191 RATES OF REACTION SECTION REVIEW ANSWERS

191 RATES OF REACTION SECTION REVIEW ANSWERS ARE CRUCIAL FOR STUDENTS TO SOLIDIFY THEIR UNDERSTANDING OF
CHEMICAL KINETICS. THIS ARTICLE SERVES AS A COMPREHENSIVE REVIEW, DELVING INTO THE CORE CONCEPTS, COMMON
CHALLENGES, AND EFFECTIVE STRATEGIES FOR MASTERING THE TOPIC OF REACTION RATES. WE WILL EXPLORE THE FACTORS
INFLUENCING REACTION SPEED, THE MATHEMATICAL REPRESENTATION OF RATE LAWS, ACTIVATION ENERGY, AND THE ROLE OF
CATALYSTS. WHETHER YOU'RE PREPARING FOR AN EXAM OR SEEKING A DEEPER COMPREHENSION OF CHEMICAL PROCESSES, THIS
REVIEW WILL EQUIP YOU WITH THE KNOWLEDGE AND INSIGHTS NEEDED TO CONFIDENTLY TACKLE QUESTIONS RELATED TO 191
RATES OF REACTION.

o |UNDERSTANDING THE FUNDAMENTALS OF REACTION RATES

FACTORS AFFECTING THE RATE oF A CHEMICAL REACTION

RATE LAWS AND THEIR DETERMINATION

® ACTIVATION ENERGY AND THE ARRHENIUS EQUATION

THe RoLE oF CATALYSTS IN REACTION RATES

CoMMON PITFALLS AND STRATEGIES FOR ANSWERING 191 RATES OF REACTION QUESTIONS

PRACTICE SCENARIOS AND REVIEW QUESTIONS

UNDERSTANDING THE FUNDAMENTALS OF REACTION RATES

THE RATE OF A CHEMICAL REACTION, OFTEN REFERRED TO AS THE SPEED AT WHICH REACTANTS ARE CONVERTED INTO
PRODUCTS, IS A CORNERSTONE OF CHEMICAL KINETICS. AT ITS CORE, IT DESCRIBES HOW THE CONCENTRATION OF A REACTANT
OR PRODUCT CHANGES OVER A SPECIFIC PERIOD. THIS CHANGE CAN BE MEASURED IN VARIOUS UNITS, TYPICALLY MOLES PER
LITER PER SECOND (MOL/L'S). UNDERSTANDING THIS FUNDAMENTAL CONCEPT IS THE FIRST STEP TOWARDS COMPREHENDING MORE
COMPLEX KINETIC PHENOMENA. W/E'LL EXPLORE THE BASIC DEFINITIONS AND PRINCIPLES THAT GOVERN HOW QUICKLY CHEMICAL
TRANSFORMATIONS OCCUR.

DerINING REACTION RATE

THE RATE OF A REACTION IS ESSENTIALLY THE CHANGE IN CONCENTRATION OF A REACTANT OR PRODUCT PER UNIT TIME. FOR A
GENERAL REACTION A [} B, THE RATE CAN BE EXPRESSED AS THE DECREASE IN CONCENTRATION OF A OVER TIME OR THE INCREASE
IN CONCENTRATION OF B OVER TIME. MATHEMATICALLY, THIS IS REPRESENTED AS RATE = -A[A]/AT or RATE = +A[B]/AT,
WHERE A[A] AND A[B] REPRESENT THE CHANGE IN MOLAR CONCENTRATION OF A AND B, RESPECTIVELY, AND AT IS THE CHANGE

IN TIME. THE NEGATIVE SIGN INDICATES A DECREASE IN REACTANT CONCENTRATION, WHILE THE POSITIVE SIGN DENOTES AN
INCREASE IN PRODUCT CONCENTRATION. GRASPING THESE INITIAL DEFINITIONS IS VITAL FOR ALL SUBSEQUENT CALCULATIONS

AND ANALYSES RELATED TO REACTION KINETICS.

AVERAGE VS. INSTANTANEOUS RATE

IT’S IMPORTANT TO DISTINGUISH BETWEEN THE AVERAGE RATE OF REACTION AND THE INSTANTANEOUS RATE. THE AVERAGE
RATE IS CALCULATED OVER A FINITE TIME INTERVAL, PROVIDING A GENERAL INDICATION OF HOW FAST THE REACTION PROCEEDS
DURING THAT PERIOD. HO\X/EVER, REACTION RATES ARE RARELY CONSTANT, THEY OFTEN CHANGE AS THE CONCENTRATIONS OF
REACTANTS DECREASE. THE INSTANTANEOUS RATE, ON THE OTHER HAND, IS THE RATE AT A SPECIFIC MOMENT IN TIME. THIS IS



TYPICALLY DETERMINED BY THE SLOPE OF THE TANGENT LINE TO THE CONCENTRATION-TIME CURVE AT THAT PARTICULAR POINT.
(UNDERSTANDING THIS DISTINCTION IS CRUCIAL FOR ACCURATELY INTERPRETING EXPERIMENTAL DATA AND APPLYING KINETIC
MODELS.

FAcTOrRS AFFECTING THE RATE oF A CHEMICAL REACTION

SEVERAL FACTORS CAN SIGNIFICANTLY INFLUENCE HOW QUICKLY A CHEMICAL REACTION PROCEEDS. THESE VARIABLES CAN BE
MANIPULATED TO EITHER SPEED UP OR SLOW DOWN A REACTION, WHICH IS A CRITICAL ASPECT OF CHEMICAL ENGINEERING AND
LABORATORY PRACTICE. IN THIS SECTION, WE WILL DELVE INTO EACH OF THESE KEY FACTORS, EXPLAINING THEIR UNDERLYING
MECHANISMS OF ACTION. MASTERING THESE CONCEPTS IS ESSENTIAL FOR PREDICTING AND CONTROLLING CHEMICAL PROCESSES.

