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The morning after the invisible revolution

At 6:30 in the morning, a young cardiologist in Singapore checks a patient’s overnight data on a flexible skin
patch thinner than a bandage. The patch contains printed conductors, polymer adhesives, biosensing
enzymes, nanostructured electrodes, and a tiny semiconductor device fabricated with chemicals so pure that
a few unwanted atoms can ruin a production batch. At nearly the same time, a semiconductor fab in Taiwan
begins another production cycle, using ultrapure wet chemicals, photoresists, deposition precursors,
etchants, slurries, cleaning chemistries, and specialty gases to draw patterns too small for the human mind to
comfortably imagine. In Mumbai, a pharmaceutical company reviews a customer audit file for an advanced
intermediate. In Osaka, a nutraceutical brand evaluates a fermentation-derived ingredient for cognition and
healthy aging. In Rotterdam, a hydrogen project team studies membranes, catalysts, ammonia handling
systems, and carbon-capture solvents. In S3o Paulo, an agronomist tests microbial seed treatments that may
help farmers reduce fertilizer losses and improve crop resilience.

The world often talks about artificial intelligence, electric vehicles, clean energy, biotechnology, digital
health, and advanced manufacturing as if these revolutions are made only of software, capital, and
engineering ambition. They are not. Beneath every one of these revolutions sits chemistry. The next fifty
years will be shaped not only by algorithms and factories, but by molecules: molecules that conduct, insulate,
dissolve, clean, separate, catalyze, preserve, protect, nourish, heal, sense, capture, recycle, and self-
assemble.

This is the central truth for the future chemical marketer. Specialty chemicals are no longer hidden inputs in
obscure supply chains. They are enabling technologies. They determine whether chips become smaller,
batteries charge faster, drugs become safer, proteins can be produced by fermentation, crops withstand
climate stress, water can be reused, carbon can be captured, and materials can return to circulation instead
of becoming waste. The next great marketers in the chemical industry will not merely sell chemicals. They
will explain why a molecule matters, how it reduces risk, how it improves performance, and how it helps
customers enter the future with confidence.

The chapter that follows is not a catalog of products. It is a map of the molecular frontier. It begins with the
grand technology shifts and then moves into the technical families that will define the coming decades:
semiconductor chemicals, pharmaceutical ingredients, nutraceuticals, synthetic biology, nanomaterials,
battery and hydrogen chemicals, carbon-capture systems, water technologies, agricultural biologicals,
circular materials, and the chemistry of trust itself.

Why molecules will matter more, not less

The twentieth century was built on petrochemicals, polymers, fertilizers, dyes, solvents, antibiotics, silicon,
and bulk materials. The twenty-first century is being built on precision. The market is moving from “more
tons” to “more function per gram.” A single specialty additive can raise the efficiency of a coating. A trace
impurity can destroy a semiconductor wafer. A lipid formulation can decide whether ribonucleic acid (RNA)

Prepared for internal circulation | Chempro Group



ASSURED Matrix for Innovation Success

survives long enough to become a therapy. A membrane chemistry can determine whether water can be
reused. A catalyst can decide whether a process is economical or impossible.

This movement from volume to function changes the role of marketing. In commodity markets, price,
availability, and logistics dominate. In specialty and advanced chemical markets, customers buy confidence.
They need proof that the product works in their system, meets regulatory requirements, maintains
consistent quality, survives supply-chain stress, and will not create hidden downstream risk. The molecule is
therefore not sold alone. It is sold with a dossier, a technical narrative, a quality system, application data,
safety assurance, and long-term reliability.

Several global forces make this transition unavoidable:

Digital acceleration: Artificial intelligence, high-performance computing, data centers, electric
vehicles, robotics, and fifth-generation mobile communications (5G) demand more advanced
semiconductors and power electronics. Extreme ultraviolet (EUV) lithography uses 13.5 nm light to
produce some of the most advanced microchips, and ASML, the lithography equipment company,
describes EUV as a technology that supports smaller, faster, and more energy-efficient chips (ASML).

Health and longevity: Aging populations, preventive healthcare, personalized medicine, dietary
supplements, biologics, ribonucleic acid (RNA) medicines, and advanced pharmaceutical
manufacturing require higher standards of purity, traceability, and scientific substantiation. The
United States Food and Drug Administration (FDA)’s International Council for Harmonisation Q7 (ICH
Q7) guidance emphasizes that active pharmaceutical ingredients should be made under quality
systems that ensure they meet intended quality and purity characteristics (FDA).

Energy transition: Batteries, hydrogen, fuel cells, carbon capture, solar, wind, and critical minerals
will create massive chemical demand for electrolytes, binders, membranes, catalysts, sorbents,
solvents, additives, high-purity salts, and recycling reagents. The International Energy Agency (IEA)
reports that a typical electric car requires six times the mineral inputs of a conventional car, and that
lithium demand in clean-energy scenarios could grow more than forty times by 2040 (IEA Critical
Minerals).

Biological manufacturing: Synthetic biology and industrial biotechnology are turning cells into
production platforms. The Organisation for Economic Co-operation and Development (OECD) defines
synthetic biology as a multidisciplinary field that designs or modifies genetic materials, organisms,
and biological systems, with applications in health, food security, circularity, emissions reduction, and
distributed manufacturing (OECD).

Climate and circularity: The world must reduce waste, phase out hazardous substances, reuse
materials, and design safer products. United Nations Development Programme (UNDP)’s circular
economy work notes that circularity requires eliminating waste and pollution, keeping products and
materials in use longer, and regenerating natural systems (UNDP).

Water and resilience: Climate change, industrialization, and population pressure are forcing
investment in water security, treatment, reuse, and efficiency. The World Bank warns that water
availability could decline sharply in vulnerable regions while demand rises, making water security
essential to climate resilience (World Bank).

The conclusion is clear. The next fifty years will reward companies that understand chemistry as strategy, not
merely chemistry as product.
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The new value pyramid: from substance to strategic advantage

A chemical marketer in the coming era must climb a value pyramid. At the bottom is the physical material:
the powder, liquid, gas, resin, solvent, additive, catalyst, enzyme, polymer, peptide, salt, or intermediate.
Above that sits performance: what the material does. Above performance sits integration: how it behaves
inside the customer’s system. Above integration sits assurance: quality, purity, safety, documentation,
compliance, and supply resilience. At the top sits strategic advantage: the customer’s ability to produce
something better, faster, safer, cleaner, or more defensible.

For example, a semiconductor wet chemical is not merely a drum of acid or solvent. It is a yield protector. A
pharmaceutical intermediate is not merely an intermediate. It is a regulatory-risk component. A nutraceutical
ingredient is not merely a powder. It is a trust promise to consumers. A biocatalyst is not merely an enzyme.
It is a route to lower temperature, fewer steps, and potentially cleaner manufacturing. A membrane is not
merely a separator. It is water security, energy efficiency, or hydrogen economics in physical form.

The marketer’s job is to translate that movement from substance to strategic advantage.

