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1- https://en.wikipedia.org/wiki/Laser_hair_removal
2- https://en.wikipedia.org/wiki/Ruby_laser

3- https://en.wikipedia.org/wiki/Chrysoberyl#Alexandrite

4 https://en.wikipedia.org/wiki/Nd:YAG_laser

s- https://en.wikipedia.org/wiki/Intense_pulsed_light

6 Hair Reduction with Lasers, Author links open overlay panel Rebecca Small
MD, Jimmy Chen MD, https://doi.org/10.1016/B978-1-4377-0580-5.00026-1

7- 5-Solid-state lasers for medical applications, panel). Sulc, H. Jelinkova,
https://doi.org/10.1533/9780857097545.2.127

8- Laser Hair removal-Mechanisms and complications, Piyu Parth Naik,
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Carbon nanomaterials can be classified into
four categories based on the number of
dimensions in their nanostructure in the
nanoscopic scale (Figure 1): Zero-dimensional
(0D), one-dimensional (1D), two-dimensional
(2D), and three-dimensional (3D). Quantum
dots and nanoparticles are often considered
as zero-dimensional nanomaterials, while
one-dimensional materials include nanorods,
nanotubes, nanofibers, and nanowires.
Nanosheets and nanoplates are used as
common materials in the field of
two-dimensional nanomaterials. Additionally,
three-dimensional carbon structures with

hierarchical porous structures and suitable

I

Green chemistry is a branch of chemistry
and chemical engineering focused on
that are

products and processes

environmentally friendly, safe, and
cost-effective without the wuse of
hazardous chemicals. The use of green
chemistry leads to increased chemical
reaction efficiency, reduced raw material
consumption, fewer process steps
(resulting in faster product production),
energy savings, waste reduction, and

decreased use of petroleum products.




Synthesis methods:
« Hydrothermal

Hydrothermal synthesis refers to chemical
reactions carried out under high
temperature and pressure in a sealed
vessel. This method is a powerful
technology for customizing various carbon
nanostructures, especially spherical carbon
nanostructures. Materials in nature follow
the laws of natural selection and tend to
form spherical configurations with minimal
energy. Regular spherical nanostructures
have highly active sites with high density.

They can facilitate ion release and store

of great importance both fundamentally
and technologically. As an alternative
method, solvothermal can strengthen
various carbon superstructures at
different scales.

Figure 2 shows the creation of spherical
carbon structures using the hydrothermal
method. A simple explanation of this
figure is provided below.

Figure a2: Represents the first stage where
one-dimensional metal-organic
framework (MOF) nanorods are formed
from zinc acetate dihydrate and
2,5-dihydroxyterephthalic acid using urea

as a modulator.

\i4



Figure h, i2: Figure h is an SEM image, and figure i is a TEM image, of the synthesized
composite. These images show very thin carbon sheets that are less than 1 nanometer thick
and interconnected, forming hierarchical and robust carbon network structures.

Figure j2: To form carbon nanostructures, tubes of molybdenum nanorods (MoO3), are used
as the main skeleton. Ethylenediamine and dihydride pyromellitic acid are combined to
form a polyamide, which serves as a carbon precursor. By placing the carbon precursor on

the molybdenum nanorods, nanotubes are created.

Figures b, c2: b is a scanning electron microscope (SEM), image and c is a transmission
electron microscope (TEM), image showing the growth of nanorods.

Figure d2: This image shows controlled-size spherical carbon structures prepared using
small nano-sphere building blocks (120-360 nanometers) obtained through
hydrothermal carbonization of glucose with the help of poly(4-styrenesulfonic
acid-co-maleic acid) (PSSMA), sodium salt, and hydrochloric acid.

Figures e, f2: Show thin (<1 nanometer thickness) interconnected carbon nano-sheets

forming hierarchical carbon networks Figure g2: Thin carbon nano-sheets consist of




Template method:
Template method is an advanced technique
for producing carbons with specific struc-
tures. In thismethod, carbon materials are pro-
cessed at high temperatures to transform
them into more stable structures with mini-
mal surface energy. In this process, carbon ma-

terials on a specific template surface form

mplex patterns. Once the process is com-
leted, the template is removed, and the final

rbon structure is

obtained, where the space previously filled
by the template is preserved, which helps
in the formation of more complex and di-
verse carbon structures. This method uses
various types of templates, each with its
own advantages and limitations, and is
used to produce different carbon struc-
tures. Carbon nanostructures are three-di-
mensional structures made of carbon and
usually have internal cavities known as

pores or



channels. These structures are made up of thin carbon walls formed from solids such as
graphite or microporous carbon. Carbon nanostructures can be produced using various

methods, including the template method. In this method, a solid template is used as a frame-

work, and carbon is produced on this template through processes such as pyrolysis, deposi=

tion, or sedimentation. The template is then removed to leave a three-dimensional carbon:

Application of Carbon Nanostructures
Carbon nanostructures, including various carbon allotropes such as graphene, carbon

nanotubes, and fullerenes, have attracted significant attention in the field of materials sci-

ence and nanotechnology due to their remarkable properties and diverse applications.

One prominent application of carbon superstructures is in the development of h ' '



enabling faster charge-discharge kinetics. Additionally, carbon nanostructures have a wide range
of applications in catalysis, improving reaction efficiency and product yield. They are also used in
the production of lightweight and high-strength composites for aerospace and automotive applica-
tions. The exceptional mechanical properties of carbon nanotubes and graphene, including high
tensile strength and hardness, are also noteworthy. The biocompatibility and nano dimensions of
these structures have led to their use in biomedical applications such as drug delivery systems,
tissue engineering scaffolds, and biosensors. These carbon-based nanomaterials show promising
capabilities in targeted drug delivery, enhanced cellular growth, and sensitive biological detection,

offering potential solutions to various healthcare challenges.

Conclusion
Considering the above-mentioned points, green chemistry utilizes materials found in
nature to reduce waste from renewable and non-renewable sources. It is also cost-effective

compared to other methods. Furthermore, it is environmentally friendly, reducing pollution

and enhancing safety for humans, making it a promising approach. On the other hand,

carbon superstructures have various applications due to their suitable structure. Since
carbon superstructures are accessible through green chemistry methods, they are of high

importance and have gained more attention today.
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Introducing the scientist

Oxygen, the name of a wonderful and life-giving substance, was first used by a French scientist and
eventually entered the periodic table under the same name as a chemical element.
Antoine-Laurent Lavoisier (French: Antoine-Laurent de Lavoisier), who was born on August 26,
1743 in Paris and in a wealthy family; And he was executed on May 8, 1794. He was the founder of
modern chemistry and the first person who used scales to measure and research chemical interac-
tions in the laboratory, And made experience and measurement combined with correct conclusion
the basis of this science.

He studied astronomy, botany, chemistry and geology, well under the supervision of great teachers.
Lavoisier entered the courses of law and learned it; after completing it, he turned to experimental
sciences again and 3 years late when he was 25 years old, he was elected a member of the Royal
Academy of Sciences.

Lavoisier made it possible to understand and recognize gaseous elements. During the dominance of
the phlogiston theory, many experimental tools were provided that caused revolutionary changes in
chemistry. The most credit of these developments is due to Lavoisier's efforts, which enabled a cor

rect understanding of oxygen.

The content of the theory of fire, which is relat-
ed to burning in the opinion of chemical scien-
tists, was that every combustible object has an
invisible substance called "phlogiston" and
when the object ignites, this substance comes
out of it. The more inflammable the object is,
the more of this substance it contains, and the

flame is the phlogiston that emits from the

object.

M



Discovery!oxygen Finally, in April 1775, Lavoisier wrote a

At first, this French scientist was also inclined to-
wards the theory of fire, but the more he pro-
gressed, the more he withdrew from that theory On
November 1, 1772, he ended the description of his
experiments in the field of combustion of various
compounds in air in this way, he said: "The weight
of all materials, including metals, increases due to
combustion and burning, and such reactions require
a large amount of ait" Lavoisier made another con-
clusion and said: "Air is a mixture of gases with dif-
ferent properties, while burning materials, a part of
it is combined with the desired material."

Then he realized that the part of the air combining
with the materials during burning is the most suit-
able component of air for breathing. In this way, La-
voisier was exposed to oxygen, but due to the need
to complete his findings, he did not make this dis-
covery public

report under the title of a note on the nature
of the substance combining with metals
when they burn; and causes the weight of
the produced material to increase, which he
presented to the French Academy of Scienc-
es. Lavazier wrote that this type of air was
discovered almost simultaneously by Priest-
ley, Scheele and himself. At first, he called it
the most suitable air for breathing, but then
he named it life-giving or revitalizing air

The same gas is known as Oxygen. It is de-
rived from two Greek words, Oxys, which
means acid and sour and sharp taste, and
the word Genes, which means maker gener
ally means acid-maker because Lavoisier be-
lieved that it is the maker of all acids. How-

ever later this theory was proved to be

wrong.




Reason for execution

Lavoisier wrote a famous treatise on political economy
called the underground riches of France. This book is one :
of the most important books on economics. Finally, on .

May 8, 1794, Antoine Lavoisier surrendered to the guillo-

tine blade along with several others for the crime of trea-|
son to the nation after 51 years in the revolutionary court
headed by Jean-Baptiste Coffenhall.

After his death, the Italian-French mathematician an

physicist Lagrange said: "It only takes them a moment t
cut off that head, and maybe a hundred years will no

find another head."

Serving science until the moment of death:

It is known that Lavoisier decided to serve science in hij
last life after being sentenced to death by guillotine. H
said to his students: "Probably, the place of human senses|

and consciousness should be in the human head (brain),

after the head is separated from the body, the human

senses and consciousness should probably still work for a

few moments. The guillotine is cut off, raise it immediate-

ly | begin to blink, you count the number of my blinks to
give an approximate time of loss of consciousness and

total death.

After Lavazier was executed, they raised his head and
blinked more than 10 times, and this event was recorded

in history.
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stored in the cell but is accessible from the envi-

ronment..

Compared to other batteries, airzinc batteries
are viewed as promising energy storage Sys-
tems due to their high theoretical energy densi-
ty (1086 watt-hours per kilogram), low cost,
high abundance, high safety, and lack of major

environmental issues.

