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PREFACE

The insertion of new and enhanced materials based on materials belonging to 

the Nano scale in the day-by-day has growth up in a silent way.  In part, a number of 

works in the nanotechnology stemming of theoretical research using Density Functional 

Theory (DFT) and sophisticated simulation methods; another part is associated to the 

protected technologies associated to the military and patented nanomaterial and its 

process. In this sense, open access to recent aspects on the nanostructures application 

and properties can be reached in this book. Here, an interesting set of chapters gives 

opportunity of access texts that reach process and processing of nanostructures, 

applications of nanotechnology, advanced techniques to theoretical development. A broad 

set of nanostructures are here covered such as, nanocrystal, superficial nanograins, inner 

microstructures with nanograins, nanoaggregates, nanoshells, nanotubes, nanoflowers, 

nanoroad, nanosheets, Also, reveals new investigations areas as grainboundary of 

nanograins in ceramics and metals. A great number of software has been used as a tool 

of development of Science and Technologies for nanotechnology COMSOL Multiphysics 

5.2. Phenomena and properties has been investigated by recent or classical techniques 

of materials characterization as Localized Surface Plasmon Resonance (LSPR), X-ray 

photoelectron spectroscopy (XPS), Field Emission Gun Scanning Electron Microscopy 

(FEG-SEM) with Energy Dispersive Spectroscopy (EDS), Raman Scattering Spectroscopy 

(RSS), X ray diffraction (XRD), 57Fe Mössbauer spectroscopy, UV-vis spectroscopy, 

dynamic light scattering (DLS), Atomic Force Microscopy (AFM), and Field Emission 

Gun Scanning Electron Microscopy (FEG-SEM). In this sense, collections of spectra 

from Mössbauer spectroscopy, UV-vis spectroscopy and Infrared spectroscopy can be 

found. As a matter of fact, some chapter’s item can be seemed as specific protocols for 

synthesis, preparations and measurements in the nanotechnology.   

               I hope you enjoy your reading.

Prof. Dr. Marcos Augusto Lima Nobre
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CHAPTER 2

EFFECTS OF DIFFERENT ASPECT RATIOS AND 
JUNCTION LENGTHS ON THE COUPLED PLASMON 

GOLD NANOROD DIMERS
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ABSTRACT: We have explored the optical 
behaviour in dimmer of gold nanorod (AuNR) 
bridge by thin silica cylinder to sub-nanometre 
regime. To probe this model, Computational 
simulations were carried out to investigate the 
nanorod surface which was divided into small 
tetrahedral mesh with finer size. Furthermore, 
perfectly matched layer (PML) around the 
nanorod surface was applied to avoid any 
reflection artifacts on the simulation. The 
amplitude of the background oscillating field 
was one (1) Vm−1. Our results reveal that an 
increase in aspect ratio causes a red shift in 
dimer connected mode, leading to significantly 
higher sensitivity 717 nm/RIU and figure of 
merit 16.9 compared to a single dimer having 
300 nm/RIU sensitivity with similar dimensions. 
These findings suggest that using end to end 
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linked nanoscale structures could significantly play an important role in tuning far field 
spectral responses of plasmonic metal nanostructures for applications in LSPR sensing.
KEYWORDS: AuNR dimer. Figure of merit. Bulk Sensitivity. Perfectly matched layer.

1 INTRODUCTION

Modern civilization growth relies upon three pillars: materials, energy sources 

and information technology. Out of these three resources, materials are the basis for 

advancement in energy and information technology (Zhang et al., 2018). In past, each 

era was named after the material most dominant at that time e.g., Stone age, Bronze age, 

Iron age, polymer age etc. Thus, present era can be attributed as the Nanomaterial age. 