Innovation family 1: Semiconductor and electronic chemicals

The story

Imagine a chip factory where a single particle can become a million-dollar defect. The customer does not
want a “cheap chemical.” The customer wants uptime, yield, purity, consistency, packaging discipline,
analytical proof, and technical responsiveness. In advanced semiconductors, the chemical supplier is not
outside the technology. The supplier is inside the process.

The technical core
Semiconductor manufacturing depends on an entire ecosystem of specialty chemicals and materials:
o Photoresists that respond to light and define patterns on wafers.
J Developers that remove exposed or unexposed resist depending on the process.
. Etchants that selectively remove materials with nanometer precision.
. High-purity acids and bases for wafer cleaning and surface preparation.
. Deposition precursors for atomic layer deposition and chemical vapor deposition.
o Chemical mechanical planarization slurries for flattening wafer surfaces.
o Specialty gases for deposition, etching, doping, and chamber cleaning.

o Packaging materials such as substrates, underfills, adhesives, encapsulants, thermal interface
materials, and bonding materials.

. Advanced materials including silicon carbide, gallium nitride, 2D materials, low-k dielectrics, high-k
gate materials, and conductive interconnect chemistries.

Extreme ultraviolet (EUV) lithography demonstrates why chemistry is central to the future of electronics.
ASML explains that EUV uses 13.5 nm light, almost in the x-ray range, and that the EUV source is generated
by firing laser pulses at fast-moving tin droplets (ASML). Because EUV light is absorbed by almost everything,
the optical path requires a vacuum and mirror-based optics, making the material environment extraordinarily
demanding (ASML).
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The next frontier is not only smaller lithography. It is new device architecture and new materials. Imec
describes the shift from planar metal-oxide-semiconductor field-effect transistors (MOSFETSs) to fin field-
effect transistors (FinFETs), then to gate-all-around nanosheet transistors, and eventually complementary
field-effect transistor (FET) structures that stack n-type and p-type channels (imec). Imec also identifies two-
dimensional (2D) transition metal dichalcogenides such as molybdenum disulfide and tungsten diselenide as
promising channel materials because silicon becomes difficult when channel thickness falls below 10 nm
(imec).

Expected benefits

Semiconductor chemicals are expected to accomplish several benefits:

o Higher computing power through smaller features, denser transistors, and advanced packaging.

. Lower energy consumption in data centers, mobile devices, vehicles, and artificial intelligence (Al)
systems.

o More reliable electronics through lower defectivity and tighter process control.

J Faster innovation cycles because materials enable new device structures when geometry alone
reaches limits.

o Strategic supply security for nations and companies that cannot afford dependence on a narrow
group of suppliers.

Marketing implication

The semiconductor chemical marketer must sell purity, not only performance. The conversation must include
trace metals, particle counts, packaging compatibility, shelf life, analytical capability, change-control
discipline, cleanroom behavior, and long-term customer qualification. In this sector, marketing begins years
before revenue and continues through every audit, trial, and process change.

Innovation family 2: Pharmaceutical ingredients and advanced intermediates

The story

A buyer from a Japanese pharmaceutical company does not ask first for the lowest price. The first questions
are about route of synthesis, impurity profile, regulatory documentation, change control, audit history,
solvent residues, stability, and whether the supplier can maintain the same quality during a surge in demand.
The molecule may be small, but the trust around it is large.

The technical core

Pharmaceutical chemistry will continue to be one of the most important molecular engines of the next fifty
years. The relevant innovations include:

o Active pharmaceutical ingredients for small-molecule drugs.

o Advanced intermediates for complex synthetic routes.

o Chiral building blocks and enantioselective synthesis.

J High-potency active pharmaceutical ingredients (APIs) requiring containment and special handling.
o Peptide and oligonucleotide ingredients for modern therapeutics.

J Biologic raw materials and cell-culture inputs.
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. Excipients that influence stability, release, taste, solubility, and bioavailability.
. Impurity standards and reference materials.
. Continuous manufacturing reagents and process aids.
. Green pharmaceutical solvents and catalytic routes.

Regulatory quality is not separate from commercial value. The United States Food and Drug Administration
(FDA)’s Q7 guidance states that good manufacturing practice (GMP) for active pharmaceutical ingredients
(APIs) is intended to support manufacturing under an appropriate quality system and ensure APls meet the
quality and purity characteristics they are represented to possess (FDA). The World Health Organization
(WHO)’s GMP guidance for APIs similarly covers operations from receipt of materials through production,
packaging, labeling, quality control, release, storage, and distribution (WHO).

Expected benefits

Pharmaceutical ingredient innovation is expected to accomplish:

. More reliable medicine supply through diversified and quality-assured active pharmaceutical
ingredient (APIl) manufacturing.

o Safer drugs through better impurity control, cleaner routes, and stronger documentation.

o Lower production risk through continuous manufacturing, process analytical technology, and
validated quality systems.

o More complex therapeutics by enabling peptides, oligonucleotides, biologics, and targeted delivery
systems.

. Better access when efficient synthesis and global capacity reduce bottlenecks.

Marketing implication

In pharmaceutical ingredients, the marketer must speak the language of trust: good manufacturing practice
(GMP), Drug Master File (DMF), audit readiness, impurity profile, traceability, validation, and regulatory
expectations. The strongest selling argument is not “we can make it.” It is “we can make it consistently,
document it completely, and defend it under audit.”

Innovation family 3: Nutraceuticals, health ingredients, and the chemistry of
prevention

The story

A consumer sees a capsule labeled for immunity, cognition, sleep, gut health, beauty, or healthy aging.
Behind that capsule is a chain of botanical extracts, vitamins, minerals, amino acids, probiotics, postbiotics,
peptides, lipids, enzymes, stabilizers, carriers, coatings, and quality controls. If the ingredient works, the
consumer rarely knows the supplier. If it fails, is adulterated, or is unsafe, the whole brand suffers.

The technical core

Nutraceutical and health-ingredient innovation is likely to grow as consumers move from illness treatment
toward prevention, performance, and longevity. Key ingredient families include:

. Vitamins and minerals in more bioavailable or stable forms.
. Botanical extracts standardized for active markers.
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. Amino acids and peptides for sports, metabolic health, and aging.
. Probiotics, prebiotics, and postbiotics for gut and immune health.
. Omega fatty acids, phospholipids, and structured lipids.
. Polyphenols, carotenoids, flavonoids, and antioxidants.
o Collagen peptides and beauty-from-within ingredients.

. Mitochondrial-support ingredients such as nicotinamide adenine dinucleotide (NAD+) precursors,
urolithin A, coenzyme Q10, pyrroloquinoline quinone (PQQ), selected polyphenols, magnesium,
selenium, and other cellular-energy nutrients.

. Cognition and mood ingredients such as selected botanicals, lipids, and amino-acid derivatives.
L Microencapsulated ingredients for taste masking, stability, and controlled release.
o Personalized nutrition ingredients linked to biomarkers, microbiome science, and digital health.

