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QUESTION ONE

(a) (i)  Write the equation for the equilibrium occurring in a saturated solution of iron(ll)
hydroxide, Fe(OH),.

fe lo). === Fe ¥ 10H

(ii) Write the expression for X (Fe(OH),).

k. - [rer lo ]

(iii) Calculate the solubility product, K, of Fe(OH), in water at 25 °C, given Fe(OH), has a
solubility of 1.01 x 10 mol L'".

e = it et
Ks = 4,.&‘3
¥, - dflaap)
Ko = 4o ilthy x(_o'(
A& 4 i1 oxqp L3gE)

¢

(iv) Some dilute hydrochloric acid, HCI(ag), is added to a saturated solution of Fe(OH),.

Justify what will happen to the solubility of the Fe(OH), in solution.
Include relevant equation(s) in your answer.

No calculations are necessary,

When HC) (ag) 15 added , tne Hz 0" jouy i it's
Solutionn (il veqet with dhe OH™ oUS j«n dhe

e (OM), Jolution fn &  wyelaltotion veachow
o watel ¢ M0T Y on w= g0

Thil  will mevefowe vewmore OH™ (ous fows e Solution,

So e @uilibrivm will Jhift T e vigt o lejace i

these M oder to mitmUe  fie  effeck gf tne
Change, Thats il dile  me fewond e oin |
\mcveqﬂnj Me  selub li‘y of  Felon), .
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(b)  Nickel hydroxide, Ni(OH),, is another sparingly soluble solid.

(i)  Astudent makes a green precipitate of Ni(OH), in a test tube by mixing sodium hydroxide,
NaOH(ag), and nickel chloride. NiCl,(ag). When the student then adds excess sodium
cyanide, NaCN(agq), the green precipitate dissolves.

Explain why the green precipitate of Ni(OH), dissolves, using equilibrium principles and
any relevant equation(s).

NiCo), ) == i) ¥ 20U (ag)

Wwhew  NaCn (q‘i) iy added , tme CN~ \ohks
react wite e  Mi " jous  Ih golutiouw +y o
Me  owplex i [ @n), 17

e e T e T — [t\n((m)édl~
As mir  (ompiex o1 5 fowek , i+ vew ovesr N jomy
frew  due  solution . Thue e@u’,!{wlum Suifts§ to -tne r{?m—
t leplaCe  tese | oiivig tue fwward realtou

aud  (reuce Caudity dhe Ni(0W), peecipl fate

t  d(sSelwe.

(ii) Determine whether a precipitate of Ni(OH), will form when 55.0 mL of 0.130 mol L !
nickel sulfate, NiSO,, is added to 35.0 mL of potassium hydroxide, KOH, solution of

pH 11.7.
K’(Ni(OH)z) =6x10"
Ni (K1), Nl
Y
[N = it = g aagay il
B e P e T
Com-] = S.8N3F xlo~3 x 35

%0
R M R
W = (0.07 a¥s]( t-a¢a0¢ xt0~>]°
=S LGLhql . | »((0“'L
A 307 w6 C30E)
W > Ks as 3.02x0°7 > €x10°" g0 a precipitate
will  fovmm .

i
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QUESTION TWO

Methylammonium chloride, CH,NH,Cl, is an acidic salt.

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

Do not include water.

Cl | > cHNH: | » [CUSNH, [ e} HO | =] OM

Space for working if required

(b) If CH,NH,CI and methanamine, CH,NH,, are mixed in the appropriate quantities, a buffer
solution is formed.

K(CH\NH,")=2.51x10" pK (CH,NH,") = 10.6
" gt i ot whid

(i) When a small volume of dilute sodium hydroxide, NaOH, is added to the buffer, the
following reaction occurs:

CHNH," + OH- — CH,NH, + H,0

Describe the function of a buffer solution, and explain the significance of this equation in
terms of the function of the buffer solution.

