) process
etched away the Si substrate. A schematic view of the nano-beam is presented in
Figure 1. The length of the beam is 12 µm and width of 100 nm with SiC thickness
of 30 nm and with varying Al thicknesses from 10 to 100 nm. In this work, a room
temperature apparatus in Figure 2 (a) is constructed, which is composed of PCB
connection to minimize frequency loss. The conceptual diagram of NEMS doubly-
clamped beam readout is shown in Figure 2 (b).

Figure 2: Room-temperature test equipment. (a) A moderate vacuum (≈ 1 Torr) chamber
with a permanent magnet (0.8 T); (b) Conceptual diagram of NEMS doubly-clamped beam
readout

The oscillation of the doubly-clamped beam can be viewed as a displacement y(t)
of a damped harmonic oscillator with an effective mass m, damping coefficient c, and
spring constant k under the driving force F (t):

m
d2y

dt2
+ c

dy

dt
+ky(t) = F (t). (1)

The induced emf in the electrode can be written as Vemf(t) = ξLeBdy/dt where
B is the strength of the magnetic field, Le is the length of the electrode and ξ is the
constant that can be obtained by integrating the fundamental mode shape along the
length of the electrode. Since the driving force can be written as F (t) = LbBId(t),
taking Fourier transform of the equations yields:

Vemf(ω) =
iωω20ξLeLbB

2/k

ω20 −ω2+ iγω
|Id(ω)|. (2)
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By defining the quality factor Q= ω0/γ, the average motion-induced emf in the
electrode to the driving current Id can be represented as the following Lorentzian
curve:

|Vemf(ω)|= V0
ω0ω/Q

√

(ω20 −ω2)2+(ω0ω/Q)2
|Id(ω)|, (3)

where V0 = ω0ξLeLbB
2QId/k denotes the amplitude |Vemf(ω0)| at the resonance fre-

quency ω0.
The resonance frequency ω0 of a rectangular doubly clamped beam under zero

stress is:

ω0,0 = 2π1.03
w

L2b

√

E

ρ
, (4)

and under stress σ, this increases to:

ω0,σ = ω0,0

√

1+
σL2b
3.4Ew2

. (5)

The resonance frequency of the beams range from 12.9 to 9.5 MHz and Q factors
range from 5000 to 4000. Calculated stress range from 185 to 95 MPa as shown in
Figure 3 (a). Theoretical simulation results using COMSOL yield the maximum stress
168 MPa which value is fairly close (about 5–9% difference) to the value extracted
from the measurements.
From Equation (5), we can obtain the stress responsivity equation δω0/δσ or the

inverse:
δσ

δω0,σ
=
2ω0,σ
ω20,0

3.4Ew2

L2b
. (6)

This equation denotes stress sensitivity per unit frequency. We have obtained
force sensing limit down from 25 to 54 fN per unit frequency. Furthermore, mini-
mum detectable frequency shift of the coupled resonator/transducer system is δω0 =
ω0/Q10

−(DR/20) [3] where DR is the dynamic range (dB), defined to be the ratio

(a) (b)

Figure 3: (a) Measured resonance frequency ff and stress computed using Equation (5) show
similar tendency. Inset is the readout of resonance (freq vs. amp of induced emf) showing
a frequency response of a harmonic oscillator of Al thickness of 10 nm; (b) Force and stress
sensitivity with varying thickness of Al show inversed tendencies

79



7th International Workshop
on Functional and Nanostructured Materials

FNMA’10F27

of 1 dB compression point to the noise amplitude at the resonance. Stress sensitiv-
ity, δσ, can be roughly obtained from the inverse of stress responsivity times the
minimum detectable frequency shift, δω, which is δσ ≈ |δσδω0|δω0. This equation
let us estimate the stress sensitivity with the experimental parameters of Q≈ 4500,
DR≈ 63 dB. It is obvious that force sensitivity can be calculated by multiplying the
cross sectional area of doubly-clamped beam resonator by stress sensitivity. Based on
the equations, minimum sensing of force is estimated to be hundreds order of fN as
shown in Figure 3 (b). The trend of graph shows that as Al thickness gets thinner the
force sensitivity decreases, which means that minimum detectable force gets lower. If
we ignore geometrical dominancy, assuming increase in areal geometry is relatively
small (square of nano meter scale) and is negligible, values of force sensitivity slightly
decrease from 368 to 248 fN which correspond to stress sensitivities.
In conclusion, we have investigated the possibility of femtonewton force sensing us-

ing doubly-clamped nanoelectromechanical resonator by magnetomotive transduction
in moderate conditions. In addition, geometrical dependencies of force sensitivity is
calculated using derived equations. This paper promotes further researches regarding
operation of nanoelectromechanical resonator in moderate conditions and indicates
that detection below femtonewton force sensing may be possible with higher Q fac-
tor resonator or with material combinations of different conductance layer and rigid
SiC layer.
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The catalytic growth of different carbon nanotubes by chemical vapor deposition
(CVD) using ferromagnetic catalyst particles (such as iron) and non-ferromagnetic
catalyst particles (such as copper or platinum) will be presented. A study of the effect
of the metal-support interaction by employing iron particles supported on magnesium
oxide (MgO) nanopowder in an alcohol-CVD process for single-walled carbon nan-
otubes growth is presented. Three main observations were made upon prolongation
of the process time: (i) a decrease in the mean nanotube diameter, (ii) a reduction in
the diameter distribution by the factor of two, (iii) an increase in the relative purity
of samples. In this work detailed studies were also conducted showing that catalysts
with fully filled d orbital (e.g. Cu) can be a source of a bulk scale synthesis of sin-
gle-walled or multi-walled carbon nanotubes using the same catalyst mix (viz. equal
molar ratio of metal or non-metal to magnesia) but with different experimental setups
and conditions. A detailed analysis of the samples is supported by electron transmis-
sion microscopy observations, the energy dispersive X-ray spectroscopy mode, X-ray
Diffraction and Raman spectroscopy.
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Nanoparticles of such broad band semiconductors as ZnO, ZnS, CdS, WO3, TiO2
and SrTiO3 were used to enhance luminescence emission intensity of terbium(III) ions
embedded on oxide matrices. Both the optically active components were incorporated
onto xerogels by impregnation of the xerogel samples immersed firstly in SrTiO3 sol
and subsequently in solution with Tb(III). The effect related to the semiconductor
nanoparticles of various sizes immobilized in silica matrix influences on band shifting
and changes of the emission intensity of the nanostructures. Similar phenomenon is
observed for emitting Tb(III) ions in presence of the nanosized semiconductors, if
both the components are immobilized on silica matrix.
Photoluminescence studies allow to describe a plausible mechanism of the en-

hanced Tb(III) emission that could be attributed to energy transfer from the excited
silica support via semiconductor nanoparticles to Tb(III) ions. It is observed that
shifting of emission bands of the semiconductors is due to quantum size effect and
it is manifested in this case for size of the nanostructures larger than quantum dots.
Simultaneously, with the shift effect related to the semiconductor nanostructures is
demonstrated shift of the Tb(III) emission bands [1, 2].
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Ni-Al ferrites possess record low conductivity and represent perspective materials
for magneto-electronic devices. In addition, the magnetization values of Ni-Al ferrites
are changed in a wide range up to a compensation point in the dependence on their
chemical composition and conditions of thermal annealing [1]. These properties are in-
strumental in their usage in microwave frequency devices and as magnetic components
of electromagnetic composite materials.
Ferrites of the NiAlxFe2−xO4 composition were obtained using a nanotechnology

process by the sol-gel auto-combustion method. According to the X-ray analysis re-
sults, the obtained powders of Ni-Al ferrites consisted of one phase with a spinel struc-
ture. The size of blocks of coherent scattering was in the 20–50 nm range. According
to the XANES (X-ray Absorption Near Edge Structure) method, iron is incorporated
into the crystal lattice of Ni-Al ferrites in the trivalent state. Both the structural and
surface defects were investigated in the obtained nanopowders of Ni-Al ferrites. The
high specific surface of particles resulted in formation of magnetic poles on the sur-
face. This led to the creation of demagnetizing fields in the Ni-Al ferrite nanopowders
which were determined and analysed using two experimental techniques: magnetic
susceptibility measurements at low frequencies and ferromagnetic resonance (FMR)
spectroscopy in the microwave range.
The obtained data showed that the technological conditions of the sol-gel auto-

combustion synthesis of the Ni-Al ferrite nanopowders led to changes in the size of
particles. The magnetic susceptibility of the Ni-Al ferrite nanopowders showed linear
dependence on the sizes of particles which correlated with the calculated data. The
X-band FMR spectra of the Ni-Al ferrite nanopowders were investigated and anal-
ysed. The lineshape and maxima position of the FMR absorption curves for all the
investigated Ni-Al ferrite nanopowders were closely similar to the corresponding calcu-
lated data. The crystalline structure defects were closely associated with the magnetic
structure parameters which were investigated by the Mossbauer spectroscopy method.
Particularly, it was shown that the area and parameters of the 57Fe3+ paramagnetic
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doublet, which was observed in the background of the 57Fe3+ sextet of magneto-
ordered phase, depended on the technological conditions of nanopowder preparation.
The obtained results are interpreted and discussed in the framework of the modern

theory of nanosized antiferromagnetics.
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The areas of research in electrovariable optics, which include electrowetting based
adjustable lenses and addressable mirrors [1–4], light driven and field-controlled molec-
ular machines, optical filters based on stark effect in quantum dots [5, 6], and nanoplas-
monic systems [7] are important to consider.
Electrovariable nanoplasmonics launched recently in [7] will be the central part

of the talk. It allows electrically tunable reflection of light at an interface of two
immiscible electrolytic solution or a solid ITO electrode/liquid electrolyte interface.
Its operation principle relies on voltage controlled localization of metal (Plasmon-
active) nano-particles at the corresponding interfaces or removal of these nanoparticles
to the bulk of the solution [8]. At the interface, nanoparticles perform a coherent
reflection of light; in the bulk, if their concentrations are minute (just as much as
needed to cover the surface) they ‘optically’ disappear. For appropriate sizes and
charges of the nanoparticles, and concentration of the electrolytes, about half a volt
potential bias may be sufficient to reversibly convert the system from a transparent
window to a mirror.
As this function can be performed without a passage of electrical current, there

are no Ohm losses involved, and these devices can be used for energy saving build-
ing technologies in countries with hot climate. Specifically this windows will be po-
larized to reflect light when no one is inside the room, or adjust light penetration
into at direct sunlight exposure when the room is occupied. This will help to save
energy spend on air conditioning, as well as create a more comfortable, adjustable
lighting.
Various other applications of electrovariable nanoplasmonic systems, e.g. related

to surface enhanced Raman scattering will be briefly discussed, in the context of new
kind of sensors or molecular electronics.
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In recent years much attention has been paid to nitride and oxynitride thin films.
These materials are interesting because of their attractive characteristics such as high
hardness, corrosion resistance and thermal stability. In particular, NbN is a hard
coating material with many commercial applications related to its high melting point,
hardness, chemical stability at high temperatures and high electrical conductivity.
Interest in NbN layers is also focused on their superconducting properties. Niobium
nitride with the superconducting critical temperature ranging between 14 and 18 K,
high critical current density, low r. f. surface resistance and good mechanical properties
is one of the leading materials in superconducting microelectronic applications.
This work presents the results of a structural analysis of xNbN-(100− x)SiO2

(where x=100, 80, 70 mol %) thin films. The films were prepared by thermal nitrida-
tion with ammonia of sol-gel derived xNb2O5-(100−x)SiO2 coatings. The nitridation
process of the coatings led to the formation of weakly disordered structures, with NbN
metallic grains dispersed in the matrix of insulating SiO2. Moreover, it was clearly
noted that superconducting properties in this kind of a layer strongly depended on the
NbN/SiO2 molar ratio. The origin of this behaviour is not clear and for this reason
some structural investigations were performed using X-ray absorption spectroscopy
(XAS). Several unique features of the XAS technique, such as atomic selectivity, local
structure sensitivity and sensitivity on extremely low photoabsorber concentration,
allowed us to correlate the studied films stoichiometry with the geometric and elec-
tronic structure of Nb ions.
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Systems interacting via hard-body potential (infinite when any particles overlap,
and zero otherwise) constitute very interesting class of model systems. Not only they
are able to mimic many phenomena encountered in real physical system, but (being
entropy driven) exhibit many striking, counterintuitive properties. For example, it
was shown that, both in two [1, 2] and three [3] dimensions, hard homonuclear dimers
– molecules consisted, respectively, of two adjacent discs or spheres of diameter σ
– freeze into, so called, degenerate crystal (DC). In such a phase neither molecular
positions nor their orientations exhibit any kind of periodicity although the atoms
(at close packing limit) form translationally invariant crystalline lattice (triangular
in 2D, and fcc or hcp in 3D).
Nowadays, when industry demand on so called smart materials (i.e. materials

exhibiting special and sometimes unusual features) is steadily increasing, it is essential
to analyze how various microscopic mechanisms may affect properties of system at
macroscopic level. Hard dimer system can be used as convenient model to study how
various kinds of disorder at molecular level influence macroscopic properties of the
system, e.g. its elastic properties, which are important for both fundamental research
and practical applications.
Elastic properties of the hard homonuclear dimer DC were already investigated in

two [4] and three dimensions [5]. However, man-made micro-, mezo-, and macroparti-
cles usually are not perfectly identical. Thus, model systems including polydispersity of
atomic sizes seem to be better equipped to describe or predict properties of such man-
made systems. But the question, how the polydispersity will affect the elastic properties
of the hard dimer DC remains open and the aim of this work is to fill this gap.
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The diameter of an individual nanotube is only on the order of one to a few nm
but its length may be in the mm range. This enormous aspect ratio spans the entire
length scale from molecular to bulk physics. From that point of view carbon nan-
otubes maybe envisaged as a chimaera consisting of a periodic quantum dot on the
one side and a one dimensional solid on the other side. The narrow nanoscopic con-
finement on the width, or more precisely to the circumference, of a nanotube gives rise
to quantized states, analogous to the quantized orbitals in atoms or molecules. Along
its axis a nanotube resembles a quasi-infinite regular periodic crystal, which renders
it a unique showcase example of a strictly one-dimensional solid. The comprehensive
description of carbon nanotubes requires two different fields of physics, namely quan-
tum dot and solid state physics. Here we focus on momentum and energy dispersive
loss-spectroscopies, utilizing either X-rays or relativistic electrons [1, 2]. The high
energy methods are compared to optical absorption [3]. The combination of the spec-
troscopic techniques allows to identify and clearly distinguish confined and itinerant
features in the excitation spectrum of single-walled carbon nanotubes.
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RF MEMS switches have exhibited a very attractive performance at microwave
frequencies using different topologies (cantilever, rotary and membrane) and could be
represent a valid solution to overcome the limitation exhibited by conventional RF
devices, enabling circuits with new levels of performance not otherwise achievable. In
particular, RF-MEMS represents a feasible solution to obtain very low power dissipa-
tion and insertion loss, high isolation and linearity respect to “solid state” technologies
(pin-diode, FET-switches).
For such reasons, the feasibility to integrate MEMS and HEMT in a single fab-

rication process plays a key role in the implementation of the future generation of
Transmit/Receive modules. MMICs fabrication on GaN/SiC and GaN/Si substrates
utilises active devices (HEMT) and passive components (transmission lines, resistors,
inductances and capacitors), requiring metallic thin film deposition, thick plating
metallization, dielectric deposition and chemical wet and dry etching. Such manufac-
turing steps are also used in RF-MEMS fabrication, although process optimizations
are required to improve switch mechanics and device reliability. In this presentation,
we demonstrate the possibility to fully integrate the process fabrication of RF-MEMS
switches in the GaAs-PHEMT and GaN-HEMT manufacturing steps in order to de-
velop a RF-MEMS/MMIC prototype.
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The catalytic reaction of ammonia decomposition is considered to be an ideal
source of pure hydrogen for fuel cells [1, 2]. The development of high performance
solid catalysts is essential for the supply of such hydrogen from ammonia.
The rate of catalytic ammonia decomposition depends on many factors such as,

for example, gas phase composition [3], morphology and composition of the surface
of the catalyst [4] on which the reaction proceeds.
The aim of the present study was to analyze the kinetics of catalytic ammonia

decomposition on cobalt and iron catalysts. The obtained results were interpreted on
the basis of the adsorption range model [5].
A nanocrystalline iron catalyst, promoted with Al2O3 (3.3 wt. %), CaO (2.8 wt. %)

and K2O (0.65 wt. %) was studied. The chemical composition of the cobalt catalyst,
regarding the content of promoters, was similar to the composition of the iron catalyst.
The kinetics of catalytic ammonia decomposition was investigated using an ana-

lytical installation equipped with a flow tubular differential reactor with a gas phase
composition analyzer and that made it possible to conduct thermogravimetric mea-
surements.
The ammonia decomposition process was preceded by a reduction of the ana-

lyzed samples of the catalysts. The reduction process temperature under atmospheric
pressure for the iron and cobalt catalysts was 500 and 600◦C, respectively.
The catalytic ammonia decomposition reaction was investigated under an atmo-

sphere of ammonia-hydrogen mixtures, under atmospheric pressure. The ammonia
concentrations, as well as the nitriding potentials, were changed gradually from 0 to
100% at the reactor inlet. The temperature was changed in the range of 400–500◦C.
The ammonia conversion degree was calculated (αNH3) on the basis of the gas

phase inlet and outlet composition:

αNH3 =
XH2F

0−F 0H2
F 0NH3(1.5−XH2)

where: F 0 – the total molar flow rate of the inlet stream, mol · s−1; F 0H2 and F 0NH3 the
hydrogen and ammonia molar flow in the inlet stream, respectively, mol · s−1; XH2 –
the molar concentration of hydrogen in the reactor, mol ·mol−1.
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The ammonia decomposition reaction rate, rdecomp, was calculated from the equa-
tion:

rdecomp = αNH3F
0
NH3

The changes in the gas reactant concentrations and the resultant partial pressures
changes resulted in changes of the nitriding potential defined as:

P =
pNH3

p
3/2
H2

The ammonia decomposition process on the iron catalyst proceeded concurrently
with the α-Fe nitriding reaction. The nitriding degree dependence and the ammo-
nia decomposition rate as a function of the nitriding potential at 475◦C is shown
in Figure 1.

Figure 1: Dependence of ammonia decomposition reaction rate and iron catalyst nitriding
degree on nitriding potential logarithm (ammonia-hydrogen mixtures at reactor inlet)

Figure 2: Dependence of ammonia decomposition reaction rate on cobalt catalyst on nitriding
potential logarithm (ammonia-hydrogen mixtures at reactor inlet)
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From the plot in Figure 1 it can be seen that the ammonia decomposition reac-
tion rate depends linearly on the nitriding potential logarithm. When the nitriding
potential was increasing the catalytic ammonia decomposition rate on α-Fe(N) was
increasing, too. However, the decomposition reaction rate was decreasing with the
increasing nitriding potential.
The cobalt nitriding process was not found in the examined conditions of temper-

ature, pressure and nitriding potential. The ammonia decomposition rate dependence
on the nitriding potential logarithm for the cobalt catalyst is shown in Figure 2.
Comparing the ammonia decomposition rates on the cobalt and iron catalysts it

was found that ammonia decomposition reaction proceeded at a significantly higher
rate on the cobalt catalyst.
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Systems comprising autoionizing (AI) levels can behave in a diverse and nontriv-
ial way leading to the occurrence of various interesting physical phenomena. They
can be, for instance, quantum interferences discussed in [1, 2] (and the references
quoted therein), electromagnetically induced transparency or light slowdown modifi-
cations [3], or the quantum anti-Zeno effect [4].
In this communication we shall concentrate on a system of two AI levels (labeled

by |1〉 and |2〉), coupled to the structured continuum, |ω), of the Lorentzian shape,
with the width equal to ΓL. All these states are excited and coupled to some discrete
ground level |0〉 by an external coherent electromagnetic field. In fact, the Lorentzian
shaped continuum is equivalent to (and can be replaced by) both: the flat continuum
|ω〉 and the third AI level |3〉 – coupled thereto (see Figure 1). Such replacement can
be described in terms of the Fano profiles theory [5, 6].

Figure 1: Atomic level scheme with Lorentzian shaped continuum |ω) (left) and two AI states
|1〉 and |2〉 coupled thereto. These excited states are coupled to the ground state |0〉 by an
external electromagnetic field with a frequency of ωL. The Lorentzian width is equal to ΓL.
This model is equivalent to that with a flat continuum |ω〉 and a single discrete level, |3〉,
(right) coupled thereto.