The global regulatory landscape is fragmented. A review of dietary supplement regulation notes that the
United States, European Union, China, Canada, and Australia classify and regulate supplements differently,
with differences in premarket approval, ingredient lists, good manufacturing practice (GMP) expectations,
claims, labeling, and adverse-event reporting (National Center for Biotechnology Information (NCBI)). The
National Institutes of Health (NIH) Office of Dietary Supplements provides evidence-based reviews, fact
sheets, nutrient recommendations, and professional resources to strengthen understanding of dietary
supplements (NIH Office of Dietary Supplements).

The mitochondrial frontier: food for cellular energy and beauty from within

One of the most important emerging directions in nutraceutical science is the attempt to design ingredients
that support mitochondrial health. Mitochondria are not simply “cell batteries.” They are signaling organelles
that influence energy production, oxidative stress, inflammation, cellular repair, apoptosis, and tissue
resilience. In skin, hair follicles, immune cells, muscle, brain, and metabolic tissues, mitochondrial decline is
increasingly being studied as a central mechanism of aging.

This is why the phrase “food for mitochondria” is becoming commercially powerful. It describes a new class
of nutraceutical and cosmeceutical ingredients designed to support cellular energy, mitochondrial quality
control, antioxidant defense, deoxyribonucleic acid (DNA) repair, collagen preservation, hair-follicle vitality,
and overall healthy aging. The most serious research is not merely asking whether an ingredient is an
antioxidant. It is asking whether the ingredient can influence mitochondrial biogenesis, mitophagy,
nicotinamide adenine dinucleotide (NAD+) metabolism, sirtuin activity, oxidative phosphorylation, reactive
oxygen species balance, cellular senescence, and inflammation.

Several ingredient families are especially important:

o Nicotinamide adenine dinucleotide (NAD+) precursors such as nicotinamide riboside and
nicotinamide mononucleotide are being studied because NAD+ levels decline with age and NAD+-
dependent enzymes such as sirtuins influence mitochondrial activity, deoxyribonucleic acid (DNA)
repair, energy metabolism, and cellular stress responses. A review on nicotinamide mononucleotide
(NMN) and nicotinamide riboside (NR) explains that sirtuin 1 (SIRT1) can increase mitochondrial
activity and biogenesis by activating peroxisome proliferator-activated receptor gamma coactivator
1-alpha (PGC-1a), while also cautioning that optimal human dosage, long-term safety, and clinical
translation require further research (National Center for Biotechnology Information (NCBI)).
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. Urolithin A is a gut-microbiome-derived metabolite from ellagitannins and ellagic acid found in foods
such as pomegranate, berries, and nuts. It has attracted attention because it can induce mitophagy,
the cellular process that removes damaged mitochondria, and research has reported effects on
mitochondrial biomarkers, type | collagen expression, matrix metalloproteinase-1 (MMP-1)
reduction, reactive oxygen species reduction, and senescent human skin fibroblasts (National Center
for Biotechnology Information (NCBI)).

. Polyphenols and senolytic natural products such as quercetin, fisetin, epigallocatechin gallate
(EGCG), curcumin, oleuropein, and hydroxytyrosol are being studied for their influence on oxidative
stress, autophagy, mitochondrial function, collagen support, cellular senescence, and inflammatory
signaling. A review of mitochondrial aging and natural products highlights quercetin as a peroxisome
proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a) activator and mitochondrial
biogenesis stimulator, fisetin as a senolytic compound with skin and collagen relevance, and
selenium and magnesium as minerals linked to mitochondrial protection and biogenesis (National
Center for Biotechnology Information (NCBI)).

. Coenzyme Q10 and electron-transport support nutrients remain important because cellular energy
production depends on efficient mitochondrial electron transport. In beauty and healthy-aging
positioning, these ingredients are often combined with antioxidants, lipids, peptides, and botanicals
to support skin vitality, although claims must be backed by formulation-specific evidence rather than
ingredient reputation alone.

o Hair-follicle cellular health ingredients are a rising frontier because hair follicles are metabolically
active mini-organs with cycling phases. A 2024 review on oxidative stress in hair follicle development
reports that oxidative stress can damage lipids, deoxyribonucleic acid (DNA), and proteins, that
mitochondrial dysfunction can elevate intracellular reactive oxygen species (ROS) and induce
catagen, and that dermal papilla cell senescence is linked to hair growth disruption (National Center
for Biotechnology Information (NCBI)).

The skin and hair connection is especially exciting. In preclinical mouse research, depletion of mitochondrial
DNA caused skin wrinkles, inflammation, dysfunctional hair follicles, and visible hair loss; when the
mitochondrial defect was reversed, mitochondrial function, skin structure, and hair pathology returned
toward normal levels. This work is not proof of a human anti-aging product, but it is powerful scientific
evidence that mitochondria can act as direct regulators of skin and hair aging biology (Nature Cell Death &
Disease).

For future product development, this opens a new field: cellular beauty and cellular vitality. Skin-care, hair-
care, and healthy-aging products will increasingly move beyond surface moisturization or simple antioxidant
claims. They will be designed around biological pathways such as mitochondrial renewal, collagen
preservation, dermal fibroblast energy, hair-follicle redox balance, senescent-cell burden, inflammation
control, and microbiome-linked metabolism.

The opportunity is enormous, but the discipline must be strict. A company cannot casually claim that an
ingredient “reverses aging.” The responsible claim architecture should use language such as “supports
mitochondrial health,” “supports cellular energy,” “helps protect against oxidative stress,” “supports collagen
structure,” “supports healthy hair-follicle function,” or “supports healthy aging,” depending on the evidence,
jurisdiction, and product category. This is where scientific substantiation, clinical testing, biomarker selection,
delivery technology, stability, and regulatory review become the foundation of premium marketing.
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Expected benefits

Health ingredients are expected to accomplish:
o Preventive healthcare support through nutrition, immunity, metabolic health, and healthy aging.

o Cellular-energy support through ingredients that influence nicotinamide adenine dinucleotide
(NAD+) metabolism, mitochondrial biogenesis, mitophagy, oxidative stress balance, and cellular
repair pathways.

. Beauty-from-within innovation through products designed to support skin elasticity, collagen
preservation, dermal fibroblast energy, hair-follicle vitality, and visible signs of healthy aging.

o Better consumer adherence through improved taste, solubility, stability, and dosage forms.

. Higher trust when ingredients are traceable, standardized, scientifically supported, and free from
adulterants.

o New B2B ingredient branding where consumers recognize the science behind an ingredient.

. Integration with digital health as wearables and diagnostics create demand for personalized
nutrition.

Marketing implication

Nutraceutical marketing must balance aspiration and evidence. Overpromising creates regulatory and
reputational risk. The strongest marketers will connect ingredient chemistry with credible science,
responsible claims, traceable sourcing, quality testing, and transparent links to published evidence. In
mitochondrial nutrition and cellular beauty, the marketer’s role is to translate complex pathways such as
nicotinamide adenine dinucleotide (NAD+) metabolism, mitophagy, sirtuin signaling, collagen protection,
oxidative stress, and hair-follicle energy into simple but defensible customer language.