CONCENTRATION OF REACTANTS

THE CONCENTRATION OF REACTANTS PLAYS A PIVOTAL ROLE IN DETERMINING REACTION RATES. GENERALLY, HIGHER
CONCENTRATIONS OF REACTANTS LEAD TO A FASTER REACTION RATE. THIS IS BECAUSE, WITH MORE REACTANT PARTICLES
PRESENT IN A GIVEN VOLUME, THERE ARE MORE FREQUENT COLLISIONS BETWEEN THEM. ACCORDING TO COLLISION THEORY, FOR A
REACTION TO OCCUR, REACTANT PARTICLES MUST NOT ONLY COLLIDE BUT ALSO COLLIDE WITH SUFFICIENT ENERGY
(ACTIVATION ENERGY) AND WITH THE CORRECT ORIENTATION. INCREASING CONCENTRATION INCREASES THE FREQUENCY OF THESE
POTENTIALLY EFFECTIVE COLLISIONS, THEREBY ACCELERATING THE REACTION.

TEMPERATURE

TEMPERATURE IS ANOTHER SIGNIFICANT FACTOR THAT PROFOUNDLY IMPACTS REACTION RATES. AS TEMPERATURE INCREASES,
THE KINETIC ENERGY OF THE REACTANT MOLECULES ALSO INCREASES. THIS LEADS TO MORE FREQUENT COLLISIONS AND, MORE
IMPORTANTLY, A HIGHER PROPORTION OF COLLISIONS POSSESSING THE MINIMUM ENERGY REQUIRED TO OVERCOME THE
ACTIVATION ENERGY BARRIER. THE RELATIONSHIP BETWEEN TEMPERATURE AND REACTION RATE IS OFTEN DESCRIBED BY THE
ARRHENIUS EQUATION, HIGHLIGHTING THE EXPONENTIAL INCREASE IN RATE WITH RISING TEMPERATURE. UNDERSTANDING THIS
RELATIONSHIP IS FUNDAMENTAL TO CONTROLLING REACTION SPEEDS IN VARIOUS CHEMICAL PROCESSES.

SURFACE AREA OF REACTANTS

FOR REACTIONS INVOLVING SOLID REACTANTS, THE SURFACE AREA AVAILABLE FOR REACTION IS A CRITICAL FACTOR.
INCREASING THE SURFACE AREA OF A SOLID REACTANT INCREASES THE NUMBER OF PARTICLES EXPOSED TO THE OTHER
REACTANTS. THIS, IN TURN, LEADS TO MORE FREQUENT EFFECTIVE COLLISIONS AND A FASTER REACTION RATE. For EXAMPLE, A
POWDERED SOLID WILL REACT MUCH FASTER THAN A SOLID LUMP OF THE SAME SUBSTANCE BECAUSE THE POWDER HAS A
SIGNIFICANTLY LARGER TOTAL SURFACE AREA EXPOSED TO THE SURROUNDING REACTANTS. THIS PRINCIPLE IS COMMONLY
OBSERVED IN HETEROGENEOUS REACTIONS.

PRESENCE OF A CATALYST

CATALYSTS ARE SUBSTANCES THAT INCREASE THE RATE OF A CHEMICAL REACTION WITHOUT BEING CONSUMED IN THE PROCESS.
THEY ACHIEVE THIS BY PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A LOWER ACTIVATION ENERGY. BY LOWERING
THE ENERGY BARRIER, MORE REACTANT MOLECULES POSSESS THE MINIMUM ENERGY REQUIRED FOR THE REACTION TO OCCUR, THUS
INCREASING THE REACTION RATE. CATALYSTS DO NOT ALTER THE OVERALL THERMODYNAMICS OF THE REACTION (I.E., THE
EQUILIBRIUM POSITION) BUT SIGNIFICANTLY AFFECT THE KINETICS. ENZYMES ARE BIOLOGICAL CATALYSTS THAT ARE CRUCIAL
FOR LIFE PROCESSES.



NATURE OF REACTANTS

THE INHERENT CHEMICAL NATURE OF THE REACTANTS ALSO INFLUENCES THE REACTION RATE. SOME SUBSTANCES ARE INHERENTLY
MORE REACTIVE THAN OTHERS DUE TO THEIR ELECTRONIC STRUCTURE, BOND STRENGTHS, AND MOLECULAR COMPLEXITY. For
INSTANCE, REACTIONS INVOLVING |IONIC COMPOUNDS IN AQUEOUS SOLUTION TEND TO BE VERY FAST BECAUSE IONS ARE
ALREADY SEPARATED AND READILY INTERACT. REACTIONS INVOLVING THE BREAKING AND FORMING OF COVALENT BONDS CAN BE
SLOWER, DEPENDING ON THE STRENGTH OF THOSE BONDS AND THE ACTIVATION ENERGY REQUIRED FOR THEIR REARRANGEMENT.
THE TYPE OF BONDS PRESENT AND THE EASE WITH WHICH THEY CAN BE BROKEN AND REFORMED DIRECTLY IMPACT THE REACTION
SPEED.