Our system is assumed to be initially in the ground state |0〉 and then it is ir-
radiated by an external laser field with a constant amplitude. We assume that all
radiative transitions are of a dipole nature and the field is tuned closely to the posi-
tions of both the AI levels (|1〉 and |2〉). Moreover, these two states are sufficiently far
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from the ionization threshold, so we can neglect all the threshold effects. The inter-
action strength of the two AI levels with the structured continuum, |ω), is described
by matrix elements denoted by Vi {i= 1,2}.
For such a model, we calculate long-time photoelectron spectra. We show that a

Lorentzian structure can affect such spectra considerably as we compare them with
those derived from the model with a flat continuum and two AI levels [1]. For instance,
we can observe enhancement of the discussed system’s sensitivity for interaction with
an external electromagnetic field. In consequence, the Autler-Townes doublet can be
visible in the spectrum even for a weak external field case. Moreover, according to the
quantum interferences present in our model, such a doublet (and other peaks visible,
as well) can be affected considerably leading also to the confluence of coherences
effect [1, 7].
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Double potassium and rare earth tungstates with a monoclinic structure have an
important position among laser host materials. Yb-doped KY(WO4)2 or KGd(WO4)2
crystals have been applied as diode-pumped and femtosecond lasers due to their large
absorption and emission cross-section. Double sodium and rare earth tungstates with
a tetragonal structure seem to be particularly promising in generating femtosecond
pulses due to their uniaxial optical nature and effective energy transfer. The Ln3+

absorption and emission bands of their spectra are broadened as a result of the inho-
mogeneous crystal field [1, 2]. Moreover, it has been revealed that powder samples of
the double tungstate family might be used as phosphors for visual display and solid-
state lighting [3]. Although the optical properties of these scheelite-type crystals have
been widely studied, only a few investigations of other physical properties have been
reported.
In the present work sodium (potassium) and Gd3+ or Y3+ double tungstates

doped with trivalent europium or ytterbium ions were studied. Their properties were
compared in the micro- and nanocrystalline states. Single crystals of KY(WO4)2,
KGd(WO4)2 and NaY(WO4)2 were grown by the low-gradient Czochralski technique.
On the other hand, samples in the nanocrystalline form were obtained by the hy-
drothermal method from solutions of rare earth nitrates and alkali metal tungstate.
The dielectric properties of the obtained materials were measured in the tempera-

ture range from 370 to 1070 K with a step of 20 K at a frequency range from 10−1 to
105 Hz for the bulk crystal and nanocrystallite samples. The obtained complex dielec-
tric permittivity data were analysed taking into account relaxation and conductivity
processes. The activation energy for direct current conductivity and relaxation were
calculated and mechanisms responsible for these processes were proposed.
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Bismuth layered compounds (Aurivillius family), of general formula:

(Bi2O2)(Am−1BmO3m+1),

where A=Na, K, Ca, Sr, Ba, Pb etc., and B =W, Ta, Nb, Ti etc. [1] have received
much attention for device applications [1, 2]. In particular, BaBi2Ta2O9 (BBT) has
been shown to be a prospective material for fabrication of ferroelectric nonvolatile
random access memories because of its excellent resistance to polarization fatigue [3].
This material exhibits also relaxor properties [4]. Recently, Bi2W2O9 (BWO) has
been found to be a photocatalytic material for H2 and O2 evolution as well as for
photodegradation of organic compounds [5]. It has also been found to be a promising
material for microwave applications [6].
BBT has been synthesized by many methods such as conventional solid state

reaction, the co-precipitation technique and milling in a vibratory mill [4, 7–9]. These
studies have shown that a pure BBT phase synthesis by solid state reaction requires
heating for a long time at temperatures of about 1000◦C with intermediate regrinding
to complete the reaction [4, 7]. The co-precipitation method or milling in a vibratory
mill has allowed obtaining BBT at a shorter time and lower temperatures. Thus, the
grain size could be lowered to about 100 and 400 nm in the first and second case,
respectively.
The literature data on Bi2W2O9 concerns preparation of this material mainly by

conventional solid state reaction [6, 10, 11] Preparation of a pure phase of Bi2W2O9
using this method is difficult since samples synthesized below 700◦C contain mainly
the Bi2WO6 phase. Preparation of nearly pure Bi2W2O9 requires prolonged firing at
high temperatures, 800–860◦C, and this material decomposes into Bi2WO6 and WO3
above 870◦C [6]. Recent reports on the synthesis of this material through a complex
organic precursor and the Pechini method have shown that these methods allow ob-
taining Bi2W2O9 at lower temperatures, 720–750

◦C [5, 12]. However, the synthesized
samples were not completely pure and contained a small admixture of Bi2WO6.
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Figure 1: XRD patterns of BBT amorphous precursor prepared by milling in planetary ball
mill, and that precursor annealed at different temperatures for 2 h

The above presented information shows that it is difficult to obtain pure phases
of BBT and BWO, especially in the nanometric size of crystallites. A synthesis of
samples with small sized crystallites is however important from the application point
of view, since it is well known that a change in the crystallite size may lead to sig-
nificant changes of various properties. For instance, a decrease in the crystallite size
is expected to lead to enhancement of the photocatalytic properties of BWO since
a good photocatalyst should have a large surface area and good crystallinity at the
same time.
Here, we report the preparation of BBT and BWO by annealing of precursors,

which were prepared by milling in a planetary ball mill. BBT was also obtained by
the Pechini method. The aim of this study was to obtain information on the crystal-
lization mechanism of BBT and BWO and the properties of the thus obtained crystal-
lites which were studied using scanning and transmission electron microscopy, X-ray
diffraction, Raman and IR spectroscopes and diffuse reflectance. We will show that
the mechanochemical synthesis allows obtaining a BBT phase in a much shorter time
than the Pechini method. Materials obtained by both methods have also significantly
different properties. Interestingly enough, in both methods crystallization occurs via
an intermediate fluorite phase (see Figure 1). In case of BWO, the mechanochemical
method allows further lowering of the crystallization temperature, with respect to the
Pechini method or the solid state reaction which in turn results in a smaller grain

100



7th International Workshop
on Functional and Nanostructured Materials

FNMA’10 F39

Figure 2: Raman spectra of BWO amorphous precursors prepared by milling of Bi2WO6 and
WO3 in ball mill for 8 or 20 h, and those precursors annealed at different temperatures

size, and thus, in a larger surface area. Our results also show that the milling time
has a very significant impact on the mechanism of crystallization (see Figure 2).
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Due to the fundamental limitations of the top-down approach, nano- and molecular
electronics [1, 2] have been proposed as alternative routes for a future (post-silicon)
electronics. Because of their unique characteristics such as atomic-like spectra and
wavefunctions [3–5], semiconductor quantum dots (QDs) and colloidal nanocrystals
(NCs) are promising materials for optoelectronics, nanoelectronics and biosensing
although the influence of their coupling with the environment needs to be deeply in-
vestigated [5]. In particular, colloidal nanoparticles can be finely tailored by tuning
their size, shape, and composition opening new opportunities for nanoelectronics and
spintronics since spin dependent transport in magnetic nanostructures is expected to
exhibit novel phenomena, because of the interplay of single electron tunneling (SET)
and spin dependent tunneling. Here the fabrication of nanoscale spin devices based
on magnetic nanoparticles is described. Three different device layout are investigated,
from multilayer structures to nanojunctions fabricated by electron beam lithogra-
phy or through non-conventional approaches (e.g. by the selective wet-etching and
oxidation of an AlGaAs/GaAs quantum well structure), with the final target to re-
duce a functional spin device to a single NP or molecule [6–10]. In such devices, the
coexistence of single electron and spin polarized tunneling is observed.
Additionally, the availability of functional nanomaterials opens up new opportu-

nities for robust electrical detection of few (down to single) biorecognition events
within economical nanoarray. As a proof of concept, a sensor for DNA sequenc-
ing is reported, in which targets are oligonucleotides conjugated to gold nanopar-
ticles. As a consequence of target-probe binding events, a conductive bridge forms
between two electrodes, resulting in a quantized change in conductivity. This ap-
proach can be applied also to other binding events (like specific interactions be-
tween proteins, antibodies, ligands and receptors). Moreover, target amplification
techniques (such as PCR) are no longer necessary, while microfluidic modules can
be integrated for the injection and movement of biomaterials, drugs and physiologi-
cal samples.
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Silicon VLSI technology developed and matured over the past decades has been
fully exploited to build the vast technology area of micro-electromechanical systems
(MEMS). Along with a rapid expansion of the MEMS market, there have also been
continuous efforts at making the MEMS smaller in order to boost the operating fre-
quency to GHz and beyond. The appearance of high-speed nano-electromechanical
systems (NEMS) is tempting enough for us to consider the hybridization of the NEMS
and conventional silicon electronic devices (‘More than Moore’) because we expect
such hybrid systems enhance scaling of functional density and performance while si-
multaneously reducing the power dissipation beyond the conventional CMOS-based
systems. A number of new hybrid NEM-CMOS devices have recently been studied for
advanced switch, memory and sensing applications. As for the memory applications,
we proposed two types of novel highspeed and nonvolatile NEM memory devices to
go beyond conventional Flash memory. The bistable floating gate (FG) NEM memory
features a buckled SiO2 FG with embedded Si nanodots as single-electron storage.
The other one is a suspended gate (SG) Si nanodot memory (SGSNM) in which the
SG is pulled in to the FG only when we programme and erase the information. As
for the sensing applications, a new in-plane resonant NEM sensor has recently been
studied based on a mass-detection principle. This nanosensing device features a sili-
con resonant-suspended-gate and an in-plane MOSFET co-integrated on an ultrathin
SOI platform and enables sub-attogram-level mass detection.
By downscaling the NEMS towards a 100-nm-regime and even smaller, we may

explore a novel hybrid system of NEMS and single-electron transistors (SETs). There
are a number of new phenomena associated with strong coupling of single-electron
tunneling and low-dimensional phonons, such as phonon blockade and single-electron
quantum shuttle, which may be exploited to develop novel ‘Beyond CMOS’ infor-
mation devices. A suspended quantum dot (QD) SET (Figure 1) is particularly
attractive to investigate the interaction between single electrons and phonons con-
fined in suspended QDs. Recent study of the single-electron tunneling current for
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Figure 1: Suspended DQD-SET, Ids-Vg1-Vg2 curves at 120 mK and current peaks around
the charge triple point

Figure 2: Ab-initio simulation of nanophononic spectra for a hydrogen-terminated ultrathin
Si film of 5 atomic layers in thickness. A phonon bandgap of 17.35 cm−1 is formed both in
the (110) and (1–10) directions

the double QDs suspended SET reveals the existence of multiple current peaks as-
sociated with inelastic tunneling mediated by confined phonons. These results allow
envisaging the future possibility of tailoring the electron-phonon interaction in such
suspended QDs systems. Extremely-scaled NEM systems will eventually exploit elec-
tro-mechanical properties of atomically-controlled Si nanostructures. The ab-initio
simulation of ‘nanophonons’ has recently been conducted for the H-terminated free-
standing ultrathin Si films of just a few atomic layers in thickness, and remarkabke
phonon bandgaps have been demonstrated caused by the Si(001) 2×1 surface dimers
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(Figure 2). Such nanophononic properties are quite different from those for bulk sil-
icon and may be exploited as one of approaches to nanoscale thermal management
and novel energy transfer interactions.
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Cobalt molybdenum nitrides, particularly Co3Mo3N, are considered as good cat-
alysts for many chemical reactions [1–4]. Theoretical studies have indicated that this
compound is potentially the most active catalyst for ammonia synthesis and it has
been proved experimentally that catalysts based on cobalt molybdenum nitride can
be more active in that reaction than industrial iron catalysts as well as promoted
ruthenium [5, 6]. The active phase is obtained by ammonolysis of a precursor and it
has a nanocrystalline structure with a relatively high surface area. The addition of
some cesium and potassium compounds to the cobalt molybdenum nitride results in
an increase in its catalytic activity despite decreases in its surface area [7, 8]. The
influence of cesium and potassium compounds resembles their effect on the industrial
iron catalyst for ammonia synthesis, which also has a metallic, nanocrystalline struc-
ture in its active form [9]. One of the main parameters characterizing a good catalyst
is a developed surface area. It is dependent on a relatively complex interaction of sev-
eral effects from which it is the chemical composition and the preparation procedure
that are worth noting here. Considering a similarity between the iron catalyst and the
cobalt molybdenum catalyst it is supposed that an addition of some compounds can

Figure 1: Surface area of cobalt molybdenum samples modified by chromium
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Figure 2: X-ray diffractogram for sample containing 0.25% wt. of chromium; identified
phases: × – Co3Mo3N, ◦ – Co2Mo3N

Figure 3: Intensity ratio, ICo3Mo3N/ICo2Mo3N, for two XRD peaks characteristic for Co3Mo3N
and Co2Mo3N phases

substantially influence the structural and surface properties of cobalt molybdenum
nitrides. The effect of chromium compounds is described herein.
The catalyst precursor, cobalt molybdenum oxide, CoMoO4, was obtained by pre-
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cipitation from water solutions of cobalt nitrite and ammonium molybdate. The pre-
cursor was then impregnated in a chromium nitrate solution so as to prepare sam-
ples containing different loads of chromium. Finally the impregnated precursor was
exposed to pure gaseous ammonia to prepare an active phase, cobalt molybdenum ni-
trides. The phase composition of the received samples was characterized by means of
X-ray diffractometry (XRD) and their surface area was measured using a volumetric
method utilizing the BET model.
The surface area of cobalt molybdenum nitrides changes notably with a varia-

tion of the chromium concentration (Figure 1). The initial substrate, containing no
chromium, has the surface area of about 11 m2/g and with an increase in the chromium
concentration the surface area rises up to about 16 m2/g for the sample with 2% wt.
of Cr. A further increase in the chromium admixture does not change the surface area
substantially.
In all samples two different phases of cobalt molybdenum nitrides were identified:

cubic Co3Mo3N and cubic Co2Mo3N. The diffractogram of the nitrided sample con-
taining 0.25% wt. of chromium is shown in Figure 2. No distinct phases containing
chromium atoms were found, though up to 5% wt. of chromium atoms was present
in the samples. It suggests that chromium atoms dissolve homogeneously in cobalt
molybdenum phases, forming no separated phases. However, a relative amount of
Co3Mo3N and Co2Mo3N differs from sample to sample. A ratio of two prominent
peaks for each phase was taken as a measure of the sample composition. The peaks at
position 40.07◦ for Co3Mo3N and at position 40.77

◦ for Co2Mo3N, respectively, were
chosen.
Their intensity ratio, ICo3Mo3N/ICo2Mo3N, is shown in Figure 3. The amount of

Co2Mo3N drops substantially with the increasing chromium concentration. The rel-
atively good linear correlation between the chromium concentration in the cobalt
molybdenum nitrides and ICo3Mo3N/ICo2Mo3N is seen. It indicates that the presence
of chromium atoms increases the stability of Co3Mo3N leading to the formation of
a Co2Mo3N-lean mixture. There is also a certain correlation between the phase com-
position of cobalt molybdenum samples and their surface area. The samples with
prevailing concentration of the Co3Mo3N nitride have a relatively better developed
surface area. It can be supposed that the complete removal of the Co2Mo3N phase
from the mixture would lead to even higher values of the surface area. It seems that
a further addition of chromium should not lead to this effect, however, it may be
supposed that it can be achieved by an alteration of the preparation procedure.
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Information on the structure of melts whose phase diagram reveals peritectic reac-
tions is sparse because these alloys, in comparison with eutectic ones with low melting
temperatures, have found less application in various areas. Nevertheless, one can sup-
pose that structural changes can occur at the cooling of a melt whose concentration
corresponds to the peritectic point before reaction with a solid phase of some definite
concentration.
In order to check this assumption that is important for the understanding of

physical-chemical processes in solid-liquid metallic mixtures, an X-ray diffraction in-
vestigation of molten Ni-Bi alloys, containing 10, 12, 15 and 22 at % of Ni was carried
out. The structure factors (SF) obtained at different temperatures at cooling and pair
correlation functions (PCF) calculated therefrom were analyzed. It was found that
the SFs for the melts under investigation showed a profile closer to that of liquid Bi,
but the principal peak was smaller at height while the shoulder on its right side was
more pronounced. Similar features were also observed in the temperature dependence
of the PCFs.
The experimental data for the melts were compared with those for intermetallic

phases, formed in peritectic reactions. The comparison resulted in a supposition about
the dominant role of the chemical ordering in the structure formation process before
reaction of the melt with the crystalline phase. The chemical ordering in some aspects
was similar to the crystalline structure of intermetallics, as a product of the peritectic
reaction.
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Modern technology often requires designing materials of special properties which
are not commonly seen in nature. This work is focused on materials showing unusual
elastic properties, i.e. exhibiting anomalous (negative) Poisson’s ratio. Recently, such
materials, called auxetics, have been a subject of increasing interest [1]. Effective de-
sign of such materials would be much easier if various mechanisms controlling prop-
erties of elastic media are identified and understood. Studies of simple model systems
constitute an important step in this direction.
This work is aimed to extend our knowledge on the influence of atomic size poly-

dispersity on the macroscopic elastic properties of three-dimensional system of soft
dimers. The dimers, built of soft spheres (atoms), interact through atom-atom, soft,
purely repulsive, nearest-neighbour interactions. Although the atomic centres form
almost perfect f.c.c. structure, the dimers do not show any periodicity and, thus, they
form a degenerate crystalline (DC) phase [2]. An efficient method [3] for studying
the elastic constants of static model systems (i.e. systems at zero temperature) by
computer simulations is applied in the present work.
The choice of the dimer system is, amongst other reasons, related to the fact

that behaviour of polydisperse dimers of fixed distance between the centres of soft
spheres [4] was found to be different from that observed for other systems [5–9].
Namely, a typical effect of rising particle size polidyspersity is the increase of the
Poisson’s ratio [5–9], in both the isotropic and anisotropic systems. However, recent
studies indicated that (at least) for some three-dimensional systems of cubic symmetry
crystalline directions exist, along with the Poisson’s ratio decreases with an increase
of size polydispersity of the particles [4, 10]. In particular, in the case of the soft
polydisperse spheres forming a f.c.c. solid phase [10] such a decrease of the Poisson’s
ratio, with increasing polydispersity, was observed for soft interactions only. In the
case of the DC phase of polydisperse dimers, however, the Poisson’s ratio was found
to decrease (down to negative values) in a certain direction also when the interaction
potential became very hard [4]. This surprising result encourages one to study poly-
disperse dimers with dispersion of the distances between centres of spheres forming
them and binary mixtures of dimers. Both those systems are studied in this work.
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The static magnetic susceptibility and FMR spectra of nickel nanoparticles of
the face-centered cubic (fcc) phase, covered by carbon (Ni/C), embedded in the two
types of sodium borosilicate porous glass were investigated and analyzed. The Ni/C
nanoparticles with the average size of 20 nm were obtained through decomposition of

Table 1: Parameters of porous glass texture

Parameters Glass of type B Glass of type D

specific area, m2/g 28.9 5,9

pore volume, cm3/g 0.44 0.47

pore average diameter, nm 46 320

porosity, % 50 48
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ethylene on nanocrystalline Ni at 700◦C according to [1]. Two porous glass samples
(B and D type) were obtained from one sodium borosilicate basic glass with 92% SiO2-
7% B2O3-1% Na2O composition according to the technology described in [2]. For
the phase separation B and D type glasses the basic glass was heated at 490◦C for
165 hours and at 650◦C for 100 hours, respectively. All the obtained porous glass
samples were etched in hydrochloric acid and rinsed in deionized water. Then, both
types of glasses were immersed in KOH. The parameters of the porous B and D type
glass texture were essentially different (Table 1).
Rectangular porous glass plates sized 10× 10× 0.5 mm3 were filled with Ni/C

nanoparticles which were introduced from a water suspension according to the tech-
nological condition developed by the authors. A few nanoparticles on the glass surface
are shown in Figure 1.

Figure 1: SEM image of carbon coated Ni nanoparticles on sodium borosilicate porous glass
surface

The static magnetic susceptibility, measured by the balance Faraday technique
and X-band FMR spectra of glass samples of the B and D types, containing Ni/C
nanoparticles with different concentration were investigated in the 90–300 K temper-
ature range. Both the glass samples with low and high Ni/C concentration showed
a linear dependence of the static magnetic susceptibility on the reciprocal values of the
magnetic field which was evidence of their superparamagnetic properties. The temper-
ature dependence of the magnetic susceptibility for both the investigated samples was
similar to the corresponding dependence for the bulk Ni sample. The X-band FMR
spectra consisted of intense symmetrical FMR signals centered at Hr = 300(3) mT
(peak-to-peak linewidth, ∆Hpp =61.5 mT) and Hr =297.8(3) mT (∆Hpp =72.1 mT)
at T = 300 K in samples with lower and higher Ni/C concentration, respectively. It
should be noted that the observed FMR line intensities for both samples decreased
with decreasing temperature and they disappeared below T = 90 K as a result of
broadening processes. A simple theoretical model of N magnetic nanoparticles dis-
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persed in a porous nonmagnetic matrix is introduced in order to explain the proper-
ties of the FMR spectra. It is based on the Lifshitz-Landau equation for nanoparticle
magnetization.
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A general formula providing the transmission coefficient through a given barrier
is presented in terms of the incoming carrier energy and the logarithmic wave func-
tion derivative at the start of the barrier. The derivation bears a certain relation to
the analytical transfer methodology. However, the procedure, employed, is simpler in
that the parameters, involved, beyond the incoming energy are limited to logarithmic
derivative which is obtained via an appropriate Riccati equation. On account of the
facility provided for obtaining the transmission coefficient we proceeded obtaining the
characteristic for a quantum dot carved barrier which exhibits a region of extremely
large negative differential resistance together with a highl peak to valley ratio. Un-
der the circumstances, the possibility of developing a nanostructure switch utilizing
a small variation in the applied bias exists.