Innovation family 4: Ribonucleic acid (RNA) therapeutics, lipid nanoparticles,
and precision delivery

The story

The coronavirus disease 2019 (COVID-19) pandemic introduced the world to messenger ribonucleic acid
(mRNA) vaccines, but the deeper story is the molecule that carried the message. Ribonucleic acid (RNA) is
fragile. It is degraded easily. It cannot simply be poured into the body and expected to work. It needs a
delivery vehicle. That delivery vehicle is chemistry.

The technical core

Lipid nanoparticles are among the most important examples of future-facing specialty chemistry. They
usually combine ionizable lipids, phospholipids, cholesterol, and polyethylene glycol (PEG)-modified lipids to
protect ribonucleic acid (RNA), control particle size, support delivery, and influence biodistribution. A Nature
Reviews Materials article explains that lipid nanoparticles protect messenger ribonucleic acid (mRNA) from
degradation, improve stability in physiological fluids, and can be engineered for delivery into specific
biological contexts (Nature Reviews Materials).

Key innovation areas include:
o lonizable lipids that remain neutral at physiological pH but become protonated in acidic

environments, supporting endosomal escape.
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. Polyethylene glycol (PEG)-lipids that influence particle size, stability, circulation, and immune
recognition.

o Cholesterol derivatives that improve membrane integrity, stability, and delivery performance.

o Targeted lipid systems that direct ribonucleic acid (RNA) cargo to immune cells, liver, lung, spleen,
tumors, or other tissues.

. Self-amplifying ribonucleic acid (RNA) that may reduce dose requirements.
. mRNA cancer vaccines that encode tumor antigens.
. Protein replacement therapies for rare diseases.

. Genome-editing delivery systems for clustered regularly interspaced short palindromic repeats
(CRISPR) components.

o Thermostable formulations that reduce cold-chain requirements.

Expected benefits
Ribonucleic acid (RNA) and lipid nanoparticle innovation is expected to accomplish:
J Faster vaccine development because antigen design can follow genetic sequence information.
o Personalized cancer therapy through patient-specific tumor antigen targets.
. New treatments for rare diseases by instructing cells to produce missing or therapeutic proteins.
. Non-viral delivery alternatives for genetic medicine.
o Platform economics because similar manufacturing systems can be adapted to different ribonucleic

acid (RNA) cargos.

Marketing implication

’

The commercial message for ribonucleic acid (RNA) delivery chemistry is not merely “advanced technology.”
It is controlled delivery, scalable manufacturing, reproducibility, safety, stability, and regulatory confidence.
In advanced therapeutics, formulation chemistry is product strategy.

Innovation family 5: Synthetic biology, fermentation, enzymes, and
biofactories

The story

In an older chemical plant, steel reactors convert feedstocks into products through heat, pressure, catalysts,
and separation. In a future biomanufacturing facility, engineered cells may convert sugars, gases, agricultural
residues, or waste carbon into ingredients, polymers, proteins, enzymes, fuels, fragrances, flavors, dyes, and
pharmaceuticals. The factory is alive, but the business challenges remain familiar: yield, cost, scale, quality,
consistency, and customer trust.

The technical core

Synthetic biology is a design discipline for biology. It combines genetic engineering, deoxyribonucleic acid
(DNA) synthesis, genome editing, automation, computational design, fermentation, analytics, and
downstream processing. The Organisation for Economic Co-operation and Development (OECD) identifies
short-term developments such as next-generation gene editing, faster DNA sequencing and synthesis, robust
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biological circuits, faster design-build-test-learn cycles, continuous fermentation, and production of valuable
biomolecules (OECD).

Important innovation families include:
o Engineered microbes that produce specialty molecules.
. Precision fermentation for proteins, enzymes, food ingredients, and biomaterials.
. Biocatalysis using enzymes to improve selectivity and reduce harsh process conditions.

o Gas fermentation that converts carbon monoxide, carbon dioxide, or industrial off-gases into
chemicals.

. Synthetic biology for agricultural inputs such as biofertilizers, biostimulants, and biopesticides.
L Biodegradable polymers and bio-based monomers.

. Bio-based flavors, fragrances, colors, and nutraceutical molecules.

. Engineered living materials for packaging, textiles, construction, and environmental use.

0 Biofoundries that automate strain design and screening.

o Deoxyribonucleic acid (DNA) data storage and biological computing, which remain long-term but
important frontier areas.

Expected benefits

Synthetic biology and fermentation are expected to accomplish:
o Lower dependence on petrochemical feedstocks when bio-based routes become economical.
. More selective manufacturing through enzymes and engineered pathways.
o Access to rare molecules that are difficult to extract from nature or synthesize conventionally.

. Lower-temperature and potentially lower-waste processes when biological systems replace harsh
chemistry.

. Distributed manufacturing where ingredients can be produced closer to demand.

o New sustainability narratives for brands that need bio-based, traceable, and lower-impact inputs.

Marketing implication

Synthetic biology needs disciplined storytelling. Customers and regulators are attracted by sustainability and
precision, but they will ask hard questions about scale, cost, genetic stability, impurities, containment,
feedstock, downstream purification, and claims. The marketer must avoid hype and sell verified
performance.

Innovation family 6: Nanomaterials and the chemistry of surfaces

The story

A surface can be passive, or it can be intelligent. It can repel water, kill microbes, conduct electricity, absorb
light, resist scratching, sense a gas, carry a drug, filter a contaminant, strengthen a composite, or catalyze a
reaction. Nanochemistry makes surfaces active.

Prepared for internal circulation | Chempro Group


https://www.oecd.org/content/dam/oecd/en/publications/reports/2025/02/synthetic-biology-in-focus_42893a6a/3e6510cf-en.pdf

ASSURED Matrix for Innovation Success

The technical core

Nanotechnology works by designing and controlling materials at extremely small scales, where surface area,
guantum effects, morphology, and interfacial behavior can create properties not seen in bulk materials. The
United States National Nanotechnology Initiative notes that nanotechnology is improving many sectors,
including information technology, medicine, transportation, energy, food safety, and environmental science
(National Nanotechnology Initiative). The National Institute of Standards and Technology (NIST) describes
nanotechnology as important for measurement science, standards, innovation, and industrial
competitiveness (NIST).

Major innovation areas include:
. Nanoparticles for catalysis, coatings, cosmetics, diagnostics, and drug delivery.
0 Quantum dots for displays, imaging, sensing, and optoelectronics.
. Graphene and 2D materials for electronics, composites, membranes, sensors, and energy devices.
J Carbon nanotubes for conductive composites, lightweight structures, and energy systems.
. Nanocoatings for anti-corrosion, antimicrobial, self-cleaning, anti-fouling, and wear resistance.
o Nanostructured catalysts with higher active surface area.
o Nanomedicine for targeted drug delivery and diagnostics.
J Nanocellulose for packaging, composites, films, and lightweight materials.
. Nanostructured battery materials for faster charge transport and improved energy density.
o Nanosensors for environmental monitoring, food safety, healthcare, and industrial process control.
Expected benefits
Nanomaterials are expected to accomplish:

. Stronger and lighter materials for transport, aerospace, defense, construction, and consumer
products.

o Better electronics through displays, sensors, memory, flexible devices, and new transistor concepts.
o More targeted medicine through nanoscale drug delivery and diagnostics.

