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Collision Theory ,

Your notes

Changing Reaction Conditions
Collision Theory

= 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 onfactorsincluding:
= collision frequency
= collision energy
= activation energy

= Ultimately, the rate of reaction depends on the number of successful / effective
collisions that happen perunit time

= Asuccessful / effective collisionis where the particles collide in the correct
orientation and with sufficient energy for a chemical reaction to occur

= Anunsuccessful / ineffective collision is when particles collide in the wrong
orientation orwhen they don’t have enough energy and bounce off each other
without causing a chemical reaction

NO REACTION

SUCCESSFUL COLLISION
WITH SUFFICIENT ENERGY
TO RESULT IN A REACTION
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(a) shows an ineffective collision due to the particles not having enough energy whereas ,
(b) shows an effective collision where the particles have the correct orientation and

enough energy for a chemical reaction to take place Your notes

Collision frequency

= |fachemicalreactionis to 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 canbe altered by:
= Changing the concentration of the reactants

= |ncreasing the concentration willmean that there are more particles available to
reactinthe same volume /amount of space leading to more frequent,
successful collisions

= Changing the total pressure

= Increasing the pressure means that there will be the same number of particles
butina smallervolume leading to more frequent, successful collisions

= Changing the temperature

= Thiswillincrease the kinetic energy of the reacting particles, ultimately, resulting
in more frequent, successful collisions

= Changing the size of the reacting particles

= Thisis achieved by increasing the surface area which means that there are more
particles available toreactin the same volume / amount of space leading to
more frequent, successful collisions

Collision energy

= Not all collisionsresultin a chemical reaction
= Most collisionsjust resultin the 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

= |fthey 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

Activation Energy

= Forareactionto take place, thereactant particles need to overcome a minimum amount
of energy

= Thisenergyis called the activation energy (E;)

= |nexothermic reactions, the reactants are higherin energy than the products
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= |nendothermicreactions, the reactants are lowerin energy than the products ,

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

Your notes

EXOTHERMIC

REACTANTS LOWER IN ENERGY

THAN REACTANTS

ENERGY (kJ mol™

PRODUCTS

o

T
--.f-

0 EXTENT 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 Your notes

= Eventhough 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, fora collisionto be effective the reactant particles must collide in the correct
orientation AND possess a minimum energy equal to the E, of that reaction

= The success of areaction canbe measured using the rate of reaction, which could be
achieved by measuring:

= The amount of reactant lost
= The amount of product formed
= Thetimeit takes fora specific colour change to happen

= Thetimeit takes fora certain amount of precipitate to form
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Rates of Reaction ,

Your notes

Rates of Reaction - Graphs &
Calculations

= Somereactions take place instantly, but most are much slower and it is possible to
measure how long these reactions 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
moldm-3s-1

= Therate of areaction canbe calculated by:

change in amount of reactants or products (mol dm~3)

Rate of reaction = N
time (s)

= Graphically we canrepresent the rate of reaction as:

[REACTANTS]
[PRODUCT S1

V
V

TIME TIME

Rate of reaction graphs

o

Worked Example

lodine and methanoic acid react in aqueous solution.
I> (ag) + HCOOH (ag) — 21~ (aq) + 2H* (aq) + CO2 ()

The rate of reaction can be found by measuring the volume of carbon dioxide
produced per unit time and plotting a graph as shown
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Calculate therate of reaction at 20 seconds
Answer:

= Draw atangenttothe curve at 20 seconds:

4//,_

27-3=24cm?
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o
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VOLUME OF GAS IN cm®
Y

40-0=40s

o
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TIME IN SECONDS

= Complete the triangle and read off the values of xandy

= Determine the gradient of the line using Ay / Ax
= Rate of reaction=24+40=0.60 cm3s-!