Nanotechnology is the study of the behavior of objects which fall between 10-9 to 10-6 

meters regime (roughly 1 nm to 100 nm) (Grieneisen et al., 2011). When matter is reduced 

from its bulk to nanoscale, high surface-to-volume ratio, a key parameter of nanostructure 

plays a significant role to explore the novel and intriguing properties of the nanoparticles 

begin to emerge. Arguably “beginning” with the discovery of fullerenes, the last three 

decades have seen an expeditious investigation in nanoscience (Kroto et al., 1985). Due 

to the technology advancement in synthesis, control, and characterization of materials, 

the field of nanotechnology has seen tremendous growth. A brief description of rapidly 

growing field of nanotechnology in last decade is illustrated in Figure 1.

Figure. 1 - Graph displaying the proliferation of journals in the field of “nanoscience and nanotechnology” over the 

last decade. (Source: Adapted from (Grieneisen & Zhang,  2011). 
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As the name implies, nanoplasmonics is the study of plasmon resonance that 

occurs within nanostructures. In brief, the free electrons in a metal can be excited by the 

presence of an external electromagnetic (EM) field. This EM field displaces the electrons 

from their neutral orientation with respect to the fixed positive nuclei, and the resulting 

coulombic restorative force causes the electron cloud to oscillate at the system’s 

natural frequency as a result of collective oscillations of the conduction electrons (Non- 

Propagating) prompted by electromagnetic radiation having a pertinent wavelength which 

is referred as Localized Surface Plasmon Resonance (LSPR) as depicted in Figure 2.

Figure. 2 - Schametic representation of the interacion of EM radiation and matellic nanostructure. (Source: Adapted 
from Zalevsky, Z. & Abdulhalim 2010).

  

Plasmonic nanostructures strongly interact with light resulting in size-dependent 

scattering, absorption and large enhancement in near electric field. These optical 

mechanisms of nanoscale particles have led to remarkable potential applications. A 

plethora of studies reveal that plasmonic properties of the metallic nanostructures have 

been demonstrated by controlling the geometry (size, shape), composition and the 

refractive index of their surrounding medium (Farooq and Araujo, 2018, Kelly et al., 2003).

The spectrum of LSPR excitations have been the subject of intensive research 

efforts and encourage researchers to synthesize the growth of complex shapes 

nanostructures such as nanoshells, nanorice, nanocages, nanostars, nanorods and 

nanopyramids (Lee et al., 2009), which shows plasmon peaks in various spectral regions. 

Moreover, gold nanostructures are increasingly receiving attention as an important 

starting point for label-free sensing. LSPR sensors can be explored as fast, reliable, cheap 

and fairly facile tool for medical diagnosis. Various examples of LSPR biosensors were 

attributed to the diagnosis of relevant medical disease, as Alzheimer (Haes et al., 2005), 

preeclampsia (Hammond et al, 2005), influenza (Takemura et al., 2017) Dengue virus 

(Camara et al., 2013) and Candida albicans (Farooq et al., 2018) as well as for intracellular 

protein sensing (Jain et al., 2006). 



The Great World of Nanotechnology Vol II Chapter 2 14

El-Sayed and coworkers have theoretically suggested the use of coupled gold 

nanostructures for sensing (Hong et al., 2014). Several structural aspects of a nanochain 

rules the plasmonic features of coupled gold nanorods. Moreover, Pramod et al have 

investigated the effects of molecular link orientation on the optical properties of gold 

nanorod (AuNR) dimers (Pramod et al., 2008).

The basis of plasmonic sensors is the resonant coupling between the oscillations of 

free electrons, called plasmons, and incident visible light waves. By confining these oscillations 

within a nanostructure, the coupling efficiency is enhanced by the creation of LSPR states.

In this study, we evaluate the use of gold nanorod dimer as a sensing platform. 

Analyses of LSPR behavior of gold nanorod dimers, connected with silica nano-cylinder, 

with several aspect ratios and silica junction thickness, were investigated. In this work, 

crucial parameters that govern the LSPR molecular sensor performance, in particular 

figure of merit and bulk sensitivity was evaluated. Moreover, this work provides insights on 

the LSPR behavior due to embedding AuNR dimer in several surrounding media.

