COLLISION THEORY CHEMICAL KINETICS

THE CORE OF UNDERSTANDING HOW FAST CHEMICAL REACTIONS OCCUR LIES WITHIN THE FASCINATING FRAMEWORK OF COLLISION
THEORY CHEMICAL KINETICS. THIS FUNDAMENTAL PRINCIPLE HELPS US DECIPHER WHY SOME REACTIONS ARE LIGHTNING-FAST
WHILE OTHERS CRAWL ALONG, ALL BY FOCUSING ON THE MOLECULAR INTERACTIONS THAT DRIVE THEM. WE'LL DELVE INTO THE
ESSENTIAL CONDITIONS REQUIRED FOR A COLLISION TO BE EFFECTIVE, EXPLORE THE FACTORS THAT INFLUENCE REACTION RATES
BASED ON THIS THEORY, AND UNDERSTAND HOW IT'S APPLIED IN VARIOUS CHEMICAL CONTEXTS. PREPARE TO GAIN A DEEPER
INSIGHT INTO THE DYNAMIC WORLD OF MOLECULAR COLLISIONS AND THEIR IMPACT ON THE PACE OF CHEMICAL
TRANSFORMATIONS.
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UNDERSTANDING COLLISION THEORY

COLLISION THEORY IS A FOUNDATIONAL CONCEPT IN CHEMICAL KINETICS THAT PROVIDES A VISUAL AND MECHANISTIC
EXPLANATION FOR HOW CHEMICAL REACTIONS HAPPEN. AT ITS HEART, THE THEORY POSTULATES THAT FOR A CHEMICAL
REACTION TO OCCUR, REACTANT PARTICLES MUST COLLIDE WITH EACH OTHER. THIS MIGHT SOUND SIMPLE, BUT NOT ALL
COLLISIONS LEAD TO A CHEMICAL TRANSFORMATION. IMAGINE A BUSY INTERSECTION: JUST BECAUSE CARS ARE PRESENT DOESN'T
MEAN AN ACCIDENT WILL HAPPEN; THEY NEED TO MEET IN A SPECIFIC WAY AND AT A CERTAIN SPEED.

THIS THEORY WAS DEVELOPED TO BRIDGE THE GAP BETWEEN MACROSCOPIC OBSERVATIONS OF REACTION RATES AND THE
MICROSCOPIC BEHAVIOR OF MOLECULES. |T'S A POWERFUL TOOL BECAUSE IT HELPS US PREDICT AND UNDERSTAND HOW
CHANGES IN CONDITIONS, LIKE TEMPERATURE OR CONCENTRATION, WILL AFFECT THE SPEED OF A REACTION. W/ ITHOUT COLLISION
THEORY, THE STUDY OF REACTION RATES WOULD BE LARGELY EMPIRICAL, LACKING A THEORETICAL UNDERPINNING.

Key CoMPONENTS OF EFFECTIVE COLLISIONS

FOR A COLLISION BETWEEN REACTANT MOLECULES TO RESULT IN A CHEMICAL REACTION, TWO CRITICAL CONDITIONS MUST BE
MET. THESE ARE THE CORNERSTONES OF COLLISION THEORY AND ARE ABSOLUTELY ESSENTIAL FOR UNDERSTANDING REACTION

DYNAMICS. THINK OF THEM AS THE SPECIFIC REQUIREMENTS FOR TWO DANCERS TO SUCCESSFULLY PERFORM A COMPLEX MOVE
TOGETHER — THEY NEED THE RIGHT TIMING AND THE RIGHT ORIENTATION.

SUFFICIENT ENERGY

THE FIRST CRUCIAL FACTOR IS THAT THE COLLIDING PARTICLES MUST POSSESS A MINIMUM AMOUNT OF KINETIC ENERGY. THIS
THRESHOLD ENERGY IS KNOWN AS THE ACTIVATION ENERGY (EA) IF THE COLLISION ENERGY IS LESS THAN THE ACTIVATION
ENERGY, THE MOLECULES WILL SIMPLY BOUNCE OFF EACH OTHER WITHOUT UNDERGOING ANY CHEMICAL CHANGE, MUCH LIKE A
GENTLE NUDGE THAT DOESN'T BUDGE A HEAVY OBJECT. THIS ENERGY IS REQUIRED TO OVERCOME THE EXISTING BONDS IN THE
REACTANT MOLECULES AND TO ALLOW NEW BONDS TO FORM, ESSENTIALLY BREAKING DOWN THE OLD MOLECULAR STRUCTURE
TO BUILD A NEW ONE.