Bufbtv: CU MM + HeD = CHMWH, M0

A Luffev i3 a Jolution that vedists chaujcj a

PM whenr sumall  oumounts  of acid o bale Qie added.;

Wwiher NaQK is addeot Ae CUNU5Y 10y W e

bubtey Solution veact ity e OM™ jouy B veuballe
em  preduciuy 0. As W0 i uveubml akd Ws a
pu o F, # meaus by dotmg Jo #t doey Wt alter

/

e pM , awd ar OU™ 15 lewoved b de ®o, it peveuts
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(i)  Calculate the mass of CH,NH,CI that should be added to 600 mL of 0.840 mol L' CH,NH,
to produce a solution of pH 12.1.
M(CH,NH.CI) = 67.5 g mol !

Nyt + a0 = (U, t Hs0*
Ka = [CHMH1TU50"]

(cH 2 nm;™]
[Maotd=rto" " = A A Ik
oost et = [enint A E 7 9933 %0 ']

[ CHzNHy"]
fCHJNH,]: 0. 840
2 Sinio = Lotas X FavTung
[CU 2 N3]
(CU MMl = 0. 02658 woll™
n = CXv

W= XM

—
-—

Q-0 2688 X 0K

nw = 0-0}59 S wol

Te.05q8s x6F-S

\. 0F ¢S+
w2 \.089 (3 J€)
(iii) Explain why the solution prepared in part (ii) will not function as a buffer.

Outline how the solution could be modified in the laboratory to make it a buffer.
No calculations are necessary.

1l

The butfer flution above has a pu of 12.1. To
Punction  al a  buffer, e Pt muMt be (ithiv
+

LA

P yait & due pka uhick i3 10-6 $o
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U ot s
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(c) The pH of three solutions of equal concentration were ranked in order of increasing pH.

HBr NH,CI CH,NH,
>

increasing pH

Justify the order in terms of the degree of dissociation and the relative concentration of
hydronium ions in each solution.

Include relevant equation(s) in your answer.

ey i Q &howj acol . 1 'Pu(iy dissociottey 't
Hs doug ©° HBYy + Mo — By + M50

Nt Vs ov acidic satt - Wt Hully  opds ociafes Wit
B ell: NH, CL i NH + L0
e ov Hal

(
"t ° ol(J‘Po ciokes furtmer (i H70 ¢
Nk * A & Hio = Mh, + W0

CUsNy iy o weak base. W putially disyeciates
Wiy H's Toug: (WM, * M0 = CY;NH; T 4 OH™.

pu 15 e wmeasure o [U30') . The Jheocter ilhe [MJU"],
Me lower tue w- As Hev &ally dijrorates # produces |2
e et [U36%] Se bheuce lhas due (wert Lt
As  NACI ouly pam‘auy dissoctates W produces fewe [
H50" foug So vt Lo @ lmjl,«ev prt Than MG , wocevey
w it gkl below F as #1f accdic. As Cynn, IS
basic, t+ law a pH>7 ay [HpTdcloH™] (o 1t
heuce hasr dhe l/njuew— JoHt
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QUESTION THREE
A titration was carried out by adding 0.0174 mol L' hydrochloric acid, HCl(ag). to 25.0 mL
of 0.0139 mol L' ammonia, NH,(ag), in a conical flask.
The equation for the reaction is:
NH, + HCl = NH" + CI
K (NH,")=5.75 x 101 pK (NH,") =924

pH
15

10 N

5 10 15 20 25 30
Volume of HCI added (mL)

(a) Explain, with reference to the titration curve, why methyl red (pK, 5.1) would be a better
indicator to detect the equivalence point than thymol blue (pK| 1.7).

Frowm {me 3‘»0‘0&, e PH ot e equivalquce jeoiltt
Can be appox tatedd asr . Au effcctive
ndj cofov . wiust be a pka wthith o +-\]al/? Vahje
of Ane LM of dHe epuivalauce fiut | Jo
arrmriwod'cly Skl RS AR it it e MPP@MT
portior  of the \«71,-qu\. Met’hjl reof har &
plco  twot falls within thir Lavge  Jo it Luowldl
e a better 10l cotor  thac —njwu blue av tt4
pka is  iesr fow tas rauge Jo  will c&ahje
colouy f “o 0 eow{y :
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(b) (i) Calculate the pH at equivalence point.

