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

use only

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.

MOOH ¢ O = 0T+ Y0

| Correct equation. |

(i) List all the species in the aqueous solution of methanoic acid in order of decreasing

concentration.
| Correct order. |

JHOT S L HOo0HT S LH,07T 2 LHc0p-T > Lok-]

) Gives partial explanation, omits to identify
Give reasons for You answer.

CH,COOH as a weak acid.
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(ii1) Calculate the concentrauorf of the methanmc ac1d solution with a pH of 2.78.
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(b)  Justify the variation in the properties (pH and conductivity) for the four dilute aqueous
solutions described in the table below.

pH Conductivity
HCI 1.0 high
NH4Cl 5.1 high
NH; 11.1 low
NaOH 13.0 high
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Identifies number of ions being responsible for conductivity.

No clear explanation for pH.

Correctly explains conductivity for all species.

Correct identification of ions in solution for HC1, NH,C1, NH,, NaOH.
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QUESTION TWO Assessor’s

use only

(a) Tron(Il) 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.

d )T IS

| Incorrrect arrow. | g
(i) Write the expression for K(FeS).

e - ] 1

| Correct K_ expression. |

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

K(FeS)=4.90 x 107
pffe ] [F] 5T

K = gt

J"—/(J E

" A 490,07"*
= 2.2/ 51077 4y /17 | Correct calculation. | |

(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)  In a saturated solution of hydrogen sulfide [HsO'J[S*]=1.10 x 1072

Calculate the sulfide ion concentration when the pH of the solution is 4.20.
(40 x (0723

- 2~ - |
LI g T”
O ek b

A

Fé
2. 76 x (0 "5,,,0 /L _ | Correct calculation.l
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(ii) Calculate the solubility of FeS in this solution, in mol L, ASS"SS‘”'S!

use only |
[e*] = frll

Ks
(] F5ed

¢.90 00" "*
2. 343 cl0”"F

- /,. 773(5? z\’/&"s

i ., ., | correct calculation. (Minor error in
= / 77?‘/0 M /4 —Juse of significant figures.)

(¢) 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.)

Ay == J¥ ﬁ:-’/z/gp*\- | Equilibrium equation. |

% A 7@ / ,A/ s trpcunle e / A, 07 ons.
j J//f}é”" ///j /\4’/ / (&//@r ;)5 f% N4k i //ﬂ s LYi
4 ‘?ww i e A T b A S
/ (Z’ﬂéf%fé/éﬂ //w/ G/ /L/ A //\%f-’f’ﬂf// ,,/ Jv/// v ,41,4

[ f o /%w M/ G 4 / Oped | fpddprsoy L){/l/
f:'/urfé/ffﬂ//éé’f /»7// 4 g éﬁ“& /6 Jw/ Wom/ Kf/cw/.a/
4 éw ///% / -

/f;/ /:/ Vd JM/ /«f %y; Z‘TJ . /lf;é_m-{.f g ,ﬂ?/w//r [JZ-]
o ppelhe £o /élm : g/ﬂm./z_z )é/é _

A\

Does not compare with pH close to 7.

\
\

Correctly explains how pH and therefore [ H,0+ ] will affect
the equilibrium and therefore [ $* ].

Relates [ S? ] to Q and correctly identifies CuS as more

likely to precipiate at low pH. [
E7
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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:

CH3;COOH(aq) + NaOH(ag) - CH3COONa(agq) + H,0 (J)

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

(@) (@)
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| Identifies acid / base pair. |

pH

A
'7 =

; \/

i i

buffer region
| >
0 20 mL

Volume of NaOH added

|Conjugate base not used as identifier.l

Explain why the solution in the titration flask can act as a buffer in this marked region.

Use an equation in your answer.

A/&ﬂ Vi cfﬂ/idf// ,,4’/;/6’&:(

" CHL008 fay sochd sri¥ A

Aﬂﬂﬁ/ ////ﬁﬁ A gud

byeel.
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T
i /2:4/ /@« f;% cfﬁ//ﬁa /G‘/'(”&axﬁf wﬁ’“ 2 CH (00" ¢ /W]

% f// (00w /w’fz/»» SO /(’C/z//é/tﬂ/’fﬂdw /%70/50@;

CH (00 » #4 <=

5%/57&// r A

L%mzﬁcé /% ok aewnl (LK Do) 07/1// wen k. Fhve (EH (007

Al CfY
Put an X on the graph to show at which point the

Give reasons for your answer.

