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6.1.1Collision Theory

Kinetic Theory

The kinetic theory developed in the 18t century out of a need to explain how it is that gases exert

pressure inside a container
Theories about gas particles and movement were extended to include all states of matter

The kinetic theory of matter accounts for the properties of solids, liquids, and gases in terms of the

interactions of particles and theirrelative energies

Summary Table of the Kinetic Theory
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same temperature
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The average kinetic energy of the particlesis directly proportional to the temperature of the systemin
Kelvin

Kinetic energy refers to the energy associated with movement or motion. Itis determined by the mass
and velocity of the substance according to the relationship:

As the kinetic energy of the particles at the same temperature is equal, this means there is aninverse
relationship between mass and velocity

= Thisis why substances with alower mass diffuse more quickly than those with greater mass at the
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Collision Theory /

Collision Theory Your notes

= Whenreactants come together the kinetic energy they possess means their particles will collide and
some of these collisions will result in chemical bonds being broken and some new bonds being formed
= Therate of achemicalreaction depends on four factors:
= collision frequency
= collision energy
= activation energy
= collision geometry

Collision frequency

= |f achemicalreactionisto take place between two particles, they must first collide

= The number of collisions between particles perunit time in a systemis known as the collision
frequency

= The collision frequency of a given system can be altered by changing the concentration of the
reactants, by changing the total pressure, by changing the temperature or by changing the size of the
reacting particles

Collision energy

= Not all collisions resultin a chemical reaction
= Most collisionsjustresultinthe colliding particles bouncing off each other
= Collisions which do notresultin areaction are known as unsuccessful collisions

= Unsuccessful collisions happen when the colliding species do not have enough energy to break the
necessary bonds
= |f they do not have sufficient energy, the collision will not resultin a chemical reaction
= |f they have sufficient energy, they will react, and the collision will be successful
= The combined energy of the colliding particles is known as the collision energy

Collision energy is the combined energy of two colliding particles

Activation Energy
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= The minimum energy the colliding particles need in order to reactis known as the activation energy /
= |f the collision energy of the colliding particlesis less than the activation energy, the collision willbe
unsuccessful Your notes

= |f the collision energy is equal to or greater than the activation energy, the collision will be successful,
and areaction will take place

= The activation energy can be changed by the addition of a catalyst

Molecules with the activation energy lead to successful collisions

Collision Geometry

= Particles have to have the right orientation when they collide for the reaction to be successful
= Thisis particularly the case with large molecules with complex shapes
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ﬁCORRECT ,
ORIENTATION
N}l ® Your notes

~

O=

LARGE COMPLEX
MOLECULE

Orientation becomes increasingly important in large complex biomolecules such as proteins and
carbohydrates where active sites (reactive part of the molecule) can only be accessedin one
orientation

= Most collisions do notresultinreaction because they do not reach the activation energy rather than
not having the correct collision geometry

Summary Table of Collision Theory Factors

Effective Collision Ineffective Collision

Orientation Correct orientation Wrong orientation
Energy Enough energy (Eg) Not enough energy
Chemical Reaction Yes No
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6.1.2 Rate of Reaction f

Your notes
Rate of Reaction
Reactionrate

= Somereactions take place instantly, but most are much sloweranditis possible to measure howlong
thesereactions take toreach a certain stage

= Asachemicalreaction proceeds, the concentration of the reactants decreases and the concentration
of the productsincreases

= Therate of areactionis the speed at which a chemical reaction takes place and has units mol dm-3s-1

= Therate of areaction can be calculated by:

CHANGE IN AMOUNT OF REACTANTS OR PRODUCTS (mol dm™)
TIME (s)

RATE OF A REACTION =

= Graphically we canrepresent the rate of reaction as:

N N

[REACTANTS]
[PRODUCTS]

>
TIME TIME

V

Rate of reaction graphs
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lodine and methanoic acid react in aqueous solution.

I>(aq) + HCOOH (ag) — 21~ (aq) + 2H* (aq) + CO2 (9)

The rate of reaction can be found by measuring the volume of carbon dioxide produced per unit time
and plotting a graph as shown

307
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Calculate therate of reaction at 20 seconds

Answer:

= Draw atangentto the curve at 20 seconds:
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= Complete the triangle and read off the values of xandy
= Determine the gradient of the line using Ay / Ax
= Rateofreaction=24+40=0.60cm3s"!

