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a b s t r a c t

We report on the first spectroscopic study of reflectance-anisotropy (RA) oscillations during molecular
beam epitaxy (MBE) GaAs homoepitaxy. Real-time RA spectra measured during epitaxial growth were
carried out with a recently developed rapid RA multichannel spectrometer with 100 ms per spectrum
acquisition time. An analysis of the time-resolved RA spectra shows that RA oscillations are mostly
due to the periodic modulation of the surface orthorhombic strain associated to surface reconstruction.
Results reported here demonstrate the power of real-time RA spectroscopy as a probe for the study of
epitaxial growth processes. In particular, given its sub monolayer surface-strain sensitivity, RA spec-
troscopy results a very convenient tool to study epitaxial growth mechanisms in real-time with sub
monolayer resolution. This capability allows for real-time RA spectroscopy to be used as a probe for
the in situ, real-time control of epitaxial growth, with the additional advantage of operating in higher
pressure systems such as CVD, where RHEED monitoring cannot be implemented.

! 2018 Elsevier B.V. All rights reserved.

1. Introduction

The fabrication of advanced optoelectronic devices based on
zincblende semiconductors demands for probes with both real-
time monitoring and feedback control capabilities for the epitaxial
growth process with at least monolayer (ML) resolution. Optical
probes would be advantageous for this application given their
instrumental simplicity and provided we overcome their intrinsic
low surface specificity. Reflectance anisotropy (RA) is an optical
polarization contrast technique which enhances the surface-
related response by taking advantage of the reduced symmetry
of the surface or near surface region of the crystal. RA measures
the difference in the optical reflectivity between two principal axis
of the crystal, thus suppressing the polarization-independent bulk
signal and enhancing the surface response [1].

RA has been applied to study the kinetics of the epitaxial
growth of various zincblende semiconductors, demonstrating high
sensitivity to the different stages of the growth process [2,3]. In
particular, it is known that the intensity of the RA signal oscillates
during growth with the same oscillation period as that of specular

RHEED oscillations [4], which is known to correspond to the time
necessary to grow one monolayer. RHEED oscillations are widely
accepted to be associated to periodic changes in surface micro
roughness that take place during layer-by-layer growth [5].
Phenomena leading to RA oscillations, in contrast, are not fully
understood. In this regards, on the basis of an effective medium
model, Aspnes argues that optical anisotropies associated to sur-
face roughness are too small to explain experimental results and
concludes that they have a surface chemistry origin [6]. RA oscilla-
tions have also been explained on the basis of a modulation of As
dimer coverage during growth as dimers are preferentially broken
at island edges [7].

Previous determinations of RA oscillations have been carried
out at a single-wavelength or at most a few wavelengths [3,4,7].
However, as it has been shown elsewhere, RA signals may com-
prise more than one independent component [8,9], hence hamper-
ing the physical interpretation of RA oscillations on the basis of
single-wavelength data. A deeper understanding of RA oscillations
thus demands time-resolved spectroscopic measurements. Carry-
ing out such measurements, nevertheless, demand a rapid RA spec-
trometer, fast enough to follow in real-time the kinetics of epitaxial
growth of III-V compounds (spectrum acquisition times of the
order of 0.1 s and DR=R amplitude in the range 10!3). Harrison
et al., developed a 16 channel rapid RA spectrometer to study the
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ABSTRACT
In this work, we show evidence of improving the dispersion of titanium dioxide particles in water.
This is observed in the titanium dioxide-water colloid by the shear-thinning flow behavior in rheo-
logical measurements induced by the functionalization of a glutaric acid layer on the surface of
titanium dioxide particles. The characterization of the layer was achieved by using infrared spec-
troscopy and 13C nuclear magnetic resonance. Rheological measurements corroborated that func-
tionalization of TiO2 particles decreases the rheological properties such as viscosity measurements
at a constant shear rate in two orders of magnitude compared with the pure TiO2 in suspensions.
We present the results as a novel strategy to limit the formation of agglomerates in these col-
loidal suspensions, and this will be of great use in applications in the paints field and printing
technologies.
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Introduction

Of all the crystalline system of metallic oxide surfaces, titan-
ium oxide (TiO2) is the most used. This commodity material
has two common crystalline forms, the rutile and the ana-
tase. Titanium dioxide has several applications: it has been
used in heterogeneous catalysis, photocatalysis, solar cells for
hydrogen and electric power, gas sensors, white pigments,
anti-corrosion coatings, optical coatings, ceramics and

electronic devices.[1, 2] The surface properties of titanium
dioxide promote the application of these particles in photo-
catalytic processes, which is carried out in aqueous environ-
ments. TiO2 as a pigment is used widely in the paint,
papermaking, plastic, cosmetic, and pharmaceutical indus-
tries due to its outstanding physicochemical properties,
namely, its high refractive index (2.5–2.7 at 599 nm) and
low absorption rate; these properties produce a high light
scattering that renders materials opaque.[3]
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Determination of sialic acid in saliva by
means of surface-enhanced Raman
spectroscopy as a marker in adnexal mass
patients: ovarian cancer vs benign cases
José de Jesús Zermeño-Nava1, Marco Ulises Martínez-Martínez1,4, Ana Laura Rámirez-de-Ávila1,
Aida Catalina Hernández-Arteaga2, Ma. Guadalupe García-Valdivieso2* , Alondra Hernández-Cedillo2,
Miguel José-Yacamán2,3 and Hugo Ricardo Navarro-Contreras2*

Abstract

Background: To demonstrate the use of surface-enhanced Raman spectroscopy (SERS) to determine sialic acid (SA)
levels in saliva using silver nanoparticles as substrates, in adnexal mass patients scheduled for surgical intervention
to remove invasive masses, with the aim to compare SA levels in benign tumor vs ovarian cancer patients.

Methods: Quantification of SA levels was accomplished by measuring their SERS and calibrating with analytical
reagent SA. The mean SA concentration in saliva from 37 benign adnexal mass resulted smaller (5.1 mg/dL) than
the mean concentration in 15 Ovarium cancer patients (23 mg/dL). The cancer condition was determined by
biopsy of the removed adnexal mass. The CA-125 biomarker was also measured. The predictive potential of both
biomarkers is discussed, together with the malignity risk index (MRI).

Results: Our results showed a sensitivity/specificity of 80%/100% with a cutoff to distinguish between benign/cancer
cases of SA 15.5 mg/dL, as established from a ROC analysis. Our results suggest that SA may be a more useful
biomarker than CA-125 to detect ovarian cancer.

Conclusions: Our results suggest that the SA levels measured from saliva may be as good predictors as the MRI index
for the presence of ovarian cancer in sensitivity/negative predictive value and outperforms it in specificity/positive
predictive value.

Keywords: Sialic Acid, Surface-enhanced Raman, Ag Nanoparticles, Ovarian Cancer

Background
Ovarian cancer is the seventh most common cancer in
women worldwide [1, 2]. In 2012 239,000 ovarian cancer
cases were reported; which amounts to 4% of all new
cases of cancer in women. Ovarian cancer produced
approximately 152,000 deaths in 2012. It is the eighth
most common cause of cancer death in women across
the world [1, 2].

Ovarian cancer (OC), in general do not produce
symptoms at early stages. Additionally, there is no early
detection method applicable to the general women
population, so the disease is generally advanced when it
is diagnosed. Ovarian epithelial cancer is the histological
type of major incidence, representing almost 90% of re-
ported cases. In more than 70% of all cases, it is usually
detected in the advanced clinical stages III and IV. The
5 year survival rate ranges from approximately 30 to
50% depending on the type of ovarian cancer, being the
invasive epithelial ovarian cancer the most common, as
well as that of the worst prognosis, in phase III-IV pa-
tients, which have a 5–20% five year survival rate [3, 4].
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ABSTRACT 

Breast cancer is one of the major causes of death for women. Temperature measurement is advantageous 
because it is non-invasive, non-destructive, and cost-effective. Temperature measurement through in-
frared thermography is useful to detect changes in blood perfusion that can occur due to inflammation, 
angiogenesis, or other pathological causes. In this work, we analyzed 206 thermograms of patients with 
suspected breast cancer, using a classification method, in which thermal asymmetries were computed, 
the most vascularized areas of each breast were extracted and compared; then these two metrics were 
added to yield a thermal score, indicative of thermal anomalies. The classification method based on this 
thermal score allowed us to obtain the test sensitivity of 100 %, specificity of 68.68 %; a positive pre-
dictive value of 11.42 % and negative predictive value of 100 %. These results highlight the potential 
of thermography imaging as adjunctive tool to mammography in breast cancer screening. 
 
Keywords: Breast cancer, infrared thermography, automated screening 
 
 

INTRODUCTION 

Breast cancer is one of the major causes 
of death for women (Rastghalam and 

Pourghassem, 2016), affecting all social lev-
els of the population. Breast cancer is the 
most common cancer type in Mexico and 
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Abstract
In recent years, there has been a great interest in the conversion of lignocellulosic structures to furfural. There are many 
technologies available for this process. Nonetheless, the present work reports for the first time the use of pectin, a non-
lignocellulosic structure, for furfural production. The pectin was extracted from food industry waste derived from cactuses, 
orange peels and mangoes peels. The extracted pectins were analyzed by infrared spectroscopy (ATR–FTIR) in order to 
evaluate the degree of esterification (DE). The high DE influences in the hydrolysis reaction in the following stages: (1) 
hydration, it allows a fast glycosidic bond cleavage in the polysaccharide. (2) Dehydration, an intermediary step in the fur-
fural production from galacturonic acid. The Maillard reaction herein reported not only is used in a novel way to produce 
furfural but also it has been modified to be performed in acidic conditions to increase the furfural production rate. From 
the evaluated reactions, it was found that the highest furfural production was obtained with manila mango pectin (82.6 g/L) 
with a DE of 51.2%. These findings demonstrate that pectins with DE below 75%, the minimum value to be considered for 
applications in the food and pharmaceutical industries, could be applied for the generation of furfural, a chemical platform 
for the production of chemicals and biofuels.

Keywords Pectin decomposition · Degree of esterification · Acid reaction · Maillard reaction · Furfural

Abbreviations
DE  Degree of esterification
GalA.  Galacturonic acid
K.P.  Kent mango peels pectin
M.P.  Manila mango peels pectin
C.P.  Cactus pectin
O.P.  Orange peels pectin
A.P.  Apple pectin
RH.  Relative humidity

Introduction

Since 2015, Michoacán in the “El Bajio” region of Méx-
ico has been the primary exporter of mango, orange, 
bananas, berries, limes, etc., according to Secretaría de 
Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimen-
tación (SAGARPA) [SAGARPA 2015, SAGARPA 2016]. 
Many of these fruits are processed into purées, fruit base 
for ice cream, yogurt, baby food, jams, fillings, syrups or 
simply frozen cubes. These processes generate wastes and 
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a b s t r a c t

We report on the first spectroscopic study of reflectance-anisotropy (RA) oscillations during molecular
beam epitaxy (MBE) GaAs homoepitaxy. Real-time RA spectra measured during epitaxial growth were
carried out with a recently developed rapid RA multichannel spectrometer with 100 ms per spectrum
acquisition time. An analysis of the time-resolved RA spectra shows that RA oscillations are mostly
due to the periodic modulation of the surface orthorhombic strain associated to surface reconstruction.
Results reported here demonstrate the power of real-time RA spectroscopy as a probe for the study of
epitaxial growth processes. In particular, given its sub monolayer surface-strain sensitivity, RA spec-
troscopy results a very convenient tool to study epitaxial growth mechanisms in real-time with sub
monolayer resolution. This capability allows for real-time RA spectroscopy to be used as a probe for
the in situ, real-time control of epitaxial growth, with the additional advantage of operating in higher
pressure systems such as CVD, where RHEED monitoring cannot be implemented.

! 2018 Elsevier B.V. All rights reserved.

1. Introduction

The fabrication of advanced optoelectronic devices based on
zincblende semiconductors demands for probes with both real-
time monitoring and feedback control capabilities for the epitaxial
growth process with at least monolayer (ML) resolution. Optical
probes would be advantageous for this application given their
instrumental simplicity and provided we overcome their intrinsic
low surface specificity. Reflectance anisotropy (RA) is an optical
polarization contrast technique which enhances the surface-
related response by taking advantage of the reduced symmetry
of the surface or near surface region of the crystal. RA measures
the difference in the optical reflectivity between two principal axis
of the crystal, thus suppressing the polarization-independent bulk
signal and enhancing the surface response [1].

RA has been applied to study the kinetics of the epitaxial
growth of various zincblende semiconductors, demonstrating high
sensitivity to the different stages of the growth process [2,3]. In
particular, it is known that the intensity of the RA signal oscillates
during growth with the same oscillation period as that of specular

RHEED oscillations [4], which is known to correspond to the time
necessary to grow one monolayer. RHEED oscillations are widely
accepted to be associated to periodic changes in surface micro
roughness that take place during layer-by-layer growth [5].
Phenomena leading to RA oscillations, in contrast, are not fully
understood. In this regards, on the basis of an effective medium
model, Aspnes argues that optical anisotropies associated to sur-
face roughness are too small to explain experimental results and
concludes that they have a surface chemistry origin [6]. RA oscilla-
tions have also been explained on the basis of a modulation of As
dimer coverage during growth as dimers are preferentially broken
at island edges [7].

Previous determinations of RA oscillations have been carried
out at a single-wavelength or at most a few wavelengths [3,4,7].
However, as it has been shown elsewhere, RA signals may com-
prise more than one independent component [8,9], hence hamper-
ing the physical interpretation of RA oscillations on the basis of
single-wavelength data. A deeper understanding of RA oscillations
thus demands time-resolved spectroscopic measurements. Carry-
ing out such measurements, nevertheless, demand a rapid RA spec-
trometer, fast enough to follow in real-time the kinetics of epitaxial
growth of III-V compounds (spectrum acquisition times of the
order of 0.1 s and DR=R amplitude in the range 10!3). Harrison
et al., developed a 16 channel rapid RA spectrometer to study the
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Dirac Equation and Optical Wave Propagation in One
Dimension

Gabriel González*

We show that the propagation of transverse electric (TE) polarized waves in
one-dimensional inhomogeneous settings can be written in the form of the
Dirac equation in one space dimension with a Lorentz scalar potential, and
consequently perform photonic simulations of the Dirac equation in optical
structures. In particular, we propose how the zero energy state of the
Jackiw–Rebbi model can be generated in an optical set-up by controlling the
refractive index landscape, where TE-polarized waves mimic the Dirac
particles and the soliton field can be tuned by adjusting the refractive index.