116



7th International Workshop
on Functional and Nanostructured Materials

FNMA’10 F47

Purification of Multi-Walled

Carbon Nanotubes – Influence of Hydrogenation

and Oxidation on Removal of Metal Particles

I. Pełecha, U. Narkiewicz

Institute of Chemical and Environmental Engineering
West Pomeranian University of Technology
Pułaskiego 10, 70-310 Szczecin, Poland

aipelech@zut.edu.pl

Multi-walled carbon nanotubes can be synthesized by three dominant techniques:
arc discharge, laser ablation, chemical vapor deposition. The last of these methods is
the most interesting one because of its low production costs, and therefore it is very
attractive for large scale production of nanotubes. CVD involves catalyst-assisted de-
composition of hydrocarbons (methane, acetylene, ethylene, benzene, propylene). The
best results are obtained with iron, nickel and cobalt nanoparticles used as catalysts.
As-synthesized CNTs prepared by the above method inevitably contain metal catalyst
particles and carbon impurities in the form of amorphous carbon or carbon nanopar-
ticles. The separation of CNTs from catalyst traces is most often carried out using
hydrofluoric, hydrochloric, sulfuric or nitric acids. The oxidation method is applied to
purify carbon nanotubes from carbon impurities. Amorphous carbon can be eliminated
by chemical oxidation including gas phase oxidation using air or steam or by liquid
phase oxidation using potassium permanganate, hydrogen peroxide, nitric acid.
In our work multi walled carbon nanotubes were obtained by chemical vapor depo-

sition and ethylene was applied as the carbon source and nanocrystalline iron with an
addition of a small amount of CaO and Al2O3 was used as a catalyst. The role of the
promoter oxides was to stabilize the nanocrystalline iron structure at elevated temper-
atures. The mean crystallite size of iron determined using an X-ray diffraction method
(Philips X’Pert) and calculated using the Scherrer’s equation was equal to 17 nm.
The purification procedure was carried out in two stages. In order to remove

amorphous carbon the material was treated under hydrogen or air atmosphere at 500
and 550◦C, respectively. The carbon removal degree depended on the experimental
conditions and equaled from 10 to 70%. The as prepared material was refluxed in
1 or 5 M nitric and 1 or 5 M hydrochloric acid for 60 and 300 minutes. After this
treatment, the metal amount was decreased to ≈1 wt %.
Different methods were employed to characterize CNTs. The phase composition

of the samples was studied using an X-ray diffraction method (X’Pert). Transmission
electron microscopy (High Resolution Transmission Electron Microscopy Jeol JEM
3010TEM) was used to determine the type of carbon nanotubes and to verify the
structures. Thermogravimetric analysis (TGA) was employed to determine metal in
the samples.
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Two samples containing an extended free radical network derived from a conden-
sation of cyanuric chloride with p-phenylenediamine and containing a small amount
of magnetic agglomerates were prepared. Both samples produced asymmetric, very
intense ferromagnetic (FMR) spectra (Figures 1a and b). The temperature depen-
dence of FMR lines was measured in the 80–290 K temperature range. The FMR
spectra were fitted by two Lorentzian functions (Figures 1c and d). The following

(a) (b)

(c) (d)

Figure 1: FMR spectra for sample 1 (a), sample 2 (b) and fitted spectra at 130 K for sample 1
(c), and for sample 2 (d)
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(a) (b) (c)

Figure 2: Temperature dependence of component resonance fields (a), linewidths (b) and
amplitudes (c) for sample 1

(a) (b) (c)

Figure 3: Temperature dependence of component resonance fields (a), linewidths (b) and
amplitudes (c) for sample 2

values of the resonance fields and linewidths for the component lines were obtained:
Hr(I) = 3354(1) Gs (geff (I) = 2.017(1)), Hr(II) = 2918(1) Gs (geff (II) = 2.315(1))
with linewidths ∆Hpp(I) = 815(2) Gs, ∆Hpp(II) = 573(2) Gs for sample 1, and
Hr(I)= 3124(1) Gs (geff =2.170(1)), Hr(II)= 2768(1) Gs (geff (II)= 2.436(1)) with
linewidths ∆Hpp(I) = 573(2) Gs, ∆Hpp(II) = 630(2) Gs for sample 2. The ultra low
concentration of magnetic agglomerates in similar matrices showed very different be-
havior [1]. In both samples the resonance lines shift to lower magnetic fields, the line-
widths increase, and the amplitudes decrease with decreasing temperature (Figures 2
and 3). Low concentrations of magnetic nanoparticles in nanocomposite matrices be-
have in a similar way [2], while the average positions of the resonance lines essentially
change at room temperature. The following values of resonance fields temperature
gradients were measured: ∆Hr/∆T (I)≈ 0.26(3) Gs/K, ∆Hr/∆T (I)≈ 0.92(3) Gs/K,
for sample 1, and ∆Hr/∆T (II)≈ 1.31(3) Gs/K, ∆Hr/∆T (II)≈ 3.34(3) Gs/K, for
sample 2. The magnetic iron oxide clusters could produce an internal magnetic field
which could be associated with reorientation processes of the spin system. The mag-
netic anisotropy as well as the reorientation processes strongly depend on the concen-
tration of the magnetic centers.
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Sulphur dioxide is emitted mainly as a component of exhaust gases from vehicles,
industrial or power plants. To lower the level of this toxic gas, various absorption,
adsorption and catalytic methods are applied. The catalytic methods are the most
useful, because they generate a useful, commercial product – sulphuric acid.
In this work the studies on an elimination of sulphur dioxide from gases on modified

nanocarbons (carbon nanotubes containing iron) were performed.
The following materials were used in the studies:
1) Nanocarbon – material marked as NC, synthesised through decomposition of

ethylene on nanocrystalline iron. The material contains mainly multi walled carbon
nanotubes ended with iron carbide crystallites and amorphous carbon. The specific
surface area measured by using BET method is about 43 m2/g. This value is lower
than that given in the literature [1, 2] for pure carbon nanotubes, but in the case of
the material under the study the nanotubes contain iron (the mass ratio of carbon to
iron is mC/mFe = 6.5), then the density of such a material is higher and the specific
surface area – lower than that of pure CNTs.
2) Material marked as NCH, obtained after the reduction of material NC under

a flow of hydrogen (20 dm3/h) at the temperature of 550◦C. The reduction was
carried out to remove amorphous carbon and also to remove the graphitic layer from
iron carbide crystallites, with an expectation of an increase of activity. The reduction
resulted in removal of amorphous carbon and decomposition of iron carbide to iron and
methane. Then, the NCH material contained multi walled carbon nanotubes ended
with crystallites of metallic iron (diameter of about 40 nm). The specific surface area
of this material was a little bit higher than that of nanocarbon as synthesised and
amounted to about 54 m2/g. Under the oxidising conditions of the sulphur dioxide
removal process, the metallic iron was subsequently oxidised to iron oxide.
The process was carried out by passing 10.6 dm3/h of a gas mixture of SO2, O2,

N2, containing various concentrations of SO2 (close to 0.18 or to 0.3 vol.%) at the
temperature of 30–200◦C. The activity of nanocarbon reduced with hydrogen (NCH)
was studied at higher temperatures – 200–450◦C. The flow of the gas mixture was
fixed using mass flowmeter. For studies at lower temperatures (up to 80◦C) the volume
of 10 ml of a sample was put in the reactor with water jacket and the temperature was
fixed with a thermostat. The height of the catalyst bed was 140 mm. In the case of
the experiments carried out in the temperature range of 100–450◦C, the glass reactor
was heated by an electric furnace, the volume of a sample was 5 ml and the height of
the catalyst bed – about 20 mm.
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Figure 1 shows a dependence of the outlet relative SO2 concentration (referred to
the inlet concentration of SO2) on time for the NC sample. The inlet concentration
of SO2 was 0.31 vol. %. In the temperature range of 30–80

◦C, the efficiency of the
process increases with temperature and the best results were obtained at 80◦C. The
adsorption capacity of the nanocarbon disappears after 50 min.
Figure 2 presents a dependence of the outlet relative SO2 concentration (referred

to the inlet concentration of SO2) on time for the NC sample. The inlet concentra-

Figure 1: Changes of outlet SO2 concentration in the temperature range 30–80◦C for NC
catalyst

Figure 2: Changes of outlet SO2 concentration in the temperature range 100–200◦C for NC
catalyst
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tion of SO2 was 0.26 vol. %. In the temperature range of 100–200
◦C, the efficiency

of the process increases slightly with temperature. The adsorption capacity of the
nanocarbon disappears, as at lower temperatures, after 50 min.
Figure 3 presents a dependence of the outlet relative SO2 concentration on time for

the NCH (nanocarbons after a hydrogen treatment) sample. The inlet concentration
of SO2 was 0.18 vol. % and the process was studied in the temperature range of 200–
450◦C. The efficiency of the process increases with temperature and the best results
were obtained at 450◦C.

Figure 3: Changes of outlet SO2 concentration in the temperature range 200–450◦C for NCH
catalyst

Figure 4: Dependence of the adsorption capacity of nanocarbons NC and NCH on temperature
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To compare the obtained results, the volume of the eliminated SO2 was referred to
the corresponding volume of a catalyst and a unit of time. The efficiency of SO2 removal
expressed in dm3SO2/dm

3
cat/h as a function of temperature is shown in Figure 4.

For the sample NC at 200◦C, the efficiency of SO2 removal amounts to 536 dm
3
SO2
/

dm3cat/h, whereas for the sample NCH – 780 dm
3
SO2
/dm3cat/h. Then, the reduction of

carbon deposit under hydrogen results in an increase of efficiency in SO2 removal of
1.5 times.
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Among other nanotechnology techniques electrospinning is a simple and versatile
method for fabrication of polymer based fibers [1]. Currently it is the only method
for fabrication of continuous fibers in the nanometer range [2]. The simplicity of
the process has caused increased interest among numerous scientific groups. A basic
electrospinning setup consists of a polymer solution delivery system with an orifice
connected to a high voltage power supply. Fibers are deposited on a grounded collector
(see Figure 1A).

Figure 1: Classic electrospinning setup (A), modified electrospinning setup (B)

Due to the nature of the electrospinning, it is especially the self inducted chaotic
bending modes of the electrospinning jet that lead to quite a large deposition spot
size. Usually, it is about 10 cm and above, depending on the setup geometry and the
collector size. The resulting nonwoven membranes have found numerous applications
in bioengineering, environmental engineering, microelectronics and energy technol-
ogy [3–7].
The development of the basic electrospinning may be divided into two main-

streams.
One is based on development and improvement of the process to control fiber

deposition. Initially works were focused on the collector area modification. Due to
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the electric field’s nature, the introducing of patterned collectors has resulted in the
fabrication of aligned nanofiber patterns. The fiber collection method on the high
speed rotating edge [8] which was developed in our lab allowed obtaining highly
aligned unidirectional fibrous structures. Recently an improved method to deposit
aligned fibers with a 90 nm diameter size has been developed.

Figure 2: Aligned (80% of alignment) TiO2 nanofibers

It has been achieved by using custom designed air-shields reducing the influence
of air turbulences on the very fine fibers. Other approaches for electrospinning control
incorporate additional electrodes placed between the spinneret and the collector (see
Figure 1B). The potential of such an approach has been shown by [9] and [10] allowing
the deposition spot size to be decreased and the fiber deposition to be controlled more
precisely to some extent. It has been shown in our lab that it is possible to decrease
the deposition size spot down to 5 mm using a simple setup with a few additional
electrodes and only one additional power supply. Though this improvement seems to
be rather far from very precise deposition of electrospun fibers it has brought reduction
in terms of the fiber deposition time and the polymeric solution wastage. Presently
works in our lab are focused on the development of a device for precise deposition of
fibers in a highly controlled way.
The second mainstream are materials used for fiber fabrication. Polymer is the

most widely used material for electrospinning, but there is no limitation to polymeric
materials. Recently, ceramic fibers have meet with interest of research groups due
their unique electrical properties. In such case polymer carriers are blended with the
precursor, for example titanium (IV) isopropoxide in case of TiO2 fibers [7]. In the
post process samples are sintered in an oven and the polymer matrix is removed
leaving pure ceramic fibers. A similar approach is used in case of carbon fibers where
a phenolic resin precursor is used [11]. The carbonization process during sintering
in an inert atmosphere causes again removal of the polymeric component, leaving
carbon fibers. Other materials explored recently are conductive fibers [12] as well as
photoluminescent fibers [13].
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Carbon fibers, nanotubes and carbon nanoparticles have belonged recently to the
most studied carbon materials. In general, catalysts used for their synthesis are based
on transition metal particles (Fe, Co, Ni) supported on carriers such as e.g. Al2O3,
SiO2, ZrO2 or MgO. In the present work, unsupported iron and nickel were applied as
catalysts prepared from nickel (II) or iron (III) nitrates together with a small amount
of calcium and aluminum nitrates. The total content of CaO and Al2O3 promoters
did not exceed 3.0 wt. % and their role was to protect fine metal particles against
sintering at elevated temperatures.
Hydrocarbons were decomposed in a high temperature furnace (HST 12/400 Car-

bolite). Methane, ethane or ethylene were applied as the carbon source. The processes
were performed under atmospheric pressure in the temperature range from 500◦C to
700◦C for 60 min. The phase composition of the obtained samples was determined
using an X-ray diffraction (XRD) method (Philips X’Pert).
It was only graphite and nickel phases that were detected in the samples after

methane decomposition. The samples obtained under ethylene atmosphere had an-
other phase composition. In addition to the graphite and nickel phases, nickel carbide
was also obtained at 500◦C under the applied experimental conditions. An increase
in the temperature caused a decrease in the peaks intensity ascribed to Ni3C, and at
700◦C, the decomposition rate of Ni3C was higher than its formation rate.
In the case of an iron catalyst the peaks characteristic for iron, cementite and

graphite were identified. The intensity of iron and graphite peaks was greater when
the temperature increase, while the intensity of cementite peaks decreased in the same
temperature conditions. According to these results, the concentration of iron in the
samples increased at higher temperatures.
The role of iron and nickel carbides as intermediate products for formation of

carbon materials is discussed.
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The interactions between biological systems and nanostructured materials are at-
tracting great interest, due to the possibility to open up novel concepts for the de-
sign of smart nano-biomaterials that actively play a functional biological role. On
the other hand, the assessment of the potential toxic effects arising from such inter-
actions is gaining increasing attention and a new field known as nanotoxicology is
strongly emerging. In this frame, we investigated the response of human neuroblas-
toma cells line to gold surfaces with different levels of nanoroughness, finding out that
neurons are capable to sense and actively respond to these nanotopography features,
with a surprising sensitivity to variations of few nanometers. By seeding cells onto
micropatterned flat and nanorough gold surfaces, we demonstrated the possibility
to realize substrates with cytophilic or cytophobic behavior, simply by fine tuning
their surface topography at nanometer scale, inducing a clear self-alignment of neu-
rons. These nanostructured substrates were also investigated to explore the impact
of nanoscale topography on genomics and proteomics of adherent bacteria. A multi-
disciplinary approach (by means of Atomic Force Microscopy, Real Time qPCR and
2D-DIGE) was exploited to characterize bacteria-nanostructured surface interactions,
observing that type-1 fimbriae typically disappear in bacteria grown onto nanorough
substrates, as opposed to E. coli onto reference glass or flat gold surfaces. We also
show the results of several investigations of nanoparticle interactions with in vitro
and in vivo biological systems. In particular, the toxic effects of a wide range of nano-
materials (AuNPs, QDs, SiO2 NPs) is presented, demonstrating the key role of size,
shape and surface coating. Moreover, the peculiar behavior of nanorough and surface
engineered nanoparticles is also discussed.
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Multiferroic materials, in which magnetic order induces a ferroelectric phase tran-
sition, have attracted great attention in recent years. One of such extensively studied
materials is simple tungstate MnWO4. [1, 2] This tungstate has also been of great
interest due to its electrochemical properties, high ionic conductivity and high sensi-
tivity to humidity changes. [3, 4]
A hydrothermal synthesis of nanocrystalline MnWO4 has been reported in a few

papers. [3, 5, 6] These papers have shown that the morphology of crystallites can be
controlled using different surfactants and pH values. The published papers have been

Figure 1: Raman spectra of MnWO4 synthesized at different temperatures; Raman spectrum
of polycrystalline sample synthesized by solid state reaction is also shown for the comparison
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Figure 2: IR spectra of MnWO4 synthesized at different temperatures; IR spectrum of poly-
crystalline sample synthesized by solid state reaction is also shown for comparison

focused mainly on the synthesis of nanocrystalline MnWO4 but no detailed investi-
gations have been performed on the structural, phonon or magnetic properties of the
synthesized samples. Therefore, we decided to undertake a detailed investigation of
MnWO4 prepared by the hydrothermal method and solid state reaction in order to
obtain information on the relation between various properties and the size of crystal-
lites. In particular, we employed Raman and IR spectroscopes to study the phonon
properties of MnWO4 as a function of crystallite size since this technique proved to
be very powerful tool in studying of nanomaterials.
Figures 1 and 2 show some representative Raman and IR spectra of the prepared

samples. As can be noticed the spectra show pronounced changes with the decreasing
particle size. We will discuss the origin of these changes.
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Silicon and silicon based thin films have been used in fabrication of micro-electro-
mechanical/nano-electromechanical systems MEMS/NEMS [1], despite their low duc-
tility and wear resistance, poor fracture toughness, electrical conductivity and optical
reflectivity. Metallic thin films have been considered as potential structural materials
for some MEMS/NEMS device applications where their significantly higher electrical
conductivity and ductility relative to silicon, oxide or nitride systems are extremely
advantageous. Unfortunately polycrystalline metallic films exhibit low strength and
hardness, high surface roughness, and significant residual stress making them unusable
for these applications. In this presentation we report on synthesis and characteriza-
tion of amorphous and amorphous-nanocrystalline metallic alloys that overcome these
barriers. These alloys are also fairly chemically simple, making them compatible with
the usual NEMS/MEMS fabrication routes. The cross sectional transmission elec-
tron microscopy shows that the majority of the grains nucleates at the substrate and
grow all the way to the surface. The average surface grain diameter, as obtained by
AFM, was about 380 nm. The growth mode of Al92Mo8 films is distinctly different
from that of pure Al. Although the initial nucleation density at the Si interface is ex-
tremely high, most grains do not grow all the way to the surface and are subsumed by
either faster-growing or re-nucleated grains. The average surface grain size of 162 nm
is less than half of that in the pure Al films. The increase of grain diameters with
film thickness is described by the van der Drift model [1]. The film of the Al68Mo32
alloy surface is remarkably smooth, characteristic of sputtered amorphous films [2].
The Mo phase, demonstrated to be present in the diffraction pattern, is not visi-
ble under bright field conditions. Further investigation revealed that the Al68Mo32
microstructure consisted of nanocrystalline Mo islands densely and randomly dis-
persed in an amorphous Al-rich matrix. In the Al50Mo50 sample, tthe microstructure
is again crystalline, similar to that of the 8 at % sample, showing a high nucleation
density at the substrate interface and significant roughness at the film surface. Care-
ful analysis provided no evidence for the crystalline intermetallic equilibrium phases
or non-equilibrium amorphous phases. The microstructure of the Al68Mo32 film was
strikingly different from that of the other alloy compositions. To elucidate the mor-
phology of the Al-Mo compositions with extremely fine structure we have performed
high resolution transmission electron microscopy (HRTEM). HREM reveals that the
structure of Al84Mo16 film is composed of nanoscale FCC crystallites embedded in
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a continuous amorphous matrix, while the structure of the Al68Mo32 film is essentially
completely amorphous with a small fraction of ordered BCC domains.
A systematic investigation of microstructure and properties as a function of Mo

content resulted in an optimum film composition of Al68Mo32 with a unique mi-
crostructure comprised of a dense distribution of nm-scale Mo crystallites dispersed
in an amorphous Al-rich matrix. These films were found to exhibit unusually high
nanoindentation hardness and a very significant reduction in roughness compared to
pure Al, while maintaining resistivity in the metallic range. A single-anchored can-
tilever 5 µm long, 800 nm wide and 20 nm thick showed a resonance frequency of
608 kHz, yielding a Young’s modulus of 112 GPa, in good agreement with a reduced
modulus of 138 GPa measured by nanoindentation. We have fabricated fully released
NEMS cantilevers of various geometries from these films. At 4.3 and 20.0 nm thickness,
these are the thinnest released metal cantilevers reported in the literature to date.
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The interactions between biological systems and nanostructured materials are at-
tracting increasing interest, due to the possibility to open up novel concepts for the
design of smart nano-biomaterials that actively play a functional biological role. In
this frame we investigated the response of human neuroblastoma cells line (SH-SY5Y)
to gold surfaces with different levels of nanoroughness, finding out that neurons are
capable to sense and actively respond to these nanotopography features, with a sur-
prising sensitivity to variations of few nanometers [1]. We showed that focal adhesion
complexes, that allows cellular sensing, cannot properly assemble onto nanostructured
surfaces, leading to a marked decrease in cell adhesion. Moreover, apoptosis/necrosis
assays established that nanoscale features induce cell death by necrosis, with a trend
directly related to roughness values. Finally, by seeding SH-SY5Y cells onto micropat-
terned flat and nanorough gold surfaces, we demonstrated the possibility to realize
substrates with cytophilic or cytophobic behavior, simply by fine tuning their sur-
face topography at nanometer scale, inducing a clear self-alignment of neurons [1].
These nanostructured substrates were also investigated to explore their use as suitable
materials which can prevent bacterial colonization. A multidisciplinary approach (by
means of Atomic Force Microscopy, Real Time qPCR and 2-D Differential In Gel Elec-
trophoresis, 2D-DIGE) was exploited to characterize bacteria-nanostructured surface
interactions, observing that type-1 fimbriae typically disappear in bacteria adherent
onto nanostructured substrates, as opposed to E. coli onto reference glass or flat gold
surfaces.
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Currently, the development of appropriate and universal in vitro protocols to assess
the potential toxicity of the ever expanding range of nanoparticles (NPs) represents
a challenging issue, because of the rapid changes of their intrinsic physicochemical
properties (size, shape, reactivity, surface area, etc) upon dispersion in biological flu-
ids. Dynamic formation of protein coating, generally surrounding and hiding nanopar-
ticles surface, has been estimated as a key molecular event, that may strongly impact
the biological response in nanotoxicological tests. In such a context, we show here that
the dynamics of proteins-NP interactions are differently mediated by different cellular
media, which are the liquid environments where NPs encounter cells. To demonstrate
this, we used, as a model, spherical NPs (citrate-capped gold nanoparticles, AuNPs)
of different sizes (15, 40 and 80 nm). Upon incubation with two widely used cellular
media (i.e., DMEM and RPMI, supplemented with fetal bovine serum), we analyzed
NPs interactions with serum proteins present in the media, over time, by several spec-
troscopic techniques (DLS, UV-Vis, PRLS). We found that, while DMEM elicited the
formation of a large time-dependent protein corona, RPMI shows different dynam-
ics with a reduced protein coating. Characterization of these nano-bioentietis was
also performed out of the medium solutions, after separation by centrifugation. SDS-
PAGE and MS results revealed that the strongly bound proteins quantitatively differ
depending on the cellular media and that the average composition of protein corona
did not reflect the relative abundance of serum proteins. Finally, to evaluate the bi-
ological impact of such hybrid bio-nanostructures, comparative viability assays with
two model cell lines, namely HeLa and U937, were carried out in the two media in
the presence of 15 nm AuNPs. We observed that RPMI induced proteins/NP com-
plexes exerted higher adverse effects on cells viability than those formed in DMEM.
Metallic NPs uptake and fate into cells were tracked by label-free 2-photon confocal
microscopy. These results show that, beyond an in depth NPs characterization in their
synthesis/storage solutions before cellular experiments, a detailed understanding of
the effects exerted by cell culture media on NPs is crucial for the development of
standardized procedures for nanotoxicity tests.
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We present a thermo-mechanical structural model to describe the influence of
the temperature over the thickness and stiffness of single wall carbon nanotubes and
graphene sheets. The model is based on the equivalence between the stechiomet-
ric potential (based on the UFF model) and the mechanical energies associated to
stratching, bending and out-of-plane torsion of deep shear Timoshenko beams for the
C-C bonds.