©O Examiner Tip

When drawing the tangent to a curve make the triangle large and try to intersect with gridlines if you
can. This minimises errors of precision and reduces the chance you will accidently misread the graph
values
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6.1.3 Measuring Rates /

Your notes
Measuring Rates

= Tomeasure the rate of areaction, we need to be able to measure either how quickly the reactants are
used up orhow quickly the products are formed

= The method used for measuring depends on the substancesinvolved

= There are anumber of ways to measure areactionrate in the lab; they all depend on some property that
changes during the course of the reaction

= That property is taken to be proportional to the concentration of the reactant or product, e.g., colour,
mass, volume

= Somereactionrates canbe measured as the reaction proceeds (this generates more data);

= fasterreactions canbe easierto measure when the reactionis over, by averaging a collected
measurement over the course of the reaction

= Three commonly used techniques are:
= massloss
= gasproduction
= colorimetry

Changesin colour

= Acolorimeter measures the amount of light that passes through a solution

DATA

LOGGER
CUVETTE
LIGHT
SOURCE
/ o« DETECTOR

MONOCHROMATIC

FILTER

Colorimetry Set Up

= |f asolution changes colour during areaction this can be used to measure the rate
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= Theintensity of light reaching the detectoris measured every few seconds and the datais plotted to ,
show how the concentration of the reactants or products changes with time
= Thelightintensityisrelated to the concentration, so the graphrepresents a graph of concentration of Your notes

products orreactants against time

N

INTENSITY

LIGHT

>
TIME

Sketch graph of colour intensity against time (the coloured species is a reactant in this case)

= Note that colorimetry cannot be used to monitor the formation of coloured precipitates as the light will
be scattered or blocked by the precipitate

Changesinmass

= Whenagasisproducedinareactionitusually escapes from the reaction vessel, so the mass
decreases
= This canbe usedto measure the rate of reaction
= Forexample, the reaction of calcium carbonate with hydrochloric acid produces CO,
= The massis measured every few seconds and change in mass over time is plotted as the CO,
escapes

Page 10 of 36

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

00:00

Measuring changes in mass using a balance

= Themassloss provides a measure of the amount of reactant, so the graphis the same as a graph of
amount of reactant against time

N

IN GRAMS

MASS

>
TIME

Mass loss of a product against time

= However, one limitation of this method is the gas must be sufficiently dense or the change in massis
too smallto measure ona2 or 3 dp balance
= So carbon dioxide would be suitable (Mr = 44) but hydrogen would not (Mr = 2)

Volumes of gases

= Whenagasisproducedinareaction, it can be trapped andits volume measured over time
= This canbe usedto measure therate of reaction.
= Forexample, the reaction of magnesium with hydrochloric acid produces hydrogen
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00:00

Collecting gases experimental set up

= Analternative gas collection set up involves collecting a gas through water using an inverted measuring
cylinder(aslong as the gasis not water soluble)

DELIVERY
TUBE

MEASURING
(GRADUATED)
CYLINDER

™

00:00
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Alternative gas collection set up

= Thevolume canbe measured every few seconds and plotted to show how the volume of gas varies
with time

= Thevolume provides a measure of the amount of product, so the graphis a graph of amount of
product against time
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VOLUME OF GAS

~
-

TIME

Graph of gas volume evolved against time

Measuring concentration changes

= Measuring concentration changes during areactionis not easy; the act of taking a sample and
analysingit by titration can affect the rate of reaction (unless the reactionis deliberately stopped- this
is called quenching).
= Oftenitismore convenient to ‘stop the clock’ when a specific (visible) pointin the reactionis reached
= Forexample when a piece of magnesium dissolves completely in hydrochloric acid
= Anothercommonrate experiment is the reaction between sodium thiosulfate and hydrochloric
acid which slowly produces a yellow precipitate of sulfur that obscures a cross when viewed
through the solution:

Na,S,0z(aq) +2HCl(ag) — 2NaClaq)+ SO, (g)+H,O (1) + S(s)
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TRANSPARENT
SOLUTION

OPAQUE
SOLUTION

The disappearing cross experiment

= The mainlimitation here is that oftenit only generates one piece of data foranalysis

