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CATALYSIS IN ACADEMIC RESEARCH US: ADVANCING THE
FRONTIERS OF SCIENCE

CATALYSIS IN ACADEMIC RESEARCH US REPRESENTS A DYNAMIC AND PIVOTAL AREA, DRIVING INNOVATION ACROSS A
MULTITUDE OF SCIENTIFIC DISCIPLINES. FROM FUNDAMENTAL STUDIES EXPLORING REACTION MECHANISMS TO THE DEVELOPMENT OF
NOVEL CATALYTIC MATERIALS AND PROCESSES, AMERICAN UNIVERSITIES AND RESEARCH INSTITUTIONS ARE AT THE FOREFRONT
OF THIS TRANSFORMATIVE FIELD. THIS ARTICLE DELVES INTO THE SIGNIFICANT CONTRIBUTIONS, EMERGING TRENDS, AND FUTURE
DIRECTIONS OF CATALYSIS RESEARCH WITHIN THE UNITED STATES, HIGHLIGHTING ITS IMPACT ON SUSTAINABLE CHEMISTRY,
ENERGY, AND MATERIALS SCIENCE. WE WILL EXPLORE KEY RESEARCH AREAS, THE METHODOLOGIES EMPLOYED, AND THE
OVERARCHING GOALS THAT DEFINE CATALYSIS IN US ACADEMIC SETTINGS.
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UNDERSTANDING THE FUNDAMENTALS OF CATALYSIS INUS ACADEMIA

THE BEDROCK OF MODERN CHEMISTRY AND MATERIALS SCIENCE, CATALYSIS, IS A SUBJECT OF INTENSE INVESTIGATION WITHIN us
ACADEMIC INSTITUTIONS. RESEARCHERS ARE DRIVEN BY A DESIRE TO UNRAVEL THE INTRICATE MECHANISMS BY WHICH
CATALYSTS ACCELERATE CHEMICAL REACTIONS, OFTEN WITH EXQUISITE SELECTIVITY AND EFFICIENCY. THIS FUNDAMENTAL
UNDERSTANDING IS CRUCIAL FOR DESIGNING NEW CATALYSTS WITH TAILORED PROPERTIES. ACADEMIC RESEARCH IN THE US
FOCUSES ON VARIOUS CATALYTIC TYPES, INCLUDING HOMOGENEOUS, HETEROGENEOUS, AND ENZYMATIC CATALYSIS, EXPLORING
THE ELECTRONIC AND STRUCTURAL FACTORS THAT GOVERN CATALYTIC ACTIVITY AND STABILITY. THE QUEST FOR DEEPER
MECHANISTIC INSIGHTS FUELS THE DEVELOPMENT OF PREDICTIVE MODELS AND COMPUTATIONAL TOOLS, EMPOWERING SCIENTISTS
TO DESIGN CATALYSTS BEFORE UNDERTAKING LENGTHY EXPERIMENTAL SYNTHESIS AND CHARACTERIZATION.

US ACADEMIC LABORATORIES ARE EQUIPPED WITH STATE-OF-THE-ART INSTRUMENTATION TO PROBE CATALYTIC PROCESSES
AT THE ATOMIC AND MOLECULAR LEVEL. TECHNIQUES SUCH AS IN-SITU SPECTROSCOPY, ADVANCED MICROSCOPY, AND
COMPUTATIONAL MODELING ARE ROUTINELY EMPLOYED TO OBSERVE CATALYTIC TRANSFORMATIONS IN REAL-TIME AND
UNDERSTAND THE ACTIVE SITES RESPONSIBLE FOR THE CHEMICAL CHANGE. THIS PURSUIT OF FUNDAMENTAL KNOWLEDGE IN
CATALYSIS IS NOT MERELY AN ACADEMIC EXERCISE; IT DIRECTLY INFORMS THE DEVELOPMENT OF SUSTAINABLE INDUSTRIAL
PROCESSES, NOVEL PHARMACEUTICALS, AND ADVANCED MATERIALS THAT ARE ESSENTIAL FOR SOCIETAL PROGRESS. THE
COLLABORATIVE ENVIRONMENT FOSTERED WITHIN US UNIVERSITIES ENCOURAGES INTERDISCIPLINARY APPROACHES, BRINGING
TOGETHER CHEMISTS, PHYSICISTS, ENGINEERS, AND BIOLOGISTS TO TACKLE COMPLEX CATALYTIC CHALLENGES.