RATE LAWS AND THEIR DETERMINATION

RATE LAWS ARE MATHEMATICAL EXPRESSIONS THAT DESCRIBE HOW THE RATE OF A CHEMICAL REACTION DEPENDS ON THE
CONCENTRATIONS OF THE REACTANTS. THESE EQUATIONS ARE FUNDAMENTAL TO UNDERSTANDING THE MECHANISM OF A
REACTION AND PREDICTING ITS BEHAVIOR UNDER DIFFERENT CONDITIONS. DETERMINING THE RATE LAW EXPERIMENTALLY IS A
CRUCIAL STEP IN KINETIC STUDIES. THIS SECTION WILL EXPLORE THE GENERAL FORM OF RATE LAWS AND COMMON METHODS USED
TO DERIVE THEM.

THe GENERAL FORM OF A RATE LAW

FOR A GENERAL REACTION: AA + BB cC + DD, THE RATE LAW IS TYPICALLY EXPRESSED AS: RATE = k[ A[B]". Here, 'k’ Is
THE RATE CONSTANT, A PROPORTIONALITY CONSTANT THAT IS SPECIFIC TO THE REACTION AND DEPENDS ON TEMPERATURE. [A]
AND [B] REPRESENT THE MOLAR CONCENTRATIONS OF REACTANTS A AND B, RESPECTIVELY. THE EXPONENTS ‘M’ AND ‘N’ ARE THE
REACTION ORDERS WITH RESPECT TO REACTANTS A AND B, AND THEY ARE DETERMINED EXPERIMENTALLY; THEY ARE NOT
NECESSARILY EQUAL TO THE STOICHIOMETRIC COEFFICIENTS ‘A’ AND ‘B". THE OVERALL ORDER OF THE REACTION IS THE SUM OF
THE INDIVIDUAL ORDERS (M + N).

DETERMINING REACTION ORDERS EXPERIMENTALLY

REACTION ORDERS ARE NOT PREDICTABLE FROM STOICHIOMETRY ALONE AND MUST BE DETERMINED THROUGH EXPERIMENT ATION.
THE MOST COMMON METHOD IS THE METHOD OF INITIAL RATES. THIS INVOLVES RUNNING THE SAME REACTION MULTIPLE TIMES,
VARYING THE INITIAL CONCENTRATION OF ONE REACTANT AT A TIME WHILE KEEPING THE CONCENTRATIONS OF ALL OTHER
REACTANTS CONSTANT. BY OBSERVING HOW THE INITIAL RATE CHANGES WITH THESE CONCENTRATION VARIATIONS, THE ORDER
OF THE REACTION WITH RESPECT TO EACH REACTANT CAN BE DEDUCED. FOR INSTANCE, IF DOUBLING THE CONCENTRATION OF
REACTANT A DOUBLES THE INITIAL RATE (WHILE KEEPING [B] CONSTANT), THEN THE REACTION IS FIRST ORDER WITH RESPECT TO
A (M=1).

INTEGRATED RATE LAWS

W/HILE RATE LAWS DESCRIBE THE INSTANTANEOUS RATE, INTEGRATED RATE LAWS RELATE THE CONCENTRATION OF A REACTANT
TO TIME. THESE EQUATIONS ARE DERIVED BY INTEGRATING THE DIFFERENTIAL RATE LAWS AND ARE USEFUL FOR PREDICTING THE
CONCENTRATION OF A REACTANT OR PRODUCT AT ANY GIVEN TIME. FOR ZERO~-ORDER, FIRST-ORDER, AND SECOND~ORDER
REACTIONS WITH RESPECT TO A SINGLE REACTANT, SPECIFIC INTEGRATED RATE LAWS EXIST, OFTEN PRESENTED IN LINEAR FORMS
THAT CAN BE USED TO GRAPHICALLY DETERMINE THE ORDER AND RATE CONSTANT.

THe RATE ConsTANT (k)

THE RATE CONSTANT, IKII IS A PROPORTIONALITY CONSTANT IN THE RATE LAW THAT REFLECTS THE INTRINSIC SPEED OF THE
REACTION. ITS VALUE IS INDEPENDENT OF REACTANT CONCENTRATIONS BUT IS HIGHLY DEPENDENT ON TEMPERATURE AND THE
PRESENCE OF CATALYSTS. THE UNITS OF THE RATE CONSTANT VARY DEPENDING ON THE OVERALL ORDER OF THE REACTION,



ENSURING THAT THE UNITS OF THE RATE LAW EQUATION ARE CONSISTENT. FOR EXAMPLE, FOR A FIRST-ORDER REACTION, THE
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UNITS OF 'k’ ARE S , FOR A SECOND-ORDER REACTION, THEY ARE M's .

ACTIVATION ENERGY AND THE ARRHENIUS EQUATION

THE CONCEPT OF ACTIVATION ENERGY IS CENTRAL TO UNDERSTANDING WHY REACTIONS OCCUR AT CERTAIN RATES AND HOW
TEMPERATURE INFLUENCES THEM. THIS ENERGY BARRIER MUST BE OVERCOME FOR REACTANT MOLECULES TO TRANSFORM INTO
PRODUCTS. THE ARRHENIUS EQUATION PROVIDES A QUANTITATIVE RELATIONSHIP BETWEEN THE RATE CONSTANT,
TEMPERATURE, AND ACTIVATION ENERGY. THIS SECTION WILL EXPLORE THESE CONCEPTS IN DETAIL.