O Examiner Tip

You should be familiar with the interpretation of graphs of changesin concentration, volume or mass

against time and be able to calculate arate from a tangent to the graph
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6.1.4 Activation Energy V4

Your notes

Activation Energy

= Forareactiontotake place, the reactant particles need to overcome a minimum amount of energy
= This energy is called the activation energy (E,)

= |nexothermic reactions the reactants are higherin energy than the products

In endothermic reactions the reactants are lowerin energy than the products

= Therefore, the E, in endothermic reactions is relatively larger than in exothermic reaction

EXOTHERMIC

ENERGY /\

= TRANSITION STATE

REACTANTS

LOWER IN ENERGY
THAN REACTANTS

PRODUCTS
0 >
0 PROGRESS OF
REACTION

The diagram shows that the reactants are higher in energy than the products in the exothermic reaction,
so the energy needed for the reactants to go over the energy barrier is relatively small
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The diagram shows that the reactants are lower in energy than the products in the endothermic
reaction, so the energy needed for the reactants to go over the energy barrier is relatively large

Even though particles collide with each otherin the same orientation, if they don’t possess a minimum

energy that corresponds to the E, of that reaction, the reaction will not take place
Therefore, for a collision to be successful the reactant particles must collide in the correct orientation

AND possess a minimum energy equal to the E, of that reaction

O Examiner Tip

Youmay be required to show or calculate the activation energy for areverse reaction using a labelled
energy profile like those above. The activation energy for the reverse reactionis found by:

Foran exothermic reaction = AH + E, (forward)

Foran endothermicreaction = E, (forward) -AH

Calculations of the value of the activation energy from experimental data are not required at Standard
Level but are part of Topic 16 in Higher Level Chemistry
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How catalysts work ,

By decreasing Ea, a catalystincreases the rate of a chemical reaction, withoutitself being permanently Your notes
chemically changed.

N
UNCATALYZED
REACTION
I_C:
E
a2
5. | REACTANTS
©
5 CATALYZED REACTION
T WITH AN E, LOWER
THAN THE UNCATALYZED
REACTION PRODUCTS
0 >
0 EXTENT OF REACTION

= More particles are able to collide with sufficient energy to react under the lower activation energy
= More frequent, successful collisions lead to a fasterrate of reaction
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6.1.5 Rate Experiments 4

Your notes

Rate Experiments

= During areaction, the reactants are used up and changed into the products

= Thismeans that as the reaction proceeds, the concentration of the reactants is decreasing and the
concentration of the productsisincreasing

= Because of this, the rate of the reactionis not the same throughout the reaction but changes

= Therate of reaction during the reaction can be calculated from a concentration-time graph.

= Theisomerisation of cyclopropane to propene will be taken as an example:

CH,(@ ———> CH,CH = CH,(g)

H;;\\\
e

H,C
CYCLOPROPANE PROPENE
REACTANT PRODUCT

Isomerisation of cyclopropane

= The concentrations of reactant (cyclopropane) and product (propene) over time can be experimentally
obtained

Concentrations of Cyclopropane & Propene Table
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4

Time  [cyclopropanel [propenel Yournotes
(min)  (mol dm3) (mol dm~3)
0] 150 0.00

5 1.23 .27
10 1.00 0.50
15 0.82 0.68
20 0.67 0.83
25 0.55 0.¢%
30 0.45 1.05
35 0.37 1.13
40 0.33 1.17

When taking the measurements, the temperature should be kept the same at all times as a change in
temperature will change the rate of reaction
A concentration-time graph for the concentration of propene as well as cyclopropane can be
obtained from the above results

= Asanexample, the concentration-time graph for propene is shown below:
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4

1.6 Your notes
1.4 1
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[PROPENE] (mol dm=3)

0.4-

|
|

|

[ |

0.2+ |
|

T

TIME (min)

The graph shows that the concentration of propene increases with time

Calculating the rate at the start of areaction

= Atthe start of the reaction, the concentration-time curve looks almost linear
= Therate at this point can therefore be found by treating the curve as alinear line and by using:

CHANGE IN AMOUNT OF REACTANTS OR PRODUCTS (mol dm™)

RATE OF A REACTION = TIME (o)

= Usingthe graph, the average rate of the reaction over the first 5 minutes for propeneis:
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Line a shows the average rate over the first five minutes whereas line b shows the actual initial rate found
by drawing a tangent at the start of the curve. The calculated rates are very similar for both methods

0.27

Rate = 300

=0.0009 moldm-3s-!

