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Divarasib

Negishi coupling

PMI: Process Mass Intensity
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Dilutions >

1 | Stock conc
entration
molar

100 | Desired
final
milliliter volume
s

Desired
concentrat

ion
molar

Add Y ml of reagent

Buffers & Solutions >

ZX Hepes puiter >aline |

MOPS |
10xMOPS-Sodium Acetate-EDTA

NET2 |
( NP40 lysis buffer |

PBS

1x Phosphate Buffered Saline |

PBS 10x |

10x Phosphate Buffered Saline |

Create Buffer -

Name of Buffer
Custom buffer

Solvent -
Notes CH3COOH g
Desired Stock conc. Componen No.
conc. t

AY+¥ g/ CH3COON 1
mol a

Add Component .

* Long press to remove Component

-\ M

Pb buffer 0.1M |
0.1M Sodium Phosphate buffer pH 5.8-8.0 | Reset X

to 99 ml of solvent
Pb buffer 1M \
1M Sodium Phosphate buffer pH 6.0-7.2 |

RIPA |

Protein lysis buffer |
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Bye-Bye, Gel Bubbles! - At thefinish line... =

Bye-Bye, Gel Bubbles! At the finish line...

# Bubble Trouble! & Nothing’s worse than When you fipally see the finish line, but
pouring your agarose gel and seeing those | YOUr supervisor has other plans... ® You're
annoying bubbles ruining your lanes! @ ready to submit your thesis, and they hit

j i : ith, “Let’s review it one more time!”
But don't stress—just grab a pipette tipand | YO! W™ view
give it a splash! & 4 Say goodbye to those The struggles of finishing a PhD are real.

pesky bubbles in seconds! ¢ It's tough enough to get everything done—

especially when you're stuck in this endless
loop of corrections. Hang in there, you're
almost at the finish line! And don’t forget
to share your thesis battle stories with your
lab mates—you’re not alone in this. &
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Other tricks to get rid of bubbles? Try
pushing them down with the gel comb or
adding a bit of ethanol to pop them!
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P 0
88% in benzene, 4 h

Bulletin of the Chemical Society of
Japan, 1982, vol. 55, # 1 p. 224 - 238

R—X + FeCly R' + FeClX
20f 10
X R
£ 4 % Y
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@ - © )I\ /'I’\ 2 )\?//\
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66% T=20°C; 1h
J. Gen. Chem. USSR (Engl. Transl.),
1984, vol. 54, # 1 p. 47 - 50,40 - 42
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Editors’ Note:

Chemistry is the language through which the world breathes. From the gleam of reactions in laboratory
glassware to the roar of machinery deep within factories, they all tell a single story—the story of the bond
between thought and action, of science and life. For centuries, chemistry has revealed not only the secrets of
matter but also the secret of humanity’s endurance in the face of nature. Every solution, every reaction, and
every catalyst is, in truth, a bridge between an inquisitive mind and a world awaiting transformation.

From silent laboratories to bustling production lines, the path of chemistry is the path of creating meaning. In
an industry that pulses with ever-growing speed, the role of chemistry goes far beyond the combining and
separating of elements; chemistry is the language of sustainability.

In this issue, we take a look at the relationship between chemistry and industry—from the minds of researchers
to the hearts of factories. From places where reactions do not remain merely on paper, but find meaning in the
rhythm of production and in the sustainability of the environment. Since its first issue, Photon has aimed to
cast light on the places where science gives color to life. For we believe that every idea, if it shines in the right
direction, will one day make the world brighter.

In closing, we find it essential to express our heartfelt appreciation to our esteemed professor and advisor to
the magazine, Dr. Rasouli-Fard, whose keen insight, sincere support, and illuminating guidance have kept the
path of Photon glowing.

We are also deeply grateful to all friends and colleagues whose effort, cooperation, and conviction helped
shape this issue—and to you, dear readers, who give meaning to this path with your attention.
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Chemistry at the Heart of Industry

Chemistry is often introduced as the science of matter—its structure, its behavior, and the
transformations it undergoes. But beyond the textbook definition, chemistry quietly serves as
the operating language of modern industry. If science explains the world and industry builds upon
those explanations, chemistry is the bridge that connects the two—translating theory into
technologies.

Since the Industrial Revolution, scientific discoveries have driven innovations that industry scales up,
and the resulting production experience continually fuels new scientific ideas. In this cycle, chemistry
functions as both the starting point and the anchor—shaping everything from the materials we use
to the medicines we depend on.

Industrial Chemistry in Drug Development

Behind every newly approved medicine lies years . ,/J’O
of chemical design, optimization, and process ; Jf\,\f%

engineering. Industrial chemistry forms the RN NS
backbone of this journey—taking a promising I Pl [ ; "
molecule discovered in a laboratory and turning it
into an Active Pharmaceutical Ingredient (API) that
can be manufactured on a ton scale.

NDUSTRIAL CHEMISTRY "
— DRUG DISCOVERY

Today's leading pharmaceutical companies across
Europe—Bayer, Sanofi, Roche, and others—rely
heavily on advanced chemical technologies such as continuous-flow manufacturing, biocatalysis,
and metal-catalyzed reactions. These tools allow them to produce structurally complex,
stereochemically precise molecules that would have been nearly impossible to make in large
quantities two decades ago.

