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Abstract

In the present work we describe the most important quantum properties of graphene and
derivatives recently published. We discuss how these properties were incorporated into
varied hybrid materials such as substrates for specific tuning of matter to track varied
quantum signals. Their potential applications were analyzed from nanomaterial and
nanotechnology. In particular graphene, its derivatives and other carbon-based allotropes
were chosen due to their special chemical structure and properties from the nanoscale to
larger lengths, according to specific applications. As expected, these carbon-based and
related materials’ highly ordered and condensed electronic configuration showed particular
electronic properties below the nanoscale. Thus, we discussed the generation of pseudo-

© 2023 by the author. This is an open access article distributed under the

@ @ conditions of the Creative Commons by Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium or format,
provided the original work is correctly cited.



http://creativecommons.org/licenses/by/4.0/
mailto:gbracamonte@fcq.unc.edu.ar
mailto:guillermobrac@yahoo.ca
mailto:gbracamonte@fcq.unc.edu.ar
mailto:guillermobrac@yahoo.ca
https://www.lidsen.com/journals/rpm/rpm-special-issues/quantum-mechanic-solid-state

Recent Progress in Materials 2023; 5(1), doi:10.21926/rpm.2301008

electromagnetic fields and conduction bands. This particular property could also interact
with different quantized energy levels and quantum properties, such as those focused on: i)
Dirac electron interaction and conduction, ii) anomalous quantized hall effects, iii) magnetic
effects, iv) excitons, v) polaron generations, d vi) Fermi and Landau levels. These different
phenomena were discussed about the particular topological states of graphene by tuning
their 3D chemical structures. Therefore, quantum phenomena and their possible
modifications such as quantum interference, potential improvements and encrypted signal
transduction were considered for applications.

Keywords

Topological states of graphene; quantum states; dirac electron conduction; fermi level
interaction; polaron; exciton; electronic conductions; pseudo-electromagnetic fields;
enhanced energy mode coupling

1. Introduction

In this short review we discuss a high-impact research field related to quantum properties
where graphene could participate in developing variable quantum properties with potential
applications and high technological perspectives such as quantum computing, encryption and non-
classical light generation. Thus, graphene with its high-ordered 2D material could be tuned within
3D nanomaterials where electronic confinement could generate non-classical phenomena
explained by quantum physics and chemistry [1-3].

Hence, quantum properties proved interesting for a large variety of themes, such as quantum
chemical calculations, particularly in astrochemistry [4], quantum computers [5], quantum
memories [6], encryption [7, 8], quantum light-emitting devices [9], and even quantum
communications on a global scale [10]. In the examples, different implications of hybrid materials
were shown on different scales, with the generation of quantum properties from sub-atomic
scales to macroscale and beyond. Therefore, the importance of developments on shorter scales
should be underlined, including coherent electrical control of a single high-spin nucleus in silicon
for quantum memories [11] and the interference of quantum states that could affect the quantum
information processing [12], detection and resolution of macroscopic objects [13]. Different
theoretical models were used for these quantum applications, such as quantum particles, photons
and quantum states, in addition to multidisciplinary fields that allowed advances in quantum
optics, nano-optics, micro-circuits and higher macroscale optical designs and engineering. Here,
graphene and carbon allotropes could participate differently based on properties such as
condensed electronic matter [14] combined with free electron orbitals [15] and pseudo-
electromagnetic properties available. Thus, graphene formed by little atomic thickness showed
stable chemical structures and films with semimetal properties. Their tiny overlapped valence and
conductance bands showed a strong ambipolar electric field effect such as electrons and holes in
high concentrations per cm square with room temperature mobility when voltage-gating
increased [16]. Such properties are based on the particular electronic sp? orbitals that could
interact among them within free spacer lengths of around 0.335 nm producing pseudo
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electromagnetic fields. New electronic properties could be controlled and generated with the right
excitation from 2D structures towards 3D. For example, strong pseudo-magnetic fields could be
theoretically calculated in graphene more than 300 T within confined bubbles in carbon-based
material [17]. Likewise, Pseudo-electromagnetic fields were recorded in 3D topology based on
other semimetals [18].