The Dirac equation[1] plays a key role to many exotic physical
phenomena such as graphene,[2] topological insulators[3] and
superconductors.[4] These systems proved to be ideal testing
grounds for theories of the coexistence of quantum and
relativistic effects in condensed matter physics. A very
interesting result emerging from the Dirac equation is given
by the Jackiw–Rebbi (JR) model which predicts the existence of
zero energy states when the Dirac mass changes sign.[5] The JR
model describes a one dimensional Dirac field coupled to a
static background soliton field and is known as one of the
earliest theoretical description of a topological insulator
where the zero energy mode can be understood as the edge
state. The Jackiw–Rebbi model can be equivalently thought of
as the model describing a massless Dirac particle under a
Lorentz scalar potential. In particular, the Jackiw–Rebbi model
has been studied by Su, Shrieffer and Heeger in the continuum
limit of polyacetylene.[6] Since the derivation of the JR model
many important and useful variations of the model have been
investigated such as the Rajaraman–Bell model for a finite
volume,[8] the massive Jackiw–Rebbi model,[9] the coupled
fermion–kink model[10] and the Jackiw–Rebbi model in distinct
kinklike backgrounds.[11]

Many experimental proposals have been made to experimen-
tally detect the zero energy states of the JR model using different

physical platforms such as optical struc-
tures,[7,12–15] metamaterials,[16] ion traps[17]

and in a silicon platform.[18] Recently,the
photonic topological zero energy state were
experimentally observed in binary wave-
guide arrays,[19,20] and more recently in a
non-Hermitian system involving loss[21]

and in the context of graphene ribbons.[22]

Localized zero energy states are of topolog-
ical origin and from a quantum informa-
tion perspective these states are very robust
against environmental effects which is

advantageous when using these states to enconde quantum
information for quantum memory. It is currently debated
whether topological zero energy states can exist at all in PT
symmetric systems.

The purpose of this letter is to optically simulate the zero
energy state of a relativistic quantum system, the
Jackiw–Rebbi model, by means of optical wave propagation in
one dimensional inhomogeneous media. In particular, we
demonstrate that the TE-polarized electromagnetic waves in one
dimensional inhomogeneous media can be mapped into the
Dirac equation in one dimension with a Lorentz scalar potential.
The duality between classical optical wave propagation and
relativistic quantummechanics in one dimension provides a way
to explore the JR model using a macroscopic optical setting by
tailoring the refractive index in a optical structure and visualize
with classical optics the dynamical aspects of relativistic
quantum phenomena. The duality relates the refractive index
with the Lorentz scalar potential of the Dirac equation and the
TE-electric mode with the wave function. We also show that the
JR model can be described by a non-Hermitian Dirac
Hamiltonian by using a complex Dirac mass and propose the
corresponding refractive index for such non-Hermitian PT
symmetric system. It is of great interest to see whether
topological protection can survive in the presence of gain and
loss optical waveguides. Remarkably, as shown here for the
complex JR model such robustness persists even though the
spatially distributed gain and loss renders a non-Hermitian
Hamiltonian and breaks the time reversal symmetry of the
system. Therefore, our results provide two different ways for
directly realizing the zero energy state of the JR model, one
which corresponds to an Hermitian system and another which
corresponds to a non-Hermitian system with PT symmetry.

To explore the connection between the Dirac equation and
optical wave propagation in one dimension with an arbitrary
refractive index distribution n xð Þ we consider TE waves
propagating in the xz plane. Field modes propagating in this
system are described by the following Helmholtz equa-
tion[23,24]
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Resistive random-access memory (ReRAM) based on two- 
terminal resistance-switching memristive devices is a prom-
ising candidate to fill the gap between the main working 

memory and the storage in modern computing systems. ReRAM, 
a non-volatile memory (NVM) technology, offers memory densi-
ties that are comparable to those of NAND flash, the leading NVM 
storage technology, and fast random accesses that are comparable 
to those of dynamic random-access memory, the de facto standard 
for main working memory1. ReRAM, therefore, effectively offers the 
advantages of both technologies. Three key attributes make mem-
ristor-based ReRAM attractive compared to other NVM technolo-
gies. First, shrinking the size of the two electrodes of the memristor 
will not degrade its key properties, such as retention, switching 
time and on/off ratio, as these properties are mainly determined 
by a single localized nanometre-scale filament. Second, the mem-
ristor’s nonlinear switching dynamics allows removal of the access 
element (for example, a transistor) from the memory cell, which is 
beneficial in reducing the cell’s complexity and size, as the access 
element usually dominates its overall size. Third, a memristor has 
a simple metal–insulator–metal structure. The second and third 
attributes enable memristive devices to be organized into a high-
density crossbar array. However, these same three attributes are also 
the sources of its biggest limitations: its filamentary nature leads to 
large device-to-device and cycle-to-cycle variations and the use of a 
crossbar array results in the sneak-path problem.

In this Article, we report a ReRAM cell design and an informa-
tion encoding scheme that together solve the sneak-path problem 
and greatly improve the tolerance of ReRAM to memristor varia-
tions. The memory cell, which is termed an H3 cell, consists of two 
memristors and a minimum-sized transistor. We use the ratio of the 
resistances of the two memristors in an H3 cell to encode informa-
tion, in contrast to the existing ReRAM architecture’s reliance on a 
single memristor’s absolute resistance to encode information. This 
results in much greater data reliability in the presence of sources 
of variation in memristors. Furthermore, our solution is comple-
mentary to any device- and material-based solution. The proposed 

cell design and architecture can substantially enhance the benefits 
of any device-level improvement.

Memristive devices and ReRAM architectures
The fingerprint of a bipolar memristor is a pinched hysteresis loop 
in the current–voltage (I–V) plane2, as shown in Fig. 1a for a tita-
nium oxide-based device. Physically, a memristor is a two-terminal 
device formed by two metallic electrodes sandwiching a thin layer 
of insulating material, as illustrated in Fig. 1b. As fabricated, a mem-
ristor typically presents a very high resistance across its terminals 
(an unformed state) and an initial one-time electroforming step is 
needed. This is done by applying a voltage or current sweep across 
the device’s terminals until a soft breakdown of the thin insulating 
layer occurs, creating a conductive filament that brings the memris-
tor into a low-resistance state (LRS)3. Changing the memristor from 
an LRS to a high-resistance state (HRS) requires a ‘reset’ operation, 
in which a voltage greater than a reset threshold VRESET is applied 
to partially destroy the conductive filament. The process of chang-
ing the memristor from an HRS to an LRS, called a set operation, 
involves applying a voltage greater than a set threshold VSET to cre-
ate the conductive filament again. The main memory element in a 
ReRAM unit cell is the memristor. Logic ‘1’ is written into a cell by 
setting its memristor to an LRS. Logic ‘0’ is written by resetting it to 
an HRS. The state of a memory cell is typically determined by apply-
ing a small voltage across its memristor and comparing the resulting 
current against a reference current. We call this a ‘resistance-based 
current sensing’ approach.

The crossbar architecture, illustrated in Fig. 1c, is the preferred 
ReRAM architecture from the density point of view. This is also 
known as the 1TnR architecture, as every electrode is connected 
to n memristors and one transistor is needed to access each elec-
trode when reading from or writing to any of the n memristors. 
This architecture can achieve the smallest theoretical memory 
cell size, 4F2, when both the electrodes and the spaces between 
them are of width F. Writing to a device is typically done using 
the ‘V/3’ biasing scheme4, in which the required write voltage  

Resistive random-access memory based on 
ratioed memristors
Miguel Angel Lastras-Montaño! !1* and Kwang-Ting Cheng! !2*

Resistive random-access memories made from memristor crossbar arrays could provide the next generation of non-volatile 
memories. However, integrating large memristor crossbar arrays is challenging due to the high power consumption that origi-
nates from leakage currents (known as the sneak-path problem) and the large device-to-device and cycle-to-cycle variations 
of memristors. Here we report a memory cell comprised of two serially connected memristors and a minimum-sized transis-
tor. With this approach, we use the ratio of the resistances of the memristors to encode information, rather than the absolute 
resistance of a single memristor, as is traditionally used in resistive-based memories. The minimum-sized transistor, which is 
connected to the midpoint between the two series-connected memristors, is used to sense the voltage to read the state of the 
cell and to assist with write operations. Our memory cell design solves the sneak-path problem and, compared to the traditional 
resistance-based current sensing approach for memory reads, our ratio-based voltage sensing scheme is more robust and less 
prone to data errors caused by variations in memristors.
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D�&RUUHVSRQGLQJ DXWKRU� MRUWHJD#FDFWXV�LLFR�XDVOS�P[

$EVWUDFW� :H UHSRUW RQ UHDO�WLPH VSHFWURVFRSLF UHÀHFWDQFH DQLVRWURS\ PHDVXUHPHQWV FDUULHG RXW GXULQJ WKH HSLWD[LDO JURZWK RI
*D$V/*D$V ������ 2XU ZRUN LV DLPHG WR WKH VWXG\ RI IXQGDPHQWDO SURFHVVHV RFFXUULQJ GXULQJ WKH HSLWD[LDO JURZWK RI ,,,�9 VHPL�
FRQGXFWRUV� :H VKRZ WKDW GXULQJ JURZWK WKHUH LV DQ RVFLOODWLRQ LQ WKH VXUIDFH VWUDLQ DVVRFLDWHG WR VXUIDFH UHFRQVWUXFWLRQ� VXJJHVWLQJ
WKH H[LVWHQFH RI D PHFKDQLVP RI SHULRGLF EXLOG XS�UHOD[DWLRQ RI WKH VXUIDFH VWUDLQ� LQGLFDWLQJ WKDW WKH WHFKQLTXH HPSOR\HG LQ WKLV
ZRUN PD\ SRWHQWLDOO\ GLVWLQJXLVK EHWZHHQ WZR UHFRQVWUXFWLRQ SKDVHV�

,1752'8&7,21

7KH JURZWK RI ZHOO FRQWUROOHG VXUIDFH WHPSODWHV ZLWK ,,,�9 HSLWD[\ UHPDLQV D FKDOOHQJH DQG LV D YHU\ LQWHUHVWLQJ
WRSLF GXH WR WKHLU SRWHQWLDO DSSOLFDWLRQV IRU QDQRVFDOH GHYLFHV EDVHG RQ *D$V >�� �@� )RU WKLV SXUSRVH� QRQ�LQYDVLYH
GLDJQRVWLF SUREHV VXFK DV 5HÀHFWDQFH�$QLVRWURS\ 6SHFWURVFRS\ �5$6� ZRXOG EH RI JUHDW YDOXH� 7KH XVH RI WKLV SUREH
LQ D IHHGEDFN FRQWURO ORRS ZRXOG DOORZ IRU WKH SUHFLVH FRQWURO RI VXUIDFH UHFRQVWUXFWLRQ GXULQJ WKH IRU PROHFXODU EHDP
HSLWD[\ �0%(� JURZWK� ,Q WKLV UHJDUGV� LW LV NQRZQ WKDW WKHUH LV FORVH UHODWLRQVKLS EHWZHHQ 5$6 OLQH VKDSH DQG VXUIDFH
UHFRQVWUXFWLRQ� ,Q WKH FDVH RI WKH *D$V����� VXUIDFH� 5$6 KDV SURYHG WR EH KLJKO\ VHQVLWLYH WR VXUIDFH UHFRQVWUXFWLRQ�
JLYLQJ LQIRUPDWLRQ RQ WKUHH W\SHV RI $V�VWDELOL]HG UHFRQVWUXFWLRQV� QDPHO\ α�� × ��� β�� × �� DQG γ�� × �� >�@� DQG
αc�� × �� DQG βc�� × �� >�@� ,W KDV EHHQ UHSRUWHG WKDW 5$ VSHFWUD DURXQG E� DQG E� + ∆� WUDQVLWLRQV FRPSULVH VHYHUDO
FRPSRQHQWV� $PRQJ WKHP� ZH LQFOXGH FRPSRQHQWV LQGXFHG E\ VXUIDFH URXJKQHVV >�@ DQG VXUIDFH DQLVRWURSLF VWUDLQ
¿HOGV IRU ERWK c��×�� >�@ DQG ��×�� VXUIDFH UHFRQVWUXFWLRQV >�@� 6XFK VWUDLQV DUH UHODWHG WR D VXUIDFH VWUHVV DULVLQJ IURP
FKDUJH UHGLVWULEXWLRQ LQ WKH VXUIDFH ERQGV GXH WR WKH DEVHQFH RI DWRPV DERYH WKH VXUIDFH >�@� 5HFRQVWUXFWLRQ�LQGXFHG
VWUDLQ KDV DQ RUWKRUKRPELF V\PPHWU\ DQG PD\ SHQHWUDWHV LQWR D UHJLRQ �� QP WKLFN >�@�

5HFHQWO\� ZH KDYH VKRZQ WKDW LW LV SRVVLEOH WR XVH UHDO�WLPH 5$ VSHFWURVFRS\ IRUPRQLWRULQJ SURFHVVHV WDNLQJ SODFH
GXULQJ WKH KRPRHSLWD[LDO JURZWK RI *D$V/*D$V ����� >�@� ,Q WKLV SDSHU ZH UHSRUW RQ D UHDO�WLPH 5$6 LQYHVWLJDWLRQ
RI WKH G\QDPLFV RI KRPRHSLWD[LDO 0%( JURZWK RI *D$V ����� DW D WHPSHUDWXUH RI ��� RC� 3DUWLFXODUO\� ZH IRFXV RQ
WKH VWXG\ RI 5$ DPSOLWXGH RVFLOODWLRQV WKDW DUH OLQNHG WR WKH OD\HU E\ OD\HU JURZWK PRGHO� :H QRWH WKDW WKH JURZWK
WHPSHUDWXUH HPSOR\HG LQ WKLV ZRUN LV RQH RI WKH VWDQGDUGV LQ WKH PDQXIDFWXUH RI WKLQ ¿OPV IRU RSWRHOHFWURQLF GHYLFH
DSSOLFDWLRQV�

(;3(5,0(17$/ '(7$,/6

8QGRSHG *D$V ¿OPV ZHUH JURZQ RQ *D$V ����� VXEVWUDWHV LQ D VROLG VRXUFH PROHFXODU EHDP HSLWD[\ V\VWHP �5LEHU
��3�� $ KRPH PDGH UDSLG 5$ VSHFWURPHWHU DWWDFKHG WR WKH JURZWK FKDPEHU HQDEOHV WKH DFTXLVLWLRQ RI 5$ VSHFWUD DW D
UDWH RI �� VSHFWUD/V >��@� 7KH VHWXS DOORZV IRU WKH VLPXOWDQHRXVPHDVXUHPHQW RI 5$ VSHFWUD DQG 5HÀHFWLRQ +LJK (QHUJ\
(OHFWURQ 'LffUDFWLRQ �5+(('� RVFLOODWLRQV GXULQJ JURZWK� 7R UHPRYH WKH VXUIDFH QDWLYH R[LGH WKH *D$V VXEVWUDWH ZDV
KHDWHG WR DW D WHPSHUDWXUH ��� RC XQWLO D �� × �� 5+((' SDWWHUQ ZDV REVHUYHG� $Q XQGRSHG ��� µP WKLFN EXffHU
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PROHFXODU� EHDP� HSLWD[LDO� JURZWK� RI�*D$V� �������*URZWK� VWDUWHG� RQ� D� F��[��� UHFRQVWUXFWHG� VXUIDFH�ZKLFK� FKDQJHG� WR�
��[���DQG�WKHQ�WR���[��DV�JURZWK�SURJUHVVHG��:H�IRXQG�WKDW�UHIOHFWDQFH�DQLVRWURS\�VSHFWUD�FRPSULVH�WKUHH�FRPSRQHQWV��
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/LJKW�SUREHV��EHLQJ�QRQ�LQYDVLYH��UHVXOW�YHU\�DWWUDFWLYH�WRROV�IRU�WKH�UHDO�WLPH�PRQLWRULQJ�RI�WKH�HSLWD[LDO�JURZWK�
RI�VHPLFRQGXFWRUV��'HSHQGLQJ�RQ�SKRWRQ�HQHUJ\��KRZHYHU��OLJKW�LPSLQJLQJ�RQ�WKH�VXEVWUDWH�SHQHWUDWHV�WR�D�GHSWK�RI�
������� PRQROD\HU�� WKXV� OLPLWLQJ� VXUIDFH� VHQVLWLYLW\�� 0RUH� WKDQ� WZR� GHFDGHV� DJR�� '�(�� $VSQHV� LQWURGXFHG�
5HIOHFWDQFH�DQLVRWURS\�VSHFWURVFRS\��5$6���DOVR�NQRZQ�DV�5HIOHFWDQFH�GLIIHUHQFH�VSHFWURVFRS\��ZKLFK�RYHUFRPHV�
WKLV�OLPLWDWLRQ�E\�PHDVXULQJ�WKH�GLIIHUHQFH�LQ�UHIOHFWLYLW\�IRU�WZR�PXWXDOO\�RUWKRJRQDO�SRODUL]DWLRQV�>�@��,Q�WKH�SDVW��
KRZHYHU�� GHVSLWH� WKH� GHPRQVWUDWHG� 5$6� VXUIDFH� VHQVLWLYLW\�� LWV� XVH� IRU� HSLWD[LDO� JURZWK� PRQLWRULQJ� KDV� EHHQ�
KLQGHUHG�E\����WKH�ODFN�RI�UHIOHFWDQFH�DQLVRWURS\��5$��VSHFWURPHWHUV�IDVW�HQRXJK�WR�IROORZ�DWRPLF�SURFHVVHV�GXULQJ�
JURZWK�DQG����WKH�OLPLWHG�XQGHUVWDQGLQJ�RI�WKH�SK\VLFV�XQGHUOLQLQJ�WKH�RSWLFDO�DQLVRWURS\�RI�VHPLFRQGXFWRU�VXUIDFHV��
+HUH� ZH� DGGUHVV� WKHVH� WZR� SRLQWV� DQG� UHSRUW� RQ� WLPH�UHVROYHG� 5$6� PHDVXUHPHQWV� FDUULHG� RXW� GXULQJ� WKH�0%(�
KRPRHSLWD[LDO� JURZWK� RI� *D$V� ������ WKDW� VKRZ� 5$6� WR� EH� D� SRZHUIXO� SUREH� IRU� WKH� PRQLWRULQJ� DQG� FRQWURO� RI�
HSLWD[LDO�JURZWK���
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(SLWD[LDO�JURZWK�ZDV�FDUULHG�RXW�RQ�*D$V�������VXEVWUDWHV� LQ�D�VROLG�VRXUFH�PROHFXODU�EHDP�HSLWD[\�FKDPEHU�
�5LEHU���3���*URZWK�WHPSHUDWXUH�DQG�$V��RYHUSUHVVXUH�ZHUH�VHW�WR�����R&��DQG��[�����7RUU��UHVSHFWLYHO\��:LWK�WKHVH�
FRQGLWLRQV�� GXULQJ� WKH� ILUVW� JURZWK� VWDJH� WKH�*D$V� ILOP� JURZWK� UDWH� ZDV� �����0/�V�� GHFUHDVLQJ� WR� �����0/�V� DV�
JURZWK�VWDELOL]HG���3ULRU�WR�5$�PHDVXUHPHQWV�D�����PP�WKLFN�XQGRSHG�*D$V�EXIIHU�OD\HU�ZDV�JURZQ�RQ�WKH�*D$V�
VXEVWUDWH��7KH�VDPSOH�VXUIDFH�LV�NHSW�XQGHU�$V��IOX[�DORQJ�WKH�ZKROH�H[SHULPHQW��*URZWK�LV�VWDUWHG�XSRQ�RSHQLQJ�WKH�
*D�VKXWWHU�RQ�D�F��[���UHFRQVWUXFWHG�VXUIDFH�ZKLFK� ILUVW�FKDQJHV� WR���[���DQ� WKHQ� WR�D�*D�ULFK�UHFRQVWUXFWLRQ��$V�
GLVFXVVHG�EHORZ��WKH�5$�VSHFWUXP�OLQH�VKDSH�FKDQJHV�VXEVWDQWLDOO\�DORQJ�JURZWK����
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A B S T R A C T

We report an air-PEDOT battery where an optimized oxidation level of the PEDOT anode was performed using a
simple dedoping process, resulting in batteries with high stability in air. Some PEDOT:PSS chains were reduced
to their neutral state, preserving their good electrical conductivity, by dipping the PEDOT:PSS films into mix-
tures of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) and dimethyl sulfoxide (DMSO). Because of the neutral
PEDOT chains are susceptible to being reoxidized in air, polyethyleneimine (PEI) was coated on these DMSO-
DBU/PEDOT:PSS anodes to ensure their air stability and to maintain their low level of oxidation during the
battery operation. The difference in the oxidation level between the dedoped PEDOT:PSS and pristine
PEDOT:PSS electrodes produces an open circuit voltage of about 0.80 V almost constant by several days (around
30 days) in air. These batteries present discharge currents of≈2 μA with an electrical load of 0.1 MΩ during 10 h
of operation, output powers of ≈1.2 μW, using an electrical load of 265 kΩ, which is in the required range for
powering wireless transceiver and sensors.

1. Introduction

Polymers have a great number of interesting properties such as good
tenacity, good elongation, ease of processing, low weight, and low cost
that makes them exceptional for their applications in organic electro-
nics. The excellent conductivity of conjugated polymers opens up new
design possibilities in the fields of production, storage and transfor-
mation of electrical energy. Additionally, polymer-based devices could
be more economical and less polluting, compared with those based in
inorganic semiconductors, and a promising technology for flexible
electronics. However, the conductive polymers present two main dis-
advantages for a possible technological application: their insolubility
associated to their low processability and their conductivity instability
given by their degradation in air. Poly(3,4-ethylenedioxythiophene)
doped with the polymeric counteranion poly(styrenesulfonate)
(PEDOT:PSS) can be an attractive alternative because of its oxidized
state (p-doped) (PEDOT+) presents good electrical conductivity, very
high electrochemical stability, good air stability and is easy-to-process
due to the PSS counterion. The PSS counterion acts as the source for the
charge balancing [1,2] and keeps the PEDOT chains dispersed in the
aqueous medium. Moreover, some reports show that PEDOT chains can
be carried up to a partial reduced state (dedoped, neutral, PEDOT0) by
using reducing agents [3-8] resulting in changes in their electrical,
thermoelectric, and optical properties [5-9], opening perspectives for
new applications.

Between the possible applications of PEDOT:PSS in organic elec-
tronics, one of the most interesting is their use in organic batteries. In
fact, PEDOT has already been used as cathode in metal/air batteries
[10,11] and all polymer-air batteries in coplanar configuration have
been fabricated with a polyethyleneimine (PEI)/PEDOT:PSS electrode
as anode, PEDOT:PSS electrode as cathode and PSSNa as electrolyte. In
this last case, it was reported an initial open circuit voltage (VOC) of
∼0.53 V that drops to 0.48 V during the first 50 h of self-discharge in
air. In addition, these batteries showed an output power of 0.67 μW
using a 265 kΩ electrical load, and an electrical discharge current of
1.7 μA during 1 h, using a load of 0.1 MΩ [7]. The same type of bat-
teries, but in the stacked configuration, was fabricated with the aim of
increasing battery capacity, using a screen printing fabrication route
that will facilitate large scale manufacturing. These last batteries give a
VOC of ∼0.60 V, displayed a practical specific capacity of 5.5 mAhg −1

and an electrical discharge current of 0.6 μA [12]. In all polymer air
batteries based in PEDOT:PPS, the use of PEI on the anode is a key
factor for the battery operation. PEI has a basic character, reduces the
oxidized PEDOT+ to its neutral state PEDOT0 and keeps this neutral
state stable in air through dynamic redox reactions [7]. Even though
the electrical current and output power of these all polymer air-PEDOT
batteries are very small, they could be used in niche market such as in
10 μW low power RFID chips, in 17 μW at 1.4–1.6 V operational am-
plifier, in 20 μW at 0.9 V GMR-switch or for the update of a 5 μW cm−2

e-ink display [13].
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Abstract
In this study, we report a successful simple technique to dedope

pristine PEDOT:PSS films at room temperature by dipping the films into
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) mixes with different sol-
vents such as dimethyl sulfoxide (DMSO), acetonitrile (MeCN) and
deionized (DI) water. The treated PEDOT:PSS films presented a strong
π-π* absorption band centered at 630 nm, which indicated that the
PEDOT chains were being reduced to their neutral state. The dedoping
efficiency of the PEDOT chains depended on the used DBU complex, the
DBU concentration in the mixture as well as the immersion time, which
was quantified comparing the relative intensities between the π-π* and
the polaronic (centered around 900 nm) bands. The best dedoping ef-
ficiencies of PEDOT:PSS films were obtained using MeCN/DBU or DI
water/DBU complexes, as the polaronic band almost disappeared,
whereas using DMSO/DBU complex the polaronic band was always
present. This difference was mainly related to the degree of basicity of
the DBU complexes and solubility extent of PEDOT:PSS in the various
solvents. Finally, thick dedoped PEDOT:PSS films showed a strong
yellow emission when they were excited with a 488 nm laser. The en-
capsulated dedoped thick films endured up to 50mW of laser power
without impacting their luminescent and physical properties.

1. Introduction

Conjugated organic polymers have attracted great interest because
of their potential applications in corrosion resistance coatings [1],

electromagnetic shielding [2] and development of organic electronic
devices [3–8]. In particular, the polymer poly(3,4-ethylenediox-
ythiophene doped with the polymeric counteranion poly(styr-
enesulfonate) (PEDOT:PSS) has acquired high relevance owing to the
various and increasing uses that include for photographic films, elec-
trochromic devices [9], organic field effect transistors [10], light
emitting diodes [11] and photovoltaic cells [12]. The particular prop-
erties in the oxidized state of PEDOT [13], as well as its very high
electrochemical stability and easy-to-process, are due to the PSS
counterion that acts as the source for the charge balancing [14,15] and
keeps the PEDOT segments dispersed in the aqueous medium. The
oxidized state (p-doped) of PEDOT is one of the most studied; in con-
trast, although significant efforts were devoted to obtain dedoped (re-
duced, neutral) PEDOT segments, this has been scantly investigated.
Some reports show that PEDOT:PSS can be dedoped by using reducing
agents [16–19] resulting in changes in the electrical, thermoelectric,
and optical properties [16–20]. In particular, one of the possible ap-
plications, of dedoped PEDOT in organic electronics, is their use in
organic batteries as anode [17,21]. Previously, we reported a partial
reduction of PEDOT:PSS to its neutral state by a simple process con-
sisting in the addition of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU,
C9H16N2) to the aqueous PEDOT:PSS dispersion. In addition, these de-
doped samples in aqueous dispersion as well as encapsulated films
showed a strong yellow emission using a 10mW laser power [22].

In the present work, we have prepared a series of DBU complexes,
i.e. DBU was mixed with different solvents in order to create a
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Abstract
Isoperibol (pseudo-adiabatic) titration microcalorimetry was used to study the adsorption of various xanthates [CH3(-
CH2)nOCS2

-] at the PbSO4/aqueous solution interface. The effect of the xanthate alkyl chain length (1n–3n) on the

adsorption heat was evaluated. Xanthate adsorption isotherms were also determined. Furthermore, the amount of SO4 into

the aqueous solution was quantified to correlate it with the xanthate uptake by PbSO4. The adsorption isotherms and the
adsorption heat of the xanthates showed two steps. The first step occurred within a sub-monolayer xanthate coverage and

was attributed to chemisorption of the xanthates exchanging surface hydroxyls to form CH3(CH2)nOCS2Pb. Lead xanthate

(CH3(CH2)nOCS2)2Pb multilayers formed in the second step, which was attributed to an ionic exchange chemical reaction
between the xanthates and PbSO4(aq). In the chemisorption step, the heat was found to be independent of the xanthate alkyl

chain length and to linearly decrease in magnitude with the xanthate adsorption. In the multilayer formation step, the

magnitude of the integral heat increased with the chain length of the xanthate. Heat contributions due to both the alkyl
chain length and the interaction between the xanthate polar group and PbSO4(aq) for the formation of lead xanthates are

presented. Raman spectroscopy was used to characterize the lead xanthate multilayers on PbSO4.