The performance of gold nanorod (AuNR) dimer linked end-to-end by thin dielectric 

junction, as a sensor platform has been investigated. Three-dimensional finite element 

simulations (COMSOL Multiphysics) in frequency domain were carried out to study the 

influence of local environment on the optical features of AuNR dimer, with different junction 

lengths and aspect ratios. This computational approach focused on understanding the 

LSPR spectral peak position and spatial distribution of electromagnetic field enhancement 

near the surface of individual gold nanorod dimer, in order to reveal the behavior of crucial 

parameters such as figure of merit and bulk sensitivity, which predicts the LSPR sensor 

performance. We find the plasmon peak position of end-to-end connected Au nanorod 

dimer exhibited red shift by at least 60 nm from single Au nanorod. The simulations reveal 

that silica linked dimer of gold nanorod sensing platform shows higher sensitivity (717 

nm/RIU) as compared to individual gold nanorod. We observed that silica bridge dimer 

also exhibits a high figure of merit value, up to 16.9. Our proposed model put forth a new 

paradigm in LSPR based sensing applications.

2 SIMULATED MODEL ANALYSES

Finite Element Method (FEM) calculations were used to predict the plasmonic 

properties of the gold nanorod (AuNR) dimers which are linked with a thin silica cylinder. In the 

3D simulations, the AuNR dimer surface was divided into small tetrahedral mesh elements with 

size‘extremely fine’. The dimers were modeled as shown in Figure. 3. The plasmonic dimers 

consist of two hemispherically-capped cylinders forming the gold nanorod (AuNRs) dimer with 

length = L, diameter = D and connected by a silica cylinder (length =G, diameter = d).
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Figure. 3. 3D simulations model region composed of model nanostructure in embedding medium and PML layers. 

The nanostructures geometry consisting of hemispherical caped cylinders of 

AuNR and linked through a silica cylinder. The plasmonic structure was probed by linearly 

polarized light along the long axis of dimer. Furthermore, perfectly matched layer (PML) 

around the nanoparticle was used to avoid any kind of reflection artifacts on the simulations. 

We have performed a plane wave electromagnetic field for the numerical model analysis 

using COMSOL Multiphysics software, Electromagnetic Waves and Frequency Domain 

interface, where the Electric field within the domain explores Maxwell’s equations. The 

radius and thickness of the PML spheres were chosen, depending on the NPs diameter, 

such that further NPs size variations would not influence the simulation results as well as 

minimizing the reflection effects. To simulate the  probe model, a background electric field 

1 Vm-1 was applied. The data of the metal dielectric functions (real and imaginary) for Au 

were obtained from Johnson and Christy (Johnson et al., 1972). To investigate which metal 

nanostructures is a good candidate for bio or chemical sensing applications as well as their 

efficiency can be characterized by measuring their RI based sensitivity. Bulk sensitivity 

(ηb), A sensing parameter which qualitatively analyse the sensing efficiency and correlates 

the change in LSPR wavelength as function of varying refractive index of the surrounding 

medium has been evaluated i.e: ηb=ΔλLSPR /Δn.Figure of Merit (FoM) is second analytical 

parameter which elucidate well sensor reliability by, FoM = ηb/FWHM, where (FWHM) is full 

width at half maximum or line width of the LSPR peak (Mahmood et al., 2019).

2.1 BULK SENSITIVITY

Sensitivity is one of the important parameters to characterize a sensor. For LSPR 

based sensors, bulk sensitivity is termed as the variation of LSPR peak position with 
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respect to the change in RI unit (RIU) of the medium, and its unit is eV/RIU or nm/RIU 

(Farooq, and Araujo 2018). The most commonly employed equation for refractive index 

(RI) based sensitivity or bulk sensitivity can be written as:

         (1)

where  ηB represents bulk sensitivity, while Δλ and Δn are respectively, Shift in LSPR peak 

wavelength and the refractive index change of a medium.

