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We examine some current developments in a subject that is developing at the intersection of conventional
inorganic and organic materials. Inorganic and organic structural components co-exist in crystalline systems
that make up hybrid inorganic-organic framework materials. Porous hybrid frameworks have established a lot
of concentration in this field during the last several years because of their potential use in catalysis,
separations, and sensors. Our study primarily focuses on the magnetic, optical, electrical, and dielectric
characteristics that are normally the preview of condensed matter physics. The value of empirical research in
understanding the processes of social, economic, and technological development cannot be overstated. In recent
years, there has also been an increase in the deposition of thin films of hybrid compounds onto solid surfaces for
possible use in surface chemistry and physics. The development of new technologies, like quantum computing
and spintronic, and the understanding of how matter behaves under extreme situations, we demonstrate that
these materials display a great variety of behavior in these domains and provide several fascinating prospects
to the physics community. We also provide a brief overview of several of the characteristics of porous materials
in terms of nano technology with hybrid approach. The field of hybrid technology still has a critical need for
theory and simulation.
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1. INTRODUCTION

The empirical analysis is an approach of investigation
that gathers and examines information from studies or
observations to draw inferences or test hypotheses. It is a
methodical technique for learning about the world that
utilizes data acquired through direct or indirect
observations instead of theory, speculative ideas, or
presumptions. To conduct an empirical analysis, data
must be gathered from a variety of sources, including
surveys, interviews, experiments, and observational
studies. After then, the data is statistically analyzed to
find any noteworthy trends, patterns, or connections.
Researchers and decision-makers may better grasp the
possibilities and problems confronting their disciplines
and create efficient plans to address them by recognizing
and evaluating emerging trends [1]. Numerous modeling
and empirical techniques have been used in a large and
expanding body of literature to estimate the direct and
indirect economic effects of natural disasters. The new
body of research synthesizes its key theoretical,
computational, and empirical results, and discusses
insights into the elements and practices that have been
discovered to reduce the effects of disasters to close this
gap [2]. Photovoltaic technologies refer to the conversion
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of sunlight into electrical energy using solar cells made of
semiconductor materials such as silicon. Solar cells are
the building blocks of PV modules, which are the primary
components of solar panels used in solar power systems.
Numerous benefits of photovoltaic technologies include
their ability to produce electricity without emitting
greenhouse gases, their minimal maintenance needs, and
their long lifespans. Large-scale solar power plants as
well as grid-connected and off-grid solar power systems
for residential, commercial, and industrial purposes
utilize them regularly [3]. Condensed matter physics is
the branch of physics that studies the physical properties
of matter in its condensed state, which includes solids
and liquids. It deals with the behavior of large groups of
particles, such as atoms, molecules, and electrons, and
how they interact to produce the macroscopic properties
of matter, such as elasticity, thermal conductivity, and
electrical conductivity. Several sectors, including
materials science, electronics, and nanotechnology, use
condensed matter physics. The development of new
technologies, like quantum computing and spintronic,
and the understanding of how matter behaves under
extreme situations, such as high pressure and low
temperature, depend on this knowledge [4].

The results were presented at the 34 International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2023)
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The empirical analysis in the context of emerging
trends in photovoltaic technologies involves examining
the data that is currently available on a variety of PV-
related topics, such as the effectiveness of PV cells, the
creation of new materials and designs, the integration of
PV systems into buildings, and the use of energy storage
systems. To evaluate the wviability and possible
consequences of new trends, such as the integration of PV
systems into buildings, an empirical analysis may also be
utilized. Analysts can evaluate the practicality of this
strategy and its potential for general adoption by looking
at actual instances of building-integrated PV systems
and studying the costs and advantages related to them at
all times [5]. An empirical analysis of the emerging
trends in the photovoltaic technologies of condensed
matter physics would involve a detailed examination of
the current state of research in the field of photovoltaics,
with a specific focus on the latest advances in condensed
matter physics. The goal of the analysis would be to
detect the most promising recent technologies and
techniques for improving the efficiency and performance
of photovoltaic cells, and to evaluate the potential impact
of these emerging trends on the wider field of renewable
energy [6]. An empirical analysis of the emerging trends
in the photovoltaic technologies of condensed matter
physics would aim to provide a comprehensive overview
of the latest research in this rapidly evolving field, with
an emphasis on identifying the most promising new
directions for future research and development.