Figure 1: Dependence of the transverse Poisson’s ratio in (n,0) CNTs vs. the tube diameter
and temperature

The model allows the identification of the thickness of SWCNTs and graphene
for different temperatures, and the derivation of bending and axial force constants in
stick-spiral systems [1], taking into account the temperature variation. The results of
the model are compared against data from open literature.
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Copper doped ZnO nanoparticles were synthesized by a chemical technique based
on a hydrothermal method. The crystallite sizes, estimated byX-ray diffraction (XRD),
small angle X-ray scattering (SAXS) and transmission electron microscopy (TEM)
for different doping percentage of Cu2+ (1–10%), were found to be in the range of
≈ 10–15 nm. Rigaku, RINT2000/PC, a grain size analysis program was used to cal-
culate the size distribution in the samples based on Fankuchen method for the scat-
tering intensity data obtained by SAXS technique. Energy dispersive X-rays (EDAX)
together with electron paramagnetic resonance (EPR) studies at room temperature
(300 K) as well as the temperature dependence of spectra revealed the presence of cop-
per ions in these ZnO nanoparticles, indicating successful doping in the nanocrystals.
An analysis of the EPR spectra at room temperature indicated a lower concentration
of the isolated Cu2+ ions than the Cu nominal one, which could be due to skin depth
processes. It appears that some copper (II) ions may form clusters, which would be
EPR-silent, so they would strongly influence the reorientation processes of the spin
system. The concentration of clusters seems to be the highest for the highest Cu nomi-
nal concentration (10%) of the samples. Additionally, the d-d transitions may influence
the spectroscopic properties of the samples. These results are well supported by optical
absorption and Fourier transforms infrared (FTIR) studies.
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Spinels belong to a large family of chemical compounds with a complex structure
and important potential application. One of these compounds is zinc – aluminum
spinel (ZnAl2O4) has such interesting properties as: high mechanical resistivity, high
thermal stability and low temperature of sintering, which allow it to be used in the
ceramic and electronic industry. Interesting physico-chemical properties are attributed
to ZnAl2O4 doped with ions of various chemical elements, mainly transition metals or
rare earth elements such as: Co+3, Er+3, Eu+3, Yb+3, Sm+3, Tb+3 and Mn+3. Zinc
aluminate spinels doped with such elements have excellent luminescence properties.
Terbium and europium are some of the most attractive admixtures to powders with
luminescent properties.
Nanocrystalline ZnAl2O4 doped with Tb

+3 and Eu+3 was obtained during a
microwave assisted hydrothermal synthesis. Water solutions of Zn(NO3)2 · 6H2O,
Al(NO3)3 · 9H2O, Tb(NO3)3 · 5H2O and Eu2O3 were used as reactants to synthesize
a zinc aluminate spinel. A 2M water solution of KOH was used to precipitate zinc,
aluminium and terbium or europium hydroxides. The solution was slowly added until
a pH of 10 was reached. The obtained hydroxides were put in a reactor with micro-
wave emission. The microwave assisted synthesis was conducted under a pressure of
3.8 MPa for 30 min. The obtained product was filtered and dried. The phase composi-
tion of the samples was determined using X-ray diffraction measurements. The XRD
analysis confirmed that a ZnAl2O4 spinel was received. The specific surface area and
crystallite size of the nanopowders was determined by the Brunauer-Emmett-Teller
(BET) method. The specific surface area of the samples varied from 33 to 204 m2/g
and the mean crystallite size varied from 9 to 60 nm depending on the chemical com-
position. The morphology of the received materials was characterized using scanning
electron microscopy. The photoluminescence effect was examined using a spectrofluo-
rimeter. The measurements were performed in room temperature using the excitation
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line of 277 nm. In both series of samples (doped with Tb+3 and Eu+3) the 4f–4f
transitions of these ions were observed in the photoluminescence spectra.
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Purpose: Every year a great amount of financial resources is spent by pharma-
ceutical companies on unsuccessful Clinical Trials because of poor activity/toxicity
ratio, pharmacokinetics and pharmacodinamics accidents, including poor Absorption-
Distribution-Metabolism-Excretion/Toxicology profiles.
Considering the key role accomplished by the liver in toxicology and metabolism

of drugs, there is a great need for screening tools using hepatocytes. Furthermore the
set up of bio-systems using human cells and able to test candidate drugs could be
helpful in reducing the use of animals in the experimental testing as well as lowering
costs concerning the drug development process.
Methods: In the Center of Biotechnologies of Cardarelli Hospital, in collaboration

with the Academic Medical Center of Amsterdam University, we assembled a mini
Bioartificial Liver (mini BAL) able to host approximately 300000 millions of viable
human hepatocytes. The mini BAL is a three-dimensional system which resembles
the best conditions for hepatocyte culturing and, differently from other monolayer
approaches, shows a system-integrated oxygenation addressed to metabolism and res-
piratory function optimization. Human hepatocytes were obtained by livers discarded
from transplantation as well as surgical liver resections. The first steps were aimed to
standardize the operating procedures, to set up toxicological protocols and to optimize
the biomass in order to ensure homogeneous cell distribution inside the device.
Results: In 2008 a European company gave us the task to study in the miniBAL

the hepatotoxicity of a new drug, a conjugated monoclonal antibody, intended for
use in multiple myeloma. The miniBAL, charged with 300,000 million viable human
hepatocytes (viability ≥80%), has been incubated for 6 hours with different molecule’s
doses and cell function was evaluated up to three days by culturing cells in Williams’E
medium.
The hepatotoxicity was evaluated by assessing specific cell functions through urea

production, ammonia clearance, oxygen consumption and cell proliferation. We ob-
served a sharp, dose-dependent, decrease in hepatocyte performances with a further
restoration of functions. Immunohystological analyses were also performed in order
to investigate cell morphology and inflammation or apoptotic indexes.
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Conclusions: We propose the use of the mini BAL system as an “hybrid” in the
biological scale, between in vitro testing and clinical studies of promising compounds
for human healthcare.
Finally our report has a paramount significance related to the ethical aspects of

preclinical studies. The mini BAL may allow a sensible reduction of the number of
animals used in drug testing and a reliable tool for toxicological and pharmacological
studies.
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Purpose: Acute mesenteric ischemia (AMI) is a potentially fatal vascular emergency
with an overall mortality of 60% to 80% and an increasing incidence. The poor prog-
nosis for gut ischemia is partially due to the lack of specific findings, either clinical
or radiological, that leads to delayed diagnosis and ineffective treatment. Early diag-
nosis seems to be the shortest way to reduce the mortality rate. Therefore, the aim
of this study is to validate a rat model of acute intestinal ischemia due to a venous
occlusion, in which the MR imaging patterns are related to the evolution of intestinal
morphodynamism and a histological analysis.

Methods: The study was conducted on 30 Sprague Dawley rats. After anaesthesia,
a laparotomy was performed and the superior mesenteric vein (SMV) was isolated.
Then, the rats were randomly divided into two groups: in the first group (n= 15),
the “control” animals underwent the SMV occlusion by a tight ligation and, after
macroscopical monitoring, the rats were sacrificed at different times and the bowel
was removed for a histological analysis; in the second group (n=15), a loop (3-0 gut)
was tied loosely around the vessel and the tips were tunnelled from the abdominal
cavity through a tube to the posterior cervical area without occluding the vessel.
3 days after surgery, basal MR abdominal scans were collected for each rat using
a 7T micro-MR (Bruker Biospec 70/16 US); then the loop was squeezed pulling the
external tips in order to occlude the vessel and the MR sessions were repeated after
5 min, 4 and 8 hrs.

Results: The macroscopical monitoring of rats belonging to the first group showed
a clear mesenteric vascular congestion at the first time-point (5 min after the ligation
of SMV), erosion and frank ulcers with segmental changing in colour and diameter of
intestinal loops (Spastic and Hypotonic Reflex Ileus) at the second time-point (4 hrs)
and worsening of these findings at the third point (8 hrs). Instead, the rats in the
second group were scanned using a micro-MR with RARE T2 sequences: no evidence
of pathological patterns was detected at the first time-point, while significant bowel
wall thickening (>1.5 mm) and mesenteric hyperintensity were found at the follow-
ing time-points (4 and 8 hrs). After experimentation, the rats were sacrificed and
the entire bowel was removed for a histological analysis on hematoxilin-eosin stained
sections: vascular congestion in the submucose lamina with no sign of lysis or inflam-
mation was present 5 minutes after ligation (first time-point), while a destruction of
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the free portion of the ‘villi’, the presence of dilated capillaries and inflammatory cells
were found at 4 hrs, eventually, a structural destruction of the ‘villi’ with the sparing
of glandular ‘criptae’, haemorrhage, presence of an inflammatory cell and necrotic
material were detected at the third time point.

Conclusion: Compared to the histological analysis and macroscopical evidence, the
MR imaging can correctly detect morpho-functional alterations of the ischemic gut.
The MR succeeded to identify early the signs of venous mesenteric ischemia already
4 hrs after the SMV occlusion. Its future application in early diagnosis of mesenteric
venous ischemia is highly reasonable.
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The influence of the transverse electric field, E, on the superconducting transition
temperature, Tc, of cuprate films is studied in [1, 2]. The theory [1, 2] considers the
bulk properties of superconducting films caused by an external electric field. The sur-
face superconductivity in cuprates in an electric field is investigated [3] on the basis of
the one-band Ginzburg-Landau equations in the frames of the BCS theory. The shift
of Tc in the electric field in [3] occurs through the DeGennes boundary conditions
depending also on the correlation length, ξ, and E. The mechanism of high-Tc super-
conductivity in cuprates is a question of debate. In [4] the two-component theory of
superconductivity in cuprates is developed (for a two-band model of superconductivity
in MgB2 see for example [5]) The two-band model is characterized by the two cor-
relation lengths of the Cooper pairs, ξ1 and ξ2. These correlation lengths calculated
on the basis of various microscopic two-band models [6–8] are real quantities (not
imaginary) and ξ1≫ ξ2. In our approach the surface superconductivity is considered
on the basis of the two-band Ginzburg-Landau equations. The DeGennes boundary
conditions in this case depend on ξ1, ξ2, E and the thickness, L, of films. We have
found that Tc lowers or increases in the field E (in dependence on the direction of E)
and can oscillate with thickness L through ξ2.
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Scheelite structure compounds have been of interest because of their luminescent,
scintillator and laser host materials. It is well known that A2+MO4 and A

1+A3+(MO4)2
molybdates and tungstates, where A2+=Ca2+, Sr2+, Ba2+, Pb2+, Cd2+ and Hg2+;
A1+= Li+, Na+, Rb+ and Cs+; A3+= rare-earth ion and M=Mo6+ or W6+ form
a scheelite-type tetragonal lattice [1, 2]. In this type of a structure, the A1+, A2+ or
A3+ ions exist as a bisdisphenioid polyhedron with eight oxygen ions, whereas, the
molybdenum and tungsten ions are surrounded by four oxygen ions in a tetrahedral
site. The similar ionic radii of tetrahedral Mo6+ (0.041 nm) and W6+ (0.042 nm)
may make it possible to prepare solid solutions of the NaRE (WO4)2−x(MoO4)x [3],
LiEu(WO4)2−x(MoO4)x type [4].
In our previous papers, we have investigated mutual reactivity in the solid state of

cadmium tungstate (CdWO4, a wolframite-type structure) or molybdate (CdMoO4,
a scheelite-type structure) with some rare-earth metal tungstates: RE 2(WO4)3 and
RE 2W2O9 or molybdates: RE 2(MoO4)3 and RE 2MoO6 [5–8]. We have synthesized
the following scheelite-type compounds and phases: Cd0.25RE 0.50�0.25WO4 [5], Cd0.25
RE 0.50�0.25(MoO4)0.25(WO4)0.75 [8], the CdxRE 2−2x(MoO4)x(WO4)3−3x solid so-
lutions for 0.50 ≤ x < 1.00 [6] and the CdxRE 2−2x(MoO4)2−2x solid solutions for
0.50≤ x< 1.00 [7] (Figure 1).
In continuation to our previous studies, we investigated reactivity in the solid state

between CdMoO4 and RE2W2O9 where RE = Pr, Nd, Sm-Gd. The XRD analysis
results of the samples obtained after the last heating cycle of CdMoO4/RE 2W2O9
mixtures showed that at the molar ratio of 2 : 1 both reactants reacted to produce
a new scheelite-type cadmium and rare-earth metal molybdato-tungstates according
to the following equation:

2 CdMoO4(s) + RE 2W2O9(s) =
4Cd0.25RE 0.50�0.25(MoO4)0.50(WO4)0.50(s)+CdO(g)
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Figure 1: Concentration tetrahedron of CdO-WO3-RE2O3-MoO3 system

Scheelite-type peaks were found also on powder diffraction patterns of the sam-
ples obtained after heating of CdMoO4/RE 2W2O9 mixtures comprising initially over
66.67 mol % of CdMoO4. This fact indicated that Cd0.25RE 0.50�0.25(MoO4)0.50
(WO4)0.50 could form scheelite-type solid solutions with CdMoO4. The formula of new
solid solutions was Cd9/4x−5/4RE 3/2−3/2x�3/4−3/4x(MoO4)3/2x−1/2(WO4)3/2−3/2x.
The Cd0.25RE 0.50�0.25(MoO4)0.50(WO4)0.50 phases revealed also a homogeneity re-
gion with RE 2W2O9. This region was located in the range of about 50.00–66.67 mol %
of CdMoO4 and its width decreased with a decrease in the RE

3+ radius. The results of
DTA-TG studies showed that the Cd0.25RE 0.50�0.25(MoO4)0.50(WO4)0.50 phases as
well as the obtained solid solutions melted congruently. The obtained phases and some
of the solid solutions were characterized by IR, EPR and SEM techniques (Figure 2).

Figure 2: SEM image of the Cd0.25Gd0.50�0.25(MoO4)0.50(WO4)0.50 sample
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In this study, we explored the thermal expansion of Cd0.25RE 0.50�0.25(MoO4)0.50
(WO4)0.50. The average thermal expansion coefficients along a and c-axes (αa and αc)
are reported.
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Mixtures of V2O5, Sb2O4 and MoO3 oxides as well as other phases formed in
the Sb-V-Mo-O system are promising catalysts in selective oxidation of organic com-
pounds, e.g. in the reaction of obtaining acrylonitrile by ammooxidation of propane [1].
In the recent years intensive investigations have been performed aimed at establishing
the thermal, electric and other physicochemical properties of these phases [2]. In the
present work monophase samples containing a solid solution of MoO3 in SbVO5 only

Figure 1: EPR absorption lines registered for samples having the same mass but with different
concentration of Mo ions: 1 – 0.73 % mole, 2 – 1.10 % mole, 3 – 1.49 % mole, 4 – 1.89 % mole,
5 – 2.28 % mole, 6 – 2.70 % mole
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Figure 2: Dependence of EPR integrated intensity (upper panel) and linewidth of unit mass
samples (bottom panel) on molar concentration of Mo ions

Figure 3: Percentage of Mo ions involved in V5+ to V4+ valence reduction as a function of
total Mo ions concentration in Sb-V-Mo-O solid solution

with the general formula Sb1−6x�xV1−6x�xMo10xO5 (for x=0.0051, 0.0077, 0.0104,
0.0132, 0.0159, and 0.018), where � designates vacancy) were synthesized by using the
solid-state reaction method and investigated by the electron paramagnetic resonance
(EPR) technique [3].
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A recent study has shown that these materials are substitutional solid solutions in
which the Mo6+ ions are incorporated into the crystal lattice of SbVO5 at both Sb

5+

and V5+ sites, and the compensation of an excessive positive charge occurs mostly
through the formation of cationic vacancies at the Sb5+ and V5+ sites in proportion
1:1 [2]. The EPR study of these compounds aims at detecting V4+ and Mo5+ param-
agnetic ions and calculating their amount in order to discuss the possibility of charge
compensation by valence reduction of nominally V5+ ions in the SbVO5 lattice. As
could be seen in Figures 1 and 2 the EPR signal intensity, attributed to V4+ and
Mo5+ ions and clusters increases with the concentration of Mo ions what is a clear
sign of the presence of valence reduction.
A comparison with a reference sample of VOSO4 · 5H2O allowed calculating the

number of spin centers participating in the resonance and thus estimating the ratio
of the Sb5+ and V5+ vacancies to the V4+ paramagnetic centers.
It has been calculated that the percentage of Mo ions involved in the V5+ to V4+

valence reduction decreases with the total content of Mo ions in the Sb-V-Mo-O solid
solution (see Figure 3). This dependence might be roughly described by a decreasing
exponential function (solid line in Figure 3).
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This paper describes the application of the Method of Fundamental Solutions to
the solution of the torsion of functionally graded rods with hollows. The considered
problem is a boundary value problem with a linear second order partial differential
equation with variable coefficients and boundary conditions. The proposal of the paper
is to solve the problem by a numerical procedure which is combined with the Method
of Fundamental Solutions (MFS), approximation by Radial Basis Functions (RBF)
and Picard iterations.
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The breathtaking growth of the implementation of MEMS into high volume con-
sumer applications, like Mobile Phones, Digital Still Cameras, Gaming Controllers,
Laptops, has created a strong and unprecedented demand for smaller, ultra-low power
consumption and more advanced system solutions of these sensors.
To meet this demand, the major MEMS suppliers have started to offer systems

on a board, systems in a package and integrated single die solutions. iNEMOTM is
an STMicroelectronics trademark to mean exactly a smart sensor. The integration
of multiple sensors into a package offers a number of advantages including reduced
design cycle, increased degrees of freedom enabling a larger number of applications,
shorter application development time, reduced number of external components re-
quired, higher performance and reliability, reduced cost, easy assembly decreasing the
failure rate during the assembly, and smaller size. It also simplifies the supply chain
and this represents a big advantage for the customers.

Figure 1: iNEMO

The integrated system solutions in a package can include various components such
as accelerometers, gyroscopes, compasses, pressure sensors, temperature sensors, mi-
crophones, microcontrollers, interface IC, and connectivity components to wirelessly
interface with the outside world. This complexity, however, requires a higher degree
of sensor and application expertise to enable the developers to implement the target
applications in a timely manner, but also strong manufacturing expertise, especially
at assembly and testing level
The integration of multiple sensors into a system allows exciting applications in

portable devices, remote controllers, personal navigation systems, advanced video
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games, automotive, unmanned aerial vehicles and service robots. But it also enables
the wide market adoption of “MEMS around the Human Body”.
This presentation discusses the sensor integration starting with a system-on-a-

board solution, some of the currently available system-in-a-package solutions, and
the trends for future smart sensor system solutions, with a key focus on the market
application needs.
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Extensive studies on the structure and properties of small platinum clusters were
performed on the basis of the Density Functional Theory. Employing the hybrid search
technique, mainly based on a genetic algorithm, numerous stable configurations of
clusters consisting of N =2–15 atoms were found. In addition, highly stable structures
reported by other authors were carefully reinvestigated.
Small clusters were found to prefer distorted geometries. The postulated mag-

netism of the investigated systems was confirmed. A quantitative relation between
the structure and electrochemical properties of the clusters was established suggest-
ing that the characteristics varied in a fluxional manner. An extensive comparison of
our results with those obtained by other groups is presented.
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Understanding the structure and dynamics of nanomaterials as well as their physico-
chemical properties is currently regarded as a challenging research activity having cru-
cial consequences in thematerial design for various novel applications. Among them it is
nanoparticles of close-packed metals that attract particularly huge interest. Especially,
our interest has been focused on the supported metal nanoparticles of a platinum and
platinum-based alloy which, due to their catalytic activity, are widely used in the fuel
cell technology (especially in a polymer electrolyte membrane fuel cell, PEMFC) [1].
Typical materials for this application are modest quantities (from µg to mg) of

nano-particles of a typical size even below 3 nm embedded in a matrix. Therefore,
detailed studies of their micro/nanoscopic properties are still relatively difficult to per-
form, especially when they are under real operating conditions. Therefore,X-rays have
been recognized as the most suitable probe for in situ studies. In particular, X-ray
absorption spectroscopy (XAS) provides useful complementary information concern-
ing the subtle structural and electronic changes caused by various factors [2], e.g. the
electrocatalyst preparation method, FC working conditions, working time (ageing).
However, a sophisticated experimental XAS FC set-up is needed to obtain in situ
high-quality data (for a wide range of X-ray energies and metal loading), which could
be then safely used for an advanced multiple-scattering extended X-ray absorption
fine structure (MS EXAFS) analysis, without the risk of data misinterpretation.
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In the contribution we present a methodology for an MS EXAFS data-analysis
of nanocrystalline [3], applied to high-quality data collected in situ, using a specially
modified commercial single fuel cell [4]. Detailed results for a few Pt-based electrocat-
alysts working under various conditions are presented and discussed to demonstrate
the efficiency of the XAS FC set-up and correctness of the data analysis [5, 6]. How-
ever, the main aim of the present work is to contribute to the shedding light on the
processes which govern the structural degradation of carbon supported Pt and PtCo
catalysts, one of the factors which strongly limit FC durability [7]. We tested which
changes in the microstructure, oxidation and morphology are induced by prolonged
use of catalysts in fuel cells. The present study included an accelerated durability
test (repetitive step-like potential cycling OCV-0.6 V at 80◦C by 50, 100, 150 and
300 hours) as applied for aging the Pt and PtCo catalysts working on the oxygen
side in a single PEM FC. Detailed results of combined XRD/HRTEM and multiple-
scattering XAFS data analysis (accounting for the degeneracy of two and three-body
configurations and the chemical disorder) were used to obtain a robust model of the
local structure in a Pt and PtCo nano-alloy as a function of working time. The re-
sults revealed that there was an increase in the continuous agglomeration and mean
size of particles for the pure Pt catalyst. Whereas, only slight cobalt dissolution and
the Pt skin formation during the first aging stage was noted for the PtCo nanocat-
alyst corroborating higher structural stability of this Pt-based alloy electrocatalyst
than pure Pt.
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Nanocrystalline iron was obtained by reduction at 773 K of magnetite doped with
structural promoters and characterized by a variety of methods (BET, XRD, TGA,
ICP). The crystallite size distribution was determined according to the novel method
based on a phenomenon unique for nanomaterials, i.e. the crystallite phase transition
dependence on size (Figure 1).