o

Examiner Tips and Tricks

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

\

= Tomeasure the rate of areaction, we need to be able to measure either how quickly the

reactants are used up or how quickly the products are formed

= The method used for measuring depends on the substancesinvolved

4

Your notes
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= There are anumber of ways to measure areactionrate in the lab; they alldepend on ,
some property that changes during the course of the reaction
Your notes
= 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 easier to measure when the reactionis over, by averaging a
collected measurement over the course of the reaction

= Commonly used techniques are:
= massloss

= gasproduction

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

Measuring changes in mass using a balance

= The massloss provides a measure of the amount of reactant, so the graphis the same as
agraph of amount of reactant against time
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A 4

Your notes

MASS IN GRAMS

\'

TIME

Mass loss of a product against time

= However, one limitation of this method is the gas must be sufficiently dense or the
changeinmassistoo smallto measureona2or3d.p. balance

= Socarbondioxide would be suitable (M, = 44.0) but hydrogen would not (M, = 2.0)

Volumes of gases

= Whenagasisproducedinareaction, it canbe trapped andits volume measured over
time

= This canbe usedto measure the rate of reaction.

= Forexample, the reaction of magnesium with hydrochloric acid produces hydrogen

I1IJI|[‘——

—
» GAS SYRINGE

CONICAL

(ERLENMEYER)®
FLASK

Collecting gases experimental set up

= Analternative gas collection set up involves collecting a gas through waterusing an
inverted measuring cylinder (as long as the gas is not water soluble)
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DELIVERY /
L Your notes

MEASURING
(GRADUATED)
CYLINDER

|I|II|II/_rfj

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

VOLUME OF GAS

V

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 analysing it by titration can affect the rate of reaction (unless the reactionis
deliberately stopped- thisis called quenching).

= Oftenitis more convenient to ‘stop the clock’ when a specific (visible) pointin the
reactionisreached

= 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
across whenviewed through the solution:
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Na;S,03(aq) + 2HCl(ag) — 2NaClaqg) + SOz (g) + H2O (1) + S(s) ,

ADD DILUTE ACID
AND START TIMING

{

SODIUM
THIOSULFATE
SOLUTION

Your notes

SODIUM
THICSULFATE

AND DILUTE ACID

TRANSPARENT
SOLUTION

OPAQUE
SOLUTION

The disappearing cross experiment

= The mainlimitation hereis that oftenit only generates one piece of data for analysis

(

o

Worked Example

using 2.0 moldm-3HCl(aq)

Time /seconds 2.0 mol dm™3

Using the results shown below, calculate the initial rate of reaction for the reaction

Mg (s) + 2HCI (ag) — MgCl, (aq) + H2 (9)

Volume of gas / cm®

1.0 mol dm=3 0.5 mol dm=3

0 0 0] 0]
10 10 6 3
20 20 1 6
30 28 15 9
40 34 19 12
50 40 21 14
60 44 22 15
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Answer ,

Step 1: Draw a graph of the results Your notes

(8]
o
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= The gradient can be usedto give the rate of reaction, however, the graph has
produced acurve
Step 2: Draw a tangent to the curve at time = O seconds

Step 3: Calculate the gradient

Ay _ 40
Ax ~ 38

= Gradient = = 1.05moldm3s"!

=

Examiner Tips and Tricks

You should be familiar with the interpretation of graphs of changes in concentration,
volume or mass against time and be able to calculate arate from a tangent to the

graph

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

12


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

Maxwell-Boltzmann Distributions /
Your notes

Maxwell-Boltzmann & Temperature

Maxwell-Boltzmann distribution curve

= A Maxwell-Boltzmann distribution curve is a graph that shows the distribution of
energies at a certain temperature

= |nasample of agas, afew particles will have very low energy, a few particles will have
very high energy, but most 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

LOW ENERGY r HIGH ENERGY
MOLECULAR ENERGY

0

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

The Maxwell-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 for an effective collision and for a chemical reaction to take place

Changesin temperature

= Whenthe temperature of areaction mixture isincreased, the particles gain more kinetic
energy

