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CoMPUTATIONAL CHEMISTRY BASICS REVIEW

COMPUTATIONAL CHEMISTRY BASICS REVIEW IS ESSENTIAL FOR ANYONE VENTURING INTO THE MODERN CHEMICAL SCIENCES,
OFFERING A PROFOUND UNDERSTANDING OF HOW COMPUTERS ARE REVOLUTIONIZING THE WAY WE STUDY MOLECULES AND
REACTIONS. THIS ARTICLE DELVES INTO THE FUNDAMENTAL PRINCIPLES AND CORE METHODOLOGIES THAT UNDERPIN THIS DYNAMIC
FIELD. WE'LL EXPLORE THE THEORETICAL FRAMEWORKS THAT GUIDE OUR SIMULATIONS, FROM THE QUANTUM MECHANICAL
UNDERPINNINGS TO THE APPROXIMATIONS THAT MAKE THESE CALCULATIONS FEASIBLE. FURTHERMORE, WE WILL DISCUSS THE
VARIOUS LEVELS OF THEORY EMPLOYED, EACH OFFERING A DIFFERENT BALANCE BETWEEN ACCURACY AND COMPUTATIONAL
COST. UNDERSTANDING THESE BASICS ALLOWS US TO PREDICT MOLECULAR PROPERTIES, DESIGN NEW MATERIALS, AND UNRAVEL
COMPLEX REACTION MECHANISMS WITH UNPRECEDENTED DETAIL. PREPARE TO EMBARK ON A JOURNEY THAT BRIDGES THE GAP
BETWEEN THEORETICAL CONCEPTS AND PRACTICAL APPLICATIONS IN CHEMICAL RESEARCH.
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WHAT IS CoOMPUTATIONAL CHEMISTRY?

COMPUTATIONAL CHEMISTRY IS A BRANCH OF CHEMISTRY THAT USES COMPUTER SIMULATIONS TO HELP SOLVE CHEMICAL
PROBLEMS. |T°S LIKE HAVING A VIRTUAL LABORATORY WHERE YOU CAN EXPERIMENT WITH MOLECULES WITHOUT EVER TOUCHING
A PHYSICAL TEST TUBE. BY APPLYING THE PRINCIPLES OF THEORETICAL CHEMISTRY TO COMPUTER PROGRAMS, SCIENTISTS CAN
GAIN INSIGHTS INTO MOLECULAR STRUCTURES, PREDICT THEIR BEHAVIOR, AND UNDERSTAND CHEMICAL REACTIONS. [T’s NOT JusT
ABOUT RUNNING SOFTW ARE;, IT’S ABOUT UNDERSTANDING THE UNDERLYING PHYSICS AND CHEMISTRY THAT MAKE THESE
SIMULATIONS POSSIBLE.

THIS FIELD ALLOWS US TO EXPLORE SCENARIOS THAT MIGHT BE TOO DANGEROUS, EXPENSIVE, OR SIMPLY IMPOSSIBLE TO STUDY
EXPERIMENTALLY. IMAGINE TRYING TO SIMULATE THE FORMATION OF A SUPERNOVA OR THE FOLDING OF A COMPLEX PROTEIN;,
THESE ARE AREAS WHERE COMPUTATIONAL APPROACHES SHINE. |T PROVIDES A COMPLEMENTARY APPROACH TO EXPERIMENTAL
CHEMISTRY, OFTEN GUIDING EXPERIMENTAL DESIGN AND HELPING TO INTERPRET COMPLEX RESULTS. THE SYNERGY BETWEEN
COMPUTATION AND EXPERIMENTATION IS A DRIVING FORCE BEHIND MANY MODERN SCIENTIFIC BREAKTHROUGHS.

THE THeoRETICAL FOUNDATIONS oF COMPUTATIONAL CHEMISTRY

AT ITS HEART, COMPUTATIONAL CHEMISTRY IS BUILT UPON A BEDROCK OF THEORETICAL PRINCIPLES, PRIMARILY DERIVED FROM
QUANTUM MECHANICS. THE GOAL IS TO SOLVE THE SCHR DINGER EQUATION, WHICH GOVERNS THE BEHAVIOR OF ELECTRONS
AND NUCLEI IN ATOMS AND MOLECULES. HO\X/EVER, THIS EQUATION IS INCREDIBLY COMPLEX AND CANNOT BE SOLVED EXACTLY



FOR SYSTEMS WITH MORE THAN A FEW ELECTRONS. THIS IS WHERE THE ART AND SCIENCE OF APPROXIMATIONS COME INTO PLAY,
MAKING THE CALCULATIONS TRACTABLE.