A powerful example is the anticancer drug Divarasib. Initially produced only on a gram scale, its
synthesis was transformed using Negishi coupling and continuous-flow technology, ultimately
enabling production by the hundreds of kilograms—without sacrificing purity or stereoselectivity.

At the same time, sustainability has become inseparable from process design. Modern
pharmaceutical chemistry measures efficiency using metrics like Process Mass Intensity (PMI)—
revealing that only about 1% of input materials typically end up in the final product. Reducing waste
is therefore not just good practice but essential.

In one notable case, re-engineering the synthetic route of a spiroisoxazole intermediate cut the PMI
from 5000 to under 100—a remarkable 98% reduction in waste. These successes highlight a key
truth: industrial chemistry doesn't just scale molecules; it guides the pharmaceutical industry toward
cleaner, safer, and more efficient production.

Ultimately, developing chemical processes for new drugs is a delicate blend of science, engineering,
and creativity. Whether it involves alternative energy sources like photocatalysis and
electrochemistry, greener reagents, or digitally optimized reactors, the mission remains the same: to
transform molecular ideas into life-saving therapies.




Industrial Chemistry in the Paint and Dye Industry

A single accidental discovery—Perkin's iconic

purple dye, Mauveine—forever changed the world o INDUSTRIAL CHEMISTRY
=) PAINTS & PIGMENTS

of color, shifting dyeing from a local craft into a
global industry. Chemistry gave birth to synthetic
dyes that were brighter, cheaper, longer-lasting,
and suitable for mass production. With that, entire
sectors such as fashion and textiles were
transformed.

Modern dye chemistry blends molecular design
with industrial technique. From choosing the right
chromophore to selecting surface treatments—plasma, UV irradiation, enzymatic modification—
every decision affects color intensity, evenness, and resistance to washing or sunlight.

However, beyond the laboratory setting, significant environmental concerns arise. Wastewater rich
in synthetic dyes reduces light penetration in rivers, disrupts aquatic ecosystems, and can release
toxic or carcinogenic compounds during degradation.

Growing regulations and shifting consumer expectations have pushed the industry toward eco-
friendly alternatives: natural dyes, microbial pigments, enzymatic dyeing, and biodegradable
colorants. Yet natural dyes come with their own challenges—sensitivity to pH, heat, and light. The
real path forward lies in merging molecular engineering with smart process design and modern
wastewater treatment. The future of the dye industry will be shaped by chemistry that is not only
vibrant but also sustainable.

Industrial Wastewater Treatment in Water-
Intensive Industries: A Zero Liquid Discharge
(ZLD) Perspective

Industries such as crude oil refining and glass .

manufacturing rely heavily on water—and produce ‘ ’ A e Y
wastewater  streams  filled  with  complex TP ’ ‘ el
contaminants. In oil refineries, wastewater can
contain  sulfur and nitrogen compounds,
hydrocarbons, oils, and heavy metals. In the glass
industry, wastewater often carries silica particles,
glass fragments, and corrosive chemicals.

Ignoring these effluents is not an option. Poor water management affects worker safety,
environmental health, and even the long-term reliability of industrial equipment.

This is where Zero Liquid Discharge (ZLD) systems come in—closed-loop processes designed to
recycle water, minimize pollutants, and drastically reduce freshwater consumption. A typical ZLD
setup includes pretreatment, membrane filtration, thermal evaporation, and crystallization. When
optimized with tools like ultrafiltration, electrocoagulation, and chemical precipitation, these systems
can recover over 95% of process water.




Electrocoagulation, for instance, uses electric currents to induce contaminants to clump together—
eliminating the need for chemical coagulants. Similarly, flocculants bind fine particles into larger
clusters that can easily settle or be filtered out.

An impressive real-world example is the long-standing ZLD system at the VIZ Steel Plant, operating
successfully for over four decades. Its continued performance demonstrates that ZLD is more than
an environmental commitment—it is a technically feasible and economically sound strategy for
industries under growing pressure to reduce their ecological footprint.




From the Laboratory to the Production Line

Technology transfer is the structured process of
moving knowledge, tools, prototypes, and
production methods from one entity to another—
whether between universities and industries,
between companies, or across borders. It can
occur horizontally, between partners at similar
technological levels, orvertically, moving an
innovation from research through development,
scale-up, and commercialization.

In today's innovation-driven world, technology
transfer is no longer a luxury—it is the engine that converts scientific knowledge into economic
value. Successful transfers expand a nation's technological capacity, strengthen its place in global
value chains, and generate the industrial competitiveness needed to thrive in world markets.