= This causes the particles to move around faster resulting in more frequent collisions

= Furthermore, the proportion of successful collisions increases, meaning a higher
proportion of the particles possess the minimum amount of energy (activation energy)
to cause a chemicalreaction
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= With highertemperatures, the Boltzmann distribution curve flattens and the peak shifts ,

to theright
Your notes

AN INCREASE IN TEMPERATURE RESULTS IN AN

» INCREASED MEAN ENERGY OF THE MOLECULES
L SO THERE IS A WIDER SPREAD OF VALUES
0
g 2
2 / \ THERE IS AN INCREASE IN REACTION
N I Toc RATE AS A GREATER PROPORTION OF
o / \ MOLECULES HAVE ENERGY EQUAL TO OR
e |/ AN GREATER THAN THE ACTIVATION ENERGY
@ | AN
2 |7 Sirvoc S~
=z S o
0] / i ——a
0 MOLECULAR ENERGY

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

The Maxwell-Boltzmann distribution curve at T°C and when the temperature is increased
by10°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
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Catalysts & Energy /

Your notes

Reaction Profiles & Maxwell-Boltzmann

= Catalysisis the processinwhich the rate of a chemicalreactionisincreased, by adding a
catalyst

= Acatalystincreases therate of areaction by providing the reactants with an alternative
reaction pathway which is lower in activation energy than the uncatalysed reaction

= There are three main advantages to using catalystsin chemical reactions:

1. Theyincrease the rate of reaction which means that more productis potentially
made in a given amount of time

2.Theyreduce energy costs as the reaction can happen at lower temperatures and
pressures

3.They canincrease atom economy as the alternative reaction pathway that they
provide canreduce the unwanted reactions and, in some cases, evenreduce the
amount of other products, e.g. the use of zeolites in the synthesis of phenol

= Catalysts canbedividedinto two types:
= Homogeneous catalysts
= Heterogeneous catalysts
= Homogeneous means that the catalystisin the same phase as the reactants
= Forexample, thereactants and the catalysts are allin solution
= Heterogeneous means that the catalystisin a different phase to the reactants
= Forexample, thereactants are gases but the catalyst usedis a solid

= Thistype of catalystis the most commoninindustry
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4

Ao Your notes
UNCATALYZED
REACTION
g EA[new!
by
5 ________
5. | REACTANTS
h)
5 CATALYZED REACTION
& 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

Maxwell-Boltzmann distribution curve

= Catalysts provide the reactants another pathway which has a lower activation energy

= Onthe graph below, the original number of successfully reacting particles is shown by

the dark shaded area

= Bylowering E,, a greater proportion of moleculesin the reaction mixture have the
activation energy, and therefore have sufficient energy for an effective collision

= Thisis shown by the combined number of particlesin the light and dark shaded

areas

= Asaresult of this, the rate of the catalysedreactionisincreased compared to the

uncatalysedreaction

1, SaveMyExams

© 2026 Save My Exams, Ltd.

Get more and ace your exams at savemyexams.com

16


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

NUMBER OF MOLECULES

PROPORTION OF MOLECULES WITH LOW
ENERGIES WHICH CANNOT REACT

PROPORTION OF MOLECULES
THAT HAVE ENERGY GREATER
THAN THE ACTIVATION
ENERGIES, Epjqety AND Eg

o

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

MOLECULAR ENERGY

particles with energy greater than the E,; without a catalyst

1, SaveMyExams
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Your notes
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Dynamic Equilibrium in Reversible Reactions /
Your notes

Dynamic Equilibriumin Reversible
Reactions

Reversible reaction

= Somereactions go to completion where the reactants are used up to form the products
= Thereactionstopswhen all of the reactants are used up
= Inreversible reactions, the products canreact to reform the original reactants