Zinc, the fourth most abundant metal on Earth,
ensures no supply issues for widespread pro-
duction of airzinc batteries. The operating prin-
ciple of air batteries involves the reaction of
zinc with oxygen. This electrochemical cell, re-
chargeable like a fuel cell, produces a voltage
of about 1.65 volts in both air battery options:
the rechargeable fuel cell and the non-recharge-

able electrochemical cell

Leclanché manufactured the first metal-air bat-
tery in 1868, utilizing manganese dioxide with
a carbon base as a gas-diffusion electrode. In
1932, Schumacher introduced a more ad-
vanced design of the metal-air battery. Theoreti-
metal-air batteries have the highest

rgy density among other electrochemical
energy storage systems, primarily due to the
utilization of oxygen as one of the electrodes.
Metals used in metal-air batteries encompass
lithium, sodium, potassium (non-aqueous elec-
trolyte), aluminum, magnesium, iron, and zinc

(aqueous electrolyte)..
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The structure of a zinc-air battery, depicted below, utilizes oxygen from the
surrounding air to establish an ion equilibrium path in the electrolyte and

electrons within the electrical circuit.

For aqueous metal-air systems, metals like zinc, magnesium, calcium, aluminum,
iron, and cadmium serve as suitable anodes. Zinc-air batteries, in particular, boast
various advantages such as low cost, high abundance, environmental compatibility,
stable discharge voltage, and long life, making them highly promising for energy

storage applications.

The zinc-air battery comprises three primary electrochemical components: a zinc
anode, electrolyte, and a catalytic cathode facilitating the release of oxygen from
the air to the electrode, converting it into hydroxide ions. Alongside these compo-
nents, a porous separator prevents physical contact between the cathode and

anode, while a breathable air cell coating encompasses all cell components, en-

abling cathode access to air. AS



Three main types of zinc-air batteries exist: primary cells, secondary cells, and me-
chanically rechargeable batteries. Primary zinc-air cells are designed for sin-
gle-use, lacking the ability for electrical or mechanical charging. Essentially con-
trolled solely by zinc and electrolyte, these cells have limitations.To address these

limitations, mechanically rechargeable zinc-air batteries have been developed.

The lifespan of such cells depends on the air cathode rather than the anode o

electrolyte, as the zinc and electrolytes used are replaceable.

ORR and OER Reaction Mechanism
Metal-air batteries undergo two

processes known as ORR and OER:

a) Oxygen Evolution Reaction (OER): This reaction is a limiting step in produc-
ing molecular oxygen through chemical reactions such as water oxidation
during oxygen photosynthesis, electrolysis of water into oxygen and hydrogen,
and electro catalytic oxygen evolution from oxides and oxoacids.

b) Oxygen Reduction Reaction (ORR): A fundamental reaction related to vari-

ous fields such as energy conversion and water revitalization.

ORR : 0,(g) +2H,0(l) +4e — 40H (aq)

OER: OH (aq) — 0.(g) + 2H,0() + 4e™

AF



Cathode: Air Electrode

The air electrode serves as a platform where the oxygen reduction reaction (ORR)
occurs. With oxygen continuously supplied from the atmosphere, the air electrode can
typically be reused multiple times unless physical damage, like cracking, occurs after
discharge.

Anode: Lead electrode

Lead-air batteries utilize pure lead metal as the active anode material. During dis-
charge, lead oxidation occurs, prompting most studies to focus on enhancing the air
electrode rather than the lead anode. Since lead metal partakes in the anode reaction
during discharge, the most practical approach to enhancing the lead anode's perfor-
mance is to augment the surface area of lead particles, facilitating more effective inter-
action with the alkaline electrolyte. Moreover, in the preparation of lead anodes in
powder form, bismuth is incorporated to enhance electrical conductivity between
lead particles and the current collector. However, the elimination of bismuth from the
lead anode, necessitated by environmental concerns, adversely affects discharge per-
formance, resulting in hydrogen gas leakage and increased susceptibility to impact re-

sistance. These issues can be mitigated effectively by introducing gelling agents like

cross-linked carboxymethyl cellulose (CMC), starch polymers, polyacrylic acid poly-

mer, or organic adhesives. Cellulose serves as a gelling agent to optimize and stabilize
the porosity of the lead electrode, while hydroponic gels such as agar are introduced

to augment electrolyte retention capacity.
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Electrolyte Y
The alkaline electrolytes used in lead-air batteries include potassium hydroxide, sodium hy-
droxide, and lithium hydroxide. To reduce electrolyte resistance, increasing the concentra-
tion of KOH can be a solution, but excessive KOH concentration can lead to an increase in
electrolyte viscosity. Furthermore, high electrolyte concentration leads to the formation of

ZnO due to the reaction (Zn(OH)4-2 8 ZnO + H20 + 20H-), which in turn increases viscosity.



Electron Pathway

During discharge, hydroxide ions move from the air cathode towards the lead anode,
while lead ions move from the anode towards the cathode. This process is demon-
strated by chemical equations and potential differences.

During charge, shown symbolically in the figure below, the pathway of electron move-
ment is reversed. To maintain electrical balance, the pathway of ion movement is also

reversed, and chemical equations are reversed in the presence of a catalyst.

ead-air batteries offer ease of assembly in ambient air conditions since all their components are
moisture-stable. This simplicity contrasts with lithium-air batteries, whose components are mois-
ture-sensitive, necessitating assembly in an inert atmosphere. Consequently, the production process

of lead-air batteries is simpler Moreove lead-air batteries boast stronger price competitiveness due

to cheaper components compared to lithium-air batteries. However, lithium-air &
better reversibility and charging capability posing a crucial barrier for the practical a
chargeable lead-air batteries. Additionally lithium-air batteries offer higher operz
and specific capacity, resulting in superior energy density and attractiveness. Despit
vancements in zinc-air and lithium-air batteries, many aspects remain incompletely
understood, warranting further research. In conclus ion, this review underscores th
principles and recent developments in lead-air

batteries.



Neutrino; The Strangest Fundamental Particle Discovered

The discovery of the neutrino particle for the first time has caused a significant revolution in
quantum physics. This discovery has far-reaching effects in the field of astronomy, including
the development of accurate detectors on Earth's surface, enhancing our understanding of
black holes' inner workings, aiding in comprehending large galaxies and intergalactic
spaces, altering humanity's perspective on the universe, and inspiring new theories in the
field of quantum physics.

This report briefly examines the methods, tools, challenges, and characteristics of this

fundamental particle.

?What is a neutrino
Neutrinos are extremely elusive, small, light, and neutral particles. In fact, they are the most

abundant particles with mass in the universe. Unlike many other particles, neutrinos inter-

act weakly with themselves and other particles, making their detection process very chal-

lenging. Detecting neutrinos requires very large and sensitive detectors. Due to their weak
interaction with other particles along the way, neutrinos do not scatter like photons. They
can pass through almost any material, remaining in constant motion. For example, about
400 billion neutrinos from the Sun alone pass through any point on Earth every second.The
very small and non-zero mass of neutrinos means they are unaffected by electric currents

.and pass through magnetic fields without any effect




History of neutrino discovery

In 1930, Wolfgang Pauli, a prominent physicist
who studied beta particles, proposed the neu-
trino theory to resolve the problem of energy
and angular momentum conservation in beta
decay. In this theory, he posited the existence
of a particle with specific properties such as
no electric charge, little or no mass, and spin
"1/2, and named this particle the "neutrino
Then, in 1956, two physicists named Clyde
Cowan and Frederic Raines led a team to at-
tempt to detect neutrinos for the first time
from beta decay in nuclear reactors. This
effort led to the discovery of the first naturally
occurring neutrino in 1962 in an experiment

conducted deep

underground in South Africa. In this experi-
ment, they were able to detect the effects
of neutrinos from beta decay, although
their detector could not directly detect
neutrinos, and they used neutrinos pro-
duced by nuclear reactors for their investi-

gation.

How are neutrinos created?

Neutrinos, as one of the fundamental parti-
clesinthe universe, are produced from vari-
ous sources, including:

Star explosions: New neutrinos are created
after major explosions, which occur during

various processes in the nuclear core of




Nuclear reactors: Neutrinos are created in nuclear reactors on Earth through nuclear process-
s

Supernova explosions: New neutrinos are produced during supernova explosions

.Decay of radioactive elements: Neutrinos are produced when radioactive elements decay
Active galactic nuclei: Neutrinos can also be produced from active galactic nuclei. Hadronic
reactions: In these reactions, subatomic compound particles, or hadrons, composed of
quarks are involved. Although neutrinos do not interact with the strong nuclear force that
binds atomic nuclei together, they interact with the weak force produced in radioactive
decay, resulting in neutrino production.One of the methods of producing neutrinos is beta

decay. In this reaction, a

Deta particle (electron or positron) is created along with a neutri-
no.This reaction depends on the type of beta particle, including
negative beta decay (B-) or positive beta decay (B+). In negative
beta decay, a neutron is converted to a proton, producing an
electron and a neutrino, while in positive beta decay, a proton is

«converted to a neutron, producing a positron and a neutrino

Y




Y
A%z
NC

- / 9 : g -
divided into three 'caf’e‘gorles, each associated with one of the three charged lep-

itons (electron, muon, and tau). These three types of neutrinos are
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Electron neutrino: The first generation of leptons, possessing weak nuclear and gravitational forces.
The electron neutrino is represented by the symbol ve. Its existence was proposed in 1930 by physi-
cist Wolfgang Pauli and discovered in 1956 by physicists Clyde Cowan and Frederick Raines

Muon neutrino: The second generation of leptons, possessing weak nuclear and gravitational
forces.The muon neutrino is represented by the symbol v
Tau neutrino: The third generation of leptons, represented by the symbol vt. The existence of the

tau neutrino was proposed in 1970 by physicist Mead and discovered in 2000 during experiments

.Each type of neutrino comes with an antimatter component called an antineutrino



Neutrino mass

Until the 1970s, the general belief about neutrinos was that they
mass. However, in the 1970s and 1980s, speculations and assu
about the mass of neutrinos began to emerge. Then, in the 19905
detailed examination of new data from solar and atmospheric
proved that these particles have mass.
In 1998, results from the Super Kamiokande neutrino detector reveale
that neutrinos can oscillate between three different types as th
from the Sun to Earth. This demonstrated that neutrinosim

non-zero mass to cause these oscillations.