The Technology Transfer Process: A Multi-Stage Journey
Although each project has its own path, technology transfer typically follows a recognizable cycle:
a. Creation and Development of Knowledge

Everything begins in university labs or Research and Development centers, where researchers
develop new ideas, materials, methods, or prototypes. As these early insights take shape, scientists
refine their experiments, validate their findings, and document the underlying principles. This
foundational work not only expands scientific understanding but also lays the groundwork for
potential applications. During this stage, initial results are often published, presented at conferences,
or protected through patent filings to secure intellectual property and enable future collaboration.

b. Evaluation and Selection

Not all ideas are suited for commercialization. After initial research results are obtained, potential
innovations undergo a structured evaluation process to determine whether they should advance
further. At this stage, experts assess the market demand to understand whether a real need exists
and whether the innovation can solve a current or emerging problem. They also consider
the technology readiness level (TRL), which indicates how mature the technology is—ranging from
basic scientific principles to fully validated prototypes. Equally important is an assessment
of technical and economic feasibility, examining whether the innovation can be reliably produced,
scaled up, and delivered at a cost acceptable to the target market.

Through this filtering process, only the most promising ideas continue to the next phase of
development. This ensures that resources—time, funding, and expertise—are invested in
technologies with a realistic chance of achieving market impact.

c. Intellectual Property Protection

Patents, licenses, and intellectual property rights ensure that innovations can be safely transferred
and monetized. Once a technology has demonstrated potential for real-world application, securing
intellectual property becomes a critical step. This process typically begins with documenting the




novelty of the invention and filing patent applications to legally protect the ideas, methods, or
products developed. By establishing ownership, institutions can prevent unauthorized use and
maintain control over how the technology is further developed or commercialized.

d. Collaboration with Industry

After securing the intellectual property, universities and research institutions seek suitable industrial
partners who can help advance the technology toward commercialization. This collaboration can
take many forms, such as co-developing advanced prototypes, validating the technology in real
operational environments, or conducting additional research to refine performance and scalability.

During this stage, negotiations play a critical role. Institutions and companies discuss terms related
to licensing, revenue sharing, development responsibilities, timelines, and the scope of technology
usage. These agreements ensure that both sides benefit from the partnership and that expectations
are clearly defined.

In many cases, joint research projects are established to integrate academic expertise with industry
experience. Such collaborations help accelerate development, address technical challenges, and
adapt the technology to real market needs. Prototype demonstrations may also be conducted to
showcase performance, attract investment, and build confidence among potential commercial
partners.

e. Localization and Adaptation

Even the best technology must be adapted to real-world conditions: industrial standards,
infrastructure, safety regulations, and scalability. Once a technology has been validated through
collaboration with industry partners, it rarely enters the market in its original laboratory form.
Instead, it undergoes a process of localization to ensure it fits the specific context in which it will be
deployed.

This stage involves aligning the innovation with local industrial standards, such as material
specifications, performance requirements, or interoperability rules. Technologies must also be
compatible with existing infrastructure, whether that involves manufacturing systems, digital
platforms, energy networks, or supply chains. Furthermore, compliance with safety and regulatory
frameworks is essential; products must meet national and international guidelines governing
quality, environmental impact, user safety, and ethical considerations.

Scalability is another key dimension. Technologies that work well in small research settings must be
adapted for large-scale production and operational use. This may require redesigning components,
optimizing processes, or selecting alternative materials to achieve cost-effectiveness and durability.

f. Pilot and Pre-Industrial Production

Before mass production, a pilot phase validates performance, economic viability, and system
stability. After a technology has been localized and adapted, it enters a transitional stage where
small-scale production lines or pilot facilities are established. The purpose of this phase is to test
how the technology behaves under conditions that closely resemble full industrial deployment, but
without the financial and operational risks of immediate large-scale manufacturing.




During pilot production, the technology's performance is carefully monitored to confirm that it
meets the expected standards in real operational environments. Engineers evaluate whether the
product consistently delivers the desired results, identify potential bottlenecks, and refine the
production process accordingly.

Economic aspects are equally important. Pilot runs allow companies to assess cost structures,
including raw materials, labor requirements, energy consumption, and time efficiency. This helps
determine whether large-scale production will be financially feasible and competitive in the market.

Additionally, this phase examines system stability, ensuring that machinery, software, and
operational workflows can function reliably over extended periods. Issues related to quality control,
supply chain logistics, and process optimization are addressed before moving forward.

Successful completion of the pilot and pre-industrial phase provides confidence to investors,
manufacturers, and stakeholders, paving the way for full commercialization and mass production.

g. Commercial Production and Market Entry

This is where science becomes industry: large-scale manufacturing, marketing, distribution, and
customer support. Once the pilot phase confirms that a technology is reliable, scalable, and
economically viable, it transitions into full commercial production. At this stage, companies invest in
industrial-scale facilities, automated processes, and supply chain systems to ensure consistent, high-
volume manufacturing.

The technology is now positioned for market entry, a phase that requires strategic planning and
coordination across multiple domains. Marketing efforts communicate the value of the innovation
to target customers, highlighting its advantages, reliability, and competitive features. Companies
may prepare product demonstrations, promotional campaigns, and industry-specific
communications to create awareness and drive early adoption.

Meanwhile, distribution networks are established to deliver products efficiently and reliably to
domestic and international markets. This may involve partnerships with distributors, logistics
providers, retailers, or specialized service companies, depending on the nature of the technology.

