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QUESTIONONE LOW ACHIEVE

Methylammonium chloride, CH;NH,Cl, dissolves in water to form a weakly acidic solution.
K (CH,NH,") =2.29 x 107!

(@) (i) Write an equation to show CH,NH,Cl dissolving in water.

CH-SNHSU = (H;NH, +C('¢@

(1)  Write an equation to show the reaction occurring in an aqueous solution of CH;NH,CI.

CHNHCL+ 0 == CHyNH, il o

(iif) List all the species present in an aqueous solution of CH;NH,Cl, in order of decreasing
concentration.

Do not include water.

CHJNH:}C‘ )CHBI\‘HZ@ H:}(Df
/
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(iv) (C(alculate the pH of 0.0152 mol L~ CH,NH,Cl solution.

Ka = CeyNHa Y00t N
‘ COaNvza

——

ca = (H0* " o 229u0™ = [W0' )

N o052

(H:07 ] = (229%™ (0.0152)
=  5.8998 X 10" ol

~..

~log (58498 x 1077 ) =
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(b)

3

The table shows the pH and electrical conductivity of three solutions. The concentrations of
the solutions are the same.

Solution NaOH CH,NH, CH,COONa
pH 13.2 11.9 8.98
Electrical conductivity good poor ' goo’d

Compare and contrast the pH and electrical conductivity of these three solutions.

Inch]de appropriate equations in your answer.

| [NaOH —>Na* 4 OH™ . NaOH has a high

PH 08 't i a Qh’()t’\ﬂ acd  and it IQV({(:I A cssocipkes

o OH™ o Not (v a gpecfafor pn . Due +2
the (arge comceptration of- Dotr=] ions , tle DI
wirl] be /O«/ﬁw' ndicating oot - & baaig /%e
O~ fene cortripputc ﬁm,&/f‘. ”

- —— —_— -

Electrical conductivity:
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QUESTION TWO

Sufficient calcium carbonate, CaCO,(s), is dissolved in water to make a saturated solution.

(a) (1)  Write the equation for the equilibrium occurring in a saturated solution of CaCo,.

f o X
Ca CO?’CS) \(%3 i CO?@)

(i) Write the expression for K (CaCO,).

[Cf' ") [Cos_ j

s
(iii) Calculate the solubg‘ﬁ>product of CaCO,, K (CaCO,).
The- bﬂrlty*oﬁ@a@() is5.74 x 10° mol L.

<z
:[S-wUO"‘)?
329 yi07" (3¢f )]

(s

N

(b) Some marine animals use calcium carbonate to form their shells. Increased acidification of the
oceans poses a problem for the survival of these marine animals.

Explain why the solubility of CaCO, is higher in an acidic solution.

Use an equation to support your explanation.

o
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(c)

5

Show, by calculation, that a precipitate of lead(II).hydroxide, Pb(OH il form when

25.0 mL of a sodium hydroxide solution, NaOH, at pH 12.6 is

0.00421 mol L! lead(II) nitrate, Pb(NO,),, solution. A O ] + 1 P k( /\]O 3>
3 N4 (N ) +f 19

K (Pb(OH),) =8.00 x 10-17 at 25°C

I]com = Sheff log (<pH)
shif? bﬂ(‘@'b :
= 2 S\, X )O“‘S MQ[LP. 0«?. ) ZS‘ML MO\/OH

™

P={r> ] [}JH |
% 00921 x [z NI, ”j
= 2-643F /O”'bém

The ionic pyoducf (S /aw?o/ Flon to Ks Ladce
6‘% ﬂfé{dyl)]z anof ﬂ@ﬂ%éﬁfe A /Dk@o(f;/fﬂ/k_
e ron
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20.0 mL of 0.258 mol L™! hydrofluoric acid, HF, solution is titrated with a sodium hydroxide,
NaOH, solution.

The equation for the reaction is:
HF +NaOH — NaF + H,0
pK,(HF) =3.17

The titration curve is given below:
pH

15

10 -

s mL NaOH
5 10 is 0 5 added
(a) (i) . Identify the species in solution af the equivalence point.
[ + - - X

(i) Explain why the pH at the equivalence point is greater than 7.