Key ResearcH AReAS IN US Acabemic CATALYSIS

ACADEMIC RESEARCH IN CATALYSIS WITHIN THE UNITED STATES SPANS A BROAD SPECTRUM OF SUB-DISCIPLINES, EACH
ADDRESSING CRITICAL SCIENTIFIC AND SOCIETAL NEEDS. A SIGNIFICANT PORTION OF THIS RESEARCH IS DEDICATED TO THE
DEVELOPMENT OF SUSTAINABLE CHEMICAL PROCESSES, OFTEN TERMED " GREEN CHEMISTRY.” THIS INCLUDES THE CATALYTIC
CONVERSION OF RENEW ABLE FEEDSTOCKS INTO VALUABLE CHEMICALS AND FUELS, AS WELL AS THE DESIGN OF CATALYSTS THAT
MINIMIZE WASTE GENERATION AND ENERGY CONSUMPTION. RESEARCHERS ARE ACTIVELY EXPLORING THE USE OF EARTH-ABUNDANT
METALS AS ALTERNATIVES TO PRECIOUS METALS, DRIVEN BY BOTH ECONOMIC AND ENVIRONMENTAL CONSIDERATIONS. THE
DEVELOPMENT OF HIGHLY SELECTIVE CATALYSTS THAT CAN DIFFERENTIATE BETWEEN SIMILAR MOLECULES IS ALSO A MAJOR
FOCUS, ENABLING MORE EFFICIENT SYNTHESIS OF COMPLEX ORGANIC COMPOUNDS, INCLUDING PHARMACEUTICALS AND
AGROCHEMICALS.

ANOTHER PROMINENT AREA IS PHOTOCATALYSIS AND ELECTROCATALYSIS, FIELDS THAT ARE CRITICAL FOR RENEW ABLE ENERGY
TECHNOLOGIES. ACADEMIC GROUPS ARE INVESTIGATING NOVEL SEMICONDUCTOR MATERIALS AND MOLECULAR CATALYSTS FOR
WATER SPLITTING TO PRODUCE HYDROGEN, CO2 REDUCTION TO FUELS AND CHEMICALS, AND ORGANIC TRANSFORMATIONS
POWERED BY LIGHT OR ELECTRICITY. THIS RESEARCH AIMS TO HARNESS ABUNDANT SOLAR AND ELECTRICAL ENERGY TO DRIVE
CHEMICAL REACTIONS, OFFERING A PATHWAY TOWARDS A CARBON-NEUTRAL FUTURE. FURTHERMORE, THE STUDY OF
BIOCATALYSIS, UTILIZING ENZYMES AND ENGINEERED BIOLOGICAL SYSTEMS, IS EXPERIENCING A RENAISSANCE, DRIVEN BY THE
INHERENT EFFICIENCY, SELECTIVITY, AND MILD OPERATING CONDITIONS OFFERED BY BIOLOGICAL CATALYSTS.