Effective customer support becomes essential at this stage. Training programs, technical assistance,
maintenance services, and feedback channels are set up to help users integrate the technology into
their operations. Strong post-sales support not only ensures customer satisfaction but also builds
trust and long-term loyalty.

h. Continuous Improvement

Feedback loops from the market inspire next-generation technologies and open new business
opportunities. After a product enters the market, the technology transfer process does not end;
instead, it evolves into an ongoing cycle of evaluation, refinement, and innovation. Companies
gather insights from customers, industry partners, and real-world performance data to identify
strengths, weaknesses, and emerging needs.

These feedback loops are essential for keeping the technology competitive. User experience
reports, maintenance records, operational analytics, and customer complaints or suggestions all
provide valuable information that guides incremental improvements. This may involve enhancing




product durability, optimizing performance, reducing production costs, or integrating new features
based on evolving industry demands.

Beyond incremental upgrades, continuous improvement also drives the development of next-
generation technologies. By analyzing market trends and technological limitations, researchers and
companies can identify opportunities for disruptive innovations—creating entirely new versions or
product lines that outperform the original.

This ongoing refinement process often opens new business opportunities, such as expanding into
additional markets, customizing the technology for different industries, or forming new strategic
partnerships. Continuous innovation ensures that a technology remains relevant, sustainable, and
competitive in a rapidly changing global landscape.

Case Studies: How Successful Technology Transfer Works

Peptide cLF36 — Therapeutic Innovation from Tehran & Mashhad

Originating from collaborative research at Tehran and Mashhad, this biotechnology project focuses
on a therapeutic peptide. Its success stems from interdisciplinary teamwork, strong patent
protection, and progress toward clinical testing.

Status: Semi-industrial production, initial market entry

Challenges: Regulatory complexity and difficulties in large-scale industrialization

Anti-Corrosion / Anti-Radiation Nano-Coating — Sharif University

This advanced-materials innovation demonstrates how nanotechnology can enhance industrial
coatings. Backed by thorough testing and competitive pricing, it has transitioned from a university
project into full industrial production.

Status: Full-scale manufacturing & export

Challenges: Meeting strict international standards and overcoming export limitations

Energy Optimization Systems — Iran University of Science and Technology

Born from industry-aligned research, these systems help factories reduce energy waste and
improve efficiency. Their transfer relied on strong contracts and workforce training.

Status: Industrial implementation and outsourcing

Challenges: Resistance to organizational change and fragmented technical knowledge

Solid-State Battery — Joint Project (MIT & Global Partners)

An international effort combining academic research, startup innovation, and automaker
investment. Solid-state batteries promise safer, more powerful energy storage.

Status: Industrial pilot & early market development

Challenges: High production costs and the technology—market gap

Green Hydrogen — Stanford University

This clean-energy project is backed by a global network of researchers and investors. It represents
the future of sustainable fuel.




Status: Pilot stage with advancing commercialization
Challenges: High costs, lack of storage and transportation infrastructure

Wind Turbine Blades — Cambridge & Sharif University

Developed through international cooperation, these designs aim to improve renewable energy
performance.

Status: Operational pilot & limited commercial rollout

Challenges: High initial investment and market entry barriers

Common Success Factors
A comparison of these cases reveals several ingredients shared by successful technology transfers:

« Interdisciplinary expertise & international collaboration
o Smart intellectual property strategy

« Financial and policy support

o Flexible, transparent transfer mechanisms

o Skilled human capital and industry-trained talent

Common Barriers

On the other hand, recurring challenges include:

o Lengthy regulatory approvals

e Infrastructure limitations

o Commercialization and market-fit issues

o Disconnects between academic research and real-world needs

The takeaway is clear: scientific breakthroughs only become industrial success stories when
knowledge, policy, engineering, and market insight work together.
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Green Chemistry: The Sustainable Industry of the Future

As our world becomes more industrialized and
technology-driven, chemistry sits at the crossroads
between innovation and environmental
responsibility. Modern chemical industries have
gifted us with countless materials and
conveniences—yet they have also raised concerns

GREEN CHEMISTRY:

about pollution, climate change, and the long-term : o \ /SUS“'"*““”T”“F_J ’
sustainability of our planet. Today, one of the most | :
urgent questions facing scientists and industries
alike is this: How can we continue to advance

without compromising the world for future
generations?

This is where green chemistry steps in—not as a separate discipline, but as a mindset woven into
every stage of a chemical product's life cycle. Inspired by the principle of "meeting present needs
without limiting the ability of future generations," green chemistry later evolved into twelve guiding
principles that are now standard benchmarks for sustainable production.

The Twelve Principles of Green Chemistry

These principles shape the way chemists design reactions, choose materials, and consider the
environmental impact of their processes:

Preventing waste

Maximizing atom economy
Using safer synthesis methods
Designing safer chemicals
Choosing benign solvents
Conserving energy

Using renewable feedstocks
Minimizing derivatives

Using catalysts

. Designing for biodegradability
.Real-time pollution monitoring
. Creating inherently safer chemical systems

These ideas may sound ambitious, but the chemical industry has already begun adopting them in
meaningful ways. Let's explore three real-world examples where green chemistry has reshaped
global industries.

a. Greener Production of Methyl Methacrylate (MMA)

Methyl methacrylate—or MMA—is the backbone of many everyday materials: acrylic glass, contact
lenses, automotive lights, floor coatings, and high-strength plastics. Global demand is rising so
rapidly that production is projected to reach 4.45 million tons by the end of 2025.