THe CoNCEPT oF ACTIVATION ENERGY

ACTIVATION ENERGY (EA) IS THE MINIMUM AMOUNT OF ENERGY THAT MUST BE POSSESSED BY COLLIDING REACTANT MOLECULES
FOR A CHEMICAL REACTION TO OCCUR. THIS ENERGY IS REQUIRED TO BREAK EXISTING BONDS AND FORM NEW ONES,
TRANSITIONING THE REACTANTS THROUGH A HIGH-ENERGY INTERMEDIATE STATE KNOWN AS THE ACTIVATED COMPLEX OR
TRANSITION STATE. COLLISIONS WITH ENERGY LESS THAN EA ARE INEFFECTIVE, THEY SIMPLY RESULT IN THE MOLECULES
BOUNCING OFF EACH OTHER WITHOUT UNDERGOING A CHEMICAL CHANGE. A HIGHER ACTIVATION ENERGY MEANS A SLOWER
REACTION RATE, AS FEWER MOLECULES WILL POSSESS SUFFICIENT ENERGY TO REACT AT ANY GIVEN TEMPERATURE.

THE ARRHENIUS EQUATION

£JRT |

THE ARRHENIUS EQUATION MATHEMATICALLY DESCRIBES THE TEMPERATURE DEPENDENCE OF THE RATE CONSTANT: K = AE N

THIS EQUATION:

e 'k’ IS THE RATE CONSTANT.

e ‘A’ IS THE PRE-EXPONENTIAL FACTOR OR FREQUENCY FACTOR, WHICH RELATES TO THE FREQUENCY OF COLLISIONS AND
THEIR ORIENTATION.

e ‘E.’ IS THE ACTIVATION ENERGY.

A

e 'R’ s THE IDEAL GAS CONSTANT (8.3 14 J/mMoLK).

e ‘TS THE ABSOLUTE TEMPERATURE IN KELVIN.

-E/RT
THE EXPONENTIAL TERM, E ! , REPRESENTS THE FRACTION OF MOLECULES THAT HAVE ENERGY EQUAL TO OR GREATER THAN THE

ACTIVATION ENERGY AT A GIVEN TEMPERATURE. AS TEMPERATURE INCREASES, THIS FRACTION INCREASES EXPONENTIALLY,
LEADING TO A HIGHER RATE CONSTANT AND A FASTER REACTION.

CALCULATING ACTIVATION ENERGY

THE ARRHENIUS EQUATION CAN BE REARRANGED INTO A LINEAR FORM TO FACILITATE THE CALCULATION OF ACTIVATION ENERGY
FROM EXPERIMENTAL DATA. BY TAKING THE NATURAL LOGARITHM OF BOTH SIDES, WE GET: LN(k) = LN(A) - E,/RT. THis
EQUATION IS IN THE FORM OF Y = MX + C, WHERE Y = LN(k), x = 1/T, THe sLope (M) Is -E,/R, AND THE INTERCEPT (C) IS
LNCA). By PLOTTING LN(k) VERSUS 1/T (AN ARRHENIUS PLOT), THE ACTIVATION ENERGY CAN BE DETERMINED FROM THE SLOPE
OF THE RESULTING STRAIGHT LINE.



THE ROLE OF THE PRe-EXPONENTIAL FACTOR (A)

THE PRE-EXPONENTIAL FACTOR, OFTEN DENOTED BY 'A’, IS ALSO KNOWN AS THE FREQUENCY FACTOR. |T ACCOUNTS FOR THE
FREQUENCY OF COLLISIONS BETWEEN REACTANT MOLECULES AND THE PROBABILITY THAT THESE COLLISIONS HAVE THE CORRECT
ORIENTATION FOR A REACTION TO OCCUR. W/HILE THE EXPONENTIAL TERM ACCOUNTS FOR THE ENERGY REQUIREMENT, THE PRE-
EXPONENTIAL FACTOR ACCOUNTS FOR THE “"HOW OFTEN” AND “HOW PROPERLY" COLLISIONS HAPPEN. |T IS GENERALLY
CONSIDERED TO BE RELATIVELY INDEPENDENT OF TEMPERATURE COMPARED TO THE EXPONENTIAL TERM.

THe RoLE oF CATALYSTS IN REACTION RATES

CATALYSTS ARE INDISPENSABLE IN CHEMISTRY, SIGNIFICANTLY IMPACTING REACTION SPEEDS WITHOUT BEING CONSUMED
THEMSELVES. THEY ARE THE WORKHORSES BEHIND MANY INDUSTRIAL PROCESSES AND BIOLOGICAL FUNCTIONS. THIS SECTION
WILL EXPLORE THE FUNDAMENTAL MECHANISMS BY WHICH CATALYSTS ACCELERATE REACTIONS AND THE DIFFERENT TYPES OF
CATALYSIS.

How CATALYSTS INCREASE REACTION RATE

THE PRIMARY WAY CATALYSTS INCREASE REACTION RATES IS BY PROVIDING AN ALTERNATIVE REACTION MECHANISM OR
PATHWAY THAT HAS A LOWER ACTIVATION ENERGY (EA) COMPARED TO THE UNCATALYZED REACTION. BY LOWERING THIS
ENERGY BARRIER, A LARGER FRACTION OF REACTANT MOLECULES POSSESS THE MINIMUM ENERGY REQUIRED TO OVERCOME THE
BARRIER AT A GIVEN TEMPERATURE. THIS LEADS TO A SIGNIFICANT INCREASE IN THE FREQUENCY OF EFFECTIVE COLLISIONS AND,
CONSEQUENTLY, A FASTER REACTION RATE. IT'S IMPORTANT TO NOTE THAT CATALYSTS DO NOT CHANGE THE OVERALL ENERGY
DIFFERENCE BETWEEN REACTANTS AND PRODUCTS (AH) OR THE EQUILIBRIUM POSITION OF A REVERSIBLE REACTION; THEY ONLY
AFFECT THE KINETICS.