SuUSTAINABLE CATALYSIS AND GREEN CHEMISTRY INITIATIVES

THE DRIVE TOWARDS SUSTAINABILITY IS A CENTRAL THEME IN US ACADEMIC CATALYSIS RESEARCH. UNIVERSITIES ARE
INVESTING HEAVILY IN RESEARCH THAT FOCUSES ON REDUCING THE ENVIRONMENTAL FOOTPRINT OF CHEMICAL MANUFACTURING.
THIS INVOLVES DEVELOPING CATALYTIC PROCESSES THAT OPERATE AT LOWER TEMPERATURES AND PRESSURES, UTILIZE SAFER
SOLVENTS, AND INCORPORATE ATOM-ECONOMICAL REACTION PATHWAYS. THE EXPLORATION OF BIOMASS VALORIZATION
THROUGH CATALYTIC CONVERSION INTO BIOFUELS, PLATFORM CHEMICALS, AND ADVANCED MATERIALS IS A PARTICULARLY
ACTIVE AREA, AIMING TO REPLACE PETROLEUM-BASED RESOURCES WITH RENEW ABLE ALTERNATIVES. RESEARCHERS ARE ALSO
FOCUSED ON CATALYTIC METHODS FOR POLLUTION CONTROL AND REMEDIATION, SUCH AS THE CATALYTIC OXIDATION OF
VOLATILE ORGANIC COMPOUNDS AND THE CATALYTIC DEGRADATION OF PERSISTENT ENVIRONMENTAL POLLUTANTS.

CATALYSIS FOR ENERGY CONVERSION AND STORAGE

THE ENERGY SECTOR IS A MAJOR BENEFICIARY OF ACADEMIC CATALYSIS RESEARCH IN THE US. DEVELOPING EFFICIENT CATALYSTS
FOR FUEL CELLS, WHICH CONVERT CHEMICAL ENERGY DIRECTLY INTO ELECTRICAL ENERGY, IS A KEY PRIORITY. THIS INCLUDES
RESEARCH INTO OXYGEN REDUCTION REACTION (ORR) AND HYDROGEN OXIDATION REACTION (HOR) CATALYSTS, AIMING TO
IMPROVE DURABILITY AND REDUCE THE RELIANCE ON PLATINUM-GROUP METALS. SIMILARLY, RESEARCH INTO CATALYSTS FOR
CO2 UTILIZATION IS GAINING MOMENTUM, WITH ACADEMICS EXPLORING WAYS TO ELECTROCATALYTICALLY OR
PHOTOCATALYTICALLY CONVERT CAPTURED CARBON DIOXIDE INTO VALUABLE PRODUCTS LIKE METHANOL, FORMIC ACID, OR
SYNGAS, CONTRIBUTING TO CARBON CAPTURE AND UTILIZATION (CCU) STRATEGIES. BATTERY TECHNOLOGY ALSO BENEFITS
FROM CATALYSIS RESEARCH, PARTICULARLY IN THE DEVELOPMENT OF ELECTROLYTE ADDITIVES AND ELECTRODE MATERIALS
THAT ENHANCE CHARGE AND DISCHARGE EFFICIENCY AND PROLONG BATTERY LIFE.

ADVANCED MATERIALS SYNTHESIS VIA CATALYSIS

CATALYSIS PLAYS A CRUCIAL ROLE IN THE DESIGN AND SYNTHESIS OF NOVEL MATERIALS WITH ENHANCED PROPERTIES.
ACADEMIC RESEARCHERS ARE EMPLOYING CATALYTIC METHODS TO CONTROL THE MORPHOLOGY, SIZE, AND STRUCTURE OF
NANOPARTICLES, QUANTUM DOTS, AND METAL-ORGANIC FRAMEW ORKS (MOFS) THESE PRECISELY ENGINEERED MATERIALS OFTEN
EXHIBIT UNIQUE CATALYTIC, ELECTRONIC, OR OPTICAL PROPERTIES, MAKING THEM SUITABLE FOR A \WIDE RANGE OF
APPLICATIONS, INCLUDING ADVANCED SENSORS, DRUG DELIVERY SYSTEMS, AND NEXT-GENERATION ELECTRONICS. For EXAMPLE,



CATALYTIC POLYMERIZATION METHODS ALLOW FOR THE PRECISE CONTROL OF POLYMER ARCHITECTURES, LEADING TO NEW
MATERIALS WITH TAILORED MECHANICAL AND THERMAL PROPERTIES.