Confined properties from the Nanoscale to tunable electronic properties and further
developments and uses within quantum nanomaterials were discussed. Thus, on the micro-scale,
we could include the control of the multi-layered deposition of graphene chemical structures on
modified silica substrates for electron shuttle applications within optical and electroactive chips
and devices (Figure 1) [19]. In this example, graphene was embedded in a double-gated structure
enabling the system-on-chip approach. This device allowed the development of relativistic
tunneling experiments such as: i) single-layer graphene, ii) gate tunable bands gaps in bi-layers
and iii) tunable band overlaps by tri-layered depositions. As could be observed from the modified
silica substrate many different materials are interacting in close contact from where is required
proper Optical setups to stimulate the systems and record targeted interferences and signal
modifications. In this manner, the control in the Nanoscale of reduced-sized Graphene structures
on a highly conductive silica substrate and between gold Nanostructures led to a confined
guantum set up close to the molecular level control where varied materials and properties were
joined. Thus, proper excitation and detectors coupling was afforded to the different
measurements recorded. In this context, the tunneling signal generated was based on the
electronic interactions between all the mentioned materials; such as electromagnetic fields from
graphene, gold Plasmonics, and Semiconductive properties of Silica that afforded a different
material behavior non showed in comparison to the absence of some of these components.
Similiarly, it could be mentioned the generation of metamaterials and new properties within
varied scales dependes on the targeted study and coupled Optical set up. And in this regard, as
mentioned previously, the use of different Optical setups to record varied signaling opens a huge
window to propose new materials and related studies and developments based on accurate joined
materials controlling from the Quantum to the Nanoscale and beyond. From another point of view
and thinking on functional materials it could be proposed Nano-tools be incorporated within
miniaturized instrumentation as well. So, it is just mentioned in the middle of quantum highlights
and optical Quantum properties.
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Figure 1 Scheme of modified silica substrate for gate-tunable band gaps in multi-
layered graphene, b) band gap overlap (meV) vs electric field (V/nm) plots. Reprinted
with permissions from S. Tarucha et al. 2011 [19], Nanotoday, Elsevier.

Accordingly, in this review we discuss a selection of the quantum properties mentioned, with
potential implications and applications in nanomaterials. The main factors associated with carbon-
based matter constitution and 3D architecture directly impacting the study and tuning of different
guantum properties were presented and discussed. Thus, their perspectives and potential uses in
the design of new nanomaterials were opened, in addition to discussing the basis of quantum
graphene implications, and future perspectives in quantum and nanotechnologies [20].

2. Graphene Quantum Properties and Implications for Nanomaterials

Due to their intrinsic chemical structure associated with highly conjugated and confined
electronic states, graphene and its derivatives have gained increasing interest in the field of
guantum. Optical set-ups were applied to different carbon-based nanomaterials and
metamaterials given the properties studied. As a result, varied resolution in quantum signaling
was achieved in different potential applications. Control from the atomic level to longer distances
in the nanomaterial structure could stimulate different quantum phenomena and effects. In this
context, it should be mentioned that the capability to tune and incorporate electromagnetic fields
and electronic densities within heterojunctions and hybrid materials could affect the quantum
properties of Graphene and materials in their close surrounding. In this manner, the generation of
new chemical species with different quantized energy levels could be of interest from the
guantum point of view. Hence, in this section we discussed a selection of the most recent
publications on the topics referred to.

Graphene showed particular electronic properties thoroughly explained by classical theoretical
and experimental methodologies, such as Dirac electron interaction and conduction through
different media. Dirac particles are described as similar electrons with spin-1/2 massive particles
studied with interacting free electrons. Monte Carlo simulations of graphene were developed on
different substrates to do that. Important information on short to long Dirac electron interactions
was gathered based on Coulombic resonances within the Fermi level such as an electro-active
band of conductions [21]. The faster Fermi velocity recorded and not explained by classical ab
initio calculations was described. Moreover, we predicted that interactions on metallic substrates
could be enhanced rather than suppressed. These mechanisms could not be applied to all systems
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due to lattice-scale physics that depends on experimentally tunable parameters like strain and
substrate that regularize the Dirac theory. So, structural constraints, coulombic interactions, and
electromagnetic fields produced resonances within high energy-gaining media that led to
enhanced velocities of quantum particles. In addition, these expectations could not be applied to
UV as predicted by the Dirac theory; however, it was extended for the IR interval, opening up a
new field of research and development. These interactions were evidenced in different
phenomena such as the excitation of antiferromagnetic materials with varied degrees of an order
[22]. Organic carbon-based materials with a highly ordered chemical structure and electronic
density in 2D were compared to inorganic materials.