Tvypes oF CATALYSIS

THERE ARE SEVERAL MAIN CATEGORIES OF CATALYSIS:

¢ HoMoGENEoUs CATALYSIS: IN HOMOGENEOUS CATALYSIS, THE CATALYST EXISTS IN THE SAME PHASE AS THE
REACTANTS. For EXAMPLE, A LIQUID CATALYST IN A LIQUID-PHASE REACTION.

* HeTeroOGENEOUS CATALYSIS: IN HETEROGENEOUS CATALYSIS, THE CATALYST EXISTS IN A DIFFERENT PHASE FROM THE
REACTANTS, MOST COMMONLY A SOLID CATALYST WITH LIQUID OR GASEOUS REACTANTS. THE REACTION TYPICALLY
OCCURS ON THE SURFACE OF THE SOLID CATALYST.

* ENzyME CATALYSIS: ENZYMES ARE BIOLOGICAL CATALYSTS, TYPICALLY PROTEINS, THAT ARE HIGHLY SPECIFIC AND
EFFICIENT IN PROMOTING BIOCHEMICAL REACTIONS WITHIN LIVING ORGANISMS. THEY OPERATE VIA MECHANISMS INVOLVING
ACTIVE SITES THAT BIND SUBSTRATES AND FACILITATE THEIR TRANSFORMATION.

EACH TYPE OF CATALYSIS HAS UNIQUE MECHANISMS AND APPLICATIONS, PLAYING VITAL ROLES IN EVERYTHING FROM
INDUSTRIAL CHEMICAL SYNTHESIS TO THE FUNCTIONING OF OUR BODIES.

CATALYTIC CYCLES

MANY CATALYTIC PROCESSES INVOLVE A CATALYTIC CYCLE, WHERE THE CATALYST PARTICIPATES IN A SERIES OF
INTERMEDIATE STEPS. IN THIS CYCLE, THE CATALYST IS REGENERATED IN ITS ORIGINAL FORM AFTER THE REACTION IS COMPLETE.
For EXAMPLE, IN THE CATALYTIC OXIDATION OF CARBON MONOXIDE TO CARBON DIOXIDE BY PLATINUM, PLATINUM CAN
ALTERNATE BETWEEN DIFFERENT OXIDATION STATES, FACILITATING THE REACTION WITHOUT BEING PERMANENTLY CONSUMED.



FAcTors AFFECTING CATALYST ACTIVITY

THE EFFECTIVENESS OF A CATALYST CAN BE INFLUENCED BY SEVERAL FACTORS, INCLUDING TEMPERATURE, CONCENTRATION OF
REACTANTS, AND THE PRESENCE OF INHIBITORS OR POISONS. \WHILE CATALYSTS GENERALLY FUNCTION BEST WITHIN SPECIFIC
TEMPERATURE RANGES, EXCESSIVELY HIGH TEMPERATURES CAN SOMETIMES LEAD TO CATALYST DEACTIVATION. INHIBITORS ARE
SUBSTANCES THAT REDUCE THE ACTIVITY OF A CATALYST, OFTEN BY BLOCKING ACTIVE SITES. CATALYST POISONING REFERS
TO THE IRREVERSIBLE DEACTIVATION OF A CATALYST BY SUBSTANCES THAT BIND STRONGLY TO THE ACTIVE SITES, RENDERING
THEM UNAVAILABLE FOR THE CATALYTIC REACTION.

CoMMON PITFALLS AND STRATEGIES FOR ANSWERING 19 1 RATES OF
ReEACTION QUESTIONS

STUDENTS OFTEN ENCOUNTER SPECIFIC CHALLENGES WHEN DEALING WITH RATES OF REACTION PROBLEMS. IDENTIFYING THESE
COMMON PITFALLS AND EMPLOYING EFFECTIVE STRATEGIES CAN SIGNIFICANTLY IMPROVE PERFORMANCE ON TESTS AND IN
UNDERSTANDING THE MATERIAL. THIS SECTION AIMS TO PROVIDE GUIDANCE ON HOW TO APPROACH AND SOLVE TYPICAL RATE
OF REACTION QUESTIONS.

MISINTERPRETING STOICHIOMETRY IN RATE LAWS

A VERY COMMON ERROR IS ASSUMING THAT THE EXPONENTS IN THE RATE LAW (REACTION ORDERS) ARE THE SAME AS THE
STOICHIOMETRIC COEFFICIENTS IN THE BALANCED CHEMICAL EQUATION. THIS IS A FUNDAMENTAL MISUNDERSTANDING OF KINETICS.
REACTION ORDERS MUST BE DETERMINED EXPERIMENTALLY. ALWAYS REMEMBER THAT THE RATE LAW IS INDEPENDENT OF
STOICHIOMETRY. \W/HEN PRESENTED WITH A RATE LAW, USE IT DIRECTLY, WHEN ASKED TO DETERMINE IT, RELY ON EXPERIMENTAL
DATA OR PROVIDED INFORMATION, NOT JUST THE CHEMICAL EQUATION.

ConNrFUsING RATE oF REACTION WITH RATE CONSTANT

THE RATE OF A REACTION IS THE SPEED AT WHICH IT OCCURS, MEASURED IN CONCENTRATION PER UNIT TIME. THE RATE
CONSTANT (K)/ HOWEVER, IS A PROPORTIONALITY CONSTANT THAT QUANTIFIES THE INTRINSIC SPEED OF THE REACTION AT A
SPECIFIC TEMPERATURE AND IS INDEPENDENT OF CONCENTRATIONS. STUDENTS MAY CONFUSE THESE TWO, LEADING TO INCORRECT
CALCULATIONS OR INTERPRETATIONS. ENSURE YOU UNDERSTAND THE DISTINCTION AND USE THE CORRECT TERMS AND UNITS.