THE DISTRIBUTION OF KINETIC ENERGIES AMONG MOLECULES IN A SAMPLE IS DESCRIBED BY THE MAXWELL-BOLTZMANN
DISTRIBUTION. AT ANY GIVEN TEMPERATURE, THERE'S A RANGE OF MOLECULAR SPEEDS AND ENERGIES. ONLY THOSE COLLISIONS
WHERE THE SUM OF THE KINETIC ENERGIES OF THE COLLIDING PARTICLES MEETS OR EXCEEDS THE ACTIVATION ENERGY HAVE THE



POTENTIAL TO LEAD TO A REACTION. INCREASING THE TEMPERATURE SHIFTS THIS DISTRIBUTION TOWARDS HIGHER ENERGIES,
MEANING A LARGER FRACTION OF MOLECULES WILL POSSESS THE NECESSARY ACTIVATION ENERGY, THUS INCREASING THE
LIKELIHOOD OF SUCCESSFUL COLLISIONS.

ProPER ORIENTATION

BEYOND JUST HAVING ENOUGH ENERGY, THE COLLIDING MOLECULES MUST ALSO COLLIDE IN THE CORRECT ORIENTATION. IMAGINE
TRYING TO FIT TWO ODDLY SHAPED PUZZLE PIECES TOGETHER;, THEY MIGHT HAVE ENOUGH FORCE TO CONNECT, BUT IF THEY'RE
NOT ALIGNED PROPERLY, THEY WON'T SNAP INTO PLACE. SIMILARLY, REACTANT MOLECULES HAVE SPECIFIC GEOMETRIC
ARRANGEMENTS THAT ALLOW THEIR REACTIVE SITES OR FUNCTIONAL GROUPS TO INTERACT. |F THE MOLECULES COLLIDE IN AN
ORIENTATION THAT DOESN'T BRING THESE REACTIVE PARTS INTO PROXIMITY, THE COLLISION WILL BE INEFFECTIVE, REGARDLESS
OF THE ENERGY INVOLVED.

THE PROBABILITY OF A COLLISION OCCURRING WITH THE CORRECT ORIENTATION IS OFTEN REPRESENTED BY A STERIC FACTOR OR
ORIENTATION FACTOR (OFTEN DENOTED AS IP/). THIS FACTOR ACCOUNTS FOR THE FACT THAT ONLY A FRACTION OF ALL
COLLISIONS WILL HAVE THE FAVORABLE GEOMETRY FOR REACTION. FOR SOME REACTIONS, THIS ORIENTATION REQUIREMENT IS
VERY STRICT, LEADING TO A SMALL STERIC FACTOR AND A SLOWER REACTION RATE. For OTHERS, THE REACTIVE SITES ARE
MORE ACCESSIBLE, RESULTING IN A LARGER STERIC FACTOR AND A FASTER RATE.

FACTORS INFLUENCING REACTION RATES

COLLISION THEORY PROVIDES A POWERFUL LENS THROUGH WHICH TO EXAMINE THE VARIOUS FACTORS THAT INFLUENCE THE
RATE OF A CHEMICAL REACTION. BY UNDERSTANDING HOW THESE FACTORS AFFECT THE FREQUENCY AND EFFECTIVENESS OF
MOLECULAR COLLISIONS, WE CAN GAIN PRECISE CONTROL OVER CHEMICAL PROCESSES. LET'S EXPLORE THESE KEY INFLUENCERS
AND HOW THEY TIE BACK TO THE FUNDAMENTAL PRINCIPLES OF COLLISION THEORY.

CONCENTRATION OF REACTANTS

THE CONCENTRATION OF REACTANTS PLAYS A DIRECT ROLE IN THE FREQUENCY OF COLLISIONS. |F YOU INCREASE THE NUMBER OF
REACTANT PARTICLES IN A GIVEN VOLUME, THE CHANCES OF THESE PARTICLES BUMPING INTO EACH OTHER NATURALLY INCREASE.
THINK OF A CROWDED ROOM VERSUS AN EMPTY ONE; YOU’RE MUCH MORE LIKELY TO BUMP INTO SOMEONE IN THE CROWDED
SPACE. A HIGHER CONCENTRATION MEANS MORE FREQUENT COLLISIONS PER UNIT TIME. SINCE REACTION RATE IS PROPORTIONAL
TO THE FREQUENCY OF EFFECTIVE COLLISIONS, INCREASING THE CONCENTRATION OF REACTANTS GENERALLY LEADS TO A FASTER
REACTION RATE.