. More efficient energy systems through improved batteries, solar cells, fuel cells, and catalysts.

o Cleaner water and air through filtration, membranes, photocatalysis, and adsorbents.

. Longer product life through protective and functional coatings.

Marketing implication

Nanomaterial marketing requires precision because the word “nano” can create both excitement and
concern. The marketer must prove particle size distribution, dispersion, stability, toxicity profile, application
compatibility, regulatory status, and end-of-life behavior. The best nanomaterial is not the one with the most
dramatic claim. It is the one that performs consistently inside the customer’s formulation or device.
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Innovation family 7: Battery materials and electrochemical systems

The story

An electric vehicle is often marketed as software on wheels. In reality, it is electrochemistry on wheels. The
battery is a carefully balanced chemical system where cathode, anode, electrolyte, separator, binder,
conductive additive, current collector, thermal system, and battery management interact. If one component
fails, the promise of electric mobility fails with it.

The technical core

Battery materials are among the most important specialty chemical opportunities of the next fifty years. They
include:

. Lithium salts such as lithium hexafluorophosphate and emerging alternatives.

. Cathode materials such as lithium iron phosphate (LFP), lithium nickel manganese cobalt oxide
(NMC), lithium nickel cobalt aluminum oxide (NCA), lithium manganese systems, and future high-
voltage materials.

o Anode materials such as graphite, silicon-graphite composites, lithium metal, hard carbon, and
future sodium-ion anodes.

o Electrolyte solvents and additives that control conductivity, film formation, safety, and cycle life.
. Binders such as polyvinylidene fluoride (PVDF) and water-based alternatives.

J Separators with ceramic coatings, thermal stability, and shutdown behavior.

o Solid-state electrolytes such as sulfides, oxides, polymers, and hybrids.

o Recycling reagents for hydrometallurgical recovery of lithium, nickel, cobalt, manganese, copper, and
graphite.

o Direct lithium extraction reagents and sorbents for brines.
. Battery-grade purification chemistry for high-purity metal salts.

The International Energy Agency (IEA) reports that electric vehicles (EVs) and battery storage are major
drivers of mineral demand, with demand for EVs and battery storage growing at least thirty times by 2040 in
its Sustainable Development Scenario and lithium demand growing more than forty times (IEA Critical
Minerals). The same IEA work notes that battery-grade lithium hydroxide is increasingly favored for high-
nickel cathodes and that high-purity chemical conversion can become a bottleneck even when mineral
resources exist (IEA Critical Minerals).

Expected benefits
Battery chemistry is expected to accomplish:
o Longer driving range through higher energy density cathodes and anodes.
o Faster charging through improved electrolytes, anode design, and thermal management.

0 Lower cost through lithium iron phosphate (LFP), sodium-ion, manufacturing scale, and material
substitution.

. Greater safety through safer electrolytes, separators, solid-state systems, and better additives.
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. Lower critical-mineral dependence through recycling, sodium-ion chemistry, cobalt reduction, and
alternative cathodes.

. Grid resilience through stationary energy storage.

Marketing implication

Battery material marketing must connect chemistry with qualification data: cycle life, rate capability,
swelling, gas generation, moisture sensitivity, impurity profile, safety testing, thermal behavior, and
compatibility with cell design. The buyer is not purchasing a material. The buyer is purchasing
electrochemical confidence.

Innovation family 8: Hydrogen, fuel cells, electrolyzers, and ammonia carriers

The story

Hydrogen is simple in formula but complex in commerce. It touches water, electricity, catalysts, membranes,
compressors, pipelines, ammonia plants, fuel cells, steelmaking, refineries, fertilizers, and shipping. Every
hydrogen strategy eventually becomes a materials and chemicals strategy.

The technical core
Hydrogen innovation depends on:

. Alkaline electrolyzer materials such as nickel-based electrodes, diaphragms, and alkaline
electrolytes.

. Proton exchange membrane (PEM) electrolyzer materials including proton exchange membranes,
iridium and platinum catalysts, titanium components, and ionomers.

o Solid oxide electrolyzer materials including ceramic electrolytes and high-temperature catalysts.
o Anion exchange membranes as a developing route to lower-cost electrolysis.

. Fuel-cell membranes and catalysts for transport and stationary power.

. Hydrogen purification adsorbents and membranes.

o Ammonia synthesis catalysts and handling systems for hydrogen carriers.

. Liquid organic hydrogen carriers and associated catalysts.

J Hydrogen storage materials, including metal hydrides and advanced adsorbents.

o Water treatment and desalination systems for electrolyzer feedwater.

The International Energy Agency (IEA)’s Global Hydrogen Review 2024 reports that hydrogen demand
reached 97 million tonnes in 2023, while low-emissions hydrogen production remained below 1% of total
production (IEA Hydrogen). The same report identifies electrolyzer capacity, catalyst materials, water use,
infrastructure, storage, and ammonia trade as major issues in hydrogen scale-up (IEA Hydrogen).

Expected benefits
Hydrogen-related chemistry is expected to accomplish:
. Decarbonization of hard-to-abate sectors such as steel, ammonia, methanol, refining, and shipping.

J Long-duration energy storage where batteries may not be sufficient.
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. Cleaner industrial feedstocks when low-emissions hydrogen replaces fossil-derived hydrogen.
o New trade routes through ammonia, methanol, and other carriers.

. New demand for membranes, catalysts, sorbents, water-treatment systems, and specialty metals.

Marketing implication

Hydrogen marketers must avoid vague green claims. The commercial case must define production pathway,
carbon intensity, water use, catalyst supply, degradation rate, infrastructure compatibility, and customer
economics. In hydrogen, the molecule is simple, but the business system is complex.

Innovation family 9: Carbon capture, utilization, and separation chemistry

The story

In many industries, emissions do not disappear simply because customers want them to. Cement, steel,
chemicals, refineries, and power systems need transition technologies. Carbon capture turns a waste gas
problem into a separation chemistry problem.

The technical core

Carbon capture and utilization depend on:
. Amine solvents for post-combustion capture.
. Physical solvents for high-pressure gas streams.

. Solid sorbents such as metal-organic frameworks, activated carbons, zeolites, and functionalized
materials.

. Membranes for gas separation.
. Mineralization chemistry that reacts carbon dioxide with alkaline minerals or industrial residues.
. Direct air capture sorbents and solvents.

J Catalysts that convert captured carbon dioxide (CO2) into methanol, carbonates, polymers, fuels, or
intermediates.

o Electrochemical carbon dioxide (CO2) reduction systems.
J Gas fermentation where microbes convert waste carbon into chemicals.

Carbon capture is not one technology. It is a family of separations, reactions, regenerations, heat balances,
corrosion-management systems, and downstream utilization pathways. The specialty chemical opportunity
includes solvents with lower regeneration energy, less degradation, lower corrosion, better selectivity, and
improved environmental profiles.

Expected benefits

Carbon-capture chemistry is expected to accomplish:
o Lower emissions from existing industrial assets where replacement is slow.
. Cleaner hydrogen and ammonia when used with fossil feedstocks and high capture rates.
o Carbon utilization products such as fuels, polymers, building materials, and intermediates.