Figure 1: Schematic representation of crystallite phase transition dependence on size. The
influence on the XRD peak broadening is presented. The influence on intensity has been
neglected

Thermal treatment of nanocrystalline iron under a hydrogen atmosphere at 1073 K
revealed that such iron was not thermally stable. The lognormal crystallite size dis-
tribution parameters were d0 = 15.3 nm, σ = 0.35 and d0 = 23.5 nm, σ = 0.17 for
iron treated at 773 K and 1073 K, respectively. The corresponding average crystal-
lite sizes determined from the Scherrer formula were 18 and 24 nm, respectively. The
size distributions of the sintered materials clearly showed that thermal stability was
a function of the crystallite sizes, i.e. the smallest the crystals, the least thermally
stable they were. However, an increase in the contribution of crystallites above 35 nm
was not observed. The application of this phenomenon combined with measurement
of the crystallite size distribution gives a possibility of fine tuning of the crystallite
size distribution.
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Sub-micron metallic as well as superparamagnetic particles that are incorporated
into special structures, may exhibit various interesting properties that may be used
for sensing as well as for information manipulation when interacted with photonic
radiation. Thus, being applicable as part of reconfigurable photonic devices [1]. It is
well known, that at nano scale, materials behave differently compared to larger scale.
The resonance wavelength of excitation [2, 3, 4] of nanoparticles strongly depends on
their size, geometry, internal morphology, aspect ratio and their dielectric constant.
A slight change in the aspect ratio of the nanorod may change dramatically the
resonance wavelength of excitation.
In this paper we focus on two types of devices configurations. The first involves

metallic nano particles or nano rods incorporated into a semi conducting structured
matrix that exhibits strong plasmonic resonance which is dependent on the power
of external photonic radiation that is being absorbed by the semiconducting matrix.
This spectral shifting of the resonance allows the realizing of (photonic) intensity
controllable spectral reflecting structure capable of reflecting another, low power,
incident photonic radiation. One example for such fabricated device is demonstrated
in Figure 1 (top view SEM image obtained after FIB operation) where the fabrication
itself included several stages. At first we evaporated 15 nm of silicon on top of a silica

Figure 1: SEM image of the fabricated device
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wafer. Right after, 10nm of Au was evaporated again on top of the silicon layer. The
next stage was to etch the surface in such a way that an array of nano rods that are
made out of two layers (i.e. Au on top of a silicon layer) was generated. Photonic
illumination that is being absorbed by the semiconductor varies the effective aspect
ratio of the nanorods and thus modifies the resonance wavelength of the excitation.
The demonstrated property can be used for the realization of reconfigurable photonic
waveguides acting as spectral filters or WDM multiplexers in optics communication
links.
The second type of structures that are being described in this paper involve usage

of sub-micron superparamagnetic particles embedded into proper structuring grid
where, this time, the intensity of an external magnetic field is the one to control
the reflectance properties of an incident photonic radiation. Figure 2 presents the
superparamagnetic particles while Figure 2a shows the initial state of the magnetic
microparticles in the absence of external magnetic field while in Figures 2b and 2c
we present the change of their spatial periodicity as function of increased external
magnetic field (the field in Figure 2c is 8 times larger than the one of Figure 2b), which
directly affects the wavelength being reflected from the structure when illuminated
by photonic illumination. Once again the proposed device can be used as photonic
reconfigurable filters or WDM multiplexers that are being controlled and reconfigured
by external magnetic field.

Figure 2: Superparamagnetic micro particles: (a) Microparticles in absence of external mag-
netic field; (b) and (c) Structure of the microparticles under the influence of increasing
external magnetic field

Both types of sub-micron particles based devices can be used for sensing while for
the metallic particles structure it is the sensing of photonic radiation and for the case
of the superparamagnetic particles based device it is the sensing of external magnetic
field.
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The next stage of photonic technological revolution will be the development of ac-
tive, controllable and nonlinear metamaterials surpassing natural media as platforms
for optical data processing and quantum information applications.
Metamaterials are artificial media structured on a scale smaller than the wave-

length of external stimuli. Conventional materials derive an origin for their electro-
magnetic characteristics in the properties of atoms and molecules – metamaterials
enable us to design our own ‘atoms’ and thus access new ground breaking function-
alities such as invisibility and imaging with unlimited resolution.
The next stage of this technological revolution will be the development of active,

controllable and nonlinear metamaterials surpassing natural media as platforms for
optical data processing and quantum information applications [1]. Metamaterials are
expected to have an impact across the entire range of technologies where electromag-
netic radiation is used, and provide a flexible platform for modelling and mimicking
fundamental physical effects as diverse as superconductivity and cosmology and for
templating electromagnetic landscapes to facilitate observations of otherwise difficult
to detect phenomena.
We report an overview on our recent results on achieving new functionalities in

nanostructured photonic metamaterials containing nonlinear and active media such as
switchable chalcogenide glass, carbon nanotubes, graphene, semiconductor quantum
dots and report on exciting plasmonic properties of superconducting metamaterials.
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The analysis of polymer translocation through a nanopore is a process that can
be modelled with the Rubinstein-Duke [1, 2] rules for hopping reptons along the
lattice. The model provides an insight into the chain dynamics where one of the
important relations to find is the translocation time dependency on the polymer
length (the scaling law). The exact approach to the problem [3] requires evaluation of
sparse matrices of enormous sizes (Figure 1) and can be done efficiently only for short
chains (a dozen of reptons). On the other hand, approximate Monte Carlo methods [4]
allow for an analysis of long chains, however, the conformity of this method and the
exact approach have not been reported. The aim of this paper is to compare the MC

Figure 1: An exact analysis of chain translocation through the pore requires evaluation of
the stochastic matrix that holds information on the chain state transitions. Each transition
(connection between two chain states) has a probability rate assigned and it is represented
in the matrix as a non-zero value.
(a) Sparse stochastic matrix evaluated during translocation time calculations. The plot is
made for a chain of length 6. The matrix sparsity factor is 0.01 – the white dots mark non-
zero values.
(b) Graph of chain state connections in example chain build of 6 links. Each connection is
represented by a transition with a proper probability rate: there are 2562 transitions linking
462 chain configurations in this plot
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simulation accuracy to the exact model evaluation for a one- and two-dimensional
polymer translocation process.
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Lumped and mass distributed mechanical systems governed by nonlinear ordinary
differential equations (ODEs) and partial differential equations (PDEs) were studied.
In the first case, numerical investigations of ODEs governing the dynamics of a triple
physical pendulum with and without rigid limiters of its motion were carried out [1].
Although a single or double pendulum is quite often studied both numerically and ex-
perimentally, the triple physical pendulum moving in a plane is rather rarely investi-
gated. There are two aspects of interest in the pendulum dynamics. The first case is
that a single pendulum, and in particular coupled pendulums, serve as very rich sources
of many interesting phenomena of non-linear dynamics. The second aspect regards the
possibility of modeling various natural and technical objects using a system of coupled
pendulums. An experimental rig of the triple pendulum with the first body driven pe-
riodically was built. A mathematical model composed of three second order strongly
non-linear ODEs was derived, and the friction in the pendulum joints was modeled as
a composition of dry (Coulomb-like) friction and viscous damping. The model parame-
ters were estimated bymatching the output signals from the model and the experiment.
Good agreement between both the numerical simulation results and the experimental
measurements was obtained and presented. A few chaotic zones were detected and well
confirmed by the experiment. The experiment verified positively the boundaries of the
particular chaotic windows as well as some qualitative features of chaotic solutions such
as performing (or not) full chaotic rotations by individual links. It led to the conclu-
sion that the used triple pendulum mathematical model with its estimated parameters
could be applied as a tool for quick searching for various phenomena of nonlinear dy-
namics exhibited by a real pendulum as well as for explanation of its rich dynamics. It
should be noted that due to the way of applying the parameter estimation, the model
parameter values were not optimal in the sense of best approximation of real physical
values, but rather in the meaning of the best matching of output signals from the model
pendulum and the real one.
In the second part of the lecture chaotic and bifurcational vibrations of closed cylin-

drical shells of an infinite length and circular cross section subject to a transversal local
load are studied within the frame of the classical non-linear theories [2]. A transition
from PDEs to ODEs was carried out using a higher order Bubnov-Galerkin approach
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and the Fourier representation. On the other hand, the Cauchy problem was solved
applying the fourth-order Runge-Kutta method. The first static problems of the the-
ory of closed cylindrical shells were studied. The reliability and validity of the obtained
results were verified by a comparison with the already published results. Secondly, the
stability, bifurcation and chaos of closed cylindrical shells were analyzed. In particu-
lar, the influence of the harmonic external load and the control parameters such as the
magnitude of pressure measured by an angle of the acting loads, relative linear shell di-
mension, frequency and amplitude of external transversal load on the shell’s non-linear
dynamics were studied. This research part presents both a novel approach to analyze
the bifurcation and chaos exhibited by vibrated flexible cylindrical shells as well novel
results associated with the stability, bifurcation and spatial-timing chaos of the ana-
lyzed shells. Particular attention is paid to the verification of the reliability of results
while using a higher order Bubnov-Galerkin approach and the Fourier representation.
The dynamic stability loss of cylindrical shells is widely described with an emphasis put
on the associated problems, which have not been solved appropriately so far and which
are related to this important question for both pure and applied scientists. In the case
of investigations of closed cylindrical shells subjected to transversal sinusoidal loading
it was found that the character of the investigated shell vibrations depended essentially
on the loading angle. For small values of the loading angle the total chaos surface was
high, whereas an increase in the loading of the cylindrical shell yielded a decrease in the
space of chaos, which was shifted into low and middling frequencies. For a large sur-
face of the external load (pressure) the chaotic areas were concentrated on the whole
parameters plane (chart) but the largest part was located more in the vicinity of the
excitation frequency than in the shell fundamental frequency. The corresponding to-
tal surface of the chaotic zone was essentially high. Both the local and global stability
loss of the investigated shells was illustrated by numerous figures and tables, and dis-
cussed. New scenarios of the transition of the studied shell from harmonic to chaotic
ones were detected and illustrated. In addition, passive control of chaotic zones was
applied and illustrated.
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Heart operations require access through an incision in the midline of the chest,
called a sternotomy. High pressures within the chest caused by coughing can lead to
sternotomy closures breaking down, leading to significant risks of mortality and mor-
bidity. This paper discusses how maximal forces across a sternotomy during coughing
can be modelled by considering the chest as a pressure vessel of an ellipsoid shape.
Hoop stresses were calculated at different levels of the chest and correlated with dif-
fering bone thickness of the sternum at these levels. Computed tomography data of
the sternum shows the presence of ridges on the bone. The reduction in the forces in
sternotomy closure wires consequent on placement of wires in alternative areas of the
sternal bone is discussed. The modelling of the chest as a pressure vessel is discussed
in the context of comparative anatomy.
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When describing the mechanical behavior of multi-component solids under certain
conditions it is possible to neglect the diffusion migration of body component particles,
but it is necessary to take into account their reciprocal local displacements which are
considered to be elastic. This situation is characteristic of binary solid solutions where
deformation, elastic polarization and heat conductivity are considered. The relative
particle displacement of different solution components will be interpreted as elastic
polarization.
Two-velocity approach. To each body component at a macroscopic description

corresponds a continuum. The law of mass conservation and the balance equation of
the components’ momentum are given as:

∂ρi
∂τ
+ ~∇· (ρi~vi) = 0,

∂(ρi~vi)

∂τ
+ ~∇· (ρi~vi⊗~vi) = ~∇· σ̂i+ρi~gi+(−1)i ~P , (i= 1,2), (1)

where ρi is the density, ~vi is the velocity, σ̂i is the Cauchy stress tensor [3]; ~gi=−~∇ψi
is the bulk force (∂ψi/∂τ = 0), ψi is the potential; ~P is the interaction force between

the continua; ~∇ is the Hamilton operator, ‘⊗’ is the symbol of tensor product, while
the scalar product is designated by a dot.
The balance equations for potential and kinetic energy are derived from equa-

tion (1). If they are used in the total energy conservation law, the balance equation
of internal energy is obtained in the following form:

∂(ρiui)

∂τ
+ ~∇· (ρiui~vi) =−~∇· ~JQi+ σ̂i : ~∇⊗~vi− (−1)i ~P ·~vi+(−1)ie, (i= 1,2), (2)

where ui is the mass density of internal energy, ~JQi is the heat flow, e is the energy
exchanged locally between the components.
The equilibrium state of a small element is determined by the parameters Ti− si,

ˆ̃σi− ĝi, where Ti is the absolute temperature, si is the mass specific entropy, ˆ̃σi and
ĝi are the stress tensor in equilibrium and the metric tensor (i=1,2), respectively. If

167



The International Symposium
on Trends in Continuum Physics

TRECOP 2010T03

to take into account that in the limit case of ~vi→ 0 : dsi = dqci/Ti and ρidiqci/dτ =
−~∇· ~JcQi, then, from equation (2) we obtain:

ρi
diui
dτ
= Tiρi

disi
dτ
+
1

2
ˆ̃σi :

diĝi
dτ

, (3)

where dqci is the heat obtained by the i
th subsystem of a small element, ~JcQi is the

heat flux, di/dτ = ∂/∂τ +~vi · ~∇i is the material derivative and ~∇i is the Hamilton
operator determined using the kinetic characteristics of component i.
From equations (2) and (3) one obtains the Gibbs’ equation [1] and the entropy

balance equation:

dui = Tidsi+
1
2ρi
ˆ̃σi : dĝ,

∂(ρisi)
∂τ +

~∇· (ρisi~vi) =−~∇·
(

~JQi
Ti

)

+ ~JQi · ~∇
(

1
Ti

)

− (−1)i ~P · ~viTi +(−1)
i e
Ti
.

(4)

where σ̂i= ˆ̃σi, i.e. non-equilibrium processes related to relaxation of mechanical stress
are not considered.
For a physically small element as a whole the entropy balance equation reads as

follows:
∂

∂τ
(ρ1s1+ρ2s2)+ ~∇· (ρ1s1~v1+ρ2s2~v2) =−~∇· ~Js+σs, (5)

where ~Js =
∑

i
~Jsi and ~Jsi = ~JQi/Ti are the total entropy flux and entropy fluxes

in the subsystems, σs =
∑

i
~JQi · ~XQi+ ~P · ~Xp+ eXT ≥ 0 is the entropy production,

~XQi = ~∇T−1i , ~Xp = ~v1T
−1
1 −~v2T−12 , XT = T

−1
2 −T−11 are the thermodynamic forces

conjugated with the flows ~JQi (i= 1,2), ~P and e. The positive sign of the entropy
production is a consequence of the second law of thermodynamics.
The equations of state and kinetic correlations close the set of equations. The state

equations are inferred from Gibbs’ equation assuming concrete dependence of internal
energy ui(si, ĝi). The kinetic correlations are written down as functional dependences

of thermodynamic flows ~JQi (i= 1,2), ~P and e upon forces ~XQi, ~Xp and XT , taking
into account Onsager and Curie correlations [2].
Single-continuum approach. First of all, as definitions of intercomponent interac-

tion characteristics pose a certain problem, and the properties of the body as a whole
or one of its components are often of practical interest, it is also expedient to formulate
single-continuum variants of the thermodynamic process description.
In the centroid approximation ρ~v=ρ1~v1+ρ2~v2, where ~v is the velocity of its points,

ρ = ρ1+ ρ2 is the total density. Then, the laws of mass conservation for separate
components and the momentum balance equation can be written as follows:

∂ρ

∂τ
+ ~∇· (ρ~v) = 0, ρdC1

dτ
=−~∇· (ρ1 ~w1); ρ

d~v

dτ
= ~∇· σ̂∗+ρ~g, (6)

where Ci = ρi/ρ are the component concentrations (C1+C2 = 1); ~wi = ~vi−~v are
the relative component velocities (i= 1,2); σ̂∗ =

∑

i

(

σ̂i− ρi ~wi⊗ ~wi
)

is the effective

Cauchy stress tensor, ρ~g=
∑

iρi~gi is the total force; d/dτ =∂/∂τ +~v · ~∇ is the material
derivative which is defined using the kinematic characteristics of continuum centroid.
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The balance equation of internal energy and the corresponding Gibbs’ equation
are written down in a similar way

du= Tds+
1

ρ

(

σ′1+σ
′
2

)

: d
(

~∇0⊗~r
)T
+
1

ρ
σ′1 : d

(

~∇0⊗~u1
)T
+
1

ρ
σ′2 : d

(

~∇0⊗~u2
)T
, (7)

where ρu= ρ1u1+ρ2u2 is the specific internal energy, σ
′
i=
(

~∇⊗~r0
)T ·σ∗i is the stress

tensor having the structure of Piola-Kirchhoff (i= 1,2), ~∇ and ~∇0 are the Hamilton
operators in the actual and initial configurations; ~ui = ~ri−~r is the displacement of
continuum i particles relative to the points of the centroid continuum.
The values ~r, ~u1 and ~u2 are interconnected by the conditions C1~u1+C2~u2 = 0.

Choosing new variables ~r and ~w=~r2−~r1 (~w1=−C2 ~w, ~w2=C1 ~w), the entropy balance
equation obtains the following form:

ρ
ds

dτ
=−~∇· ~Js+σcs, (8)

where ~Js= ~JQ/T is the entropy flow, ~JQ= ~JQ1+ ~JQ2+
∑

iρiui ~wi is the resulting heat

flux, σcs = ~JQ · ~XQ− ~P · ~Xp ≥ 0 is the entropy production, ~XQ = ~∇T−1, ~Xp = ~wT−1

are the thermodynamical forces.
It follows from the momentum balace equation for the body components that:

ρ
d~w

dτ
=C−12

~∇·σ2−C−11 ~∇·σ1+ρ
(

~g2−~g1
)

+ ~fw, (9)

where ~fw = ρ~w ·
[

~∇⊗~v−C1~∇⊗ (C1 ~w)+C2~∇⊗ (C2 ~w)
]

is the force proportional to

the displacement velocity ~w.
Equation (9) for vector ~w completes the system of correlations necessary for finding

all the introduced values. In a similar way the model correlations are obtained in the
case when the first component is taken as the basic one and the condition ρ1≫ ρ2 is
fulfilled.
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The current control of thermal stresses, particularly with significant thermal load-
ing changes, has big influence on the life time of steam turbine casing elements and
other power machines. The heat exchange boundary conditions for determining the
temperature field are not always known. In such cases we use a measured temperature
distribution in chosen points and in chosen times steps. Determining unknown bound-
ary conditions from additional data is an inverse problem in heat conduction. Inverse
problems are generally ill-conditioned and require regularization. An important prob-
lem is the investigation of the inverse problem stability which permits to determine
the propagation of measured errors. In this paper the method of integration of a ma-
trix form of heat equations with respect to time is presented. The number of measured
temperature points is limited to two due to the notch phenomenon connected with
the construction of a thermoelement. In consequence, one of the dimensional inverse
heat condition problems is solved (for a steam turbine casing it corresponds to the
real case).
A comparison of the numerical results with the exact solutions will be made in

the paper. The influence of different positions of the measured points on the inverse
problem stability will be investigated.
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A new macroscopic description of capillary transport of liquid and gas in porous
materials is presented in the paper. A three component model is proposed for which
the balance equations of mass, linear momentum and energy are formulated. The
constitutive relations are derived basing on the balance inequality of the mechanical
internal energy and the Langrange multipliers method.

Introduction. In the paper a new macroscopic description of capillary transport of
liquid and gas in porous materials is presented. The main point of the theoretical con-
sideration is the refusal of the assumption, commonly accepted in modeling of fluid
flow in unsaturated porous materials that, local content of liquid is a unique function
of the capillary pressure. The new approach allows description of the inhomogeneity of
liquid distribution in quasi static processes. Such approach radically changes descrip-
tion of fluid motion in unsaturated porous materials and their parametric character-
istics. Theoretical considerations are based on the concepts of multiphase continuum
mechanics. A three component model is proposed for which the balance equations of
mass, linear momentum and internal mechanical energy are formulated. Additional
equation is obtained as mass balance of liquid in the pressure-space. The constitu-
tive relations are derived basing on the balance inequality of the mechanical internal
energy for the whole system and on the Langrange multipliers method.

Basic assumptions and balance equations. It was assumed that liquid and gas
filling rigid porous material form continuum composed of four constituents: skeleton,
gas, mobile liquid and capillary liquid. The division of liquid into two continua is
justified both from kinematical and energetic point of view. The capillary liquid is
contained in the thin layer of its internal contact surface with the skeleton. This liq-
uid gathers the whole capillary energy of fluid and is immoveable. It can, however,
exchange the mass with the mobile liquid in the vicinity of meniscus surfaces. The
mass exchange appears only during their motion in the pore space. The mobile liquid
is located in the internal area of liquid surrounded by its internal surface and sur-
faces of meniscus. Each constituent is characterized by the mass densities and their
distributions are defined by parameters of volume content.
The local balance equations of mass and linear momentum for gas, mobile and

capillary liquids read as follows:

∂ρ̄g
∂t
+div(ρ̄gvg) = 0,

∂ρ̄m
∂t
+div(ρ̄mvm) =−q̄,

∂ρ̄k
∂t
= q̄,
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ρ̄g
Dgvg
Dt
=div(T̄g)+πg+ ρ̄gg, ρ̄m

Dmvm
Dt

=div(T̄m)+πm+ ρ̄mg− q̄(w−vm),

0=div(T̄k)+πk+ ρ̄kg+ q̄w,

where ρ̄g = fvθgρg, ρ̄m= fvθmρm, ρ̄k = fvθkρk and fv is the volume porosity, whereas
θg, θm, θk (θg + θm+ θk = 1) stand for volume contents of gas, mobile and capillary
liquids in the pore space, respectively. Vector w denotes velocity of the exchanged
mass between mobile and capillary liquids.
Additional balance equation is obtained for quasi static processes of capillary

liquid transport in unsaturated porous media. The balance of mass is formulated in
the pressure-space taking into account that in such processes capillary pressure plays
the similar role as time in the no stationary processes. It takes the form

∂θk
∂p
+div(q) = r,

where flux q and source r are constitutive quantities. This equation allows introducing
into the model the mechanism of motion of capillary surfaces.