This compound was synthesized in the 1930s from acetone cyanohydrin using sulfuric acid and
methanol. However, this method was considered inefficient due to the use of hazardous starting
materials. Alternative methods for cyanohydrin production were subsequently proposed;
nevertheless, these approaches remained inefficient because they reduced flexibility in plant siting
and imposed limitations on production capacity.

The breakthrough came from Lucite International, which introduced a revolutionary, greener
process that:

e Uses readily available feedstocks (ethylene, methanol, carbon monoxide)
o Operates under mild, safe conditions

e Produces almost no toxic by-products

e Reduces production costs by nearly 40%

e Reaches an impressive 90% selectivity

b. Biotechnological Innovation in Vitamin C Production

Vitamin C may be abundant in fruits, but our bodies don't produce it—and neither does the chemical
industry. For decades, industrial manufacturing relied on a complex, multi-stage synthetic pathway
that involved harsh acids, strong oxidants, methanol, and energy-intensive conditions.

In search of a cleaner method, scientists developed new enzyme-driven reactions that dramatically
improved the process:

o A specialized bacterium converts glucose from its D-form to the biologically active L-form—a
transformation once considered extremely difficult.
o A lactose-based catalyst eliminates the need for methanol and strong acids.

And now, the latest breakthrough introduces a one-step, room-temperature process that turns
sorbitol into sorbose at a 50% yield, with recyclable by-products. It's a major leap forward—not just
for vitamin C, but for biochemical manufacturing as a whole.

c. Recycling Rare Earth Elements (REEs): A Critical Challenge

Rare Earth Elements—from lanthanum to yttrium—are essential for modern life. They power
everything from smartphones and rechargeable batteries to electric motors, supermagnets,
semiconductors, medical imaging systems, and military technologies.

But they are notoriously difficult to mine and refine. With global demand soaring, the United States
alone is expected to require $500 billion in new investments by 2040 just to secure its supply.

Recycling offers a powerful alternative, potentially reducing fresh extraction by 5-30%, new mining
projects by 15-35%, and greenhouse gas emissions by up to 80%.

Traditional recycling relies on:

o Pyrometallurgy: high-temperature methods suitable for large volumes but energy-intensive
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e Hydrometallurgy: using selective leaching and green solvents to recover specific metals

But the future lies in bioleaching—using engineered microorganisms to pull rare earth metals out
of waste streams. In a recent study, scientists modified bacteria to boost extraction efficiency
by 73%, paving the way for smarter, cleaner metal recovery systems.

The Big Picture

Green chemistry is more than an environmental ideal—it is becoming the core strategy for building
the sustainable industries of the future. By merging biotechnology, innovative engineering, and
circular economy thinking, chemists are proving that progress doesn't have to come at the cost of
the planet.

As industries adapt and new technologies emerge, green chemistry will continue to transform how
we produce materials, use energy, and design the technologies that define modern life.
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Catalysts: The Silent Champions of Industry

In the vast world of chemical and petrochemical production, few actors are as quietly influential as
catalysts. They rarely make headlines, but without them, most large-scale industrial processes would
grind to a halt. Catalysts accelerate reactions, reduce energy consumption, increase product
selectivity, and often determine whether a process is economically viable.

In many ways, catalysts are the unsung heroes of modern manufacturing—shaping everything from
the fuel in our cars to the materials in our homes. Below, we explore some of the most important
catalytic processes that keep global industry running.

1. Hydrogen Production through Steam Methane Reforming (SMR)
The workhorse of hydrogen technology

Hydrogen is the lifeblood of countless industries—from ammonia and methanol production to
refinery operations. And the world's primary method for producing it is steam methane reforming
(SMR).

In this process, methane
reacts with steam at high
temperatures in the presence
of a nickel-based catalyst
supported on alumina.
Under moderate operating
conditions (250-650 °C), the
reaction can achieve up to

99% methane conversion, g

and hydrogen purity ,/\,\i =5 ‘ oo i (Hyd

®

around 80%.

Increasing the steam-to-
methane ratio boosts
hydrogen yield while
reducing carbon monoxide
formation. The main
challenge is catalyst
deactivation—especially
through nickel oxidation or
carbon deposition—making
catalyst stability a crucial
performance factor.

Industrial Impact:

Optimizing catalyst performance and process temperature helps petrochemical plants reduce costs,
improve safety, and maximize hydrogen output.
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2. DNA as a Catalyst in Electron Transfer Reactions
Where chemistry meets biotechnology

In a fascinating intersection of
chemistry and biology, DNA can act
as a biocatalyst in electron transfer
reactions. This capability plays an
important  role in  detecting
peroxides and free radicals—key
indicators in biological,
pharmaceutical, and food industry
processes.

However, heavy metals such as
nickel and lead can inhibit these
reactions by absorbing electrons,
which also explains part of their
cellular toxicity.

Industrial Impact:

This knowledge enables the development of advanced biosensors for monitoring contaminants in
pharmaceuticals, food products, and environmental systems.