Neutrino velocity
Before the neutrino oscillation hypothesis was proposed, many sc
entists believed that the speed of neutrinos was equal to the Speei
of light, consistent with the law of special relativity. If neutrinos a
massless, they would indeed travel at the speed of light, but if they
have mass, they cannot reach the speed of light.
However, the announcement in September 2011 of neutrino acce
eration by the OPERA detector research team surprised many scie
tists. Subsequent reviews revealed flaws in the experiment's implé
mentation, casting doubt on the validity of past results. This inc
dent underscored the importance of carefully examining data anal
ysis and scientific results and recognizing the significance of confir

mations and corrections.
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Neutrino Oscillation

Nuclear reactions inside the Sun produce
only electron neutrinos, but contrary to
previous belief, neutrinos may change
from electron to muon or tau on their way
from the Sun to Earth. This phenomenon,
known as neutrino oscillation, can be ex-
plained in quantum physics.

According to quantum theory, different
states of neutrinos can mix and change
over time. In other words, a neutrino may
start with one dominant state and then
transition to another state, a process
known as neutrino oscillation. For this pro-
cess to occur, neutrinos must have mass, as
recent studies have shown, giving these
particles the ability to change shape. This
is another example of how science
evolves, challenging our ideas and theo-
ries about the universe and various parti-

cles with new experiences and evidence.

Neutrino detectors

Although the Sun primarily produces only
electron neutrinos, as they travel from the
Sun to Earth, they encounter conditions
that can transform them into other forms.
This phenomenon, known as "neutrino os-
cillation,” causes neutrinos to change shape
from one state to another during their jour-
ney. In other words, an electron neutrino
can transform into muon and tau neutrinos
alongits path.This property of neutrinos en-
ables their detection with suitable detec-
tors, such as neutrino detectors.

In the 1960s, American physicists Raymond
Davis and John Bacall constructed a large
detector to observe neutrinos from the
Sun. Situated 1478 meters deep in a North
Dakota gold mine, this location was chosen
to minimize cosmic-ray proton interfer-
ence. By receiving beams from Japan's Su-
per-Kamiokande detectors and the Neutri-
no Detector (IMB), scientists produced

muon
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neutrinos from cosmic ray collisions with Earth's upper atmosphere. The Kamiokande de-
tector, sensitive to muon neutrinos, received more particles due to reduced oscillation be-
tween Earth's upper atmosphere and the detector's surface. Subsequent investigations, in-
cluding Canada's Sudbury detector (SNO), distinguished electron neutrinos from muon
and tau neutrinos, enhancing neutrino studies. Reflecting on such scientific endeavors re-

veals the profound depths of science and nature's complexity, inspiring deeper under-

standing and respect for the world's wonders.

References
Mertans, Susanne {2016). “Direct neutrino mass experiments”. journal of physics : conference series

J. Bahcall et al, (2005}, "New Solar Opacities, Abundances, Helloselsmology, and Fluxes', The Astrophysical Journal 621: L85-1L83

Griffiths, David J, (1987}, Introduction to Elementary Particles, John Wiley & Sors

“Gribov, V, (1969). "Neutrino astronomy and lepton charge

hid



A pharmacist makes medicine or a chemist

An overview of the science of medicine:

The science of medicine, which is known as the science of pharmacy or pharmacology, refers
to the various stages of the drug therapy pathway from design and synthesis to drug
delivery and its effects. In this part, the most important stages of drug science are briefly
introduced:

1)Pharmacokinetics: the study of absorption, distribution, metabolism and excretion of
drugs in the body (ADME). In other words, pharmacokinetics examines how drugs move
through biological systems, bioavailability, half-life and how these factors influence.
2)Pharmacodynamics: the study of how drugs interact with receptors or target molecules.
In other words, pharmacodynamics examines the mechanisms of the drug's effect, the rela-
tionship between the amount of the drug and the body's response, the effectiveness and
strength of the drug.

3)Medicinal Chemistry: Medicinal chemistry focuses on the design, synthesis and chemical

properties of drugs. Medicinal chemistry researchers design and optimize drug molecules

and investigate factors such as structure-activity relationship (SAR) and drug metabolism.
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body on the response to drugs.

Pharmacogenetics and pharmacogenomics: study of the effect of genetic changes in the

5)Pharmaceutical analysis: analysis of drugs and pharmaceutical formulations for purity, sta-
bility and quality control. Some pharmaceutical analysis techniques are: chromatography,
spectroscopy and mass spectrometry.

6)Pharmacotherapy: treatment of diseases using drugs by studying the classification of
drugs, the use of drugs, drug interactions and methods of administration.

7)Pharmaceutical formulation and drug delivery: development of drug forms (such as
tablets, capsules, ampoules, ointments and syrups) and drug delivery systems and investiga-

tion of new drug delivery technologies such as nanoparticles, liposomes and micelles.

8)Pharmacovigilance: monitoring and evaluating the safety of drugs, which includes market-
ing, identification, evaluation, risk management and ensuring the correct use of drugs to
prevent adverse drug reactions (ADRs).

9)Pharmacoeconomics: the study of the economic aspects of medicine and the principles of
health care and drug reimbursement.

10)Toxicology: Although this branch is not unique to the science of medicine, it is closely
related to medicine due to the evaluation of the toxicity of drugs in the stages of clinical
development and the study of toxicity mechanisms.
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The role of chemistry in medicine

Chemistry plays a role in various stages of drug
science, including discovery, synthesis, develop-
ment, formulation and method of drug administra-
tion. In this section, some of the key roles of
chemistry in medicine are briefly reviewed:
1)Design and discovery: chemists, including medici-
nal chemistry researchers, design drugs using knowl-
edge of organic chemistry, biochemistry and
molecular biology and in collaboration with other ’
experts; which requires the understanding of struc-
ture-activity relationships (SAR), modeling, optimiza-
tion, and computational chemistry techniques.
2)Synthesis: Synthesis of drug analogs is one'
most important steps in the drug pathway; which
includes the design of synthetic processes, reac- ‘
tions, purification and detection of physical and \
chemical properties. !
3)Formulation: Using the principles of physical chem-
istry and materials science, chemists develop formu-

lations for better stability, solubility, bioavailability —
and controllable release.

4)Metabolism: methods for determining drug con-. ” r-
centration in biological samples, analyzingﬁ!rug V
metabolism pathways, identifying metabolites,

evaluating drug interactions are developed.
5)SAR: Chemists are able to identify key pharmac
phores, optimize drug potency, selectivity, an:I - i
drug-like properties such as solubility, lipophilicity,
and stability by examining the effect of drug struc-
tural changes on biological activity, affinity, and

physical and chemical properties of the drug.







Duties of pharmacists in pharmaceutical companies:

Pharmacists play a role in pharmaceutical companies in the field of formulation,

development, distribution, management and supervision. In this section, some of

the key activities of pharmacists are briefly reviewed.

1) Testing: designing and conducting clinical
trials

2) Combined formulation: making combined
drugs based on the principles of drug formu-
lation

3) Education: Providing information on phar
macotherapy, safety and formulation of
drugs and pharmacology to specialists,
patients and other related people.

4) Care: monitoring and evaluating drug
safety and reporting and managing side
effects of drugs

5) Supervision: management and supervi-
sion of ethical affairs and compliance with
regulatory requirements and pharmaceutical
standards

6) Quality control: quality management in
drug production and distribution, inspec-
tions and validation of pharmaceutical
products and processes

7) Distribution: managing the distribution of
drugs in accordance with legal standards
and providing advice to patients about drug
use and side effects

8) Management: pharmacy management
warehouse control.

such as Optimum

storage, labeling and packaging

9) Technology: use of management and care
systems such as electronic health records
and barcode scanning systems

10) Development of services: implementa-
tion of research projects, clinical trials to
improve pharmaceutical knowledge and

patient care.

In order to measure the effectiveness,
optimal prescription and monitoring of drug
interactions for patients, the presence of
skilled pharmacists is essential, which defi-
nitely increases the speed of the drug
therapy process. Due to the knowledge of
diseases and clinical skills, pharmacists are
able to identify the factors affecting treat-
ment, which provide the most important
basic information necessary for drug design
to chemists.

Fields related to pharmaceutical science:
Considering the different dimensions of
drug science, in order to reach from a drug
project to the effect of that drug in the body,
the cooperation of a research team consist-
ing of experts in chemistry, biology,
pharmacy, medicine, laboratory experts,
technicians and engineers is needed.



The difference between the duties of chem-
ists and pharmacists:

Chemists focus on drug discovery, synthesis,

and formulation, and analysis experiments and
process optimization, but pharmacists often

work in drug therapy, patient care, distribution,

quality control, and drug management.

Conclusion:

Chemists and pharmacists are the two main pil-
lars of pharmaceutical industries and compa-
nies. Therefore, the existence of the name of the
pharmacist does not mean that he is responsible

for the manufacture and synthesis of the drug.
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istory

onic liquids are often referred to as "liquid
alts". They consist entirely of ions and have a
elting point that is below 100 degrees Celsius.
he first ionic liquid (Ethylammonium nitrate)
as reported by Paul Walden in 1914, who at
hat time never realized that ionic liquids would
ecome a major scientific topic after almost a
entury. In 1994, Richard Carlin, along with his
olleagues Joan Fuller Hugh D. Lang, and Dustin
Hurth, working at the United States Air Force
Academy, published "Structure of 1-Ethyl-3-me-
thylimidazolium hexafluorophosphate: A model
for room temperature molten salts" in the jour
nal J. Chem. Soc., Chem. Commun. This journal
s known for its significant contributions to the

ield of chemistry and its publications are
idely respected and cited in the scientific com-
unity. Concerning ionic liquids, anotherimport-
nt article published two years earlier (1992) in
he same journal by John Wilkes and Michael Za-
orotko (members of the Air Force Academy),
titled "Air and water-stable 1-ethyl-3-methylim-
idazolium-based ionic liquids", had provided the

foundations

of a chemical model for molten salts at room
temperature, which soon became known by
the new term "ionic liquids" (liquids composed
somewhat autonomously as organic salts with
a melting point below 100 degrees Celsius).

lonic liquids have received widespread atten
tion as innovative fluids in the past two de
cades. The number of SCI articles published on
ionic liquids has increased exponentially from
a few in 1996 to over 5000 articles in 2016,
surpassing the annual growth rate of othe
popular scientific fields. This indicates that
more researchers are engaged in studying this

exciting topic with abundant results.

lonic liquids are still preferred in many physical

and chemical processes over traditional sol-
vents and catalysts. They often have desirable
"green” and "design" properties that are quite
useful. Therefore, the important role of ionic lig-
uids as green solvents in promoting and devel-
oping green chemistry has sparked a wave o
interest in ionic liquids and increased their pop-
ularity as suitable alternatives to volatile organ-
ic solvents (VOCs). "lonic liquids" refers to a
wide range of substances that can take on dif
ferent structures, making them complex and di-
verse in terms of their properties and character-
istics. lonic liquids consist of organic and/ inor
ganic ions and can include multiple cations o
anions,



There is electrostatic and dispersion interaction at various length scales within these liquids, lead-
ing to their highly heterogeneous properties. There is a wide variety of ion structures (Figure 1)
ranging from inorganic to organic, simple to complex, chiral or achiral, fully or partially ionized
acids or bases, charge-balanced ligands, metal coordination polymers, metal-organic ions, and
more. These include well-known azolium cations (such as imidazolium, and triazolium), phosphoni-
um, pyridinium, pyrrolidinium, alkylammonium, and many new categories of cations. Anions in-
clude a wide range of inorganic anions (such as halides, nitrates, perchlorates, sulfates, nitrates,
hexafluorophosphates, tetrafluoroborates, and azides) and an increasing number of organic

anions (such as triflates, benzoates, sulfonamides, alkyl sulfates, alkyl carbonates, organic carbox-

ylates .(
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The inherent complexity of ionic liquids and the diversity of ions intensify the challenge of assigning
a common characteristic unit to all ionic liquids except for the melting point (mp), and there is no uni-

fied model that can be comprehensive enough to describe the entire family of ionic liquids.