For INSTANCE, CONSIDER A REACTION BETWEEN TWO GASES. IF YOU DOUBLE THE PRESSURE OF ONE OR BOTH GASES, YOU
EFFECTIVELY DOUBLE THEIR CONCENTRATION. THIS LEADS TO A DOUBLING OF THE COLLISION FREQUENCY, AND CONSEQUENTLY,
THE REACTION RATE WILL INCREASE. THIS RELATIONSHIP IS OFTEN QUANTIFIED IN RATE LAWS, WHERE THE RATE IS EXPRESSED AS
A FUNCTION OF REACTANT CONCENTRATIONS RAISED TO CERTAIN POWERS (ORDERS OF EEACTION).

TEMPERATURE

TEMPERATURE IS ARGUABLY ONE OF THE MOST SIGNIFICANT FACTORS AFFECTING REACTION RATES, AND COLLISION THEORY
EXPLAINS WHY. WHEN YOU INCREASE THE TEMPERATURE OF A SYSTEM, YOU INCREASE THE AVERAGE KINETIC ENERGY OF THE
REACTANT MOLECULES. THIS HAS A DUAL EFFECT: FIRSTLY, MOLECULES MOVE FASTER, LEADING TO MORE FREQUENT COLLISIONS.
SECONDLY, AND MORE IMPORTANTLY, A LARGER PROPORTION OF THESE COLLISIONS WILL POSSESS ENERGY EQUAL TO OR
GREATER THAN THE ACTIVATION ENERGY, MAKING THEM EFFECTIVE COLLISIONS. A SMALL INCREASE IN TEMPERATURE CAN LEAD
TO A SUBSTANTIAL INCREASE IN REACTION RATE.



THE ARRHENIUS EQUATION ELEGANTLY DESCRIBES THE RELATIONSHIP BETWEEN THE RATE CONSTANT (k), ACTIVATION ENERGY
(EA), AND TEMPERATURE (T). IT SHOWS THAT THE RATE CONSTANT, AND THUS THE REACTION RATE, INCREASES
EXPONENTIALLY WITH TEMPERATURE. THIS IS BECAUSE, AS TEMPERATURE RISES, THE FRACTION OF MOLECULES CAPABLE OF
OVERCOMING THE ACTIVATION ENERGY BARRIER INCREASES DRAMATICALLY, LEADING TO A SURGE IN EFFECTIVE COLLISIONS. THIS
IS WHY MANY BIOLOGICAL PROCESSES, WHICH RELY ON ENZYME-CATALYZED REACTIONS, ARE HIGHLY SENSITIVE TO
TEMPERATURE CHANGES; EVEN A FEW DEGREES CAN SIGNIFICANTLY ALTER THEIR SPEED.

SURFACE AREA

FOR REACTIONS INVOLVING SOLIDS, THE SURFACE AREA OF THE SOLID REACTANT IS A CRITICAL FACTOR. \W/HEN A REACTION
OCCURS AT THE SURFACE OF A SOLID, ONLY THE PARTICLES ON THE EXPOSED SURFACE ARE AVAILABLE TO COLLIDE WITH
OTHER REACTANTS. INCREASING THE SURFACE AREA MEANS EXPOSING MORE OF THE SOLID’S PARTICLES TO THE REACTION
ENVIRONMENT. THIS IS LIKE HAVING MORE OPENINGS ON A BUILDING FOR PEOPLE TO ENTER, MORE ACCESS MEANS MORE
INTERACTIONS.

BREAKING DOWN A SOLID INTO SMALLER PIECES, SUCH AS GRINDING A LARGE LUMP OF A REACTANT INTO A FINE POWDER,
DRAMATICALLY INCREASES ITS SURFACE AREA. THIS ALLOWS FOR A MUCH GREATER NUMBER OF COLLISIONS BETWEEN THE
REACTANT MOLECULES AT THE SURFACE AND THOSE IN THE SURROUNDING PHASE (LIQUID OR GAS), LEADING TO A SIGNIFICANTLY
FASTER REACTION RATE. THINK ABOUT DISSOLVING SUGAR: GRANULATED SUGAR DISSOLVES MUCH FASTER THAN A SUGAR CUBE
BECAUSE OF ITS INCREASED SURFACE AREA.