Include an equation in your answer.
| NaOH is a stvong base o hal & large concentvadion
ot OH vong , matking ng pH Ighev The ph-

S highey than 4 43~ pht of 7 15 consideved pevtral

- but NoOR e 0cshong blse and Wm shodd | »
—~Joe o lager PH o T

NaOH —> Nat + OH A Nadlk s a
Cfrong atd it completely A ISSOCLARA | Meaning
Hove ¢ no more NaOH ionf /uev%bﬁ 4
IO\W(%@ con entvation (rﬁi ()H*ﬁ*ﬁ% “Ogr\\(qa““ ,A}Qa
spRUtoAOV Ton
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(iii) = eertain volume of NaOH solution has been added, the concentration of HF in the  |assessors

solution will be twice that of the F~.
N alculate the pH of this solution, and evaluate its ability to function as a buffer.
/} HKa = Shift | 0 (-pKa)
- St log (- )= 67640 ol
Ko = CHs0" J* 5 676 k007" x 0- 258« 2
CHF ] = (pzor )"

e

(M0t V7= <. 'S(& X )0 MDIL

(0t = Jg3(x10 s = 4107 poll”
*(03 (4 (I x(O 3) 204 | .
A buffer solution resists tle 0‘/‘%\0/6 s PHM?%

a SM@((_ aonound d’& acld or base s added . @' i
NoOH s added , T wovies to neutvalise 4 \SO(LHTO/] /
(iv) Determine by calculation, the pH of the solution after 24.0 mL of 0.258 mol L' NaOH

solution has been added.

Question Three cnntinueﬂ

on the following page.
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(b) Inasecond titration, a 0.258 mol L ethanoic acid, CH;COOH, solution was titrated with the

NaOH solution.

Contrast the expected pH at the equivalence point with the HF titration.
pK,(CH,COOH) =4.76

No calculations are necessary.

[ (HRC00H is 0 wenk aud o it dooy net fully
Aisscainke - Tae pKow vedue 5 highev (ndicating

Hhak & 05 0 wecdey OUA in compadison o HEou
14 PL@& (s AT A’f M_Qq/w\/{( nce }ﬂon‘fLT ﬂ/{/(
HWF hag hoen converted o F*.7

_‘—_‘_‘_-_-___'—__‘—————_._
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Low Achievement exemplar for 91392 2015 Total score |09

Q Grade Annotation
score

This provides evidence for A3 because there are no correct equations in part
(a@)(i), (ii) & (iii) but in (a) (iv) the calculation is correct. Also in (b) they

1 A3 recognise pH depends on hydroxide ion concentration but only discuss NaOH
and do not write any equations. They also do not discuss conductivity.
This provides evidence for A3 because they correctly calculate the solubility

> A3 product in (a) (iii) and correctly compare an incorrect IP value to Ks in (c).
They would have gained an A4 if they had the ion charges correct in (a)(i) &
(ii)
This provides evidence for A3 because they correctly identified three ions in

3 A3 (a)(i), described the function of a buffer in (a)(iii) and described ethanoic acid
as weaker than hydrofluoric acid in (b)
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QUESTION ONE HEGH Aerreve

Methylammonium chloride, CH,NH,Cl, dissolves in water to form a weakly acidic solution.
K (CH,NH,") =2.29 x 1071

(a) (i) Write an equation to show CH,NH,Cl dissolving in water.

4 ~

CHzM\/\EC\ (s) - C’“?‘\)u? Cc.cp x <\

Ay

(ii) Write an equation to show the reaction occurring in an aqueous solution of CH,NH,CL

Q\AEM\XS*' Caq) X H,L@(c\

(iii) List all the species present in an aqueous solution of CH;NH,Cl, in order of decreasing
concentration.

Do not include water.

5,
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- + —_
(_%@\ , HO , ey % o .

C/@mc, O'@

e = UCWans 0
r DCHaNHC]

.jc_z
Z -Zﬂ.”‘DJ\ T 06152~ = .
\ffﬁ s:z - Z.ZG\»((Q’,(E,Yo.QlS'Z .H}C)‘E 1,\ Coedes
s ({antle
Cor© & o0 = ’\_Vz.-_ze'wk@’,“.wcs,ms?. s Y )

Ch01= &. 90«0 1 el
?V\ o '\ @‘5(:\/\3@.* 1
= len(g A0S

Q\(\ = ¢.23 . (xsF). ,_
\__A)g(( QDLJ(\j Q\Q*‘OUCVf,
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S L TR A 3 _“‘“ﬁ . Q,L»L
- (, \Q : C}\ESS\O{:‘ - *u\«u
(b) The table shows the pH an condugfivity of three Solutions. The concentrations of AREEsaRy
the solutions are the same. (F7 = s -
Solution NaOH CH,NH, CH,COONa
pH 13.2 11.9 8.98
Electrical conductivity good poor gooa

Compare and contrast the pH and electrical conductivity of these three solutions.

Include appropriate equations in your answer.

@/PH A Ree C«@f‘cg/‘)wo\h G O(; CR=0Y ) So\u&‘\gm.