3. Turning CO; into Value: Producing Styrene Carbonate

Styrene carbonate is an increasingly
important compound used in
biodegradable polymer production,
green solvents, and specialty
chemical formulations.

One efficient route for synthesizing it
involves the reaction of carbon
dioxide with styrene oxide, using
catalysts such

as Ni(acetylacetonate), or Co(acetylacetonate),, combined with organic nucleophiles. Under
relatively mild conditions (80 °C, 80 atm), yields can reach up to 92%.

This reaction not only produces a valuable compound but also uses CO, as a cheap, renewable
feedstock, supporting the global movement toward carbon capture and utilization.

Industrial Impact:

A practical pathway for using CO, in high-value chemistry—a win for both industry and
sustainability.’
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4. Propane Dehydrogenation (PDH) for Propylene Production
Meeting the world's demand for propylene

Propylene is a cornerstone of modern materials, used in polypropylene plastics, paints, solvents, and
automotive components.

Traditionally produced via steam cracking, propylene is now increasingly sourced through Propane
Dehydrogenation (PDH)—a more direct and efficient route. The process relies on robust catalysts
such as Platinum-Tin (Pt-Sn) and Chromium Oxide (CrOx).

Technologies like Oleflex and Catofin utilize these catalysts in moving or fixed-bed reactors.

While efficient, PDH still faces industrial challenges:

« High energy consumption
o Coke formation on catalysts
o Thermodynamic limitations at high temperatures

C3Hg(g) = C3He(g) + Ha(g)
Catalst, Heat

Industrial Impact:

Choosing the optimal catalyst and PDH technology is essential for maximizing propylene yield,
reducing energy costs, and extending catalyst life in petrochemical complexes.
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The Footprint of Chemistry in Life, Beauty, and Nutrition

Chemistry is often imagined as the work of lab coats, glassware, and equations—but in reality, it
quietly shapes some of the most personal aspects of our everyday lives. From the nutrients in our
breakfast to the creams on our skin, chemistry sits behind the scenes, engineering comfort, health,
and beauty.

Recent advances in biotechnology and nanotechnology have pushed these boundaries even further.
In this article, we explore three areas where chemistry meets daily life in exciting and innovative
ways: functional foods, nanotechnology in cosmetics, and biosurfactants as green alternatives.

Functional Foods: Nutrition That Works Smarter

Food is no longer just fuel—it has become a tool for
promoting health, improving immunity, and
preventing chronic disease. Functional foods are
designed with added benefits beyond basic
nutrition. They may contain probiotics, fiber,
antioxidants, vitamins, and plant bioactives.

Studies show that consumer acceptance depends on
factors like flavor, age, lifestyle, affordability, and the
scientific credibility of health claims. People
especially prefer functional ingredients delivered in
familiar, "healthy-seeming" carriers—such as yogurts, cereals, and natural beverages.

Why it matters:

As rates of lifestyle-related diseases rise, functional foods are becoming a powerful bridge between
nutrition and medicine.

Nanotechnology in Cosmetics and Personal Care

The beauty and skincare industry has undergone a
technological  transformation. Today, many
cosmetic products rely on nanocarriers—ultra-
small delivery systems that help active ingredients
penetrate deeper into the skin.

Common nanocarriers include liposomes, solid
lipid nanoparticles (SLNs), and ethosomes.

These systems offer several advantages:

e Improved absorption of active ingredients
o Controlled and sustained release

o Greater stability

e Reduced skin irritation

o Better biocompatibility
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e
Clinical studies highlight products enriched with nanocarriers—such as resveratrol-loaded lipid
nanoparticles—which demonstrate far higher performance compared to conventional creams.

Why it matters:

Nanotechnology is redefining skincare effectiveness, turning everyday products into high-
performance treatments.

Biosurfactants: Nature's Answer to Traditional Chemicals

Biosurfactants are  amphiphilic ~ compounds
produced by microorganisms, plants, or animals.
They find applications across various industries due
to their ability to reduce surface tension, facilitate
emulsification, and tolerate diverse environmental
conditions. Compared to chemical surfactants,
biosurfactants are more biodegradable, less toxic,
and more stable. Types such as rhamnolipids,
surfactin, and emulsan are utilized in sectors
including petroleum, pharmaceuticals, cosmetics,
detergents, and agriculture. Despite challenges such
as high production costs, the use of inexpensive substrates like molasses and vegetable oils can
support cost-effective industrial-scale production.

Why it matters:

Biosurfactants are at the forefront of green chemistry, promising a future where cleaning agents and
cosmetic ingredients are both effective and environmentally responsible.
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The Future of Industrial Chemistry: Artificial Intelligence
and Clean Energy

We are living through the Fourth Industrial
Revolution—an era defined by artificial intelligence,
advanced robotics, genetic engineering, and
automated manufacturing. Among the industries
being reshaped most rapidly is chemical production,
where Al is redefining how we design molecules, run
factories, and build cleaner technologies.

Al doesn't simply automate tasks. It learns from data,
adapts to changing conditions, predicts failures
before they occur, and helps chemists spot greener,
more efficient pathways. The result? Smarter production, safer operations, and a dramatically lower
environmental footprint.