THE FUNDAMENTAL AIM IS TO CALCULATE THE ENERGY OF A MOLECULAR SYSTEM FOR A GIVEN ARRANGEMENT OF ITS ATOMS.
THIS ENERGY IS A CRITICAL DETERMINANT OF A MOLECULE'S STABILITY, REACTIVITY, AND MANY OF ITS OBSERVABLE
PROPERTIES. BY SYSTEMATICALLY VARYING THE POSITIONS OF THE ATOMS AND RECALCULATING THE ENERGY, WE CAN FIND THE
MOST STABLE STRUCTURE, UNDERSTAND HOW IT MIGHT DEFORM, AND MAP OUT THE ENERGY LANDSCAPE OF CHEMICAL
REACTIONS.

QUANTUM MECHANICS AND ITS ROLE

QUANTUM MECHANICS PROVIDES THE MOST ACCURATE DESCRIPTION OF CHEMICAL PHENOMENA AT THE ATOMIC AND MOLECULAR
LEVEL. IT DICTATES THAT ELECTRONS DO NOT ORBIT NUCLEI LIKE PLANETS AROUND A SUN, BUT RATHER EXIST IN PROBABILITY
DISTRIBUTIONS KNOWN AS ORBITALS. THE SCHR DINGER EQUATION DESCRIBES THE WAVE FUNCTION OF A SYSTEM, FROM WHICH
WE CAN DERIVE CRUCIAL INFORMATION LIKE ENERGY AND ELECTRON DISTRIBUTION.

For sIMPLE SYSTEMS, LIKE THE HYDROGEN ATOM, THE SCHR DINGER EQUATION CAN BE SOLVED ANALYTICALLY, YIELDING EXACT
RESULTS. HO\X/EVER, FOR ANY MOLECULE WITH MULTIPLE ELECTRONS, THE EQUATION BECOMES A FORMIDABLE CHALLENGE DUE

TO THE INTERACTIONS BETWEEN ALL THESE ELECTRONS AND THE NUCLEI. THIS IS THE CENTRAL HURDLE THAT COMPUTATIONAL
CHEMISTS MUST OVERCOME, LEADING TO THE DEVELOPMENT OF VARIOUS APPROXIMATION METHODS.

APPROXIMATIONS IN COMPUTATIONAL CHEMISTRY

SINCE EXACT SOLUTIONS TO THE SCHR DINGER EQUATION ARE RARELY POSSIBLE FOR REAL~WORLD MOLECULES,
APPROXIMATIONS ARE INDISPENSABLE. THESE APPROXIMATIONS AIM TO SIMPLIFY THE PROBLEM WHILE RETAINING ENOUGH
ACCURACY TO BE CHEMICALLY MEANINGFUL. THE CHOICE OF APPROXIMATION OFTEN DEPENDS ON THE SPECIFIC PROBLEM, THE
DESIRED ACCURACY, AND THE AVAILABLE COMPUTATIONAL RESOURCES.

ONE OF THE EARLIEST AND MOST IMPACTFUL APPROXIMATIONS IS THE BORN-OPPENHEIMER APPROXIMATION. THIS
SIMPLIFICATION ASSUMES THAT THE NUCLEI ARE MUCH HEAVIER AND MOVE MUCH SLOWER THAN THE ELECTRONS. THEREFOEE, WE
CAN CONSIDER THE NUCLEI TO BE FIXED IN SPACE WHILE SOLVING THE ELECTRONIC SCHR DINGER EQUATION. THIS DECOUPLES
THE MOTION OF NUCLEI AND ELECTRONS, SIGNIFICANTLY SIMPLIFYING THE OVERALL PROBLEM.

LEVELS oF THEORY IN CoMPUTATIONAL CHEMISTRY

THE VARIOUS APPROACHES USED IN COMPUTATIONAL CHEMISTRY ARE OFTEN CATEGORIZED BY THEIR “LEVEL OF THEORY,”
WHICH ESSENTIALLY DESCRIBES THE DEGREE OF APPROXIMATION AND THE COMPUTATIONAL COST. HIGHER LEVELS OF THEORY
GENERALLY OFFER GREATER ACCURACY BUT REQUIRE SIGNIFICANTLY MORE COMPUTATIONAL POWER, TIME, AND MEMORY.
CHOOSING THE RIGHT LEVEL OF THEORY IS CRUCIAL FOR OBTAINING RELIABLE RESULTS WITHOUT WASTING RESOURCES.

