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Chapter

Introductory Chapter: Crystalline
Materials and Applications

Riadh Marzouki

1. Introduction

The scientific research and development in crystalline materials science covers
the synthesis, crystal structure study, physicochemical properties, and applications
of solid crystals (inorganic, organic, hybrid, and organometallic). Indeed, the
synthesis and the physicochemical characterization of solid materials with interest-
ing physical properties can bring us back to the specific applications related to their
crystalline structures. Accordingly, technological development necessitates the
exploration of new crystalline materials.

Currently, energy storage, water treatment, and the synthesis of pharmaceutical
products are among the areas of intense research activity in materials chemistry.

Given the high energy demand which continues to increase, with a progressive
depletion of fossil fuels, which lead to the emission of greenhouse gases and their
environmental impact (greenhouse effect), current scientific research is focused on
renewable energy research areas and also energy storage. In this context, the investi-
gation of rechargeable batteries constitutes a system of storage of electrical energy
in chemical energy. In fact, the research of new crystalline materials with open
frameworks formed by diverse polyhedra (tetrahedra, pentahedra, and octahedra)
bounding interlayer spaces and/or tunnels communicating through the intermedi-
ary of windows where cations are located is currently a field of intense activity
in energy storage, especially Li-ion batteries and Na-ion batteries, etc. [1-9]. The
preparation and characterization of new compounds are the driving forces of recent
technological development, and studies are progressing through the exchange of
views between relevant specialists. On the other hand, new research works on the
treatment of batteries are based on degradable polymers such as alkali-cellulose in
order to avoid materials based on expensive and less exploited metals (Li) [10].

2. Crystalline materials and applications

As part of the crystalline materials research for biologically active molecules,
groups of organic heterocycles appear, such as coumarin derivatives [11, 12], which
can be found in the plant kingdom. The synthesis and structural characterization
work carried out on these materials constitutes a vast field of research, in which a
large number of laboratories are involved in the world. Natural or synthetic com-
pounds are particularly sought after for their biological and pharmaceutical activi-
ties. These compounds have been used in different fields of application such as food
additives and dyes, as well as in the cosmetics field. In fact, these phases are power-
ful antioxidants and have antibacterial, hypolipidemic, cholesterol-lowering, and
anticarcinogenic properties, which give them a great importance in the pharma-
ceutical field. Charge transfer agents, solar energy collectors and non-linear optical
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materials require materials with inherent photochemical characteristics, reasonable
stability and good solubility in some.

Given the enormous increase in industrial activity, enormous quantities of
polluting chemical wastes are spreading in the air, soil, and air [13]. In fact, every
year more than 2 million gallons of synthetic dyes of which more than 10% are lost
in waterways during their use [14]. However, the presence of organic compounds,
unwanted metals, and dye waste requires treatments before use. In this context,
the photocatalytic treatment of water is one of the treatments used due to the great
precision of mineralization of organic compounds, and the ease of the process, in
addition to the advantages of replacing filters with all the problems. Regeneration
and fouling are associated with their use. Several crystalline materials have been
introduced into the filters of the catalytic treatments [15, 16]. These materials have
been used to eliminate various types of pollutants such as organic compounds,
heavy metals, and others.

This book is dedicated to the investigation of various types of crystalline
materials that can be used in several fields nowadays, such as energy storage
(rechargeable batteries). Other crystalline compounds can be used in photocata-
lytic treatments. Other pharmaceutical compounds are also processed due to
their interesting biological activities. The synthesis method of each compound
is detailed to facilitate those interested in its preparation. As the physical and
biological properties of the compound are related to the crystal structure, a
description of the structure of each compound has been discussed.

Author details
Riadh Marzouki*?

1 Chemistry Department, College of Science, King Khalid University, Abha,
Saudi Arabia

2 Laboratory of Materials, Crystal Chemistry and Applied Thermodynamics,
LR15ES01, Faculty of Sciences of Tunis, University of Tunis El Manar, Tunisia

3 Chemistry Department, Faculty of Sciences of Sfax, University of Sfax, Tunisia

*Address all correspondence to: rmarzouki@kku.edu.sa

IntechOpen

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Introductory Chapter: Crystalline Materials and Applications