2. RELATED WORKS

The study [7] examined the COVID-19 methods of
control that affected Los Angeles's crime patterns right
away. The research, which uses a Bayesian structural
time series, focuses on nine different types of crime as
well as the overall crime rate, which was tracked daily
from 2017, 1st January, through March 28th, 2020. To
dynamically evaluate the immediate consequences of lax
and severe rules, we focus on two post-intervention time
windows 4 to 16 March 2020, and 4 to 28 March 2020.
Robbery, shoplifting, theft, violence, and other crimes
have all dramatically down in Los Angeles. The study
discussed [8] the effectiveness of green technology
innovation in key developing sectors is assessed using the
Malmquist index and data envelopment analysis.
Innovation in green technologies is the primary drive
behind the sustainable growth of China's key developing
sectors. A good strategy to accomplish the developmental
objective 1s to increase the effectiveness of green
technology innovation. It's a hot topic to determine the
best method for evaluating the effectiveness of new green
technologies. The article [9] looked in-depth at the
usability of participants who are digital natives and
makes recommendations for how immersive content, use
environments, and interface elements should be created
from their perspective. The multiverse has become a
popular platform among digital natives who are used to
mobile technology and immersive media. In contrast, the
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categories of information architecture and use
environment were used to determine the additional user
experience components. The research [10] discussed the
body of knowledge by examining how some "South Asian
countries" energy usage and economic performance are
affected by information and communication technologies.
For the empirical analysis, we used both the co-
integration and error-correction modeling limits testing
techniques. ICT contributed considerably and favorably
to the economic development of India alone, according to
the study's conclusions. The only nation in South Asia to
attain energy efficiency as a consequence of greater ICT
usage in India. The article [2] offered a summary of
empirical studies on the use of Al in online higher
education. This study specifically looks at how Al
operates in empirical research, the algorithms utilized in
empirical research, and the results and implications that
come from empirical research. 32 articles are included for
the final synthesis out of the 434 originally discovered
articles for the period between 2020 and 2011. Artificial
intelligence has introduced new techniques for enhancing
teaching and learning in online higher education as it has
been increasingly utilized in recent years. However, there
aren't many researches that concentrate on the purposes,
results, and implications of using Al in the context of
online higher education. Furthermore, it is still unknown
which Al algorithms are frequently employed and how
they affect distance learning in institutions of higher
learning [11-12].

3. SYNTHETIC METHODS

The amorphous solid precipitation during the
synthesis of crystalline hybrid framework materials is
still a problem, and new approaches are currently being
researched to solve this problem. The following categories
can be used to group synthetic techniques for the
production of crystalline hybrid materials. The bottom-up
approach, or collaboration-directed synthesis of metal
complexes, uses multipurpose organic ligands. The
responses allow for the utilization of constructing
components as components in the construction of
enlarged buildings retain the solid foundation of the
building units continuously. Layered diffusion is often an
effective method for producing high-quality individual
crystals and is recommended for polymerization of
coordination with the required stoichiometry. To
compensate for the differing solubility of both organic and
inorganic elements, and to increase the amount of
condensate, hybrid compounds with expanded inorganic
connections are often synthesized via hydro/solve thermal
techniques. Ionic liquids are currently utilized as solvents
in ion thermal processes for the production of hybrid
chemicals. Compounds with higher M-O-M connections
are often produced by hydrothermal processes that occur
at temperatures close to the boiling point. As an
illustration, by adjusting the temperature alone, 5
distinct cobalt succinate structures may be created from
the same initial mixes. However, there have been few
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modifications in the response to the merchandise's
development over time, promoting the notion that
thermodynamic variables frequently play a significant
role in hybrid synthesis [13-14].

Microwave-assisted solvothermal synthesizing has
furthermore been employed to create hybrid molecules.
The solution may be locally superheated in the above
manner, creating areas of heat that may initiate crystal
growth across the entire system. Greater production and
quicker development are the results of extra seeds. As
soon as the seeds begin to develop, the reactants become
rapidly exhausted. As a consequence, altering the
reactant concentration may change the crystal size.
Additionally, because the development process is
independent of formation on surfaces or particulates of
dust, new types of frameworks can be easily found.
Another contemporary technique is the high throughput
hydrothermal approach, which facilitates a speedy
inquiry by requiring systematic examinations of the
functions of numerous synthesizing factors.