PRESENCE OF A CATALYST

A CATALYST IS A SUBSTANCE THAT INCREASES THE RATE OF A CHEMICAL REACTION WITHOUT ITSELF BEING CONSUMED IN THE
PROCESS. COLLISION THEORY EXPLAINS HOW CATALYSTS ACHIEVE THIS BY PROVIDING AN ALTERNATIVE REACTION PATHWAY
WITH A LOWER ACTIVATION ENERGY. IMAGINE A MOUNTAIN PASS THAT OFFERS A SHORTER, LESS STRENUOUS ROUTE OVER A
MOUNTAIN COMPARED TO CLIMBING DIRECTLY OVER THE PEAK. A CATALYST ACTS LIKE THAT PASS.

BY LOWERING THE ACTIVATION ENERGY, A CATALYST ENSURES THAT A LARGER FRACTION OF MOLECULAR COLLISIONS POSSESS
SUFFICIENT ENERGY TO BE EFFECTIVE AT A GIVEN TEMPERATURE. THIS DOESN'T NECESSARILY INCREASE THE FREQUENCY OF
COLLISIONS, BUT IT DRASTICALLY INCREASES THE PROPORTION OF THOSE COLLISIONS THAT ACTUALLY LEAD TO PRODUCT
FORMATION. CATALYSTS ARE VITAL IN MANY INDUSTRIAL PROCESSES, FROM THE HABER-BOSCH PROCESS FOR AMMONIA
SYNTHESIS TO CATALYTIC CONVERTERS IN CARS, ENABLING REACTIONS TO PROCEED AT PRACTICAL RATES UNDER MILDER
CONDITIONS.

APPLICATIONS OF COLLISION THEORY

THE PRINCIPLES OF COLLISION THEORY ARE NOT JUST ABSTRACT ACADEMIC CONCEPTS; THEY HAVE PROFOUND AND PRACTICAL

IMPLICATIONS ACROSS A WIDE SPECTRUM OF SCIENTIFIC AND INDUSTRIAL FIELDS. UNDERSTANDING HOW MOLECULAR COLLISIONS
DICTATE REACTION RATES ALLOWS US TO DESIGN, OPTIMIZE, AND CONTROL CHEMICAL PROCESSES THAT ARE FUNDAMENTAL TO
MODERN LIFE. |T'S THE GUIDING LIGHT FOR MANY CHEMISTS AND ENGINEERS.

IN THE REALM OF INDUSTRIAL CHEMISTRY, COLLISION THEORY IS ESSENTIAL FOR OPTIMIZING REACTION YIELDS AND MINIMIZING
REACTION TIMES. FOR EXAMPLE, IN THE PRODUCTION OF PHARMACEUTICALS, PRECISE CONTROL OVER REACTION CONDITIONS IS
PARAMOUNT. BY MANIPULATING TEMPERATURE, CONCENTRATION, AND THE USE OF CATALYSTS, CHEMISTS CAN ENSURE THAT
DESIRED REACTIONS PROCEED EFFICIENTLY AND SELECTIVELY, WHILE MINIMIZING THE FORMATION OF UNWANTED BYPRODUCTS.
THIS DIRECTLY TRANSLATES TO COST SAVINGS AND IMPROVED PRODUCT QUALITY.

FURTHERMORE/ IN ENVIRONMENTAL SCIENCE, UNDERSTANDING COLLISION THEORY HELPS IN DESIGNING PROCESSES FOR POLLUTION
CONTROL. CATALYTIC CONVERTERS IN VEHICLES, FOR INSTANCE, RELY ON CATALYSTS TO BREAK DOWN HARMFUL EXHAUST



GASES LIKE CARBON MONOXIDE AND NITROGEN OXIDES INTO LESS TOXIC SUBSTANCES. THE EFFICIENCY OF THESE CONVERTERS IS
DIRECTLY LINKED TO HOW EFFECTIVELY THE CATALYST FACILITATES COLLISIONS BETWEEN POLLUTANT MOLECULES AND
REACTIVE SPECIES. SIMILARLY, IN WASTE TREATMENT PROCESSES, REACTION RATES CAN BE TUNED BY ADJUSTING CHEMICAL
CONDITIONS BASED ON COLLISION THEORY PRINCIPLES TO EXPEDITE THE BREAKDOWN OF HAZARDOUS MATERIALS.