’g’ /:%0,{/6/1/ LC‘:IM /5*/;4'}1% -/ygﬁﬁyf VT

/ b%f—(ﬂ-w fé/}if/(.: //

buffering action is tHe most efﬁcwnt{,/

4/5/3/&% %M gL L //// /dm?w//{?ﬂ@ﬂj e / Y AP

(s 0/ ot A Loty DY) cveey ot -uts

| Reason for most effective buffer given. |
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(b) (i) Show that the pH at the equivalence point for this titration is 8.78.

pK.(CH,COOH ) = 9.24

concentration.

Correct calculation of CH3COO'

0ty loot) = oV - | clCH5(007) = 0.062F neale
B codty coo-] LHhor]
0. 125 v 0.01 J ’é - LT (0 04T
] _ i - ) A CCE, coO T
> Z20% (0 L/ / Z{?{g&/] - ft/rfrr'sd—j'__‘
- — yom T2 (O 025
5 /l//,-[j/// 2 S ev0” st = —__U-O@aﬁ_'—"u"
7
Wapt) > < / = RIS R aud ™
j-b—x Fez=s
g . L2l
2.02 ¢ o = £.95897
- ﬂ =
M0 ) =V - @utd
~ 2\‘3=fo';
0. 09

(i) 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

/%M/ / warest o s e s / o 2 sl
m//M :1/ mwX /0%« /If/?////?’/j/ gl g /|
anly //m IS I gy <9// /y/ v ,)4 l/jéﬁw 77 ézm
/»“;f!//a’ %%d/ﬁ/fé/h 2 f/;‘f/u{// bttty " crwidid
‘ 7 A//q A /

/‘fm&?/ CH C?‘// P é/éﬂ/ ) /é ul,

Gives vague reason for use of phenolphthalein.

No use of given pK values.

Chemistry 3.6

Assessor’s
use only



9

(iii) Phenolphthalein is an acid-base indicator. It is a weak acid and its formula can be Assessor’s 3
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.

Equilibrium equationl (H(00H + #0 = oo + #407
for indicator given. Wl o HO & /M - 5 /5"‘

b K00l podias 40 srs, Aoedit iauiny S
. fy ofpre /:M(/w« - /4//@//0 A /;m/«f
/y/ _&/d/wé‘/
A 04 49 _ ﬁ"‘ # 0~

//} ’A/ﬂﬂ/é/ zﬂéf@ﬂé’a&é 46 Bt ) DY om, I
P% /;/4 Aéae /{a.«,/ g old 'x,;wm»/ | W/ SOl % -
,ﬁ?a.,//m@ A— 54 A %rm/fé V7 Zféw/
7%:/ MIGhJ // A ﬂ%/w y / L /ﬂ// A
L - 4

Explains effect of adding CH,COOH and NaOH on
1 equilibrium and relates to colour of Hin and In-.

E7
| One Excellence answer. | ‘
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You are advised to spend 60 minutes answering the questions in this booklet. “Assessor's

use only

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.

— ‘ ~m~ Y T T
HCooN . W, 0 — neo U(a?J ¥ HS O(a?)
(v B

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

H,O > HEOOH> W0 > HCOO ™ > OH

Give reasons for you answer.
ﬂfw 5

H 0 5" in ’HMLLWIMMDM i~ ﬂqwu” o luho . Onl | VE’M /:ﬁ[y
Son n a f

HLpOH mﬂ M/ﬁ (#:5 0 Weak acd) ¢ yiop Y o

Setond Mw Congntnbin. M30" ang H COD™ dissociatts in ¢qynl

(meuvhw\ {"\lm HC{X)H, % ’rbﬂ‘ff' vﬂ,w] ;{:riinﬂ‘,] N H§O+ e b
n {)ISQOL.Q hn o iR 7}'1(,({ 1y a vé 2 Cima ) p.mdm-f {0}4' fom ™ D e

(iii) Calculate the concentration of the methanoic acid solution with a pH of 2.78. ¢/ w2 #.
Ka = [NCOO™ 1] M0 1 Kazlg ¥4
LHCOOHT]
fsart L HCOD™ T =[H O] and thd [ HCQHT im
Mual.bnum eav | boin erﬂ Cono n ¥V ahwn A Vevy L d1§50 6 4 e¢
[hyt] = 10727
ko LlQd" . jp=
[hCOOHS
(’ }Oﬂz-w)t
—
L ncoghy
[heopnT = O Qs mell™

