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QUESTION ONE | *UsE ony
. i) L£O- :ﬁ 2,‘30 - : o e
Silver carbonate, Ag,CO,, is a sparingly soluble salt. Hgeos 9 Ty

K (Ag,CO;) = 8.10 % 10712 at 25°C M(Ag,CO,) =276 g mol™
S

(a) Write the solubility product expression, K, for silver carbonate (Ag,CO,).

ks ¢ A@ZW@,) = [ H8)+ (.owp] : [ C/Ogl-Lw\/':J

-

(b) Calculate the mass of Ag,CO, that will dissolve in 50 mL of water to make a saturated _
solution at 25°C. '

-~ Kscagpton = CAgJ'cpr C(AQ;.,L%Q .
/%z WOy r ¥ HOWd = ZH@+L0,L0L> + COy @y
let [Ag') be 26, (0] be 5.

8uoxlo™ = (28)°-5S
46° = $.io % 107"
6 = 121 x 07 meil” L35>
S [A%I@s_j = IS = 1\27 X l().q'\/\/\zo\L~l
N=0cV = La1x10 ¥~ 0.0500 = b33 x| 0 “vmol
M= N M= 033 X0 9% 216 c3s)
= \15x 107° 9 cash N
\/
{
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c.

V
(c) Explain how the solubility of Ag,CO, will change if added to 50 mL of'a 1.00 mol L‘1 ek
ammonia, NH,, solution.

Support your answer with balanced equations.

No calculations are necessary

Ag2COssy (FhOU3 = 209 @y * €Oy >
'Tlne_mgo Moll™ ammonTed solwtion 7% concentroctes]
enough to complex Ay’ out . Ag" +2NHz 2 [ Ay LM|)1
(Tollens Remgevtd. In thin wowy, Ay T3 removed o
to mmmmise the chomge, +he equilibitum  system
will ghift to the right owd now proctucts nre
fovonrest. Tl,w/vﬁ*fov*e) more Ay GOy (witl oATzsoluve
k- the _;.ge..L;Lz_L!-a_.Tl'a_fiCj will Tncresse %

\/
(d) Show by calculation whether a precipitate of Ag,CO; will form when20.0 mL of
“ 0.105 mol L silver nitr ate@NO solution is added t035.0 /th ofa0.221 mol L!
sodium carbonate, Na,CO,, solutlon

K(Ag2C03) 8.10 x 10712 at 25°C

N (ﬂgpws) = c\V= 0w20 % loS* 2.l0 ><IOH3 me |

3 b
New CoNCemttrndtTo ) C/:}S ] h@[,%%ol] @7 @ T xggozg%
X raollL”
N (N (0:)= eV = 0035 X 0.22] = 77*’4 X110 o2 ol
- 1 TEX
neaw Ccoy’ J':[[szwg)'= 2 \/ = jmg” = Ov14) Wl

HQECOs(S) + How #ZHBJ(LW’(S + C/Ogrwwp
]P\S‘LH@'L(/@})= C,Hffdz E COs?-j
= (0.03%2) x oyl
= 5. 05 % (¢ " \ﬁw& ol U
\ 12

o205 x (0 > &0 x |0 . IP S Ks
A preatpitocte vt %Ofm-
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QUEST'ON TWO A USE ONLY

Ethanamine, CH,CH,NH,, is a weak base.
pK (CH,CH,NH,) = 10.6  K(CH;CH,NH;") =2.51 x 10-1t

(a) .Write an equation to show the reaction of ethanamine with water.

CHyCHa NHz gy + HhOs == CHa L2 NVHS gy + Ot ulyy

(b) Calculate the pH of a 0.109 mol L' solution of ethanamine.
CHy LN gy * HOLY = O CHAVH gy = OH e
CHzCH-NVH ZjéM) +thoy = CHs CH?[\/Hy,cfow\/} + [ OJLmz)

- : Kow
Acumre [OH Y= [0Hs CHaNH )= o]
TH ’-"0“] [C Hy CH, N 1,:_]
[CHz oy v HR™)
[H,07) TCHs tiivHa)
Kw
CHx0")
_ ar [HaO") % 01069
251 x 1O . fX(O'-'q
TH0')" = 2.30 x 1o

[H>0) = [5sLxi0 " mell ! (3

[7H:' ”10‘3 'CHBOJ(J? - (O:BU\Q/Y_IOV'?): 1B L%ST)

Kow (CH3CH NHS' ) =

"‘-.____‘_
e
e
e 1
—
/
J/
/
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Ethyl ammonium chloride, CH;CH,NH,Cl, is a weak acid that will also react with water.,

List all the species present in a solution of CH,CH,NH,Cl, in order of decreasing
concentration. -

Do not include water.

. Ci~ o > CH}.CH)J\”’H w7 H’aO LN'L) > (H: CH» NHILWP 7 OH )

M oty > 13 0 ings > Tl NI,

\ER

Justify the order you have given.

Include equations, where necessary.

