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

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.

HeooH + HaO = HLQO 4+ H20"

1Mo = Heot L Oon” iCorrect equation.
(i) List all the species in the aqueous solution of methanoic acid in order of decreasing

concentration.
HaO » HCCOH > HaO' > HCOO » OH”

| Correct list. |

Give reasons for you answer.

(iii) Calculate the concentration of the methanoic acid solution with a pH of 2.78.

Ca- [HCOO 3 #1207 fresend) ko= [Hs01

[HcoonT (Heoent
— = g L 2
peo= 574 g0t [ 6e, 167 ]
\',mel | 81_{\\(57‘* : LHC CM?"HJ
. L s Y
pH= 274 | [Hioon]~ l6eric™)
(Heyo' )= [ 665167 | L g2.0" ¢
= \75]7 I - ek

ICorrect numerical answer (no units).l
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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
NH4C1 5.1 high
NH; 11.1 low
NaOH 13.0 high

HOL b Ha0 2 He0' 4+ (17

* Moy o vewy dgw pH w it s q mmq

acrd Meaning 4 (oMLeJrlgj Arysociohes i wa}u

fle (oswcfu-'t-'t\'v\"\\i\ N gk ol thwe avey WW\(/

johs  floating  avountl v fle  goiution - A

NHqu %'HQO = NHy + H.ACT v O\

« NHq" 75 4l (onjugede  acid 4o NH3,

A a weedt  geid AWy 1y oy fle p

Vs h {cw bdoww 7 . J4y comr‘wh‘v{w A hrgh

) ag ol T heye ave A (on) ih fle J’gn,'ﬁon,
{

NH2 + Ho0 2 NHa" ¢ R

. N¥8 > a4 (Gtrong) pote, TF (omplety
A'sd o¢ ¢ e in %,q ke, . 2

NC‘{OH - Naﬁ r OH

© NaO" 1y piethar Jlvony  bape avlt

be cawse Fleve  are Ao in fle Jc!' .

. VAR
i1 D a %WDCA (UM’FUHJ'V'

[ H,O" ] not related to pH.

Correctly identifies HC1 as a strong acid, NH*
as a weak acid, NaOH as a strong base.
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QUESTION TWO Assessor's

useonly |

(a) Iron(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.

SOCOUH NSNS

FeS 2  Felr 4+ OF

(i) Write the expression for Ky(FeS)

ICorrect equation and correct K_expression.

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

K(FeS)=4.90 x 107®

R ‘J 4-6]@'{{@':_%

=% 39\\‘%\’0{:—:4

(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 10°%

Calculate the sulfide ion concentration when the pH of the solution is 4.20.
= .30

[H0M) =\
- Ebb;l\{{O‘S

ICorrect [ H,O" ] concentration. I
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(i) Calculate the solubility of FeS in this solution, in mol L™

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 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.)
! < qar

(Vs = CU/“ ¥ 57 ! fo\") = Tp? 4

—
A3
| Two correct statements. |
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QU ESTION THREE Assessor’s

use only

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(aq) + NaOH(aq) = CH3COONa(aq) + H,O (/)

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

£ %VWW@L& PO"’J ‘

| Lvd
] L

buffer region

| L

0 Hwi ﬁN;X]_‘ 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.

(i1) Put an X on the graph to show at which point the buffering action is the most efficient.
Give reasons for your answer.
|
|
"
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(b) (i) Show that the pH at the equivalence point for this titration is 8.78. Assessor’s

| use only
pK(CH,COOH ) =924 4, 76
\Lgq = f CHe (o Qj'fl { 120 “‘1 AGSun A LC‘V\%[@ e *:[ S t 'H?L:O—\>

[ Crioo ] L (i coor @t
p\,(m = 76 \
eas L7405 L] T4vi075. Ly O]
4 {e-115%
ka= [ 101 k Brot = mmcmo'”g po B 1O
L Ctrcoon] | = 5.2\wt0 "4

’pﬁzfuqﬁﬂadj - |
 =-log(5.0x x(97) =3 J8T 7

(i1) Explain why methyl orange is not a suitable indicafor for this titration and why

phenolphthalein is a suitable indicator for this titration.

Indicator pKa
Methyl orange 3.70
Phenolphthalein 9.30

pt = p\w\ ik puviesce  goind . PH ot

e r{,‘\f\' Wine.  POI nt = .95 Tlove 4ove p lrerol p Wk _alegs
\'A)\"t—\\a 5N \lﬁH V@-/V'-—Lif,,ﬁ oA &- 5@ - LO: 20 o q
s &\ culopwy C-\,Lc.txr-é;,@ Wit TWS e tien.