METHODOLOGIES AND TECHNOLOGIES IN CATALYSIS RESEARCH

THE SOPHISTICATION OF RESEARCH IN CATALYSIS IN US ACADEMIC SETTINGS IS DRIVEN BY A CONFLUENCE OF ADVANCED
EXPERIMENTAL TECHNIQUES AND COMPUTATIONAL APPROACHES. RESEARCHERS METICULOUSLY DESIGN EXPERIMENTS TO PROBE
CATALYTIC MECHANISMS, IDENTIFY ACTIVE SPECIES, AND QUANTIFY REACTION KINETICS. CHARACTERIZATION OF CATALYST
SURFACES AND ACTIVE SITES IS PARAMOUNT, EMPLOYING A SUITE OF SPECTROSCOPIC AND MICROSCOPIC TOOLS. THESE
INCLUDE X-RAY PHOTOELECTRON SPECTROSCOPY (XPS), TRANSMISSION ELECTRON MICROSCOPY (TEM), SCANNING TUNNELING
MIcROSCoPY (STM), AND RAMAN SPECTROSCOPY, OFTEN USED IN IN-SITU OR OPERANDO MODES TO OBSERVE CATALYSTS
UNDER REACTION CONDITIONS. ISOTOPIC LABELING STUDIES ARE ALSO FREQUENTLY EMPLOYED TO TRACE REACTION PATHWAYS
AND CONFIRM PROPOSED MECHANISMS.

COMPUTATIONAL CHEMISTRY PLAYS AN INDISPENSABLE ROLE IN MODERN CATALYSIS RESEARCH. DENSITY FUNCTIONAL THEORY
(DFT) CALCULATIONS ARE WIDELY USED TO MODEL REACTION INTERMEDIATES, TRANSITION STATES, AND ENERGY BARRIERS,
PROVIDING ATOMIC-LEVEL INSIGHTS THAT COMPLEMENT EXPERIMENTAL OBSERVATIONS. HIGH-THROUGHPUT COMPUTATIONAL
SCREENING OF POTENTIAL CATALYTIC MATERIALS ALLOWS FOR THE RAPID IDENTIFICATION OF PROMISING CANDIDATES,
SIGNIFICANTLY ACCELERATING THE DISCOVERY PROCESS. MACHINE LEARNING AND ARTIFICIAL INTELLIGENCE ARE ALSO EMERGING
AS POWERFUL TOOLS FOR ANALYZING LARGE DATASETS FROM HIGH-THROUGHPUT EXPERIMENTS AND SIMULATIONS, ENABLING
PREDICTIVE MODELS FOR CATALYST DESIGN AND OPTIMIZATION. THE SYNERGY BETWEEN THEORY AND EXPERIMENT IS A HALLMARK
OF CUTTING-EDGE CATALYSIS RESEARCH IN US ACADEMIA, ENABLING A DEEPER AND MORE COMPREHENSIVE UNDERSTANDING OF
CATALYTIC PHENOMENA.

¢ ADVANCED SPECTROSCOPIC TECHNIQUES (E.G., IR, RAMAN, XPS, NMR)
¢ HicH-ResoLuTION Microscory (E.G., TEM, STEM, AFM)

¢ IN-SITU AND OPERANDO CHARACTERIZATION

o CoMPUTATIONAL MODELING (E.G., DFT, MOLECULAR DYNAMICS)

¢ |soToPIC LABELING STUDIES

® HiGH-THROUGHPUT SCREENING AND COMBINATORIAL METHODS

e FLow CHEMISTRY AND MICROREACTOR TECHNOLOGY

IMPACT AND APPLICATIONS oF US AcapeMic CATALYSIS

THE IMPACT OF CATALYSIS RESEARCH EMANATING FROM US ACADEMIC INSTITUTIONS IS PROFOUND AND FAR-REACHING,
EXTENDING WELL BEYOND THE LABORATORY BENCH. THE FUNDAMENTAL DISCOVERIES MADE IN UNIVERSITY SETTINGS OFTEN SERVE
AS THE INTELLECTUAL WELLSPRING FOR TECHNOLOGICAL ADVANCEMENTS IN VARIOUS INDUSTRIES. FOR INSTANCE,
BREAKTHROUGHS IN HOMOGENEOUS CATALYSIS HAVE LED TO MORE EFFICIENT AND SELECTIVE ROUTES FOR SYNTHESIZING
COMPLEX PHARMACEUTICALS, REDUCING MANUFACTURING COSTS AND ENVIRONMENTAL IMPACT. ACADEMIC RESEARCH IN
HETEROGENEOUS CATALYSIS HAS BEEN INSTRUMENTAL IN DEVELOPING IMPROVED CATALYSTS FOR PETROLEUM REFINING, CHEMICAL
PRODUCTION, AND POLLUTION ABATEMENT TECHNOLOGIES LIKE CATALYTIC CONVERTERS IN AUTOMOBILES.