Constitutive relations. The constitutive relations for quantities describing mechan-
ical processes in unsaturated porous materials are derived basing on the balance in-
equality for the mechanical internal energy of the three-component system. The new
approach is proposed similar to that used in the rational thermodynamics based on
the entropy inequality analysis and the Lagrange multipliers method. In this approach
balance equations of the system are used as constraints imposed on independent con-
stitutive quantities. It was assumed that internal energy of gas, mobile and capillary
liquids are unique functions of their mass densities and that content of capillary liquid
is a unique function of mobile liquid content.
The obtained constitutive relations are:

• for stress tensors in gas and mobile liquid

T̄g =−fvθgpgI+σg(Lg), T̄m =−fvθmpmI+σm(Lm);

• for volume interaction of gas and mobile liquid with constituents

πg = fvpggrad(θg)−Rgvg, πm= fv
(

(pm−pg)−β
Dmθm
Dt

)

grad(θm)−Rmvm;

• for energies exchanged between mobile and capillary liquids

pm
ρm
+um−

pk
ρk
−uk = α

∂ρk
∂t

, pm− pg+
dθk
dθm

(

(pk− pg)+αρk
∂ρk
∂t

)

= β
Dmθm
Dt

.

The parameters α and β are positively definite and characterize dissipation of
mechanical energy during the mass exchange between both type of liquids.
For the flux q modeling mechanism of capillary surfaces motion it is assumed that

is proportional to the gradient of capillary liquid content

q=−C(θk,pk)grad(θk).
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The problem geometry is shown in Figure 1.

Figure 1: Problem geometry

Initial uniform electric polarization 0P has the direction of the x1 axis. The prop-
agation of a Rayleigh type surface wave in the same direction is considered:

{u1,u3,P1,P3,B2}= {ũ1(x3), ũ3(x3), P̃1(x3), P̃3(x3), B̃2(x3)}exp[iγ(vt−x1)],
{e1,e3, b2}= {ẽ1(x3), ẽ3(x3), b̃2(x3)}exp[iγ(vt−x1)],

(1)

where the symbols used in (1) stand for:

γ – wave number;

v – phase velocity;

uα – displacement;

Pα – small correction to initial polarization;

B2 – magnetic induction;

eα, b2 – electric field strength and magnetic induction in vacuum.

In this paper the equations of a statistical model (according to K. Hutter and
A. Van de Ven classification) of interactions between mechanical and electromagnetic
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fields and the method of linearization with respect to some intermediate state were
chosen. For editorial reasons (paper volume) it was not possible to present the basic
equations of the problem. In Figure 2 the dependence of the dimensionless phase veloc-
ity
√
f (f = v2/c22) on the dimensionless external electric field strength

√
g (g= v2/c22,

v2 = P 20 /
(

ρ0ε0κ(1+κ)
)

) for a conventional material is presented.

Figure 2: a= c21/c
2
2 = 3; conventional material; strong external electric field

Figure 3: a= c21/c
2
2 = 1.5; auxetic material; strong external electric field

A similar dependence for an auxetic is shown in Figure 3. There are three modes
of the wave for a strong, external electric field.
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It is necessary to apply forces as a model of interactions. We adopt load as a model
of interactions putting against the body [1]. The sum of loads is also the load. Never-
theless, a local character of the load introduces dependence of the sum on the place
(point of application) [2]. That is why we suggest a new concept named action. This
is an abstraction class in mathematical load quotient space. It allows introducing an
equilibrium condition as the balance law in a global form. The local shape can be re-
ceived by selection of some elements from abstraction classes. It gives new possibilities
of applications in engineering problems.
Model of duration. Interval (0, τ) in space E1 of real numbers with the Euclidean

norm is called the time.
Model of universe. Cartesian product E3 with the Euclidean norm is called the

space.
Model of body. Open set Ω⊂E3, elements A∈Ω of which are places, is the

region. The set difference Ω̄\Ω is called constraints, ∂Ω, while E3\Ω̄ is called the
surroundings, Ω′.
Model of region. If the distance between two places A,B ∈Ω is a constant func-

tion of actual instant t∈ (0, τ) and the places do not change the orientation between
them at all the region is called a rigid body.
Model of interactions. Load A〈F,M〉 is defined as a function from the region

Ω to a Cartesian product, E6, where AF is a force and AM is a moment [3].
The sum C〈H,V 〉 of loads A〈F,M〉 and B〈G,N〉 is given by:

CH≡ AF⊕BG, CV≡ AM⊕BN⊕CA×AF⊕CB×BG (1)

where the sign ⊕ means the vector addition operation. The operation load addition
is signed as:

C〈H,V 〉 ≡ A〈F,M〉 C←→ B〈G,N〉, C ∈Ω (2)

The equivalent relation in the load set, Y , is characterized as:

C〈H,V 〉ΨD〈H,V 〉 ⇔
C〈H,V 〉= A〈F,M〉 C←→ B〈G,N〉∧D〈H,V 〉= A〈F,M〉 D←→ B〈G,N〉 (3)

This relation defines a division of some classes [H,V ] named plots on the set, Y , of
loads. Set Y〈〉 of plots is the quotient space [4] with a plot addition operation:

[H,V ] = [F,M ]⊗[G,N ] ⇔ C〈H,V 〉= A〈F,M〉 C←→ B〈G,N〉 (4)
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Opposite load. For the load, A〈F,M〉, a load B
−
〈F,M〉 ≡ B〈P,N〉 is defined that

fulfils:
A〈F,M〉 C←→ B〈P,N〉= C〈0,0〉, C ∈Ω (5)

The opposite load has to belong to the plot, [F,M ]:

A〈F,M〉 C←→ B〈P,N〉= C〈0,0〉= B〈P,N〉 C←→D〈H,U〉, C ∈Ω (6)

The plot,
−
[F,M ] = [P,N ], opposite to the [F,M ] plot, is defined as a set of loads

satisfying (5):
[0,0] = [F,M ]⊗

−
[F,M ] (7)

The plot,
−
[F,M ], is called the respond (on plot [F,M ]).

The sum of the surroundings loads is called the active load, the sum of the
intersection loads in cut off from constraints, is called the constraints load, and the
sum of constraints loads is called the passive load. The sub-plot [F,M ] includes
active loads as elements, the constraints plot includes constraints loads as elements.
The sum of the actions of constraints is called the passive plot.
Equilibrium condition – global balance

[F,M ]⊗[R,U ] = [0,0] (8)

The sum of active and passive plots have to be a zero plot. The global equilibrium
condition does not depend on the place in the region. It is not only the place but the
whole body that is in an equilibrium state. However, the balance law does not contain
any integrals. That is why the transition to the local form of the balance law does
not require any adoption of an arbitrary small sub-body and continuity of density
functions in integrals [5].
Equilibrium condition – local balance

A〈F,M〉 C←→ B〈R,U〉= C〈0,0〉, C ∈Ω (9)

The sum of active and passive loads have to be a zero load. Formally, equation (9)
depends on the place in the region. However, the zero load is not susceptible to
a change of place. Hence, the local equilibrium condition does not depend on the
place in the region. The local form differs from the common static condition in the
notation only.
When the body meets with the surroundings on Ω, then there are two passive

plots only:
[P,V ]⊗[Q,W ] = [0,0] (10)

This is an equilibrium condition for the action-reaction law defined on a special kind
of the region.
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Ropes and other similar bodies (e.g. whips, chains) are usually modelled as con-
tinuous systems. This approach seems very natural, however, it leads to a relatively
complicated mathematical formulation [1]. On the other hand, a discrete model can
be developed by applying methods of analytical mechanics.
In this paper, dynamics of a rope with rheonomic constraints is considered. A dis-

crete elastic-dissipative model with an arbitrary number of members is presented. In
some numerical experiments the following problem is analysed: how the discretization
density affects the model’s behaviour.
We consider the two-dimensional motion of a rope fixed at one end (Figure 1).

The system consists of n identical members – rigid prismatic rods of length l and
mass m. They are connected by non-ideal joints, involving elasticity and damping.
As can be seen, a spring and a viscous damper are combined and placed in every
joint. Assuming that all the springs are identical and have stiffness kT ; similarly, the
damping coefficient, c, refers to all the dampers.

Figure 1: Discrete elastic-dissipative model of rope
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In general, the system may be subjected to rheonomic constraints, so that the
position of the support depends explicitly on time:

x0 = x0(t), y0 = y0(t).

Using the angular generalized coordinates, ϕi (i= 1,2, . . . ,n), and applying the La-
grange formulation, one can obtain the following equations of motion:

n
∑

j=1

aijϕ̈j cos(ϕi−ϕj)+
n
∑

j=1

aijϕ̇
2
j sin(ϕi−ϕj)+

bi
l
(ẍ0 cosϕi− ÿ0 sinϕi) =

1

ml2
(QGi +Q

T
i +Q

D
i ), i= 1, 2, . . . , n ,

where aij and bi are real coefficients; moreover, Q
G
i , Q

T
i and Q

D
i are the generalized

forces resulting from gravity, transverse elasticity and dissipation, respectively [2–4].
In case of a discrete model, the number of elements is crucial. In particular, one

could expect that the rope’s behaviour converges as the number of segments n is
increased. It can be examined in several numerical simulations performed for various
values of n.
We focus on a system whose motion is enforced by means of function x0(t). Due to

certain periodic excitation, the elastic-dissipative model can experience quasi-periodic
vibrations, which leads to a relatively simple analysis of the dynamics. Differences be-
tween a pair of solutions may be evaluated in a finite number of points which are
located uniformly along the rope in both cases. Thus, performing numerical experi-
ments for varying n, we are able to assess how the discretization density impacts the
quality of motion by comparing the positions of the points, their velocities, etc.
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A phenomenological approach using a modified Green’s function method is pro-
posed to polarized electromagnetic (EM) wave propagation in a superlattice composed
of piezoelectric and magnetodielectric planar layers. The magnetodielectric (ME) cou-
pling between dielectric and magnetic layers is mediated by mechanical forces.
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The aim of the paper are computer simulations of solitary wave collisions in auxetic
materials. The main property of auxetics is a negative Poisson’s ratio.
While colliding with one another during propagation, solitary waves conserve their

pulse shape and velocity. They are suitable to be used in nondestructive testing tech-
niques, particularly for heterogeneous and/or composite materials. The paper deals
with an analysis of computer simulations of solitary wave collisions.
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Liquid filtration and purification systems are widely used in many branches of
engineering. Filters can be designed for various types of media: water, oil, fuel, etc.
A filter pack which fills the filter housing, plays a key role. In many practical appli-
cations, the pack is comprised of some fibrous material.
In this paper, a problem of steady-state incompressible flow through a cylindrical

filter is considered. The Laplace type governing equation is solved by means of the
Method of Fundamental Solutions (MFS) which provides an approximation of the
pressure field. Hence, it is easy to obtain the velocity of the fluid flow and evaluate
the total discharge.
We consider a filter whose internal geometry forms a cylinder with radius c and

height h (see Figure 1). The filter inlet and outlet size is specified by the radii a and
b, respectively. Assume that the fluid is incompressible. It is exposed to pressure pin
at the inlet and flows past the fibrous medium within the filter. Finally, the outlet
pressure equals pout.
One can treat the fibrous material as an isotropic porous medium and specify the

filtration velocity according to Darcy’s law in terms of fluid pressure p:

q=−κ
µ
gradp,

where κ is the permeability of the medium and µ is the dynamic viscosity of the fluid.
Consequently, a continuity equation reduces to the Laplace’s equation for p in the
cylindrical coordinate system (r, ϕ, z). Introducing the non-dimensional variables:

R=
r

c
, Z =

z

c
, A=

a

c
, B =

b

c
, H =

h

c
, P =

p− pout
pin− pout

,

and considering the axial symmetry of the problem, the governing equation can be
written as:

∂2P

∂R2
+
1

R

∂P

∂R
+
∂2P

∂Z2
= 0 in Ω.

Additionally, the following conditions must be imposed on the unknown function
P (R,Z) on the boundary Γ (see Figure 1): P =1 at the inlet, P =0 at the outlet, zero
normal derivative on the walls and a symmetry condition on the vertical axis (zero
normal derivative).
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Figure 1: Filter geometry

The resulting boundary value problem is solved by using the MFS. Thus, the
pressure field is approximated by a linear combination of the fundamental solutions
for the axisymmetric Laplace equation, which are expressed in terms of complete
elliptic integrals (see [1, 2]). The combination coefficients are determined simply to
ensure fulfilment of the boundary conditions at the selected collocation points. Then,
it is easy to evaluate the dimensionless field of pressure and velocity.
To calculate the dimensional quantities, such as p, q or the total discharge, it is

necessary to specify the porous medium permeability. Assuming that the arrange-
ment of fibres is random and the porosity coefficient 0.4≤ ε≤ 0.8, one can apply the
experimental formula provided by Rahli et al. [3].
Special attention is paid to the optimal location of the source points lying on

some pseudo-boundary, outside the solution domain. As proposed in [4], the location
is determined by numerical minimization of the maximum absolute boundary error.
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In the literature the following problems are considered to be classical inverse heat
conduction problems: (i) determination of heat sources i.e. [1], (ii) determination of
heat transfer coefficient, i.e. [2], (iii) Cauchy problem, i.e. [3], (iv) determination of
temperature dependent thermal conductivity, i.e. [4]. The above mentioned problems
usually apply to the homogeneous media. In the case of composite materials (nonho-
mogeneous media) other practically important issues might have to be considered. One
of them is the inverse problem of determination of volume fractions of constituents in
order to obtain the appropriate effective thermal conductivity.
Let us consider a unidirectional fibrous composite with a regular arrangement of

fibers (Figure 1a). If the thermal conductivity coefficients of the constituents and their
volume fractions are known, then the composite can be treated as a homogeneous
region for which effective thermal conductivity can be determined as a function of
known parameters. Currently there are many papers in which the effective thermal
conductivity coefficient is determined for a regular arrangement of fibers for given
thermal conductivity of constituents and volume fraction of fibers (direct problem).
The method of determination is usually based on the solution of heat transfer equation
at a microstructure level in a repeated element of an array, i.e. [5].
Our goal is to propose an analytic-numerical algorithm for the determination of

the volume fraction of fibers in order to obtain a given value of transverse effective
thermal conductivity λz (inverse problem). The proposed method is useful for any
ratio of thermal conductivity of fibers λf to thermal conductivity of matrix λm labeled
as F = λf/λm. The fibers are arranged in a regular way according to a square array
for which the volume fraction of fibers is given by ϕ= πE2/4, where E = a/b, a is the
radius of fibers and 2b is the distance between the center of the neighboring fibers.
The perfect thermal contact between the fibers and the matrix is assumed and the
steady heat flow is perpendicular to the direction of the fibers.
A unit-cell approach is used to determine the volume fraction of fibers, i.e. the heat

flow in the repeated element which consists of one fiber in the matrix is considered.
This leads to a 2-D linear boundary value problem in the matrix and fiber regions,
with the formulation presented in Figure 1b, where Tf and Tm are the temperature
fields in the fiber and matrix regions, respectively. The boundary collocation method
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is used [6] to solve this boundary value problem. The approximate solution of the
boundary value problem in the fiber and matrix regions, respectively, is assumed
in the forms:

Tf = 1+

N
∑

k=1

wkR
(2k−1) cos[(2k− 1)θ],

Tm = 1+
N
∑

k=1

wk
2

[

(1+F )R(2k−1)+(1−F )E
2(2k−1)

R(2k−1)

]

cos[(2k− 1)θ],

where R, θ are the polar coordinates, wk are the temporary unknown constants, N is
the assumed integer.
The assumed forms of solutions not only exactly fulfill the governing equations

but also some of the boundary conditions – the conditions marked by the solid lines
in Figure 1b.

Figure 1: Unidirectionally reinforced fibrous composite with square array fiber arrangement:
a) general view, b) formulation boundary value problem in repeated element

Using the boundary condition, Tm = 0 for X = 1, in the boundary collocation
manner in M collocation points (Rj ,θj) we obtain:

Fj(wk,E) = 1+

N
∑

k=1

wk
2

[

(1+F )R2k−1j +(1−F )E
2(2k−1)

R2k−1j

]

cos[(2k− 1)θj ] = 0,

j = 1,2, . . . ,M.

Similarly, using the boundary condition ∂Tm
∂Y = 0 for Y = 1 in M collocation points

(Rl,θl) we have:
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Fl(wk,E) =
N
∑

k=1

wk
2
(2k− 1)

[

(1+F )R
2(k−1)
l sin[2(k− 1)θl]+ (1−F )

E2(2k−1)

R2kl
sin[2kθl]

]

= 0,

l= 1,2, . . . ,M.

Knowing the value of the effective thermal conductivity we obtain an additional
equation:

F2M+1(wk,E) =

N
∑

k=1

wk
2
(−1)k+1

[

(1+F )+ (F − 1)E2(2k−1)
]

− λz
λm
= 0.

In this way we end up with a system of nonlinear equations with the unknown values
of w1, w2, . . ., wN , E. Choosing N +1= 2M +1 this system is solved by the Newton
method and the unknown volume fraction of fibers is determined. The numerical
experiments show that this solution provides a very accurate determination of the
volume fraction.
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Non-local theories of dielectrics which predict the constitutive relations of an inte-
gral type or take into account the body state dependence on the strain gradients, po-
larization gradient, electric field gradients or higher electric moments, are well known
in the literature [1–3]. A new local gradient theory of dielectrics which takes into
account the process of local displacement of mass has been proposed in [4]. The ir-
reversibility of the process of local mass displacement has been taken into account
in [5]. This work is devoted to the development of the aforementioned theory taking
into account the polarization inertia [1] and the irreversibility of processes of local
mass displacement and polarization.
Conservation of mass according to [4] can be written as: ∂ρ/∂t+ ~∇· (ρ~v∗+ ~Jms)=

0, where ρ is the mass density, ~v∗ is the velocity of convective mass transport, ~Jms =
∂~Πm/∂t, ~Πm is the vector of local mass displacement, t is the time. The velocity

vector ~v of the center of mass is defined by the relation ~v= ρ−1(ρ~v∗+∂~Πm/∂t) [3, 4].

Then, the mass balance equation has a typical form: ∂ρ/∂t+ ~∇· (ρ~v) = 0.
Assume that the total energy of the system “solid-electromagnetic field” is the sum

of internal energy, kinetic ρ~v2/2 energy, electromagnetic field energy and polarization

kinetic energy ρdE(~̇p)
2/2 [1]. Here ~P = ρ~p is the polarization vector, dE is the scalar

related to inertia of the polarization process [1] and the dot above the symbol denotes
the total time derivative. The total energy change is a result of the convective energy
transport through the surface, the work of the surface forces σ̂ ·~v, the heat flux ~Jq,
the electromagnetic energy flux, the work µ~Jm related to the mass transport relative
to the center of the body mass, the work µπ∂~Πm/∂t related to the structure change,
and the action of the mass forces and the distributed heat sources. Here σ̂ is the
Cauchy’s stress tensor, ~Jm = ρ(~v∗−~v), µ is the chemical potential, µπ is the energy
measure of the mass displacement influence on the internal energy. Taking into account
the mass balance equations, the electromagnetic field entropy and energy, from the
balance equation of the total energy we obtain: (i) the following Gibbs equation for
generalized Helmholtz free energy f , (ii) the relation for the entropy production σs,

and (iii) the equation that relates the vectors ~EL, ~Er∗ and ~p:

df =−sdT +ρ−1σ̂∗ : dê− ~p ·d ~EL+µ′πdρm+~πm ·d(~∇µ′π)r, (1)
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σs = ~Je∗ · ~E∗T−1− ~Jq · (~∇T )T−2+ρ~̇p · ~Ei∗T−1−ρ~̇πm · (~∇µ′π)iT−1, ~Er∗− ~EL= dE ~̈p. (2)

Here s is the specific entropy, T is the absolute temperature, ê is the strain tensor,
~Je∗ is the electric current density, ~E

L is the local electric field vector [1], ~Er∗ , (
~∇µ′π)r

are the reversible and ~Ei∗, (
~∇µ′π)i are the irreversible components [5] of the electric

field vector, ~E∗, and the vector, ~∇µ′π, µ′π = µπ −µ, ~πm = ~Πm/ρ, ρm =−(~∇· ~Πm)/ρ,
is the specific value of the induced mass density [3], σ̂∗ = σ̂− ρ( ~E∗ · ~p− ρmµ′π −~πm ·
~∇µ′π )̂I. Note that equation (22) is known as the “balance equation of the intermolec-
ular force” [1]. The constitutive relations are obtained from equations (1) and (2). In
particular, for the determination of vectors ~p and ~πm we have such rheological relations
as Lpd~̈p−ρ~̇p+Lpp~p+Lpπ~πm=L

p
T
~∇T +Lpϕ~∇ϕ+Lpµ~∇µ′π, Lπd ~̈p−ρ~̇πm+Lππ~πm+Lpπ~p=

LπT
~∇T +Lπϕ~∇ϕ+Lπµ~∇µ′π, where ϕ is the electric potential, other values are the mate-

rial constants. If we eliminate the local mass displacement vector from these equations
we will obtain a differential equation for the polarization vector that will also con-
tain first, second and third time derivatives of the polarization vector: L~p=LT ~∇T +
Lϕ~∇ϕ+Lµ~∇µ′π. Here L=

(

Lpd
d2

dt2 −Lp
)

Lπ +
LpπL

π
p

ρ0

(

d2

dt2 +1
)

, LT = L
p
TLπ +L

π
T
Lpπ
ρ0
,

Lϕ = L
p
ϕLπ +L

π
ϕ
Lpπ
ρ0
, Lµ = L

p
µLπ +L

π
µ
Lpπ
ρ0
, Lπ =

d
dt − 1

τπ
, Lp =

d
dt − 1

τp
, τp and τπ are

the times of relaxation of the polarization processes and local mass displacement [5].
Therefore, the equations obtained here can be effective for studying quick-change
processes.
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Theoretical models of multiphase and multicomponent bodies in the description
of processes of deformation, thermal conductivity and diffusion are based, as a rule,
on space averaged equations for the balance of mass, impulse and energy and they
use applicable constitutive relations.
In most cases, among constitutive relations, there are state equations connecting

reciprocally conjugated parameters which give the local body state as well as ki-
netic equations which connect reciprocally the conjugated thermodynamic force and
fluxes [1]. Such a division makes it possible to use concrete dependencies for separate
medium phases as well as the known physical laws at formulating the explicit form of
constitutive relations for multiphase media.
In this work their analogue was found for a saturated porous consolidated medium,

proceeding from the known Gibbs and Euler equations for solid and liquid phases and
on the basis of the internal energy additivity. The expressions connected with the
porosity change were distinguished in the change of the internal energy of a body
as a whole in an explicit form. The linear state equations were obtained and their
generalizations for the case of non-linear dependence of the phase concentration was
proposed.
At tha macroscopic description the concerned phases are treated as thermody-

namical subsystems. We assume that the equilibrium thermodynamical state of sep-
arate phases in an element is determined by the following conjugated parameters for
the solid phase: T s÷ δSs, σαβs ÷ εsαβ , µs÷ δms and for the liquid phase: T f ÷ δSf ,
P f ÷δV f , µf ÷δmf . Here, T j is the absolute temperature, δSj is the entropy of phase
j; σαβs are the components of the symmetric Cauchy stress tensor, ε

s
αβ are the defor-

mation tensor components (α,β =1,3); P f is the pressure in the liquid phase; µj are
the chemical potentials of j-phase particles (j= s,f). The conditions δV = δV s+ δV f ,
δm= δms+ δmf are fulfilled for the volume and the mass of this element where δm,
δmj is a mass being in the δV , δV j volume.
Let us assume that theGibbs andEuler equations are fulfilled for separate phases [2].

