CHEMICAL CHANGE: Energy and change & Rate of reaction
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STRUCTURED QUESTIONS

Let’s warm-up with an easy question!

[image: Table

Description automatically generated]





Warm-up is over! Let’s increase the thinking-rate!
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QUESTION 1
1.1 Define the term reaction rate in words.

Learners use the reaction between IMPURE POWDERED calcium carbonate and excess hydrochloric acid
to investigate reaction rate. The balanced equation for the reaction is:

CaCOs(s) + 2HC!(aq) — CaClz(aq) + H20(2) + CO2(g)
They perform four experiments under different conditions of concentration, mass and temperature as shown

in the table below. They use identical apparatus in the four experiments and measure the volume of gas
released in each experiment.

@)

EXPERIMENT
[ 1 | 2 | 3 | 4 |

Concentration of acid (mol-dm) 1 0,5 1 1
Mass of impure calcium carbonate (g) 15 15 15 25
Initial temperature of acid (°C 30 40 40

1.2 The results of experiments 1 and 3 are compared in the investigation. Write down the:
1.2.1  Independent variable (1)
1.2.2 Dependent variable

Use the collision theory to explain why the reaction rate in experiment 4 will be higher than that in
experiment 3.
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The learners obtain graphs A, B, C and D below from their results.

Volume CO, (cm?)

Time (s)

Which ONE of the graphs (A, B, C or D) represents experiment 1? Fully explain the answer by
comparing experiment 1 with experiments 2, 3 and 4. (6)
When the reaction in experiment 4 reaches completion, the volume of gas formed is 4,5 dmq.

Assume that the molar gas volume at 40 °C is equal to 25,7 dm?3. Calculate the mass of the impurities
present in the calcium carbonate. (5)

[18]
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QUESTION 3
A group of learners uses the reaction of clean magnesium ribbon with dilute hydrochloric acid to investigate
factors that influence reaction rate. The balanced equation for the reaction is:

Mg(s) + 2HC{(aq) — MgClz(aq) + H2(g) AH<O0

3.1 Is the above reaction EXOTHERMIC or ENDOTHERMIC? Give a reason for the answer.
3.2 In one of the experiments 5 g magnesium ribbon was added to the hydrochloric acid solution.
3.2.1  If 30 cm? dilute hydrochloric acid solution of concentration 1,5 mol-dm- is USED UP in
1 minute, calculate the average reaction rate in mol-s-'.

The volume of hydrogen gas produced as a function of time in this experiment is represented by
graph S below. (The graph is NOT drawn to scale.)
3.2.2 How does the rate of the reaction change

between:

= (Write down INCREASES, DECREASES or
£ NO CHANGE.)
= (@) tandt
g Use the collision theory to explain the
g answer.
> (b) teandts

Give a reason for the answer without

referring to the graph.

@

®)

4)

@
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Time (s)
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In another experiment they add 5 g of magnesium to
30 cm? of dilute hydrochloric acid of concentration
1,5 mol-dm3. They obtained graph T below.

(The graph is NOT drawn to scale.)

Give TWO possible reasons why graph T differs
from graph S. (2)
[15]
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QUESTION 6
The reaction between dilute hydrochloric acid and sodium thiosulphate (Na2S203) is used to investigate one
of the factors that influences reaction rate. The balanced equation for the reaction is:

Na2S203(aq) + 2HCl(aq) — 2NaCt(aq) + S(s) + H20(f) + SO2(g)

The hydrochloric acid solution is added to the sodium thiosulphate

flask solution in a flask. The flask is placed over a cross drawn on a sheet
of white paper, as shown in the diagram below. The time that it takes
Na,S;0s(aq) for the cross to become invisible is measured to determine the
)+ HCl(aq) reaction rate. Four experiments, A to D, are conducted during this
. investigation. The volumes of reactants used in each of the four
/“L'Whlte paper experiments and the times of the reactions are summarised in the
T table below.

. Volume of Volume of H20(€) Volume of .
NS0z e ey ety | T

A 25 0 5
B 20 5 5
[of 15 10 5
D 10 15 5

6.1 State TWO factors that can influence the rate of the reaction above. 2)
6.2 Write down the NAME or FORMULA of the product that causes the cross to become invisible. 1)
6.3 Give a reason why water is added to the reaction mixture in experiments B to D. 1)
6.4 Write down an investigative question for this investigation. 2)
6.5 In which experiment (A, B, C or D) is the reaction rate the highest? 1)
6.6 Use the collision theory to explain the difference in reaction rate between experiments B and D. 3)

6.7 The original Na2S203 solution was prepared by dissolving 62,50 g Na2S203 crystals in distilled water
in a 250 cm? volumetric flask. Calculate the mass of sulphur, S, that will form in experiment D if
Na2S20s is the limiting reactant. 7)

[17]
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QUESTION 12

Two experiments are carried out to investigate
one of the factors that affects the reaction rate
between magnesium and dilute hydrochloric
acid. The reaction that takes place is repre-
sented by the following balanced equation:
Mg(s) + 2HCt(aq) — MgCtz(aq) + Hz(g)

In experiment 1 a certain mass of magnesium
ribbon reacts with excess dilute hydrochloric
acid.In experiment 2 magnesium powder of
the same mass as the magnesium ribbon,
reacts with the same volume of excess dilute
hydrochloric acid. The concentration of the
acid is the same in both experiments.