Twisted bilayers of graphene showed anomalous quantum behavior in the Hall Effect. In this
context, for neophytes, the Hall effect of the quantum regime is related to an electronic effect
within a confined space in the presence of a high-energy electromagnetic field. Therefore, in this
study the phenomenon was evaluated by the external electromagnetic field of graphene. This
effect was described as a precise quantized Hall resistance at zero magnetic field application in
topological insulators of Bi;Ses doped with magnetic atoms [23]. However, this phenomenon was
produced by combining the right topology and magnetic properties from twisted bilayer graphene
aligned with hexagonal boron nitride. As a result, strong intrinsic interactions of polarized
electrons were developed into a single spin and valley-resolved moiré mini-band. The band
interactions of inter-double layers controlled and tuned the electronic properties. Note that Moiré
structures are associated not only with carbon-based metamaterials, as their nomination is
associated with homogeneous and periodic atomic patterns [24]. Thus, electrical currents as small
as 1 nanoamper were generated within these high electronic densities between both twisted
bilayers, switching the magnetic order between different polarization states. These modifications
in opposite polarization states could form electrical rewritable magnetic memories. This effect
resulted from the highly ordered moiré structures with periodic layer superposition whose effect
and phenomena could vary depending on the interacting properties [25]. For example, strongly
correlated electrons and hybrid excitons in moiré heterostructures were recently reported [26].
These properties were generated from the collective electron dynamics and interactions in
atomically thin semiconductors that formed exciton-polarons [27]. In this field new nano-optical
studies could be developed with graphene and its derivatives, based on electron and energy
transfer where excitons could be present [28, 29]. Electronic properties could generate new ones
interacting from below the nanometer resolution and within the atomic level, particularly with
these 2D carbon-based chemical structures. Strongly interacting dipolar polaritons were recently
reported waveguiding through micrometer lengths [30]. Even if this phenomenon was not
achieved in the presence of graphene, it should be highlighted to develop similar studies to infer
its potential participation in related phenomena.

In addition, it is important to underline the relation between electronic confinement and
topological spaces for tuning electronic interactions. For example, strain engineering of giant
pseudo-magnetic fields, valley polarization and topological channels were developed in graphene
within the nanoscale, influencing electromagnetic properties and quantum energy levels [31]. An
accurate deposition of graphene obtained this nanosystem on modified substrates with Pd
nanocrystals (NCs). The deformation of the deposed graphene modified the electronic strains
(Figure 2 a), leading to energy variation within pseudo-electromagnetic fields (Figures 2 b, and c).
The sensed variations were at Landau and Fermi levels of energies and electronic conductions
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(Figures 2 d and e). In this context, the high sensitivity of Graphene interactions between inter-
layers manipulating van der Waals heterostructures to manage nontrivial topology, and electron-
electron interactions [32]. So, to achieve Graphene deformations and tune distortion-induced
strain in graphene lattices, we considered the generation of strain-induced and scalar gauge
potentials related to a distribution named Berry connection (Figures 2 f and g) [33]. Due to
structural distortions, these modified gauge potentials resulted from the differences in the
distances or angles between the electronic orbitals (Figure 2h). The excess scalar potential caused
by these interactions could generate scattering of Dirac fermions and modifications in the local
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Figure 2 Topographic and spectroscopic studies of strain-induced effects on graphene
at room temperature due to one Pd tetrahedron NC. a) 3D topographic images of the
distorted graphene taken by AFM (main panel) and STM (inset, zoom-in image with
atomic resolution). b) 3D topographic image of the distorted graphene taken by STM. c)
Pseudo-magnetic field map calculated from the topography over the same area as
shown in (b). d) Tunneling conductance spectral difference relative to the Dirac
spectrum of strain-free graphene shown along the line cut indicated by the black
arrow in (c), revealing spatially varying strengths of strain-induced pseudo-magnetic
fields as found by the variations in the Landau-level separation. a.u., arbitrary units. e)
Representative spectra of tunneling conductance versus energy of strained graphene
along the black line cut in (c), showing quantized conductance peaks in strained
regions and V-shape Dirac spectrum in strain-free regions as exemplified by the white
curve located at r~ 36 nm. f) 3D topographic map of graphene/h-BN deformation on
an ideal tetrahedron, as computed from MD simulations described in the
Supplementary Materials. g) Pseudo-magnetic field map computed from the
topographic distortion in (f). h) Comparison of the absolute values of pseudo-magnetic
fields |Bs ()| derived from topographic studies (red line) and from Landau-level
separations in STS (black diamonds), showing overall satisfactory agreement. Here, r
denotes the distance measured from the lower-left end to the upper-left end of the
black arrow shown in (c). Reprinted with permissions from N. C. Yeh et al. 2020 [31],
Science Advances, Sci.
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In contrast, the excess of gauge potential led to pseudo-magnetic fields related to curvatures in
the Berry surfaces. Therefore, through accurate control of the graphene layer interactions,
variable strong electromagnetic fields could be tuned such as those greater than 300 Tesla in
graphene nanobubbles [34]. Hence, via a small 3D configuration control, a highly sensitive electro-
active response was produced at different levels. These phenomena showed implications such as
anomalous quantum Hall effect in monolayer graphene, topological zero modes in molecular
graphene assemblies, topological valley transports and across graphene wall domains [35].