THESE LEVELS RANGE FROM VERY SIMPLE EMPIRICAL METHODS TO HIGHLY SOPHISTICATED QUANTUM MECHANICAL
CALCULATIONS. EACH LEVEL PROVIDES A DIFFERENT LENS THROUGH WHICH TO VIEW MOLECULAR BEHAVIOR, AND THE CHOICE IS
OFTEN A TRADE-OFF BETWEEN SPEED AND PRECISION. UNDERSTANDING THESE DIFFERENT APPROACHES IS KEY TO EFFECTIVELY
APPLYING COMPUTATIONAL TOOLS IN YOUR OWN RESEARCH.

MoLECULAR MECHANICS



MOLECULAR MECHANICS (MM) IS ONE OF THE SIMPLEST AND COMPUTATIONALLY LEAST EXPENSIVE LEVELS OF THEORY. INSTEAD
OF SOLVING QUANTUM MECHANICAL EQUATIONS, MM TREATS MOLECULES AS COLLECTIONS OF ATOMS CONNECTED BY SPRINGS
REPRESENTING CHEMICAL BONDS. THE ENERGY OF THE MOLECULE IS CALCULATED USING CLASSICAL MECHANICS, BASED ON A
FORCE FIELD THAT DESCRIBES THE POTENTIAL ENERGY OF STRETCHING AND BENDING BONDS, TORSIONAL ANGLES, AND NON-
BONDED INTERACTIONS LIKE VAN DER W AALS FORCES AND ELECTROSTATIC INTERACTIONS.

MM IS PARTICULARLY USEFUL FOR LARGE MOLECULES LIKE PROTEINS AND NUCLEIC ACIDS, WHERE QUANTUM MECHANICAL
CALCULATIONS WOULD BE PROHIBITIVELY EXPENSIVE. |T EXCELS AT DETERMINING THE LOW-ENERGY CONFORMATIONS OF THESE
MOLECULES AND IS WIDELY USED IN MOLECULAR DYNAMICS SIMULATIONS TO STUDY THEIR MOVEMENT OVER TIME. HO\X/EVER,
MM CANNOT DESCRIBE ELECTRONIC PHENOMENA LIKE BOND BREAKING OR FORMATION, OR THE EXCITED STATES OF MOLECULES, AS
IT DOESN'T EXPLICITLY CONSIDER ELECTRONS.

SeEMI-EMPIRICAL METHODS

SEMI-EMPIRICAL METHODS REPRESENT A STEP UP IN COMPLEXITY AND ACCURACY FROM MOLECULAR MECHANICS. THEY ARE STILL
APPROXIMATIONS OF QUANTUM MECHANICS, BUT THEY SIMPLIFY CERTAIN CALCULATIONS BY USING PARAMETERS THAT ARE
DERIVED FROM EXPERIMENTAL DATA OR HIGHER-LEVEL THEORETICAL CALCULATIONS. THESE METHODS STILL SOLVE A FORM OF
THE SCHR DINGER EQUATION, BUT MANY OF THE COMPLEX INTEGRALS ARE EITHER NEGLECTED OR REPLACED WITH EMPIRICAL
TERMS.

POPULAR SEMI-EMPIRICAL METHODS INCLUDE AM 1, PM3, AND GFN2-XTB. THEY OFFER A GOOD BALANCE BETWEEN ACCURACY
AND SPEED, MAKING THEM SUITABLE FOR EXPLORING THE PROPERTIES OF ORGANIC MOLECULES AND PERFORMING GEOMETRY
OPTIMIZATIONS FOR LARGER SYSTEMS WHERE AB INITIO METHODS ARE TOO DEMANDING. W/HILE THEY ARE FASTER THAN AB INITIO
METHODS, THEIR ACCURACY CAN BE LIMITED FOR CERTAIN TYPES OF CHEMICAL SYSTEMS OR PROPERTIES.