Toe Naer e ol e &D sunaller e TR,
M"\OH NS oA S&’V‘ov-\cs e sse gu\‘\’l\ =, ?\)\ o—? \% 2
CUsoy = o o ' — —

Tl da of Nald = @ &% =

W9 . _
[H=0"] of Clalle =>\Q7 © 26 01T el
AR

L\&O*] of RN DT E WA W Vol

C 2 Aslom 'Y !

e \L’,‘

\/\c\\n-ta/&l\‘ ﬁHEO‘K J({/\w W
}(t,_.t o L,O\;J&Alr - ?H . \Q\\‘l/\ot«ﬁk.\ N0V Vs b K.qu—%/ck U
CHROVY b (;t/uu) i st ook akan «k@;—\ms v\/\a}ub\.aj W oa
a:)a@o,«\ e}x..QC/Q‘\{( c,c;z_: . C@‘—\Ab\&i&"e"

Electrical conductivity: N s a ﬂgm\ QJLQQL»(\Q;L,\ c@v@l\,\c&rﬂ( (S((Vor/-cj
Qlédﬁé(\jéﬁ\ s \3r Q,\\\\.ﬁ dlSSOQﬂm&Q t~ LJ\B’;«‘\-Q-» P Vatel reﬁc\rﬂ#\*

s et His (0. 260 ol ofF tons e S‘o(an‘o*-J cactetralic

of Nans i colikon is Hﬁl«. CaNde s e peov eleckries)
comdickor a5 W ouly earkaly dissociabes e waater |
3&*\&«& Hoave s <l cone (eacke~4 \efriv VL oY b(
e\ ot @\fa veactart Aiscociafay flas e Concocral
of ees e lovoer Aa Ro conco vl oo S S

N-OW . OdzcaoNyw \§ & (jooa\ Q)\CE/Q‘“C%)\ CQ\,-C&\AJ‘OV

As ww (ov\e o5 Proo‘t\’ c%\s \\_,{L\_QJ-\ CHTsCCGNC\ S - /4/4
Leds 1A ‘o Ok A Al A e one \ s

QQN {o;l\:i:\& \?@:&? _Chemistry 91392, 2015 "o d”\BCQ%NQ_ . o (/w&jﬁéb
deckvical (_gmgit«e}—tbf e AWM, . a3 =




QUESTION TWO
Sufficient calcium carbonate, CaCO,(s), is dissolved in water to make a saturated solution.

(a) (i) Write the equation for the equilibrium occurring in a saturated solution of CaCOj.

Cq C@g ) v

(i) Write the expression for K (CaCO,).

(iii) Calculate the solubility product of CaCOj;, K (CaCO,).
The solubility of CaCO, is 5.74 x 10~ mol L™,

\ed e goku)ql(IM of Frmlku:.).f e S

oz )= [Co=:*) . [ Ca?}=s
Ks= 87

Cs = (5 . ?%x(o*\
= 2. Zalﬁ\o
(b) Some marine animals use calcium carbonate to form their shells. Increased acidification of the
oceans poses a problem for the survival of these marine animals.

y!

Explain why the solubility of CaCO, is higher in an acidic solution.

Use an equation to support your explanation.
— o 4 -
Cal O3 sy = =t Cagp * CO=™ =

C@szt,ﬂ\ y MO — VCOs™ ) *N,,Q\/\.H‘%)

WL\QY\ Z al O Sce/& Yedo S@\g’ﬁ‘% W% Qemrv-\s Ca®* and CO=*
\ A OeS . CO"S)F Tons  Aea— . \r"ﬁ.:—f-xC-)C W\X\k @CAC‘/\;Q

CH%&JW(MM) {2 S '\t‘Q (>vmo>\k..\ce \/\CQ)'Z {ins. —Y\(\Mj
ooty PPN

\Q V\/\ CD\-Z_CMU;Q—% a\hgf\ C@in~e s oy < ﬁuehc. "Ca%
C_M‘\ o}\\sgo\v—e#' ’\{\\,\3 QBB Ryt~ qvﬁuv\aJuS

Wil ok ke able do tie Calos ko S als @

}k .\—'\C,erc,-a\s\\"\ﬁ ()LV"\OWJ\ OC t\Q"\S \\u\ gokg\k-—‘o‘,‘l/
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(c)

5 e, o
? / # U7

Show, by calculation, that a precipitate of lead(IT) hydroxide, Pb(OH),, will form when
£:28.8.ml, of agodium hydroxide solution, NaOH, at pH 12.6 is added tcx,ZS O mF ofa
8. 00421 mol L! lead(Il) nitrate, PbNO,),, solution.

