CHEMICAL KINETICS CONCEPTS

UNRAVELING THE DYNAMICS oF REacTIoNs: A Deep Dive INTo CHeMICAL KINETICS CONCEPTS

CHEMICAL KINETICS CONCEPTS ARE THE BEDROCK UPON WHICH OUR UNDERSTANDING OF HOW FAST CHEMICAL REACTIONS OCCUR
IS BUILT. THIS FASCINATING FIELD DELVES INTO THE RATES AND MECHANISMS BY WHICH REACTANTS TRANSFORM INTO
PRODUCTS, OFFERING CRITICAL INSIGHTS FOR EVERYTHING FROM INDUSTRIAL CHEMICAL PROCESSES TO BIOLOGICAL PATHWAYS.
UNDERSTANDING THESE FUNDAMENTAL PRINCIPLES ALLOWS US TO PREDICT, CONTROL, AND OPTIMIZE CHEMICAL
TRANSFORMATIONS, MAKING IT AN INDISPENSABLE AREA OF STUDY IN CHEMISTRY. THIS COMPREHENSIVE ARTICLE WILL EXPLORE
THE CORE PILLARS OF CHEMICAL KINETICS, INCLUDING REACTION RATES, FACTORS INFLUENCING THEM, RATE LAWS, REACTION
MECHANISMS, AND THE ROLE OF CATALYSTS. \WE WILL METICULOUSLY DISSECT EACH CONCEPT, PROVIDING A CLEAR AND
DETAILED EXPLANATION THAT ILLUMINATES THE INTRICATE DANCE OF MOLECULES IN MOTION.
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INTRODUCTION TO REACTION RATES

CHEMICAL KINETICS IS THE BRANCH OF PHYSICAL CHEMISTRY THAT INVESTIGATES THE SPEED AT WHICH CHEMICAL REACTIONS
PROCEED. |T SEEKS TO UNDERSTAND THE QUANTITATIVE ASPECTS OF CHEMICAL CHANGE, FOCUSING ON HOW QUICKLY
REACTANTS ARE CONSUMED AND PRODUCTS ARE FORMED. THE RATE OF A REACTION IS TYPICALLY DEFINED AS THE CHANGE IN
CONCENTRATION OF A REACTANT OR PRODUCT PER UNIT OF TIME. THIS SEEMINGLY SIMPLE CONCEPT IS, INFACT, A COMPLEX
INTERPLAY OF MOLECULAR COLLISIONS, ENERGY TRANSFER, AND THE SPECIFIC PATHWAYS REACTIONS CAN TAKE.

MEASURING REACTION RATES ALLOWS SCIENTISTS TO GLEAN INVALUABLE INFORMATION ABOUT THE UNDERLYING MOLECULAR
EVENTS. BY OBSERVING HOW CONCENTRATIONS CHANGE OVER TIME, WE CAN DEDUCE CRITICAL PARAMETERS THAT GOVERN THE
REACTION'S SPEED. THESE PARAMETERS ARE NOT ONLY FUNDAMENTAL TO THEORETICAL UNDERSTANDING BUT ALSO HAVE
PROFOUND PRACTICAL IMPLICATIONS IN DESIGNING AND CONTROLLING CHEMICAL PROCESSES, ENSURING EFFICIENCY AND SAFETY.

FACTORS AFFECTING REACTION RATES

SEVERAL EXTERNAL FACTORS CAN SIGNIFICANTLY INFLUENCE THE SPEED OF A CHEMICAL REACTION. MANIPULATING THESE
FACTORS IS A CORNERSTONE OF CONTROLLING CHEMICAL PROCESSES IN BOTH LABORATORY AND INDUSTRIAL SETTINGS.
(UNDERSTANDING THESE INFLUENCES ALLOWS FOR THE OPTIMIZATION OF REACTION CONDITIONS TO ACHIEVE DESIRED OUTCOMES,
WHETHER IT'S INCREASING PRODUCT YIELD OR MINIMIZING UNWANTED SIDE REACTIONS.