U\\M |y \ OV e\ t:[ll,e, L'd/b‘lf\) SAS e a o %() W ek
1> —{-{cp (o CUACA dloes  \~BF N\LM\ %

pH ok 1l equiviene  posr

Matches colour change of phenolphthalein to equivalence point
of titration and that methyl orange will not change colour near the
equivalence point.

Chemistry 3.6
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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.
§-co . )
pK, (I =9.60 | [t ¥on¢~
i0.60
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.
*NaOH —~ N at o+ OH (‘SJ( voro Dk }‘L)
¢ CH?)COM + HoD 2 Hz 00" & HRO (weodm oxcrct)
\P honol p‘l hoadein |5 edfective - o
|'Y”\d\\Q‘ a ey \Q_Q,J\we,ew\ a_ (.Oﬁ _ o—\- 8 (A ) d,_fva(
060
Do o lgihedtem.  pwetd  pe colowdeys 1 Tle
ethaneoic  aced (chdoor) <olnton as 1+
has ¥ H o oy Ho HND W A colou
(hon~ge it yOoY  wsoke 3O fren.  add
Naoy (\OGSEC-\ Colntion 4le colovy oot
D&QIFV\ -0 c }/\Cw\(’}_g_, O \auv \e o +le
P leve | qoOt  withiv Ake [ndicative
VCU/\%Q o b ool \'mL hoehern  [pH 8.60 £710.69
} - 3

/

IStates the range over which phenolpthalein changes colour. I

| One correct Merit statement. | @
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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

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

HCOO\'\ + 5I’\-,._O [§3)] —"q__b_' \"\QOO- f-r-u:\_) - HgO\ (ﬁ[:‘)
| Correct equation. |

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

W0 > Weooh > Hao* 2 Weod” 7 ow”

I Correct order of species. I

Give reasons for you answer.

— BpeGuist Wy p weok od, twe waethanei 0md cnld parnollu dudouase) 0 4nweve v
Identifies = e —

HCOOH as M overs Maole acneund of B OOW o1 by e, {g‘l\m\\_&m{;uv\ b gt BN and  Haeot
a weak acid. -

oo lp‘;nf'.\\lf.f*(‘\ Fuwn Yae dwdouehion ok Wi but Hagie v d\\f}’n“:"'zl\/'\ et 20" Adwe

. ifi rder
o e gudsaadhon O wbr (el waodong oAl on Ty Justifies o .de
e — | for all species.

(iii) Calculate the concentration of the methanoic acid solution with a pH of 2.78.

- -21%
o = 2.783 CH0"7) = \O o

= 1466 ¥10 2 o) L7

oo ICH0m)
o~ CACooH ) owumiany, CReon™) = Cnzo* T\
(1-b6r10"3)> N
e

=37 -
03 4 =

\

Cheoon) = o, 08 mo L (3s£)
— | Correct calculation. |
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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
NH,4Cl1 5.1 high
NH; 11.1 low
NaOH 13.0 ‘high

HOY b o shola

oo s wiill fully fnteaade v wWeled rrtaning A pe
) = — =

WO Wi fencf il anon b 10Ad in g JAWUNCA anel g ey g
-

i teviclu thav Ya .
J —

NMaOH A oo &wm@ Wwiye it Wil avde (-\m.ﬂ Aot A e 1w Hr

) 'HECW\D\ o) antl bl Y tewngula e eyt m,{;‘_u.
L A - = -

Ildentifies number of ions in solution as contributing to conductivity. I

ICorrectIy describes reasons for conductivity of HC1 and NaOH. I

Chemistry 3.6
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QU EST[ON TWO .Assessor's

useonly |

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

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

o =
'FESUJ * QCL - Te (a) * 93 (ag)

(i) Write the expression for Ki(FeS).] Correct equation and correct K_expression. |

Vetresy = CFe>3C8%7) !

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

Ky(FeS)=4.90 x 107"®

CFe**) = £5*7) sk bunng  Fe?t for '8

¥Ye = 3§

-\ = s
4.40 %10 - §

-9
S= 2.2\ ¥v\0 ‘ (35€)
S ——— | 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.