J Negative-emissions pathways when paired with bioenergy or direct air capture.
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. New separation markets for sorbents, membranes, solvents, catalysts, and process additives.

Marketing implication

The marketer must make carbon capture measurable. Customers will ask for capture rate, energy penalty,
solvent degradation, corrosion impact, emissions profile, waste handling, lifecycle analysis, and economics
per tonne of carbon dioxide (CO2). The winning message is not “capture carbon.” It is “capture carbon
reliably, safely, and economically in this specific process.”

Innovation family 10: Water-treatment chemistry, membranes, and resource
recovery

The story

Water scarcity is one of the most practical business problems of the future. A semiconductor fab needs
ultrapure water. A pharmaceutical facility needs validated water systems. A city needs wastewater
treatment. A farmer needs irrigation. A hydrogen project needs feedwater. A mining operation needs water
management. Water is no longer simply a utility. It is a strategic input.

The technical core
Water technology depends on:
. Coagulants and flocculants for suspended solids removal.
. Biocides and disinfectants for microbial control.
. Scale inhibitors and corrosion inhibitors for industrial water systems.
. lon-exchange resins for demineralization and selective recovery.
. Reverse osmosis membranes for desalination and purification.
o Ultrafiltration and nanofiltration membranes for industrial and municipal reuse.

J Advanced oxidation chemicals such as ozone, peroxide, ultraviolet (UV)-peroxide systems, and
catalysts.

. Adsorbents such as activated carbon, zeolites, and functional resins.

. Per- and polyfluoroalkyl substances (PFAS) removal technologies including ion exchange, activated
carbon, membranes, and destructive treatment approaches.

o Resource recovery systems for nutrients, metals, salts, and energy from wastewater.

The World Bank emphasizes that water security is critical for climate resilience and identifies investment
needs in water services, resource management, efficiency, storage, and flood protection (World Bank).

Expected benefits
Water-treatment chemistry is expected to accomplish:
. Higher water reuse in cities and industry.
o Lower freshwater withdrawal for high-growth sectors.
o Improved public health through safer water and sanitation.

J Better industrial uptime through scale, corrosion, and biofouling control.
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. Recovery of valuable resources from waste streams.
. Climate resilience through decentralized treatment and reuse.

Marketing implication

The water-chemical marketer must sell reliability, compliance, and total cost of operation. A lower-cost
chemical that increases downtime, membrane fouling, corrosion, sludge, or regulatory risk is not cheaper.
The future market will reward suppliers who link chemistry to water performance data.

Innovation family 11: Agricultural biologicals, crop protection, and food
security chemistry

The story

A farmer does not buy a biological product because it sounds modern. The farmer buys yield, resilience,
disease control, nutrient efficiency, and predictable return. Agricultural innovation must survive heat, soil
variability, storage, rainfall, local practices, and biological complexity.

The technical core

Agricultural chemistry is moving beyond traditional crop protection into a broader toolbox:
. Biopesticides based on microbes, botanicals, pheromones, and natural products.
. Biofertilizers using nitrogen-fixing, phosphorus-solubilizing, or plant-growth-promoting microbes.
. Biostimulants that improve nutrient uptake, stress tolerance, root growth, and crop quality.
o Seed coatings and treatments that combine polymers, actives, micronutrients, and biologicals.
. Controlled-release fertilizers and nitrification inhibitors.
o Ribonucleic acid (RNA)-based pest-control approaches that target pest gene expression.
o Nanoformulations that protect actives and support controlled release.
. Soil-health amendments including humic substances, microbial consortia, and organic inputs.
. Post-harvest chemistries for preservation, coatings, and food safety.

The Food and Agriculture Organization of the United Nations (FAO) describes biofertilizers as living microbes
that enhance plant nutrition by mobilizing or increasing nutrient availability in soil or plants, while also noting
the need for capacity building, infrastructure, policy, and correct usage (FAO). The Organisation for Economic
Co-operation and Development (OECD) supports harmonized approaches to pesticide and biocide risk
assessment, registration, and health and environmental risk management (OECD Pesticides and Biocides).

Expected benefits

Agricultural innovation is expected to accomplish:
. Higher crop resilience under heat, drought, disease pressure, and soil stress.
. Reduced dependence on some conventional chemical inputs when biologicals are effective.
. Improved nutrient efficiency and reduced fertilizer losses.
. Lower residue concerns in selected crop systems.
J Resistance management through new modes of action.
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. Better food security by improving yield stability and soil health.

Marketing implication

Agricultural biological marketing must be local, evidence-based, and honest. Field performance varies by soil,
climate, crop, storage, and application practice. The marketer must support trials, farmer education,
formulation stability, dealer training, and agronomic proof.

Innovation family 12: Green chemistry, safer solvents, and circular materials

The story

In the old model, a product ended when it left the factory gate. In the next model, customers ask what
happens before production, during use, and after disposal. Is the solvent safer? Is the additive persistent?
Can the polymer be recycled? Can hazardous substances be phased out? Can the product be designed for
reuse, repair, or recovery?

The technical core
Green and circular chemistry includes:
o Safer solvents with lower toxicity, lower volatility, and better recovery profiles.
. Bio-based monomers and polymers from renewable feedstocks.
. Biodegradable polymers where appropriate and scientifically validated.
. Recycling additives that improve compatibility and mechanical properties.
o Depolymerization catalysts for chemical recycling.
o Enzyme-based recycling for selected polymers.
. Stabilizers and antioxidants that extend product life.
o Design-for-degradation chemistries for products that enter the environment.

J Per- and polyfluoroalkyl substances (PFAS) alternatives for coatings, textiles, firefighting foams, and
industrial applications.

. Digital materials passports and traceable additive systems.

The United Nations Development Programme (UNDP) notes that global chemical production has doubled
from 1.2 billion tonnes in 2000 to 2.3 billion tonnes and that around 140,000 industrial chemicals are
marketed worldwide, making sound chemicals management central to circular economy strategies (UNDP).
UNDP also identifies green chemistry principles such as waste prevention, safer chemical design, less
hazardous synthesis, safer solvents, reduced derivatives, and design for degradation (UNDP).

Expected benefits

Green and circular chemistry is expected to accomplish:
o Lower environmental and health risk through safer substance design.
o Reduced waste through process redesign, recycling, and product longevity.
o Regulatory resilience as hazardous substances face increasing scrutiny.

J Brand advantage for downstream companies facing consumer and investor pressure.
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. New business models such as chemical leasing, take-back systems, and recycled-content materials.

Marketing implication

Sustainability marketing must be evidence-based. Customers increasingly ask for lifecycle data, regulatory
status, traceability, recycled content, carbon footprint, hazard profile, and third-party verification. The future
marketer must distinguish between genuine green chemistry and decorative language.

The global geography of future molecules
The next fifty years will not be shaped equally everywhere. Each region has its own strengths:

o Japan and Korea will remain powerful in quality, electronics, materials precision, and advanced
customer expectations.

. Taiwan will remain deeply linked to semiconductor manufacturing ecosystems.