= S S,

=%
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(b)  Justify the variation in the properties (pH and conductivity) for the four dilute aqueous
solutions described in the table below.

pH Conductivity
HCl 1.0 high
NH,4Cl 5.1 high
NH; 11.1 low
NaOH 13.0 high

>H
i ‘ . , ;
ﬂ/\j) t#p#aﬁﬁv%rdf a Hluhen J(’P(’htf( on ’rl( tinentabor o ”5Q+ 1071 n

gobhgn. HCI i§ a meq aid, $o it ‘)C//q d”)i(auaﬁ’{ m ol T ‘ﬁ)(m 200 wniﬁ-&;d.ﬁ‘:
WO Ml ¢y —5 t0*+ " TP Lhod-LhoT e tv ot [
s Yl’ﬂ, Uiv (,6) Slml'mf’q /r}&'ﬁ ,ui a‘fh)m? }M? Nl'(iﬂ'p”,,; A’fff)t,q;‘/f,nw,

a0l =25 .t 0n ) o [O Y <[ W0 and i Dot a hiyh g of
N G ﬂm‘h; Sepavats_mnb J/ﬁbfwfi—ﬂ)m whon it )'lf(o/-fff and MH?
a wak base ulmc/« pmM}f_, 1880, 4401 1n wat - /l/ﬂu f’Hg() = hO’-HV'
Thevebe oy fu [f’kO ] 1§ _inertosd f'/ pHu [m/m 7 bk o g Vi I
M ﬂ'*Sgo(m‘k’( g Tv }H s [M]}"‘f f"“’" that o fiCl. /I/ﬂ{ S a weak
hote 1 hith_als, ,;.mm dissaiiate n wate: Nl + 4,0 = OH™+ I}
s v (un(pnh‘bm hd 0/’/ jur§ in olubanr gt ihrm’offd 5o if{-;' PH
) abow 7 htoas /W? qu pmm// Giscoentes fy P11 s Juke 1o
(h ot 4 Wﬂ@”
f‘( tandc v h 01 2 Gl bin /’}’f’nd{ h fb amgt—k cOnGnr him Jf]
C"Mf_jfc{ Fm th«s 7(;”\}) A j(,fvfw\ u/cln lan  (ayr L ﬂ’ ﬁ/‘“
of chae. HCI fn Ll and NoOH 4l ump et ly [0parate
b (ainf m«t/ Anant_ulin 7%, _ar J/j’ja ud Jn L,z,ff?
[ fLW ga’.,fw)*f /’?‘i'-' o lm)}xi(ohunf”lﬁ“‘ ‘Vﬂh[‘ g,,fm(»‘! (ariy 4
(vyren fo hfu; e:,/ haye Wigh tandubviyy. |n a il bin :}’
/(//’fz, howve ﬁu ih !y nn p:—ffm% ap? f’w 7ﬁuwd ]‘ﬁm ]
dff{auqf;m wf ﬁfm 71;;1?7}1)$ /}/7“ and /W'/L, /mr Gud oS 4//73_
(f a Wale base m/u, ) /%[f /1[(,«,’,4#1’ Tor fie ﬁ/

Assessor’s
use only

?0

(rGnirhon ¥, o A O MHs s Jo, @i has o
Lun dec ?‘h,l/-‘] //
States pH depends on [ H,0*]. Explains each species. States conductivity |

depends on number of ions and explains for each species.
Chemistry 3.6
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QU ESTION TWO Asse;sor-’-;

use only

(a) Iron(Il) sulfide, FeS, is dissolved in water fo make a saturated solution.

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

Fegcg}ﬁ—i’ F(?N(‘mz) % 3‘-(01)

( §
(i) Write the expression for Ky(FeS).

Ke -LRem]1S7]

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

- K(FeS)=4.90 x 1077
[.Fe“\]_[gz-‘& = /;!_:qx/()_,(.

S (47470

/o
S - 3.2 15107 mal™

(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) In a saturated solution of hydrogen sulfide [H3O+]2[Sz‘] =110 x 167

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

[Hs0*) - 10™%7
(107#) "« [§X = 1-1x/p°* y
[S2 V= 2:76xp7" mil

=

Chemistry 3.6
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(i) Calculate the solubility of FeS in this solution, in mol Tk,  ——

[Fe ]S ) - 41007
-x@srzrm x/(‘)"s) =4 9x/07"
+ 206310 % s = b-9:/07""
2 21 X0 w1

(¢) 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.
K{(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.)

