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QUESTION ONE

(a) Hydrogen fluoride, HF, and hydrogen bromide, HBr, both form acidic solutions when added
to water.

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

Hydrogen fluoride, HF, with water: \
\"\‘F + H QO < -F” i + H 30.‘_ \
RS

Hydrogen bromide, HBr, with water:

HEr + H,0 @ Be” + H,0T j

(ii) Compare and contrast the electrical conductivity of 0.150 mol L' solutions of /
hydrofluoric acid, HF, and hydrobromic acid, HBr.

In your answer, you should:
. include the requirements for a solution to conduct electricity
. identify the species present AND their relative concentrations.

No calculations are necessary.
bectrical — conduchvity epends  upon  the
amount  of  JonS i Solukon  that are
able fo carmy dmgae Ht and  HE are
both  wak acdds oS ey fﬁ%{f’gﬁz ol SSecrcite
o form t~and H;0" in the <aSc  of HF and
Br ond HO" in e cae of HBr. The &pidlibrum
lies Ao He [eff. [fach ek 0o frmS Ao
1001C prodacr‘S Which — are able @ry Cﬁage g
and in  equal concerfrations ,  So Wil have

SIM//OJ’/\ COﬂduC"ﬁV/‘{y. ,
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(b)  40.0 mL of 0.150 mol L~! HBr solution was added to 25.0 mL of a saturated silver bromide, ASSESSOR'S

AgBr, solution.

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

/@Br — Ay - B

i

(i)  Explain the changes that occur to the concentrations of the species in the saturated
solution of AgBr on the addition of the HBr solution.

On  addibon ., HBr  diSSociakes Tfo  fomi  H,Q"  and
Br™ ions [HB + Ho = B+ HO'). Acordng o
le Chafeler's  pinciple ,'/he excess M
Wil cause  the AMW [ibrium o fauour
the  feverse  fRachon o redue  dhe  concentiation
of B jors. T He  conentration  of AT and
B decreateS and  nentretion  of  AgBr indeases.  //

(iii) Calculate the concentration of the silver ions, Ag™, after the HBr solution has been

added.
K (AgBr) = 5.00 x 10713

Assume the concentration of Br~ in the original saturated solution of AgBr is

insignificant.
[ATILB] = S00 x lo”" (&)= n(5)
0065
[*"\5*_7 [0-6923] = 5-00 ~]o 3 N( 0 Br7)= o i5ax 00k
[%9"] = 5_'92x/o"12m0.(_1." = éxfo—gmof

B(news ) = 6xTo

< oc.:sj
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QUESTION TWO ¥
(a) Ammonia, NH,, is a weak base.

pK,(NH,") =9.24 K, (NH,") = 5.75 x 10710

(i) Calculate the pH of a 0.105 mol L~! NH, solution.
Cuo'd = ] Koo K
C (bose)

Jsmsas, 1™

o105

1

= 7L+—O % loﬁm\

- \ij [‘1-q_(wld‘1] =

pH

——

(i) Dilute hydrochloric acid, HCI, is added to the NH, solution until the ratio of NH, to
NH," in the solution is 5:1.

Determine the pH of this solution, and evaluate its ability to resist a change in pH when
small volumes of strong acid or base are added.

, _ [ beSe] -
PH = pKe + log-p o

924 + ]QS"C\B_’I/

Tre pH of He Sdukion § 993 meaning
there i3 O higher  Concentintion  of  conjugate
base NHy  Han N . Ths, the Sdehon  wil
l;z_. mote  effective c: Me et m'ﬂcv, ?_Pr_‘,\;her\

i

H

T e

Small  yolumes  of %kor_r_j aad  are  added oS
the  exaess Ny ks with it fo hima NHT ond b

N+ Hs0t = NHS + K0 e
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Write the equation for the equilibrium occurring in a saturated solution of copper(IT)*
hydroxide, Cu(OH),. \

\

(b) ()

>
=

Co™ + 204~

CYOH ),

—

(i)  Write the expression‘for K (Cu(OH),).

(o) Cow1?

Kq (LCu(DH)Z ) =

(iii) Calculate the solubility of Cu(OH), in water at 25°C.
K (Cu(OH),) = 4.80 x 10720
-20

[c™]lon )™ = L% xlo
4_.5_'5) i 4_80 x IC;QO
S = 299 o mor 7!