AB INITIO METHODS

THe TerM “AB INITIO” 1S LATIN FOR “FROM THE BEGINNING.” AB INITIO METHODS AIM TO SOLVE THE ELECTRONIC SCHR[?| DINGER
EQUATION AS ACCURATELY AS POSSIBLE WITHOUT RESORTING TO EMPIRICAL PARAMETERS DERIVED FROM EXPERIMENTS. THESE
METHODS START WITH FUNDAMENTAL PHYSICAL LAWS AND CONSTANTS. THE MOST COMMON AB INITIO METHOD IS THE
HArTREE-Fock (HF) METHOD, WHICH APPROXIMATES THE BEHAVIOR OF ELECTRONS BY CONSIDERING EACH ELECTRON MOVING IN
THE AVERAGE FIELD CREATED BY ALL OTHER ELECTRONS.

BeYOND HARTREE-FOCK, MORE ADVANCED AB INITIO METHODS LIKE CONFIGURATION INTERACTION (Cl), COUPLED CLUSTER
(CC), AND M| LLER-PLESSET PERTURBATION THEORY (MPN) SYSTEMATICALLY ACCOUNT FOR ELECTRON CORRELATION = THE
FACT THAT ELECTRONS INTERACT WITH EACH OTHER INSTANTANEOQUSLY, NOT JUST ON AVERAGE. THESE METHODS PROVIDE
HIGHLY ACCURATE RESULTS BUT ARE COMPUTATIONALLY VERY DEMANDING, OFTEN LIMITING THEIR APPLICATION TO SMALL TO
MEDIUM-SIZED MOLECULES.

DensiTy FuncTioNAL THeorY (DFT)

DeENsITY FUNCTIONAL THEORY (DFT) HAS BECOME ONE OF THE MOST POPULAR METHODS IN COMPUTATIONAL CHEMISTRY DUE
TO ITS FAVORABLE BALANCE OF ACCURACY AND COMPUTATIONAL COST. INSTEAD OF CALCULATING THE COMPLEX MANY-
ELECTRON WAVE FUNCTION, DF T FOCUSES ON THE ELECTRON DENSITY, WHICH IS A MUCH SIMPLER QUANTITY. THE
FUNDAMENTAL PRINCIPLE OF DFT IS THAT THE GROUND-STATE ENERGY OF A SYSTEM IS UNIQUELY DETERMINED BY TS ELECTRON
DENSITY.

THE CHALLENGE IN DFT LIES IN CHOOSING AN APPROPRIATE “EXCHANGE-CORRELATION FUNCTIONAL,” WHICH ACCOUNTS FOR THE
COMPLEX QUANTUM MECHANICAL INTERACTIONS BETWEEN ELECTRONS. NUMEROUS FUNCTIONALS HAVE BEEN DEVELOPED, RANGING
FROM SIMPLE LOCAL DENSITY APPROXIMATIONS TO MORE SOPHISTICATED HYBRID FUNCTIONALS THAT INCORPORATE SOME



HARTREE-FOCK EXCHANGE. DFT CALCULATIONS ARE GENERALLY MORE ACCURATE THAN HARTREE-FOCK FOR MANY PROPERTIES
AND CAN BE APPLIED TO LARGER SYSTEMS THAN TRADITIONAL CORRELATED AB INITIO METHODS, MAKING IT A \WORKHORSE IN
MODERN COMPUTATIONAL CHEMISTRY.

APPLICATIONS OF COMPUTATIONAL CHEMISTRY

THE REACH OF COMPUTATIONAL CHEMISTRY EXTENDS ACROSS NEARLY EVERY SUB-DISCIPLINE OF CHEMISTRY AND BEYOND,
OFFERING POWERFUL TOOLS FOR UNDERSTANDING AND PREDICTING CHEMICAL PHENOMENA. |T SERVES AS A VITAL COMPLEMENT
TO EXPERIMENTAL WORK, ALLOWING FOR IN"DEPTH ANALYSIS AND THE EXPLORATION OF POSSIBILITIES THAT MIGHT OTHERWISE
REMAIN UNDISCOVERED. THE ABILITY TO MODEL AND SIMULATE MOLECULAR BEHAVIOR HAS OPENED UP NEW AVENUES FOR
RESEARCH AND DEVELOPMENT.

