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INSTRUCTIONS TO CANDIDATES:

This paper consists of one compulsory examination item. Answers to this item are to
be written in the spaces provided in this booklet. Use blue or black ink.

All working must be clearly shown. Graph paper will be provided.
Mathematical table and silent non-programmable scientific calculators may be used.

You are not allowed to use reference books (i.e. text books, booklets on qualitative
analysis efc.)

Candidates are advised to carefully read the item, make sure they have all the
apparatus and chemicals they may need and then plan appropriately before starting.
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Item 1

Sodium carbonate (baking soda) is commonly used in homes to clean utensils stained
with acidic foods.

Grace observed that when warm water is used with baking soda to clean acidic food
stains, bubbling occurs faster and ends more quickly than when cold water is used. She
wondered why

To help Grace understand this, you have been approached to model the reaction in the
laboratory using hydrochloric acid and sodium carbonate solution, which also produces
bubbling of carbon dioxide gas.

Y ided with:
ou are provided wi B 0 6M “‘Aﬁ’ BAL
« BA1: which is sodium carbonate solution 10M ot Hcl
+ BA2: which is hydrochloric acid solution to create a similar acidic atmosphere
Task:

As a chemistry student,

(a) design an experiment you will use to help Grace verify her observation (Your design
should include; aim, variables, hypothesis, apparatus and materials, procedure, risks and
their mitigations)




(b) carryout the experiment and record your results. ( A minimum of five readings
required.)




(c) analyse your results and inform Grace accordingly.

END



-ng\/CS((\ L (ot ¢ OU\(\ ¢)
\1 \»\Yw?ﬂ(\.\ n.N\

A< - p——
A P M{C’_‘i\

Aim: To investigate how the temperature of the reactants, affects, the tim“eﬂen for
bubbling to stop / the rate of reaction , in the reaction between sodium carbonate and <A =0 %

(e\t\\ *\

hydrochloric acid. ) IA =03
W A
Hypothesis: If the temperature of the reactants increases then the time taken for bubbling to__
stop will decrease / the rate of reaction will mcrease \ ‘ " \ W= C 6 f
A oical _fhalomery raked o e exbes mba
Variables: N) abv e humthesi s By : «(‘
el Py | N zo5
+ Independent Variable: Temperature of the hyﬁrochlorzc acid ] \; 6 X
o Dependent Variable: Time taken for bubbling to stop /Rate of reactzon
« Controlled Variables: Volume of sodium carbonate (BAl).~ 5"' ~¢ b
G " Volume of hydrochloric acid(BA2) 9N =05
l\‘,';(\J ‘\V\‘XV \‘V\\ B\)Y ‘\‘Vli (( \‘\‘\," j L\ A \ \,\ \&\ \,) ‘\5 - CM
Apparatus and Materials: _

Beakers, Thermometer, Stop Clock, Measurmg cylmders Bunsen burner, BAI: Sodium
carbonate solution , BA2: Hydrochloric acid solution \— o
(K \ \\\-V.)I\\ ¢ n“‘(\m"*ig

Procedure:,
= '?11\

a) Using a measuring ,cy?inder, 20.0 c¢cm’ of sodium carbonate and %0 0 cm? of
hydrochloric acid were measured and placed into separate beakers.” P

b) The initial temperature of the hydrochloric acid was measured with a(tkermc;meter'";) -
and recorded. j g L

¢) The two solutions were mixed by pouring the sodium carbonate into the hydrochlori
acid while gently swirling the mixture to ensure thorough mixing. The stop clock was
started immediately.

d) The time taken for bubbling to completely stop was observed and recorded.” ia

e) Steps (a) to (d) were repeated at increasing temperatures of hydrochloric acid by
heating on a Bunsen burner to: 30°C, 35°C, 40°C, 45°C, 50°C, and 55°C. __— \'c.

0 73 PP, = BP 20
Risks and Mitigation: w . Y,“;« Vs “L - G Y-
m Y Vi 1\‘ =i (,“-"

Risk Mitigation ' Fn 2 \P 20l
Skin or eye irritation from acid | Wear gloves and safety g%gles to protect skin and.
contact. eyes.

Spills causing slips. clean spills immediately with a cloth
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(b) Results Table: & A the m\unc\ e O (\f\ﬁ

The graph shows a steady increase in rate as temperature rises.

~C,
Volume of BAI used 20.0cm’ D —
Volume of BA2 used 20.0cn’ D 1h=08
Temperature (°C) 25.0 130.0 [35.0 [40.0 [45.0 |50.0 |55.0
Time for Bubbling to Stop (s) 54.0 |1 46.0 [38.0 [30.0 [23.0 |18.0 |14.0
Rate ofReaction’- l/Time (s-l) 0.01910.022 | 0.026 | 0.033 | 0.044 | 0.056 00 o i;{\
v
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(c) Data Interpre atlanTv e R -
P

rate is 0.019s, while at 55°C, it increases to 0.071s. This confirms that higher || =
temperatures lead to faster reactions due to more frequent and energetic particle collisions.

Conclusion =~ A \:\‘,vu\ &! G w‘\:) o S T “*’""”\'
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For-example, at 25 °C, the G~ i
J ] | =061

> (.'/
Raising the temperature increases the rate of the readtﬁz between sodium carbonatf a7\ -

hydrochloric acid. Bubbling stops more quickly at higher temperatures.

Recommendation:

(‘(' (‘\ e X 1-\\;\‘\('% ‘AY‘

Grace and others can use warm or hot water when cleaning with baking soda to increase the
reaction rate and remove acidic stains more efficiently.
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