We treat the Gibbs equation as a differential 1-form connecting infinitesimally small

188



The International Symposium
on Trends in Continuum Physics

TRECOP 2010 T14

changes of both internal energy δU j and entropy δSj at physically small changes of
deformation tensor components and separate phases masses while the Euler equation
is concerned as an extensive condition of a thermodynamic system.
The following Gibbs equation takes place for the solid phase of the body element

which is in a physically small region and the Euler equation is:

dUs = T sdSs+ δV sσαβs dεsαβ +µ
s
vdm

s, δUs = T sδSs+
σs
3
δV s+µsδms, (1)

where µsv = µ
s+σsv̄

s/3 is the chemical potential of particles in the solid phase, σs is
the first invariant of the Cauchy stress tensor σ̂s, v̄

s=1/ρ̄s is the true specific volume,
ρ̄s is the true density. It should be noted that a summation is taken with respect to
the repeated Greek symbols in all the formulae.
Accordingly, the Gibbs and Euler equation for the liquid phase of the body element

is as follows:

dUf = T fdSf −P fdV f +µfdmf , δUf = T fδSf −P fδV f +µfδmf . (2)

The contribution to the internal energy of particles on the interphase surface is
neglected for the infinitesimally small body element. Let us assume that the internal
energy, δU , is the sum of internal energies of both phases. Simultaneously, taking into
account that the equality of temperatures T s = T f ≡ T takes place under thermody-
namical equilibrium conditions, we obtain the Gibbs and Euler equations:

dU = TdS−P sdV s−P fdV f + δV sσαβd dεsαβ +µ
s
vdm

s+µfdmf , (3)

δU = TδS−P sδV s−P fδV f +µsδms+µfδmf , (4)

where δS is the entropy for the body element, P s is the pressure in the solid phase,
σαβd is the component of the stress tensor deviator, µ

s
v = µ

s−P sv̄s is the chemical
potential of solid phase particles.
Then, we can introduce the porosity in the explicit form, γ = lim

δV→0

(

δV f/δV
)

.

Taking into account the fact that δV s = (1− γ)δV , δV f = γδV , δms = ρ̄sδV s = (1−
γ)ρ̄sδV , δmf = ρ̄fδV f = γρ̄fδV , then the equations (3) and (4) are presented as:

dU = TdS−PdV + f̃vδV dγ+(1−γ)δV σαβd dεsαβ +(1−γ)δV µsvdρ̄s+γδV µfdρ̄f ,
δU = TδS−PδV, (5)

where P =(1−γ)fsv +γffv is a parameter conjugated to the volume change; f̃v = fsv −
ffv is a parameter conjugated to the porosity change; f

s
v =P

s−µsρ̄s, ffv =P f −µf ρ̄f
are parameters that can be treated as the densities of Helmholtz free energies for the
separate phase (fsv = u

s
v−Tssv, ffv = ufv −Tsfv ).

We define the densities of internal energy uv and entropy sv of the body element
according to the expressions:

duv = Tdsv+ f̃vdγ+(1−γ)σαβd dεsαβ +(1−γ)µsvdρ̄s+γµfdρ̄f , uv = Tsv−P. (6)

It should be noted that the magnitude, −P , from the last equation (6) can be treated
as the density of the Helmholtz free energy for a whole body.

189



The International Symposium
on Trends in Continuum Physics

TRECOP 2010T14

If we define densities for internal energy, u, of the element of two-phase body and
entropy s per unit mass, then the equations are:

du= Tds−Pdv+ vf̃vdγ+(1−γ)vσαβd dεsαβ +(1−γ)vµsvdρ̄s+γvµfdρ̄f ,
u= Ts−Pv, (7)

where v= 1/ρ is the specific volume.
Let the Helmholtz free energy for the medium be fv by relationship fv =uv−Tsv.

If it is accepted that fv = fv(T,γ,ε
s
αβ , ρ̄

s, ρ̄f ), then we obtain state equations from
equations (6) in the form:

−sv =
∂fv
∂T

, f̃v =
∂fv
∂γ

, (1−γ)σαβd =
∂fv
∂εsαβ

, (1−γ)µsv =
∂fv
dρ̄s

, γµf =
∂fv
∂ρ̄f

. (8)

Assuming the analytical relationship of the Helmholtz free energy from its natural
independent arguments we obtained linear state equations and their generalization
for non-linear dependence on the concentrations of separate phases (the free energy
depends logarithmically on the masses of separate body parts). These equations con-
nect the temperature, porosity, deformation and true phase densities changes and
their conjugate parameters, i.e. entropy, interphase difference of specific free energy
of phases, stresses and chemical potentials.
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Auxetics are materials that have a negative Poisson’s ratio i.e. exhibit the un-
usual characteristic of getting fatter when stretched and thinner when compressed.
Several analytical models to explain this behaviour have been proposed whereby the
Poisson’s ratio as a function of some model parameter for example the hinging angle
is derived. Unfortunately this is not in conformity with the Poisson’s ratio obtained
experimentally whereby the Poisson’s ratio as a function of strain is obtained. Here,
we propose a numerical method to obtain the Poisson’s ratio as a function of strain
for analytical models. In particular, we discuss the Poisson’s ratio as a function of
the model parameters and as a function of strain for different initial configurations of
three analytical models.
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A magnetic field enters the type – II superconducting body along a discrete ar-
rangement of magnetic vortex lines. In the dynamic case when the magnetic field varies
in time, a supercurrent flows around each such a line. Thus, the vortices interact with
one another with the help of the Lorentz force forming in this way a new mechanical
field of elastic properties. Moreover, those lines arrange themselves in a triangular or
quadratic lattice. Such a set is observed, if the intensity of the magnetic field applied
to the material is close to its lower limiting value.
The paper aims at investigating the dispersion and amplitude distributions of

magnetoelastic waves propagating solely in the vortex field of the superconducting
structures: halfspace, layer on halfspace and layer. Our attention was focused on the
surface waves and on the influence of the layer thickness on the dispersion features and
amplitudes for various wave velocities. The vortex field consists only of soft vortices
(the superconducting crystal is free of lattice defects). Some anomalous properties of
the vortex dynamics were discussed.
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The method of fundamental solutions (MFS), as one version of the Trefftz method,
has become increasingly popular over the last two decades. The majority of applica-
tions of this method pertain to elliptic problems. However, some different versions of
the method used for parabolic heat transfer problems have appeared in recent years.
This paper deals with the inverse determination of the sources function in a 2D tran-
sient heat conduction problem. The following 2D boundary-initial-value problem in
the square rectangular region, Ω, with the boundary, ∂Ω, is considered:

∂T

∂F
(X,Y,F ) =∇2T (X,Y,F )+ b(X,Y,F ) in Ω, (1)

T (X,Y,0) =G(X,Y ) in Ω, (2)

a ·Tt(XB ,YB ,F )+ b ·
∂T (XB ,YB ,F )

∂n
= c on ∂Ω, (3)

where T (X,Y,F ) is the dimensionless temperature, ∇2(. . .) = ∂2(...)
∂X2 +

∂2(...)
∂Y 2 is the

Laplace operator, F is the Fourier number, b(X,Y,F ) is the unknown dimensionless
sources function, G(X,Y ) is the specified dimensionless initial temperature distribu-
tion, XB , YB are the coordinates of boundary points, n is the outward normal to the
boundary, a,b,c are the specified functions of the position.
As the sources function b(X,Y,F ) is unknown, the problem given by the equa-

tions (1–3) is an inverse problem and requires an additional condition. This extra
condition is created by knowing the value of temperature in a few points placed in-
side the domain:

T (Xi,Yi,F ) = Ti, i= 1,2, . . . ,M in Ω. (4)

Taking the Laplace transform of the governing equation we obtain a new dif-
ferential equation in the Laplace transfer domain (the s-domain) which is an inho-
mogeneous modified Helmholtz equation. This inhomogeneity includes the unknown
sources function and the temperature function known from the initial condition. The
solution of the modified Helmholtz equation is the sum of the homogeneous solution
and the particular solution. The solution of the homogeneous equations is a linear
combination of fundamental solutions of the modified Helmholtz equation with un-
known coefficients. For the solution of inhomogeneous equations the right hand side
function must be interpolated by RBF and polynomials with unknown coefficients.
The particular solution has the form of a linear combination particular solution for
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RBF and polynomials. The unknown coefficients are determined from a collocation
of boundary and additional conditions at each s value. The transformed solution of
temperature and of sources must be inverted back to the time domain for each inner
point for which we would like to know the temperature. We utilize a relatively accu-
rate method which states that the function of time, g(t), may be approximated by
following formula [1]:

g(t) =A+B · t+
N
∑

j=1

Cj · e−Dj ·t (5)

The A, B, Cj , Dj coefficients are evaluated by taking the Laplace transform of
Equation (5) and comparing it to the value of the solution for the temperature and
the source in the s-domain. In a real domain the temperature T (X,Y,F ) and the
strength of the source equation b(X,Y,F ) are expressed by formula (5) with the
obtained adequate value of coefficients.
In order to validate the discussed numerical method, some 2D numerical exam-

ples in unit square Ω = [0,1]× [0,1], with exact solutions known from literature,
are carried out. The simulated experimental data, needed for an inverse analysis
to compensate for the unknown conditions, are generated by adding random errors
to the exact temperature for the interior of the plate which simulates the mea-
surement error, Umeas. = Uana.(1+ 〈−1,1〉 ·∆U), where ∆U is the disturbance co-
efficient. The method accuracy is checked by calculating the maximal relative er-
ror δMAX =max

{

|Tana.−Tnum.|
}

/Tana.MAX and the root mean squared relative error

δSQR =
1

Tana.MAX ·NN

√

∑NN
i=1

(

Ti,ana.−Ti,num.
)2
for the source and field of temper-

ature in the inner control points.
The proposed algorithm is very accurate when data without measurement errors is

considered. The influence of measurement errors of the temperature and source func-
tion was investigated in this work, as well. The negative impact of the measurement
error can be reduced by using the Tikhonov regularization method based on the SVD
with L-curve criterion [2] for choosing the regularization parameter.
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The Learn-on-the-Fly (LOTF) method [1] serves to seamlessly embed quantum-
mechanical computations within a molecular-dynamics frame-work by continual local
re-tuning of the potential’s parameters so that it reproduces the quantum-mechanical
forces. In its current formulation it is suitable for systems where the interaction is
short-ranged, such as covalently bonded semiconductors. We propose a substantial
extension of the LOTF scheme to metallic systems, where, due to electronic delocal-
ization, the interaction range is longer and the many-body nature of the potential
makes the original LOTF technique impossible to apply. We propose to realize the
force optimization stage in a divide-and-conquer fashion and give detailed analysis
of the difficulties encountered and the means to overcome them. We show how the
technique, which we have termed Divide and Conquer Learn-on-the-Fly (DCLOTF),
can be parallelized to utilize several tens of processors. Finally, we present the results
of an application of the proposed scheme (utilizing tight-binding for the quantum-
mechanical part) to nanoindentation and nanoscratching of copper.
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The interest in spine research changed its direction from military based problem
to problems related to treatment of various spinal disorders and problems related to
degenerative disease or trauma. Various studies have listed pain related to spinal struc-
tures as that constituting the majority of the problems when compared to headaches,
abdominal pain and chest pain. A recent EU Commission study also suggests that 67
million people suffered pain in their lower or upper back in the week previous to the
conducted survey.
The degenerative process accompanying the ageing causes changes in the form and

composition of spinal tissues. This results in the back pain particularly in cases such
as internal disruption of intervertebral disc or the stress shielding. In case of stress
shielding the damaged tissue has decreased ability to resist loading, and tend to be
protected by adjacent healthy tissue, as it occur in the lumbar spine.
The spine has a non-linear, elastic behaviour so at lower loads it provides little resis-

tance while to increased load it responds with augmented resistance Therefore, the sta-
bility of spine provided by the intervertebral discs, surrounding ligaments and muscles
together with the geometry of the vertebral body must be preserved at any situation.
In some situations, the patients would need to undergo surgical treatment which

might involve the implantation of a biomedical device. The design of such devices
prompts the need for the prior development of reliable computer models together
with analytical approaches to investigate the biomechanical deficiencies of pathologi-
cal spinal segments since the required information are very difficult if not impossible
to obtain via in vivo measurements. The generation of finite element computational
models seems to be the best way to assist the proper understanding of the role played
by each anatomical structure of the system and in the same time via computer sim-
ulation the prediction of the biomechanical feedback to the designed device can be
achieved.
The motion segment consists of two adjacent vertebrae L3 and L4, two phase struc-

ture of intervertebral disc and the cartilages at the facet joints modelled as a single-
phase structure connective tissue. The material properties of intervertebral disc com-
prising of annulus fibrousus and nucleus pulpous were varied thus simulating different
level of degeneration.
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We describe the static and dynamic (vibration) properties of bilayer and multilayer
graphene sheets simulated using atomistic-continuum models for the C-C bonds and
Lennard-Jones potentials of the graphene sheets.

Figure 1: Bilayer graphene sheet under 3-point loading

The bilayer and multilayer sheets are modeled using a hybrid FE approach de-
veloped by the Authors in [1]. We extend this approach to predict the coefficients
of the 2nd order stress-strain tensor for graphene with multiple layers (from two to
eight), and the vibration spectrum of bilayer and multiple layers sheets carrying out
a modal analysis using novel condensation techniques validated through a Molecular
Mechanics model [2]. The results are benchmarked against data in open literature.
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It is crucial to the Trefftz method variant presented here to find a system of
functions which satisfy the three-dimensional wave equation. Additionally, they can be
used as base functions in a modified FEM. An approximate solution of the considered
problem is represented in the form of a linear combination of the Trefftz functions.
Unknown coefficients of this approximation are calculated by minimization of the
functional fitting of the approximate solution to the pre-set conditions. In the paper
we present two methods to obtain the Trefftz functions for the three-dimensional
wave equation. The first method is connected with a generating function, and leads
to recurrent formulas for polynomials and their derivatives [1]. The second method
is based on the Taylor series expansion, and uses additionally an inverse Laplace
operator [2, 3]. This leads to other forms of the Trefftz wave functions which can be
used in the modified FEM.
Consider the dimensionless wave equation:

∂2u

∂x2
+
∂2u

∂y2
+
∂2u

∂z2
=
∂2u

∂t2
(1)

One of the concepts of generating the Trefftz functions for equation (1) is based
on the Taylor series expansion for function u(x,y,z, t) satisfying (1), namely:

u(x,y,z, t) = u(x0,y0,z0, t0)+

N
∑

n=0

dnu(x0,y0,z0, t0)

n!
+RN+1 (2)

Using (1) we transform the right hand side of (2) to eliminate ∂
2u
∂t2 and then group

other partial derivatives in a specific way. This leads to a sum the coefficients of which
are functions satisfying the equation (1). These functions are constructed by inverting
the Laplace operator of harmonic functions.
The functions obtained by the above presented method can be transformed to

a system of other coordinates by proper, commonly known substitutions.
A general solution of a non-homogeneous wave equation:

∂2u

∂x2
+
∂2u

∂y2
+
∂2u

∂z2
+Q(x,y,z, t) =

∂2u

∂t2
(3)
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is given by:

u(x,y,z, t) =L−1(0)+L−1(Q), L=
∂2u

∂t2
− ∂

2u

∂z2
− ∂

2u

∂y2
− ∂

2u

∂x2
(4)

A general solution, L−1(0), of a homogeneous equation is sought as a linear combi-
nation of the Trefftz wave functions with unknown coefficients. They are determined
by minimization of the functional describing the approximation adjustment (in the
mean square sense) to the given boundary and initial conditions. The particular so-
lution is given as a linear combination of polywave functions, obtained by the act-
ing operator, L−1, on the Trefftz wave functions. The formula for L−1(xkylzmtn) is
given in [1].
The effectiveness of the presented method is tested on simple examples describing

the direct and inverse problems under the three-dimensional wave equation. They
show good accuracy for an approximate solution with the Trefftz functions as the
base functions. Moreover, an unquestionable advantage of wave polynomials is the
fact that they do not yield any restrictions for the shape of the area, thus, the method
can be applied to more complicated shapes.
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Nonlinear dynamical problems are solved numerically by most researchers due to
their complexity. The application of such techniques allows obtaining the time history
of the system, however, in this way, we cannot ask for its qualitative changes, such as
resonance conditions, modulations etc. During last years many authors have developed
some analytical methods adequate to those problems [1, 2]. It is especially asymptotic
methods that are suitable to treat nonlinear systems, also near resonances [3]. The
paper concerns investigations of nonlinear dynamics of two-degree of freedom systems
with kinematic excitation. And it is particularly their behaviour near resonances that
is tested.
We adopt an asymptotic method of a multiple scale in order to perform analyti-

cal calculations. The tested model is a spring pendulum hanged on a moving point.
The point is moving harmonically and independently in two mutually perpendicular
directions. It causes its motion along the Lissayou curve.
The system studied is presented in Figure 1a. The motion is planar, and X and ϕ

are the generalized co-ordinates. The pendulum is loaded by the external force, F (t)=
F0 cosΩ1t, and the moment, M(t) =M0 cosΩ2t. Moreover, linear viscous damping is
assumed.
The governing equations of the system in the non-dimensional form are as follows:

z̈(τ)+ c1ż(τ)−
(

1+ z(τ)
)(

ϕ̇(τ)
)2
+ z(τ)+w2

(

1− cos(ϕ(τ))
)

−
rp2 cos(τ p−ϕ(τ)) = f1 cos(p1τ),

(1)

(

1+ z(τ)
)2
ϕ̈(τ)+

(

c2+2
(

1+ z(τ)
)

ż(τ)
)

ϕ̇(τ)+w2 sin(ϕ(τ))
(

1+ z(τ)
)

−
rp2
(

1+ z(τ)
)

sin(τ p−ϕ(τ)) = f2 cos(p2τ),
(2)

where L= L0+
mg
k , z =

Z
L , r =

R
L , ω

2
1 =

k
m , w =

ω2
ω1
, ω22 =

g
L , c1 =

B1
mω1
, c2 =

B2
mL2ω1

,

f1 =
F0

mLω2
1

, f2 =
M0

mL2ω2
1

, p1 =
Ω1
ω1
, p2 =

Ω2
ω1
, p= Ωω1 , τ = ω1t.

L denotes the length of the statically stretched pendulum at ϕ=0, m is its mass,
k denotes the spring stiffness, g is the gravitational acceleration, B1 and B2 are the
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(a) (b)

Figure 1: (a) Two degree of freedom system with kinematic excitation; (b) Frequency re-
sponse function for two co-existing resonances, for chosen parameters

viscous coefficients. The equations (1)–(2) should be supplemented by adequate initial
conditions.
The dimensionless equations of motion were introduced and successfully solved

with the multiple scale method. General solutions, including the third order of ap-
proximation, were achieved in an analytical form. Dimensionless solutions are univer-
sal and valid for many systems of the same scale of similarity. Frequency response
functions are obtained for various kinds of simultaneously occurring resonances. The
example of an amplitude curve versus the detuning parameter is presented in Fig-
ure 1b.
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The dynamical behaviour of a harmonically excited and linear damped 3-dof sys-
tem is investigated in the paper. The system consists of a rigid body of mass, m,
suspended at point A on a massless and linear spring, whose other end is fixed at
point O as is shown in Figure 1. The point C is the mass centre of the body. Let
S =AC denote the eccentricity. The dynamical extension of the spring, Z, and the
angles, ϕ and ψ, are used as the generalized coordinates. The external excitations,
i.e. the force, F (t)=F0 cos(Ω1t), the moment,Mϕ(t)=M2 cos(Ω2t), and the moment,
Mψ(t) =M3 cos(Ω3t) are taken into consideration. The pendulum motion is damped

by the viscous force, C1Ż, and two linear moments, C1ϕ̇ and C3ψ̇.

