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QUESTION ONE I

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

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

Hydrogen fluoride, HF, with water:

Hydrogen bromide, HBr, with water:

(i) 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.

For cobut0n 10 conduct electriCity, there must e free
moving charged electrons. HE and Heyr are bobh
§trong acids  which ore )Cv«u//v dissolve it woler~
For examge, 0.IS mol L of HF"a-ng_ HBr  solmtin will
turn  wte 0.3 mol LT 0f  charged “tons  ofte, dissolve
inte  Waterr., In thsS coe , HE Suton wll have

Ho® tons  and F 7 dons  to condnct  clecivity. HBi
olution il have  BrT dons  and  H0t wong o

condn CHilg

condp ¢t 6156%4'{0{'&7, The v f(ﬂc_f'il'_c ﬁandqgﬁuyw wll be
similow- o5 their conentrotion  are  gme. H
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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,
AgBr, solution.

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

—J\A’ Ag Br s) = A3+ (ag,) * Brj(qq/) // '

(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.

Saturated  Solution of A9Br means ho More f\ﬂ)‘* fong
or By~ ions tan  dissolveg  mt  watey . Houvever
aftor odding  Hp, @lution, the equi librium  will, shift
+0 (cf-t to quMISC %e, Chaﬂ\-ﬁe B{y« ‘bous contentration

l/m@/ wcv*ease _.Becquse no Mmoke f—\g wns Cq'\ J'ISQJLVQ
nto W Wﬂter (A" ] wil] decrease. // S

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

K (AgBr) =5.00 x 10°12

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

ks = CAg* caq) ]C@" (q%,]

pswme  [A9%] =x | [g."1 =018
ks = 018X

X= 2.23x%|o”"" pmol !

CAg*] = 3.33 %™ mol L™
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QUESTION TWO

(a) Ammonia, NH,, is a weak base.
pK,(NH,") =9.24 K (NH,*) =5.75 x 1071

. (i) Calculate the pH of a 0.105 mol L! NH, solution.

ﬂtalgq;g,:ﬂx&ﬁ) Mz a9) +H0 (1) = Mo (ag)" O @)
Het) o) _. LoH-1* ! * K

kb “Thdyg = Twdsd

e [x‘[o Sl
k= [L?( S askrge = 1138 x [0S
Assume  [CAHS] ot equibbrium = (AHs] ot Wmitial
-¢ _ Lo i i
g% = T;"‘,'F
 [oH ] =138 <o mol L7
(H01] = '[% =745 2T xlo™"* mgl L

PH :—Lﬁm;oﬂ = . | ”

(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.

bt —hliotts )=t not =t
- Mgt Helup™ N"‘*Tav* CL7 cag)
Cie (MI3) 2 aC(Mt) =6 0| | @CUMe) @ mCcl) = 2]
’VH‘I-:I- taqy ¥ HzO_ t—*JVH; (a@z{ ++ H;o* @9,
= HBLEEL - s s
§.7Sxlp7le = 5x (4 Hy0"]
(H30"] = LIS xlo ™' wol L™
PH= - log (Hs0*] =9.94
bheg Decouse  the solution 15 A miktwe Of strong acid
and  weak lase . lhen Small wlume of stong acid
o base ore odded they wil react with Hcl o

My  ond netalise  to war . Hene, & wont offect

PH  wolne. 0\ . S 4

. Sy
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(b) (1) Write the equation for the equilibrium occurring in a saturated solution of copper(I)*
hydroxide, Cu(OH),.

— \\ Cu (OH). s) (=) Cyu*? ag) t 20H~ agq) //

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

ET——

(iii) Calculate the solubility of Cu(OH), in water at 25°C.
K (Cu(OH),) = 4.80 x 1020

Asume  [Cu*t] =X | COH] =2x
ke = 4x* \
4 g xfo7t° = 4%
X=2.29xl"1 ol L' N

The slubility 5 229 xfo™7 mel L"ﬂ )