However the initial concept of "green solvents" has led to ionic liquids being considered as a single
fluid. The use of the term "ionic liquid" causes people to categorize them without a scientific basis
into a single group, disregarding the fact that there is no common characteristic other than the liquid
state that describes all of them. Industrial awareness is growing, and the field of ionic liquids is
moving forward with the exploration of new states. While this article has a separate section on the
applications of ionic liquids, it is important to note that understanding the beauty and complexity en-
capsulated in the form of ionic liquids may lead to transformative applications arising from the bene-

fits that ionic liquids can offer How can we transform the best materials into ionic liquids?
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Basic concepts in the synthesis of ionic liquids can be

lonic liquids are made from halide salts,

synthesized from various precursor cations/anions
that lead to interactions, structures, and diverse prop-
erties. While a large number of ions can be used to

orm ionic liquids, they are primarily synthesized

sing quaternization reactions (Figure 1A, B) of phos-
hines, amines, pyridines, or azoles; for example,
lkyl halides (primarily iodides), sulfates, or triflates
hat form the corresponding alkylammonium, sulfate,
r triflate ionic liquids. Other techniques include anion
xchange or metathesis methods (Figure 1C) and ac-
id-base neutralization (Figure 1D, E), which are carried
out under controlled conditions or in aqueous or VOC
solutions. When commercial cations are not readily
available for direct use in synthesis, desired precursor

ations are also obtained through quaternization (al-

ylation of the corresponding ammonium or phospho-

ium halides).

ammonium salts, silver salts, or group A
metals in a process called metathesis.
During this process, solid by-products are
often formed due to ion exchange. Even
though the synthetic method is simple
and solid materials can be easily removed
by filtration, there may still be impurities
in the synthesized ionic liquids in the
form of halide ions. Additionally, ionic lig-
uids cannot be synthesized from bioac-
tive compounds via metathesis as inter
mediate metals are used that are capable
of forming complexes with amino acids
and proteins during use. These limita-
tions can be overcome by acid-base neu-
tralization or quaternization methods. Ac-
id-base neutralization is very efficient for
reactions between amines and organic
acids while quaternization reactions do
not produce any by-products.

It is worth mentioning that the synthesis
of ionic liquids is not limited to the combi-
nation of a single pair of anions/cations.
lonic liquids with unique physicochemical
properties can also be synthesized by
combining three or more unique ions
within their miscibility range to form

so-called "dual salt ionic liquids (DSILs)."



Selected analytical methods for analyzing the properties of ionic liquids

All ionic liquids are typically analyzed to obtain information on their composition, purity, and behav-
ior Accurate analytical data is necessary for assessing purity. Standard organic and inorganic chemis-
try techniques with quantitative settings such as nuclear magnetic resonance spectroscopy (NMR),

ouriertransform infrared spectroscopy (FT-IR), mass spectrometry (MS), etc., are used. Special em-

hasis is placed on examining the properties of ionic liquids such as ionization (or degree of ioniza-
ion), thermal behavior water content, and transport properties (e.g., viscosity and density). Most of

hese methods are documented in research articles and are presented below.

. lon Exchange Chromatography

mentioned above, when ionic liquids are prepared through metathesis, they often become con-
taminated with side product ions, and halides, which remain as impurities in the synthesized ionic
liquids. lon chromatography (IC) methods, often coupled with mass spectrometry (IC-MS), are tradi-
tionally used to determine the quantity of such anionic impurities in ionic liquids. Various protocols
reported in articles include a reverse-phase column for determining the quantity of organic anions,

nd an ion exchange column for determining the quantity of organic (e.g., methanesulfonate [CH3-

03]-) or inorganic (such as tetrafluoroborate [BF4] and halides - chloride Cl-, bromide Br, and

odide |- impurities). These methods enable the determination of anions at very low ppm levels

ppm limit of 2.5 in the original sample). P T — T PR
B YRy eARX —Sl o (ARYRX) A Sovesied base of mineral acid

e R - 2lkyl, aryl, slly! sabstitucnt
Cr (BUX]+ (MNA] —=2a (BIA]* MXE  ALX - alkyl habide, sulfiste or sriflute

D:  [BIX]+ HA solvem [BYHA] + HX M - silver or Group | metals
B HA+B —solve o pygpa) TSR
- HA - 3¢, B - buse

. Water Content

ater content is an important feature for ionic liquids as water is present to some extent in many
onic liquids and has a significant impact on their properties. Water content can be a serious barrier
or some applications (e.g., electrochemistry where ppm levels of water are required). In other appli-
tions (e.g., processing biopolymers), water content can be considerably highet up to 2%, and in
ther applications (such as heat transfer fluids), water content may not be important. Howeveg in all
ses, it is important to know the amount of water present in ionic liquids as the presence of water

ignificantly affects the transport properties of ionic liquids.
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* lonic Interactions

1. Nuclear Magnetic Resonance Spectroscopy
Understanding the ionic interactions in ionic liquids
is essential for the fundamental understanding of

these systems and their appropriate design. In addi-

ion, reactions occurring in ionic liquid solvents re-
uire mechanical investigations and identification of
eaction intermediates. Nuclear Magnetic Reso-
ance (NMR) spectroscopy is a powerful tool for de-
cribing and understanding ionic interactions within
onic liquids. Various techniques ranging from stan-
dard experiments (such as hydrogen (1H), carbon
(13C), nitrogen (15N), or phosphorus (31P) NMR
spectroscopy), nuclear Overhauser effect (NOE),
two-dimensional experiments (like heteronuclear

ultiple bond correlation, HMBC) to multidimension-

al experiments (such as homonuclear quantum cor-
elation, HMBC) are available.

One of the challenges in determining the characteris-
ics of ionic liquids is the solvent effect on the chemi-
al changes of ionic liquid salts. This effect occurs
ainly when polag non-homogeneous, or protic sol-
ents are used for characterizing NMR spectra of
onic liquids due to solvent-ion interactions or
on-homogeneous participation. Loading samples
and deuterated solvents separated from each other
by a capillary tube are regularly recorded. Among

ore advanced methods, two other techniques




re worth mentioning. Often, due to the high viscosity of ionic liquids, NMR signals are obtained
ith low resolution. In this case, High-Resolution Magic Angle Spinning NMR (HR-MAS) spectrosco-
y is used. This technique also enables the analysis of standard organic reactions in ionic liquids and
he analysis of reaction intermediates.

onic liquids have various interactions between ions, like hydrogen bonding and - stacking. These
nteractions can cause specific nanostructures to self-assemble and align ions due to their mobility.
ere, dynamic ion transport can be studied without disturbing the ionic liquids using the Pulse Field
radient Nuclear Magnetic Resonance (PFG-NMR) technique. The information obtained allows for
easuring the diffusion coefficient of an additive in ionic liquids (e.g., +Li ion), and estimating ion
izes and/or interionic complex sizes.

rmation of Clusters

onic liquids tend to self-assemble (or ion pairing) in solutions, and this property is very interesting
rom a fundamental perspective because the size and structure of a cluster affect the transport prop-

rties of ionic liquids. Techniques for studying the clusters of ionic liquids include Mass Spectrometry

(MS), Dynamic Light Scattering (DLS),

Steady-State  Fluorescence  Spectroscopy  (SSFS),
Small-Angle Neutron Scattering (SANS), surface ten-
sion, and solution phase X-ray Photoelectron Spectros-
PS). The behavior of liquid clusters in aqueous
ments can also be examined using NMR. Differ-

chemical shifts indicate the formation of specif-

and can be used to investigate surfactant behavior. Many studies are conducted based on NMR spec-
troscopy, as strong ion pairing in ionic liquids based on 1-butyl-3-methylimidazolium cations has
been suggested using techniques such as HOESY and PGSE experiments. Additionally, Diffusion-Or-
dered Spectroscopy (DOSY) aims to separate NMR signals of different species based on their diffu-

sion coefficients.
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Applications of Analytical Techniques

lonic liquids have found a wide range of applications in various fields of chemistry, starting
from organic chemistry where they are used as catalysts and solvents for synthesis, to the medi-
cal field where they are used as active pharmaceutical ingredients or additives to biological ma-
terials. From an analytical chemistry perspective, ionic liquids can be used in extraction and sep-
aration, spectroscopy, mass spectrometry, and as sensors. Figure 2 summarizes the main appli-

cations of ionic liquids in analytical chemistry.

Applications of Analytical Techniques

lonic liquids have found a wide range of applications in various fields of chemistry, starting
from organic chemistry where they are used as catalysts and solvents for synthesis, to the medi-
cal field where they are used as active pharmaceutical ingredients or additives to biological ma-
terials. From an analytical chemistry perspective, ionic liquids can be used in extraction and sep-
aration, spectroscopy, mass spectrometry, and as sensors, Figure 2 summarizes the main appli-

cations of ionic liquids in analytical chemistry.

1. Applications in Spectroscopy

The solubility of ionic liquids provides a significant advantage for their use as solvents in spec-
troscopic methods for analyzing transition metal complexes, organic compounds, minerals, and
solvent-salt interactions. lonic liquids can be used as solvents in IR and UV-visible spectroscopy
to study transition metal ion complexes (iridium (Ir), osmium (Os), ruthenium (Ru)) when ions
are present in high and low oxidation states. Near-IR spectroscopy provides information on bind-

ing constants and enantiomer structures for various compounds, including pharmaceutical prod-

ucts and amino acids dissolved in ionic liquids.