CONCENTRATION OF REACTANTS

THE CONCENTRATION OF REACTANTS PLAYS A PIVOTAL ROLE IN DETERMINING REACTION RATES. GENERALLY, AS THE
CONCENTRATION OF REACTANTS INCREASES, THE FREQUENCY OF EFFECTIVE COLLISIONS BETWEEN REACTANT MOLECULES ALSO
INCREASES. MORE FREQUENT COLLISIONS LEAD TO A HIGHER PROBABILITY OF SUCCESSFUL REACTIONS OCCURRING, THUS
ACCELERATING THE OVERALL RATE. THIS RELATIONSHIP IS FORMALIZED IN THE CONCEPT OF RATE LAWS, WHICH WE WILL
EXPLORE LATER.



SURFACE AREA OF SoLID REACTANTS

FOR REACTIONS INVOLVING SOLID REACTANTS, THE SURFACE AREA AVAILABLE FOR INTERACTION IS A CRITICAL FACTOR. A
LARGER SURFACE AREA MEANS MORE OF THE SOLID IS EXPOSED AND CAN COME INTO CONTACT WITH OTHER REACTANTS, LEADING
TO A FASTER REACTION RATE. THIS IS WHY FINELY POWDERED SOLIDS REACT MUCH FASTER THAN THE SAME MASS IN BULK FORM.
For INSTANCE, A PILE OF SAWDUST WILL BURN MUCH FASTER THAN A SOLID LOG OF THE SAME WOOD DUE TO ITS VASTLY
INCREASED SURFACE AREA.

TEMPERATURE

TEMPERATURE HAS A PROFOUND EFFECT ON REACTION RATES. INCREASING THE TEMPERATURE GENERALLY INCREASES THE KINETIC
ENERGY OF MOLECULES. THIS LEADS TO MORE FREQUENT COLLISIONS AND, MORE IMPORTANTLY , A HIGHER PROPORTION OF
COLLISIONS POSSESSING SUFFICIENT ENERGY TO OVERCOME THE ACTIVATION ENERGY BARRIER. CONSEQUENTLY/ REACTIONS
TYPICALLY PROCEED MUCH FASTER AT HIGHER TEMPERATURES. | HE PRECISE RELATIONSHIP BETWEEN TEMPERATURE AND RATE IS
OFTEN DESCRIBED BY THE ARRHENIUS EQUATION.

PreseNCE oF A CATALYST

A CATALYST IS A SUBSTANCE THAT INCREASES THE RATE OF A CHEMICAL REACTION WITHOUT ITSELF BEING CONSUMED IN THE

PROCESS. CATALYSTS WORK BY PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A LOWER ACTIVATION ENERGY. THIS
MAKES IT EASIER FOR REACTANT MOLECULES TO OVERCOME THE ENERGY BARRIER AND FORM PRODUCTS. W/HILE CATALYSTS DO
NOT AFFECT THE THERMODYNAMICS OF A REACTION (I.E., WHETHER IT IS SPONTANEOUS OR NOT), THEY DRAMATICALLY IMPACT
ITS KINETICS BY SPEEDING IT UP.

PRESSURE (FOR GASEOUS REACTIONS)

FOR REACTIONS INVOLVING GASES, PRESSURE IS DIRECTLY RELATED TO CONCENTRATION. INCREASING THE PRESSURE OF GASEOUS
REACTANTS EFFECTIVELY INCREASES THEIR CONCENTRATION, LEADING TO MORE FREQUENT COLLISIONS AND A FASTER REACTION
RATE. THIS IS PARTICULARLY IMPORTANT IN INDUSTRIAL PROCESSES WHERE REACTIONS ARE OFTEN CARRIED OUT UNDER HIGH
PRESSURE TO ENHANCE REACTION SPEED AND EFFICIENCY.

RATE LAWS AND THEIR DETERMINATION

RATE LAWS ARE MATHEMATICAL EXPRESSIONS THAT DESCRIBE HOW THE RATE OF A CHEMICAL REACTION DEPENDS ON THE
CONCENTRATION OF THE REACTANTS. THEY ARE EMPIRICAL, MEANING THEY ARE DETERMINED EXPERIMENTALLY, AND CANNOT BE
PREDICTED SOLELY FROM THE STOICHIOMETRY OF THE BALANCED CHEMICAL EQUATION. UNDERSTANDING RATE LAWS IS CRUCIAL
FOR PREDICTING HOW CHANGES IN REACTANT CONCENTRATIONS WILL AFFECT THE REACTION SPEED.