Quantum Landau particles considered electronic packages of different energies according to
the number of electrons [36] that could interact with electromagnetic fields. It was shown that, at
room temperature, pseudo-magnetic fields, from graphene through a wafer-scale epitaxial
platform, generated strain-induced Landau levels detected by angle-resolved photoemission
spectroscopy [37]. In this research, two-dimensional Dirac materials are shown on wafer-scale
platforms potentially applied to new designs of quantum devices. The sensitivity of these
phenomena was demonstrated by the control and tuning of valley polarization, inversion in
strained graphene via pseudo-Landau levels and valley splitting of real Landau levels [38]. Thus,
these electronic interactions confined in quantized energy levels showed potential applications in
metamaterial designs.

Electromagnetic fields from carbon-based materials within short spacer length intervals of 0.2-
0.5 nm could affect additional material intercalated and coupling with other energy modes
generated by materials such as tiny metallic and quantum particles. Small sizes below 5 nm
diameters show particular and different properties non-explained by traditional physics; and
explained by Quantum theory from Eigenvalues of varied energy modes. These types of studies at
the moment there are not so many due to the major quantity being focused on the Nanoscale.
Thus, non-local quantum models of the permittivity for the propagation of Plasmonic waves in
guantum-confined silver nanoparticles and other types of inorganic materials are of high interest
and impact on their close surrounding [39]. And in this context close interaction with other
electronics, quantum behaviors, and associated phenomena such as from grapheme and highly
conjugated are potential materials to generate new and different properties [40]. Thus, to study
these potential metamaterials, the chemistry of surfaces joining proper excitation and detection
optical systems should be controlled to track targeted quantum signaling.

To conclude this section, it is important to note that the topics discussed could be extended to
other systems such as chemical modification of regular patterned structures by incorporating
single atoms and molecules that could modify their quantum properties. Here we can include the
design and synthesis of graphene derivatives [41] and topological engineering of molecular
Graphenoids [42] and theoretical calculations such as the Density Functional Theory of atoms and
molecules [43]. Hence, a focused multi-disciplinary approach could be adopted.

3. Design of Hybrid Graphene and Metamaterials with Quantum Implications

Quantum properties from graphene-based materials also need to be addressed here. In this
perspective, it should be led to the know-how to control carbon-based materials by wet chemistry
methods and coupled to high-impact technological set-ups for targeted applications with laser-
assisted techniques. Thus, quantum implications could be transferred from the nano- and micro-
to the macroscale by designing new high-impact nanomaterials and metamaterials. Many of these
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developments have not yet been achieved, although recent reports suggest potential
developments of approaches to address targeted applications. To design a bottom-up approach,
the chemical surface modification of graphene should be considered. Hence, their relatively highly
stable and inert chemical structure could be modified by wet chemical synthesis of reduced
graphene oxide. For example, controlling the exfoliation of multi-layer from graphite could be
achieved with strong oxidant agents [44]. Reduced graphene oxide was obtained directly from
graphite in a solution of potassium permanganate and concentrated sulfuric acid with ultra-
sonication assistance. A 0.36 nm thickness of graphite oxide was achieved, allowing acceptable
dispersion in aqueous solutions; this was attained by combining variable strong oxidant solutions
such as HNO3/H,S04 and implementing thermal or microwave methodologies [45]. Thus, from the
synthesis of graphene, surfaces could be modified by covalent and non-covalent interactions in
the design of advanced and functional nanomaterials, as in 2D modifications of electrodes with a
direct impact on the next generation of energy conduction and storage devices [46, 47]. It should
also be noted that considering oxide graphene layers as versatile chemical surfaces could be their
surfaces with additional conductive molecules, such as polythiophene [48], and semi-conductive
materials [49]. The incorporation of nanoparticles [50, 51] showed particular properties from the
nanoscale with different developments such as single electron transfer detection [52, 53] towards
improved hybrid materials and metamaterials for energy applications. And in this context in order
to understand the particular electronic behavior of Graphene; it should be highlighted the
capability of this highly ordered chemical structure to interact with its close surrounding such as
between two electrodes for low electronic conductions at the level of single electron detection.
This phenomenon was possible due to Graphene containing a large number of rings having a zero
energy gap between the conduction and valence bands showing by this manner a semimetallic
behavior with a weak gate effect (Figure 3). Proper chemical modifications could also tune these
particular properties from 2D structures. Thus, hybrid-modified materials could improve already
developed and existing properties in the graphene market. In this context it is possible to design
chemical modifications to incorporate multi-material compositions. These different materials
could also be considered from the molecular level to the quantum and Nanoscale. Here, it is
important to note the importance of wet and solid state chemistry applying different
methodologies such as within colloidal dispersions and Laser based Lithography techniques.
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Figure 3 Molecular structures, energy diagrams, and electrochemical gate effects of
benzenedithiol, PTCDI, and a graphene sheet: a) Benzenedithiol (containing a single
benzene ring) has a large LUMO-HOMO gap (5.1 eV) and is “insulating” with a weak
gate effect (b). c) The LUMO-HOMO gap of PTCDI (containing seven rings) is 2.5 eV,
and the molecule is “semiconducting” with a large gate effect (d). e) Graphene
(containing a large number of rings) has a zero energy gap between the conduction
and valence bands and shows semimetallic behavior with a weak gate effect (f).
Reprinted with permissions from Chen et al. 2009 [52], Accounts of Chemical Research,
RSC.