. China will remain a force in scale, processing, battery materials, solar, electronics, and chemical
manufacturing.

. India has an opportunity to become a major specialty chemical, pharmaceutical intermediate,
nutraceutical, and advanced ingredient platform, especially as customers seek resilient alternatives
and technically capable partners.

o Europe will continue to influence sustainability, regulation, circularity, safety, and high-performance
specialty applications.

. The United States will remain strong in biotechnology, advanced materials, semiconductors, venture-
backed innovation, and platform companies.

. The Middle East can use energy, capital, hydrogen, ammonia, downstream chemicals, and strategic
geography to build new material ecosystems.

. Southeast Asia, Latin America, and Africa will become increasingly important as manufacturing,
agriculture, resources, water, energy, and consumer markets expand.

For chemical marketers, geography is not only a sales territory. It is a qualification environment, a regulatory
environment, a logistics environment, a cultural environment, and a trust environment.

The marketer as translator of science
The future chemical marketer must translate across five languages:
1. Science: What is the molecule, material, process, or formulation?
2.  Application: What does it do in the customer’s system?
3 Economics: How does it reduce cost, raise yield, improve productivity, or open new revenue?
4.  Risk: What quality, regulatory, safety, supply, or reputational risks does it reduce?
5 Future: How does it help the customer prepare for technological change?

This is why storytelling matters. A customer rarely remembers a specification table alone. The customer
remembers the problem: a wafer defect, a failed audit, a short battery life, an unstable ingredient, a
contaminated water stream, a crop failure, a regulatory ban, a product recall, a missed launch. The marketer
must connect the molecule to the problem and then connect the solution to measurable advantage.
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The benefits map: what future molecules are expected to accomplish

Innovation family

Semiconductor
chemicals

Pharmaceutical

ingredients

Nutraceutical

ingredients

Ribonucleic acid (RNA)

and lipid nanoparticle

(LNP) systems

Synthetic biology

Nanomaterials

Battery materials

Hydrogen materials

Carbon capture

Water technologies

Agricultural biologicals

Circular chemistry

What this means for global specialty chemical companies

Key molecules and materials

Photoresists, etchants, high-purity
wet chemicals, slurries,
precursors, gases

Active pharmaceutical ingredients
(APIs), intermediates, chiral
building blocks, excipients,
peptides

Botanicals, probiotics, peptides,
lipids, vitamins, polyphenols

lonizable lipids, polyethylene
glycol (PEG)-lipids, cholesterol
derivatives, RNA cargos

Engineered microbes, enzymes,
fermentation products, bio-based
monomers

Nanoparticles, graphene,
quantum dots, nanocoatings,
nanotubes

Lithium salts, cathodes, anodes,
electrolytes, binders, separators

Membranes, catalysts, ionomers,
adsorbents, ammonia systems

Amines, sorbents, membranes,
catalysts, mineralization agents

Membranes, resins, biocides,
coagulants, adsorbents, oxidation
systems

Biofertilizers, biopesticides,
biostimulants, seed coatings

Safer solvents, recyclable
polymers, additives,
depolymerization catalysts

Expected benefits

Smaller chips, higher yield,
lower defectivity, lower
power electronics

Safer medicines, reliable
supply, regulatory confidence,
complex therapies

Preventive health, healthy
aging, consumer trust,
personalized nutrition

Faster vaccines, targeted
therapies, personalized
medicine

Bio-based production, rare
molecules, cleaner routes,
distributed manufacturing

Stronger materials, better
electronics, targeted
medicine, advanced energy

Longer range, faster charging,
lower cost, safer storage

Low-emissions hydrogen,
industrial decarbonization,
energy storage

Lower industrial emissions,
carbon dioxide (CO2)
utilization, transition
pathways

Reuse, desalination, resource
recovery, climate resilience

Yield resilience, nutrient
efficiency, resistance
management, soil health

Less waste, safer products,
recycling, regulatory
resilience

The chemical company of the future must be built around five capabilities.
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Commercial proof needed

Purity, particle data, trace metals,
packaging, qualification results

Good manufacturing practice
(GMP) systems, impurity profile,
audit readiness, stability,
documentation

Scientific evidence,
standardization, contaminant
testing, responsible claims

Particle characterization, stability,
biodistribution, safety, good
manufacturing practice (GMP)
scale-up

Yield, productivity, downstream
purification, containment, cost

Dispersion, size distribution,
safety, regulatory profile,
application data

Electrochemical performance,
impurity data, moisture control,
cell testing

Durability, efficiency, carbon
intensity, water use, materials

supply

Capture rate, energy penalty,
degradation, corrosion, lifecycle
data

Removal efficiency, fouling data,
operating cost, compliance

Field trials, shelf life, local
performance, regulatory clearance

Lifecycle evidence, hazard profile,
recyclability, end-of-life proof
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Application intelligence

The company must know where its molecule sits in the customer’s process. A supplier who understands only
internal manufacturing will be replaced by a supplier who understands customer application. Application
laboratories, technical service, formulation support, and customer trials will become central commercial
assets.

Documentation excellence

Technical documents will become marketing tools. Safety data sheets, certificates of analysis, technical data
sheets, regulatory statements, impurity profiles, stability data, audit packages, and product dossiers will
shape customer confidence. In regulated and high-performance sectors, a weak document can destroy a
strong molecule.

Regulatory foresight

The best chemical marketers will monitor regulations before customers ask. Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH), Toxic Substances Control Act (TSCA), food regulations,
pharmaceutical good manufacturing practice (GMP), supplement claims, biocide rules, pesticide registration,
electronics restrictions, per- and polyfluoroalkyl substances (PFAS) policy, and carbon regulations will shape
demand. Regulation will not be only a barrier. It will be a source of strategic advantage.

Supply-chain credibility

Customers will ask where raw materials come from, how many alternate sources exist, what happens during
geopolitical disruption, and whether the supplier can support long-term volume. Supply reliability will
become part of brand equity.

Thought leadership

Future chemical marketing will require education. Customers need help understanding new chemistries, new
risks, new regulations, and new opportunities. Articles, white papers, webinars, technical notes, case studies,
and digital product dossiers will become strategic marketing assets.

The human meaning of future chemistry

Behind the technical language is a human story. Cleaner water means fewer diseases. Better batteries mean
cleaner mobility and more reliable grids. Better pharmaceutical ingredients mean safer medicine. Better
nutraceuticals mean informed prevention. Better agricultural inputs mean food security. Better
semiconductors mean medical devices, artificial intelligence (Al) tools, communications, and scientific
discovery. Better materials mean lighter vehicles, stronger infrastructure, and lower waste.

But chemistry also carries responsibility. A molecule can heal, or it can harm. It can enable circularity, or it
can persist in the environment. It can make a product safer, or it can create hidden risk. The future chemical
marketer must therefore be more than persuasive. The future chemical marketer must be responsible,
evidence-driven, and technically literate.