L]

(i)  In asaturated solution of hydrogen sulfide [H;0"]*[S*] =1.10 x 10%

Calculate the sulfide ion concentration when the pH of the solution is 4.20.
o * 420 Cheo' = 107
Lloro ™ = [ot17 (8]

o -\5
ES“]“- '_)_-muo‘ mel L' (254)

~ | Correct calculation. |
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e
(11) Calculate the SOllelllty of FeS in this SOlthiOﬂ, in mol Lfl, ! VA55es50Ls
use only
Ve= 4g°
4010 107 " 4 5°
A= 10T 110 (Z28€)Y

(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.

K(CuS)=6.30 x 107 K(ZnS)=16 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.)

IOne correct statement at Merit.l @
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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:

CH3COOH(ag) + NaOH(ag) = CH3COONa(aq) + H20 ()
The titration curve for the reaction is given below and the buffer region is marked on the graph.

pH

A

] A

r
buffer region

| -

4 >
20 mL Volume of NaOH added
|Identifies CH3_OOH and CH.COO-" as acid conjugate base pair. |

(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.

Buf Cex ng\bms YeIWY chbinfes v 4w \P\-\ wwin el amcudh  obf aead o
N

hooe W ocdcled - Ty W AUl Yo A bYeJUAD b e WRoY Vt_’“t_\_i“,t.U._ (H3(00Y wa)

and o conjyoole boye  CHaC007wy 1 e dduhen ., Equations
& ia v m— given
: - buffer with
H.0" » Chaco = W0 * (Ha(ooH
s ———— L H,0" and OH-
OB WV D amat O pptetdol, A ciod vy veott ke LY
OH™ « CHzroor = 120 * CHLC06T WML piiced  vecpon,

AVl owe 0w F(,‘q.\,,m\]Jw,wm\\.m antunk ok oacadl mndl otde w Hae goluhen,

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

e Coudd wah 0e eguet o AW Cwoied  waowne
N — R : — )

A wotd e waca e Fhtaent bubfenng oer o alou,
! ¥

| Correctly identifies most efficient buffer and correct reason. |

Chemistry 3.6
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(b) (i) Show that the pH at the equivalence point for this titration is 8.78. Assessolr's f
use only
S orrect calculation for
( PKjQCHg(:OOH )=9.24  lcalculation of [ CH,COOH']
Ak GUNULACR  powviy C 'r‘\'.',(f){)\-\ POl 2 Nz (ONay Wz /
WGl beag - Cor =
Identifies CHicpg * W20 = OHT 4 CHaOoH 7
CH,COOH- o LOHTICCH5Co0MT; | -
as 2 weak (G2 e WS L 04126 AL CRaCioH |
base. w = Tpoe1s Celat007) = H0628wcl L dlgtcavic |0 WEW
Wi il ADwmL
Con~] « 691 1vlo NG\LH CNaORD 21204125 wich L : i
pot = 5222\ |
— |
\‘“\ = \& - = S - .
ph=1h - pod = 37017 IUses pk_ = 9.24 to find |
I Tyt OH- and then pH. ;
(i) Explain why methyl orange is not a suitable indicator for this titration and why I

phenolphthalein is a suitable indicator for this titration.

Indicator pK,

Methyl orange 3.70
Phenolphthalein 9.30 :
i

Twr venoe CF pH et whaown wuum\i\ cv'(ﬁv\rﬂc BALTILYAY W 0oy 2T - 41
[¥] = e

wwietw ot Ay Faom Awe wid ob b eguncilend ety WAL asioatd a

QV\UV\W Colbw vauela eovliey pia AAL v i) ‘~:)‘\AiW\\‘.IL}\/\\.lt\mL(- W WMol o \{M ‘g.-;‘w"\(»’\uf__

witt e eledfy do o e el voen el weind LE-2 rl %) \A\MH» WA \ﬂ‘fﬂ‘l‘fu

Dot v e judoble wadeoren b vl Yy stluen Wed kg

YU\_UEI! l’l%"‘l‘f"f‘,"{‘- i'!rl'.“%.-

Describes range of colour change for both methyl orange and
phenolphthalein. ;

Recognises only phenolphthalein will change colour at or near
equivalence point.

Chemistry 3.6
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(iii) Phenolphthalein is an acid-base indicator. It is a weak acid and its formula can be Assessor's
I
represented as HIn. Phenolphthalein is colourless in acidic solutions and purple in basic e
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.

. E7
| One correct answer at Excellence. |
. ¥
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