Keywords Microcalorimetry ! Xanthates ! Flotation ! Adsorption ! Lead sulfate ! Raman spectroscopy

Introduction

Xanthates are hetero-polar chemical reagents, CH3(CH2)n-
OCS2

-, which are used to concentrate base-metal sulfide

minerals like galena (PbS), sphalerite (ZnS), chalcopyrite
(CuFeS2), and so on, by the flotation process. In this pro-

cess, it is of great interest to understand the adsorption

mechanisms of the xanthates on the sulfides. Various
techniques have been used to study the adsorption mech-

anisms, namely adsorption, electrokinetics, contact angle

measurements, microcalorimetry, IR spectroscopy, elec-
trochemical methods and XPS-voltammetry [1–5]. Of all of

them, the titration microcalorimety technique has been

seldom used despite the fact that it has the advantage of
determining the heat involved in the adsorption process.

Knowing this heat and the resulting surface species would

lead to a comprehensive understanding of the nature of the

interaction between the xanthates and the sulfide surface.
Microcalorimetry has been used to determine the enthalpy

of formation and solubility product of lead xanthates [15],
to correlate the adsorption heat of xanthates with the

floatability of PbS looking at the effect of metal impurities

(Ag, Bi, Zn, Sb, Mn and Cu) in the PbS [23], and to cor-
relate the adsorption heat of xanthates of various chain

lengths with the floatability of CuFeS2, pyrite (FeS2) and

pyrrhotite (FeS) [24].
In the processing of PbS ores by flotation, the PbS

surface undergoes oxidation and carbonation by dissolved

oxygen and carbon dioxide. Various oxides have been
reported to form on the surface namely PbSO4, PbCO3 and

PbS2O3 [6–8]. To float the PbS, xanthates with 2–5 carbon

atoms in the alkyl chain are commonly used. The adsorp-
tion of xanthates on PbS has been extensively studied, and

two adsorption mechanisms have been postulated: (1)

chemisorption of xanthate ions on surface Pb-sites and (2)
ionic exchange between xanthate ions and carbonate, sul-

fate or thiosulfate species [8, 9]. Very little is known about

the thermochemistry of the adsorption mechanisms,
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Abstract Hollow gold nanoshells (HGN) with a diam-
eter of 50–70 nm and tunable optical properties within
the near-infrared region were synthesized from a substi-
tution reaction using a sacrificial template, in which the
morphological properties of the HGN were affected by
the synthesis conditions. Using EDX line scan, the
composition of the structure was determined to verify
if the sacrificial template is completely consumed or
residues remain after the chemical synthesis, obtaining
that the final HGN structure contains about 11% of the

remaining silver that showed no significant effect on the
cell viability of a hNS1 cell line, but resulted as toxic on
a C6 glioma cell line at high concentrations. The
photothermal properties were evaluated using a NIR
laser, which despite its low power showed the conver-
sion of light into heat. This study was conducted to
evaluate the potential of these nanostructures as thera-
peutic agents with an emphasis on toxicity.

Keywords Photothermal therapy . Hollow gold
nanoshells . Surfaceplasmon resonance . EDX line scan .

Toxicity . Silver residues

Introduction

Metallic nanoshells are one of the most interesting and
potentially useful materials that have been recently
developed (Hao et al. 2004). Among these, hollow gold
nanoshells (HGN) can be outlined, which are produced
from the reaction between HAuCl4 and silver nanopar-
ticles (SNP) or cobalt nanoparticles (CNP) in an aque-
ous environment (Kim et al. 2008). CNP as a sacrificial
template have been reported by Schwartzberg et al. and
others (Liang et al. 2005; Lindley et al. 2017;
Schwartzberg et al. 2006). The synthesis is carried out
by reducing CoCl2 in the presence of sodium borohy-
dride and sodium citrate as reducing and capping
agents, respectively. It is necessary to remove dissolved
oxygen from the solution by purging with nitrogen or
argon to reduce premature oxidation caused by ambient
conditions (Olson et al. 2008; Preciado-Flores et al.
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Hydroquinone is an aromatic compound in the form of light tan 

to gray crystals. It is used as a skin bleaching agent, in cosmetics, 

hair dye, glue, and as medication to treat melasma. Hydroquinone 

is biodegradable but can be toxic to microorganisms at high con-

centrations.1 People using commercial skin lighteners containing 

hydroquinone developed a blue-  or brownish- blue- colored skin. 

Effects on the kidney, liver, and forestomach, including cancer, were 

found in laboratory rats fed hydroquinone in the diet or in water.1 

In 1999, the International Agency for Research on Cancer deter-

mined that hydroquinone did not possess carcinogenic properties in 

humans. This decision was based on limited data in animal models 

and lack of evidence in humans. In 2014, the American Conference 

of Governmental Industrial Hygienists decided that hydroquinone 

is confirmed to cause cancer in animals with unknown relevance to 

humans, although a 2 mg/m3 exposure guideline was recommended 

per workshift1. This compound has not endured a full assessment 

under the US EPA’s IRIS (Integrated Risk Information System, pre-

pared and maintained by the Environmental Protection Agency of 

the United States of America) program for evidence of cancer risk 

to humans.1

Nevertheless, monitoring the presence of this substance at high 

concentrations in the skin of patients who have been under clinical 

lightening treatments for melasma could be useful for future car-

cinogenesis studies. These days, critical innovative advances have 

been accomplished at the intersection of scientific and technological 

fields, such as optics, materials science, medicine and electronics. 
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�0v|u-1| 
�-1h]uo�m7: Melasma is an acquired, facial hyperpigmentation without a specific 

origin. It is regularly associated with multiple etiologic factors such as pregnancy, 

genetic, racial, and from estrogen administration. Among the methods to treat skin 

hyperpigmentation a series of skin bleaching agents have been used. At present, the 

most commonly used agent is known as hydroquinone. Nowadays, it is known that 

hydroquinone can cause cancer in animals with unknown relevance to humans.

�-|;ub-Ѵ�-m7��;|_o7v: In this work, Raman spectroscopy was used to observe the 

presence of hydroquinone in the skin of 18 patients who have been under treatment 

for melasma.

!;v�Ѵ|v: A significant increase in the Raman signal was observed in the six bands as-

sociated with hydroquinone after melasma treatment.

�om1Ѵ�vbom: The authors believe that monitoring the presence of hydroquinone may 

be useful for an optimal personalized treatment of melasma and to provide the spe-

cialist a support tool to control the administration of this type of bleaching agents.

� � + )� !	 "
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The interaction of silver nanoparticles with Tomato seeds (Solanum Lycopersicum L.) was studied; the 
amount of silver uptake by tomato seeds was quantified by using flame atomic absorption. The absorption 
analysis was carried out according to the performance study of the method to estimate the detection 
and quantification limits as well as the accuracy. The seeds were exposed at di!erent silver concentra-
tions and di!erent times. A simple method has been developed for the determination of silver content 
in aqueous matrices by acid digestion followed by atomic absorption spectroscopy flame; it was found 
that the acid digestion is e"cient for extraction of the analyte in a single step. The limits of quantification 
achieved in the analytical method allow the determination of silver on plant tissue, the highest silver up-
take in the tomato seeds was obtained with the treatment using the highest silver concentration (10 mM) 
and longer exposition time (48 h).

Se estudió la interacción de nanopartículas de plata con semillas de tomate (Solanum Lycopersicum L.); la 
cantidad de plata absorbida por las semillas se cuantificó usando absorción atómica de flama. Se realizó 
un estudio de rendimiento del método para determinar los límites de detección y de cuantificación así 
como la reproducibilidad. Las semillas se expusieron a diferentes concentraciones de plata y diferentes 
tiempos. Se desarrolló un método simple para la determinación del contenido de plata en matrices acuo-
sas mediante digestión ácida seguida de espectroscopia de absorción atómica de flama; encontrándose 
que la digestión ácida es eficiente para la extracción del analito. Los límites de cuantificación obtenidos 
en el método analítico permiten la determinación de la plata en muestras de tejido vegetal, obtienendo 
la mayor absorción de plata en las semillas de tomate con el tratamiento de mayor concentración (10 mM) y 
mayor tiempo (48 h).
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Maximally nonlocal Clauser-Horne-
Shimony-Holt scenarios
Jesús Urías & José Manuel Méndez Martínez

The key feature in correlations established by multi-party quantum entangled states is nonlocality. A 
quantity to measure the average nonlocality, distinguishing it from shared randomness and in a direct 
relation with no-signaling stochastic processes (which provide an operational interpretation of quantum 
correlations, without involving information transmission between the parties as to sustain causality), is 
proposed and resolved exhaustively for the quantum correlations established by a Clauser-Horne-Shimony-
Holt setup (or CHSH box). The amount of nonlocality that is available in a CHSH box is measured by its 
proximity to the nearest Popescu-Rohrlich set of causal stochastic processes (aka a PR box) in the no-
signaling polytope, related by polyhedral duality to Bell’s correlation function. The proposed amount of 
average nonlocality is an entanglement monotone with a simple relation to concurrence. We provide the 
optimal setup vectors of a maximally nonlocal CHSH box for any entangled pair. The strongest nonlocality is 
the fraction 2 −1 ≈ 0.414 of a PR box, attained by maximally entangled qubit pairs. The most economical 
causal stochastic process reproducing any maximally nonlocal CHSH box is developed. Data produced by a 
computer implementation of the simulator agrees with the quantum mechanical formulas.

!e interest in quantum correlations as an information-processing resource1–3 puts under consideration the prob-
lem of "nding the experimental setup that maximizes the strength of non-locality that is achievable from a given 
multi-party quantum state being shared in a Bell scenario. But "rst, how to size up the strength of the non-locality 
that might be present in quantum correlations4?

In a bipartite (finite ab initio) Bell scenario involving two dichotomic measurements per party (a 
Clauser-Horne-Shimony-Holt (CHSH) setup5 for short) quantum correlations may be stronger than just shared clas-
sical information, implying that an instant form of causal (non-communicating) nonlocality between the two party 
locations is involved. !us, if no communication between the parties is supported, what is the physical resource that 
is responsible for non-locality in quantum bipartite setups? Entanglement is necessary but it is certainly not enough.

!e measure of a physical setup as a resource is determined by the largest operational outcome that, in prin-
ciple, the physical setup is able to provide. Traditionally, the interest was to distinguish classical from quantum 
correlations in Bell scenarios and it was then natural to quantify non-locality as the maximum violation of a 
Bell inequality allowed by a given quantum state. Nowadays, operational interests in quantum information the-
ory might decide about the unit to quantify non-locality resources. !e current views on Bell nonlocality are 
reviewed in6 and the resource-theory point of view in4. Currently, the PR-box is a choice7 to measure the amount 
of non-locality that is supplied by bipartite setups sharing qubit pairs.

!e PR-box is an elementary (but hypothetical) building block in probability theory that combines causality 
and nonlocality in one unit. It was "rst advanced by Popescu and Rohrlich (PR)8 and then was proved elementary 
in the no-signaling formalism6. !e PR box has become a new information-theoretic entity with the clear mean-
ing of a non-reducible (atomic) form of causal (non-communicating) nonlocality. For instance, an unlimited 
number of PR boxes (together with a "xed amount of classical communication) allows two parties to give a simple 
solution to any communication complexity problem9.

Our theoretical framework for non-locality in quantum correlations in "nite setups is the no-signaling for-
malism. !is choice leaves o# the discussion any form of noncausal non-locality: classical communication does 
not have a place in the formalism. Any !nite causal-correlational setup—as the CHSH setup—is characterized in 
the no-signaling formalism by a point in the polytope of no-signaling stochastic matrices (or no-signaling boxes). 
!e no-signaling polytope for the CHSH setup is cut by the CHSH inequalities producing the CHSH facets. !e 
vertices the cuts leave outside are the nonlocal PR boxes. !e skeleton of the CHSH polytope was computed in10 
and the adjacency of PR boxes in the skeleton is given in Table A2 of the Appendix. Table A2 shows that every PR 
box is the apex of an 8-simplex with a CHSH facet as its base.
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Cytotoxic and Bactericidal Effect of Silver Nanoparticles
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Correspondence should be addressed to Claudio Adrian Ruiz-Torres; ruiztorresclaudio@gmail.com and Facundo Ruiz;
ruizfacundo1@gmail.com

Guest Editor: Aurel Tabacaru
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Nanomaterials obtained by green synthesis technologies have been widely studied in recent years owing to constitute cost-e"ective
and environmental-friendly methods. In addition, there are several works that report the simultaneous performance of the reducer
agent as a functionalizing agent, modifying the properties of the nanomaterial. As a simple and economical synthesis methodology,
this work presents a method to synthesize silver nanoparticles (AgNPs) using Annona muricata aqueous extract and functionalized
with 5-#uorouracil (5-FU).!e processes of reduction, nucleation, and functionalization of the nanoparticles were analyzed by UV-
Vis absorption spectroscopy, and it was found that they are the function of the contact time of the metal ions with the extract. !e
structural characterization was carried out by transmission electron microscopy (TEM) and X-ray di"raction patterns (XRD). !e
antibacterial properties of the synthetized nanomaterials were tested using minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) against Enterococcus faecalis, Staphylococcus aureus, and Escherichia coli growth.

1. Introduction

!e use of nanoparticles as nanodelivery vehicles has re-
ceived quite great interest in the medical sector in recent
years owing to the fact that, by biochemical engineering, it
is possible to design multifunctional nanostructured bio-
materials to deliver speci$c drugs to target tumor or cancer
cells [1]. !e best performance of nanobiomaterials with
respect to other types of biomaterials is due to quite
high compatibility and adaptability to biological systems,
which additionally represents nonviral systems, constituting

promising tools in biomedicine research. A clear example of
this fact is silver nanoparticles; due to the application of
these types of materials to biological systems, there has been
development of numerous nanodelivery vehicles, in view of
their intrinsic properties, biocompatibility, and antimicro-
bial capacity [2]. It is necessary to improve material prop-
erties and biocompatibility for a more e%cient yield in drug
delivery to a speci$c target, avoiding a wide distribution of
the medicine. In light of this, the material functionalization
and organometallic science by the development of covalent
nets or polymeric functionalization have modi$ed the
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A B S T R A C T

A write-only-read-many (WORM) memory device was obtained by irradiating, with a commercial ultraviolet-
ozone (UVO) lamp, the aluminium bottom electrode in an Al/AlOx-UVO/Al configuration. The formation of
conductive paths due Joule heating is observed when a positive or negative bias voltage is applied to the device,
occurring a permanent transition from high (OFF) to low (ON) resistance state. After OFF to ON transitions,
physical deformations were observed on the top of the devices, which were analyzed using morphological
studies of the top electrode. To eliminate these physical deformations, the UVO treatment on the aluminium
bottom electrode was replaced by the deposition of a thin polyvinyl alcohol (PVA) film (10 nm). These Al/AlOx-
native/PVA/Al WORM memories presented similar I-V behaviours and the same threshold voltages to those Al/
AlOx-UVO/Al devices, but with higher ON/OFF ratios. Analysis of the I-V curves confirms that the same physical
phenomena, such as the formation of filamentary paths, are occurring for both types of devices.