ORDER OF REACTION

THE ORDER OF A REACTION WITH RESPECT TO A PARTICULAR REACTANT INDICATES THE POWER TO WHICH ITS CONCENTRATION
TERM IS RAISED IN THE RATE LAW. THE OVERALL ORDER OF THE REACTION IS THE SUM OF THE ORDERS WITH RESPECT TO ALL
REACTANTS. FOR EXAMPLE, A REACTION WITH THE RATE LAW: RATE = k[A]*M[B]"N, HAS AN ORDER OF ‘M’ WITH RESPECT TO
REACTANT A AND ‘N’ WITH RESPECT TO REACTANT B. THE OVERALL ORDER IS M + N.

THE ORDER OF A REACTION CAN BE ZERO, A POSITIVE INTEGER, OR EVEN A FRACTION. A ZERO-ORDER REACTION MEANS THE RATE
IS INDEPENDENT OF THE CONCENTRATION OF THAT REACTANT. A FIRST-ORDER REACTION’S RATE IS DIRECTLY PROPORTIONAL TO
THE CONCENTRATION OF THAT REACTANT. A SECOND-ORDER REACTION'S RATE IS PROPORTIONAL TO THE SQUARE OF THE
CONCENTRATION OF THAT REACTANT OR THE PRODUCT OF THE CONCENTRATIONS OF TWO DIFFERENT REACTANTS, EACH RAISED
TO THE POWER OF ONE.



RATE ConsTANT (k)

THE RATE CONSTANT, DENOTED BY IK/, IS A PROPORTIONALITY CONSTANT THAT RELATES THE RATE OF A REACTION TO THE
CONCENTRATIONS OF THE REACTANTS. |T IS SPECIFIC TO A PARTICULAR REACTION AT A GIVEN TEMPERATURE. THE UNITS OF 'k’
VARY DEPENDING ON THE OVERALL ORDER OF THE REACTION. A HIGHER VALUE OF 'k’ INDICATES A FASTER REACTION, ASSUMING
OTHER FACTORS REMAIN CONSTANT. THE RATE CONSTANT IS HIGHLY TEMPERATURE~-DEPENDENT, INCREASING SIGNIFICANTLY WITH
RISING TEMPERATURES.

ExPERIMENTAL DETERMINATION OF RATE LAWS

RATE LAWS ARE DETERMINED EXPERIMENTALLY USING METHODS SUCH AS THE METHOD OF INITIAL RATES OR BY MONITORING
REACTANT CONCENTRATIONS OVER TIME. THE METHOD OF INITIAL RATES INVOLVES RUNNING A SERIES OF EXPERIMENTS WHERE
THE INITIAL CONCENTRATION OF ONE REACTANT IS VARIED WHILE KEEPING THE INITIAL CONCENTRATIONS OF OTHER REACTANTS
CONSTANT. BY OBSERVING HOW THE INITIAL RATE CHANGES, THE ORDER WITH RESPECT TO EACH REACTANT CAN BE DETERMINED.

ALTERNATIVELY, INTEGRATED RATE LAWS CAN BE USED. | HESE EQUATIONS RELATE THE CONCENTRATION OF A REACTANT TO
TIME AND ARE DERIVED BY INTEGRATING THE DIFFERENTIAL RATE LAW. BY PLOTTING CONCENTRATION VERSUS TIME (OR ITS
INVERSE OR LOGARITHM, DEPENDING ON THE ORDER)I EXPERIMENTAL DATA CAN BE USED TO IDENTIFY THE CORRECT INTEGRATED
RATE LAW AND THUS THE ORDER OF THE REACTION.