(/HsCHL f\)HsC/he\ + HLULL) — 01 z(,r')z[\/"’h (g *Claeij

C(h(l—l;[\}Hg o> H 0wy = CHaCH [\/Hv,cmp + H0" UMP
CHalHNH2 Cl B owvr TonTe compomd so Tt ~fully ol Bocicctes
TN woter ook produces C17 ok CHCH2NVHs . (17 ploes

ot howe twither venctron S T Tw +he hghest

Conceomtrotrony . Clds Chls NH' hvls further  reactron with
(n {,\.}Q(’Lk Gk(,l

witter ;s Tt TR ﬁﬁ%s%Wé B 1t only pmt%
Ansocitetes Tmprr/oifé; prodamcry H30" vl CHa CHAHL
va& o syl peetral  renctt SO the concesttroctTon of
CHyCHWNHLT I the Seconud lighiest. Although we assume
CHaCH>NH2 0wk Hz 0" owe Th equed conceattroction , <there
B o smedl contribuctron o Hy0' Hrom wectex pso [iH:0")
T slmhtly loveger thont CCHaCH-VHL] . Lastly, eve owve
OH™ Tone T ol solutrons so OF exvts but TV

o very Sl CONCaATr it oy L aUTTATE Solbmction |

THAO T 5 Tor ). 2
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QUESTION THREE el assessor's
c
20.0\({ mL of 0.32CO/ mol L' ammonia, NH,, is titrated with 0.640 mol L hydrochloric acid, HCI.

The equation for this reaction is:
NH,; + HCl — NH," +CI” pK,(NH,") = 9.24

The curve for this titration is given below.

R
[

Volume of HCI added

(a) Explain why the pH at the equivalence point (point C) is not 7.
At the equiblence pomt, equal nwles of podd emdd
bnse s repctesd omd the selt (NHG ouad 1) ove
™ the hghest concentrocton . Howewer NHJr Furthex
repwct wWith wnter. Jt oo WMM 50 Tt pmrmll\j_,_._----- A
drsoorutes = NH uut)* 0wy = NHs wa> H))/me

The resctron pmmwm H>0" so mgw_f-h,_o__b Z,—OH] i
owdh the pH T ot T but  |ower than 7.

(b) Show, by calculation, that the pH at the equivalence point (point C) is 4.96.

Vi = Cx Uz @\Blﬁo e
0.220X ©.020 = WMM
V. = 00100 [

©+3L0 X 0.00 = (O‘OZO"*@\OW)[NHJJ
[NH‘:J; O\ll‘i}_,v\/\&'\twi I

NVH gy * Oy &= NHs LR Hv0"

- qas Ct\)Hﬂ[HsOJ_ CHz0M"
\/HLﬁ] - O\ZFS

TH.0) = 4t 1 X109 el

-+
Chemistry 91392, 2016 FH: — o0y THs0 3

= 49554971 =4 36034)
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(c) Explain, in terms of the species present, why the pH at B (half way to the equivalence point)
is 9.24.

At v port NHe ok NH3 ore frcesf)/m‘t ™ o_xppmx‘rmmq;l

LHs0 1 [V Ha

equodd concemtroctron . Ko (NH4D = +—1 = [H20") ot
| TVHET

i porit (DNHG')= TNVHS) ). 8o So plou= pH = doy
ot thss mem.z T e T

""-s_\\
Y

I - — — ——

(d) Explain, in terms of the species present, why the pH of the solution at point C is 4.96.

No calculations are necessary.

At porit C ., equod maoles of audh amok base hae
reoctedd . LU T Th the hitghest concentroctior) o Tt
does not Swrther react . NHe o o weok owerd co e

hos further  reactton With wotter, wheve T+ partizdly

dﬁf;@c/m-tﬁ& Trte Ntk cwnet He 07, In iy wouy , ff—!e,O"J
B loger thon TOH) ok +he pH T OpproxTertely
half of the plo LVHT) Unlue (924/2 = . by )L/g

rd

7
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Excellence exemplar 2016

Subject: | Chemistry Standard: | 91392 Total score: | 22
Q SIECE Annotation
score
The candidate has completed the solubility product expression, K, correctly in
part (a).
In part (b), the correct methods are used to calculate the solubility, the number
of moles and the correct mass.

1 E7
A very good explanation is given for part (c), however, the inclusion of H,O
within the equation prevented a higher grade score from being attained.

In part (d), the calculation is fully correct, however, |.P. does not have the units
mol L™

The candidate gave the correct reaction for ethanamine with water in part (a),
and calculated the pH of the solution of ethanamine correctly.

2 E7 In part (c), the candidate has given the correct species and a good discussion
as to why they form in the quantities that they do. A fuller justification is
required as to the reason for the formation of hydroxide ions in lowest
concentration.

Full credit is given for all question parts.
The pH is correctly explained in terms of the species present, supported with
appropriate equations.

3 E8 The concentration of the ammonium ions is correctly calculated and used to
justify the pH.

The pH is explained in terms of both the species present, and by mathematical
relationship.