2. Extraction and Separation
lonic liquids are widely used in extraction and separation processes such as liquid-liquid microextractions,
liquid-solid extractions for separating metal ions, small organic and biological molecules, and biopolymers.
Typically, for extracting metal ions, ionic liquids are combined with complexing agents (such as calixarenes
or crown ethers) or designed as Task-Specific lonic Liquids (TSILs) that regulate extraction selectivity and
efficiency. Among various metal ions, special attention is given to the extraction of actinides based on ioni
liquids primarily used in nuclear fuel cycles due to their high

In addition to classical extraction methods, the unique properties of ionic liquids such as high viscosity, low
volatility, and high thermal stability have made it possible to use them as stationary phases in gas
chromatography (GC). Unlike conventional stationary phases, the applications of ionic liquids that provide

the ability to separate polar and nonpolar compounds and phase selectivity/stability may be tailored using

ion-pairing or two- and three-cationic ionic liquids.

1. Mass Spectroscopy

lonic liquids, with their low volatility, vacuum stability, and ability to dissolve a large number of analytes,
work effectively as a matrix in matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS).
The low vapor pressure of ionic liquids as a matrix and their ability to uniformly disperse analytes increase
short-term repeatability and provide more accurate quantitative analysis compared to conventional solid
matrices. However, conventional ionic liquids (e.g., with imidazolium, pyridinium, and phosphonium
cations) are considered very effective matrices due to their low ionization capability. To improve the
ionization ability of ionic liquids,

2. Capillary Electrophoresis

lonic liquids can be used in aqueous or non-aqueous capillary electrophoresis (CE) as a mobile phase and
as dynamic or stationary coatings on capillary walls. The electrolytic nature of ionic liquids enables the
control of electroosmotic flow and hence the separation of analytes. CE based on ionic liquids is suitable fo
separating biological and organic molecules, preventing protein adhesion to capillary walls, and detecting
microbial contamination. One modification of CE is Micellar Capillary Electrophoresis (MCE), which is used

for separating neutral and charged molecules or for separating chiral and achiral molecules. In MCE, ioni
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ctivated carbon - introduction and overview

mong the elements present on the earth, carbon can be considered an exceptional element in th

periodic table. In this regard, the extensive chemistry of carbon compounds is one of the trends o
he field of chemistry called organic chemistry fully examines the compounds of this element from

he periodic table. The creation of unlimited and very diverse structures is the result of the covalen

bonding of each carbon atom with other types of atoms or other carbon atoms. Also, a large numbe
of compounds that are synthesized in nature by natural methods are from the family of organic (car-
bon) compounds. This category of materials, including various petroleum compounds, pharmaceuti-
cals and polymers (organic resins), are included in the subcategory of carbon compounds. In nano-
technology, carbon compounds have a specific and important category known as carbon nanostruc-
tures.In the previous issue of Oxygen magazine, an interview about a successful startup in the field
of producing activated carbon from walnut skins was published. After getting to know more about
Sahand startup Veera Shimi, and discussing the ups and downs and students' ideas, now it's time to
write about the nature and characteristics of activated carbon. If you are also interested in the pro-

duction process and synthesis methods of activated carbon, stay with us until the end of this report.

Activated carbon refers to materials
that are in a solid state with an amor-
phous structure and high porosity
and specific surface area. The surface
area between particles in activated
carbon is high and this material is
available in granular and powder
form in the market. Activated carbon

has the ability to absorb different



A view of activated carbon produced in two forms: a) powder and b) granular

molecules from the liquid or gas phase. The production of activated carbon is obtained from the car-
bonization of materials containing carbon and their thermal decomposition. In general, any material
that contains some carbon can be used as a starting material in the manufacture of activated carbon.
The production of activated carbon from raw materials is done by two general methods: physical
(thermal) activation and chemical activation. Thermal activation involves heating at high tempera-
tures, while chemical activation is performed through chemical dehydration of the raw material at
much lower temperatures.

From an economic point of view, materials with a high carbon content and a small amount of organ-
ic matter are preferably selected for the production of activated carbon. the solid material resulting
from the pyrolysis operation must have a high density and also have a sufficient amount of volatile
gases, because the release of volatile gases during the pyrolysis stage it creates pores in the carbon.
High density makes carbon have strength and a strong structure. To produce activated carbon, mate-
rials such as coconut skin, pistachio skin, walnut skin, agricultural waste such as wood and wood

chips, fruit cores such as peach, cherry, olive and apricot, as well as other materials such as coal are

sed as raw materials in this process. .




here are two broad methods for the activation of carbonaceous materials, generally known as
chemical and physical activation. However, simple thermal activation in nitrogen atmosphere
nd microwave irradiation have been proposed as effective methods to obtain activated
carbon. In addition, the use of combined activation (chemical and physical) is also suggested

s an alternative to increase textural properties and create porosity.

Carbonization / pyrolysis
Carbonization is a process that is sometimes used before activation. In this process, moisture
nd low molecular weight volatiles are released first, then light aromatics, and finally, hydro-
gen gas is released. The resulting product is a stable carbon structure. Primary porosity, al-
hough still relatively low, is formed at this stage. The pores created during carbonization are
illed with pyrolysis bituminous residues and require activation to obtain desirable carbon prop-
erties. Accurate selection of carbonization parameters is important, because this process has a
significant impact on the quality of the final product. A Carbonization temperature has the
greatest effect. The amount of heat, the

resence or absence of an inert atmo-
phere, the heating speed, and the shelf
ife are among other factors that affect
his process. Usually, carbonization tem-

erature higher than 600°C leads to re- .-'

Iso increase the amount of ash andg
table carbon and decrease the amount
f volatile matter. Therefore, high tem-
erature leads to the production of
etter quality coal and at the same time

educes the yield.



Chemical activation

In chemical activation, most raw materials are directly impregnated
with specific chemicals such as H3PO4, H2504, HNO3, ZnCI2, NaOH
and KOH. Although not common, H202, K2C03, CaCl2, and some 2KOH — K20+H0

other acid salts have also been used as activating agents. In this ste =~ C*H:0 —H:+CO

, the ratio between the chemical agent and the mass of the raw CO+H0 —H:+CO2
material, time, temperature and speed of mixing are precisely K20+ C0O2—~ KaCOs
controlled. Using a gas stream such as air, nitrogen, or argon is a i
K0+C — 2K+ CO

common method during pyrolysis that helps create better internal
porosity in the material. Chemical agents contribute to the formation of porosity through de-
hydration and degradation of biomass structure, especially when the activating agent is
strongly alkaline. It should be noted that the pore size distribution and surface area are deter-
mined by the ratio of the chemical agent to the precursor. In the activation with phosphoric
acid, the acid concentration affects the micropore volume; A large amount of acid prevents
the formation of micro-pores and helps the formation of meso- and macro-pores. The follow-

ing reactions may occur during the activation process at high temperatures:

C+H0 - CO + H;

) where Cis a carbonless active site, C(O) is an oxy-
Here, there are two mechanisms:

(a)Oxygen exchange model: genated surface complex, and C(H2) is hydrogen

H0+C = H, + C(O) adsorbed. Both mechanisms include the initial

G0 3 €0+ € stage of water absorption/dissociation in the

(b} Hydeogen containment modet: active sites of carbon surfaces and then the pro



Activated carbon has wide applications in various industries. The reason for this popularity is
the presence of many internal holes, which makes it useful as an absorbent in industries such
as water and industrial wastewater treatment, oil and gas industries, food and pharmaceuti-
cal industries, and other industries. Activated carbon is chosen as a common option due to its
availability and lower cost than other adsorbents. In addition, activated carbon is considered
a suitable alternative to complex separation methods and expensive filters, because it has the

ability to regenerate and return to its original state for reuse.

General schematic of activated carbon production process

Activaban unit
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Introduction to the book Practical Skills in Chemistry
JO
R ® Chemistry is known through experimentation and laboratory work, and the inseparable analy-
sis and separation of its components. Through experimentation, analysis, and separation, chem-
istry can be understood and explored in depth.
Here, | introduce you to the book "Practical Skills in Chemistry" written by John Dean, published
in 2017. This book provides instruction on the fundamentals and basic principles of chemistry,
as well as various practical and laboratory skills and techniques.
If you are studying chemistry or a related course, this book will be by your side during your stud-
TH ies and will teach you a wide range of practical, analytical, and data management skills that you
will need throughout your education. It also lays the groundwork for learning soft skills in chem-
~ istry such as teamwork, using information technology, information communication, and study '

skills.
. Some chapters of the book include gener-

al recommendations for practical work,
classic techniques and tools, data analy-

John R. Dean ¢ Alan M. Jones * David Holmes sis and presentation, information tech-
Rob Reed * Jonathan Weyers ¢ Allan Jones

Practical Skills in
Chemistry

nology, library resources, information

transfer, and study skills.

The original language of the book is En-
glish, and it has not been translated into
Persian yet. One of the benefits of this
book is the presentation of questions
that are answered at the end of each
chapter to reinforce your learning.

Whether you are an undergraduate or

graduate student in chemistry, the book

s 9
P Pearson
: B T . oretical and practical chemistry topics

_ Practical Skills in Chemistry connects the-
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Laser
Laser hair removal is a method that works by exposing hair follicles to laser light pulses. These

~ pulses help to destroy hair follicles. Laser hair removal is widely used in clinics and even homes wit
he help of various devices designed with advanced technology. These devices shine a highly fo
cused light into the hair follicles, causing the pigments in the follicles to absorb the light, whic

leads to follicle destruction. The laser should be designed in such a way that it only damages the
“hair follicle and does not damage the skin. As a result, the contrast between dark hair and light ski
provides better and more accurate results. The risk of damaging the skin is higher in people with the

least contrast between hair and skin color, but recent advances in the technology of laser devices

have significantly reduced these risks. Laser hair removal is less effective for gray, red, blonde, and
white hair that does not absorb light well.