2.2 FIGURE OF MERIT

Sensing performance can also be evaluated by exploring the Figure of Merit (FoM) 

factor. The FoM is defined as the ratio of bulk sensitivity to the full width at half maximum 

(FWHM) (Farooq, and Araujo 2018), and is expressed as:

 FoM= ɳB / FWHM        (2)

3 RESULTS AND DISCUSSIONS

The LSPR peak shift of single AuNR and silica connected AuNR dimer in various 

surrounding mediums with different RI values are presented in Figure. 4. LSPR peak 

position is linearly dependent on the variations of the surrounding medium RI,as shown in 

Figure.4 for Au single rod and AuNR dimer. For gold dimer bridged by silica cylinder having 

length G = 2 nm and thickness d= 1 nm, LSPR peak position can shift from 630 to 756 nm 

with RI increasing from 1.0 to 1.33, as depicted in Figure 4. 

Figure. 4. LSPR peak shift of single AuNR and AuNR dimer connected with silica cylineder on changing the the 
refractive index of the surrounding Medium.
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Numerical values for the bulk sensitivity of AuNR dimer were identified as 381 

nm/RIU, which is higher than single nanorod value (300 nm/RIU). The AuNR dimer also 

presents a higher figure of merit (11.7) after linked by silica cylinder with appropriate aspect 

ratio (AR = 3).

As depicted in Figure. 5a, the aspect ratio of silica linked AuNR dimer increase, the bulk 

sensitivity of gold nanostructures enhances accordingly. The higher value of bulk sensitivity 

obtained at aspect ratio 6 (L = 30 nm, D = 5 nm), and the lower value at aspect ratio 1. 

Fiure. 5. The bulk sensitivity (a) and FoM (b) of AuNR dimer with various aspect ratios, keeping constant silica 

connection length (G = 1 nm) and thickness (d = 1 nm).

Therefore, FoM of AuNR dimer also varies as a function of aspect ratio as shown 

in Figure 5b. The maximum value of FoM calculated in this work is 16.9, for aspect ratio 

equals to 6. This calculated value of FoM (16.9) of gold rod dimer is higher than the reported 

values of several nanostructures with different shapes, such as Au nanaorod (1.3) (Mayer 

et al, 2008), Au nanosphere (1.5) (Underwood and Mulvaney, 1994), Au nano-cresent 

(2.4) (Bukasov, and Shumaker-Parry, 2007), Au nanoshells (0.9) [14], Au bipyramide (4.5) 

(Burgin and Guyot-Sionnest, 2008) and Ag Nanoplate (2.5). Table 1 indicates the figure of 

merit and bulk sensitivity of different nanostructures (ensemble).

Table 1. The survey of bulk sensitivity and figure of merit of plasmonic nanostructures of various shapes

Nanostructures Types ηB

(nm/RIU)

FoM References

Au NR-dimer --- 717 16.9 Calculated

Au Nanoshells Ensemble 314 0.9 Pramod et al, 
2008
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NanostructuresNanostructures Types ηB

(nm/RIU)

FoM References

Au Nanospheres Ensemble 90 1.5  Mulvaney et al, 
1994

Au Nanorods Ensemble 170 1.3 Mayer et al., 
2008

Au Nano-Cresent Ensemble 596 2.4 Bukasov et al, 
2007

Au bipyramid Ensemble 352 4.5 Burgin et al, 
2008

Ag Nanoplate Ensemble 406 2.5 Farooq et al., 
2018

The FWHM of gold dimer spectrum is not so affected by increasing the aspect 

ratios, as compared to other ensemble shapes like spheres, shells etc. However, varying 

the AuNR aspect ratios of gold dimer can also affect the FoM due to change in radiation 

damping. Therefore, the FoM response of AuNR dimer is mainly dependent on the 

variations in bulk sensitivity and FWHM.

The impact of silica nano-cylinder junction length (G), connecting end-to-end gold 

nanorods, on the bulk sensitivity and FoM can be observed in fig 4. AuNR dimers with 

silica junction lengths from 1 to 5 nm were analyzed. 

As silica linked cylinder length increases, the sensitivity and FoM of the 

nanostructured platform reduces. As FWHM of gold dimer spectrum is not so affected by 

the junction length FoM and bulk sensitivity presents similar behavior, as shown in Figure 6. 