DOI: http://dx.doi.org/10.5772/intechopen.93491

References

[1] SRS P, Michael MS, Radhakrishna S,
Julien C. Novel low-temperature
synthesis and characterization

of LiNiVO, for high-voltage Li

ion batteries. Journal of Materials
Chemistry. 1997;7:1791

[2] Marzouki R, Smida YB, Sonni M,
Avdeev M, Zid MF. Synthesis,
structure, electrical properties and Na*
migration pathways of Na,CoP;5Ass0;,
Journal of Solid State Chemistry.
2020;285:121058

[3] ALQarni OSA, Marzouki R,

Ben SmidaY, Alghamdi MM, Avdeev M,
Belhadj Tahar R, et al. Synthesis,
structure, electrical properties and Na*
migration pathways of Na,CoP;.5As.50;.
PRO. 2020;8(3):305

[4] Marzouki R. Electrical

properties and alkali-pathways
simulation of new mixed conductor
Na4Li0.62C05.67A].0.71(ASO4) 6. Materials
Research Express. 2020;7:016313

[5] Marzouki R, Zid MF. Non-
centrosymmetric Na;yLig Ko ,COs(As;
010)2(As,05),: Synthesis, structure
and alkali ion-conduction pathways
simulation. International Journal of
Electrochemical Science. 2020;15:
3776-3792

[6] Moussa MAB, Marzouki R,

Brahmia A, GeorgesS, Obbade S, Zid MF.
Synthesis and structure of new mixed
silver cobalt(II)/(III) diphosphate -

Ag; 65C0,(P,05),. Silver(I) transport

in the crystal. International Journal of
Electrochemical Science. 2019;14(20):
1500-1515

[7] Nasri R, Marzouki R, Georges S,
Obbade S, Zid MF. Synthesis, sintering,
electrical properties and sodium
migration pathways of new lyonsite
Na,Co,(Mo0Qy,)3. Turkish Journal of
Chemistry. 2018;42(5):1251-1264

3

[8] Marzouki R, Smida YB, Guesmi A,
Georges S, Ali IH, Adams S, Zid MF.
Structural and electrical investigation
of new melilite compound

Ko ssNa; 14CoP,0,”. International

Journal of Electrochemical Science.
2019;13:11648-11662

[9] Marzouki R, Sayed MA, Graia M,
Zid MF. Cobalt Compounds and
Applications. London, UK: IntechOpen;
2019. DOI: 10.5772/intechopen.86215

[10] Marzouki R, Brahmia A, Bondock S,
Keshk SMAS, Zid MF, Al-Sehemi AG,

et al. Mercerization effect on structure
and electrical properties of cellulose:
Development of a novel fast Na-ionic

conductor. Carbohydrate Polymers.
2019;221:29-36

[11] Bejaoui L, Brahmia A, Marzouki R,
Dusek M, Eigner V, Serdaroglu G, et al.
Synthesis, crystal structure, hirshfeld
surface analysis, spectroscopic,
biological and first-principles studies
of novel aminocoumarins. Journal of
Molecular Structure. 2020;1221:128862.
DOI: 10.1016/j.molstruc.2020.128862

[12] Brahmia A, Marzouki R,

Rohlicek J, Irfan A, Al-Sehemi AG,
Hassen RB. Structural, spectroscopic
and first-principles studies of new
amino coumarin derivatives. Acta
Crystallographica Section C: Structural
Chemistry. 2019;75:1617-1627

[13] Gavrilescu M, Demnerova K,
Aamand ], Agathos S, Fava F. Emerging
pollutants in the environment: Present
and future challenges in biomonitoring,
ecological risks and bioremediation.
New Biotechnology. 2015;32:147

[14] Houas A, Lachheb H, Ksibi M,
Elaloui E, Guillard C, Herrmann J-M.
Photocatalytic degradation pathway
of methylene blue in water. Applied
Catalysis. 2001;B31:145



Synthesis Methods and Crystallization

[15] Marzouki R, Abd-Rabboh HSM,
Baker AH, Ghazwani SA, Zid MF,
Hamdy MS. Synthesis, characterisation
and the photocatalytic performance of
europium oxide/ceria nanocomposite.
International Journal of Environmental
Analytical Chemistry. 2019. DOLI:
10.1080/03067319.2019.1694671

[16] Abd-Rabboh HSM, Marzouki R,
Alassaf A, Loghbi M, Hamdy MS.
Removal of malachite green dye from
contaminated aqueous solutions
using WO;/Eu,0;-visible-light-
assisted photocatalysis. International
Journal of Environmental

Analytical Chemistry. 2019. DOI:
10.1080/03067319.2019.1683551



