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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,),.
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QUESTION TWO

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

Na* > CH}C_OO‘ > C%(,OOH o |> Hgof‘

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

Explain how this buffer solution would react upon the addition of a small volume of
hydrobromic acid, HBr. including a balanced equation(s) to support your answer.

‘AP"“ sdd tcn pt +he seell valcne of HBr
it eeld e e diliscl] [7 C/'/ {0d
CHyCoo .t H.0°., "~ C/—(BCOOH FHO
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aaa{ ‘flve/gfare ‘Hefc_ L5 {1‘+7”Q CLta)a (A pH

(iii) Calculate the mass of sodium ethanoate that must be added to 250 mL of 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’

i, = SHEDELLI [encop)s SEpTEn
[CHTCOO :{\ 79_”0?;—fj“f :0'07515) wo[[i_"
n(CH,C00°)=0.07435x0.25020.01984 ~o
~(CHy COON)=0.0agtx820=(-617,
n(CHy COON-) = (- 634
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(b) Three colourless 0.110 mol L' solutions of CH,NH,, CH,COOH, and NH,Cl have lost their

labels. The solutions are randomly labelled A, B, 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.

Solution Electrical conductivity bmﬁ‘;‘g‘;’ﬂf'&ue
Cl JEou H A Poor Yellow
C H5 WV Hl B Poor Blue
NH, (| C Good Yellow
Identify the three solutions.

Justify your identification 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,O
K (HF)=6.76 x 10 * pK (HF) = 3.17

pH

15 1tv7

10. -

%

L

T T T T T

5 0 iIs % = W
Volume of NaOH added / mL

(@ () Slzw, b{ cagc;l:aginj tléat Ftllejinitial pH of Ef HF soh:tion_is 2.02.
5 = paEy T H_;O Je ke x CHFD
C Hy0*J2 £ 76 x10-%x0-35 = ﬁ 253k gl
pH 2~ log(4553x(07?) 22.0(44
gH 1.0

(ii) 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 10.0 mL of NaOH has been added, and the shape of the curve.

If you need to redraw
your curve, use the
graph on page 9.
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After a certain volume of NaOH has been added, the HF and NaF are present in a 1:9 ratio
in the solution.

Calculate the pH of this solution, and evaluate its buffering ability.
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(i) Justify why the pH increases rapidly between 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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Calculate the pH at the equivalence point.
AlHE) =0 alex 0. 1353375 xlo "~k
V(WeOH) = =5g5—=0.0l47 L
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In a second titration, 25.0 mL of 0.135 mol L' ethanoic acid, CH,COOH, is titrated with
the 0.169 mol L' NaOH solution.

K (CH.COOH)=1.74 x 103 pK (CH.COOH) =4.76
a 3 a 3

Predict how the pH at the equivalence point will compare to the titration with HF by
circling one answer below:

Lower pH Same pH Higher pH

Explain your choice.
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Extra space if required.
Write the question number(s) if applicable.
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Excellence

Q

Grade
score

Marker commentary

One

E8

The candidate was awarded ES8 for the following reasons:

In part (a), the candidate gave the equilibrium equation and A
expression, and calculated the solubility, including [Ag*] and
[SO.7].

In part (b), the candidate selected and justified the correct
solutions to both increase and decrease the solubility of silver
sulfate, including the equation to show the formation of the
complex ion between silver ions and ammonia.

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

E8

The candidate was awarded ES8 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 justified the identification of the three
solutions in terms of their electrical conductivity and their effect on
the colour of bromothymol blue (with reference to the relative
[H30*] and [OHT]).

Three

M6

The candidate was awarded M6 for the following reasons:

In part (a), the candidate showed by calculation that the initial pH
of the HF solution was 2.02.

In part (b), the candidate calculated the pH of the buffer and
evaluated its effectiveness. The candidate explained how the
solution can no longer resist a change in pH as the NaOH is added
between 18 — 22mL since very little HF remains.

In part (c), the candidate calculated the pH at the equivalence
point. Although the candidate recognised that the conjugate base
of CH3sCOOH has a higher K, than the conjugate base of HF, the
candidate did not make it clear that it is the conjugate base that is
present at the equivalence point and therefore determining the pH.
Furthermore, the strength of CHsCOO~ was not linked to its degree
of dissociation and therefore the relative [OH] and [H30*].