Cotton wool plug

Dilute hydrochloric acid
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Define reaction rate.

For this investigation, write down the:

12.2.1 Independent variable
12.2.2 Controlled variable

@)

(1)
(1)
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The chahge in mass of magnesium is calculated and recorded in 2-minute intervals for both experiments. The )

results obtained are shown in the graph alongside (NOT drawn to scale).

123

124
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Use the information on the graph to:
12.3.1 Calculate the volume of hydrogen gas produced in experiment 1 from t = 2 minutes to

t=10 minutes (Take the molar gas volume as 25 dm3-mol-'.) (5)
12.3.2 Calculate the initial mass of magnesium used if the average rate of formation of hydrogen

gas in experiment 2 was 2,08 x 10 mol-s-'. (5)
Use the collision theory to explain why the curve of experiment 2 is steeper than that of
experiment 1. 3)

71
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QUESTION 14
Learners use the reaction of a sodium thiosulphate solution with dilute hydrochloric acid to investigate several
factors that affect the rate of a chemical reaction. The balanced equation for the reaction is:

Na2S203(aq) + 2HCl(aq) — 2NaCt(aq) + SO2(g) + S(s) + H20(f)
14.1  Define reaction rate. 2)

Three investigations (I, Il and Ill) are carried out.

142 INVESTIGATION |
GRAPH OF REACTION RATE VERSUS
CONCENTRATION OF Na;S;03(aq) The results obtained in INVESTIGATION | are shown

in the graph on the left.
For this investigation, write down the:

14.2.1 Dependent variable 1)
14.2.2 Conclusion that can be drawn from the results (2)

Reaction rate (mol's™)

Concentration (mol-dm"‘)




image13.png
Number of particles

14.4

Potential energy (kJ)

Kinetic energy
INVESTIGATION Ill

Reaction coordinate

14.3 INVESTIGATION Il

\ Pamcles that undergo The Maxwell-Boltzmann distribution curves,
N

effective collisions A and B, represent the number of particles
against kinetic energy for the reaction at two
different temperatures.

14.3.1 What does line P represent? 1)
14.3.2 Which curve (A or B) was
obtained at the higher
temperature? 1)
14.3.3 Explain, in terms of the collision
theory, how an increase in
temperature influences the rate
of a reaction. 4)

The potential energy diagrams, X and Y, represent the reaction under
two different conditions.

Give a reason why curve Y differs from curve X. 1)

14.5 In one of the investigations, 100 cm3 of 0,2 mol-dm~2 HCE(aq)
reacts with excess Na2S203(aq) and the solution is then filtered.
Atter filtration of the solution, 0,18 g of sulphur is obtained.
Calculate the PERCENTAGE YIELD of sulphur. (6)
18]
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CHEMICAL CHANGE: ENERGY AND CHANGE

Heat of reaction (AH)

The energy absorbed or released in a chemical reaction.

Exothermic reactions

Reactions that release energy. (AH < 0)

Endothermic reactions

Reactions that absorb energy. (AH > 0)

Activation energy

The minimum energy needed for a reaction to take place.

Activated complex

The unstable transition state from reactants to products.
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CHEMICAL CHANGE: RATE OF REACTION

Reaction rate

The change in concentration of reactants or products per unit time.

A

Rate at which reactants are used: Rate = — It Unit: mol-dm3-s™!
A

Rate at which products are formed: Rate = 2 Unit: mol-dm-s-!

At
(When calculating reaction rate, the final answer is always positivel)

Collision theory

A model that explains reaction rate as the result of particles colliding with a certain
minimum energy.

Catalyst A substance that increases the rate of a chemical reaction without itself undergoing a
permanent change.
(A catalyst increases the rate of a reaction by providing an alternative path of lower
activation energy. It therefore decreases the net/total activation energy.)

Factors that affect Nature of reacting substances, surface area, concentration (pressure for gases),

reaction rate

temperature and the presence of a catalyst.
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QUESTION 2
A group of learners uses the reaction of EXCESS hydrochloric acid (HC{) with zinc (Zn) to investigate factors
which influence reaction rate. The balanced equation for the reaction is:

Zn(s) + 2HCI(aq) — ZnCl2(aq) + Ha(g)

They use the same volume of hydrochloric acid and 1,2 g of zinc in each of five experiments. The reaction
conditions and temperature readings before and after completion of the reaction in each experiment are
summarised in the table below.

REACTION CONDITIONS Time
Concentration of Temperature (°C) State of division

HC2 (mol-dm-) Before After of the 1,2 g of Zn (s)
granules 50
powder 10
powder
granules
granules
2.1 Is the reaction between hydrochloric acid and zinc EXOTHERMIC or ENDOTHERMIC? Give a
reason for the answer by referring to the data in the table. (2)
22 Give a reason for the difference in reaction rate observed for Experiments 1 and 2. (1)
23 The learners compare the results of Experiments 1 and 3 to draw a conclusion regarding the effect
of concentration on reaction rate. Give a reason why this is not a fair comparison. (1)
24 How does the rate of the reaction in Experiment 5 compare to that in Experiment 1? Write down

FASTER THAN, SLOWER THAN or EQUAL TO.

Write down the factor responsible for the difference in the rate of reaction and fully explain, by

referring to the collision theory, how this factor affects reaction rate. (5)
25 Calculate the rate at which the hydrochloric acid reacts in Experiment 4 in mol-s-'. (6)




