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You are advised to spend 60 minutes answering the questions in this booklet. s

use only

QUESTION ONE

(a) Methanoic acid, HCOOH, is a weak acid. A dilute aqueous solution of this acid has a pH of
278,

pK, (HCOOH) = 3.74

(i)  Write an equation for the reaction of methanoic acid with water.

H00OH gy HOo WD oy ™ 10"y
S —— ¥ ﬁ‘_\___‘—

| Correct equation. I

(ii) List all the species in the aqueous solution of methanoic acid in order of decreasing
concentration.
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| Incorrect [ HCOO-] > [ HCOOH 1.1

Give reasons for you answer.
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(ii1) Calcﬁﬂa%e the concentration of the methanoic acid solution with a pH of 2.78.
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!Calculates [ H,O*] correctly. I
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(b)  Justify the variation in the properties (pH and conductivity) for the four dilute aqueous Aj::f;; s
solutions described in the table below.
pH Conductivity
HCI 1.0 high
NH,CI 5.1 high
NH; 11.1 low
NaOH 13.0 high
HC\ 15 A w% AL & {/\/\JQ 25 ’/}{'L\ Jr fﬂ\;oaa r’é
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' l/\g\/ag) A | Reason for lack of conductivity not given. |
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Identifies the presence of ions in
solution is responsible for conductivity.
States HC1 dissociates fully.
dentifies NH,C1 as a salt. E
Three correct statements.
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QUESTION TWO

(a) Iron(lIl) sulfide, FeS, is dissolved in water to make a saturated solution.

(i)  Write the equation for the equilibrium present in a saturated solution of FeS.

ey E'\vc) .Y o & 2=
[- e L L Q (ag)
{Lb < |t’/ GAL‘ ; 4

(iii) Calculate the solubility of FeS in a saturated solution, in mol L™".

L 2?3;'

K(FeS)=4.90 x 107!

‘(,\L,’ 11«&‘1’\1{(] i { QQHO

3634, 40, 0™ V(D)

5=1-5140™" wall”

(b) Some sulfides have very low solubility products. When hydrogen sulfide gas is bubbled

through solutions of these ions, these ions separate from a mixture of ions.
(i) Ina saturated solution of hydrogen sulfide [H;O][S*]=1.10 x 107

Calculate the sulfide ion concentration when the pH of the solution is 4.20.

ko l-107 = 1o 0™
5 {O_(,.Lc)

z [) 5 ( v r{}/’)"b ICorrect [ H30+]'|
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(ii) Calculate the solubility of FeS in this solution, in mol L Assess"l"s
use only

A solution contains a mixture of the two metal ions Cu*" and Zn*", both of the same
concentration. The solution is saturated with hydrogen sulfide and adding hydrochloric acid
lowers the pH of the solution.

Ky(CuS)=6.30 x 107¢ K(ZnS)=1.6 x 10

Account for the fact that at a pH close to 7 all the metal sulfides will precipitate whereas only
the most insoluble sulfides precipitate out at a lower pH.

In your answer, you should use equilibrium principles and both Cu®" and Zn*" as examples.
(No calculations are required.)

A3
| Two statements correct. |
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QUESTION THREE

20.00 mL of 0.125 mol L™ ethanoic acid is titrated with 0.125 mol L' sodium hydroxide solution.
The equation for this reaction is:

CH;COOH(ag) + NaOH(ag) - CH;COONa(ag) + H:0 (/)

The titration curve for the reaction is given below and the buffer region is marked on the graph.

pH
A
T+
—
buffer region
0 i g

20 mL Volume of NaOH added

(@) (i) Explain why the solution in the titration flask can act as a buffer in this marked region.
Use an equation in your answer.
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(i) Put an X on the graph to show at which point the buffering action is the most efficient.
Give reasons for your answer.

ICorrect position identified but no reason given.l
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(b) (i) Show that the pH at the equivalence point for this titration is 8.78. Assessor’s .

i use only
L-T6
pKo(CH,COOH ) =9:24.

(ii) Explain why methyl orange is not a suitable indicator for this titration and why
phenolphthalein is a suitable indicator for this titration.

Indicator pK,
Methyl orange 3.70
Phenolphthalein 9.30
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(i) Phenolphthalein is an acid-base indicator. It is a weak acid and its formula can be Assessor's

useonly

represented as HIn. Phenolphthalein is colourless in acidic solutions and purple in basic
solutions.

pK., (HIn) = 9.60

Discuss the effect of adding ethanoic acid and sodium hydroxide in turn to a solution |
containing phenolphthalein. In your answer, you should refer to: |

* equilibrium principles
* the species responsible for the colours seen

* the pH range within which this indicator is effective.

ISome accurate statements.l m
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You are advised to spend 60 minutes answering the questions in this booklet. Assessor's
useonly |

QUESTION ONE

(a) Methanoic acid, HCOOH, is a weak acid. A dilute aqueous solution of this acid has a pH of
2:78:

pK, (HCOOH) = 3.74

(i)  Write an equation for the reaction of methanoic acid with water.

HLooH  + tho —~ Hzo!l + H(oo~

| Correct equation. |
(i) List all the species in the aqueous solution of methanoic acid in order of decreasing

concentration.

A {Hga r ;/- HLoOH, H(00™ 0

Give reasons for you answer.

