A Molecular Revolution

The 2025 Nobel Prize in Chemistry recognizes three pioneers who
created materials that could save our planet—one molecule at a time.




The Nobel Laureates:
Architects of Molecular
Innovation

Susumu Richard Robson Omar M. Yaghi
Kitagawa _ . .
UK-born chemist American-Jordanian
Japan's molecular who established scientist who
architect who foundational design revolutionized
pioneered principles for reticular chemistry
coordination crystalline and practical
chemistry principles frameworks applications

for MOF synthesis

These three scientists didn't just advance chemistry—they created the
technology most likely to help engineer our way out of the world's most
pressing ecological crises.



What Are Metal-Organic
Frameworks?

Molecular Lego Sets Extraordinary Porosity
Crystalline compounds linking Riddled with uniform pores
metal ions with organic creating massive internal
molecules in predictable, surface area—one gram can
customizable patterns cover a football field

Atomic-Level Control

Perfectly uniform pore size, shape, and chemical function—
unprecedented control over matter



The Surface Area Advantage

MOFs represent a quantum leap beyond traditional materials, offering exponentially greater capacity for capturing, storing,
and catalyzing molecules.
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High-Performance MOFs
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This exponential increase means smaller, lighter devices operating with far lower energy input—making large-scale climate
solutions economically viable.



Fighting Climate Change:
Carbon Capture Reimagined

For decades, industrial carbon capture has been plagued by inefficiency
and astronomical energy costs. MOFs fundamentally change the

equation.

Post-Combustion Capture

MOFs selectively trap CO, from power plant flue gas at
lower temperatures, releasing it with far less energy than

iz,

liquid solvents

Direct Air Capture

— Pulling CO,, directly from ambient air (400 ppm)—like
finding a grain of sand on a beach—using only low-grade
solar heat

Carbon Utilization

8 Captured CO, can be sequestered underground or
converted into valuable products, creating a circular carbon
economy




Water from Thin Air: Solving the Global Water
Crisis

Off-Grid Water Generation

As climate change intensifies droughts and desertification expands,
MOFs offer a revolutionary solution: atmospheric water harvesting.

How it works: Specially designed MOFs absorb water vapor from air—
even at 20% humidity—and release potable water when warmed by
sunlight.

The impact: Small, off-grid devices requiring no electricity or plumbing
can generate fresh water anywhere, bypassing energy-intensive
desalination plants.

[ Imagine a rooftop box in a remote village drawing moisture overnight and releasing clean drinking water each day—
powered only by the sun.



Green Chemistry Revolution: Catalysis and
Energy Storage

Ultra-Efficient Catalysts Methane Conversion Hydrogen Storage

MOFs embed catalytic sites within their  Converting CH,—a potent greenhouse MOFs pack hydrogen molecules onto
porous structure, enabling reactions gas—into valuable methanol at mild vast internal surfaces, enabling safe,
hundreds of times more efficiently than  conditions, mitigating emissions while high-density storage critical for zero-
traditional catalysts creating useful products emission vehicles



From Laboratory to Real-
World Impact

The journey from obscure lab concept to Nobel-winning technology
embodies relentless human curiosity. Kitagawa, Robson, and Yaghi
spent years solving formidable challenges—ensuring crystalline
structures remained stable and could survive industrial conditions.

1 Early Research

Fundamental discoveries in coordination chemistry and
crystal engineering

2 Breakthrough Design

Achieving stable, ultra-porous structures with customizable
properties

3 Industrial Application

Scaling MOFs for carbon capture, water harvesting, and
catalysis

4 Nobel Recognition

2025 Chemistry Prize validates MOFs as planetary-scale
solution




Industrial Scaling & Cost Reduction

Develop continuous manufacturing processes using
abundant metals like iron and aluminum to make
MOFs cost-competitive with traditional materials

Infrastructure Integration

Convert MOFs into practical formats—pellets,
coatings, membranes—for seamless integration into
HVAC systems, fuel cells, and water treatment
facilities
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The Path Forward: Scaling the Molecular Solution

Enhanced Durability

Engineer MOFs with greater thermal and chemical
stability for harsh industrial environments, plus low-
energy regeneration for perpetual reuse

Expanded Applications

Deploy MOFs for removing PFAS, heavy metals, and
pharmaceutical residues from wastewater—
addressing critical emerging threats



A Call to Action: Investing in the Invisible

Fund Basic Material
Science

Increase investment in
fundamental research—the
greatest technological shifts come
from foundational discoveries, not
incremental engineering

Incentivize Adoption

Create tax incentives and
regulatory frameworks prioritizing
MOF-based solutions over older,
less efficient, higher-emission
technologies

Demand Green Products

Support companies investing in
next-generation manufacturing
using MOF-based catalysts to
reduce energy consumption and
waste

work is just beginning."

"Metal-Organic Frameworks give humanity unprecedented control over the elemental forces driving climate change. We
now have custom-designed molecular sponges that can literally clean up the planet—one molecule at a time. The real
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