Figure.6. The bulk sensitivity and FoM of 30nmx10nm AuNR dimer as a function of silica nano-cylinder with different 
lengths (G); L= 30nm; D=10nm and d = 1 nm.
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The higher FoM and sensitivity values were obtained for 1 nm junction length, 

Which was 12.25 and 397 nm/RIU respectively.

4 CONCLUSION

Localized Surface Plasmon Resonance phenomenon can drive the development 

of low-cost and accurate sensing. The establishment of high performance AuNR dimer 

LSPR sensor requires the description of sensing parameters (sensitivity and FoM) as a 

function of the AuNR aspect ratios and silica connection length.

The obtained computational results present a potential of the bulk sensitivity and 

FoM as function of the AuNR dimer connected end-to-end by silica nano-cylinder. By 

tuning the dimer aspect ratio from 1 to 6, substantial bulk sensitivity (717 nm/RIU) was 

obtained by embedding the nanostructure into several media. Moreover, higher FoM (16.9) 

was achieved by keeping the dimer aspect ratio 6.

Besides, the approach used in this work provides insight on the dimer LSPR 

behavior due to tuning the NR aspect ratio and silica junction length, establishing a 

new paradigm for engineering LSPR based sensor. The proposed approached can be 

extended to engineer an efficient and precise nanoscale sensor in molecular biosensing.

5 ACKNOWLEDGEMENT

This work was supported by the Brazilian Agencies: Coordination for the 

Improvement of Higher Education Personnel (CAPES), the Brazilian National Council 

for Scientific and Technological Development (CNPQ), the Polytechnic School of 

Pernambuco, and authors are also gratefull to University of Central Punjab, Faisalabad 

Campus, Pakistan.

REFERENCES

Bukasov R, Shumaker-Parry JS. Highly tunable infrared extinction properties of gold nanocrescents. 
Nano letters. 2007 May 9;7(5):1113-8. 

Burgin J, Liu M, Guyot-Sionnest P. Dielectric sensing with deposited gold bipyramids. The Journal of 
Physical Chemistry C. 2008 Dec 11;112(49):19279-82. 

Camara AR, Gouvêa PM, Dias AC, Braga AM, Dutra RF, de Araujo RE, Carvalho IC. Dengue 
immunoassay with an LSPR fiber optic sensor. Optics express. 2013 Nov 4;21(22):27023-31. 

Farooq S, Neves WW, Pandoli O, Del Rosso T, de Lima LM, Dutra RF, de Araujo RE. Engineering a 
plasmonic sensing platform for Candida albicans antigen identification. Journal of Nanophotonics. 
2018 May;12(3):033003.

Farooq S, Nunes FD, de Araujo RE. Optical properties of silver nanoplates and perspectives for biomedical 
applications. Photonics and Nanostructures-Fundamentals and Applications. 2018 Sep 1;31:160-7. 



The Great World of Nanotechnology Vol II Chapter 2 20

Farooq S, D. Rativa and R. E. de Araujo, “High performance gold dimeric nanorods for plasmonic          
molecular sensing,” in IEEE Sensors Journal, doi: 10.1109/JSEN.2021.3064648.

Farooq, Sajid, and Renato E. de Araujo. “Engineering a localized surface plasmon resonance platform 
for molecular biosensing.” Open Journal of Applied Sciences 8.3 (2018): 126-139. 

Grieneisen, M. L. & Zhang, M. Nanoscience and Nanotechnology: Evolving Definitions and Growing 
Footprint on the Scientific Landscape. Small 7, 2836–2839 (2011).

Haes AJ, Chang L, Klein WL, Van Duyne RP. Detection of a biomarker for Alzheimer’s disease from 
synthetic and clinical samples using a nanoscale optical biosensor. Journal of the American Chemical 
Society. 2005 Feb 23;127(7):2264-71. 

Hammond JL, Bhalla N, Rafiee SD, Estrela P. Localized surface plasmon resonance as a biosensing 
platform for developing countries. Biosensors. 2014 Jun;4(2):172-88. 

