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Collision Theory

i)

Q1

Q2

Q3

Fill in the blanks below using each word once.

energy collide catalyst concentration

collision theory

with enough
. There are four factors that can change the rate of a
, surface area and the use of a suitable

Particles can only react if they
This is called the
reaction; temperature,

for the reaction to take place.

Fillin the blanks in the text and complete the diagrams below using each word once.

moderate  collision  faster  energy  surface ares  faster catalyst  fast
slow particles  faster faster more often  collision  successful slow
fast faster low concentration catalyst present high concentration large surface area
TEMPERATURE %}f [ Siow |
Increasing the temperature will cause the particies to move s o+ & @» OO
with more energy. They will therefore collide No Q «O»
and with greater . These two things mean D F /R «©©»
there are more successful collisions per second and therefore : «©»
a_____ rate of reaction. Hot [ Cold | |
| Fast | L]
CONCENTRATION © O
Increasing the concentration of a reactant simply means there o ©09 O ;
: - 0©©p Jlg® ©
are more which may collide and so react. More @O O O
collisions means a reaction. 5 OO © o @
SURFACE _AREA
Using a powder instead of a lump means the is

greater, which means a greater area of reactant is exposed and
so available for a collision. More collisions means a
reaction.

CATALYSTS

Use of a suitable catalyst means that the particles may react
even if they collide with only energy. This means
more collisions are likely. Some catalysts work
because one of the particles is fixed to a surface. This makes
the chance of a more likely. More collisions

means a reaction.

Choose the sentence that best describes the collision theory:

Particles collide at random and always react.

Collisions between particles often result in a reaction.

Reacting particles must collide with enough energy in order to react.

Collision Theory 2:
I1’s not the falling that hurls, it's the landing.

Collisions between molecules are sometimes needed before a reaction occurs.
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/6.7 ) Experiments on Rates of Reaction

Q1 The reaction between sodium thiosulphate and hydrochloric acid produces a yellow precipitate
of solid sulphur. This makes the solution cloudy and stops us seeing clearly through it.
The cross below the flask in the diagram will slowly disappear as more precipitate is produced.

In an experiment to investigate rates of reaction, the time
taken for the cross to disappear was measured.

50cm? of sodium thiosulphate solution was used and
10cm3 of hydrochloric acid was added.

The experiment was repeated at different temperatures.

LCUWEIEL TN 20 | 30 | 40 | 50 | 60 | 70
Time taken (s) 163 | 87 | 43 | 23 n 5

a)  Copy the graph on the right and use the results A
above to plot a line showing the relationship
between temperature and time taken. 200

b)  Use the graph to draw a simple conclusion about
the effect of temperature on the time taken for the
reaction to finish. ‘

¢)  The rate of a reaction may be found by dividing 1
by the time taken (1/t). Copy the table above and
add a row with the reaction rate at each

]

Time Taken (s)
3
i

al
o
|

temperature. T T T —>
d)  Plot a graph of rate against temperature. 20 : 40 . e% 80
(If the actual numbers for the rate value are too emperature ¢ C)
small to plot, use 'Rate x1000" on the vertical axis).
e From the graph work out how temperature affects the rate of a chemical reaction.
f) Use your knowiedge of the collision theory to explain your conclusion.
Q2 The same reaction can be used to investigate the effect of concentration
on the rate of a reaction. When changing the concentration, it is
important to keep the total volume used exactly the same.

Volume of sodium thiosulphate (cm®) 40 | 30 | 20 10 _ 5
Volume of water (cm®) i
Time taken (s) 101 | 137 | 162 | 191
Rate {1/1)

a)  Complete the table above, adding the [ .
volume of water and calculating the rate
of the reaction (to four decimal places).

Rele (1000)

b)  Copy the axes on the right. Then, using
data from the table, show how the volume .
of sodium thiosulphate used affects the % % % w0 w”

—
0 e a0 % ®
Vol, codium thiosuiphate [ars)

time taken and rate of the reaction. | Ve, sndium ihcsulphate (e}

N

(o) Use these graphs to draw a simple conclusion about the effect of concentration on reaction rate.
d)  Explain your conclusion in terms of particles and the collision theory.
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Catalysts 76.7

Q1

a)
b)
©)

d)

e)

Q2

a)

b)

Q3

Q4

a)

b)

The diagrams to the right show how 0.5g of zinc and
0.5g of copper react with dilute sulphuric acid.