= Toshow areversible reaction, two opposing half arrows are used: =

FORWARD REACTION

CuS0O, - 5H,O (s} —> CuSQ,(s) + 5H,0 (1)

HYDRATED ANHYDROUS
COPPER (1) COPPER (1D
SULFATE SULFATE

BACKWARD REACTION

CuSQ,(s) + 5H,0 (1) —> CuS0, - 5H,0 (s)

CuSO, - 5H,0 (s) == CuSO,(s) + 5H,0 (1)

The diagram shows an example of a forward and backward reaction that can be written as
one equation using two half arrows

Dynamic equilibrium

= |nadynamic equilibrium, the reactants and products are dynamic (they are constantly
moving)

= |nadynamic equilibrium, the rate of the forward reactionis the same as the rate of
the backward reactionin a closed system, and the concentrations of
thereactants and products are constant
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The diagram shows a snapshot of a dynamic equilibrium in which molecules of hydrogen
iodide are breaking down to hydrogen and iodine at the same rate as hydrogen and iodine

molecules are reacting together to form hydrogen iodide

LINE SHOWS AN INCREASE IN
CONCENTRATION OF PRODUCTS
FORMED DURING THE REACTION

" UNTIL EQULIBRIUM IS ESTABLISHED
AND THE CONCENTRATION
REMAINS CONSTANT

EQUILIBRIUM

W REACHED
Lk v
s [T~ T TT = 10 mol dm™3
L E
=
=
Wy
C 8
5
O

0

LINE SHOWS DECREASE IN
CONCENTRATION OF REACTANT
DURING THE REACTION UNTIL
EQUILIBRIUM IS ESTABLISHED

1mol dm3
--- E_/_\? AND THE CONCENTRATION

REMAINS CONSTANT.

The diagram shows that the concentration of the reactants and products does not change

TIME

NOTE: THE CONCENTRATION
DOESN’'T GO TO ZERO AS
THERE’'RE STILL SOME
REACTANTS LEFT

anymore once equilibrium has been reached (equilibrium was approached using
reactants)

1, SaveMyExams
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The diagram shows that the concentration of the reactants and products does not change

LINE SHOWS DECREASE IN
CONCENTRATION OF PRODUCTS
AS SOME PRODUCTS REACT
= TO REFORM THE REACTANTS
UNTIL EQUILIBRIUM IS REACHED
AND THE CONCENTRATIONS
REMAIN CONSTANT

LINE SHOWS INCREASE IN
CONCENTRATION OF
REACTANTS AS SOME

, PRODUCTS REFORM THE
REACTANTS UNTIL EQUILIBRIUM
IS REACHED AND THE
CONCENTRATIONS REMAIN

CONSTANT

anymore once equilibrium has been reached (equilibrium was approached using

products)

= Aclosed systemis one in which none of the reactants or products escape from the

reaction mixture

= |nanopensystem, matterand energy can be lost to the surroundings

= Whenareaction takes place entirely in solution, equilibrium can be reached in open
flasks as a negligible amount of material is lost through evaporation

= |fthereactioninvolves gases, equilibrium can only be reachedin a closed system

CaC0O4(s) —— CaOfl(s) + CO,(g)

KEY

O
OO
) .;.r @ =CaCOys) (D =Cal(s) ©=CO,(g)

The diagram shows a closed system in which no carbon dioxide gas can escape and the
calcium carbonate is in equilibrium with the calcium oxide and carbon dioxide

1, SaveMyExams © 2026 Save My Exams, Ltd.
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4

Your notes

CaCO4(s) —=> CaO(s) + CO,(g)

The diagram shows an open system in which the calcium carbonate is continually
decomposing as the carbon dioxide is lost causing the reaction to eventually go to

completion
p
Examiner Tips and Tricks
A common misconceptionis to think that the concentrations of the reactants and
products are equal.
They are not equal but they remain constant at dynamic equilibrium (i.e. the
concentrations are not changing).
The concentrations will change as the reaction progresses, only until the equilibriumis
reached.
\
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Le Chatelier's Principle A,