INCORRECTLY APPLYING INTEGRATED RATE LAWS

USING THE WRONG INTEGRATED RATE LAW FOR A GIVEN REACTION ORDER IS ANOTHER FREQUENT MISTAKE. FOR EXAMPLE,
APPLYING THE FIRST-ORDER INTEGRATED RATE LAW TO A SECOND-ORDER REACTION. ALWAYS IDENTIFY THE ORDER OF THE
REACTION FIRST (THEOUGH EXPERIMENTAL DATA OR EXPLICIT STATEMENT) BEFORE SELECTING THE APPROPRIATE INTEGRATED
RATE LAW FOR CALCULATIONS INVOLVING CONCENTRATION CHANGES OVER TIME.

ERRORS IN ARRHENIUS EQUATION CALCULATIONS

W/HEN WORKING WITH THE ARRHENIUS EQUATION, COMMON ERRORS INCLUDE USING INCORRECT UNITS FOR THE GAS CONSTANT
(R), NOT CONVERTING TEMPERATURE TO KELVIN, OR MAKING ALGEBRAIC MISTAKES WHEN SOLVING FOR EA OR K. DOUBLE-CHECK
ALL UNITS AND ENSURE THAT TEMPERATURE IS ALWAYS IN KELVIN. WHEN PLOTTING LN(K) VS. T/T/ ENSURE THE SLOPE IS
CORRECTLY CALCULATED AND THAT THE NEGATIVE SIGN FOR EA/R IS HANDLED PROPERLY.



STRATEGIES FOR SUCCESS

o UNDERSTAND COLLISION THEORY: A SOLID GRASP OF COLLISION THEORY (FREQUENCYI ENERGY, ORIENTATION OF
COLLISIONS) PROVIDES THE CONCEPTUAL BASIS FOR UNDERSTANDING FACTORS AFFECTING REACTION RATES.

o PRACTICE EXPERIMENTAL DATA INTERPRETATION: FOCUS ON PROBLEMS THAT PROVIDE INITIAL RATE DATA AND REQUIRE
YOU TO DETERMINE RATE LAWS AND RATE CONSTANTS.

* MeMoRrIze KEY FORMULAS: ENSURE YOU HAVE THE DIFFERENTIAL AND INTEGRATED RATE LAWS FOR ZERO, FIRST, AND
SECOND-ORDER REACTIONS, AS WELL AS THE ARRHENIUS EQUATION, COMMITTED TO MEMORY.

® PAY ATTENTION TO UNITS: ALWAYS CHECK AND MAINTAIN CONSISTENCY OF UNITS THROUGHOUT YOUR
CALCULATIONS.

¢ Break DowN CoMPLEX PROBLEMS: FOR MULTI-STEP PROBLEMS, TACKLE EACH PART SYSTEMATICALLY. [DENTIFY WHAT
IS GIVEN AND WHAT NEEDS TO BE FOUND FOR EACH STEP.

o UTILIZE GRAPHING: \W/HEN DEALING WITH EXPERIMENTAL DATA TO DETERMINE ORDERS, UNDERSTAND HOW TO INTERPRET
CONCENTRATION-TIME PLOTS OR LINEARIZED PLOTS (LIKE FOR THE ARRHENIUS EQUATION).

PRACTICE SCENARIOS AND ReVIEW QUESTIONS

TO TRULY MASTER THE CONCEPTS OF REACTION RATES, CONSISTENT PRACTICE IS ESSENTIAL. THE FOLLOWING SCENARIOS AND
QUESTIONS ARE DESIGNED TO REINFORCE YOUR UNDERSTANDING AND PREPARE YOU FOR VARIOUS PROBLEM TYPES YOU MIGHT
ENCOUNTER. W/ ORKING THROUGH THESE WILL HELP SOLIDIFY YOUR GRASP OF THE PRINCIPLES DISCUSSED.

SceNARIO 1: DETERMINING RATE LAW FROM INITIAL RATES
ConsIper THE REACTION: 2NO(G) + O,(6) ] 2NHa)

THE FOLLOWING EXPERIMENTAL DATA WERE OBTAINED:

1. [NO]=0.02M,[0,] =0.01 M, INTIAL RATE = 2.5 x 10° M/s

2. [NO]=0.04M,[0,]=0.01M, InTIALRATE = 1.0 x 10 M/s

3. [NO]=0.02M,[0,]=0.02 M, INTIALRATE= 5.0 x 10° M/s

QUESTIONS:
e \WHAT IS THE ORDER OF THE REACTION WITH RESPECT To NO?
¢ \W/HAT IS THE ORDER OF THE REACTION WITH RESPECT TO O,
® \WRITE THE OVERALL RATE LAW FOR THE REACTION.

e CALCULATE THE RATE CONSTANT (K) WITH THE APPROPRIATE UNITS.



SCENARIO 2: INTEGRATED RATE LAW APPLICATION

THe DECOMPOSITION OF N,O FOLLOWS FIRST-ORDER KINETICS:
2N,0.(c) [ 4NFa) + O,(a)
THE RATE CONSTANT (k) AT 300K 15 6.93 x 107 5™ IF THE INITIAL CONCENTRATION OF N,O, 15 0.50 M:

QUESTIONS:

® \W/HAT IS THE CONCENTRATION OF N,O; AFTER 100 seconps?
¢ How LONG WILL IT TAKE FOR THE CONCENTRATION OF N,O, To DECREASE To 0.10 Mp

® \W/HAT IS THE RATE OF REACTION AT T = 50 SECONDS?