There are different types of laser devices used to remove unwanted hair:
1- Ruby hair removal laser

The ruby laser, which is considered a solid-state laser, uses a synthetic ruby crystal as its active
- medium. This type of laser was used as the first system for permanent hair removal. The ruby lase
' uses visible light waves with a wavelength of less th

694 nm to target the melanin in the follicles.
This active laser system consists of a synthett

that is powered primarily by optical
n flash tube. With broad and powérful absorption

bands in the range of 400,46 550 nm and a

fluorescence lifetimethiat reaches 3 milliseconds

, ruby can absogla lot of energy. These features

y laser very suitable for thin and
lighgAair removal. This system is more
ecommended for people with light skin and

is not applicable for darker skin. Another

advantage of this type of laser is the long recovery
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2- Alexandrite hair removal laser:

Alexandrite laser, which is a type of solid state laser, is known as the fastest and most
popular system for hair removal. This laser works at a wavelength of 755 nm and is ideal
for targeting melanin in hair follicles, especially for people with light to olive skin tones.
The wavelength of this device can be adjusted between 710 and 820 nm in optimal op-
erating conditions. The laser is able to cover large treatment areas in a short period of
time, for example, less than 30 minutes. Repeated laser treatments can be very painful,
so this system is known as one of the most uncomfortable laser systems. However, the
development of new devices equipped with internal cooling help improve the user ex-
perience and overcome the problems. The device uses chrysoberyl mineral, which is a
beryllium aluminate with the formula BeAl204. Due to the low absorption of this miner-
al in water, the wavelength of 755 nm penetrates deeper into the skin and is usually

used on the skin to remove unwanted hair. Alexandrite lasers can be pumped by pulsed

flash lamps, continuous arc lamps or laser diodes, A double frequency (2w) alexandrite
laser is possible using a conversion medium. Also, a barium beta borate (3-BaB20; BBO)
crystal is used in this device to double the frequency from 752 to 376 nm.
3- Diode laser hair removal:

Diode devices are new approaches in the field of laser hair removal. These devices con

tain an energy source consisting of semiconductors known as diodes and 3
generate a laser beam with a longer
~ wavelength than 800-810 nm allowing

deeper penetration into the hair follicle.

Diode lasers are generally considered

safe for dark skin types and are used to

remove thick or coarse hair.
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: 5- Hair removal with intense pulsed light (IPL):

_IPL is not laser light, but the equivalent form of laser. IPL initiates light heat with a pulse of
thermal energy that is absorbed by the melanin present in the hair follicle. The advantages
of intense pulsed light are adjustable wavelength, energy level, and pulse duration. This
technology uses a high-powered, hand-held, computer-controlled flash gun to deliver an in-
tense, visible, broad-spectrum light pulse, generally in the visible spectrum range of 400 to
1200 nm. Different filters are commonly used to selectively filter shorter wavelengths, partic-
ularly harmful UV light. The resulting light has a spectral range that targets specific struc-
tures and chromophores (such as melanin in hair or oxyhemoglobin in blood vessels) that are
heated and reabsorbed by the body. IPL has similarities to laser treatments, as both use light
to heat and destroy their targets. But unlike lasers that use a single wavelength (color) of
light that usually matches only one chromophore and therefore only treats one disease, IPL
uses a broad spectrum that, when used with interchangeable filters, it provides the possibili-
ty of using it in different situations.

When the IPL technician selects the right filter that matches a specific chromophore, the de-
sired goal can be achieved. Laser hair removal is a cosmetic-hygienic process that is usually
used to remove unwanted hair. Hair removal is done using the principle of selective laser pho-
tothermolysis.

Lasers are equipped with cooling sources such as cryogen spray, contact cooling, and air

cooling to prevent laser heating. The side effects of laser therapy mainly depend on several

' factors such as hair color, skin color, skin sensitivity, type of equipment used, etc.
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Introduction of ChemOffice software and its application

Chemoffice software is one of the most widely used tools in the field of chemistry, developed by
PerkinElmer. This software provides a comprehensive set of tools required by chemists and
chemistry students.

Below are some of its features and capabilities:

ChemOffice Molecular Modeling: Provides 3D molecular modeling tools that allow users to

accurately and arbitrarily draw molecular structures:

Simulation:
The software provides chemical simulation tools that allow users to simulate chemical reactions
and examine the results.

ChemOffice spectrum analysis: it has spectroscopic spectrum analysis capability that allows

users to Analyze different spectra including UV-Vis, IR ,and NMR.

S a———




o P TRl '
| '

Chemical database:

This software has a comprehensive database of chemical compounds and information related to
them, which allows users to easily access the information they need.

Integration with Microsoft office ChemOffice :

Ability to integrate with software including work, excel, and powerpoint ,allowing with users to
easily access to structures, graphs, and chemical data.

Compatibility with different operating systems:

ChemOffice is supplied for windows and macOS operating systems. .
ChemDraw software and applications in chemical and biological sciences.

This program provides a suitable environment for chemistry students and researchers to draw the .
shape, nomenclature, structure of molecules and learn complex scientific topics. According to the
features of this software, the structure of molecules can be drawn in two-dimensional and
three-dimensional from to better understand the interactions.in this research, we will get to know
different parts of the software for drawing and naming molecular structures.

This software is a powerful tool for chemists and biologists that allows them to quickly and
accurately draw chemical structures including organic, organometallic, polymer, and biopolymer
materials. By using this software, you can accurately create chemical maps and displays on the .
screen, and additionally using advanced forms of stereochemistry, you can recognize
fundamental differences in structures.Users can use a large collection of biological patterns and
graphical objects to quickly search for compounds and reactions of interest. Also, by connecting
directly to the SciFinder chemical database, people will be able to find chemical compounds
quickly and accurately without wasting time. This software has the ability to display various
applications of DNA and RNA structures and sequences, which helps scientists establish accurate

and understandable connections between substances and reactions in their research and

experiments.
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chemDraw software integrates with other optional ChemOffice products as one of the mainstays

in the professional environment of chemistry and biology. This integration gives users the ability
to use smart and advanced tools to record tests, results, track samples and their locations. These
tools include personal versions of ELN's E-Notebook and Inventory programs that help users
creatively organize their data and get the most benefit from it. This integration increases the

personal access of scientists and chemists to the data and information they need and helps them

. . . . ’
achieve reliable results in their research.
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Nowadays, many students, including engineering and basic science students, are looking

for a simple and accessible software to easily design their graphs and maps on their mobile

phones or computers.

KingDraw is a powerful and practical software for designing graphs, maps, flowcharts, and other
graphic shapes. The software allows users to easily and quickly design and edit their graphs and
maps with high speed. KingDraw has various tools for creating shapes, connecting lines, resizing
and coloring, adding text, and more. Additionally this software has the capability to share and
save the designed files. Users can quickly and efficiently create and manage their graphic research
using KingDraw with high quality This software is suitable for students, engineers, and

individuals interested in designing graphs and maps.
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i surface area. Graphene-based aerogels (GAs) have three-dimensional structures and are also

K lighter than air They have amazing properties including high mechanical strength, high electrical
i conductivity thermal resistance, and high absorption capacity. There are various methods to
produce gas but to fully exploit the properties of graphene, it is necessary to convert
two-dimensional materials into three-dimensional structures. The methods used and referred to
- the production of graphene aerogel are classified into four categories; Hydrothermal reduction,
* chemical reduction, cross-linking, and model-based reduction methods. Graphene aerogel can be
used in a wide range of applications such as electrodes for electrochemical power sources as
supercapacitors, air purification, removal of several oils and dyes from water and generally in
wastewater management.
 Introduction

"’}?3‘ Aerogel is an interconnected nanostructured network with a porosity of over 50%, sponge-like,

' solid, and porous. It has significant characteristics such as low density and the largest specific

. surface area among non-powder materials. Graphene is a two-dimensional flat sheet that

\§

A\ \f consists of a set of carbon atoms in a hexagonal honeycomb structure [2]. This material was made

/'::—

\forthe first time in 2004 by mechanical layering method and its properties were measured. It was
observed that this material has special properties, including highly ordered structure, high
specific surface [3], high Young's modulus [4], high heat transfet high chemical stability [5], high
thermal stability [6], and high electrical conductivity. [7] and high electron mobility [8].

High surface area: Graphene aerogels (GAs) have an extremely high surface area due to the large
surface area of the graphene sheets and the porous nature of the aerogel structure. This high
surface area makes graphene aerogels promising materials for applications such as energy

,; ‘ storage, catalysis, and pollutant adsorption.
\YA




, Low density: Graphene aerogels are very lightweight despite their high surface area. The porous
. structure of graphene aerogels leads to a low bulk density which makes them attractive for
* lightweight structural materials and applications where weight reduction is essential.

‘ Mechanical strength: Graphene aerogels show impressive mechanical properties such as tensile
strength and high elasticity. The interconnected graphene network provides structural integrity to
t i the aerogel, allowing it to withstand mechanical stresses and deformations.

Thermal and electrical conductivity: Graphene aerogels have excellent thermal and electrical

conductivity due to the intrinsic properties of graphene. The high surface area and interconnected

* network of graphene facilitate efficient heat and charge transfer in the aerogel structure.
Chemical stability: Graphene aerogels are chemically stable and resistant to degradation under
harsh environmental conditions. This stability makes them suitable for various applications that
require chemical inertness and long-term durability. The synthesis of graphene aerogels usually

~involves processes such as the reduction of graphene oxide (GO) or the assembly of graphene

nanosheets (GNS) into a three-dimensional structure, which is then dried to form an aerogel.

These synthesis techniques enable precise control of aerogel properties, including pore size,
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density, and morphology, to tailor materials for specific applications.