Hong W, Liang F, Schaak D, Loncar M, Quan Q. Nanoscale label-free bioprobes to detect intracellular 
proteins in single living cells. Scientific reports. 2014 Aug 26;4(1):1-5.
 
Jain PK, Eustis S, El-Sayed MA. Plasmon coupling in nanorod assemblies: optical absorption, discrete 
dipole approximation simulation, and exciton-coupling model. The Journal of Physical Chemistry B. 
2006 Sep 21;110(37):18243-53. 

Johnson PB, Christy RW. Optical constants of the noble metals. Physical review B. 1972 Dec 15;6(12):4370. 

Kelly, K. Lance, Eduardo Coronado, Lin Lin Zhao, and George C. Schatz. “The optical properties of 
metal nanoparticles: the influence of size, shape, and dielectric environment.” (2003): 668-677.

Kroto, H. W., Heath, J. R., O’Brien, S. C., Curl, R. F. & Smalley, R. E. C60: Buckminster fullerene. Nature 
(1985). doi:10.1038/318162a0

Lee J, Hasan W, Odom TW. Tuning the thickness and orientation of single Au pyramids for improved 
refractive index sensitivities. The Journal of Physical Chemistry C. 2009 Feb 12;113(6):2205-7. 

Mahmood, H. Z., Farooq, S. & Lins, E. C. Optimizing the Plasmonic Sensing of Silica Coated Au/Ag 
Nanoshellse. Int. J. Sci. Eng. Investig. 87, 140–145 (2019).

Mayer KM, Lee S, Liao H, Rostro BC, Fuentes A, Scully PT, Nehl CL, Hafner JH. A label-free 
immunoassay based upon localized surface plasmon resonance of gold nanorods. ACS nano. 2008 
Apr 22;2(4):687-92. 

Pramod P, Thomas KG. Plasmon coupling in dimers of Au nanorods. Advanced Materials. 2008 Nov 
18;20(22):4300-5. 

S.Underwood,P.Mulvaney,“Effect of the Solution Refractive on the Color of Gold Colloids,” Langmuir, 
10 , 3427–3430, 1994.

Takemura K, Adegoke O, Takahashi N, Kato T, Li TC, Kitamoto N, Tanaka T, Suzuki T, Park EY. 
Versatility of a localized surface plasmon resonance-based gold nanoparticle-alloyed quantum dot 
nanobiosensor for immunofluorescence detection of viruses. Biosensors and Bioelectronics. 2017 
Mar 15;89:998-1005. 

Zhang, B. Introduction. in Physical Fundamentals of Nanomaterials 1–18 (Elsevier, 2018). doi:10.1016/
B978-0-12-410417-4.00001-0.

Zalevsky, Z. & Abdulhalim, I. Integrated Nanophotonic Devices. Integrated Nanophotonic Devices 
(2010). doi:10.1016/C2009-0-62955-X.



The Great World of Nanotechnology Vol II About the  Organizer 234

ABOUT THE ORGANIZER

MARCOS AUGUSTO DE LIMA NOBRE: Assistant Professor and Researcher (2006 - 

present), with citation name M. A. L. Nobre, at the São Paulo State University (UNESP), 

School of Science and Technology, Department of Physics, campus at Presidente 

Prudente-SP. Head and Founder (2002) of the Laboratory of Functional Composites and 

Ceramics (LaCCeF acronym in Portuguese, the native idiom), Lab certified by PROPE-

UNESP/National Council for Scientific and Technological Development/CNPq*. Grants 

from National Council for Scientific and Technological Development (CNPq), 2020-2023, 

2019-2021 and 2010-2012. Granted with Young-Researcher scholarship by the São 

Paulo Research Foundation, FAPESP (São Paulo, São Paulo) (2002 - Summer of 2005). 