SCENARIO 3: ARRHENIUS EQUATION PROBLEM
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FOR A CERTAIN REACTION, THE RATE CONSTANT IS 0.025 M s AT 298 KaAND 0.15M s AT 318 K. ASSUME THE
REACTION IS SECOND ORDER.

QUESTIONS:

o CALCULATE THE ACTIVATION ENERGY (E,) FOR THIS REACTION IN KJ/MOL.

o CALCULATE THE RATE CONSTANT AT 308 K.

BY WORKING THROUGH THESE TYPES OF PROBLEMS, YOU WILL BUILD CONFIDENCE AND COMPETENCE IN ADDRESSING 191 rATES
OF REACTION SECTION REVIEW QUESTIONS, ENSURING A THOROUGH UNDERSTANDING OF THIS VITAL AREA OF CHEMISTRY.

FREQUENTLY AsSkeD QUESTIONS

\WHAT ARE THE KEY FACTORS THAT INFLUENCE THE RATE OF A CHEMICAL REACTION?

THE PRIMARY FACTORS INFLUENCING REACTION RATES INCLUDE TEMPERATURE, CONCENTRATION OF REACTANTS, SURFACE AREA
OF SOLID REACTANTS, AND THE PRESENCE OF A CATALYST.

How DOES INCREASING THE TEMPERATURE AFFECT THE RATE OF A REACTION?

INCREASING THE TEMPERATURE GENERALLY INCREASES THE RATE OF A REACTION BECAUSE IT LEADS TO MORE FREQUENT AND
MORE ENERGETIC COLLISIONS BETWEEN REACTANT PARTICLES, THUS INCREASING THE LIKELIHOOD OF SUCCESSFUL COLLISIONS
THAT RESULT IN PRODUCT FORMATION.

EXPLAIN THE ROLE OF CONCENTRATION IN DETERMINING REACTION RATES.

HIGHER CONCENTRATIONS OF REACTANTS MEAN THERE ARE MORE REACTANT PARTICLES IN A GIVEN VOLUME, LEADING TO MORE
FREQUENT COLLISIONS AND THEREFORE A FASTER REACTION RATE. CONVERSELY, LOWER CONCENTRATIONS RESULT IN FEWER
COLLISIONS AND A SLOWER RATE.



\WHAT IS ACTIVATION ENERGY , AND HOW DOES IT RELATE TO REACTION RATES?

ACTIVATION ENERGY IS THE MINIMUM AMOUNT OF ENERGY THAT REACTANT PARTICLES MUST POSSESS FOR A COLLISION TO BE
EFFECTIVE AND LEAD TO A REACTION. REACTIONS WITH LOWER ACTIVATION ENERGIES PROCEED FASTER BECAUSE MORE
PARTICLES WILL HAVE SUFFICIENT ENERGY TO OVERCOME THIS BARRIER.

How DOES A CATALYST SPEED UP A CHEMICAL REACTION?

A CATALYST PROVIDES AN ALTERNATIVE REACTION PATHWAY WITH A LOWER ACTIVATION ENERGY. |T DOES NOT GET
CONSUMED IN THE OVERALL REACTION BUT FACILITATES THE FORMATION OF PRODUCTS MORE QUICKLY.

\WHAT IS THE COLLISION THEORY , AND HOW DOES IT EXPLAIN REACTION RATES?

THE COLLISION THEORY STATES THAT FOR A REACTION TO OCCUR, REACTANT PARTICLES MUST COLLIDE WITH SUFFICIENT
ENERGY (ACTIVATION ENEEGY) AND WITH THE CORRECT ORIENTATION. THE RATE OF REACTION IS PROPORTIONAL TO THE
FREQUENCY OF EFFECTIVE COLLISIONS.

How DOES THE SURFACE AREA OF A SOLID REACTANT IMPACT ITS REACTION RATE?

INCREASING THE SURFACE AREA OF A SOLID REACTANT INCREASES THE NUMBER OF REACTANT PARTICLES EXPOSED TO THE OTHER
REACTANTS. THIS LEADS TO MORE FREQUENT COLLISIONS AND A FASTER REACTION RATE, AS SEEN WHEN COMPARING A
POWDERED SOLID TO A SOLID CHUNK.

\WHAT IS MEANT BY THE 'RATE LAW' OF A REACTION?

THE RATE LAW IS A MATHEMATICAL EXPRESSION THAT RELATES THE RATE OF A REACTION TO THE CONCENTRATION OF THE
REACTANTS. |T OFTEN TAKES THE FORM: RATE = k[ A]"M[B]"N, WHERE K IS THE RATE CONSTANT, AND M AND N ARE THE ORDERS
OF THE REACTION WITH RESPECT TO REACTANTS A AND B.

ADDITIONAL RESOURCES

HERE ARE 9 BOOK TITLES RELATED TO “ 191 RATES OF REACTION SECTION REVIEW ANS\X/ERS/“ WITH DESCRIPTIONS:

1. INQUIRY INTO REACTION DYNAMICS

THIS BOOK OFFERS A COMPREHENSIVE EXPLORATION OF HOW CHEMICAL REACTIONS PROCEED AND THE FACTORS INFLUENCING
THEIR SPEED. |T DELVES INTO COLLISION THEORY, ACTIVATION ENERGY, AND THE ROLE OF CATALYSTS, PROVIDING A STRONG
FOUNDATION FOR UNDERSTANDING REACTION RATES. THE TEXT OFTEN INCLUDES CASE STUDIES AND PROBLEM SETS DESIGNED TO
SOLIDIFY UNDERSTANDING OF THESE FUNDAMENTAL CONCEPTS.