Calculating the rate as the reaction proceeds

= The curve becomes shallower with time which means that the rate decreases with time
= Therate of reaction can be calculated by taking short time intervals

Eg.you can calculate the rate of reaction from 15 to 20 mins during which the concentration of
propeneincreases from 0.68 to 0.83 mol dm=3:

_ (0.83) — (068)
Rate = 71500) — (900)
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_0.15 /
~ 300
Your notes
=0.0005 moldm-3s-!

= The smallerthe timeintervals, the more accurate the reactionrate value is
= Evenmore accurateis to find the rate of reaction at different concentrations of reactant or product at
particular time points
= This can be done by drawing tangents at several points on the graph
= Asanexample, therates of reaction at different concentrations of cyclopropane are calculated by
drawing the appropriate tangents:

RATE AT CONCENTRATION = 1.5 mol dm™3

4 15

4 POINT 1 = = x 1073 -3a—1

1 IS 55 %60 1.00% 10 " mol dm—3s

1.4

= . RATE AT CONCENTRATION = 1.0 mol dm=3
, .
£ 127 _ x 1074 ~3g-1
:; ] IS 3580 =6.67x10 "mol dm=3s
£ 10T~ POINT 2
_ . SHE RATE AT CONCENTRATION = 0.5 mol dm=3
L -
Zz 0.8 _ 104 < A4 ~3-1
Z ] \ IS S5erg0 = 3-30% 10 *mol dm-3s
e 3 M
c 0.67 it POINT 3
o 1 [ TANGENT Y
o 0.47 | AT POINT 1 e ont TANGENT
= ] N Lol AT POINT 3
= 0.23 TANGENT \ N ~

. AT POINT 2 \ \ BN

m N ~

O IIIIIIIII|IIII|IIII|IIII\|IIII|IIII\IIIII|IIII|IIII|IrII|/
0 10 20 30 40 50
TIME (min)

The rate of reaction at 3 different concentrations of cyclopropane is calculated by drawing tangents at
those points in the graph

Rate-concentration graph

= The calculatedrates canthenbe summarisedin a table to show how the rate of reaction changes with
changing concentration of the reactants or products
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Change in Rate with Decreasing Concentration of Cyclopropane Table /

Your notes

[cyclopropanel Rate

(mol dm3) (10> mol dm-3s~1)
0.5 0.33
1.0 0.67
1.5 1.0

= Thisdatacanthenbe usedto plot arate-concentration graph
= The graph shows that the rate is directly proportional to the concentration of cyclopropane
= |f youdouble the concentration of cyclopropane the rate of reaction will double too
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4

_ 1.0 T T T TS Your notes
L ] I
<Z( ] |
o _ |
O ] |
x 0.8 1 |
(©] ] |
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Q — |
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3 1 1
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o < ] I I I
o TTTT I TTTT { TTTT I TTTT III TTT I T Ill rrri I
0] 0.5 1.0 1.5

[CYCLOPROPANE] (mol dm=3)

The graph shows a directly proportional correlation between the concentration of cyclopropane and
the rate of reaction

O Examiner Tip

To calculate the rate of reaction you can either use the increase in concentration of products (like in the
example above) or the decrease in concentration of reactants.
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6.1.6 Explaining Rates V4

Your notes
Explaining Rates
Concentration

= The more concentrated a solutionis, the greater the number of particlesin a given volume of solvent
= Anincreaseinconcentration causesinanincreased collision frequency and therefore anincreased
rate of reaction

EFFECTIVE COLLISION
A /E’ REACTANT 2

o
o INCREASE

B
. o — IN CONCENTRATION :>

A

\E: REACTANT 1

0
o
G0 ©

The diagram shows a higher concentration of particles in (b) which means that there are more particles
present in the same volume than (a) so the chances and frequency of collisions between reacting
particles is increased causing an increased rate of reaction

Pressure

= Anincreaseinpressureinreactions thatinvolve gases has the same effectas anincreased
concentration of solutions

= Whenthe pressureisincreased, the molecules have less space inwhich they can move

= This means that the number of effective collisions increases due to anincreased collision frequency

= Anincreasein pressure therefore increases the rate of reaction
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EFFECTIVE COLLISION ,