Does the copper metal react with dilute sulphuric acid?
Does zinc react with dilute sulphuric acid?

How do zinc and copper together react with dilute sulphuric acid?

sl

Describe what copper does to the reaction in tube 3.

Tube 3 was left for several hours until the reaction was finished. i o

The copper was removed, dried and weighed. Its mass was 0.5g. ﬁ mﬁ

capper
What does this tell you about the action of copper in speeding
up the reaction between zinc and dilute sulphuric acid?

The graph shows an energy profile for a typical exothermic reaction.

Make a copy of the graph and mark on:

the reactants [l the products the activation energy
_ Energy|
the energy change of the reaction

n

A

Use a different colour to mark the profile of the reaction when catalysed. Reaction

What are the advantages of using catalysts in the industrial manufacture of chemicals?

The experiment below can be used to investigate enzyme activity.

Trypsin is an enzyme which acts as a catalyst
to the breakdown of protein. Photographic
film has a protein layer that holds the silver
compounds in place (these appear black).
Different films use different proteins. [f the
protein is destroyed this black layer falls off
leaving a clear plastic film.

Trypsin +
ather chemical

Look at the test tubes carefully, then work out what you can say about the following test tube pairs:
i 2&3 i) 2&4 i) 2&5

Why was test tube 1 included in the experiment?

Module Seven — Patterns of Chemical Change
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Page 34 — Collision Theory

0]

@

Collide; energy; collision theory; concentration;
catalyst;

Faster; more often; energy; faster.
Particles; faster;

Surface area; faster.

Moderate; successful; collision; faster.

1]
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Reacting particles must collide with enough energy in
order to react. (There is an activation energy barrier.)

Page 35 — Experiments on Rates of

Reaction

QL a)

b)
©)

d)

e)

200
Time B
taken | ]

(8) |wo .

56—

Temperature (°C)

The higher the temperature, the less time is taken.

60 | 80 | 70
23| n 3
.00 | 0,015 |0.0233] 0.0436] 0.0810 |0.2000)

Yemperature (°C)
Time faken |2)
Rate {I/t)

1

>

1 U

20 ' 40 | s0 | 80
| Temperature (°c)

The higher the temperature, the faster the rate of
reaction.

Higher temperatures give particles more energy,
which makes them move faster. As the particles are
moving faster, there are more collisions, ang as they
have more energy, more of these collisions are
successful. Both mean a faster reaction rate.

Q@ a)

b)

)
d)

Vihaina B€ irdan i uatahare o’ RS 0 | ao 20 | 10
Volume of witer (em') o [ 20 20 0 |
Yime ~sken {s) w [ 18 [ .2 | e
Rate (111) 0.0126 [0.0099(0.0073[ ©.0081 [0.0062

I |
11 200
I'Qa:‘s.n ma

) oo

L LN
T Lb 71 r 1 T 1 17T
0 20 40 [

Voi, eodium thiosulphate {cm3)

The greater the concentration the faster the
reaction or the higher the rate.

With more particles in the solution there is a
greater chance of a coflision. More collisions
means a faster reaction.
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Qi a)
b)

<)
d)

e)

Q& a)

b)

Copper doesn't react.

2Zinc reacts slowly.

Zinc and copper react much better together.
Copper acts as a catalyst.

Copper is not used up, confirming its actionasa
catalyst

—

ad{ivation energy

catelysed
reaction

Catalysts speed up the reaction therefore it takes
fess ime to make more product. Catalysts also
lower the operating temperature and this saves
money.

i) Tobes 2 & 3... Trypsin does not work on the
protein on film B - enzymes are substrate
spedific.

i) Tubes 2 & 4 - boifing stops the enzyme

working.

il)Tubes 2 & S - some substances can block or
inhibit the action of enzymes.

Tube 1 is included as a control to show that film

does not disintegrate of its own 3ccord.

Answers