FROM DESIGNING NOVEL PHARMACEUTICALS TO UNDERSTANDING THE INTRICACIES OF CATALYTIC REACTIONS, COMPUTATIONAL
CHEMISTRY PLAYS AN INDISPENSABLE ROLE. |T EMPOWERS RESEARCHERS TO TACKLE COMPLEX PROBLEMS WITH A LEVEL OF
DETAIL AND PREDICTIVE POWER THAT WAS UNIMAGINABLE JUST A FEW DECADES AGO. THIS SECTION HIGHLIGHTS SOME OF THE
KEY AREAS WHERE COMPUTATIONAL CHEMISTRY IS MAKING A SIGNIFICANT IMPACT.

MoLECULAR MODELING AND VISUALIZATION

MOLECULAR MODELING IS THE PROCESS OF CREATING THREE-DIMENSIONAL REPRESENTATIONS OF MOLECULES AND THEIR
INTERACTIONS. COMPUTATIONAL CHEMISTRY SOFTWARE ALLOWS US TO BUILD, MANIPULATE, AND VISUALIZE THESE MODELS.
THIS IS CRUCIAL FOR UNDERSTANDING THE SHAPE, SIZE, AND SPATIAL ARRANGEMENT OF ATOMS WITHIN A MOLECULE, WHICH
DIRECTLY INFLUENCES ITS PROPERTIES AND REACTIVITY.

VISUALIZATION TOOLS HELP US TO “SEE” ELECTRON DENSITIES, MOLECULAR ORBITALS, ELECTROSTATIC POTENTIALS, AND THE
DYNAMIC MOVEMENT OF MOLECULES OVER TIME. THIS VISUAL INTUITION IS INCREDIBLY VALUABLE FOR CHEMISTS, ALLOWING
THEM TO GRASP COMPLEX MOLECULAR STRUCTURES AND PHENOMENA THAT WOULD BE DIFFICULT TO COMPREHEND FROM
NUMERICAL DATA ALONE. |T’S LIKE HAVING A VIRTUAL MICROSCOPE THAT CAN ZOOM IN ON ATOMS AND ELECTRONS.

PreDICTING CHEMICAL PROPERTIES

ONE OF THE MOST POWERFUL APPLICATIONS OF COMPUTATIONAL CHEMISTRY IS ITS ABILITY TO PREDICT A WIDE RANGE OF
CHEMICAL AND PHYSICAL PROPERTIES OF MOLECULES. THIS INCLUDES THINGS LIKE:

® MOLECULAR GEOMETRY AND BOND LENGTHS
® VIBRATIONAL FREQUENCIES (\X/HICH RELATE TO INFRARED AND RAMAN SPECTRA)

THERMODYNAMIC PROPERTIES SUCH AS ENTHALPY AND GIBBS FREE ENERGY

o ELECTRONIC PROPERTIES LIKE DIPOLE MOMENTS AND POLARIZABILITIES
e SPECTROSCOPIC PROPERTIES
BY ACCURATELY PREDICTING THESE PROPERTIES, COMPUTATIONAL CHEMISTS CAN SCREEN POTENTIAL CANDIDATES FOR NEW

MATERIALS OR DRUGS, IDENTIFY POTENTIAL HAZARDS, AND UNDERSTAND THE FUNDAMENTAL BEHAVIOR OF SUBSTANCES BEFORE
INVESTING HEAVILY IN EXPERIMENTAL SYNTHESIS.



STUDYING REACTION MECHANISMS

UNDERSTANDING HOW CHEMICAL REACTIONS OCCUR IS FUNDAMENTAL TO CHEMISTRY. COMPUTATIONAL CHEMISTRY PROVIDES AN
INVALUABLE TOOL FOR ELUCIDATING REACTION MECHANISMS, WHICH ARE THE STEP-BY-STEP PATHWAYS BY WHICH REACTANTS
ARE TRANSFORMED INTO PRODUCTS. BY CALCULATING THE ENERGIES OF INTERMEDIATES AND TRANSITION STATES, WE CAN MAP
OUT THE ENERGY PROFILE OF A REACTION.

THIS ALLOWS US TO IDENTIFY THE RATE-DETERMINING STEP, PREDICT THE SELECTIVITY OF A REACTION (I.E., WHICH PRODUCTS
ARE FAVORED)I AND UNDERSTAND HOW CATALYSTS WORK. |T CAN REVEAL FLEETING, HIGH-ENERGY SPECIES THAT ARE DIFFICULT
OR IMPOSSIBLE TO DETECT EXPERIMENTALLY, PROVIDING CRUCIAL INSIGHTS INTO THE MOLECULAR DANCE OF CHEMICAL
TRANSFORMATIONS.