REACTION MECHANISMS AND ELEMENTARY STEPS

A REACTION MECHANISM DESCRIBES THE DETAILED SEQUENCE OF ELEMENTARY STEPS THROUGH WHICH REACTANT MOLECULES ARE
CONVERTED INTO PRODUCTS. MOST CHEMICAL REACTIONS DO NOT OCCUR IN A SINGLE STEP, INSTEAD, THEY PROCEED THROUGH
A SERIES OF INTERMEDIATE MOLECULAR TRANSFORMATIONS. EACH STEP IN THE MECHANISM IS CALLED AN ELEMENTARY STEP, AND
THESE STEPS INVOLVE THE BREAKING AND FORMING OF CHEMICAL BONDS.

ELEMENTARY REACTIONS

ELEMENTARY REACTIONS ARE FUNDAMENTAL STEPS IN A REACTION MECHANISM. IN AN ELEMENTARY STEP, A SPECIFIC NUMBER OF
MOLECULES COLLIDE AND REARRANGE TO FORM PRODUCTS. THE MOLECULARITY OF AN ELEMENTARY STEP REFERS TO THE NUMBER
OF MOLECULES THAT COLLIDE SIMULTANEOUSLY IN THAT STEP. COMMON TYPES OF ELEMENTARY STEPS INCLUDE UNIMOLECULAR
(ONE MOLECULE REACTS), BIMOLECULAR (TWO MOLECULES COLLIDE), AND TERMOLECULAR (THREE MOLECULES COLLIDE, WHICH
ARE RARE).

INTERMEDIATES

REACTION INTERMEDIATES ARE SPECIES THAT ARE PRODUCED IN ONE ELEMENTARY STEP AND CONSUMED IN A SUBSEQUENT
ELEMENTARY STEP. THEY DO NOT APPEAR IN THE OVERALL BALANCED CHEMICAL EQUATION. IDENTIFYING INTERMEDIATES IS A KEY
PART OF ELUCIDATING A REACTION MECHANISM. THEIR TRANSIENT NATURE MAKES THEM CHALLENGING TO DETECT, BUT THEIR
EXISTENCE IS INFERRED FROM THE OVERALL REACTION KINETICS AND EXPERIMENTAL EVIDENCE.

RATE-DETERMINING STEP

IN A MULTI-STEP REACTION MECHANISM, ONE ELEMENTARY STEP IS OFTEN SIGNIFICANTLY SLOWER THAN THE OTHERS. THIS sLow
STEP IS CALLED THE RATE-DETERMINING STEP (RDS) OR THE RATE-LIMITING STEP. THE OVERALL RATE OF THE REACTION CANNOT
BE FASTER THAN THE RATE OF THE SLOWEST STEP IN THE MECHANISM. THEREFORE, THE RATE LAW FOR THE OVERALL REACTION
IS TYPICALLY DICTATED BY THE RATE LAW OF THE RATE-DETERMINING STEP.



FOR EXAMPLE, IF A REACTION PROCEEDS THROUGH STEPS A > | (sLow) AND | => P (FAST), WHERE I’ IS AN INTERMEDIATE AND
'P" IS THE PRODUCT, THE RATE OF THE REACTION WILL BE APPROXIMATELY EQUAL TO THE RATE OF THE FIRST STEP (A -> 1), IF
THE FIRST STEP IS BIMOLECULAR, INVOLVING REACTANTS X AND Y, THE RATE LAW MIGHT RESEMBLE RATE = k[X][Y].

THe RoLE oF CATALYSTS IN CHEMICAL KINETICS

CATALYSTS ARE SUBSTANCES THAT INCREASE THE RATE OF A CHEMICAL REACTION WITHOUT BEING CONSUMED IN THE OVERALL
PROCESS. THEY ARE INDISPENSABLE IN MANY INDUSTRIAL CHEMICAL PROCESSES AND BIOLOGICAL SYSTEMS. CATALYSIS IS A
CRUCIAL AREA OF STUDY WITHIN CHEMICAL KINETICS BECAUSE IT PROVIDES POWERFUL TOOLS FOR CONTROLLING AND
ENHANCING REACTION SPEEDS.