Your notes

The Position of Equilibrium

Position of the equilibrium

= The position of the equilibrium refers to the relative amounts of products and reactants
in an equilibrium mixture

= When the position of equilibrium shifts to the left, it means the concentration
of reactantsincreases

= Whenthe position of equilibrium shifts to the right, it means the concentration
of productsincreases

Le Chatelier’s principle

= Le Chatelier’s principle says that if a change is made to a systemin dynamic equilibrium,
the position of the equilibrium moves to counteract this change

= The principle is used to predict changes to the position of equilibrium when there are
changesintemperature, pressure or concentration

Effects of concentration

How the Equilibrium Shifts with Concentration Changes

CHANGE HOW THE EQUILIBRIUM SHIFTS

INCREASE IN EQUILIBRIUM SHIFTS TO THE RIGHT TO REDUCE THE

CONCENTRATION EFFECT OF INCREASE IN THE CONCENTRATION OF A
REACTANT

DECREASE IN EQUILIBRIUM SHIFTS TO THE LEFT TO REDUCE THE EFFECT

CONCENTRATION OF ADECREASE INREACTANT (OR AN INCREASE IN THE
CONCENTRATION OF PRODUCT)

o

Worked Example

Changes in equilibrium position

Using the reaction below:

CH3COOH (1) + C,HsOH (1) = CH3COOCHs (1) + HyO (1)
Explain what happens to the position of equilibrium when:

1. More CH3COOC,H; is added
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2. Some C,H50H isremoved ,
Using the reaction below: Your notes
Ce?**(aq) + Fe?*(aq) = Ce3*(aq) + Fe3*(aq)

Explain what happens to the position of equilibrium when

3. Water is added to the equilibrium mixture

Answer1:

= The position of the equilibrium moves to the left and more ethanoic acid and
ethanol are formed

= Thereaction movesinthis direction to oppose the effect of added ethyl
ethanoate, so the ethyl ethanoate decreasesin concentration
Answer 2:

= The position of the equilibrium moves to the left and more ethanoic acid and
ethanol are formed

= Thereaction movesin this direction to oppose the removal of ethanol so
more ethanol (and ethanoic acid) are formed from ethyl ethanoate and water
Answer 3:

= Thereisno effect asthe waterdilutes all the ions equally so there isno change in
the ratio of reactants to products

\
Effects of pressure
= Changesinpressure only affectreactions where the reactants or products are gases

How the Equilibrium Shifts with Pressure Changes

CHANGE HOW THE EQUILIBRIUM SHIFTS

INCREASE IN EQUILIBRIUM SHIFTS IN THE DIRECTION THAT PRODUCES THE
PRESSURE SMALLER NUMBER OF MOLECULES OF GAS TO DECREASE THE
PRESSURE AGAIN

DECREASE IN | EQUILIBRIUM SHIFTS IN THE DIRECTION THAT PRODUCES THE
PRESSURE LARGER NUMBER OF MOLECULES OF GAS TO INCREASE THE
PRESSURE AGAIN

o

Worked Example
Changesin pressure

Predict the effect of increasing the pressure on the following reactions:
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1. N204(g) = 2NO2 (g) ,
2.CaCO3(s) = CaO (s) + CO2(g) Your notes

Predict the effect of decreasing the pressure on the following reaction:
3.2NO2(g9) = 2NO(9) + O2(9)

Answer1:
= The equilibrium shifts to the left as there are fewer gas molecules on the left

= This causesadecreasein pressure
Answer 2:

= The equilibrium shifts to the left as there are no gas molecules on the left but
thereis COj ontheright

= This causesadecreasein pressure
Answer 3:

= The equilibrium shifts to theright as there is a greater number of gas molecules on
theright