In addition, Ferroelectrics [54], carbon allotropes [55] and chemical modifications such as
dehydrogenation [56] were also added to graphene layers. From all these modifications, implicit
guantum properties could be studied beyond these scales. Laser-assisted techniques could also
allow the design of micro-patterning on graphene surfaces to develop electronic and photonic
devices such as waveguides for chip applications [57]. Different laser techniques enabled the
nano-patterning of modified 2D chemical surfaces and 3D materials to design electronic devices,
and nano-electronic circuits, and the possibility of developing these patterned designs according
to the specific needs of graphene oxides.

Therefore, special patterns for micro-supercapacitors, flexible electrodes, field effect
transistors, and sensors, among others, could be devised. Patterned surfaces could also be tuned
and modulated as sensitive for particular modifications of energy band gaps applied to enhanced
conductions. In addition, by the appropriate patterned surfaces, [comma] Single Molecule
Detection (SMD) approaches could be developed [58, 59].

In this context of high-impact applications, the possibility of affording new designs of quantum
[60] and nanoelectronics circuits [61] for a variety of uses, such as smart responsive photonic
surfaces [62], should be opened up. These are just some examples that show the importance of

Page 9/17



Recent Progress in Materials 2023; 5(1), d0i:10.21926/rpm.2301008

developments incorporating graphene-based optical meta-materials. Despite available research
into these topics, further studies are still required to develop approaches and new matter
properties.

4. Future Perspectives and Discussion

As shown in previous examples, confined electrons and interactions from graphene, its
derivatives and highly conjugated carbon chemical structures could lead to variable quantum
states and modification of their properties. Quantum properties and related parameters could be
used as valuable information to handle, tune, control, translate, transfer, store, and encrypt, with
many feasible applications. This is possible due to control from the atomic, and molecular level
toward higher dimensions, in addition to the appropriate instrumentation that detects and
evaluates variable quantum energy states. Moreover, these quantum states and properties could
interact with other materials in their surroundings, causing other effects. The modifications
reported were made within quantized levels that could be transduced and measured to larger size
lengths and dimensions. With the right design of materials, it is possible to develop quantum
devices. By accurately tuning graphene bandgaps [63], properties such as voltage-gated
electronics, photon conductions and pseudo electromagnetic fields could be generated through
nanomaterials. These electronic bandgaps showed high sensitivity against different stimulations
such as voltage, photon, electrical and magnetic applications. Therefore, there is great potential
depending on targeted functionalities, as in the development of nanosensors [64], smart
responsive photonic surfaces [65, 66], chips [67], waveguides [68], luminescence waveguiding [69-
71], transistors [72], computers [73] and screens [74]. In this manner, the factor shared by all the
examples discussed should be noted related to a high sensitivity by the right tuning of the material.
Thus, considering how sensitive quantum states and energies were in the different studies, the
capacity of graphene and its derivatives to provide concentrated electronic densities is already
seen/has already been evidenced, in addition to particular physical and chemical properties such
as pseudo-electromagnetic fields and conduction band. These two phenomena could be tuned in
different ways and with diverse strategies, and could be added to nanomaterials to interact with
and produce new properties (Figure 4). Graphene is incorporated into many applications thanks to
the development of chips, and miniaturized instrumentation, especially those developed on a
macro scale. The issue raised about the quantum impact should be addressed with current and
ongoing research developed from technology aimed at quantum supremacy within
communication, electronics, energy and computer manufacturing. Therefore, it is highlighted the
main idea in the use of graphene hybrid quantum and nanomaterials, as high electron-dense
material with the capability to produce electronic waves that from their movement generate
electromagnetic fields; and by this manner interact with photons, varied quantum states, and
guantum bits could modify their properties.
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Figure 4 Schema of perspectives of quantum state and particle interaction with
pseudo-electromagnetic fields, electronics and quantum properties developed from
highly conjugated carbon-based nanomaterials such as graphene and its derivatives.
Reprinted with permissions from G. Bracquemont and W. Hutchinson et al. 2020,
Bentham publishers.