/

Explain why the solubility of Cu(OH), increases when dilute hydrochloric acid is added.
Cuy (OH )5,
(( cu (oH);) = Cu™ + J0H ) . When dilute  hydrchlonc

©)
dissociadeS o frm  Cu™ and OH jons
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acd is  added it forms K0 ad <17 ia0s [HI+HOT THAD,
These  HzO" 1oos  Newhalse O jons o Jorm H,0
(OH + Hao = H,0) , Which decresSes Fhe Gncetrahan
of  OH™ jons /0 _—_M—; Solution.  ThS  the Cu(OH)-L
WIHELM favours  the  forward  reachon  to fepleniShy
OH ™ 1ens ) INfeaSig  the  Solubilily oS more }

Culof), &iSSolves. "

p——

N
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QUESTION THREE

A titration was carried out by adding 0.112 mol L™! sodium hydroxide solution, NaOH(ag), to
20.0 mL of ethanoic acid solution, CH,COOH(ag).
The equation for the reaction is:

CH,COOH(aq) + NaOH(aq) — CH,COONa(aq) + H,0(/)  K,(CH;COOH)=1.74 x 10°9

Titration curve for CH3COOH versus NaOH

14

Volume of NaOH added (mL)

(a) With reference to the titration curve above, put a tick next to the indicator most suiteg/'to
identify the equivalence point.

Indicator pK, Tick ONE box below
Methyl yellow 3.1 /
Bromocresol purple 6.3 @
Phenolphthalein 9.6 /\
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(b) (i) The ethanoic acid solution, CH,COOH(agq), has a pH of 2.77 before any NaOH is &
added.

Show by calculation that the concentration of the CH;COOH solution is 0.166 mol L.

—

QHooH + H,o = QU0 + Ho'

T x1o% -2 [ws0tT? o s [yt
(i CooH ) T 699
Cadgoon] = (168 16) R
| 7L x lo_‘ B
o = 0166 mol !
o -

(i) Calculate the pH of the solution in the flask after 10.0 mL of 0.112 mol L~! NaOH has
been added to 20.0 mL of ethanoic acid solution, CH,COOH(ag).

N (CHzCOOH ) = WMWM N(CH4CO0H) = 0(NeOH added )
] Acpdtl) (©1G6x o 02) (o 12 «00])

C (CH3COOH) =

C(NGOH) = N(Naoy ackkd) = (OflZ>60l) - ©0-0373melL

0-03 0-03

[5056]
pH = pha + log [acd]

= LT6+ /05, 00373
o 0733
= holy] e i

Question Three continues

on the following page.

————
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(c) The equivalence point pH for the titration of ethanoic acid with sodium hydroxide is 8.79"

)

(i)

Identify the chemical species present at the equivalence point, other than water.

CH3C@CH3LOO’ , Na T, CHLCooM | OF T

iy

In a second titration, a 0.166 mol L~! methanoic acid solution, HCOOH(ag), is titrated
with the NaOH solution. The equivalence point pH for this titration is 8.28.

The equivalence point pH for the CH;COOH fitration is 8.79.

Compare and contrast the pH values at the equivalence point for both titrations.
K(HCOOH)=182x 104  K,(CH,COOH)=1.74 x 10~
No calculations are necessary.
HCOOH kS @ higher  Ka  Volue than
CHyood . Ths  meaas  that  HCOORW will
diSaciate  more  thao  CHRCO0H  je. the
(:“c{/uilibﬁum lies  fuetler o the Pight
( HCOOH + 1,0 == HCOO™ + HO"). ThuS
Mete Wil be  mete Hi0"  topsin
the So\t:%gn} Si\lity it o lower pH
Hran CHzCOOH . f—
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Extra paper if required.

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

QUESTION
NUMBER
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QUESTION
NUMBER

"

Extra paper if required.
Write the question number(s) if applicable.
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Excellence exemplar for 91392 2017 Total score 21

Grade

Q score

Annotation

The candidate was awarded E7 for the following reasons:

In part (a)(i), the correct arrow was used for hydrogen fluoride, but not
for hydrogen bromide. In part (a)(ii), the candidate had the correct
ideas on both conductivity and strength.

In part (b), the candidate wrote the correct equation; had a full
discussion on solubility — justifying their response using Le Chatelier’s
Principle; correctly used Ks expression to correctly calculate the
concentration of the silver ions present in the dilution.

The candidate was awarded E7 for the following reasons:

In part (a), the candidate calculated the pH correctly, but the answer did
not reflect the appropriate number of significant figures. The correct
buffer pH and evaluation were given.

In part (b), the correct equation and expression were given which were
used to correctly calculate the solubility of Cu(OH),, with the correct
unit.

In part (c), a full discussion on solubility relating to both equilibrium and
acid-base reaction was given.

The candidate was awarded E7 for the following reasons:
In part (a), an incorrect indicator was chosen.

In part (b), the calculation of both concentration and pH were correct,
with justification.

In part (c), four correct species were given; the pH related to acid
strength, however, to gain E8, the candidate’s response need to relate
to all species present, e.g. the conjugate base strengths.