Postdoctoral fellow at the Polytechnic School of the University of Sao Paulo (POLI USP-SP) 

Metallurgy and Materials Science Department with FAPESP Scholarship (1999-summer of 

2000). PhD in Science, CAPES Scholarship (Physical Chemistry 1999) by the Chemistry 

Department, UFSCar-SP. Master in Chemistry CNPq scholarship (Physical Chemistry 

1995) by the Chemistry Department, UFSCar-SP. Licentiate degree (4-year of study) in 

Physics (1993) CNPq and CNPq-Rhae scholarships by the Physics Department, UFSCar-

SP. Associate Editor of the Micro & Nano Letters - IET 2019-2020. Associate Editor of the 

Micro & Nano Letters-Wiley, 2020 - present. Ethycal Editor of the Applied Mathematics 

Science (Reuse) m-Hikari and Modern Research in Catalysis, Irvine-CA, USA (2017- date). 

Editorial board member of the Artemis Editora, Brazil. Nowadays, have 02 patents. Has 

published 80 papers at 39 different indexed Journals of renowned Editors. In May/25/2021, 

has been cited 1379 times, at 76 papers (47 with citations), in according to the ResearchID 

actual Publons base having an H-index equal to 23. Academic Google score: H = 28, 

i10 = 45 and 2338 citations. Reviewer of more than three dozen of journals. Have more 

than 580 communications and presentation in National and International Congress and 

Symposiums, from these 150 has been published as Conference Paper. Author or co-

author of 20 Chapters of book approaching Scientific Divulgation, Teaching of Physic and 

Chemistry for teachers actuating in the graduating degree. For this, the Nanoscience and 

Nanotechnology have been the first strategy. Received tens of National and International 

Awards, Honorable mentions and distinction mentions, as well as titles. Research skills: 

Materials Science, Advanced Ceramic Processing, Linear and Non-linear Advanced 

Dielectrics Materials, Solid state chemistry, Impedance spectroscopy of solids and fluids, 

Structural Characterization via Mid infrared Spectroscopy with Fast-Fourier-Transformed 

of solid and fluids, Structural and non-structural Phase Transitions in Semiconductor 

Ferroelectrics. Also, Molecular Interactions in Functional Fluids as biofuels and its blends, 

probed via mid infrared Spectroscopy. Research interests: New Functional Materials as 



The Great World of Nanotechnology Vol II About the  Organizer 235

amorphous composite based on carbon/nanoparticles and Semiconductor Ferroelectrics. 

Member of the Program of Post-Graduation in Chemistry at UNESP - Campus of São José 

do Rio Preto, IBILCE UNESP – SP, Brazil. 



The Great World of Nanotechnology Vol II Index 236

INDEX

A

Adsorbente  172, 173, 179, 180

Alumínio  182, 183, 184, 186, 187, 189, 190, 191, 192, 193, 198, 200, 204, 205, 206, 208, 209, 210

Annealing  1, 2, 4, 5, 7, 9, 10, 227

Arsénico  172, 173, 174, 178, 179, 180, 181

AuNR dimer  12, 14, 16, 17, 18, 19

B

Biodiesel  162, 164, 165, 168, 169, 171

Blends  162, 168, 169, 170, 171

Bulk sensitivity  12, 14, 15, 16, 17, 18, 19, 73

C

Carboxymethylchitosan  125, 127, 128, 129, 132, 133, 136

Celulose  228, 229, 230, 231, 232, 233

Chemical composition of SS surface  109

Clay  125, 127, 128, 130, 131, 133, 136, 137

Comparison among Silica and reuse of waste  77

COMSOL  14, 15, 68

Conductive tubes  92, 93, 94, 95, 100, 102, 104, 106

Confined water  39, 40, 41, 42, 52, 55, 58, 59, 60, 61, 63, 65

D

DFT  21, 23, 35, 36, 49, 50, 63

Diesel  162, 163, 164, 165, 168, 169, 171

DSSC  213, 214, 217

E

Efluente  172, 173

Evolutionary strategies  151, 156

F

FEM  14, 68

Figure of merit  11, 12, 14, 15, 16, 17, 67, 68, 72, 73, 74



The Great World of Nanotechnology Vol II Index 237

Filmes finos  205, 212, 213

Filter  125, 126, 127, 128, 131, 132, 134, 135, 136, 137

Fits on Mössbauer spectra  151

FoM  15, 16, 17, 18, 19, 68, 74

G

Graphite nanostructures  162

K

KSr2Nb5O15 ceramic  138, 139, 141, 144, 146

M

Magnetita nanoestructurada  172, 173

Metalurgia do pó  182, 186, 191, 192

Métodos químicos  198, 201, 205

Micro and nano silica  76, 77, 78, 79, 84, 90

N

Nanocomposite  36, 37, 91, 125, 126, 127, 128, 132, 133, 134, 135, 136, 137, 161, 182, 183, 194, 