How CATALYSTS WORK

CATALYSTS FUNCTION BY PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A LOWER ACTIVATION ENERGY. THEY DO
NOT ALTER THE EQUILIBRIUM POSITION OF A REVERSIBLE REACTION; THEY ONLY AFFECT THE RATE AT WHICH EQUILIBRIUM IS
REACHED. BY LOWERING THE ACTIVATION ENERGY, A GREATER PROPORTION OF REACTANT MOLECULES POSSESS ENOUGH ENERGY
TO REACT AT A GIVEN TEMPERATURE, LEADING TO A FASTER REACTION RATE.

THERE ARE TWO MAIN TYPES OF CATALYSTS: HOMOGENEOUS AND HETEROGENEOUS. IN HOMOGENEOUS CATALYSIS, THE
CATALYST IS IN THE SAME PHASE AS THE REACTANTS (E.G., BOTH ARE IN SOLUTION). IN HETEROGENEOUS CATALYSIS, THE
CATALYST IS IN A DIFFERENT PHASE FROM THE REACTANTS (E.G., A SOLID CATALYST WITH GASEOUS REACTANTS).
HETEROGENEOUS CATALYSIS OFTEN INVOLVES ADSORPTION OF REACTANTS ONTO THE CATALYST SURFACE, FOLLOWED BY
REACTION AND DESORPTION OF PRODUCTS.

Types orF CATALYSIS

o Acip-Base CATALYSIS: MANY REACTIONS ARE CATALYZED BY ACIDS OR BASES, WHICH CAN PROTONATE OR
DEPROTONATE REACTANTS, MAKING THEM MORE REACTIVE.

o EnzyME CATALYSIS: ENZYMES ARE BIOLOGICAL CATALYSTS, TYPICALLY PROTEINS, THAT ARE HIGHLY SPECIFIC AND
EFFICIENT IN CATALYZING BIOCHEMICAL REACTIONS WITHIN LIVING ORGANISMS.

e MeTAL CATALYSIS: TRANSITION METALS AND THEIR COMPOUNDS ARE WIDELY USED AS CATALYSTS IN INDUSTRIAL
PROCESSES, SUCH AS HYDROGENATION, OXIDATION, AND POLYMERIZATION.

® PHOTOCATALYSIS: THIS INVOLVES CATALYSTS THAT ARE ACTIVATED BY LIGHT TO DRIVE CHEMICAL REACTIONS.

THE DISCOVERY AND APPLICATION OF NEW CATALYSTS ARE CONSTANTLY DRIVING INNOVATION IN CHEMISTRY, ENABLING THE
DEVELOPMENT OF MORE SUSTAINABLE AND EFFICIENT PROCESSES.

TRANSITION STATE THEORY AND ACTIVATION ENERGY

TRANSITION STATE THEORY (TST) PROVIDES A MORE DETAILED MOLECULAR-LEVEL UNDERSTANDING OF REACTION RATES,
FOCUSING ON THE HIGHENERGY, UNSTABLE ARRANGEMENT OF ATOMS THAT EXISTS MOMENTARILY DURING A CHEMICAL REACTION.
THIS FLEETING CONFIGURATION IS KNOWN AS THE TRANSITION STATE OR THE ACTIVATED COMPLEX.



AcTIVATION EnerGY (EA)

ACTIVATION ENERGY IS THE MINIMUM AMOUNT OF ENERGY THAT MUST BE POSSESSED BY REACTANT MOLECULES FOR A
COLLISION TO RESULT IN A CHEMICAL REACTION. |T REPRESENTS THE ENERGY BARRIER THAT MUST BE OVERCOME FOR REACTANTS
TO TRANSFORM INTO PRODUCTS. REACTIONS WITH LOWER ACTIVATION ENERGIES PROCEED FASTER THAN THOSE WITH HIGHER
ACTIVATION ENERGIES, ALL OTHER FACTORS BEING EQUAL.

THE ACTIVATION ENERGY CAN BE VISUALIZED ON A REACTION PROFILE DIAGRAM, WHICH PLOTS THE POTENTIAL ENERGY OF THE
SYSTEM AS A FUNCTION OF THE REACTION COORDINATE. THE PEAK OF THIS ENERGY PROFILE CORRESPONDS TO THE ACTIVATION
ENERGY BARRIER. TST POSITS THAT MOLECULES MUST REACH THIS HIGH-ENERGY STATE TO PROCEED ALONG THE REACTION
PATHWAY.