1. Introduction

Resistive memory devices consist generally in an active layer em-
bedded between two metallic electrodes, which are able to change
between a high resistance state (OFF) and low resistance state (ON). In
the case of a permanent change from OFF and ON, these memory de-
vices are named write once read many times (WORM) memories,
whereas when these memory devices can change several times between
the OFF and ON they named rewritable memories. One of the main
advantages of resistive memories, in comparison with the most
common memories used in electronic components, is that they are
nonvolatile, i.e. these retain information even if the power is turned off
[1]. In particular, WORM memories have potential applications in
ultra-low cost digital storage [2] and other permanent digital storage
applications for video, images, electronic voting and non-editable da-
tabase [3,4].

Nonvolatile memory behaviour has been observed for different or-
ganic and inorganic [5] composites used as active layers. WORM
memories have been reported for metal/dielectric polymer/metal de-
vices generally with polymer thickness< 100 nm [6]. It has been
considered for several groups that the presence of an oxide film is the
responsible for obtaining resistive switching in WORM memories
[3,7,8]. Among the inorganic materials showing rewritable or WORM
characteristics are several oxide films such as TiO2 [9] and Al2O3 [10].
These oxides are deposited by different methods that are expensive and,

in some cases, can involve temperature, like sputtering [11] and atomic
layer deposition [12]. Sometimes, it is only necessary a thin oxide film,
created by an oxidation of the surface of electrodes or at the interface
between two thin films, for their applications in devices. For these
reasons, several electrode-engineering methods like oxygen plasma
exposition [13], ultraviolet-ozone (UVO) lamp [14], natural exposition
to the atmosphere [15,16] and ozone irradiation [17] have been used in
order to obtain a thin oxide film. Using some of these surface mod-
ification techniques allow to compare, for example, the differences in
the physicochemical properties due to the oxidation of an aluminium
thin film by oxygen and ozone [17,18]; it is found that the film irra-
diated with O3 showed an increment of the insulating properties related
with the increase of the barrier width [19]. Additionally, it has been
reported that the irradiation of aluminium films with an UVO lamp
improves their insulating properties and diminishes the leakage current
in organic thin film transistors [14]. The improvement of the insulating
property by ozone irradiation has been observed using other insulator
materials like Ta2O5 [20].

In general, the switching mechanism of rewritable memory devices
based on aluminium oxides (AlOx) can be explained by the formation
and destruction of filaments in the aluminium oxide film [4,21]. In the
case of WORM memories, the conductive filaments in the oxide film can
only be created and not destroyed [3,8,22,23]. Recently, it has been
reported Al/Al-rich AlOxNy/Si WORM memory in devices [8] and, for
these devices, it has been argued that oxygen vacancies could generate
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Mind-to-mind heteroclinic coordination: Model of sequential episodic
memory initiation
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Retrieval of episodic memory is a dynamical process in the large scale brain networks. In social
groups, the neural patterns, associated with specific events directly experienced by single members,
are encoded, recalled, and shared by all participants. Here, we construct and study the dynamical
model for the formation and maintaining of episodic memory in small ensembles of interacting
minds. We prove that the unconventional dynamical attractor of this process—the nonsmooth
heteroclinic torus—is structurally stable within the Lotka-Volterra-like sets of equations.
Dynamics on this torus combines the absence of chaos with asymptotic instability of every separate
trajectory; its adequate quantitative characteristics are length-related Lyapunov exponents.
Variation of the coupling strength between the participants results in different types of sequential
switching between metastable states; we interpret them as stages in formation and modification of
the episodic memory. Published by AIP Publishing. https://doi.org/10.1063/1.5023692

Our ability to graft images and ideas into the minds of
other humans is crucial for the existence of science, tech-
nology, and literature. Participation of a community
member in an event or group of events (episode) suffices
to implant the memory of that episode into the minds of
the whole community. In our daily life, we take this abil-
ity for granted, but only the recent advances of measure-
ment technique have disclosed how, e.g., a movie
spectator encodes and transfers aposteriori to listeners
the neural patterns associated with viewing specific epi-
sodes and how these event-specific patterns are shared
among the brains. In the large-scale networks of the indi-
vidual brain, a retrieval of episodic memory occurs in a
way of sequential switching between the events, the per-
petual “winnerless competition.” We propose and investi-
gate the mathematical model for the formation and
maintaining of common memory in interacting minds. By
combining rigorous proofs with numerical studies, we
show that weak coupling between the participant’s minds
ensures the existence of the so-called “attracting hetero-
clinic torus” in the phase space of the model. Changing
the coupling strength, we observe different types of
dynamics that correspond to various forms of episodic
memory.

I. INTRODUCTION

Even across different languages, our brains show
similar activity, or become “aligned” when we hear the
same idea or story. This amazing neural mechanism
allows us to transmit brain patterns, sharing memories
and knowledge.

Uri Hasson (2016).

Development of technology and science, as well as the
sheer existence of oral and written literature owes much to
the fact that personal participation in an event is not a neces-
sary precondition of keeping that event in one’s memory:
humans are able to mentally construct episodes when reading
or listening to recollections of other humans. A recent study,
based on analysis of magnetic resonance brain imaging dur-
ing the performance of verbal communication tasks, traced
how neural patterns associated with viewing specific scenes
in a movie were encoded, recalled, and then transferred to a
group of listeners who had not seen the movie.1 It disclosed
that event-specific patterns, observed in the brain default
mode network, were shared across the processes of encoding,
recalling, and constructing the same episodes. Such studies
uncover intimate correspondences between episodic memory
encoding and construction and underscore the role of the
common language in the transmission of memory to other
brains.

Communication in persistent social groups (families,
friends, colleagues, etc.) is facilitated by common episodic
memories: interpersonal knowledge of past, shared by the
group members.2 Distributed within the group, such memo-
ries serve as a stem around which new layers of shareable
information are accumulated. Notably, episodic memories
are not exact replicas of the lives: rather, they are organized
summaries of experience, encoded in the form of sequential
groups of events.3 According to the recent imaging data, the
brain areas responsible for storage and retrieval of episodic
memories include hippocampus, striatum, and the prefrontal
cortex.4,5

II. LOW-DIMENSIONAL MIND DYNAMICS

Below, we present and study a low-dimensional model
of mind-to-mind episodic memory interaction. Wea)Deceased
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ABSTRACT: The effect of the concentration of alumina (Al2O3) and silica (SiO2) used to passivate titanium dioxide (TiO2) particles on
the photodegradation of plastic films containing these particles was investigated. The films were made of linear low-density polyethylene
(LLDPE) containing four different types of passivated TiO2 particles. The UV degradation of the films was evaluated for the surface and
the bulk by measuring the physical and chemical changes as a function of time. The surface chemical and physical degradation effects
were measured by ATR-FTIR and AFM, respectively. A statistical Gaussian adjustment was proposed to correlate the AFM depth pro-
files of the eroded surfaces of the films after the photodegradation process. The bulk physical effect was evidenced by the loss of
mechanical properties in the films. The results showed that the higher the concentrations of Al2O3 are, the better the inhibition of the
photodegradation of the LLDPE films. In this study, it was confirmed that the observed UV degradation effect correlated at both the
surface and bulk levels. The results showed not only the reduction of the photodegradative effect as the passivation of the TiO2 particles
increased but also the possibility of using these particles as UV stabilizers of LLDPE films. © 2018 Wiley Periodicals, Inc. J. Appl. Polym. Sci.

2019, 136, 47026.
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INTRODUCTION

Titanium dioxide (TiO2) is mostly used as a white pigment in the
production of white plastics due to its high refractive index.
When the TiO2 particles are added to a polymer, a higher light
scattering is produced.1 In this context, TiO2 has been used in a
wide variety of industrial applications, including packaging mate-
rials, protective filters, membranes, agricultural equipment, and
automotive and building parts.2–4 However, the application of
TiO2 is limited to outdoor environments, especially over long
time periods, since TiO2 can degrade the polymer by
photodegradation.5–8 In plastics, this unfavorable degradation is
observed through the loss of mechanical and optical properties.

It is known that TiO2 generates free holes and electrons upon
exposure to ultraviolet (UV) light, which lead to the creation of

reactive species that rapidly destroy organic materials. In poly-
mers, rutile TiO2 is preferred over anatase because the latter
accelerates the photooxidative degradation of the polymer due to
its high oxidation potential.9,10 However, even rutile TiO2 parti-
cles need to be passivated to diminish their photocatalytic
properties.

To reduce rutile reactivity, TiO2 particles are typically passivated
by metallic oxides,11,12 and the passivated effect can be improved
by using amine hindered light stabilizers (HALS).13–15 TiO2 parti-
cles are commonly coated with individual or mixtures of metallic
oxides, such as alumina (Al2O3), silica (SiO2), and zirconia
(ZrO2).

11,16 Passivation is evidently dependent on factors such as
particle geometry, crystal type, particle size distribution and effec-
tive surface area.9–11,17–23 Until now, there has been a lack of

© 2018 Wiley Periodicals, Inc.
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a b s t r a c t

We report on the first spectroscopic study of reflectance-anisotropy (RA) oscillations during molecular
beam epitaxy (MBE) GaAs homoepitaxy. Real-time RA spectra measured during epitaxial growth were
carried out with a recently developed rapid RA multichannel spectrometer with 100 ms per spectrum
acquisition time. An analysis of the time-resolved RA spectra shows that RA oscillations are mostly
due to the periodic modulation of the surface orthorhombic strain associated to surface reconstruction.
Results reported here demonstrate the power of real-time RA spectroscopy as a probe for the study of
epitaxial growth processes. In particular, given its sub monolayer surface-strain sensitivity, RA spec-
troscopy results a very convenient tool to study epitaxial growth mechanisms in real-time with sub
monolayer resolution. This capability allows for real-time RA spectroscopy to be used as a probe for
the in situ, real-time control of epitaxial growth, with the additional advantage of operating in higher
pressure systems such as CVD, where RHEED monitoring cannot be implemented.

! 2018 Elsevier B.V. All rights reserved.

1. Introduction

The fabrication of advanced optoelectronic devices based on
zincblende semiconductors demands for probes with both real-
time monitoring and feedback control capabilities for the epitaxial
growth process with at least monolayer (ML) resolution. Optical
probes would be advantageous for this application given their
instrumental simplicity and provided we overcome their intrinsic
low surface specificity. Reflectance anisotropy (RA) is an optical
polarization contrast technique which enhances the surface-
related response by taking advantage of the reduced symmetry
of the surface or near surface region of the crystal. RA measures
the difference in the optical reflectivity between two principal axis
of the crystal, thus suppressing the polarization-independent bulk
signal and enhancing the surface response [1].

RA has been applied to study the kinetics of the epitaxial
growth of various zincblende semiconductors, demonstrating high
sensitivity to the different stages of the growth process [2,3]. In
particular, it is known that the intensity of the RA signal oscillates
during growth with the same oscillation period as that of specular

RHEED oscillations [4], which is known to correspond to the time
necessary to grow one monolayer. RHEED oscillations are widely
accepted to be associated to periodic changes in surface micro
roughness that take place during layer-by-layer growth [5].
Phenomena leading to RA oscillations, in contrast, are not fully
understood. In this regards, on the basis of an effective medium
model, Aspnes argues that optical anisotropies associated to sur-
face roughness are too small to explain experimental results and
concludes that they have a surface chemistry origin [6]. RA oscilla-
tions have also been explained on the basis of a modulation of As
dimer coverage during growth as dimers are preferentially broken
at island edges [7].

Previous determinations of RA oscillations have been carried
out at a single-wavelength or at most a few wavelengths [3,4,7].
However, as it has been shown elsewhere, RA signals may com-
prise more than one independent component [8,9], hence hamper-
ing the physical interpretation of RA oscillations on the basis of
single-wavelength data. A deeper understanding of RA oscillations
thus demands time-resolved spectroscopic measurements. Carry-
ing out such measurements, nevertheless, demand a rapid RA spec-
trometer, fast enough to follow in real-time the kinetics of epitaxial
growth of III-V compounds (spectrum acquisition times of the
order of 0.1 s and DR=R amplitude in the range 10!3). Harrison
et al., developed a 16 channel rapid RA spectrometer to study the

https://doi.org/10.1016/j.apsusc.2017.12.244
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Abstract: Type 2 diabetes mellitus (DM2) is one of the most widely prevalent diseases 
worldwide and is currently screened by invasive techniques based on enzymatic assays that 
measure plasma glucose concentration in a laboratory setting. A promising plan of action for 
screening DM2 is to identify molecular signatures in a non-invasive fashion. This work 
describes the application of portable Raman spectroscopy coupled with several supervised 
machine-learning techniques, to discern between diabetic patients and healthy controls (Ctrl), 
with a high degree of accuracy. Using artificial neural networks (ANN), we accurately 
discriminated between DM2 and Ctrl groups with 88.9–90.9% accuracy, depending on the 
sampling site. In order to compare the ANN performance to more traditional methods used in 
spectroscopy, principal component analysis (PCA) was carried out. A subset of features from 
PCA was used to generate a support vector machine (SVM) model, albeit with decreased 
accuracy (76.0–82.5%). The 10-fold cross-validation model was performed to validate both 
classifiers. This technique is relatively low-cost, harmless, simple and comfortable for the 
patient, yielding rapid diagnosis. Furthermore, the performance of the ANN-based method 
was better than the typical performance of the invasive measurement of capillary blood 
glucose. These characteristics make our method a promising screening tool for identifying 
DM2 in a non-invasive and automated fashion. 
© 2018 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

OCIS codes: (170.5660) Raman spectroscopy; (170.4580) Optical diagnostics for medicine; (070.5010) Pattern 
recognition 
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A natural and biocompatible extract of garlic as a support, decorated with silver nanoparticles, is a proposal
to generate an effective antifungal agent against dermatophytes at low concentrations. Silver nanoparticles
(AgNPs) with a diameter of 26⌃7 nm were synthesized and their antimycotic activity was examined against
Trichophyton rubrum (T. rubrum), inhibiting 94% of growth at a concentration of 0.08 mgml�1. Allium sativum
(garlic) extract was also obtained (AsExt), and its MIC was 0.04 mgml�1. To increase the antifungal capacity of
those systems, AsExt was decorated with AgNPs, obtaining AsExt-AgNPs. Using an AsExt concentration of
0.04 mgml�1 in independent experiments with concentrations from 0.01 to 0.08 mgml�1 of AgNPs, it was
possible to inhibit T. rubrum at all AgNPs concentrations; it proves a synergistic effect between AgNPs and AsExt.
Even if 1% of the minimum inhibitory concentration of AsExt (0.0004 mgml�1) is used, it was possible to inhibit
T. rubrum at all concentrations of AgNPs, demonstrating the successful antimycotic activity potentiation when
combining AsExt and AgNPs.