Decdude ptharore adld 1V a4 heale etid-

(iii) Calculate the concentration of the methanoic acid solution with a pH of 2.78.
PH=2-7% fn= [ F197x/074
fa = Hs Oj -
%_/_ Heoot |
FH= -log [Hz0"]
L. 787709 z07)
[H30!) 7 )-6596 x10~

[Hgoj—‘/, 66 x1073 paoll '

ICorrect concentration of [ H,O0"].
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(b) Justify the variation in the properties (pH and conductivity) for the four dilute aqueous Assessor's

use only

solutions described in the table below.

pH Conductivity
HCI 1.0 high
NH.C1 5.1 high
NH; 11.1 low
NaOH 13.0 high

HU s 0 ery shrong qod
NMHn el N G weale gl d
NHE iy 4 meate hage
NaOH (S 4§ hong hace

A3
|Two correct statements, |
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QUESTION TWO Assessor’s |

use only

(a) Iron(II) sulfide, FeS, is dissolved in water to make a saturated solution.

(i)  Write the equation for the equilibrium present in a saturated solution of FeS.

Fel = fe? + S
ICorrect equation and K_ expression.l

(i) Write the expression for K(FeS).

ks = LT [pe* ]

(iii) Calculate the solubility of Fe$ in a saturated solution, in mol L™

Ky(FeS)=4.90 x 107

A’J’:ﬁ g x §
Hy =S 2
4. 70x107"¢ = §*
S = 2 U3549 x1p 7
$=22/x10"7 ymoll”’

| Correct answer. |
(b) Some sulfides have very low solubility products. When hydrogen sulfide gas is bubbled
through solutions of these ions, these ions separate from a mixture of ions.

(i) Ina saturated solution of hydrogen sulfide [H:O[S*] =1.10 x 107

Calculate the sulfide ion concentration when the pH of the solution is 4.20.

ke=/16x10"%3 1\

Chemistry 3.6
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(ii) Calculate the solubility of FeS in this solution, in mol To™; Assessor's

use only

Fed = Fert 4+ 26

Kksty. 10x 107'" ks = [Fe?! /s 7

Ks=o x(28)* Ki=ihs®

Y. 90x |p-1¢ = /fﬂ =] 0499 X 10
S=/070x /0"

(c) A solution contains a mixture of the two metal ions Cu*" and Zn*", both of the same

concentration. The solution is saturated with hydrogen sulfide and adding hydrochloric acid
lowers the pH of the solution.

Ky(CuS)=6.30 x 107 K(ZnS)=1.6 x 107

Account for the fact that at a pH close to 7 all the metal sulfides will precipitate whereas only
the most insoluble sulfides precipitate out at a lower pH.

In your answer, you should use equilibrium principles and both Cu®* and Zn*" as examples.
(No calculations are required.)

A3
| Two correct statements, |
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QUESTION THREE

20.00 mL of 0.125 mol L ethanoic acid is titrated with 0.125 mol L™ sodium hydroxide solution.
The equation for this reaction is:

CH;COOH(agq) + NaOH(ag) = CHsCOONa(aq) + H,0 (J)

The titration curve for the reaction is given below and the buffer region is marked on the graph.

pH
A
1 ::__,__&7/
74
= -
buffer region
0 II g
20 mL Volume of NaOH added

| Correct identification of a buffer made of conjugate base and its acid. |

(a) (1) Explain why the solution in the titration flask can act as a buffer in this marked region.
Use an equation in your answer.

A bntter solybron Keeps PH (omstant mhen Acid ﬂmrx;éwdf“

éfmrm’e i1 el g m’mggﬂﬂ ﬁc/ﬂ Q’Mﬁ’ (1<

/w?)mfmc base, Thorelire (an work os a buffes

Correct

equations | /] 5:‘/3(670:% + OH- > CH2(00" A\
showing — e )

how Cthanioic_gyid tan dct as a putthin plonor

abecros LHRLDO” ¢+ H' = /#/5500 H £ |
H or OH- | cosliyum ¢1hanoatt ravi acl 4ac a proron_aceplor |

Jhese Lonjugate pairs Theretpre i€ a_ o Freo s SOl

(i) Put an X on the graph to show at which point the buffering action is the most efficient.
Give reasons for your answer.

AL 0 AT re Pra V)
t T ff" fn’ ¥
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////ﬁ//éafp ﬁmnr & ymf_M/ ﬂwefﬂrp s
butter Tolation tan pJpennte.

Assessor’s
use only

=N

ICorrect identification of most efficient buffer and attempt at a reason. |

Chemistry 3.6
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(i)  Show that the pH at the equivalence point for this titration is 8.78.

PK(CH,COOH ) =024 Ka =% <75 Séf/ Al
b= 737800%/0 -§

(H300H + NaDH =¥ T scoona ): Hg/O
é/Zﬂaf(mm/J |- 738x10* = . /2f
[or]*

(i) Explain why methyl orange is not a suitable indicator for this titration and why
phenolphthalein is a suitable indicator for this titration.

Indicator pKa
Methyl orange 3.70
Phenolphthalein 9.30

/wa’@ lMe“ﬂfwl pgrange INAicaldr Jpperates best
at a pH gt fbout 24‘ whereas ppenolphihalein
ﬂpmm/w best at g I ot y;hom‘ J’/o [N This
ﬁﬁ//f?ﬂ/ﬂﬁ/&’ Mmm/ww{ M/Mr' Fows 4 7’7mf

Z S /Iﬁ,DWX o PH of g-9, ThrefIre phend-
phithalein WW,/’,{ ée mwln mmp Surtabfe.

|Matches equwalence point to range 8 10 for phenolphthalein. |

Chemistry 3.6
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(iii) Phenolphthalein is an acid-base indicator. It is a weak acid and its formula can be ASS‘*SSO;'S
. N ; . : use only
represented as HIn. Phenolphthalein is colourless in acidic solutions and purple in basic
solutions.

pK, (HIn) = 9.60

Discuss the effect of adding ethanoic acid and sodium hydroxide in turn to a solution
containing phenolphthalein. In your answer, you should refer to:

e equilibrium principles
* the species responsible for the colours seen

* the pH range within which this indicator is effective.

| One correct Merit answer. | @
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