~ Production and process methods

¥ ' Chemically derived graphene oxide-based aerogels, the most common three-dimensional
: graphene structures, have a large amount of hydrophobic base plane and hydrophilic
| .:' oxygen-containing groups such as hydroxyl, epoxy, carbonyl, and carboxyl groups (Figure 1),
\ which function of graphene oxide. facilitate through covalent and non-covalent bonding [9-11].
*v‘:" These basic sheets and oxygen-containing groups greatly increase the possibility of observing
; the self-assembly of graphene nanosheets. The development of simple and environmentally
4 friendly methods for observing macroassembly is very important because some other reported
methods cannot be exploited to produce large-scale graphene assembly. [12-14] Graphene oxide
is usually produced by the chemical oxidation of graphite powder with oxidant. Strong ones are
produced using the modified Hammers method in most cases [15], which we will examine
further

Production of graphene oxide from graphite powder by Hamers' modified method: In 1958,
- Hamers and Afman presented an alternative oxidation method in which graphite was subjected
to a reaction with a mixture of concentrated sulfuric acid and KMnO4; In this method, a similar
level of oxidation was obtained. For this purpose, first, a glass container is placed in the ice bath.
? From the beginning of this stage, by placing the thermometer in the bathroom, the temperature
§ should be kept below 10 C[]. Add 46 ml of 98% sulfuric acid into the container and add 2g of
pure graphite to the container under stirring and mix for 20 minutes. Then 6 g of potassium
permanganate powder is slowly added to the mixture with vigorous stirring for 1.5 hours and
after completion, the mixing process continues for half an hout Then the temperature of the bath
is increased to 35 C[]. After the temperature is stable, mixing is done for about another hout For
dilution, 100 ml of distilled water is carefully added to the container and the mixer is turned off.
300 ml of distilled water is added into a larger container and the contents of the first container

are slowly transferred to the larger container and mixing is done for half an hour It will be at this

| W

. stage;
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the bath temperature should not exceed 40 C . After diluting the mixture with distilled water 20
ml of 30% hydrogen peroxide is slowly added to the container and mixing continues for half an
hout At this stage, the color of the solution changes to bright yellow for a short time. Then the
mixture is washed to remove ions and increase the pH by adding 10% hydrochloric acid and dis-
tilled water to the mixture and mixing (centrifuge with 14000 rpm) for one hout Then the con-
tainer is placed in a stationary place for about an hour and the settled material is smoothed.
Then the mixture is placed in the oven at a temperature of 50°C for 2 hours. The formed powder
is graphene oxide [16]. The methods used to produce graphene aerogel are divided into four cat-

egories; Methods of hydrothermal regeneration [17], chemical regeneration [18], cross-linking,

and pattern-based reduction [19].

1.1. Hydrothermal reduction:

The term hydrothermal has a geological origin. This term was used for the first time by an En-
glish geologist to describe the action of water at high temperatures and pressures, which causes
the creation of various rocks and minerals. In general, the reactants are first dissolved in a suit-
able solvent in this method. If needed, ultrasonic waves are used to dissolve or better distribute
the precursors in the solution. Then the solution of the raw materials is poured into the auto-
clave and sealed. Then the autoclave containing the reactant solution is heated to the appropri-
ate temperature. As a result of this heating, the pressure inside the autoclave increases and suit-
able conditions are provided for the reaction of the precursors. After enough time has passed to
carry out the chemical reaction inside the autoclave, the heating is stopped, the products are
taken out and heated for drying or calcination if needed. The hydrothermal regeneration method
is the most common and used to produce graphene hydrogel (GA) after drying (frozen or super
critical). This method involves the self-assembly of graphene sheets, as the reduction of GO has
been shown to promote the self-assembly of GNS, ultimately leading to integration and 3D
graphene structures. In this method [20], high temperature and high-pressure conditions are re-

quired. In this way, the integrity of the gel is maintained. During GO assembly, chemical reduc-

tion and gelation/crosslinking can occur simultaneously.
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-1.2. Chemical reduction:

~ One of the approaches to the synthesis of nanoma- ~ **™*[ E E::: ....-'°
! terials is the bottom-up approach, according to _ essp * ’&: ...-".

| which a nanomaterial is created by placing the con- 3 mm'm
' stituent components of nanomaterials such as g 4

:

' f atoms next to each othet One of the synthesis meth-

[/ ods according to the bottom-up approach is the A . A R

hemical Velage (V)

reduction method, which is used to make nanoparticles. In this method, there are three basic com-
ponents, which are: metal precursor reducing agent, and stabilizing agent. According to the selec-
tion of each of these three factors and controlling the synthesis conditions, the shape, composition
and size of metal nanoparticles can be controlled. First, a metal precursor is dissolved in a suitable
solvent in the chemical reduction method. Due to the dissolution of the metal precursor metal cat-
ions are dispersed in the solvent environment. Next, a reducing agent is added to the solvent and
by providing electrons, it regenerates metal cations and neutralizes them. This is because, for the
formation of nanoparticles, several metal atoms need to stick together and form a nucleus, and

* then the nuclei grow. But if there are only metal cations in the solvent, this will never happen due

' to electrostatic repulsion. As a result, by adding a reducing agent, metal cations are neutralized

\ and nucleation and growth can occur Next, after the nucleation and growth take place, the =
\\ nanopamcles grow larger and if it is not prevented, this growth will progress so much that the di- ‘
\ mensions of the particles will exceed the scale of one hundred nanometers. To prevent this, stabiliz- -
ing agents are used. These stabilizing agents, which are usually polymers, prevent their growth by
placing around the nanoparticles and determine how much the nanoparticles grow. Chemical re-
duction can also be used using acid or base as chemical reducing agents [21, 22]. In the chemical
regeneration method, mild regenerating agents such as hydrazine, vitamin C, sodium ascorbate,
etc. are used [23]. Indeed, Zhang et al. [24] have reported the preparation of 3D graphene assem-
blies with low density and high porosity from GO solution formed by the reaction system of oxalic .
acid (OA) and sodium iodine (Nal). Mercaptoacetic acid and mercaptoethanol can be used as reduc-

v, ing agents [25]. The use of transition metal oxides in the 3D graphene complex can lead to materi-




1.3. Cross-linking methods

Hydrogen bonds:

’ increases due to the protonation of carboxyls. This leads to the strengthening of hydrogen bonds
i i and the formation of a stable GO gel. In general, cross-linking agents strengthen GO sheets. These

common crosslinks are: hydroxyl [29], oxygen [27] or nitrogen functional groups [30].

Multivalent metal ions:

It has been found that self-assembly and gelation of GO sheets are promoted by divalent and

trivalent ions such as Ca2+, Mg2+, Pb2+, etc. Sol-gel method is another strategy for GA

development. In this method, the bonding between the GO sheets is stronger than the
- cross-linking method, because the polymerization creates covalent bonds between the sheets

j [31]. Meng et al. [32] reported that alkaline GO (AGO) acts as a solid base catalyst to initiate the

polymerization of resorcinol with formaldehyde, which is converted to graphene by pyrolysis. The
synthesized graphene/carbon aerogels can be used in supercapacitors due to their specific
\‘"\\\S capacitance. The final graphene/carbon composite aerogels exhibit large surface area, low

Y

)
. density, high pore volume, narrow pore size distribution and high conductivity.
\

\

/

1.4. Pattern-based reduction

Pattern-based reduction is a very useful method to obtain porous gases [33]; Because it prevents
random connection structures, while it also supports controllable and uniform large cavities and
proper microstructure. Chen et al. have reported the synthesis of a coarse bubble graphene film
through the guided pattern reduction method. The synthesized material showed high
electrochemical capacity [34]. A similar method is the guided method with an ice mold [19],
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PLTVLLEVA LA ARA A AV TR




2. Application
~~ Graphene aerogels can be used in a wide range of applications such as electrodes for
 electrochemical power sources as supercapacitors, in air purification, in the removal of several oils

/' and dyes from wateg and in general in wastewater management.

Interfacid Cotaibon Comtroliatde Deposition

—p —
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2.1. Highly compact, thermally conductive, and electrically insulating fluorinated graphene aerogel

Fluorinated graphene aerogel (FGA) is an example of carbon-based aerogel that has unique properties

including high thermal conductivity as well as electrical insulation. By combining the hydrothermal and
fluorination processes, FGA creates a porous structure with interconnected graphene networks and a
tunable fluorinated coating. This aerogel has a flexible cellular structure and can maintain its macroscopic

shape even after 60% compression for 100 cycles. In addition, due to fluorination, FGA provides a band

gap opening in the graphene structure and is sufficiently electrically insulating. Adding FGA to polymer

“{,;.-r;l, . can increase the ability to manage heat transfer and maintain low electrical conductivity and lo

electrical loss. These properties indicate that FGA is useful in thermal management applications in
electronic material packaging.

2.2. Electrical insulation performance and heat dissipation of FGAs
The electrical properties of FGAs were investigated by the two-probe method, as presented in Figure 2.
Fluorine leads to a significant decrease in charge transfer density (Figure 2). Carbon-based aerogels hav
attracted considerable attention for a wide range of applications. Howevey the intrinsic high electrical
conductivity limits their potential thermal transfer management applications in electronic material

coatings. Here, a highly compressible, thermally conductive, yet electrically insulating fluorinated

graphene aerogel (FGA) is fabricated via an acid-assisted
hydrofluoric acid. The hydrothermal process macroscopically

assembled FGA composed of tunable fluorine-coated

interconnected graphene networks !




exhibits excellent compression flexibility and fatigue resistance despite a low density of 10.6 mg/cm3. In
addition, the aerogel has been proven to be highly insulating. Meanwhile, the aerogel exhibits heat
dissipation performance that can be used to fabricate thermally conductive polymer composites for coating
electronic materials.

2.3. Surface deposition of three-dimensional nickel hydroxide nanosheet-graphene aerogel on nickel wire for
flexible asymmetric supercapacitors

The growing interest in flexible and wearable electronics is sparking the rapid development of flexible
fibershaped supercapacitors (SCs). A 3D porous aerogel of reduced graphene oxide (RGO) is deposited on a
flexible nickel wire via a simple aqueous reduction method. RGO aerogel exhibits good capacitive performance
due to its unique porous structure and good electrical conductivity Surface deposition of reduced graphene
oxide and nickel hydroxide on nickel wire provides the fabrication of flexible fiber asymmetric supercapacitors

for sustainable energy storage.

2.4. Self-assembled graphene aerogel on copper wire for wearable fiber-shaped supercapacitors

Wearable wire-shaped supercapacitors were made using the self-assembly method of graphene gel on copper

wire. The specific capacitance per unit length was calculated to be about 12.5 mF/cm. This device can sustain

repeated charge-discharge and bending cycles without significant loss of capacitance. The combination
ofConclusion

Its unique properties, including high thermal and electrical conductivity, excellent mechanical strength, and o
exceptional processability make it a very attractive material. GA, consisting of interconnected graphene
nanosheets or nanofibers, exhibits remarkable three-dimensional structures with features such as low density,

and high porosity. The introduction of GA-based aerogels, which have structural stability, has the potential to

enhance the thermal management capabilities of electronic material coatings. Furthermore, by achieving ‘

electrical conductivity to insulating surfaces while maintaining excellent mechanical and thermal properties,

GA-based aerogels can serve as promising options for coating electronic materials. Consequently, the structure ‘

of graphene aerogels, characterized by a three-dimensional network of interconnected graphene sheets, gives
these materials exceptional properties, making them promising candidates for a wide range of applications in -

fields such as energy storage, aerospace, environmental remediation, etc.
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Industrial Interview

In the second number of the Oxygen magazine, we hosted Mr. Amir Kazempour, a postdoctoral re-
searcher at the Faculty of Chemistry of Tabriz university. This fascinating interview introduces Dr.
Kazempour and their company records, ideas and products, experiences and how to set up their

business and recommendations to students who are interested in it.