K (Pb(OH),) = 8.00 x 10717 at 25°C
NaOW cu}\ *\ PLNO0=). Comy — P\Q(Qm: gy ( Na(Nos) ca,v\)
ZEaSRGIN o {c(%(mg\\ - % <o oaby
o e Wee i om S 20 .602\05 woll

néP\o(MQz\z\“- C =NV = o 0O2N0S %250 -025
= ©. 26%(G75 el
k@ sk e \C\Jf%’ew e e %o gowv\ o (vcc,«?\#«\ka
P= . SO OS =< K. > Qe (07"
= L L0 T
KAV is Lﬁvfcye—v (f{«\o—m P H'W—b vl M,+
o orm e preciclinAs G0N
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QUESTION THREE

20.0 mL of 0.258 mol L~! hydrofluoric acid, HF, solution is titrated with a sodium hydroxide,
NaOH, solution.
The equation for the reaction is:
HF + NaOH — NaF + H,0
pK, (HF)=3.17

The titration curve is given below: B

e = =74 eM,
pH S

15j :
g - ; V ; : &%WV@LQ*‘ < Po; &
,;.; 1. Hf;” B -8 —v. g
5 i %
RN i : ' mLNaOH
5 10 15 20 25  added

(@) (i) Identify the species in solution at the equivalence point.

8«-\/@ c@%a o~ahes  of A el QAV\Q\ Ro«a&Q
UF aed raaon 7

(i) Explain why the pH at the equivalence point is greater than 7.

Include an equation in your answer.

4 R oH N
@F:(Aﬁ\(\ % “26 [ _‘__:.“F't cao‘/\ *@\

A Shvona lmse AR is reacki g Wil = weak

e la—s e Coludso e v’e_a:\c} UYL PN
- e L A

2 O (e T
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(iii) After a certain volume of NaOH solution has been added, the concentration of HF in the
solution will be twice that of the F~.

Calculate the pH of this solution, and evaluate its ability to function as a buffer.

H‘:Cu\ ‘\'%G\’\% ] ‘: &7\ A \’\'2_0(\\

, e x L
Cieale amae

Ks = 60288 - =

6 2680 . o2 = 5.CKQ T 3Y
P

(iv) Determine by calculation, the pH of the solution after 24.0 mL of 0.258 mol L ! NaOH

solution has been added.
; -3
n(MaCBH\ DoV = e 28 = 0020 = 6 A« T waol

v ] 2%
c_(uqom-ﬁ@» aw v o.25w 2 ). Uiy

~UE) = FF o282 L\ w07 el
L&ased
P+ |

il

| +IQ ( 1
P B (3 N Q':I\V‘(O")

. \7} & \oo)% VR O

2 \G /f

v)

1/

Question Three continues

ASSESSOR'S
USE ONLY

10 i

on the following page.

Chemistry 91392, 2015




8

(b) Ina second titration, a 0.258 mol L' ethanoic acid, CH;COOH, solution was titrated with the
NaOH solution.

Contrast the expected pH at the equivalence point with the HF titration.
pK,(CH,COOH) = 4.76

No calculations are necessary.

_"\r\cﬂ.?V\,QQ e <olehon will e L\\ejt\u o
o oroic ecid (e hitvated cotll NaOH colidion o,
S~ N - Y ?V\ =4 e}\/b\d\f%\w .
oied Loas io«, WE Hbahen. At Y nudigelich
owe Lam Bbrmved) pla= ol
(- F\<c\ Cor @ eX o aic breabon s & ¥
e s aqbea Lo 9\(\ ((z\i*%\ ak w—«dl«so'
Sov ME HbhReae, 3.7 . Slocoic add (s @5 =
AT vecle @cid acl My ak e_e((w%k‘uxm/
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QUESTION
NUMBER

2\

9

Extra paper if required.
Write the question number(s) if applicable.

?ﬁ ek H«\L <ol ior il \se cd\t_o\iw\q Wve
NqO\A Wil e poodaal Cé«“‘eﬁ\ﬁa—am acad
s Alssociake. (gb\)\% L;;(/u\i\zlo‘/}um (N
K Yovtoocd &V:ng@‘:\.\- {/
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High Achievement exemplar for 91392 2015 Total score |12

Q

Grade
score

Annotation

A4

This provides evidence for A4 because there is one correct equation in part
(a)(i), (ii) & (iii) and in (a) (iv) the calculation is correct. Also in (b) they
recognise pH depends on hydronium ion concentration but only discuss NaOH
dissociation and do not write any equations. For conductivity they relate
conductivity to ion concentration for NaOH but the explanation is unclear for
CH;3NH,; and CH3COONa.

A4

This provides evidence for A4 because they correctly calculate the solubility
product in (a) (iii), in (b) they recognise H;O" will remove CO3? but provide
insufficient explanation. In (c) they correctly compare an incorrect IP value to
Ks in (c).

A4

This provides evidence for A4 because they correctly explain why pH is
greater than 7 with an equation in (a)(ii), in (a)(iv) they perform one calculation
correctly (moles of NaOH) and in (b) recognise the pH will be higher because
ethanoic acid has a higher pKa.