Keywords: antimycotic activity, potentiation, Allium sativum (garlic), silver nanoparticles, Trichophyton rubrum,
biological activity.

Introduction

Dermatophytes are common on tropical regions due
to high humidity levels. During 2008, the rate of this
fungal infection worldwide prevalence was of 20 to
25%,[1] hair keratin, skin and nails are its food source.
The ability of dermatophytes to infect a host depends
on several factors such as skin moisture, a slightly
acidic pH, continuous skin regeneration, fatty acid
conditions, keratinized state layer and the normal skin
microbiota competition.[2] Infection begins with inocu-
lation of spores deposited on a skin lesion or abrasion
and its enzymatic ability to degrade keratin.[3] The

main dermatophytes that affect humans are Epidermo-
phyton, Microsporum and Trichophyton.[4] Onychomy-
cosis, also called tinea unguium or dermatophytic
onychomycosis, is a fungal infection that damages the
nail and skin nail union, and it affects about 10% of
the adult population. This infection is caused mainly
by Trichophyton rubrum, Trichophyton mentagrophytes,
T. interdigitale, Epidermophyton floccosum, T. violaceum,
Microsporum gypseum, T. tonsurans and T.
soudanense.[5] Orally ingested medication that usually
prescribed are griseofulvin, azole group different drugs
(itraconazole, fluconazole, albaconazole, posaconazole,
ravuconazole) and terbinafine. Nevertheless, there are
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REVIEW 

CEI Moncloa as the Origin of this Interdisciplinary 
Research 

The CEI_Moncloa was a proposal coordinated by the 
Complutense University of Madrid (UCM) and the 
Technical University of Madrid (UPM), approved in 2011, 
in which 13 institutions have been integrated. It houses 
around 10,000 researchers, 10% of the national scientific 
production and approximately 80,000 students (75% of the 

UCM and 25% of the UPM), including the Agri-Food and 
Health Cluster. It is situated in the so-called Agroalimentary 
Corridor, which groups together the activities that all these 
groups carry out in the production of agricultural and 
livestock products, and their subsequent processing for the 
creation of safe, healthy and nutritious food and feed. In this 
context we have been committed to finding synergistic and 
stable relations among research groups and as a consequence 
of a think tank set up to do this, there has been a steady 
scientific production since the first published works in 2014 
(Figure 1). 
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Resumen

El presente trabajo pretende mostrar cómo la geometría diferencial y los 

��������ȱ���¤�����ȱ��������ȱ��������ǰȱ�¡������ȱ¢ȱ����£��ȱ��ȱ��ȱ�������ȱ��ȱ
problemas económicos relevantes. Pretendemos convencer al lector de que 

una teoría formalmente desarrollada puede no estar muy lejos de la práctica 

�¤�ȱ���������ȱ¢ȱ���ǰȱ���ȱ����ȱ�����ǰȱ���ȱ���������ȱ���ȱ��ȱ��������ȱ���������ȱ
���ȱ�������ȱ������ȱ���ȱ��ȱ�¡�������ȱ�����¡��ȱ����ȱ����������ȱ�ȱ��ȱ�¤�ȱ�������-
ta teoría.

��ȱ���Ç����ȱ���¤ȱ���������ȱ�ȱ��ȱ������ȱ�ø�����ǰȱ ��ȱ����������ȱ�ȱ ���ȱ�����-

nas interesadas en la Teoría Económica y particularmente en la Economía 

�����¤����ǯȱ��ȱ��������ǰȱ���������ȱ�ȱ���ǰȱ�����¤�����ȱ¢ȱ�����������ȱ���-

���������ȱ��ȱ¤����ȱ����������ǰȱ����������ȱ��ȱ·�ǰȱ��ȱ���������ȱ����ȱ�������ȱ
estudios en la temática. Esperamos que el objetivo declarado no esté muy 

lejos de los resultados alcanzados.

Palabras clavesǱȱ ����������ȱ ����������ǰȱ���¤����ȱ���ȱ ����������ǰȱ��������ȱ
de equilibrios.
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Almost congruence extension property for
subgroups of free groups
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Abstract. Let H be a subgroup of F and hhH iiF the normal closure of H in F . We say
that H has the Almost Congruence Extension Property (ACEP) in F if there is a finite
set of nontrivial elements ± ⇢ H such that for any normal subgroup N of H one has
H \ hhN iiF D N whenever N \ ± D ;. In this paper, we provide a sufficient condition
for a subgroup of a free group to not possess ACEP. It also shows that any finitely generated
subgroup of a free group satisfies some generalization of ACEP.

1 Introduction

Let X be a group. We use the following standard notations: Y < X for “Y is a sub-
group of X”, Y G X for “Y is a normal subgroup of X”, hY i for “the subgroup
generated by Y ”, hhY iiX for “the normal closure of Y in X”. (In the last two cases,
one has Y ✓ X .)

Definition 1. Let F be a group. A subgroup H of F has the Congruence Extension
Property (CEP) if for any normal subgroup N of H one has H \ hhN iiF D N .

The CEP is known by different names. Ol’shanskii [10] calls it property F.n/,
B. H. Neumann [8] names subgroups with the CEP as E-subgroups, Stallings [13]
calls them normal convex subgroups and, finally, Osin [11] introduces the self-
explaining name CEP. It is worth mentioning that the term CEP was used before for
subalgebras and subsemigroups. A natural question is: when does a subgroup H

of a group F possess CEP? The question seems difficult, even when H is a finitely
generated subgroup of a free group F . Particularly, its algorithmic decidability is,
as far as we know, an open question. An obvious example of a subgroup with

Part of this work was done at the Erwin Schrödinger Institute in Vienna, January-March 2016, during
the Measured Group Theory program and was partially supported by the European Research Council
(ERC) grant no. 259527 of G. Arzhantseva. Part of this work was done at the Nizhny Nivgorod
University and supported by the RSF (Russia) grant 14-41-00044.
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ABSTRACT

Plasma-based technology isanalternative toproduceuniversalpolymer coatingswith
theappropriate requirements of robustness andstability for antibacterial applications.
Here, we proposed a sequential two-step alternative to synthesize antibacterial
polymer coatings.Anon-isothermalplasmareactor, operatedat atmosphericpressure
(Patm) and room temperature (Troom), was used to induce free radical polymerization
of 4-vinyl pyridine (4VP) on high-density polyethylene (PE). In a subsequent step, the
poly-4VP (P4VP) films were treated with a bromoethane/He gas stream to produce
quaternized P4VP (P4VPQ) films. Chemical structure of polymer filmswas validated
by infrared and UV–visible spectroscopy, andmorphology was evaluated by optical
and atomic force microscopy; scanning electron microscopy was used to determine
films thickness, which was then used to estimate the surface charge density. The
bactericidal capacity was determined with a standard test by using Escherichia coli.
Both types of films had an estimated charge density in the order of 1016 positive
chargesper cm2;P4VPfilms removedabout 95–99%ofbacteria,whereas 4PVPQfilms
eliminated 100%. The methodology proposed for the synthesis of antibacterial poly-
mer coatings is simpler, faster, andmore environmentally friendly thanother plasma-
based methods; operation at Troom and Patm may also have a significant effect on the
economics and the ease of implementation of the process at commercial scale. The
suggested approach may facilitate the development of new universal coatings, and
operating plasma conditions could be extrapolated for engineering antibacterial
coatings in industrial areas where bacterial attachment is of concern.
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Gold Nanoparticle: Enhanced CO Oxidation at Low Temperatures 
by Using Fe-Doped  TiO2 as Support
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Abstract
Iron doped  TiO2 materials were prepared by the sol–gel method and used as supports of gold nanoparticles synthesized 
by the deposition–precipitation technique. The gold–iron–titania catalysts were characterized by X-ray diffraction, Raman 
spectroscopy,  N2 physisorption, UV–Vis spectroscopy as a function of temperature,  H2-temperature programmed reduction, 
transmission electronic microscopy and X-ray photoelectron spectroscopy. The gold–iron catalysts were catalytically active 
during the CO oxidation reaction at low temperatures, reaching CO conversion percentages of almost 80% at room tempera-
ture. The Au/TiO2–Fe catalyst surface was characterized through infrared spectroscopy (DRIFTS) during the CO oxidation 
reaction to elucidate the active sites and the real carbon monoxide interaction during the reaction. A 24-h deactivation test 
corroborated a final deactivation of the catalysts of only 25% for both Au/TiO2–Fe 1 and the bare Au/TiO2. The results here 
obtained corroborate that the activity of the iron-doped  TiO2 catalyst was higher than that of the bare  TiO2 due to the iron 
incorporation into the  TiO2 lattice, which allows the formation of surface oxygen vacancies and new adsorption sites which 
favor the CO adsorption and its oxidation to  CO2.
Graphical Abstract

Keywords Heterogeneous catalysis · DRIFTS · XPS · Deposition–precipitation · Sol–gel · CO oxidation

1 Introduction

The properties of nanometric gold supported on different 
metallic oxides and its good performance in the CO oxida-
tion reaction were discovered by Haruta et al. [1]. Since this 
discovery, gold nanoparticles (AuNPs) have been deposited 
on different metallic oxides with different redox properties to 
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Synthesis and Characterization of Hydrogels with 
Ag Nanoparticles  
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ABSTRACT 

Hydrogels made of sodium 2-acrylamide-2-methypropanesulfonate were synthesized with the 
goal of creating a polymer for tissue engineering applications. The hydrogels were doped with 
silver nanoparticles to create hydrogel/Ag with possible antibacterial properties. We varied the 
weight/volume percentage of Laponite from 3 to 10 w/v% to alter the rheological properties of 
the hydrogels. Raman spectroscopy was used to study the progress of the chemical reaction at 
different polymerization times under ultraviolet radiation. By comparing the changes in the 
intensities of the Raman bands corresponding to C=C and C–C bonds with reaction time, we 
found that the optimal polymerization time to obtain chains of poly(2-acrylamide-2-
methylpropanesulfonate) was 3 to 4 h. Characterization of the hydrogels with scanning electron 
microscopy indicated pore sizes of 1 to 6 µm.  

INTRODUCTION 

Hydrogels are of great interest because of their unique properties, including 
ability to absorb large volumes of water, softness, flexibility and biocompatibility [1]. 
Hydrogels are three-dimensional, hydrophilic, polymeric networks capable of absorbing 
large amounts of water or biological fluids. Based on these properties, hydrogels have 
numerous applications in drug delivery, pesticides and tissue engineering. Tissue 
engineering is a method used to regenerate damaged tissue or replace organs in the body 
[2]. For example, injuries to menisci are the second most common knee injury, with an 
incidence of 61 cases per 100,000 persons [3]. This injury is common in young people 
(under 40 years) and especially athletes, along with patients over 65 years of age [4]. 
Currently, meniscus injuries are treated using transplants. While Verdonk et al. reported 
that 75%–90% of patients experienced fair to excellent functional results after meniscal 
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Lewis–Brønsted induction acidity
in SBA-15 modified with Zr and P

In this work, we present the synthesis of SBA-15 materials
modified with 6 and 9 mol.% of Zr and P, respectively. Si-
lanol SBA-15 groups were detected by Fourier transform
infrared spectroscopy. X-ray diffractograms revealed that
the typical hexagonal arrangement of SBA-15 was pre-
served after Zr and P introduction, and the structure was
confirmed by transmission electron microscopy. After the
Zr introduction, the morphology of SBA-15 changed from
fibrous particles to a semi-spherical shape according to
scanning electron microscopy, while nitrogen physisorp-
tion revealed the stability of the textural materials after the
P introduction. The infrared spectra of pyridine adsorption
indicated that the Zr and P incorporation into SBA-15 gen-
erated adequate Lewis and Brønsted acidities to carry out
methanol dehydration and direct the selectivity towards di-
methyl ether, with medium-strong acid sites being responsi-
ble for obtaining up to 99% selectivity towards dimethyl
ether.

Keywords: SBA-15; ZrO2; PO4
3–; Methanol; Dimethyl

ether

1. Introduction

Several mesoporous materials, such as Santa Barbara amor-
phous No. 15 (SBA-15) and mobil composition of matter
No. 41 (MCM-41), have received an abundance of attention
for catalytic applications because of their textural proper-
ties, such as well-defined pore size and shape, large pore
volume (0.5–2.5 cm3 g–1) and pore size (4.6–30 nm), and
high surface area (500–1500 m2 g–1) [1]. SBA-15 pos-
sesses the advantage of being more stable thermally and hy-
drothermally than MCM-41 [2, 3]. Unfortunately, its lack
of acidity is a disadvantage when it is considered for appli-
cations such as alcohol dehydration, dehydrogenation, cu-
mene cracking, and n-paraffin isomerization [4–6]. Several
studies have described that acid sites are generated in SBA-
15 by the replacement of silicon atoms with metal ions,
such as zirconium and aluminum, as well as sulfate [7, 8].
However, in most cases, the introduction of these agents af-
fects the textural properties of the mesoporous material, re-
ducing its surface area by up to 68% [9, 10] or collapsing its
hexagonal structure [11].