THE DEVELOPMENT OF NOVEL CATALYTIC MATERIALS AND PROCESSES FOR RENEW ABLE ENERGY IS ANOTHER AREA WHERE US
ACADEMIC RESEARCH IS MAKING A SIGNIFICANT SOCIETAL CONTRIBUTION. THE ONGOING EFFORTS IN PHOTOCATALYSIS AND



ELECTROCATALYSIS FOR FUEL PRODUCTION AND ENERGY STORAGE HOLD THE PROMISE OF TRANSITIONING TOWARDS A
SUSTAINABLE ENERGY INFRASTRUCTURE. FURTHERMORE/ THE APPLICATION OF CATALYSIS IN MATERIALS SCIENCE, SUCH AS IN THE
PRECISE SYNTHESIS OF POLYMERS AND ADVANCED NANOMATERIALS, IS ENABLING THE DEVELOPMENT OF LIGHTER, STRONGER, AND
MORE FUNCTIONAL MATERIALS FOR AEROSPACE, AUTOMOTIVE, AND CONSUMER ELECTRONICS INDUSTRIES. THE ENTREPRENEURIAL
SPIRIT FOSTERED WITHIN US ACADEMIA ALSO LEADS TO THE SPIN-OFF OF NUMEROUS COMPANIES THAT COMMERCIALIZE THESE
CATALYTIC INNOVATIONS, FURTHER AMPLIFYING THEIR SOCIETAL IMPACT.

THe FUTURE oF CATALYSIS IN ACADEMIC RESEARCH US

THE TRAJECTORY OF CATALYSIS RESEARCH IN US ACADEMIC INSTITUTIONS POINTS TOWARDS AN EVEN MORE INTEGRATED AND
INTERDISCIPLINARY FUTURE. THE GRAND CHALLENGES OF SUSTAINABLE DEVELOPMENT, CLIMATE CHANGE MITIGATION, AND
RESOURCE EFFICIENCY WILL CONTINUE TO DRIVE INNOVATION. WE CAN ANTICIPATE FURTHER ADVANCEMENTS IN THE DESIGN OF
ARTIFICIAL ENZYMES THAT MIMIC OR SURPASS THE EFFICIENCY OF NATURAL BIOCATALYSTS, OFFERING UNPRECEDENTED
SELECTIVITY AND SUSTAINABILITY IN CHEMICAL SYNTHESIS. THE EXPLORATION OF SINGLE-ATOM CATALYSIS, WHERE INDIVIDUAL
METAL ATOMS ARE DISPERSED ON SUPPORT MATERIALS TO CREATE HIGHLY ACTIVE AND SELECTIVE CATALYTIC SITES, IS ALSO
EXPECTED TO EXPAND SIGNIFICANTLY, OFFERING NEW PARADIGMS IN CATALYST DESIGN.