How Al Is Transforming Chemical Production

Chemistry demands precision—whether in academic labs or industrial reactors. Even experienced
chemists can introduce subtle variations, leading to inconsistent results. At the industrial scale, these
variations can translate into major financial losses, safety hazards, or product quality issues.

Al changes that.

By analyzing massive datasets generated throughout the production cycle, Al systems can:

e Optimize reaction conditions

e Minimize waste

o Identify impurities in real time

e Adjust parameters automatically

o Learn from every batch to improve the next

In a simple mixing process, for example, an Al model can continuously monitor concentrations,
detect impurities, and automatically adjust ratios to maintain exact standards—ensuring
reproducibility that far surpasses manual control.

This precision dramatically improves both material efficiency and energy efficiency, aligning
chemical manufacturing with global sustainability goals.

Where Al Is Already Being Used in the Chemical Industry
Today, Al is being deployed in four major sectors of chemical production:
1. Research & Development (R&D)

Discovering new molecules or materials traditionally requires years of trial and error. Al accelerates
this by predicting molecular structures, reaction outcomes, and synthesis pathways—even screening
millions of chemical combinations in seconds.
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This is especially transformative in pharmaceutical chemistry, where vast chemical spaces must be
explored to find effective drug candidates.

2. Chemical Manufacturing

Al-enabled plants continuously collect and analyze data from sensors, reactors, and supply chains.
This creates self-improving manufacturing systems capable of optimizing reactions in real time,
reducing raw material usage, cutting emissions, lowering energy consumption, and predicting when
equipment needs maintenance.

The "smart factory" is no longer theoretical—it is becoming the new norm.
3. Accident Prediction & Emergency Planning

Chemical plants operate under high temperatures, pressures, and hazardous conditions. Al-powered
predictive models can simulate equipment failure, dangerous reaction hotspots, worker safety risks,
and chemical leak scenarios.

This allows safety teams to intervene before accidents occur.
4. Risk Management & Assessment

Al identifies hidden patterns in complex data—helping companies design more effective safety
policies, optimize supply chains, and prevent disruptions. The result is a more resilient and
responsive industrial ecosystem.

Major Advantages of Al Integration

When applied strategically, Al offers powerful benefits across the entire chemical value chain:

o Greater Productivity—faster reactions, fewer errors

o Enhanced Optimization—fine-tuned conditions for maximum yield
o Predictive Maintenance—preventing costly plant shutdowns

o Stronger Quality Control—consistent, high-purity products

e Reduced Environmental Impact—l|ower waste and resource use

e Lower Operational Costs—smarter use of materials and energy

Al is not replacing chemists—it is empowering them, offering new insights and tools that make
chemical production cleaner, safer, and more efficient than ever before.
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News

Chemical Industry Update — October 2025: Navigating
Volatility and Innovation

The chemical industry enters the final quarter of 2025 facing a blend of challenges and opportunities
that reflect a rapidly evolving global landscape. Overcapacity in key markets, shifting geopolitical
dynamics, and the intensifying push toward sustainable production have shaped this month's most
important developments.

Asia's Overcapacity Reaches New Highs

China continues to dominate the headlines with a 93% surplusin key products including
epichlorohydrin, PA66, and ethylene. This flood of supply has forced many Western companies to
step back from unprofitable segments—a sign of how drastically the global balance of chemical
production is shifting.

Geopolitics Reshapes Trade

« China's decision to ease export restrictions on rare earth elements has eased pressure on global
supply chains, benefiting manufacturers of bio-based materials and polyester intermediates—both
crucial for electronics and electric vehicle batteries.

o Meanwhile, Russia and Iran have taken bold steps toward dedollarization, now conducting
roughly 80% of their bilateral trade in non-dollar currencies, with chemical products included. This
shift is reshaping regional trade flows and signaling a move toward greater economic independence
amid sanctions.

Renewables Surpass Coal Worldwide

For the first time, global energy statistics show renewables overtaking coal in electricity generation.
This milestone supports the transition away from fossil-based feedstocks and fuels a growing market
for bio-based chemicals like PHA/PLA polymers and fatty-acid derivatives.
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2025 Nobel Prize in Chemistry: Pioneers of Molecular
Frameworks

The 2025 Nobel Prize in Chemistry was awarded
jointly to Susumu Kitagawa, Richard Robson, and fNozcsl"!alBsE'll:RPYRuE
Omar M. Yaghi for the development of a new class

of molecular architecture known as Metal-Organic
Frameworks (MOFs). These scientists demonstrated
how metal ions can serve as structural "nodes"
connected by organic (carbon-based) linkers,
building crystalline frameworks that contain large
internal cavities. Such frameworks allow gases and
other chemical species to flow, be stored, separated, *
or released—effectively creating materials with

internal "rooms" tailored to specific chemical functions.

The significance of their work lies in the remarkable
versatility and tunability of MOFs: by selecting
different metals and organic linkers, chemists can
design frameworks to capture greenhouse gases such
as carbon dioxide, harvest water even from arid air,
store hydrogen or methane fuel, or catalyze chemical
reactions—thereby addressing critical challenges in
clean energy, environmental remediation, and
sustainable resource management. Moreover, the
development of MOFs marks a paradigm shift in
materials chemistry: instead of merely discovering
new molecules, the laureates invented a systematic approach to build extended, porous molecular
architectures with programmable properties—which opens vast new avenues for tailor-made
materials and functional systems.