DruG DiscoVEerY AND DESIGN

THE PHARMACEUTICAL INDUSTRY HEAVILY RELIES ON COMPUTATIONAL CHEMISTRY FOR DRUG DISCOVERY AND DEVELOPMENT.
BEFORE A DRUG MOLECULE IS EVEN SYNTHESIZED, COMPUTATIONAL METHODS CAN BE USED TO:

® |DENTIFY POTENTIAL DRUG TARGETS (E.G.I PROTEINS INVOLVED IN A DISEASE)
® SCREEN VAST LIBRARIES OF VIRTUAL COMPOUNDS TO FIND THOSE THAT MIGHT BIND TO THE TARGET

e OPTIMIZE THE STRUCTURE OF LEAD COMPOUNDS TO IMPROVE THEIR EFFICACY, SELECTIVITY, AND PHARMACOKINETIC
PROPERTIES (HO\X/ THE BODY ABSORBS, DISTRIBUTES, METABOLIZES, AND EXCRETES THE DRUG)

® PREDICT POTENTIAL TOXICITY ISSUES

THIS VIRTUAL SCREENING AND OPTIMIZATION PROCESS SIGNIFICANTLY REDUCES THE TIME AND COST ASSOCIATED WITH
TRADITIONAL DRUG DISCOVERY, ACCELERATING THE DEVELOPMENT OF NEW MEDICINES.

MATERIALS SCIENCE

IN MATERIALS SCIENCE, COMPUTATIONAL CHEMISTRY IS USED TO DESIGN AND UNDERSTAND NEW MATERIALS WITH SPECIFIC
PROPERTIES. THIS INCLUDES:

® DEVELOPING NOVEL CATALYSTS FOR INDUSTRIAL PROCESSES
® DESIGNING ADVANCED POLYMERS AND PLASTICS
e PREDICTING THE ELECTRONIC AND OPTICAL PROPERTIES OF NEW SEMICONDUCTORS AND NANOMATERIALS

® INVESTIGATING THE BEHAVIOR OF MATERIALS UNDER EXTREME CONDITIONS

BY SIMULATING THE BEHAVIOR OF ATOMS AND MOLECULES AT THE FUNDAMENTAL LEVEL, RESEARCHERS CAN TAILOR MATERIALS
FOR APPLICATIONS RANGING FROM RENEW ABLE ENERGY TECHNOLOGIES TO ADVANCED ELECTRONICS.

CHALLENGES AND FUTURE DIRECTIONS IN COMPUTATIONAL CHEMISTRY

DESPITE ITS REMARKABLE PROGRESS, COMPUTATIONAL CHEMISTRY FACES ONGOING CHALLENGES AND EXCITING OPPORTUNITIES



FOR FUTURE DEVELOPMENT. ONE OF THE PRIMARY HURDLES REMAINS THE ACCURATE DESCRIPTION OF COMPLEX CHEMICAL
SYSTEMS, PARTICULARLY THOSE INVOLVING LARGE MOLECULES, INTRICATE ELECTRONIC STRUCTURES, OR DYNAMIC PROCESSES
OCCURRING OVER LONG TIMESCALES.

THE QUEST FOR HIGHER ACCURACY, ESPECIALLY IN DESCRIBING ELECTRON CORRELATION AND RELATIVISTIC EFFECTS, CONTINUES
TO DRIVE THE DEVELOPMENT OF NEW THEORETICAL METHODS AND ALGORITHMS. FURTHERMORE, THE INCREASING AVAILABILITY
OF MASSIVE COMPUTATIONAL POWER, SUCH AS THROUGH HIGH-PERFORMANCE COMPUTING CLUSTERS AND CLOUD PLATFORMS,
IS ENABLING RESEARCHERS TO TACKLE PROBLEMS THAT WERE PREVIOUSLY INTRACTABLE. THE INTEGRATION OF ARTIFICIAL
INTELLIGENCE AND MACHINE LEARNING WITH COMPUTATIONAL CHEMISTRY IS ALSO OPENING UP NEW FRONTIERS, PROMISING TO
ACCELERATE DISCOVERY AND UNCOVER NOVEL INSIGHTS INTO CHEMICAL PHENOMENA.
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