Figure 1: Physical spring pendulum
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Applying the Lagrange equations we obtain the motion equations. They have the
following dimensionless form:

z̈(τ)+ c1ż(τ)+w
2
1z(τ)+1− cos

(

ϕ(τ)
)

−
(

1+ z(τ)
)(

ϕ̇(τ)
)2
+ ssin

(

ϕ(τ)−ψ(τ)
)

−
scos
(

ϕ(τ)−ψ(τ)
)(

ψ(τ)
)2
= f1 cos(p1τ),

(

1+ z(τ)
)2
ϕ̈(τ)+ c2ϕ̇(τ)+

(

1+ z(τ)
)

(

sin
(

ϕ(τ)
)

+2ż(τ)ϕ̇(τ)
)

+

s
(

1+ z(τ)
)

(

sin
(

ϕ(τ)−ψ(τ)
)(

ψ̇(τ)
)2
+cos

(

ϕ(τ)−ψ(τ)
)

ψ̈(τ)
)

= f2 cos(p2τ),

ψ̈(τ)+ c3ψ̇(τ)+w
2
3 sin
(

ψ(τ)
)

+

w23
(

1+ z(τ)
)

(

sin
(

ϕ(τ)−ψ(τ)
)

+cos
(

ϕ(τ)−ψ(τ)
)

ϕ̈(τ)
)

−

w23
(

1+ z(τ)
)

sin
(

ϕ(τ)−ψ(τ)
)(

ϕ̇(τ)
)2
+2w23 cos

(

ϕ(τ)−ψ(τ)
)

ż(τ)ϕ̇(τ) =

f3 cos(p3τ),

where L= L0+mg/k, k denotes the spring stiffness, L0 is its length, when it is un-
stretched, g is the gravitational acceleration, ω21 = k/m, ω

2
2 = g/L, ω

2
3 = Sg/I

2
A, IA is

the radius of the body inertia with respect to the axis, which passes through point A
and is perpendicular to the plane of motion:

z =Z/L, s= S/L, τ = ω2t, w21 = ω
2
1/ω

2
2 , w23 = ω

2
3/ω

2
2 ,

c1 =
C1
mω2

, c2 =
C2

Lmω2
, c3 =

C3S

I2ALmω2
, f1 =

F0
Lmω22

, f2 =
M2

L2mω22
, f3 =

M3
mω22I

2
A

,

p1 =
Ω1
ω2
, p2 =

Ω2
ω2
, p3 =

Ω3
ω2
.

The above presented equations describing the dynamical behaviour of the pendu-
lum are solved by the multiple scales method (MSM).
The behaviour of the nonlinear system can be very complicated, especially near the

resonance, when several resonances will occur simultaneously. The MSM application
allows determining the condition under which external and internal resonances occur
in the system. The differential equations of amplitude and phase modulation were
obtained for several combinations of simultaneously occurring external resonances.
The equations were solved numerically due to their very complex form. The amplitude
responses as function of detuning parameters were received taking into account the
steady-state conditions.
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The external loads acting on the long bone could cause fractures in the bone.
A fracture is any break in the bone or in the cartilage. It is usually a result of trauma
but can be due to an acquired bone disease such as osteoporosis or abnormal bone
formation in a congenital disease of the bone such as osteogenesis imperfecta.
Fractures are classified by their nature and location. Examples of the classifica-

tion include “spiral fracture of the femur,” “greenstick fracture of the radius,” “im-
pacted fracture of the humerus,” “linear fracture of the ulna,” “oblique fracture of
the metatarsal,” “compression fracture of the vertebrae,” and “depressed fracture of
the skull.” A “comminuted fracture” is a fracture in which the bone is broken into
a number of pieces, as distinguished from a “compound fracture” in which the bone
sticks through the skin. The problem discussed in this paper is the twisting of the
lone bone which can cause a spiral fracture of the long bone (see Figure 1).

Figure 1: Spiral fracture (Ref. [3])
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There are some papers in the literature treating the problem of torsional stiffness
of the long bone. Comparative studies of the long bone biomechanics in primates fre-
quently use the polar moment of inertia as a variable reflecting the overall mechanical
rigidity, average bending rigidity, or resistance to torsional shear stresses. The authors
of [1] show that while the use of this variable for characterizing the first two properties
is appropriate, it is potentially a highly misleading measure of the torsional resistance.
The theoretical and experimental results of the research show that the use of the polar
moment of inertia for estimating long bone torsional rigidity should be restricted to
samples of relatively invariant and/or cylindrical geometry. The subject of the paper
is the open section effect in the long bone with a longitudinal defect [2]. The authors
of [2] say that a longitudinal defect dramatically alters the stress distribution within
the long bone. For the applied torsion, the defect interrupts the normal shear flow
around the bone. The problem is solved by Finite Element Method.
The bone in a living animal consists of both the living tissue and non-living sub-

stances. There are blood vessels, nerves, collagen, and living cells including: osteoblasts
(cells that help form the bone), and osteoclasts (cells that help eat away the old bone)
in the “living bone”.
In addition, the bone contains cells called osteocytes which are mature osteoblasts

that have ended their bone-forming careers. The nonliving, but very important sub-
stances in the bone are minerals and salts. In addition to the metabolically active
cellular portion of the bone tissue, the bone is also made up of a matrix (bonding
of multiple fibers and chemicals) of different materials, including primarily collagen
fibers and crystalline salts. The crystalline salts deposited in the bone matrix are
composed principally of calcium and phosphate which are combined to form hydrox-
yapatite crystals. In particular, it is the collagen fibers and the calcium salts that
help to strengthen the bone. In fact, the collagen fibers of the bone have great tensile
strength (the strength to endure the stretching forces), while calcium salts, which are
similar in terms of physical properties to marble, have great compressional strength
(the strength to endure the squeezing forces). These combined properties, plus the de-
gree of bondage between the collagen fibers and the crystals, provide a bony structure
that has both extreme tensile and compressional strength.
Due to such a complicated structure the bone is treated as an object made with

a Functionally Graded Material (FGM). FGMs are materials with continuously vary-
ing material properties designed for specific engineering and bioengineering applica-
tions.
An algorithm based on the method of Fundamental Solution is proposed as a pro-

cedure for solving the considered problem. The results of the numerical experiment
and the discussion will be presented in the full text version and during the Symposium
presentation.
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A constitutive theory of continuum physics is a theoretical approach to find macro-
scopic material models. The two most important basic principles are the frame inde-
pendence of constitutive functions – material frame indifference – and the Second Law
of thermodynamics. At the same time these are the most problematic and discussed
concepts of material modelling.
Our spacetime model based investigations led to an improved formulation of the

objectivity (compared to the classical formulation of Noll) [1–3], and a representation
of finite deformation kinematics that is unique and based on evolutionary differential
equations.
In a parallel and related research we developed a method to understand the ther-

modynamic compatibility of gradient (weakly nonlocal) extensions of classical field
theories. Our method is based on the Liu procedure [4] and applied to gradient elas-
ticity in the Noll objective Piola-Kirchoff framework [5].
In this presentation we show, how these developments can be combined to form

a theory of finite deformation continuum mechanics, where the consequences of the
Second Law are derived with the help of an objective Liu procedure, where material
frame indifference is automatically fulfilled.
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A degenerative disease consists of faster usage and degeneracy of tissues creat-
ing a joint. It usually appears with elderly people, however, it may also happen to
younger people. This disease leads to an improper conformation of the spine what
leads to a wrong distribution of loads, and finally, to pain, deformation of vertebrae
or neurological deficits.
In the paper, the authors focused on the cervical spine and examining the basic

mechanical parameters of the bone structure of the spine subject to improper loads
caused by the degenerative disease.
The object of the study are appropriately parameterised cervical spines of patients

affected by a degenerative disease after intervertebral disc removal. The influence of
the conformation change on the load changes and, in effect, on the distribution of
tensions and displacements in the vertebra body occurring with patients who were
operated is analysed.
The data used for the analysis comes from X-ray photos. It is a basis to create an

individualized mechanical model of a cervical spine considering the patient’s weight,
vertebra geometry and spinal conformation. There are different approaches possible as
the vertebra body is made of two substances. In the paper, the authors applied a model
which is the closest to reality which means that they treated the body as heterogeneous
and, as has been already mentioned, as consisting of two substances. A simplification
was also introduced which meant omitting the trabecular bone transferring a tiny
part of the loads in comparison to the cortical bone of the body. This model was used
to determine the field of the stress fields for the anterior and posterior surfaces of the
bodies of the vertebrae from C2 to C7. Every vertebra was treated as an elliptical
beam with an elliptical hollow.
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In the paper, the values of normal tensions on the anterior and posterior sur-
faces of the bodies of the vertebrae from C2 to C7 measured in the middle of the
heights of the vertebrae bodies for two cervical spine conformations for a group of
30 patients before and after cage stabilization are presented. The parameters such as
vertebrae body centre coordinates, vertebrae body diameters (characteristic measure-
ments) were taken from the X-ray images of the patients. What is more, the value
of force S (the vertical component force of the net force of muscles) was determined
based on the data considering the moment of the cervical muscle forces [4–6], while
the material parameters of the bone tissue were taken from the literature. It can be
noticed that owing to the changes in the geometry, the distribution of tensions in the
vertebrae bodies changed.
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The Method of Fundamental Solutions belongs to the meshfree numerical meth-
ods serving to solve differential equations describing many engineering issues. It has
already been used in problems of heat conduction, theory of elasticity, plasticity and
fluid mechanics. Its main advantage is its relatively easy computer implementation
and very little complexity of calculations, in comparison to other methods.
In the MFS, the problem solution (differential equation+boundary condition) is

approximated by a linear combination of the fundamental solutions of the governing
equation. The fundamental solutions are the source point functions occurring outside
the examined area.
In order to obtain a solution of the examined problem in a given area, it is enough

to define one algebraic linear equation system in which the coefficients standing be-
fore the fundamental solutions in their linear combination are unknown. These linear
coefficients are determined based on the boundary conditions. It allows estimating
easily the calculation and approximation error thanks to the standard tools of linear
algebra.
An example of the method application is determining the stress patterns in a model

implant of an intervertebral disc. The chosen object has a homogeneous structure,
therefore, the classical Cauchy-Navier equations were used to describe the fundamen-
tal mechanical parameters (stresses, displacements, strains).
The Method of Fundamental Solutions was shown in the example of the problem

of determining the tension distribution in the vertebra bodies of the cervical spine in
humans (Figure 1).
The maximum tensions were examined in the vertebra bodies of patients suffering

from the cervical degenerative spine disease. The maximum tensions were determined
for two spine conformations, before and after cage stabilization. The loads constituted
only the mass forces and the vertebra body geometry was determined based on the
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Figure 1: Structure of spinal vertebra (C3-C6)

X-ray images of patients. However, the parameters of bone tissue were taken from the
literature [8].
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Low coefficient of thermal expansion (CTE) found in the invar alloys is related
to the negative thermal expansion (NTE) induced by the magnetic transition from
paramagnetic to ferro-magnetic or anti-ferromagnetic phase. The CTE is given as
a total value of the normal and the negative thermal expansion terms [1]. Accordingly,
most of the invar alloys are limited to the applications where no interference is present
between its ferromagnetism and the operating conditions. Here we present different
Ti-alloys with controllable CTE to achieve zero thermal expansion through the careful

Figure 1: Change in specimen length with temperature, ∆L/L0, showing the effect of cold
deformation and alloy composition, of Ti72Nb20.1Ta4.6Zr3.3, TNTZ, Ti76Nb17Ta6O1, TNTO,
and Ti75Nb17Ta6Fe1O1, TNTFO alloys after 75 and 90% cold rolling, CR, and after 75%
cold swaging, SW
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selection of alloying elements and the proper thermomechanical treatments. This will
give a lot of room for the new invar alloys to be used for many applications without
the former restrictions.
We propose here that NTE factors are enhanced by the cold deformation of those

alloys which possess elastic softening [2], presented by low tetragonal shear, C ′ =
(C11−C12)/2, and large elastic anisotropy presented by A=C44/C ′.
Cold drawing, swaging, and rolling are tools to introduce oriented microstructures

to these alloys including stress induced phase transformation [3, 4]. These oriented
microstructures, with specific orientation relationship with the parent phase, β-phase,
becomes the origin of the NTE through a fully reversible reaction in heating-cooling
cycles within a considerable temperature range.
As shown in Figure 1, the idea is applied to three kinds of Ti-alloys such as Ti-Nb-

Ta-Zr (TNTZ), Ti-Nb-Ta-O, and Ti-Nb-Ta-Fe-O. The amount of the unique oriented
microstructure can be controlled through alloy composition, deformation method,
degree of cold deformation, and subsequent heat treatments.
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Auxetic foams have potential in a range of applications [1] including, but not
limited to, filtration, packaging, acoustic damping, cushions and mattresses, personal
protective equipment and apparel. To deliver the potential of auxetic foams in such
applications requires improvements in fabrication and control over form, structure
and properties of the final product. At previous conferences in this series [2–4] and
elsewhere [5, 6], work at Bolton and collaborating partners on variations of the original
compression/heat treatment foam production method of Lakes [7], in the form of the
effects of triaxial, biaxial and uniaxial compression/stretching on the foam structure,
properties and deformation mechanisms, has been presented. This presentation will
report recent work extending the previous investigations to consider the production
of auxetic foam in alternative forms to the monolithic cuboidal/cylindrical samples
usually considered, including an assessment of the spatial distribution of structure
and properties within the product.
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Gradient forces on optical trapping are presented for left-handed or double nega-
tive (DNG) particles in optical tweezers. Based on a recent work, the analysis first in-
cludes simple geometric optics considerations, where force calculations are performed
for a single ray and then theoretically extended to an arbitrary incident beam. New
trapping characteristics arise from Snell’s law inversion due to the negative refractive
index of the particle, and they are confirmed using full electromagnetic theory. The-
oretical and numerical results reveal interesting potentialities of these DNG particles
that could be successfully exploited in biomedical optics in the near future.
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Zero Poisson’s ratio materials are those which do not exhibit changes in transverse
directions when uniaxially loaded. A detailed analytical model for novel hexagonal
honeycomb structures, composed of alternate layers of re-entrant and non re-entrant
features is presented, showing that in such honeycombs, deformation from hinging,
flexure and/or stretching of the cell walls can lead to zero Poisson’s ratios, a property
which is highly desirable in niche applications. Various hypothetical polyphenylacety-
lene networks designed to mimic the geometry of these hexagonal honeycombs are
also analysed for their mechanical behaviour, in particular the main molecular level
deformation mechanism(s) taking place in response to uniaxial stresses.
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We have developed a fundamentally new type of artificial muscle, which operates
in air to generate giant strokes and stroke rates of 220% and 3.7 · 104%/s, respec-
tively. Charge-driven resonant and dc linear actuation result for volt to kilovolt drive
voltages, and temperatures from below 80 K to above 1900 K. Using mechanical and
electrical resonances, these carbon-nanotube-based artificial muscles provided ±30%
oscillatory actuation at a kHz when driven by 10 VRMS. In the high modulus sheet
direction, where actuator stroke is a few percent, stress generation was 32-fold higher
than the sustainable value for natural skeletal muscle. Actuation in this direction
differs in sign from that in sheet width and thickness directions. We theoretically
explain this sign reversal using giant observed Poisson’s ratios of up to 15, which
provide a negative linear compressibility for the sheets. The observed dependence
of actuation on boundary constraints, applied voltage, and sheet thickness are also
theoretically explained.
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In this paper, we propose an analytical model to describe the mechanical properties
of a 2D system made from connected rigid triangles constructed from two sets of
different shaped and sized scalene triangles. In this model it is assumed that when
the structure is mechanically loaded, the triangles cannot change their shape or size,
but, can rotate relative to each other in the plane of the structure. We show that such
systems can exhibit mechanical properties which are dependent on the shape and size
of the triangles and the angles between them. We also show that such systems can
exhibit negative Poisson’s ratio, i.e. have the ability to expand or contract in both the
loading and the transverse direction, a property which can be useful in many practical
applications. The density profile of such system is also considered.
Finally, in view of the fact that micrograph images of cross-sections of cell struts

indicate that cell struts of auxetic foams have a Plateau border geometry which may
be simplified as triangular shaped struts, and, in view of recent work by Grima et al.
and Alderson et al., we show that our model can be used to model the mechanical
properties of auxetic foams. This is the first attempt to represent in an analytical
model some degree of irregularity which is characteristic of auxetic foams.
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In this work simple cylindrical structures with either stiff needle-like inclusions
or stiff coin-shaped inclusions embedded within a much softer matrix are presented
and analysed with the aim of obtaining systems with tuneable thermal expansion
properties and/or negative thermal expansion. It is shown that by the correct combi-
nation of the shape, thermal and mechanical properties of the matrix and inclusion,
it is possible to design systems which can be tailormade to exhibit particular val-
ues of the coefficient of thermal expansion (CTE) in the radial and axial directions.
Negative thermal expansion (NTE) is also exhibited in some directions. This work is
complemented by simple analytical models to explain some of these effects.
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A system which has been extensively studied from the point of view of its Poisson’s
ratio is the highly symmetric hexagonal honeycomb structure which is known to be
capable of exhibiting in-plane Poisson’s ratios ranging from +∞ to −∞. This model
has also been used to explain the magnitude of the Poisson’s ratio in various cellular
materials, most notably those of conventional and auxetic foams.
Here we discuss the results of finite elements simulations which were performed on

a large number of imperfect honeycombs in an attempt to analyse how the degree of
such defects affects the Poisson’s ratio and Young’s modulus. In particular, we show
that the Poisson’s ratio of the systems considered is significantly affected by these
imperfections with the effect being most pronounced on systems which in their ordered
form would have very high positive or very high negative Poisson’s ratio (in both cases
the magnitude of the Poisson’s ratio decreases). This may offer a better explanation for
the observed properties in real auxetic materials such as foams which can be described
as highly irregular cellular solids. We also suggest that a ‘disorder correction factor’
may need to be introduced to correlate better the properties predicted by the existing
highly symmetric models and real experimental data.
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Auxetic materials exhibit the unusual property of expanding when stretching in
the direction normal to an applied uniaxial tension and vice versa when compressed,
i.e. exhibit negative Poisson’s ratios. This phenomenon is known to result in many
beneficial effects in the performance of materials in various practical situations. In
particular it has long been suggested that spherical shells made from isotropic mate-
rials having Poisson’s ratio less than −0.5 exhibit enhanced resistance to buckling as
a result of externally applied normal pressure.
This work makes predictions on the properties pressure vessel heads constructed

from auxetic materials. Finite elements modelling is used to assess the behaviour
of various spherical, torispherical and ellipsoidal shells when they are subjected to
external (in all cases) or internal (in the case of torispherical and ellipsoidal shells)
pressures. We find that to a first approximation, the critical buckling pressures scale
linearly with (1− ν2)−1/2 thus suggesting that the critical buckling pressures tends
to infinity as ν tends to −1, this being in accordance to what was known for spherical
shells [1]. We also find that the Poisson’s ratio has an effect on the amplitude and the
number of buckling wavelengths that occur when the shells buckle.
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Large auxetic properties of iron-gallium alloys have been investigated with both
theoretical and experimental approaches. Tensile tests of single-crystal iron-gallium
alloys with compositions of 12–25% gallium were conducted to determine the compo-
sition dependent values of the Poisson’s ratio. These alloys are believed to be one of
the first of the class of structural auxetic alloys, in that they are materials with a high-
modulus, with E[110] ≈ 100 GPa for Fe75Ga25, and they exhibit significant molecular
auexticity, with a Poisson’s ratio of −0.7 for Fe75Ga25. Systematic density functional
calculations revealed a simple correlation between the Poisson’s ratio and tetragonal
shear modulus. The key factor for producing elastic anisotropy, and subsequently the
auxetic behavior of these alloys, is attributed to an unlikely distribution pattern of
Ga and Al atoms within the Fe lattice, in which these atoms need to be far apart
from each other.
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Auxetic materials exhibit the unusual property of getting fatter when uniaxially
stretched and thinner when compressed, i.e. exhibit a negative Poisson’s ratio. A par-
ticularly interesting auxetic material is α-cristobalite, a naturally occurring silicate
which is known to be exhibit a high degree of auxeticity at ambient conditions to the
extent that auxeticity is not limited to particular directions in its crystalline form,
but is also predicted to be present in the polycrystalline aggregate.
In this paper, we will attempt to obtain a better picture of the behaviour of α-

cristobalite by simulating the deformations that occur when α-cristobalite is loaded
in directions of maximum auxeticity which are not in the (100) and (010) planes and
attempt to explain these in terms of the rotating rectangles model. In fact, we will
show that auxetic behaviour of α-cristobalite in the planes passing through the [001]
direction can be explained in terms of simple 2D models involving semi-rigid rotat-
ing rectangles which rectangles are the projections in the (100) and (010) planes of
a more complex 3D model involving semi-rigid rotating tetrahedral. Moreover we will
also discuss the behaviour of such systems as the tetrahedra become progressively
more rigid.
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For some smectic liquid crystalline networks a pronounced lack of rapid reversibil-
ity (anelasticity) is seen in film specimens when the loading force is removed and the
film is allowed to undergo free recovery. This behavior is observed at temperatures
significantly above the glass transition temperature yet far below the liquid crystal –
isotropic transition temperature. In an effort to elucidate the origins of this anelas-
ticity, we have examined a series of smectic liquid crystalline network polymer films
by subjecting them to a large uniaxial stress at temperatures far below the clearing
temperature. As expected, the dimensional recovery is anelastic showing substantial
retained strain. The uniaxial strain produces a polydomain-to-monodomain transition
in the film and the monodomain thus produced is temporally stable.
Upon heating this monodomain film, recovery of the original film dimensions can

occur. The recovery curves show a pronounced curvature as the temperature ap-
proaches the smectic-isotropic temperature. We have obtained accurate strain (length)
vs. temperature plots for these films and have also simultaneously recorded the cor-
responding specimen width changes as well. An interesting consequence of obtaining
both length and width data is that the mechanically induced strains ratio (MISR)
for the film can be calculated as a function of temperature; i.e., a ‘Poisson’s ratio’
under zero tensile force, as the elevated temperature causes the original film shape
and dimensions to be recovered in this ‘shape memory’ polymeric material. It is pro-
posed that nanosegregation of netpoints in the smectic structure is responsible for the
anelasticity and that the temperature dependence of the shape recovery is consistent
with a balance between enthalpic and entropic forces with temperature. A mechani-
cally induced strains ratio (MISR) was observed on heating these pre-stressed films.
Loss of the monodomain structure near the isotropization temperature is postulated
to rationalize the shape of the MISR curves.
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