Phosphate species have also been used to generate acid
sites, although their role either as a stabilizer or as a promo-
ter is not yet well understood [12]. However, it is known
that they have a better thermal stability than do sulfate spe-
cies. These acid sites are lost at operating conditions near
873 K [13, 14], whereas the phosphate species remain
above this temperature [15]. Thermal stability is thus an ad-
vantage that phosphates have over sulfates, mainly in their
ability to tolerate the regeneration processes required to re-
activate carbon-poisoned catalysts [16] in dehydration reac-
tions or in the isomerization of n-paraffins.

Some research groups have demonstrated that the incor-
poration of phosphate in ZrO2 improves its textural proper-
ties and surface acidity [17, 18]. Parida and Pattnayak [19]
reported that the textural and acidic properties of PO4

3–/
ZrO2 at concentrations of 1–4 wt.% PO4

3– are greater than
the area and acidity of pure ZrO2, a result of the phosphate
incorporation. However, at concentrations higher than
4 wt.% PO4

3–, both the area and acidity of the materials de-
crease due to the formation of polyphosphates, which re-
duce the number of Brønsted acid sites and consequently
the total acid sites.

It has been reported in several studies that stolid catalysts
with acidic characteristics are required in the methanol de-
hydration to dimethyl ether (DME). This compound is an
attractive alternative fuel because its combustion is clean,
and it can be produced from various sources, including nat-
ural gas and even biomass [20, 21]. In particular, Dong
et al. [9] reported that the introduction of zirconium to
SBA-15 generates Brønsted and Lewis acid sites, which
catalyze methanol dehydration at approximately 623 K, ob-
taining up to 90% selectivity towards DME. However, they
reported that the specific area of SBA-15 is reduced upon
zirconium addition by more than 60% because of the for-
mation of ZrO2 nanoparticles within the pores of the SBA-
15 structure. A similar effect was reported for the addition
of aluminum to SBA-15 [10].

However, although most of the catalysts employed in
methanol dehydration are highly active, they have the dis-
advantage of promoting the formation of light olefins,
which tend to polymerize by forming and depositing carbo-
naceous residues on the catalyst surface [22, 23]. For in-
stance, Fu et al. [24] reported that catalysts constituted of
SiO2/Al2O3 are highly active in methanol decomposition
but generate a large diversity of carbon precursor by-pro-
ducts that deactivate the catalysts in a very short time.

K. Cruz-Rodríguez et al.: Lewis–Brønsted induction acidity in SBA-15 modified with Zr and P
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Comparative Study of CdS and CdS/ZnS Thin Films Deposited by CBD as a Buffer 
Layer Solar Cell 
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Cadmium sulphide (CdS) and Cadmium sulphide/Zinc sulfide (CdS/ZnS) thin films have been 
extensively investigated as an n-type buffer layer to form thin film heterojunction solar cells with p-
CdTe absorber layers. The buffer layer affects the electrical properties of the junction and protects it 
from chemical reactions. From the electronic point of view, the CdS and CdS/ZnS layers can optimize 
the band alignment of the device [1 and 2]. Also, these can build a sufficiently wide depletion width that 
minimizes tunneling and establishes a higher contact potential that allows higher open circuit voltage 
[2]. Recently, a particular attention of the researches has been focused on the heterostructures involving 
CdS and CdS/ZnS multilayers [3]. Because of its band gap, it could be an excellent window layer in 
CdTe thin film solar cells. Since Chemical Bath Deposition (CBD) is known to produce solar cells over 
a large area at a low cost and low temperature. The effect of deposition parameters of CdS and CdS/ZnS 
thin films developed by CBD technique were investigated in [4 and 5], principally, the influence of pH 
control of the reaction solution on the structural and optical properties of chemically deposited CdS and 
CdS/ZnS thin films. Different films thicknesses of CdS and CdS/ZnS thin films were deposited onto a 
glass substrate. The structural surface morphology of as-deposited CdS and CdS/ZnS thin films was 
characterized by SEM. The physical conditions were kept identical while growing of the samples. The 
investigation of the effect of the synthesis method on the change the ammonium hydroxide by buffer pH 
(from 10.1 - 13) contributed in increases the growth kinetics, resulting in thicker films. 
In this paper, a comparative study of CdS and CdS/ZnS thin films deposited by CBD as a buffer layer 
solar cell was carried out. The CdS and CdS/ZnS thin films were fabricated by CBD technique on a 
glass substrate for a deposition time of 60 minutes at a bath temperature of 90 ºC. These thin films were 
synthesized by chemical bath deposition using acid as a complexing agent with pH values between 10.1 
to 11.3 for the CdS thin films and for the CdS/ZnS thin films with pH values between 11.4 to 13, these 
can be seen in the Figures 1a and 1b, respectively. The SEM photos (see figure 1a) show the surfaces of 
CdS films grown at 60 minutes deposition time and to different solution pH values. Based on the optical 
transmission measurements, the square of absorption coefficient (α2) is plotted as a function of phonon 
energy (hν) in figure 1c, one can see the energy band gap, Eg, values 2.38, 2.58 and 2.44 eV for pH 
values, 10.1, 10.6 and 11.3, respectively. In the other case, for the CdS/ZnS thin films grown at 60 
minutes time deposition, one can see the SEM photos of the samples surfaces in the figure 1c. Also, we 
found different energy band gaps for different pH values; for pH=11.4, Eg equals 2.74 eV and at 
pH=11.8, Eg equals 2.7 eV, these values are pretty similar of the literature [6]. Finally, these studies 
show that the pH contributes noticeably to the growth and to the structure of deposited CdS and 
CdS/ZnS multilayer films. This may be interpreted by the decrease of the film thickness. From these 
studies, we are able to optimize the process in order to produce the layer suitable for optical window in 
solar cells. For the case of CdS thin films, it is better to use acid as a complexing agent with pH value 
equal to 10.6 and for the case of CdS/ZnS thin films, it is better use with pH value equal to 11.4. This 
approach could be used in improving the spectral response of CdTe-based solar cells. A higher band gap 
was observed for CdS/ZnS, it indicates that there is clear short-wavelength advantages in current 
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Numerical Analysis Receiving/Transmitting Mechanisms of ZnO/Ag Nanoantennas  

A. García-Barrientos1, F. R. Castillo-Soria1, M. A. Cardenas-Juarez1, V. I.  Rodríguez-Abdala2, F. J. 
Gonzalez3 and J. E. Sánchez3    
1. Faculty of Science, Universidad Autónoma de San Luis Potosí, SLP, Mexico. 
2. Department of Electronics and Communications, Universidad Autónoma de Zacatecas, Mexico 
3. LANCYTT, Universidad Autónoma de San Luis Potosí, SLP, Mexico 
 
The fabrication, characterization and numerical analysis receiving/transmitting mechanisms of ZnO/Ag 
nanoantenas are very important nowadays, because it is in the group II–VI metal oxide semiconductor 
with a wide direct band gap [1]. Semiconductor nanostructures are desirable for the modern electronics, 
nanophotonics, quantum circuitry, plasmonics and energy conversion applications as well as for 
fundamental science. Specially, in nanophotonics and plasmonics, optical nanoantennas can reduce the 
breach between photons and semiconductor emitters or detectors in nanoscale. Electrical and optical 
characteristics of ZnO films are pretty similar like GaN, ZnS, and compound semiconductors, and also 
because this material has different applications such as solid-state light sources and detectors in the blue 
and UV spectral range [2-3]. For applications in electronics and optics field, ZnO has interesting 
properties such as magnetic, piezoelectric, and semiconductor. It has a high electrical conductivity and a 
high optical gain at ambient temperature. In consequence by these properties, thin films ZnO has found 
numerous potential applications in fields such as, light emitting diodes, most gas sensors, and solar cells. 
For example, in the ref. [4] was reported the crystalline orientation analysis at the ZnO/Ag interface, 
where ZnO rods grown on lateral faces of the pentagonal cross sectional area of silver nanowires were 
assembled in a hierarchical nanoantenna. This kind of nanoantenna is a promising alternative of 
plasmonic rf-nanoantennas for engineering light emission because of their low-loss nature in the 
spectrum [5-7]. 
In this paper, the numerical analysis receiving/transmitting mechanisms of ZnO/Ag nanoantenas was 
carried out. In this case, a Yagi-Uda, with 11 elements, type nanoantenna was used to simulate the 
radiation patterns from 1-5 GHz. In the figure 1, we can see the SEM images of the ZnO thin films (a) 
and ZnO/Ag hierarchical nanoantennas (b), reported in the ref. [4], where the pentagon geometry can be 
seen. In the figure 2, we can see the optimized antenna pattern at the design frequency at 5 GHz (a), and 
to obtain a better insight into the behavior in the two orthogonal planes, we also plotted the normalized 
magnitude of the electric field in the E and H-planes, i.e. azimuth = 0 (b) and 90 (c) deg, respectively. 
The results show that the nanoantennas might be capable of transmitting and/or receiving 
electromagnetic waves when stimulated with a modulated RF signal, especially at high frequency 
signals. 
    
[1] Jongmin Kim, et al., Appl. Phys. Lett., vol. 102, no. 18, 183901, 2013. 
[2] M.A. Contreras, Thin Solid Films, vol. 204, 403-404 pp., 2002. 
[3] T. Ben Nasr, et al., Thin Solid Films, vol. 500, 4-8 pp., 2006. 
[4] J. E. Sanchez, et al., Journal of Applied Physic, vol. 117, 034306 , 2015 
[5] Sorias O, et al., Nano Lett,. vol. 17(10):6011-6017, 2017 
[6] Peter M, et al., Nano Lett,. vol. 17(7):4178-4183, 2017 
[7] Feng T., et al., J Phys Condens Matter., 2018 
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Clavibacter michiganensis subsp. michiganesis (Cmm) is 
a quarantine-worthy pest in México. The implementa-
tion and validation of new technologies is necessary to 
reduce the time for bacterial detection in laboratory 
conditions and Raman spectroscopy is an ambitious 
technology that has all of the features needed to char-
acterize and identify bacteria. Under controlled condi-
tions a contagion process was induced with Cmm, the 
disease epidemiology was monitored. Micro-Raman 
VSHFWURVFRS\������QP�Ȝ�ODVHU��WHFKQLTXH�ZDV�HYDOXDWHG�
its performance at assisting on Cmm detection through 
its characteristic Raman spectrum fingerprint. Our 
experiment was conducted with tomato plants in a 
completely randomized block experimental design (13 
plants × 4 rows). The Cmm�LQIHFWLRQ�ZDV�FRQ¿UPHG�E\�
16S rDNA and plants showed symptoms from 48 to 72 
h after inoculation, the evolution of the incidence and 
severity on plant population varied over time and it 
kept an aggregated spatial pattern. The contagion pro-

cess reached 79% just 24 days after the epidemic was 
induced. Micro-Raman spectroscopy proved its speed, 
efficiency and usefulness as a non-destructive method 
for the preliminary detection of Cmm. Carotenoid 
VSHFL¿F�EDQGV�ZLWK�ZDYHOHQJWKV�DW������DQG������FP�1 
were the distinguishable markers. Chemometric analy-
ses showed the best performance by the implementa-
tion of PCA-LDA supervised classification algorithms 
DSSOLHG�RYHU�5DPDQ�VSHFWUXP�GDWD�ZLWK������RI�SHU-
IRUPDQFH�LQ�PHWULFV�RI�FODVVL¿HUV��VHQVLWLYLW\��VSHFL¿FLW\��
accuracy, negative and positive predictive value) that 
allowed us to differentiate Cmm from other endophytic 
bacteria (Bacillus and Pantoea). The unsupervised 
.0HDQV�DOJRULWKP�VKRZHG�JRRG�SHUIRUPDQFH�����������
�������\�������UHVSHFWLYHO\��

Keywords : chemometrics, epidemiology, KMeans, LDA, 
PCA

Handling Associate Editor : Oh, Chang-Sik

The tomato crop (Solanum lycopersicun L.) is a do-
mesticated species belonging to the Solanaceae family. 
Taxonomically, it is located in the Lycopersicon section 
alongside 13 related wild species, which can be found on 
the western coast of South America (Ecuador, Peru, and 
Chile), this region is considered to be their center of origin; 
nevertheless, domestication of cultivated tomato occurred 
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JURZWK�VWDELOL]HG���3ULRU�WR�5$�PHDVXUHPHQWV�D�����PP�WKLFN�XQGRSHG�*D$V�EXIIHU�OD\HU�ZDV�JURZQ�RQ�WKH�*D$V�
VXEVWUDWH��7KH�VDPSOH�VXUIDFH�LV�NHSW�XQGHU�$V��IOX[�DORQJ�WKH�ZKROH�H[SHULPHQW��*URZWK�LV�VWDUWHG�XSRQ�RSHQLQJ�WKH�
*D�VKXWWHU�RQ�D�F��[���UHFRQVWUXFWHG�VXUIDFH�ZKLFK� ILUVW�FKDQJHV� WR���[���DQ� WKHQ� WR�D�*D�ULFK�UHFRQVWUXFWLRQ��$V�
GLVFXVVHG�EHORZ��WKH�5$�VSHFWUXP�OLQH�VKDSH�FKDQJHV�VXEVWDQWLDOO\�DORQJ�JURZWK����
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Abstract
We report the synthesis of MWNT/ZnO hybrid nanostructures. A simple, affordable, chemical
procedure to functionalize MWNTs with ZnO nanoparticles was performed. A significant
portion of the surface of MWNTs was covered with ZnO nanoparticles; these particles formed
highly porous spherical nodules of 50–150 nm in diameter, sizes that are an order of magnitude
larger than similar ZnO nanonodules reported in the literature. Hence, the self-assembled
nanocomposite the ZnO exhibited a large surface-to-volume ratio, which is a very advantageous
property for potential catalytic applications. The resultant MWNT/ZnO nanocomposites were
characterized by x-ray diffraction, scanning and high-resolution transmission electron
microscopy, and UV–vis and Raman spectroscopy. The temperature coefficient of resistance
(TCR) of the nanocomposites was measured and reported. The average TCR value goes from
−5.6%/K up to −18%/K, over temperature change intervals from 10 K to 1 K. Based on these
TCR results, the nanocomposite MWNT/ZnO prepared in this work is a promising material,
with potential application as a bolometric sensor.