THE TRANSITION STATE

THE TRANSITION STATE IS A HIGHLY UNSTABLE, SHORT-LIVED MOLECULAR ARRANGEMENT WHERE OLD BONDS ARE BREAKING AND
NEW BONDS ARE FORMING. [T IS NOT AN INTERMEDIATE THAT CAN BE ISOLATED, BUT RATHER A POINT OF MAXIMUM ENERGY
ALONG THE REACTION PATHWAY. ACCORDING TO TST/ A CERTAIN FRACTION OF COLLISIONS BETWEEN REACTANT MOLECULES
WILL POSSESS SUFFICIENT ENERGY AND THE CORRECT ORIENTATION TO REACH THIS TRANSITION STATE, FROM WHICH PRODUCTS
CAN THEN FORM.

THE PROBABILITY OF REACHING THE TRANSITION STATE IS DIRECTLY RELATED TO THE ACTIVATION ENERGY AND THE
TEMPERATURE. HIGHER TEMPERATURES MEAN MORE MOLECULES HAVE THE NECESSARY ENERGY TO SURMOUNT THE ACTIVATION
ENERGY BARRIER, THUS INCREASING THE REACTION RATE.

TEMPERATURE DEPENDENCE OF REACTION RATES: THE ARRHENIUS EQUATION

THE RELATIONSHIP BETWEEN TEMPERATURE AND THE RATE CONSTANT OF A CHEMICAL REACTION IS QUANTITATIVELY DESCRIBED
BY THE ARRHENIUS EQUATION. THIS FUNDAMENTAL EQUATION PROVIDES A POWERFUL TOOL FOR PREDICTING HOW REACTION
RATES WILL CHANGE WITH TEMPERATURE AND FOR DETERMINING THE ACTIVATION ENERGY OF A REACTION.

THE ARRHENIUS EQUATION

THE ARRHENIUS EQUATION IS EXPRESSED AS:
k= A€e"(-Ea/RT)

\X/HERE:

’

e 'k’ IS THE RATE CONSTANT.

e ‘A’ IS THE PRE-EXPONENTIAL FACTOR OR FREQUENCY FACTOR, WHICH REPRESENTS THE FREQUENCY OF COLLISIONS WITH
THE CORRECT ORIENTATION.

e ‘E' IS THE BASE OF THE NATURAL LOGARITHM.
e 'EA’ IS THE ACTIVATION ENERGY (IN JOULES PER MOLE).
e 'R’ IS THE IDEAL GAS CONSTANT (8.3 14 J/MoLK).

e ‘T’ IS THE ABSOLUTE TEMPERATURE (IN KELVIN).



THIS EQUATION HIGHLIGHTS THE EXPONENTIAL DEPENDENCE OF THE RATE CONSTANT ON TEMPERATURE. AS TEMPERATURE
INCREASES, THE EXPONENTIAL TERM BECOMES LARGER, LEADING TO A SIGNIFICANT INCREASE IN 'k’ AND THUS THE REACTION RATE.
THE PRE-EXPONENTIAL FACTOR ‘A’ ACCOUNTS FOR THE FREQUENCY OF COLLISIONS, WHILE THE EXPONENTIAL TERM ACCOUNTS
FOR THE FRACTION OF COLLISIONS THAT HAVE SUFFICIENT ENERGY TO OVERCOME THE ACTIVATION BARRIER.

DETERMINING ACTIVATION ENERGY FROM EXPERIMENTAL DATA

THE ARRHENIUS EQUATION CAN BE LINEARIZED BY TAKING THE NATURAL LOGARITHM OF BOTH SIDES:
LN(k) = Ln(A) - EA/(RT)

THIS EQUATION IS IN THE FORM OF Y = MX + C, WHERE Y = LN(k), x = 1/T, M= -EA/R, AND € = LN(A). BY MEASURING THE
RATE CONSTANT 'k’ AT SEVERAL DIFFERENT TEMPERATURES, ONE CAN PLOT LN(k) VERSUS 1/T. THE SLOPE OF THE RESULTING
STRAIGHT LINE IS EQUAL TO -EA/R, ALLOWING FOR THE EXPERIMENTAL DETERMINATION OF THE ACTIVATION ENERGY. THIS
PROCESS IS VITAL FOR UNDERSTANDING REACTION MECHANISMS AND PREDICTING REACTION BEHAVIOR UNDER VARYING THERMAL
CONDITIONS.