The next fifty years will be a competition between companies that merely sell substances and companies that
build confidence around molecular solutions. The winners will be those who understand that molecules do
not shape the future by themselves. They shape the future when science, manufacturing, regulation, trust,
and storytelling come together.
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Key Takeaways

Specialty chemicals are becoming enabling technologies for semiconductors, pharmaceuticals,
nutraceuticals, biotechnology, batteries, hydrogen, water, agriculture, circular materials, and digital
health.

The next fifty years will reward molecules that deliver high function, high purity, high reliability,
regulatory confidence, and measurable customer value.

Semiconductor chemicals show how invisible inputs can determine the success of the world’s most
visible technologies.

Pharmaceutical and nutraceutical ingredients show that purity, documentation, claims discipline, and
trust are commercial assets, not administrative burdens.

Synthetic biology, ribonucleic acid (RNA) therapeutics, nanomaterials, and advanced delivery systems
demonstrate that biology, chemistry, and data science are converging.

Battery, hydrogen, carbon-capture, and water technologies show that the energy transition is
fundamentally a materials and specialty-chemicals transition.

Green chemistry and circular design will increasingly determine whether products are accepted by
regulators, customers, investors, and society.

The future chemical marketer must translate science into customer advantage through technical
proof, application understanding, regulatory foresight, and responsible storytelling.

Strategic Questions

Which molecules in the current portfolio are merely products, and which are true enabling
technologies?

Which customer problems can be expressed in technical, economic, regulatory, and sustainability
terms?

Where does the company have credible proof: application data, analytical data, stability data,
regulatory data, and customer trial data?

Which future sectors are most aligned with the company’s capabilities: semiconductors, pharma,
nutraceuticals, biotech, energy, water, agriculture, or circular materials?

What documents, certifications, tests, and case studies are needed to convert a molecule into a
trusted global offering?

Which markets should be entered first: Japan for quality validation, Europe for regulatory credibility,
the United States for innovation adoption, India for scale, or Southeast Asia for growth?

How can the company build technical content and e-articles that educate customers before the sales
conversation begins?

Mini Case Study: From solvent supplier to semiconductor partner

An Indian specialty chemical company supplies high-purity solvents to several industries. For years, the
product is sold on price, availability, and broad specifications. A new opportunity appears in electronic
chemicals. The customer does not ask only for purity percentage. The customer asks for trace metal data,
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particle control, packaging compatibility, moisture limits, filtration, container cleanliness, batch-to-batch
consistency, change-control policy, and long-term supply security.

For the semiconductor customer, even “high purity” is not enough. Heavy metals and trace metallic
impurities may need to be measured at parts-per-trillion (ppt) levels, because contamination that looks
invisible in ordinary industrial testing can still damage wafer yield, device reliability, or customer
gualification. Very few facilities in the world have the analytical ability to test reliably at this level, and the
ability to test is only one part of the challenge. Manufacturing such a solvent consistently, without
introducing contamination from raw materials, equipment, filtration systems, containers, cleanroom
handling, or transport packaging, is a separate and far more demanding challenge.

The company realizes that it is not entering a new sales channel. It is entering a new trust system. It invests in
advanced analytical capability, improved packaging, tighter specifications, electronic documentation,
customer-specific certificates of analysis, and a technical dossier explaining application relevance. The
product is still a solvent, but the value proposition changes from “available at competitive price” to “qualified
material for high-reliability electronics manufacturing.”

The lesson is simple. A future molecule becomes commercially powerful only when the company upgrades
the system around it.

Action Checklist

o Create a portfolio map of current products against future technology sectors.

o Identify which products can serve semiconductor, pharma, nutraceutical, biotech, energy, water,
agriculture, or circular-material customers.

o Prepare one technical value sheet for each high-potential molecule, including application, customer
benefit, proof required, regulatory status, and target market.

. Build a documentation checklist for each target sector.
o Identify three priority innovations where the company can develop deeper expertise.

o Build a reference library of authoritative World Wide Web (WWW) sources, regulations, technical
papers, and industry associations.

o Start an e-article series that educates customers about the future applications of the company’s
molecules.

World Wide Web (WWW) References and Further Reading

e ASML (2023), extreme ultraviolet (EUV) lithography systems: https://www.asml.com/products/euv-
lithography-systems

o United States Food and Drug Administration (FDA) (2020), Q7 Good Manufacturing Practice Guidance
for Active Pharmaceutical Ingredients Questions and Answers: https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/q7-good-manufacturing-practice-guidance-active-
pharmaceutical-ingredients-questions-and-answers

. Food and Agriculture Organization of the United Nations (FAO) (2022), Bioeconomy innovation and
biofertilizers: https://www.fao.org/climate-change/news/news-detail/Bioeconomy-innovation-A-
potential-solution-to-the-escalating-food-crisis/en
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International Energy Agency (IEA) (2021), The Role of Critical Minerals in Clean Energy Transitions:
https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-
52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf

International Energy Agency (IEA) (2024), Global Hydrogen Review 2024:
https://iea.blob.core.windows.net/assets/89c1e382-dc59-46ca-aa47-
9f7d41531ab5/GlobalHydrogenReview2024.pdf

imec (2025), 2D-material based devices in the logic scaling roadmap: https://www.imec-
int.com/en/articles/introducing-2d-material-based-devices-logic-scaling-roadmap

National Nanotechnology Initiative (2026), Applications of Nanotechnology:
https://www.nano.gov/about-nanotechnology/applications-nanotechnology/

National Center for Biotechnology Information (NCBI) (2023), NAD+ Precursors Nicotinamide
Mononucleotide and Nicotinamide Riboside: https://pmc.ncbi.nlm.nih.gov/articles/PMC10240123/

National Center for Biotechnology Information (NCBI) (2023), A Global Overview of Dietary
Supplements: Regulation, Market Trends, Usage during the COVID-19 Pandemic, and Health Effects:
https://pmc.ncbi.nlm.nih.gov/articles/PMC10421343/

National Center for Biotechnology Information (NCBI) (2023), Urolithin A as a Potential Agent for
Prevention of Age-Related Disease: https://pmc.ncbi.nlm.nih.gov/articles/PMC10460156/

National Center for Biotechnology Information (NCBI) (2022), Mitochondrial Aging and Senolytic
Natural Products with Protective Potential: https://pmc.ncbi.nlm.nih.gov/articles/PMC9784569/

National Center for Biotechnology Information (NCBI) (2024), Oxidative Stress in Hair Follicle
Development and Hair Growth: https://pmc.ncbi.nlm.nih.gov/articles/PMC11196958/

National Institutes of Health (NIH) Office of Dietary Supplements, Office of Dietary Supplements:
https://ods.od.nih.gov

National Institute of Standards and Technology (NIST) (2016), Nanotechnology:
https://www.nist.gov/nanotechnology

Nature Reviews Materials (2021), Lipid nanoparticles for messenger ribonucleic acid (mRNA) delivery:
https://www.nature.com/articles/s41578-021-00358-0

Nature Cell Death & Disease (2018), Reversing wrinkled skin and hair loss in mice by restoring
mitochondrial function: https://www.nature.com/articles/s41419-018-0765-9

Organisation for Economic Co-operation and Development (OECD) (2025), Synthetic biology in focus:
Policy issues and opportunities in engineering biology:
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