The main idea of this project we are working on, namely the production of non-Teflon
cast iron containers, came from the Iranian Tractor Company.

The tractor casting company, which is the largest company in Iran, was planning to
launch a cast iron container line,

But their goal was to make the containers coated by non-Teflon cast iron.

I would like to point out that Teflon is a brand of polymer called polytetrafiuorethyl-
ene that applies to most containers, especially aluminum containers, which gives it

non-sticky properties ...

Scan the QR Code for the full video of this interview and stay with us in other numbers of our

for getting more information about various student companies.



he role and application of advanced catalysts in the industry
g Introduction
Catalyst is one of the important and broad applied concepts in the field of chemistry and chemical

processes in the science and industry world. These substances, which do not participate in reaction

alone, are applied as accelerators and modifiers in chemical reactions [1]. Catalysis is a practical pro
cess that is used for energy and food production, environmental protection, and water purification.

gAlmost 90 percent of products in industries are produced with the help of catalysts. Due to thi

reason, they have a high economic and strategic importance and are known as developing issue
[2]. This issue of Oxygen magazine examines the concept of catalysts and their importance, role, and
application in three important industries: oil and petrochemical, pharmaceutical, and food indus

ries.

Catalyst concept
Catalysts are substances used to speed up or control chemical reactions. These materials increase
- - the rate of reactions by reducing the activation energy required for the reaction without changing

ﬁ;_,, at the end of the reaction. Catalysts act like a switch between active molecules and play an import-

ant role in creating chemical bonds between them [1]. l -

W, \ res,
'l

/4

- ws



a0 5 | [l o515 551

Types of industrial catalysts

Industrial catalysts are classified into the following four groups according to their application. In
contrast to heterogeneous catalyst reactions, catalysts and reactants are in common phases in ho-
mogeneous ones [3]. These catalysts are usually dissolved in the substrates in the solvent. For ex-
ample, we can refer to hydrosilylation and hydrocyanation reactions. In autocatalytic reactions,
one of the reaction products automatically acts as a catalyst. This product increases the reaction
rate. Biocatalyst exists in the human body and affects biochemical reactions. Enzymes are one of
the most important biological catalysts.

The importance of the catalyst

' In the old days, the use of industrial catalysts was not as famous as it is today but over time, with

the progress of industries and the understanding of the importance of catalysts, their application

has become very common. It is interesting to know that in the absence of industrial catalysts,

many vital products needed by mankind would not be produced. For this reason, many scientists

are researching the production of industrial catalysts to provide a new type of this product to vari-
ous industries. This hidden diamond is a treasure that has many roles in various industries and
processes [4].

Application of catalysts in the oil and petrochemical industry

Catalysts play a very important role in oil refining and petrochemical industries. With the increas-

ing conversion of crude oil into lighter and standardized products, the number of catalysts and
catalytic processes is also increasing, which also creates new challenges, especially in the field of
green chemistry. Because better use of oil resources and demand for clean fuel are key issues [5].
Oil refineries need various catalysts to convert crude oil into products such as gas oil, kerosene,

heating oil, liquefied petroleum gas (LPG), and gasoline. The most important and widely used cat-

alysts in the country's refining industry are divided into two parts: conversion units and produc-

) ¥4, | ren,
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Petrochemical catalysts

Currently, the multi-billion-dollar petrochemical industry covers a wide range of chemical products
and almost all organic reactions such as hydrogenation, alkylation, substitution, polymerization,
etc. Major advances in the field of catalysts have always supported enormous advances in petro-
chemicals. More precisely, petrochemical catalysts optimize reactions in processes such as crack-
ing, polymerization, hydrogenation, and dehydrogenation and increase efficiency [8]. Petrochemi-
cal catalysts are in liquid, solid or gas form. Silica, metals, metal oxides, activated carbon, and alu-
mina can be used to increase the efficiency of catalysts. The applications of petrochemical catalysts
in the petrochemical industry are very wide, which can be mentioned in the production of plastic,
paint, resin, petroleum products, and chemical fertilizers. In general, petrochemical processes are
divided into two categories: polymeric and non-polymeric. Non-polymeric catalysts can be men-

tioned for dehydrogenation, conversion of ethylene to ethylene oxide, dry reforming, aromatiza-

tion, etc. Among the polymer catalysts, triethylene amine, antimony oxide, and cobalt can be men-

tioned [9].




WA .

Application of catalysts in the pharmaceutical industry

In the pharmaceutical industry, catalysts are used to produce various drugs and medical com-
pounds. These materials can facilitate the production process of medicines and help their quality.

For example, we can mention the use of bromine metal as a catalyst in the production process of

tranquilizers. Also, a rhodium metal catalyst attached to phosphine ligands is used for the commer:
cial production of anti-Parkinson drugs (Figure 1) [10].

Figure

In 1968, Knowles discovered that rhodium metal can be used in a chiral molecule as a catalyst fo
asymmetric hydrogenation reactions. The industrial synthesis of L-DOPA amino acids is useful in
the treatment of Parkinson's disease and was the first industrial catalytic asymmetric synthesis,

which was developed by many others.
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The new example, which is called a recyclable magnetic nanocatalyst, not only significantly reduces costs
in the pharmaceutical industry but also leads to the elimination of the use of expensive and toxic catalysts.
' The use of egg shells as a biocompatible catalyst in accelerating the process of organic compound produc-
tion is an excellent example. Because the porous shell of the egg shows a different function on the na-

noscale. These particles have strong protective and protective properties that can synthesize magnetic iron

oxide nanoparticles in the presence of iron (1l) salt without using reducing agents. Magnetic nanoparticles

synthesized using the co-precipitation method are fixed on the nanopowder obtained from the eggshell.

scopic analysis images as well as the reaction scheme are presented below [11].

\FY




b I'j JoNge Sy 0 Wgipe pardg) B &5 35 S Jp VA Lo
o e OMEL Gadizyiea gla 2l gly S leeas JAS

G Ses ezl J
MO—Q # oSk $ham olap » SL-DOPA azid e i

DiPANP bhug & op sne SR AL 2 S o s
o day K o Ay

s

r’,,o\ \[/(C':H ";'4“""‘."‘/' V-t@m(:’:ﬂ 1y0* W?] : X o Cood
{ «H (oo E e - I
AOPRS  BHAC e e VA Hor s W 1
LA L-b¥A

Me -, (5+T09A)
Ac = Q0

Therefore, to solve these problems, PSI scientists are jointly researching the development of a
type of catalyst called MOFs, which can make drug production methods much more efficient.
MOFs are organic-metallic frameworks that consist of metal ions or clusters that are coordinated
with organic ligands and create one-, two-, or three-dimensional structures, and are a new class
of nanoporous materials. One of the main characteristics of these solid materials is their pores

and wide surface. "One gram of MOF material can have a surface area comparable to several

football fields," says Marco Ranocchiari, a PSI
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chemist and a member of the project's research team. These large pores contain active surfaces on
which molecules can stick. On the other hand, MOFs remain in solution as crystalline solids. In the
picture below, you can see examples of heterogeneous catalysts used in this research [13].
1. API refers to the American Petroleum Institute and its standards in the oil and gas industry, which
are important for ensuring quality and safety in various aspects of the oil and gas industry.

2. This is a multidisciplinary research institute for natural sciences and engineering in Switzerland.




Application of catalyst in the food industry

Due to the 70% increase in the world population in 2050 along with climate problems and global
conflicts, the demand for food is expected to increase by 32%. Enzyme catalysts are the most promis-
ing field of research that has the potential to solve the world's food problem.

Enzymes are protein molecules that act as catalysts and can speed up biological reactions millions
of times. So that in the absence of enzymes, it takes about a year to complete the reaction. Enzymes
are an integral part of various industries such as food, leatheg animal feed, textile, detergent and bio-
fuel. Enzyme catalysts are often used in various food sectors (production and consumption) and in-
dustrial waste disposal. With the advancement of technology, new enzymes with a wide range of ap-
plications and properties have been developed, and also new areas of enzyme application are still
under investigation [14, 15]. Howeveg the use of enzymes in the food industry has a series of disad-

vantages (the high price of enzymes and the change in the properties and nature of the catalyst due

T IR .
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to being sensitive to environmental conditions). Enzyme
immobilization on a solid surface using a heterogeneous
catalyst is a method that can recycle enzymes and

overcome this problem [16].
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Discovering the truth of infancy and puberty by means of chemistry

Have you ever wondered what is the reason for the pleasant smell of babies? Why does it disappear
while aging?

In the news section of this issue of Oxygen magazine, this interesting issue has been discussed.
Researchers from the Friedrich Alexander University of Erlangen-Nuremberg (FAU) in Germany inves-
tigated the chemical compounds in the bodies of teenagers and young children. Research has shown
that the smell of a child is sweet and pleasant, but teenagers have a strong and unpleasant smell.
The main and most common sign of puberty is when a teenager experiences a rapid growth spurt,
such as the growth of muscle mass with muscles getting stronger, weight gain, height increase,
body odor becoming stronger, etc. The researchers of this university presented their research on
March 21, 2024 by publishing an article in the journal Communications Chemistry. They took the
body odor samples of 18 teenagers (in the age group of 14 to 18 years) and 18 young children (from
birth to 3 years) by means of a cotton pad and then analyzed it. Finally, two foul-smelling steroids
named 5[]-androst-16-en-3-one, which smells like urine and sweat, and 5-androst-16-en-3[]-ol,
which smells like sandalwood, were found in the samples. Compounds such as fragrant, pleasant
and spicy carboxylic acids were also discovered in the body samples of teenagers and young chil-
dren. It is important that carboxylic acid, acetic acid, 3-methylbutanoic acid and squalene are more
common in teenagers. Al 0, aldehydes, exogen, linalool, geranyl acetone, 6-methylhept-5-en-2-one
and other compounds w4re {dentified in the body of young children, and these aromatic compounds
are used in cosmetics an@hed{th products. This evaluation can open a new horizon for the producers

of perfume products.{Thefiesadgch team used gas chromatography-mass spectrometry (GC-MS) to

identify chemical comgou ‘\\ hramatography-olfactory (GC-0) to analyze the smell.
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