FAQ

Q: \WHAT IS THE PRIMARY GOAL OF STUDYING CHEMICAL KINETICS?

A: THE PRIMARY GOAL OF STUDYING CHEMICAL KINETICS IS TO UNDERSTAND AND QUANTIFY THE RATES AT WHICH CHEMICAL
REACTIONS OCCUR AND TO ELUCIDATE THE STEP-BY-STEP MECHANISMS BY WHICH THESE REACTIONS PROCEED. THIS KNOWLEDGE
ALLOWS FOR THE CONTROL AND OPTIMIZATION OF CHEMICAL PROCESSES.

Q: How DOES THE CONCENTRATION OF REACTANTS AFFECT THE RATE OF A CHEMICAL
REACTION?

A: GENERALLY/ INCREASING THE CONCENTRATION OF REACTANTS INCREASES THE RATE OF A CHEMICAL REACTION. THIS IS
BECAUSE A HIGHER CONCENTRATION LEADS TO MORE FREQUENT COLLISIONS BETWEEN REACTANT MOLECULES, INCREASING THE
PROBABILITY OF EFFECTIVE COLLISIONS THAT RESULT IN PRODUCT FORMATION.

Q: WHAT IS AN ELEMENTARY STEP IN A REACTION MECHANISM?

A: AN ELEMENTARY STEP IS A SINGLE MOLECULAR EVENT THAT OCCURS IN A CHEMICAL REACTION MECHANISM. | T REPRESENTS A
SPECIFIC STEP INVOLVING THE BREAKING AND FORMING OF BONDS AND DEFINES THE MOLECULARITY OF THE REACTION AT THAT
STAGE.

Q: How DOES A CATALYST SPEED UP A CHEMICAL REACTION?

A: A CATALYST SPEEDS UP A CHEMICAL REACTION BY PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A LOWER
ACTIVATION ENERGY. THIS MEANS THAT A GREATER PROPORTION OF REACTANT MOLECULES POSSESS SUFFICIENT ENERGY TO
OVERCOME THE ENERGY BARRIER AND FORM PRODUCTS.

Q: WHAT IS THE ARRHENIUS EQUATION USED FOR IN CHEMICAL KINETICS?

A: THE ARRHENIUS EQUATION QUANTIFIES THE RELATIONSHIP BETWEEN THE RATE CONSTANT OF A CHEMICAL REACTION,
TEMPERATURE, AND THE ACTIVATION ENERGY. IT 1S USED TO PREDICT HOW REACTION RATES CHANGE WITH TEMPERATURE AND
TO DETERMINE THE ACTIVATION ENERGY FROM EXPERIMENTAL DATA.



QZ \WHAT IS THE DIFFERENCE BETWEEN A REACTION RATE AND A RATE LAW?

A: THE REACTION RATE IS THE SPEED AT WHICH A REACTION PROCEEDS, TYPICALLY EXPRESSED AS THE CHANGE IN
CONCENTRATION OF A REACTANT OR PRODUCT PER UNIT TIME. THE RATE LAW IS A MATHEMATICAL EQUATION THAT EXPRESSES
HOW THE REACTION RATE DEPENDS ON THE CONCENTRATIONS OF THE REACTANTS.

QZ \NWHY IS THE RATE-DETERMINING STEP IMPORTANT IN A REACTION MECHANISM?

A: THE RATE-DETERMINING STEP IS THE SLOWEST STEP IN A MULTI-STEP REACTION MECHANISM. THE OVERALL RATE OF THE
REACTION CANNOT BE FASTER THAN THIS SLOWEST STEP, SO THE RATE LAW OF THE RATE-DETERMINING STEP DICTATES THE
RATE LAW OF THE OVERALL REACTION.
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