MK 4 6 “,0 — NU, i H3O+
‘\/ol = [/\/“3][“30‘*]
L kgt

S a9ixle = Cu;0t3°

oty ")
Caom,* 3= T = 3.7222 %(07% welL™

(U507 = { & 9v0 x0™
= Soiote qp "
pU = —loj {2 1672 ¥(0‘6>

= S.4F6T\ - -
& SI68 (10%)

(i) Compare the electrical conductivity of the solution in the conical flask before HCl is added,
and after 20 mL of HCl is added.

Include relevant equation(s) in your answer.

Betove auy MCl {5 addeol, e Sslution (J oaly

NM; wiiclh & a weal base. R pactially disdociates i

i R dmt: | NM. o == NH tOH
After 20mL of MCC is  odded, He eguivalauce
peint i+ eatled. A4 the equivalauce koint,
the Jolution If  Made up of e products
of e Ghattan: NS HCU =P M # (0L
Thevetve Ahere it a gl coucen hation o eus ot
Air  point .

lu svde, + be o jooo( caduChse & electyict
o Jolutbion wmuy lave o l/uy,‘ CouCalottic- o
free WAy chowyei pavticte r. At tne leginnily
MMeve iS5 a (bw (oncewhatioh of 109/ ar NW, omlj
rav*Hq\(y diSsoct opeyr heveas aftev 20ul of UC is

adaet There v a (/\19L CskCeutvorhien oF iou) JSo Hdhe
foluten \y a bettev  (ocdultor ot s point Mo
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(¢) (i) Calculate the pH in the conical flask after 25.0 mL of 0.0174 mol L' HCI has been added.
Swmb ok  KZe# WU ir uaveacteol -

S X 0 .0ot3q

[“30fJ = So
= %3 x b
Py = ~log (174xi8 )
= 53 iaa y

A2.9L Qi)

(i) The 0.0174 mol L' HCl in the burette has a pH of 1.76.

Explain why the pH calculated in part (i) is higher than 1.76.
No calculations are necessary.

Arrer— 25—t ot W —oroeept——aid
M%j e —25w—of _ ollhe,
The SmL  of unvegcteol H(| haoe been
diluted b& e oMme soluHons i +he
titration weanmy it ir o weaker acia
fman  the ovgiv\ou 4 . uudiluteol H(l ===

iw  the burefle, Leuce a I/u;?key o -
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Extra space if required.

Write the question number(s) if applicable.
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Grade
score

Marker commentary

One

E8

The candidate was awarded ES8 for the following reasons:

In part (a), the candidate used equilibrium principles to justify why
adding a strong acid to a saturated solution of iron(ll) hydroxide
caused its solubility to increase.

In part (b), the candidate used equilibrium principles to explain why
the formation of a complex ion caused the nickel hydroxide
precipitate to dissolve. Furthermore, the candidate correctly
calculated the ionic product, and compared it to the solubility
product to predict that a precipitate of nickel hydroxide would
form.

Two

E7

The candidate was awarded E7 for the following reasons:

In part (b), the candidate calculated the correct mass of
methylammonium chloride required to prepare a solution of pH
12.1. The candidate subsequently explained why the solution at a
pH of 12.1 would not function as a buffer, and outlined how the
solution could be modified to function as a buffer by increasing the
concentration of [CH3NHz*].

In part (c), the candidate justified the order in pH of the three
solutions, with reference to the degree of dissociation and [Hz0"],
supported by three relevant equations.

To gain E8, the candidate needed to be more specific about how
the solution in part (b) could be modified in the laboratory to
function as buffer by adding either a strong acid or more solid
methylammonium chloride.

Three

E7

The candidate was awarded E7 for the following reasons:

In part (b), the candidate correctly calculated the pH at the
equivalence point. Furthermore, the candidate compared the
electrical conductivity of the initial ammonia solution with the
acidic salt solution present at the equivalence point by explaining
the degree of dissociation and the [ions] for each solution,
supported by relevant equations.

In part (c), the candidate correctly calculated the pH after 25.0 mL
of HCI had been added. In addition, the candidate explained that
dilution caused the difference in pH between the solution in the
burette and the solution in the conical flask after 25.0 mL of HCI
had been added.




To gain E8, the candidate needed to further explain that the
increase in pH in part (c)(ii) was due to a decrease in [H307]
caused by dilution.