THE INTEGRATION OF ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING W/ITH EXPERIMENTAL AND COMPUTATIONAL APPROACHES
WILL BECOME INCREASINGLY SOPHISTICATED, ENABLING “SELF-DRIVING” LABORATORIES THAT CAN AUTONOMOUSLY DESIGN,
SYNTHESIZE, AND TEST NEW CATALYSTS. THE FOCUS WILL REMAIN ON DEVELOPING CATALYSTS THAT ARE NOT ONLY HIGHLY
ACTIVE AND SELECTIVE BUT ALSO ROBUST, COST-EFFECTIVE, AND DERIVED FROM ABUNDANT, NON-TOXIC ELEMENTS. EMERGING
AREAS LIKE ELECTRO-SYNGAS PRODUCTION, ADVANCED BIOREFINERY CATALYSIS, AND CATALYTIC APPROACHES FOR CARBON
CAPTURE AND CONVERSION WILL UNDOUBTEDLY SEE SIGNIFICANT GROWTH, SOLIDIFYING THE CRITICAL ROLE OF CATALYSIS IN
ADDRESSING GLOBAL CHALLENGES AND SHAPING THE FUTURE OF SCIENCE AND TECHNOLOGY WITHIN THE UNITED STATES AND
BEYOND.

FAQ

Q: WHAT ARE THE MAIN DRIVERS FOR CATALYSIS RESEARCH IN US ACADEMIC
INSTITUTIONS?

A: THE MAIN DRIVERS FOR CATALYSIS RESEARCH IN US ACADEMIC INSTITUTIONS INCLUDE THE PURSUIT OF FUNDAMENTAL
SCIENTIFIC UNDERSTANDING OF REACTION MECHANISMS, THE DEVELOPMENT OF SUSTAINABLE AND GREEN CHEMISTRY PROCESSES,
THE ADVANCEMENT OF RENEW ABLE ENERGY TECHNOLOGIES, AND THE CREATION OF NOVEL MATERIALS WITH UNIQUE PROPERTIES.
SOCIETAL NEEDS FOR CLEANER MANUFACTURING, EFFICIENT ENERGY PRODUCTION, AND INNOVATIVE SOLUTIONS FOR
ENVIRONMENTAL CHALLENGES ALSO PLAY A SIGNIFICANT ROLE.

QZ How poes US ACADEMIC RESEARCH CONTRIBUTE TO SUSTAINABLE CHEMISTRY?

A: US ACADEMIC RESEARCH CONTRIBUTES TO SUSTAINABLE CHEMISTRY BY DEVELOPING CATALYTIC PROCESSES THAT MINIMIZE
W ASTE, REDUCE ENERGY CONSUMPTION, UTILIZE RENEW ABLE FEEDSTOCKS, AND EMPLOY SAFER SOLVENTS. THIS INCLUDES
RESEARCH INTO BIOMASS CONVERSION, co2 UTILIZATION, AND THE DESIGN OF EARTH-ABUNDANT METAL CATALYSTS TO
REPLACE PRECIOUS METALS.

Q: WHAT ROLE DOES COMPUTATIONAL CHEMISTRY PLAY IN US ACADEMIC CATALYSIS
RESEARCH?P

A: COMPUTATIONAL CHEMISTRY, PARTICULARLY DENSITY FUNCTIONAL THEORY (DFT), PLAYS A CRUCIAL ROLE BY PROVIDING
ATOMIC-LEVEL INSIGHTS INTO REACTION MECHANISMS, TRANSITION STATES, AND ENERGY BARRIERS. |T AIDS IN PREDICTING
CATALYST BEHAVIOR, SCREENING POTENTIAL MATERIALS, AND GUIDING EXPERIMENTAL DESIGN, SIGNIFICANTLY ACCELERATING THE



DISCOVERY PROCESS.

Q: CAN YOU PROVIDE EXAMPLES OF ADVANCED MATERIALS SYNTHESIZED USING
CATALYSIS IN US ACADEMIA?

A: YES/ ACADEMIC RESEARCH IN CATALYSIS IS USED TO SYNTHESIZE ADVANCED MATERIALS LIKE PRECISELY ENGINEERED
NANOPARTICLES, QUANTUM DOTS, AND METAL-ORGANIC FRAMEW ORKS (MOFS) WITH TAILORED CATALYTIC, ELECTRONIC, AND
OPTICAL PROPERTIES. CATALYTIC POLYMERIZATION METHODS ALSO YIELD POLYMERS WITH CONTROLLED ARCHITECTURES FOR
SPECIALIZED APPLICATIONS.

Q: How ARe US UNIVERSITIES FOSTERING INTERDISCIPLINARY APPROACHES IN
CATALYSIS RESEARCH?