2. ILLUMINATING RATE LAWS

FOCUSING SPECIFICALLY ON THE MATHEMATICAL DESCRIPTION OF REACTION SPEEDS, THIS VOLUME UNPACKS THE INTRICACIES OF
RATE LAWS. |T GUIDES READERS THROUGH DETERMINING REACTION ORDERS, DERIVING INTEGRATED RATE EQUATIONS, AND
APPLYING THESE PRINCIPLES TO VARIOUS CHEMICAL SYSTEMS. THE BOOK IS IDEAL FOR THOSE SEEKING TO MASTER THE
QUANTITATIVE ASPECTS OF CHEMICAL KINETICS.

3. INVESTIGATING REACTION MECHANISMS

THIS TITLE DELVES INTO THE STEP-BY-STEP PATHWAYS THAT MOLECULES FOLLOW DURING A CHEMICAL TRANSFORMATION. T
EXPLAINS HOW TO DEDUCE REACTION MECHANISMS FROM EXPERIMENTAL DATA AND THE IMPLICATIONS OF DIFFERENT MECHANISTIC
STEPS ON OVERALL REACTION RATES. THE BOOK IS CRUCIAL FOR ADVANCED STUDENTS AND RESEARCHERS AIMING TO
UNDERSTAND THE “How" AND “WHY" OF REACTION SPEED.

4. INsIGHTS INTO CATALYSIS

THIS BOOK PROVIDES AN IN-DEPTH LOOK AT HOW CATALYSTS CAN DRAMATICALLY ALTER THE RATES OF CHEMICAL REACTIONS
WITHOUT BEING CONSUMED THEMSELVES. |T COVERS THE PRINCIPLES OF HOMOGENEOUS AND HETEROGENEOUS CATALYSIS,
INCLUDING SURFACE CHEMISTRY AND ENZYME KINETICS. READERS WILL GAIN A THOROUGH UNDERSTANDING OF HOW CATALYSTS



WORK AT A MOLECULAR LEVEL.

5. ILLUSTRATING EQUILIBRIUM AND KINETICS

BRIDGING THE CONCEPTS OF REVERSIBLE REACTIONS AND THEIR SPEEDS, THIS BOOK EXPLORES THE INTERPLAY BETWEEN
EQUILIBRIUM CONSTANTS AND RATE CONSTANTS. [T EXPLAINS HOW KINETICS GOVERNS THE TIME IT TAKES TO REACH
EQUILIBRIUM AND HOW EQUILIBRIUM POSITION IS AFFECTED BY REACTION RATES. THIS WORK IS BENEFICIAL FOR THOSE WANTING
A HOLISTIC VIEW OF CHEMICAL TRANSFORMATIONS.

6. INTENSIVE STUDY OF REACTION ORDER

THIS FOCUSED VOLUME ZEROES IN ON THE CONCEPT OF REACTION ORDER AND TS DETERMINATION THROUGH EXPERIMENTAL
METHODS. |T DETAILS TECHNIQUES LIKE THE METHOD OF INITIAL RATES AND INTEGRATED RATE LAWS, PROVIDING NUMEROUS
EXAMPLES. THE BOOK IS A VALUABLE RESOURCE FOR MASTERING THE PRACTICAL ASPECTS OF IDENTIFYING HOW REACTANT
CONCENTRATIONS INFLUENCE REACTION SPEED.

7. IN-DEPTH ANALYSIS OF ACTIVATION ENERGY

DEDICATED TO THE CRITICAL CONCEPT OF ACTIVATION ENERGY, THIS BOOK EXPLAINS ITS THEORETICAL BASIS AND
EXPERIMENTAL MEASUREMENT. |T COVERS THE ARRHENIUS EQUATION AND ITS APPLICATIONS IN PREDICTING HOW TEMPERATURE
AFFECTS REACTION RATES. THIS TITLE IS ESSENTIAL FOR UNDERSTANDING THE ENERGY BARRIER THAT MUST BE OVERCOME FOR A
REACTION TO OCCUR.

8. INTERPRETING RATE DATA

THIS PRACTICAL GUIDE FOCUSES ON THE ANALYSIS AND INTERPRETATION OF EXPERIMENTAL DATA RELATED TO REACTION RATES.
|T TEACHES STUDENTS HOW TO GRAPH KINETIC DATA, EXTRACT RATE CONSTANTS, AND IDENTIFY REACTION ORDERS FROM
EMPIRICAL OBSERVATIONS. THE BOOK EMPHASIZES THE EXPERIMENT AL SIDE OF CHEMICAL KINETICS, MAKING IT A VALUABLE
COMPANION FOR LABORATORY WORK.

9. INTEGRAL KINETICS FOR BEGINNERS

DESIGNED FOR THOSE NEW TO THE FIELD, THIS BOOK SIMPLIFIES THE COMPLEX WORLD OF CHEMICAL KINETICS. |T INTRODUCES
FUNDAMENTAL CONCEPTS LIKE RATE LAWS AND INTEGRATED RATE EQUATIONS IN AN ACCESSIBLE MANNER, OFTEN USING VISUAL
AIDS AND STRAIGHTFORWARD LANGUAGE. THE FOCUS IS ON BUILDING A SOLID UNDERSTANDING OF HOW TO DESCRIBE AND
PREDICT REACTION SPEEDS.
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