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Unit 4 Chemical calculations

Answers
1.	A teacher makes up a solution as follows:
· She adds exactly 2.00 g of sugar into a beaker.
· She then adds 100 cm3 of water to dissolve the sugar.

She then asks her class some questions about the solution she has made.
State whether the answers to her question are true or false.
If the answer is false, write the correct answer.
Write your answer in the space.
a)	The mass of the solution formed would be 100 g.	[1]
False – the mass of the solution would be 102 g. [1]
b)	In 50 cm3 of the solution, there would be 1.00 g of dissolved sugar.	[1]
True. [1]
c)	A small drop of the solution is then shown to the class. The teacher states that the solution in the drop is of a much lower concentration.	[1]
False – the solution is of the same concentration. [1]
d)	If the teacher wanted to make up 1 dm3 of a solution of the same concentration, 20.0 g of sugar would be needed.	[1]
True. [1]
e)	The teacher than adds another 100 cm3 of water to the sugar solution.
She says that:
· the concentration has not changed
· but the amount of sugar has halved.	[2]
Both points are false – the concentration has halved [1]
and the amount of sugar is the same. [1]

These questions are aimed at those students studying Higher Level.
2.	In these questions, you will need to use the formula:
Moles dissolved =  × concentration
[image: ]a)	Calculate the number of moles dissolved in 1.20 cm3 of 0.250 mol/dm3 of sulfuric acid solution, H2SO4(aq).
Give your answer in standard form.	[2]
Moles  =    ×  concentration
=  × 0.250 [1]

= 0.0003 mol or 3 x 10−4 mol. [1]
[image: ]b)	You have been given 50 cm3 of a solution containing 0.78 mol of citric acid, C6H8O7(aq).
Calculate the concentration of the solution, giving your answer in mol/dm3.
Show your working clearly.
Give your answer to 2 decimal places.	[2]
concentration  =  × moles

concentration  =  x 0.78 [1]
= 1.4181... mol/dm3
= 1.42 mol/dm3 (to 2 decimal places) [1]
[image: ]c)	Calculate the mass of citric acid needed to make up 1 dm3 of solution in part b).
Give your answer to 1 decimal place.
Show your working clearly.
RAM data: H = 1, C = 12, O = 16.	[3]
Molar mass of C6H8O7 = (6 × 12) + (8 × 1) + (7 × 16) = 192 g. [1]
Mass needed = moles × molar mass
= 1.4181... × 192 [1]
= 272.3 g. [1]

3.	Alain and Amelia carry out a titration.
This is their method:
· Fill up a burette with 0.200 mol/dm3 hydrochloric acid solution, HCl(aq).
· Add 25.0 cm3 of sodium hydroxide solution to a conical flask.
· Add a few drops of indicator to the sodium hydroxide solution, NaOH(aq).
· Titrate slowly the hydrochloric acid until the indicator changes colour.
· Repeat the titration until two titre reading agree to within 0.1 cm3.
Here are their results:
	Titration number
	Start burette volume in cm3
	Final burette volume in cm3
	Volume added in cm3

	1
	0.00
	15.70
	15.70

	2
	15.70
	31.80
	16.10

	3
	0.20
	16.40
	16.20


a) 	Complete the table.	[2]
See answers in table.
For each correct answer: [1]

b)	The first titration is not used to calculate the mean (or average) volume added.
[bookmark: _GoBack]Give a reason.	[1]
It is a rough reading, so would be relatively inaccurate. [1]

c)	Calculate the average volume of hydrochloric acid solution added from the burette.
Give your answer to 2 decimal places.	[1]
16.15 cm3. [1]

[image: ]4.	Using your answer from question 3, calculate the concentration of the sodium 
hydroxide solution.
Show your working very clearly.	[6]
	Level
	Mark
	Descriptor

	
	0
	No rewardable material

	Level 1 
	1–2
	Demonstrates elements of understanding with the calculation, 
but several errors are made.

	Level 2
	3–4
	Demonstrates mostly accurate knowledge and understanding of how to do the calculation with few errors made. 

	Level 3
	5–6
	A perfect solution with correct stepwise answers, in which the working is well structured, and easy to follow. 

	Indicative content:
A symbol equation for the reaction:
NaOH(aq) + HCl(aq)    NaCl(aq) + H2O(l)
Amount of hydrochloric acid = 3.23 × 10−3 mol
Amount of sodium hydroxide = 3.23 × 10−3 mol
[as the molar ratio is 1 : 1 in the symbol equation]
Concentration of sodium hydroxide solution = 0.1292 mol/dm3
This being 0.129 mol/dm3 (to 3 decimal places)





[image: ]5.	In a different experiment, 0.200 mol/dm3 sulfuric acid, H2SO4(aq), was used instead of the hydrochloric used in experiment above.
State how the volume of acid needed for neutralising the sodium hydroxide solution would be different, if at all.
Explain your answer.
Half the volume of acid would be needed from the burette. [1]
Sulfuric acid has 2 ionisable hydrogen ions per molecule (whereas hydrochloric acid has only 1) or the ratio of sodium hydroxide to sulfuric acid is 1 : 2 OWTTE. [1]


[Total 25 marks]
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