A: US UNIVERSITIES FOSTER INTERDISCIPLINARY APPROACHES BY CREATING COLLABORATIVE ENVIRONMENTS WHERE CHEMISTS,
PHYSICISTS, ENGINEERS, AND BIOLOGISTS WORK TOGETHER ON COMPLEX CATALYTIC CHALLENGES. THIS INTEGRATION ALLOWS
FOR A HOLISTIC UNDERSTANDING AND SOLUTION DEVELOPMENT THAT SPANS MULTIPLE SCIENTIFIC DOMAINS.

Q: WHAT IS THE SIGNIFICANCE OF IN-SITU AND OPERANDO CHARACTERIZATION IN
CATALYSIS RESEARCH?

A: IN-SITU AND OPERANDO CHARACTERIZATION ARE SIGNIFICANT BECAUSE THEY ALLOW RESEARCHERS TO STUDY CATALYSTS
WHILE THEY ARE ACTIVELY PERFORMING A REACTION. THIS PROVIDES REAL-TIME INFORMATION ABOUT THE ACTIVE SPECIES,
REACTION INTERMEDIATES, AND DYNAMIC CHANGES OCCURRING ON THE CATALYST SURFACE UNDER REALISTIC OPERATING
CONDITIONS, LEADING TO MORE ACCURATE MECHANISTIC INSIGHTS.

Q: How DOES ACADEMIC CATALYSIS RESEARCH IMPACT THE PHARMACEUTICAL
INDUSTRY?

A: ACADEMIC RESEARCH IN CATALYSIS, PARTICULARLY IN HOMOGENEOUS CATALYSIS, LEADS TO THE DEVELOPMENT OF MORE
EFFICIENT, SELECTIVE, AND COST-EFFECTIVE METHODS FOR SYNTHESIZING COMPLEX DRUG MOLECULES. THIS REDUCES
MANUFACTURING COSTS, MINIMIZES WASTE, AND CAN LEAD TO THE DISCOVERY OF NOVEL THERAPEUTIC COMPOUNDS.

QI WHAT ARE THE EMERGING TRENDS IN US ACADEMIC CATALYSIS RESEARCH FOR
RENEW ABLE ENERGY?

A: EMERGING TRENDS INCLUDE ADVANCED PHOTOCATALYSIS AND ELECTROCATALYSIS FOR WATER SPLITTING (HYDROGEN
PRODUCTION) AND CO2 REDUCTION INTO FUELS. RESEARCH IS ALSO FOCUSED ON IMPROVING CATALYSTS FOR FUEL CELLS AND
NEXT-GENERATION BATTERY TECHNOLOGIES.

Q: HOW IS ARTIFICIAL INTELLIGENCE BEING INTEGRATED INTO US ACADEMIC CATALYSIS
RESEARCH?

A: ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING ARE BEING USED TO ANALYZE LARGE DATASETS FROM HIGH-THROUGHPUT
EXPERIMENTS AND SIMULATIONS, ENABLING PREDICTIVE MODELS FOR CATALYST DESIGN AND OPTIMIZATION. THIS INTEGRATION IS
MOVING TOWARDS “SELF-DRIVING” LABORATORIES CAPABLE OF AUTONOMOUS CATALYST DISCOVERY.



QZ W/HAT IS THE LONG-TERM VISION FOR CATALYSIS RESEARCH IN US ACADEMIA?

A: THE LONG-TERM VISION IS FOCUSED ON ADDRESSING GRAND CHALLENGES LIKE CLIMATE CHANGE AND RESOURCE SCARCITY
THROUGH THE DEVELOPMENT OF HIGHLY EFFICIENT, SUSTAINABLE, AND COST-EFFECTIVE CATALYTIC SOLUTIONS. THIS INCLUDES
BREAKTHROUGHS IN ARTIFICIAL ENZYMES, SINGLE-ATOM CATALYSIS, AND INTEGRATED AIl-DRIVEN DISCOVERY PLATFORMS.
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