(¢) Explain why the solubility of Cu(OH), increases when dilute hydro‘iﬁl%ric acid is added.
Het (agr * OH” (ag) ~> H.0 ag) * CL™ (a9)
Whew dilule Hcl i odded, 1t will react with ©OH”
wns from  Cu(0H)  to form water ond (L™ tons.
Hene, the Guibrium reaction M?—fqvm;—- right side
to minimise the _ _c_hqnge. It mweans o -'m_c?;__"'_sﬁ the
Conmtvation of  oH” iong, In orde~ to do that

the  solubility of  CuloH) will ncreag. |
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QUESTION THREE "
A titration was carried out by adding 0.112 mol L-! sodium hydroxide solution, NaOH(aq), to
20.0 mL of ethanoic acid solution, CH;COOH(aq). sorong bose

The equation for the reaction is:

CH,COOH(aq) + NaOH(aqg) — CH,COONa(aq) + H,0(/)  K(CH,COOH) = 1.74 x 105

Titration curve for CH3COOH versus NaOH
14 .
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8 -
T
o
6 -
4 -
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0 T ] L} T L] T T T T T i
0 5 10 15 20 25 30 35 40 45 50 55
Volume of NaOH added (mL)

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

Indicator pkK, Tick ONE box below
-
Methyl yellow 3.1
Bromocresol purple 6.3 C/_,__
Phenolphthalein 9.6 v/ ==
A
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(b) (1) The ethanoic acid solution, CH,COOH(aq), 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

CHs coo H (aq) + H0 = CH3C00~ (acl; + H0* @q)
_  LHyc0 ) THy0'] [Hi0"]™
ko = Ty cooT | CeHsConm]

+ i
. Ccscooy] = e

CH30+] = IO_PH =IO -2 = [6‘-)8 Xfa—‘) mo[, th

0-3 2 _

(CHs COOHT = ’(9,1:{05) = 0.l mol L
Assume (CH3COOH) at  equilibrium = (cH300HT at inctia(

(CHsco0H] ot intial = 0.166 ol L"fl//

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

£ C waony = 012 x o+ =0.0573 mol L7
20 T -1
C (cHsco0H) = 0-1bp * Totlo ~ O-J_l?l mol ([
(===~
ety ~(Hs 00Tt a0 —CHsCOv e —OH ~ag)

CNVaOH ]

Eise b=t yr+—Hotty = CHhiCUlH (agy + UH @q)
(Hy (00 (aq) + He0 () = CHs COOH (aq) +0H~ (?9)
kp = CcHscoo#] Cou7]

CcHyCpo]

-4
xw (%0
- .- Mk Lz\:'i[,_q, =t x]o=s ",S 7‘*7 lo

— ~le _ CoH~-] xo.llo]
§ 741 ot = LHLrotel

LoH™ ] = (. 70 "[o’(o mol -

(Hy0*] = 5995 xfo~b mol L7 - -

f’H = -'Coa CH;,0+] @ <

—_— ' Question Three continues
on the following page.
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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.

CHsco0™ , Mot , oH™, Hw*” —

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 titration is 8.79.

Compare and contrast the pH values at the equivalence point for both titrations.
K(HCOOH) = 1.82 x 10* > K(CH,COOH) = 1.74 x 10°5
No calculations are necessary.
E@ui(/q[o,nce pont  means right amount Oj’- NOH 15
added to the (COOH /g CHyCOOH slution 0 that
ol oacid or base are netynlised .
The pH valwe shows how much Hio® /OH™ ions
ore prent  in the wluton.
The PH walve 0f CH3COOH 4 sightly @ Lighey than
HeoOH means thert e mare OH- ons  present  in
the  Solntion. -
Becowse  ka (HCOOHY > ka( CHsCOOH ) | theefore ,
PH(HcooH) < PH (CHicooH) , 4
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Merit exemplar for 91392 2017 Total score | 15

Grade

Q score

Annotation

The candidate was awarded A4 for the following reasons:

In part (a)(i), the correct arrow was used for hydrogen bromide, but not
for hydrogen fluoride. 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 contradictory
statement in the discussion on solubility; had a correct Ks expression,
but incorrectly calculated 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, had the correct
buffer pH, however, lacked the evaluation asked for in the question.

In part (b), the equation had an incorrect arrow, however, the correct
expression was given which was 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 A4 for the following reasons:
In part (a), the correct indicator was chosen.

In part (b), the calculation of concentration was justified, while one of
the three steps in the calculation of the pH was correct.

In part (c), the correct species were given; the relative pH’s related to
the hydroxide concentrations. To move up to merit, the candidate’s
response need to relate to all species present, e.g. the conjugate base
strengths.