195, 196, 198, 211

Nanocompósitos  182, 183, 185, 186, 193

Nanocristais  228, 229, 230, 232, 233

Nanoestruturas  182, 198, 200, 201, 202, 206, 210, 213, 217, 218, 219, 222, 223, 224, 226

Nanograins  1, 2, 3, 9, 138

Nanolithography  39, 40, 41, 42, 45, 50, 62, 64, 66

Nanopartículas  151, 180, 212, 224, 228, 229, 231

Nanostructures  2, 9, 12, 13, 14, 15, 17, 19, 21, 22, 23, 25, 38, 61, 68, 69, 70, 71, 72, 74, 138, 

162, 170, 211, 213, 226, 227

Nanostructures surface  21, 22, 23

Nanotechnology  12, 20, 62, 66, 102, 106, 126, 138, 162, 183, 195, 213, 226

Nanotecnologia  182, 212

NiFe2O4 nanoparticles  150, 151, 153

O

Oxidation  39, 40, 41, 42, 53, 55, 59, 64, 65, 91, 109, 117, 118, 121

Óxido de grafeno reduzido  182, 183, 186



The Great World of Nanotechnology Vol II Index 238

Óxido de zinco  197, 213

P

Papel reciclado  228, 229, 232, 233

Perfectly matched layer  11, 12, 15, 68, 69

PIII in magnetic field  109

Plasma immersion ion implantation  92, 93, 94, 107, 108, 109, 122, 123, 124

R

RI  15, 16, 67, 68, 72, 73

Rice husk Silica  77

Rolling  1, 2, 3, 4, 5, 6, 7, 9

Rough rolls  1, 2, 3, 8, 9

S

SILAR  198, 200, 201, 204, 205, 206, 210, 212, 213, 216, 217, 218, 219, 220, 221, 222, 223, 

224, 226

Silica Morphology  77, 83

Silver nanoparticles  74, 125, 127, 128, 129, 130, 132, 133, 136, 137

Supercapacitores  197, 198, 199, 200, 202, 209, 210

Surface  1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 19, 20, 21, 22, 23, 24, 27, 28, 29, 30, 31, 33, 34, 

35, 36, 37, 38, 39, 40, 41, 42, 44, 45, 50, 52, 53, 54, 55, 57, 58, 59, 60, 63, 64, 65, 66, 68, 

69, 70, 75, 77, 79, 80, 81, 82, 84, 85, 88, 91, 92, 93, 94, 95, 96, 98, 99, 100, 102, 103, 104, 

105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 116, 117, 118, 119, 121, 122, 129, 152, 160, 161, 173, 

211, 213, 226, 227

Surface modification  37, 38, 92, 93, 106, 109, 110

U

Ultrananocrystalline Diamond Films  93, 108

V

Viscosity  89, 162, 163, 165, 166, 167, 168, 169, 170, 171

X

X-ray photoelectron spectroscopy  42, 92, 96, 103, 108, 109, 111, 123



The Great World of Nanotechnology Vol II Index 239

Z

ZnO  21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 197, 198, 199, 200, 

201, 202, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 217, 218, 219, 220, 221, 

222, 223, 224, 225, 226, 227

ZnO nanocrystals  21, 23, 25, 35



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 


	00_Folha de  Créditos NANO II_16x23_pg 1.pdf
	Conselho Editorial
	Prof.ª Dr.ª Ada Esther Portero Ricol, Universidad Tecnológica de La Habana “José Antonio Echeverría”, Cuba




