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QUESTION ONE

(a) (i) Write the equation for the equilibrium occurring in a saturated solution of silver sulfate,
Ag SO,.
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(ii) Write the expression for K (Ag,S0,).

Ko epS0) = LA T[S0

(iii) Calculate the solubility of Ag,SO, in water at 25 °C, and give [Ag'] and [SO,”].
K(Ag,S0)=120x10"
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(b) Below is a list of solutions of the same concentratipn available for a student to add to a saturated
solution of Ag,SO,:

Select and justify, including any relevant equations, an appropriate solution the §tudent Could add

to:
(i) increase the solubility of Ag SO, —‘\‘C ﬁ “A‘& N 3
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(¢) Predict, by calculation, whether a precipitate of silver sulfate, Ag,SO,, will form when 20.0 mL.
of 0.0188 mol L' silver nitrate, AgNO,, is added to 30.0 mL of 0.0146 mol L' aluminium

sulfate, AL(SO,),.
K (Ag,SO,)=1.20x 10
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QUESTION TWO (500~ 4¥0 = Chs ool + oK™

(a) (i) Listall the species present in a solution of sodium ethanoate, CH,COONa, in order of
decreasing concentration. Do not include water. -

X
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Na*  [>| (\2(00|> CH;COOH

(ii) Sodium ethanoate can be mixed with ethanoic acid, CH,COOH, to form a buffer solution.
e —a——

Explain how this buffer solution would react upon the addition of a small volume of

—

hydro%n:w acid¢HBr)including a balanced equation(s) to support your answer.
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(ili) Calculate the mass of sodium ethanoate that must be added to(250 mIJof 0.354 mol L!
CH,COOH to give a buffer solution with a pH of 4.11. — —

Assume there is no change in volume when the solid is added.
K(CH,COOH)=1.74 x10° pK(CH,COOH)=4.76 M(CH,COONa) = 82.0 g mol"!
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(b) Three colourless 0.110 mol L' solutions of CH NH.. COOH, and®H,ClI bave lost their
labels. The solutions are randomly labelled ATB:and C. The electrical conductivity-of each

solution, and the colour of the solution when the acid-base indicator bromothymol blue

(pK, = 7.2) was added, are shown in the table below. oy
P s B o
Solution Electrical conductivity Colour with
bromothymol blae
A Poor Yellow
B Poor Blue
C Good Yellow

Identify the three solutions.

Justify your idéntification in terms of the degree of dissociation and the relative concentration of
ions in each solution, including relevant-equations.

No calculations are necessary.
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QUESTION THREE

A titration was carried out by adding 0.169 mol L ' sodium hydroxide, NaOH, to 25.0 mL of

0.135 mol L' hydrofluoric acid, HF.

The equation for the reaction is:
HF + NaOH — NaF + H,0
K (HF) = 6.76 x 10~

pH

”
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=N20
(a) (i) Show, by calculation, that the init%ﬁ_aﬂhe.ﬂh%:ﬂl
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IUH - —/%CH;o‘j = of\ 4359768
20 B (35%).

(i) Sketch the missing portion of the titration curve between 0 and 17.5 mL to complete the
curve provided above.

Consider the initial pH after @ of NaOH been added, and the shape of the curve.
(&5 ? “ - V Ao
If you need to redraw
your curve, use the
graph on page 9.
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(b) (i) After a certain volume of NaOH has been a , the HF and NaF are present i( 1:9 ratio )
-

in the solution.

Calculate the pH of this solution, and evaluate its buffering ability.
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(ii) Justify why the pH increasegtapidly betwee 18 0 mL and 22.0 mL.

No calculations are necessary.
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Question Three continues
on the next page.
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(¢) (i) Calculate the pH at the equivalence point.

S
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(i) Ina second titration, 25.0 mL of 0.135 mol L ethanoic acid, CH,COOH, is titrated with
the 0.169 mol L NaOH solution. KotBP)-Llwot @ —

K (CH,COOH) = 1.74 x 10~* pK (CH,COOH) = 4.76
Predict how the pH at the equivalence point will compare to the titration with HF by
b e
circling one answer below: g

Lower pH Same pH Higher pH

Expiam your choice.
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Extra space if required.
Write the question number(s) if applicable.
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Subject: Chemistry
Standard: 91392

Total score: 15

Merit

Grade

Q score

Marker commentary

One M5

The candidate was awarded M5 for the following reasons:

In part (a), the candidate gave the equilibrium equation and A
expression, and calculated the solubility, but did not determine
[Ag*] and [SO,*], and has therefore not gained a Merit for this part.

In part (b), the candidate selected and justified the correct
solutions to both increase and decrease the solubility of silver
sulfate but did not give the equation to show the formation of the
complex ion between silver ions and ammonia. This has prevented
the candidate from gaining Excellence.

In part (c), the candidate correctly calculated the ionic product and
compared it to the solubility product to predict that a precipitate of
silver sulfate will not form.

Two M5

The candidate was awarded M5 for the following reasons:

In part (a), the candidate listed the correct remaining species
present in the solution of sodium ethanoate, explained how the
buffer would react upon addition of HBr, with support from a
relevant equation, and calculated the mass of sodium ethanoate
required to prepare a buffer.

In part (b), the candidate explained the electrical conductivity of
the three different solutions in terms of the degree of dissociation
and [ions]. To gain M6, the candidate needed to link the colour of
the indicator to the [H30*] or [OH"] for two of the solutions.

Three M5

The candidate was awarded M5 for the following reasons:

In part (a), the candidate showed by calculation that the initial pH
of the HF solution was 2.02, but the shape of the sketched portion
of the curve did not meet the requirements for Merit.

In part (b), the candidate calculated the pH of the buffer, but did
not evaluate its effectiveness. This has prevented the candidate
from gaining Excellence. The candidate explained how the buffer is
no longer functioning after 18mL and how the pH therefore
changes upon addition of NaOH.

In part (c), the candidate calculated the pH at the equivalence
point and explained how the pH at the equivalence point would
change if the HF were replaced with CH;COOH in the titration. The
candidate has gained Excellence for part (c).