Cu((s\ e (—J'a:} * S:.“

A\NA 4 Jower pH, [h 0] o incrtaed so 0 hydngsn,

\ 1hde (1 Frvd. S mons Soms A T S proget
Whith  cawes N N?u: | by uim p -Eyzwr f ﬁfww P olhn
and ler 1V (0lid i move S inb o luhon, <o Pp o1,
‘h’\/ es t IV\SL'VD{J Su'ﬁd"ﬂ 7\*’\ which ”14 “P s {4/
gr-f:q-W than (" kg (bi"(d"luﬁ(; TU Koo \r@u ﬂmm“ 10
I (u%\! - QU_ h;t;fi./ /(r _Ireon( %14 +_ a4 wil)

V)o 4 rorv’émb o M

t g.,‘} at 9 Ph (/:s'i b 7 M ;mdhq(h Cv /50 1§ net
'pfhft’d/. m S T "/‘)w) b rivn ffmﬂ‘i ly ﬁmr 70 bs e
actin  and o) W/l” ) § /6‘/&7(,, preop o

Describes effect of increasing [ H,O ] on [ S ]. Compares low pH with pH
close to 7. Omits equilibrium equation for H_S.

Chemistry 3.6
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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) 2> CH3COONa(ag) + HO (J)

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

pH
A
g
[ LV
] 7\
buffer region
| =
0

20 mL Volume of NaOH added

(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.

In ‘H’W bJﬁff ﬂ’%ﬂﬂ !Odﬁ’l ﬂ\é ‘?C'fd a‘n/ if! /ungu.;gg{(
b as¢ f(H((O(]j tfn‘ prf’)r'f')f' " fa/umh SD wh én
ad_hase s agled, s will _poct _wih e

Cth(oofl @ Chelovn + b~ ——CHlan™ +h, 00 o

tle pH 1§ et (‘/’lwh?;/ji ard khen an 264 (s_agld,

thi il _ctoct with fle CHo(co™ ' CHe Qo0+ 10—

and 1y pH  alss  Apes rm‘ ci/!any

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

_zH @4’ Cé’nf’# 0{ ’ﬂl b,ﬁﬁ!/ n‘apgh ) ﬁ/ (eh@n babidg

df‘?f'ﬂ_’ and_ {Um\vﬂjﬁ)*’ é’é’!i" aré Fﬁw} 5o Th Gidthm

I"‘i? /’Wi"+ ﬁplﬂ;ﬁf?b Oﬁy ﬂh'wm?lj Lf’/ m’;d o baje tan be
wdded bede o)l of T CHs(ah o CHlan™ 15 o .

Assessor’s |
use only

L

o nd fh sulshm Sbys @\JFHmm,
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(b) ()

mole yabo = 1¢] y

2-$32107% ol -

o n (MOt added) ; /|

8

Assessor's
use only

Show that the pH at the equivalence point for this titration is 8.78.

}aKa(CHBCOOH )=9.24 ICorrect calculation of [ CH,COO"]. I
= fenct ) _ . B
n (CHL 008 Yot £Quvaint papt=cy = 0125 x 20¢/073 = 2-Sx/oBms)

PACY

: \ n J -
Sow V(NaOH) wped=" > —pHi5 - O'OJLg Toh) V =0 @sd
. ; - 2:SWY” a——
(Moot equinung pant = 7 = GH = O-062Shin

Correct method.
Answer
incorrect due to
incorrect pK..

IPK, =9.24
should be

e

4 A Chava lind_poet . ca [t and _wat present g fllanng

Pacbhom cirgs -

s (I,C'O_ « M0 = CHe COOH + pH-
L i - ECH?CCU”]EOH-J
D ~ rchooT

. - Kax K - 9-24
M@.&-} Ka = 10"

|
i pK, = 4.76

| (i)

Lh.pn™) - T649sxi07't
plﬂz-lo/c;[m(oq = (102

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
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Correct discussion of colour changes for both indicators.
Identifies phenolphthalein as most suitable.
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(iii) Phenolphthalein is an acid-base indicator. It is a weak acid and its formula can be
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

o the pH range within which this indicator is effective.
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adding CH,COOH and NaOH.

Equilibrium equation for Hin given. Equation used to discuss effect of ‘ ‘ ES

Chemistry 3.6

Assessor’s

use only




	Chemistry 3.6 E7
	Chemistry 3.6 E8