This way, pseudo-electromagnetic fields generated from single and multilayered graphene
could interact in their surroundings. Plasmonic properties from the near field, within closer
nanometer lengths, towards the far field within longer lengths could also be analyzed. Quantum
properties could be affected by these new energy modes. Graphene showed interesting properties
for strong light-matter interactions (Figure 5) [75], such as graphene-based plasmonics for varied
signal modulation and sensing [76]. Their optical and electrical properties could be coupled to
obtain resonators for measurements of varied modes of plasmonic signal translations, such as
from photonics, phonons, excitons, quantum phenomena and enhanced emissions [77, 78]. In this
context it should be highlighted the particular interest in the resonance of nano-structured and
guantum dots arrays to generate different and new enhanced properties. It is known for its varied
design with the incorporation of the concept of cascades, coupling, shuttling, and resonances
where the phenomena are different. But, there is a factor in common with translation through
space, enhancement, and energy mode transfers. These are just keywords, concepts, and ideas
that could open new ones in the next generation of experiments, studies and applications.

Figure 5 Scheme of long-distance graphene plasmons generated on single-layered
graphene. Reprinted with permissions from Koppens et al. 2011 [75], Nano Lett.
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5. Conclusions

Different quantum implications of graphene were already shown in different designs and
approaches to quantum nanomaterials and metamaterials. However, combining chemical
graphene modification and other quantum nanomaterials and semiconductors offers new
opportunities for other types of studies. Incorporating varied optical setups could also lead to the
study and development of new properties. Thus, a large number of experimental designs could be
created. Shortly, new advances in the quantum and metamaterial research will be made.

From the discussed topics we could highlight that pseudo-electromagnetic fields have
promising potential applications not only within quantum material. In this manner, it could also
lead to plasmonic interactions in their close surrounding with molecules and other types of
materials. These interactions could be generated from the high electron density of graphene and
derivatives. Thus, the conjugated sp-orbitals could produce abnormal electronic conductions and
guantum states through and across their 2D structures; for instance, gated voltage control and
electron shuttling allowed graphene incorporation into varied substrates for the design and
fabrication of devices. Likewise, variable quantum properties were developed and studied
depending on the optical set-up applied. For instance the following properties and effects were
produced by applying graphene and derivatives: i) anomalous quantum Hall effects such as
topological quantum transports along the valley of twisted graphene, and across graphene
surfaces; ii) strained Landau quantum energy packages; iii) tuning of quantum polarization
properties; iv) localized and waveguiding plasmonics; v) Q-bits interactions and transport; and vi)
guantum photonics. These results should highlight their potential uses for quantum materials,
metamaterials, and nanomaterial design where quantum properties coupled to other phenomena
could lead to smart responsive materials for varied targeted studies and applications. In this
context it should be mentioned quantum luminescent materials such as quantum dots and meta-
Nano-emitters [79]. Similarly, encryption, quantum computing developments, and
communications [80] are of high interest. While within Life-Sciences the incorporation of
biological media and coupling with active optical biostructures are closely related with high impact
guantum biology studies [81, 82]. So, there is a huge potential in varied Research fields based on
Hybrid Nanomaterials incorporating and tuning quantum properties. In this way, it is up to the
Researchers, the design new materials to develop new or modified properties accompanied with
insights of prototyping functional materials thinking from the molecular level towards higher sized
materials depending on needs such as nano-, and micro-devices.
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