4. MAGNETIC PROPERTY

The magnetic properties of hybrid inorganic-organic
materials, wherein lengthy inorganic networks or local
paramagnetic centers are coupled by diamagnetic links
that may successfully permit magnetic exchange, have
drawn a lot of interest. These substances consist
primarily of transition metals and lanthanide ions.
Effective ways of regulating and altering the magnetic
properties of these materials are provided by the manner
of linking, the dimensionality of the inorganic
subnetwork, size, shape, and different coordinating
modes of the linkers. Hybrid materials have been shown
to exhibit a range of magnetic characteristics, although
those having ferromagnetic (FM) properties are of special
interest. A chiral 3D nickel glutarate, for instance,
exhibits perfect cooperative magnetization activity devoid
of any spin dissatisfaction. Two separate glutarate anions
block the oxide framework (Fig. 1). The small T¢ value is
caused by the ferromagnetic interaction's poor
performance at Ni— O - Ni bridge angles much greater
than 90°.
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Fig. 1 - Thermal dependence of the x7 product
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The Tc of cobalt 1, 4 — cyclohexane dicarboxylate is
60 K, one of the highest temperatures recorded for this
family of compounds. Its octahedral-tetrahedral layers of
metal-hydroxide are supported by dicarboxylate ions and
form the basis of its structure. These layers closely
resemble those of brucite, but they have two tetrahedra
above and below each layer instead of one out of every
four octahedra (Fig.2). Each tetrahedron has three
corners in common with an octahedron, and the
unidentate carboxylate groups of the CHDC pillars
complete the cobalt coordination. Thus, a 3D framework
with water-filled channels is created. This hybrid has
certain porous qualities as a result of the reversible
dehydration-rehydration process. When the water
molecules are gone, the layers shift, the organic
molecules rotate and tilt, and the interlayer distance is
reduced by about 1 A.

The structure consists of an organic moiety that
connects inorganic chains in a lozenge-shaped tunnel
topology. This chemical has a three-dimensional
structure thanks to the connection of its four oxide chains
utilizing two tri-carboxylates at their centers. It is made
up of zigzag layers of edge-sharing cobalt octahedra that
result in 12-membered ring cavities and pentamers of
octahedral. Bridges between the sheets are created by the
succinate moieties. Another ferrimagnetic cobalt
succinate, “type I209, is characterized as parallel
'helicoidal' chains of octahedra joined by tetrameric units
of coplanar octahedra by edge-sharing”.
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Fig. 2 - Variation in inverse susceptibility to magnets and
temperature product of susceptibility

The cobalt atoms in every stratum are connected by
succinate anions. This molecule can have the coordinated
and occluded water removed from it reversibly. While
weaker superexchange angles cause ferromagnetic
coupling, larger ones cause antiferromagnetic
interactions. The blank angle in this instance is between
98 and 99 degrees. A 3D structure of type 1702 is created
by the chains being linked together by fumarate ions
(Fig. 3). With a spontaneous magnetization below 6 K,
this substance exhibits ferrimagnetic behavior. The 3D
cooperative magnetization is explained by a potential
spin-orbit coupling and a minor spin frustration brought
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on by extra exchange channels via fumarate ions.

The zig-zag cobalt octahedral chain (Fig. 4) is made of
this material. A significant ferromagnetic intrachain
connection and an antiferromagnetic interchain
interaction are present in the molecule, which displays
metamagnetic behavior.
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Fig. 3 — Field-cooled magnetization curve showing ferromagnetic
order (a) and magnetization curve (b)
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Chains of CoOx polyhedra with three different
geometries make up an intriguing cobalt 2,5-pyridine
carboxylate with a 3D structure of the I'O? type.
Together with the ligand, the edges and corners of these
non-equilateral hydroxide-bridged scaled triangle chains
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create a structure with three dimensions (Fig. 5).

Small fields below 30 K are consistent with magnetic
susceptibility growing as the measured field lowers, as
predicted by canted antiferromagnetism, which creates a
moderate but high coercive field of 200 G. The
reorientation of spins caused by the field has been seen to
cause Dbistability in three different regions. AFM
interactions are present in a wide variety of hybrid
compounds with 110x frameworks, particularly in 10!
and 1702 molecules.

Additionally, substances with I? (zero inorganic
connection), typically exhibit AFM interactions. All
Kagome compounds should, theoretically, show magnetic
frustration, which is a property of a triangular lattice.
Compounds containing integral spin transition metal
ions, such as Ni2* and Fe2* reduce magnetic frustration.
Additionally, they provide proof of ferromagnetic
interactions. There is a lot of room for additional research
given the magnetic features of hybrid materials.
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Fig. 5 - A plot against T at low fields, with magnetization data
at high fields (inset) (a), and A hysteresis loop for the partly
aligned state (b)

5. OPTICAL PROPERTIES

Hybrid framework materials' optical characteristics
are intriguing since they provide improved thermal,
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chemical nature, and optical stability over molecular
substances, all of which are necessary for practical
applications. The photo- and electrical luminescence, as
well as the nonlinear optical activity, of porous, chiral,
and magnetic hybrids, have piqued researchers' interest.