Your notes
A /E REACTANT 2 B
\|/

\
oo” | EEER

\E REACTANT 1

The diagram shows a higher pressure in (b) which means that the same number of particles occupy a
smaller volume, resulting in an increased collision frequency and therefore increased rate of reaction

Temperature

= |ncreasing the temperature of the reaction mixture increases the rate of reactionin the following two
ways:
= Athighertemperatures, the particles are moving faster, so collide more frequently. A higher
number of collisions in total mean a higher number of successful collisions
= Athighertemperatures, a higher proportion of the molecules have the activation energy ormore.
This means that a higher proportion of collisions are successful

EFFECTIVE
COLLISION

A REACTANT 2| B

A/
ARG
. —| INCREASE IN
> TEMPERATURE

KE REACTANT 1

Anincrease in temperature causes an increase in the kinetic energy of the particles. The number of
collisions increases and the proportion of successful collisions increases

Particle Size
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= Only the particles on the surface of a solid will collide with particles of the otherreactant
= [fthe surface areaisincreased, more particles will be on the surface and able to collide with particles of
the otherreactant
= This means that there will be more collisions in total and therefore more successful collisions.

= Surface areacanbe increased by decreasing the size of the reactant particles
= Forexample, powders have avery large surface area

EFFECTIVE
COLLISION

>

@

(E REACTANT 2

&,

\ | INcReASE IN
SURFACE AREA

—

Q
@

\E REACTANT 1

Anincrease in surface area of a solid reactant allows more particles to come into contact with each
other

@ Worked example

Which of the following factors canresult in the rate of a chemical reactionincreasing?
I. Increasing the total pressure inreactions involving gases
Il. Raising the temperature inreactions involving gases

lll. Increasing the particle size of a solidin areaction

A. landllonly
B. landlllonly
C. llandlllonly
D. I, llandlll
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Answer: ,

The correct optionis A. Your notes

Increasing pressure and raising temperature increases the number of successful collisions
Increasing the particle size decreases the surface area and reduces the number of collisions
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6.1.7 Maxwell-Boltzmann Curves /

Your notes

Maxwell-Boltzmann Curves
Boltzmann distribution curve

= The Boltzmann distribution curve is a graph that shows the distribution of energies at a certain
temperature

= |nasample of asubstance, a few particles will have very low energy, a few particles will have very high
energy, and many particles will have energy in between

THESE PARTICLES WILL CAUSE INEFFECTIVE
COLLISIONS ONLY AS THEY DON'T HAVE ENOUGH
ENERGY TO CAUSE A CHEMICAL REACTION

PROPORTION OF MOLECULES
WITH SUFFICIENT ENERGY TO
CAUSE AN EFFECTIVE
COLLISION WHICH WILL CAUSE
A CHEMICAL CHANGE

Ea

NUMBER OF MOLECULES

o
/

0 LOW ENERGY A HIGH ENERGY
MOLECULAR ENERGY

AT AND ABOVE THIS POINT MOLECULES
HAVE SUFFICIENT ENERGY TO CAUSE AN
EFFECTIVE COLLISION

The Boltzmann distribution curve shows the distribution of the energies and the activation energy

= The graph shows that only a small proportion of molecules in the sample have enough energy foran
effective or successful collision and for a chemical reaction to take place

Changes in temperature
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= Whenthe temperature of areaction mixtureisincreased, the particles gain more kinetic energy ,
= This causes the particles to move around fasterresulting in more frequent collisions
= Furthermore, the proportion of successful collisions increases, meaning a higher proportion of the Your notes

particles possess the minimum amount of energy (activation energy) to cause a chemical reaction
= With higher temperatures, the Boltzmann distribution curve flattens and the peak shifts to the right

AN INCREASE IN TEMPERATURE RESULTS IN AN

w0 INCREASED MEAN ENERGY OF THE MOLECULES
ﬂ SO THERE IS A WIDER SPREAD OF VALUES
.
— / -~
g / \\ THERE IS AN INCREASE IN REACTION
" I ¢ RATE AS A GREATER PROPORTION OF
@) / \ MOLECULES HAVE ENERGY EQUAL TO OR
o I, \\ GREATER THAN THE ACTIVATION ENERGY
§ / \\\
) / (T+10)°C N
=z ~ | oy
0] / | 2
0 MOLECULAR ENERGY