THE THEORY ALSO UNDERPINS ADVANCEMENTS IN MATERIALS SCIENCE. THE SYNTHESIS OF NEW MATERIALS WITH SPECIFIC
PROPERTIES OFTEN INVOLVES COMPLEX CHEMICAL REACTIONS. BY UNDERSTANDING THE KINETICS OF THESE REACTIONS,
RESEARCHERS CAN TAILOR THE SYNTHESIS PROCESS TO PRODUCE MATERIALS WITH DESIRED CHARACTERISTICS, SUCH AS
STRENGTH, CONDUCTIVITY, OR REACTIVITY. For INSTANCE, CONTROLLING THE RATE OF POLYMERIZATION REACTIONS, GOVERNED
BY COLLISION THEORY, IS CRUCIAL FOR PRODUCING POLYMERS WITH SPECIFIC MOLECULAR WEIGHTS AND PROPERTIES, VITAL FOR
PLASTICS, FIBERS, AND ADVANCED COMPOSITES.

BEYOND THE BASICS

W/HILE COLLISION THEORY PROVIDES AN EXCELLENT FOUNDATIONAL MODEL FOR UNDERSTANDING REACTION RATES, IT's
IMPORTANT TO ACKNOWLEDGE THAT IT HAS CERTAIN LIMITATIONS AND THAT MORE SOPHISTICATED THEORIES HAVE BEEN
DEVELOPED TO REFINE OUR UNDERSTANDING. THE BASIC PREMISE OF COLLISIONS IS ROBUST, BUT THE REALITY OF MOLECULAR
INTERACTIONS CAN BE MORE NUANCED THAN THE INITIAL MODEL SUGGESTS. IT’S LIKE UNDERSTANDING THAT YOU NEED TO HIT A
BASEBALL TO MAKE IT FLY, BUT THEN LEARNING ABOUT SPIN, TRAJECTORY, AND AIR RESISTANCE FOR A MORE COMPLETE PICTURE.

ONE OF THE KEY SIMPLIFICATIONS IN BASIC COLLISION THEORY IS THE TREATMENT OF MOLECULES AS HARD SPHERES AND THE
ASSUMPTION THAT ALL COLLISIONS WITH SUFFICIENT ENERGY AND PROPER ORIENTATION ARE EQUALLY LIKELY TO LEAD TO A
REACTION. IN REALITY, MOLECULES ARE COMPLEX ENTITIES WITH INTRICATE ELECTRONIC STRUCTURES. THE ACTUAL PROCESS OF
BOND BREAKING AND BOND FORMATION INVOLVES THE MOVEMENT OF ELECTRONS AND THE REARRANGEMENT OF ATOMS IN A MUCH
MORE DYNAMIC AND QUANTUM MECHANICAL FASHION THAN SIMPLY COLLIDING SPHERES SUGGEST. TRANSITION STATE THEORY,
FOR EXAMPLE, INTRODUCES THE CONCEPT OF AN ACTIVATED COMPLEX, A HIGH"ENERGY INTERMEDIATE STATE THAT MOLECULES
MUST PASS THROUGH TO BECOME PRODUCTS.

FURTHERMORE, COLLISION THEORY OFTEN ASSUMES THAT THE REACTION OCCURS IMMEDIATELY UPON A SUCCESSFUL COLLISION.
HO\X/EVER, IN SOME CASES, THERE MIGHT BE A SHORT DELAY, OR THE REACTION MIGHT INVOLVE A SERIES OF ELEMENTARY STEPS
RATHER THAN A SINGLE DIRECT COLLISION. THE THEORY ALSO DOESN'T EXPLICITLY ACCOUNT FOR SOLVENT EFFECTS IN
SOLUTION-PHASE REACTIONS, WHERE THE SURROUNDING SOLVENT MOLECULES CAN SIGNIFICANTLY INFLUENCE THE COLLISION
DYNAMICS AND ACTIVATION ENERGY. DESPITE THESE REFINEMENTS, THE CORE PRINCIPLES OF COLLISION THEORY REMAIN
INDISPENSABLE FOR GRASPING THE FUNDAMENTAL DRIVERS OF CHEMICAL REACTION RATES AND CONTINUE TO SERVE AS A VITAL
STEPPING STONE TO MORE ADVANCED KINETIC MODELS.