A British Company Achieves Ton-Scale MOF Production

In a major industrial milestone, Promethean
Particles, a UK-based company, has succeeded in
producing MOFs at the ton scale using an
innovative continuous-flow solvothermal reactor.

Why This Matters

MOFs have enormous potential, but their
commercial use has long been limited by the
difficulty of scaling up production. Promethean's
method dramatically reduces reaction times and
costs—bringing MOFs one step closer to
widespread adoption in sectors such as gas separation, water harvesting, catalysis, and energy
storage.

Expert Insights

David Fairen Jimenez of the University of Cambridge—a MOF specialist and company founder—
notes that scale-up is often seen as a major barrier, but with proper process engineering, it is
achievable. The real challenge lies in keeping production consistent, affordable, and customizable
for different applications.

Promethean's process also emphasizes the importance of post-processing, such as shaping MOFs
into usable forms—a surprisingly costly step that heavily influences final product performance.
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Breakthrough in Adhesion Chemistry Promises Cleaner
Fuels

A cutting-edge new study has provided scientists
with a clearer understanding of how carbon
monoxide (CO) sticks to catalyst surfaces during CO,
conversion—a key step toward developing cleaner
fuels like methanol and ethanol.

Researchers used an advanced electrochemical
technique to measure CO adsorption energy,
revealing how variables such as catalyst composition,
electrode potential, and surface structure affect
reaction outcomes. This marks a significant milestone
because, until now, capturing this information under
real reaction conditions was nearly impossible.

What They Found

e CO binds with similar strength to gold and copper, but only copper can convert CO, into multi-
carbon fuels—a surprising discovery that challenges existing assumptions.
« The new method is simple, accessible, and adaptable to many catalyst types.

This breakthrough opens the door to designing more efficient catalysts for carbon conversion,
potentially transforming CO, from a waste product into a valuable resource. The findings were
recently published in Nature Catalysis.
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Introduction to Chemistry Software

In today's fast-paced world, technology is woven into nearly every aspect of our lives. From everyday
tasks to advanced scientific research, software tools have become essential—and chemistry is no
exception. A wide range of applications now supports students, researchers, and professors, covering
everything from introductory concepts to highly specialized techniques. With the right tools at hand,
users can work faster, smarter, and with far greater precision.

Below is an introduction to one particularly practical and user-friendly laboratory software:
Lab.Hacks

Lab.Hacks is a versatile digital assistant designed to
simplify daily lab work. Packed with a variety of
tools, it brings convenience and accuracy to the
bench through features such as a specialized
calculator, stopwatch and timer, unit conversion
tools, and solution and buffer preparation guides.

LAB.HACKS

Key features of Lab.Hacks:

1. Chemistry Calculator

e Performs dilution and solution-preparation
calculations

e Converts units across mass, time, volume, concentration, temperature, pressure, frequency, and
energy

e Helps eliminate common calculation errors

2. Buffer and Stock/Master Mix Preparation

o Offers ready-to-use recipes for commonly used buffers

e Provides step-by-step preparation instructions

« Gives guidance on storage, stability, and handling

o Allows users to create and save custom buffer recipes in a personal library

3. Timer and Stopwatch

» Ideal for tracking experiments requiring precise timing
e Helps maintain consistency and accuracy across repeated trials

4. User-Friendly Interface

o Intuitive, simple, and efficient—suitable for both beginners and advanced users

Lab.Hacks streamlines essential lab processes, making work faster, more accurate, and far more
organized. It is particularly valuable for anyone routinely preparing solutions, managing buffers, or
keeping track of timed procedures.
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The software also includes educational posts and practical guidelines on topics such as proper
equipment usage, temperature control, and general lab best practices—all aimed at improving
efficiency and reducing human error.

These insights extend beyond chemistry, offering helpful resources for biology students as well,
including information on cell culture techniques, gel preparation, and DNA sequencing.

Additionally, Lab.Hacks contains quick-reference charts and tables on DNA and RNA, amino acids,
and codons.

Reaction Flash

Reaction Flash is another powerful chemistry tool, particularly useful for
students and researchers exploring organic chemistry. It features 1,260 organic
reactions, organized as interactive flashcards, each clearly labeled as easy or
hard.

¢ Search Carreira Alkynylation pled
Asymmetric addition of alkynylzinc compounds to aldehydes
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Reaction Mechanism Examples Quiz Lookup in Reaxys

For every reaction, the software offers a detailed breakdown of reactants and products, step-by-step
reaction mechanisms, and clear visualizations to strengthen understanding.

To reinforce learning, Reaction Flash includes quizzes for each reaction, accompanied by a color-
coded system to help users track their mastery and identify areas needing improvement.

But it doesn't stop at memorization. The app also provides deeper academic insights—users can
explore research articles that apply each reaction, helping them understand real-world relevance.
Furthermore, Reaction Flash offers access to the Reaxys database, an invaluable resource packed
with information on reaction conditions, chemical structures, synthesis pathways, and more.
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