E.— AT AND ABOVE THIS
ENERGY THE MOLECULES HAVE
ENOUGH ENERGY TO COLLIDE
EFFECTIVELY

The Boltzmann distribution curve at T °C and when the temperature is increased by 10 °C

= Therefore, anincrease in temperature causes anincreased rate of reaction due to:
= There being more effective collisions as the particles have more kinetic energy, making them
move around faster
= Agreater proportion of the molecules having kinetic energy greater than the activation energy

Effect of a catalyst on the Maxwell-Boltzmann distribution curve

= Acatalyst provides the reactants another pathway which has alower activation energy

= Bylowering E,, a greater proportion of moleculesin the reaction mixture have sufficient energy fora
successful collision

= Asaresult of this, therate of the catalysedreactionisincreased compared to the uncatalyzed reaction
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s

PROPORTION OF MOLECULES WITH LOW Your notes
ENERGIES WHICH CANNOT REACT

PROPORTION OF MOLECULES
THAT HAVE ENERGY GREATER
THAN THE ACTIVATION
ENERGIES, Epeey AND Ej

NUMBER OF MOLECULES

o

0 MOLECULAR ENERGY

The diagram shows that the total shaded area (both dark and light shading) under the curve shows the
number of particles with energy greater than the E, when a catalyst is present. This area is much larger
than the dark shaded area which shows the number of particles with energy greater than the E, without
acatalyst

O Examiner Tip

Make sure you know how to sketch and label the axes in Maxwell-Boltzmann distribution curves. The
curve must start at the origin and it approaches, but never touches the x- axis
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6.1.8 Energy Profiles & Catalysis V4

Your notes

Energy Profiles & Catalysis

Catalysisis the processinwhich the rate of a chemical reactionisincreased, by adding a substance
called a catalyst
A catalystincreases the rate of areaction by providing the reactants with an alternative reaction
pathway whichis lower in activation energy than the uncatalysedreaction
Catalysts canbe dividedinto two types:

= Homogeneous catalysts

= Heterogeneous catalysts

Homogeneous means that the catalystisin the same phase as the reactants
= Forexample, thereactants and the catalysts are all liquids

Heterogeneous means that the catalyst is in a different phase to the reactants
= Forexample, thereactants are gases but the catalyst usedis a solid
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THIS SUBSTRATE MOLECULE NEEDS TO
DISSOCIATE INTO TWO MOLECULES
HOWEVER THIS COSTS A LOT OF
ENERGY AND HAS A LOW RATE.
THEREFORE, A CATALYST IS USED TO THE SUBSTRATE MOLECULE
INCREASE THE RATE OF REACTION BINDS TO THE CATALYST

o0

Wy — @-

CATALYST CATALYST

THE SUBSTRATE MOLECULE IS
THE CATALYST HAS RELEASED. NOTE THAT THE
INCREASED THE RATE OF CATALYST HAS RETURNED TO
DISSOCIATION OF THE ITS ORIGINAL SHAPE AND HAS
SUBSTRATE MOLECULE NOT BEEN USED UP IN THE
REACTION!

O O

CATALYST CATALYST

The diagram shows that the catalyst speeds up a reaction that would normally be slow due to the high
activation energy. The catalystis not used up in the chemical reaction and is not taking partin the
chemical reaction
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_____________ UNCATALYZED Your notes
REACTION
T
g EA(new1
=
5 ______
> REACTANTS
)
i CATALYZED REACTION
5 WITH AN E, LOWER
THAN THE UNCATALYZED
REACTION PRODUCTS
0]
0 EXTENT OF REACTION

The diagram shows that the catalyst allows the reaction to take place through a different mechanism,
which has a lower activation energy than the original reaction
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@ Worked example ,

Your notes
The energy profile below shows the energy changes for areaction with and without a catalyst.

ENERGY A\

REACTANTS

PRODUCTS

~
-

COURSE OF REACTION

Which symbols represent the enthalpy change, AH, and the activation energy, E,, for the reaction
using a catalyst?

Ea (with catalyst)

A. a c
B. b c
C. c a
D. b-a c

Answer:

The correct optionis C.
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= By definition the enthalpy change is the difference in energy content between reactants and ,
products, inthis case, arrow c
= The catalyst lowers the activation energy, so that corresponds to arrow a Your notes
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