Keywords: multiwalled carbon nanotubes, zinc oxide, nanocomposite, bolometers
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Introduction

The combination of various materials to form multifunctional
hybrid structures has attracted scientific attention due to the
unique properties that they present. There is great interest in
the development of electronic and sensor devices with new
technological applications. One of the properties that hybrid
materials possess is that of self-assembly, whereby they adopt
new textures and forms. Also, the combination of these
materials, presents new possibilities to enhance the response

of conventional bulk materials, in some cases resulting in
novel properties [1], thus providing the backbone of future
technological advances—which are successful if they surpass
the performance of the technology they replace.

Among the available materials, zinc oxide (ZnO) is an
excellent candidate for the creation of hybrid materials, since
it is a semiconductor with a wide bandgap (3.37 eV at room
temperature [2]) and a large excitation binding energy
(60 meV [2, 3]), which allow it to have several outstanding
physical properties such as high thermal conductivity [2],
electrical and chemical stability, and non-toxicity, as well as
ferroelectric, pyroelectric and piezoelectric properties [2, 4].
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$EVWUDFW� :H UHSRUW RQ UHDO�WLPH VSHFWURVFRSLF UHÀHFWDQFH DQLVRWURS\ PHDVXUHPHQWV FDUULHG RXW GXULQJ WKH HSLWD[LDO JURZWK RI
*D$V/*D$V ������ 2XU ZRUN LV DLPHG WR WKH VWXG\ RI IXQGDPHQWDO SURFHVVHV RFFXUULQJ GXULQJ WKH HSLWD[LDO JURZWK RI ,,,�9 VHPL�
FRQGXFWRUV� :H VKRZ WKDW GXULQJ JURZWK WKHUH LV DQ RVFLOODWLRQ LQ WKH VXUIDFH VWUDLQ DVVRFLDWHG WR VXUIDFH UHFRQVWUXFWLRQ� VXJJHVWLQJ
WKH H[LVWHQFH RI D PHFKDQLVP RI SHULRGLF EXLOG XS�UHOD[DWLRQ RI WKH VXUIDFH VWUDLQ� LQGLFDWLQJ WKDW WKH WHFKQLTXH HPSOR\HG LQ WKLV
ZRUN PD\ SRWHQWLDOO\ GLVWLQJXLVK EHWZHHQ WZR UHFRQVWUXFWLRQ SKDVHV�

,1752'8&7,21

7KH JURZWK RI ZHOO FRQWUROOHG VXUIDFH WHPSODWHV ZLWK ,,,�9 HSLWD[\ UHPDLQV D FKDOOHQJH DQG LV D YHU\ LQWHUHVWLQJ
WRSLF GXH WR WKHLU SRWHQWLDO DSSOLFDWLRQV IRU QDQRVFDOH GHYLFHV EDVHG RQ *D$V >�� �@� )RU WKLV SXUSRVH� QRQ�LQYDVLYH
GLDJQRVWLF SUREHV VXFK DV 5HÀHFWDQFH�$QLVRWURS\ 6SHFWURVFRS\ �5$6� ZRXOG EH RI JUHDW YDOXH� 7KH XVH RI WKLV SUREH
LQ D IHHGEDFN FRQWURO ORRS ZRXOG DOORZ IRU WKH SUHFLVH FRQWURO RI VXUIDFH UHFRQVWUXFWLRQ GXULQJ WKH IRU PROHFXODU EHDP
HSLWD[\ �0%(� JURZWK� ,Q WKLV UHJDUGV� LW LV NQRZQ WKDW WKHUH LV FORVH UHODWLRQVKLS EHWZHHQ 5$6 OLQH VKDSH DQG VXUIDFH
UHFRQVWUXFWLRQ� ,Q WKH FDVH RI WKH *D$V����� VXUIDFH� 5$6 KDV SURYHG WR EH KLJKO\ VHQVLWLYH WR VXUIDFH UHFRQVWUXFWLRQ�
JLYLQJ LQIRUPDWLRQ RQ WKUHH W\SHV RI $V�VWDELOL]HG UHFRQVWUXFWLRQV� QDPHO\ α�� × ��� β�� × �� DQG γ�� × �� >�@� DQG
αc�� × �� DQG βc�� × �� >�@� ,W KDV EHHQ UHSRUWHG WKDW 5$ VSHFWUD DURXQG E� DQG E� + ∆� WUDQVLWLRQV FRPSULVH VHYHUDO
FRPSRQHQWV� $PRQJ WKHP� ZH LQFOXGH FRPSRQHQWV LQGXFHG E\ VXUIDFH URXJKQHVV >�@ DQG VXUIDFH DQLVRWURSLF VWUDLQ
¿HOGV IRU ERWK c��×�� >�@ DQG ��×�� VXUIDFH UHFRQVWUXFWLRQV >�@� 6XFK VWUDLQV DUH UHODWHG WR D VXUIDFH VWUHVV DULVLQJ IURP
FKDUJH UHGLVWULEXWLRQ LQ WKH VXUIDFH ERQGV GXH WR WKH DEVHQFH RI DWRPV DERYH WKH VXUIDFH >�@� 5HFRQVWUXFWLRQ�LQGXFHG
VWUDLQ KDV DQ RUWKRUKRPELF V\PPHWU\ DQG PD\ SHQHWUDWHV LQWR D UHJLRQ �� QP WKLFN >�@�

5HFHQWO\� ZH KDYH VKRZQ WKDW LW LV SRVVLEOH WR XVH UHDO�WLPH 5$ VSHFWURVFRS\ IRUPRQLWRULQJ SURFHVVHV WDNLQJ SODFH
GXULQJ WKH KRPRHSLWD[LDO JURZWK RI *D$V/*D$V ����� >�@� ,Q WKLV SDSHU ZH UHSRUW RQ D UHDO�WLPH 5$6 LQYHVWLJDWLRQ
RI WKH G\QDPLFV RI KRPRHSLWD[LDO 0%( JURZWK RI *D$V ����� DW D WHPSHUDWXUH RI ��� RC� 3DUWLFXODUO\� ZH IRFXV RQ
WKH VWXG\ RI 5$ DPSOLWXGH RVFLOODWLRQV WKDW DUH OLQNHG WR WKH OD\HU E\ OD\HU JURZWK PRGHO� :H QRWH WKDW WKH JURZWK
WHPSHUDWXUH HPSOR\HG LQ WKLV ZRUN LV RQH RI WKH VWDQGDUGV LQ WKH PDQXIDFWXUH RI WKLQ ¿OPV IRU RSWRHOHFWURQLF GHYLFH
DSSOLFDWLRQV�
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Abstract This work is devoted to the study of processes generated by random substitutions
over a finite alphabet. We prove, under mild conditions on the substitution’s rule, the existence
of a unique process which remains invariant under the substitution, and which exhibits a
polynomial decay of correlations. For constant-length substitutions, we go further by proving
that the invariant state is precisely a Gibbs measure which can be obtained as the projective
limit of its natural Markovian approximations. We end up the paper by studying a class of
substitutions whose invariant state is the unique Gibbs measure for a hierarchical two-body
interaction.

Keywords Gibbs measures · Random substitutions · Projective convergence

1 Introduction

1.1 The systems we will consider in this work, were introduced to describe the evolution of
genome sequences, and in general, are aimed at explaining the pattern correlation that can
be observed in real genome sequences. One of the first examples of this kind of systems
was proposed by Li [10] as a simple model exhibiting some spatial scaling properties. It was
subsequently used to understand the scaling properties and the long-range correlations found
in real DNA sequences [1,11–13,15]. In [7], Godrèche and Luck studied similar systems
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1. Introduction

The topic of strong light–matter interaction in solid state 
was re-launched in 1992 with the observation of exciton–
polaritons in a semiconductor optical microcavity (MC) by 
Weisbuch et al (exciton–polaritons in bulk semiconductors 
were amply studied in 1960–1970) [1]. A MC is essentially 
a VCSEL structure: two re!ectors embedding an active zone 
composed of a spacer containing ultra-thin material layers 
(quantum wells, QW) that con"ne excitons ("gure 1(a)). 
In contrast to VCSELs, polariton MCs have a much higher 

quality factor Q (103  ⩾  Q  ⩾  105) [2]. Exciton–polaritons 
are thus quasi-particles with a very small effective mass 
(10−4−10−5 the free electron mass) generated by the superpo-
sition of  photons and excitons. Since they are bosons in the 
dilute limit, it was quickly realized that polariton quant um 
condensed phases similar to Bose–Einstein condensates 
(BEC) could form in solid-state at much higher temperatures 
than in cold atom gases [3]. Evidence of quantum conden-
sation of MC polaritons was promptly reported [4–6] and 
later, also the observation of what was called a polariton BEC 
by Kasprzak et al in 2006 [7] and Balili et al in 2007 [8]. 
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Abstract
In this topical review, we report on the recent advances on the manipulation of hybrid 
light–matter quasi-particles called exciton–polaritons and their quantum condensed phases 
by means of acoustic and static periodic potentials. Polaritons are a superposition of photons 
and excitons and form in optical microcavities with quantum wells embedded in it. They are 
low-mass bosons in the dilute limit and have strong inter-particle interactions inherited from 
the excitonic component. Their capability to form quantum-condensed phases at temperatures 
in the kelvin range and to behave like quantum !uids makes them very attractive for novel 
solid-state devices. Since their de Broglie wavelength is of the order of a few micrometers, 
polaritons can be manipulated using static or dynamic potentials with micrometer scales. 
We present here a summary of the techniques used to submit polaritons and their condensed 
phases to periodic potentials, with an emphasis in dynamic ones produced by surface acoustic 
waves. We discuss the interesting phenomena that occur under such a modulation, such as 
condensation in excited states of the Brillouin zone, fragmentation of a condensate, formation 
of self-localized wavepackets, and Dirac and massive polaritons in static hexagonal and 
kagome lattices, respectively. The different techniques explored open the way to implement 
polariton-based quantum simulators, nano-optomechanic resonators and polaritonic 
topological insulators.

Keywords: surface acoustic waves, exciton–polaritons, microcavities
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Wavelet characterization of hyper-chaotic time series
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A wavelet scaling numerical characterization of time series based on the variance of the wavelet coefficients is used for three well-known four-
dimensional and one five-dimensional hyper-chaotic systems. We report several scaling behaviors for the variables of these hyper-chaotic
systems.

Keywords: Hyper-chaotic time series; discrete wavelet transform; wavelet variance; scaling analysis.

En este trabajo se realiza una caracterización de escala numérica de series de tiempo hiper-caóticas basada en la varianza de los coefi-
cientes ondeleta de tres sistemas hiper-caóticos conocidos de cuatro-dimensiones y uno de cinco-dimensiones. Se reportan los diferentes
comportamientos de escala de las variables de estos sistemas hiper-caóticos.

Descriptores: Series de tiempo hiper-caóticas; transformada ondeleta discreta; varianza ondeleta; análisis de escala.

PACS: 05.45.-a; 05.45.Tp

1. Introduction

The wavelet transform (WT) is a mathematical tool for ana-
lyzing (decomposing) or synthesizing (reconstructing) a wide
variety of generic signals at different frequencies and with
different resolutions. In the wavelet analysis, a signal is de-
composed into a type of functions called wavelets, which
are translated and scaled versions of a finite-length and fast-
decaying oscillating waveform. The latter is usually re-
ferred to as the analyzing wavelet basis function, or sim-
ply the mother wavelet. Similar to its preceding Fourier
analysis, the wavelet analysis also contains various, closely-
related forms of its transform, namely the continuous wavelet
transform, the wavelet series, and the orthonormal discrete
wavelet transform or, for short, the discrete wavelet trans-
form (DWT). However, the most common choice to perform
the analysis and synthesis of the original signal is the DWT
because of the enormous versatility for computational calcu-
lations offered through its multiresolution filter bank struc-
ture [1,2]. Just as in the other existent formats of the wavelet
transform, the DWT is endowed with temporal resolution as
a unique key advantage over its Fourier transform counter-
part which allows to capture both the frequency and location
information of the raw signal being processed in this way.

To the best of our knowledge, the class of hyper-chaotic
systems, i.e., those dynamical systems having at least two
positive Lyapunov exponents, have not been directly studied
by means of wavelet transforms. This motivated us to pro-
vide here a wavelet scaling analysis of four hyper-chaotic sys-
tems, of which three are four-dimensional – Chen, Chua, and
Rössler – and one is a recently introduced five-dimensional
system. All these systems are reviewed in Sec. 2, where we
briefly present their systems of equations and attractors for

values of the parameters corresponding to the hyper-chaotic
regime. Section 3 is devoted to a short description of the
DWT. The main results are in Sec. 4, where we apply the
wavelet analysis to the time series (TS) of the variables of
these systems when they are in the hyper-chaotic regime. The
paper ends up with a short conclusion section.

2. Hyper-chaotic systems

This section is devoted to a brief presentation of the four
hyper-chaotic systems which we will consider in this work.
These systems, despite their relative simplicity, exhibit a
more complex dynamics than the chaotic systems, and they
have received wide coverage in different areas of mathemat-
ics, physics, and engineering, among others [3–9].

2.1. Hyper-chaotic Chen system

The hyperchaotic dynamics of Chen’s system is modeled by
the set of differential equations [4, 6]

ẋ = a(y ° x),

ẏ = x(d ° z) + cy ° w,

ż = xy ° bz,

ẇ = x + k,

(1)

where a, b, c, d and k are parameters of the system. If a = 36,
b = 3, c = 28, d = °16 and °0.7 ∑ k ∑ 0.7, the system
(1) is in the hyper-chaotic regime. In fact, to check the ex-
istence of hyper-chaos, there must be at least two positive
Lyapunov exponents. The numerically calculated exponents
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Abstract
There are different types of electronic oscillators that have a wide variety of applica-
tions in areas such as computing, audio, communication, among others. One of these is
the harmonic oscillators that generate an output sinusoidal signal. Due to the advan-
tages of these, this paper proposes a methodology based on an analysis based on the
dynamical system theory. This provides undergraduates a useful tool for a better
understanding of the harmonic oscillators in order to design and implement accurately
this kind of circuits. This tool complements the widely recognized Barkhausen criteri-
on, which is a mathematical condition that must be satisfied by linear feedback oscil-
lators. The analysis based on the dynamical system theory consists of obtaining a state
matrix and its eigenvalues from the mathematical model of the oscillator circuits.
The eigenvalues are adjusted to get an oscillator system, thus from this way, a set of
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