= Thiscausesanincreaseinpressure

\
Effects of temperature

How the Equilibrium Shifts with Temperature Changes

CHANGE HOW THE EQUILIBRIUM SHIFTS

INCREASE IN TEMPERATURE EQUILIBRIUM MOVES IN THE ENDOTHERMIC
DIRECTION TO REVERSE THE CHANGE

DECREASE IN TEMPERATURE EQUILIBRIUM MOVES IN THE EXOTHERMIC
DIRECTION TO REVERSE THE CHANGE

o

Worked Example

Changesin temperature
Using the reaction below:
Hy(9)+CO,(g) = H,O(g)+ CO(g) AH=+41.2kJmol”
1. Predict the effect of increasing the temperature on this reaction
Using the reaction below:

Ag,CO3(s) = Ag,O(s) + CO,(9)
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2. Increasing the temperature increases the amount of CO3(g) at constant ,

pressure. Is this reaction exothermic or endothermic?
Your notes

Explainyour answer
Answer1:

= Thereactionwill absorb the excess energy and since the forward reactionis
endothermic, the equilibrium will shift to the right
Answer 2:

= Thereactionwill absorb the excess energy and since this causes a shift of the
equilibrium towards the right (as more CO»(g) is formed) this means that the
reactionis endothermic
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Industrial Compromises ,
Your notes

The Yield-Rate Compromise

= TheHaberProcessis, once again, a good example of the need fora compromise of
reaction conditions inindustrial processes

N2(g) + 3H2(g) = 2NHz ()
= Thereactionis exothermicinthe forward direction

= Therefore, anincrease in temperature may increase the rate of reaction but it will
decrease the overall yield as the equilibrium shifts to the left

= Anincreaseinpressure willincrease the yield
= Thisisbecause there are 4 moles of reactant compared to only 2 moles of product

= The overall effect of changing the pressure at different temperatures can be seen:

YIELD OF AMMONIA ()

1
| >
100 200 300 400 PRESSURE
(ATMOSPHERES)

(#)save myexams

The yield of ammonia with varying conditions for the Haber Process
= Temperatureis the first compromise in conditions

= 450°Cisused as this still produces an acceptable yield of ammonia (roughly 35%) but
also within an acceptable time frame

= Highertemperatures are not used because of the lower yields combined with the
increased costs to achieve these temperatures
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= |Lowertemperatures are not used because the rate is too slow despite anincreased ,
yield

o

Examiner Tips and Tricks

Your notes

In very simplistic terms, this temperature compromise can be thought of as the
following question:

Isitbetterto produce 100 g perhouror1000 g perday?

= For100 g perhour, less productis being made butitis being made more quickly

= For1000g perday, more productis being made but it is being made much more
slowly

= QOverall, 100 gperhouris betteras thisresultsin a total of 2400 g per day

\
= The second compromisein conditionsis pressure

= Apressure of around 20 MPa (or 200 atmospheres) is used, which produces an
acceptableyield (around 35%)

= Doubling the pressure to around 40 MPa (roughly 400 atmospheres, only increases
the yield by around 7%

= However, this comes with the financial and energy costs of producing the pressure
requires along with the health and safety considerations of working at such high
pressure

= While industry aims for a high yield where possible, sometimes thisis balanced and
compromised by:

= Financial and profit considerations - is the cost of altered reaction conditions
balanced out by a sufficientincrease inyield and, therefore, profit?

= Energy and environmental considerations - will altering the reaction conditions have
an effect on the energy needs (linking back to finance) and will there be anincreased
use of fossil fuels resulting from the change of conditions?

= Health and safety considerations - are the proposed reaction conditions actually
safe towork with? What potential harm to workers and the manufacturing plant
could happen? s this balanced out by the increase inyield and, therefore, profit?

o

Examiner Tips and Tricks

The Haber Process has been used as the example forindustrial considerations as you
should be relatively familiar with this process

However, you can be expected to apply the ideas shown here to any potential
industrial reaction
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