Q: \WHAT IS THE PRIMARY CONCEPT OF COLLISION THEORY IN CHEMICAL KINETICS?

A: THE PRIMARY CONCEPT OF COLLISION THEORY IN CHEMICAL KINETICS IS THAT CHEMICAL REACTIONS OCCUR WHEN REACTANT
PARTICLES COLLIDE WITH SUFFICIENT ENERGY AND IN THE CORRECT ORIENTATION TO BREAK EXISTING BONDS AND FORM NEW
ONES.

Q: WHAT ARE THE TWO ESSENTIAL CONDITIONS FOR A COLLISION TO BE CONSIDERED
“EFFECTIVE"” ACCORDING TO COLLISION THEORY?

A: THE TWO ESSENTIAL CONDITIONS FOR AN EFFECTIVE COLLISION ARE THAT THE COLLIDING PARTICLES MUST POSSESS A
MINIMUM AMOUNT OF KINETIC ENERGY, KNOWN AS THE ACTIVATION ENERGY, AND THEY MUST COLLIDE WITH THE PROPER
ORIENTATION TO ALLOW REACTIVE SITES TO INTERACT.



QI How DOES INCREASING THE TEMPERATURE AFFECT THE RATE OF A CHEMICAL
REACTION BASED ON COLLISION THEORY?

A: INCREASING THE TEMPERATURE INCREASES THE AVERAGE KINETIC ENERGY OF REACTANT MOLECULES, LEADING TO MORE
FREQUENT COLLISIONS AND, MORE IMPORTANTLY, A LARGER FRACTION OF COLLISIONS POSSESSING ENERGY EQUAL TO OR
GREATER THAN THE ACTIVATION ENERGY, THUS INCREASING THE REACTION RATE.

QI EXPLAIN THE ROLE OF CONCENTRATION IN COLLISION THEORY.

A: HIGHER CONCENTRATIONS OF REACTANTS LEAD TO MORE FREQUENT COLLISIONS BETWEEN REACTANT PARTICLES PER UNIT
TIME. THIS INCREASED COLLISION FREQUENCY/, IN TURN, INCREASES THE LIKELIHOOD OF EFFECTIVE COLLISIONS AND A FASTER
REACTION RATE.

Q: WHAT IS ACTIVATION ENERGY (EA) IN THE CONTEXT OF COLLISION THEORY?

A: ACTIVATION ENERGY (EA) IS THE MINIMUM AMOUNT OF ENERGY THAT REACTANT PARTICLES MUST POSSESS FOR A COLLISION
TO BE SUCCESSFUL AND LEAD TO A CHEMICAL REACTION. |T REPRESENTS THE ENERGY BARRIER THAT MUST BE OVERCOME.

Q: HOoW DOES A CATALYST WORK ACCORDING TO COLLISION THEORY?

A: A CATALYST INCREASES THE RATE OF A REACTION BY PROVIDING AN ALTERNATIVE REACTION PATHWAY WITH A LOWER
ACTIVATION ENERGY. THIS MEANS THAT AT THE SAME TEMPERATURE, A GREATER PROPORTION OF COLLISIONS WILL HAVE
ENOUGH ENERGY TO BE EFFECTIVE.

Q: WHY IS THE ORIENTATION OF COLLIDING MOLECULES IMPORTANT IN COLLISION
THEORY?

A: THE ORIENTATION OF COLLIDING MOLECULES IS CRUCIAL BECAUSE THE REACTIVE PARTS OF THE MOLECULES MUST COME INTO
CONTACT FOR A REACTION TO OCCUR. |F MOLECULES COLLIDE WITH INCORRECT GEOMETRY, THE COLLISION WILL BE INEFFECTIVE,
EVEN IF IT HAS SUFFICIENT ENERGY.

Q: CAN COLLISION THEORY EXPLAIN WHY SOME REACTIONS ARE VERY SLOW?

A: YES/ COLLISION THEORY CAN EXPLAIN SLOW REACTIONS IF THEY HAVE A HIGH ACTIVATION ENERGY (MEANING FEW
COLLISIONS HAVE ENOUGH ENERGY) OR A STRICT ORIENTATION REQUIREMENT (MEANING FEW COLLISIONS OCCUR WITH THE
CORRECT GEOMETRY).
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