5.1 Photoluminescence

Photoluminescence (PL) is often seen in hybrid
frameworks as a consequence of charge transfer (either
metal-to-ligand (MLCT) or ligand-to-metal (LMCT)
charge transfer) or intraligand transformations. By
adding heavy metals with higher spin-orbit coupling,
such as lead, the emission lifetime can be adjusted. This
results in room-temperature phosphorescence by
shortening the radiative lifespan of triplets. At normal
temperatures, the 2D cadmium phthalate, type 1209,
exhibits a potent fluorescence emission in the solid form.
Intraligand fluorescence emission was identified as the
source of the brief — luminescence (max =407 nm).
Additionally, it shows a strong emission at 432 nm with
an attributed LMCT excitation wavelength of 360 nm.

5.2 Electroluminescence

An empty conduction band and a full valence band are
characteristics of semiconducting luminous materials.
This phenomenon is known as electroluminescence (EL).
In EL devices, hybrid materials such as coordination
complexes like 2+ or semiconducting nanoparticles
embedded in an organic polymer matrix have been
employed. Tris (8-hydroxyquinoline) aluminum, a
coordination molecule, has thus been well investigated
and has a significant role in light-emitting diodes.

6. NANOPOROUS HYBRIDS

It is simple to divide porous framework solids into
three generations. The porous frameworks of first-
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V¥ poborti mpoBee ] JOCTIKeHHS IIOTOYHUX PO3POOOK B TeMI, IKA PO3BUBAETHCSA HA MEPETUHI HEOPraHIYHOTO
1 OpraHiyHOro MaTepiaJio3HABCTBA. Heoprawiuymi Ta OpradivyHi CTPYKTYPHI KOMIIOHEHTH CITIBICHYIOTH Y
KPHUCTAJIIYHUX CHCTEMAaX, Kl yTBOPIOIOTH TOPHIHI HEOpraHiyHi Ta OpraHiuyHi KapkacHl martepiamu. IlepeBara
[IOPUCTUX TiOPHIHUX KApKACIB MOBSI3aHA 3 MOKJIMBICTIO IX IIMPOKOr0 BUKOPHCTAHHSI B KATAJi3l Ta CEHCOpaX.
Jlane mociipkeHHS B OCHOBHOMY 30CEPEKEHO Ha MATHITHUX, ONTUYHUX, €JIEKTPUYHUX 1 JIeJIEKTPUYHIX
XapaKTePUCTUKAX, SAKI 3a3BUYAM € 3MICTOM (DISMKH KOHIIEHCOBAHOTO CEPEIOBHINA. 3HAYEHHS eMITIPUIHUX
JIOCJTTKEHb y PO3YMIHHI IIPOIIECIB COITIAJIBHOTO0, €KOHOMIYHOTO TA TEXHOJIOTIYHOTO PO3BUTKY HEMOKJIFBO
nepeorinuTy. B ocTaHHI pOKU TAKOK CIOCTEPITraeThCsI 30LIBIIIEHHS OCAIPKeHHS TOHKHX IITIBOK TOPHIHUX CIIOIYK
Ha TBeP/l IMOBEPXHI JJIs MOKJIMBOTO BUKOPUCTAHHS B XiMmii moBepxHi Ta (isuri. [lokasaHo, 1110 po3BUTOK HOBUX
TEXHOJIOTIH, TAKUX SK KBAHTOBI O0OYMCJIEHHS Ta CIIHTPOHIKA, 1 PO3yMIHHS TOrO, sIK MaTepis IIOBOAUTHCS B
E€KCTPEMAIbHUX CHUTYAIlSX, JeMOHCTPYIOTh BEJIUKY PIZHOMAHITHICTH IOBEJIHKH B ITUX 00JIACTSX 1 BIAKPUBAIOTH
MEePCIeKTUBY IS HAYKOBOI CILIBHOTH. B poGOTI IPOBEIEHO KOPOTKUI OIJISH AeSIKUX XaPAKTEPUCTUK IOPUCTUX
MaTeplaiB 3 TOYKM 30py HAHOTEXHOJIOTI 3 ribpmaumMm migxomoM. ['asmysp riOpumaHWUX TEXHOJIOTIN Mae rocTpy
moTpeldy B Teopii Ta MOIE/IIOBAHHI.

Kmiouosi cioBa: @isuka KoHZeHcOBaHUX MarepiaiiB, Heopramiumi Ta opramiudi marepianu, Emexrpuumi i
mieJleKTpUYHI BiiactuBocti, MariTHi xapakrepuernku, OnTuxa.
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