No part of the candidate’s evidence in this exemplar material
may be presented in an external assessment for the purpose
of gaining an NZQA qualification or award.

SUPERVISOR’S USE ONLY

91392

Draw a cross through the box (X))
if you have NOT written in this booklet

I
NZOA

Level 3 Chemistry 2025

91392 Demonstrate understanding
of equilibrium principles in aqueous systems

Mana Tohu Matauranga o Aotearoa
New Zealand Qualifications Authority

Credits: Five

Achievement

Achievement with Merit

Achievement with Excellence

Demonstrate understanding of
equilibrium principles in aqueous
systems.

Demonstrate in-depth understanding
of equilibrium principles in aqueous
systems.

Demonstrate comprehensive
understanding of equilibrium principles
in agueous systems.

Check that the National Student Number (NSN) on your admission slip is the same as the number at the

top of this page.

You should attempt ALL the questions in this booklet.

A periodic table and other reference material are provided in the Resource Booklet L3—-CHEMR.

If you need more room for any answer, use the extra space provided at the back of this booklet.

Check that this booklet has pages 2-12 in the correct order and that none of these pages is blank.

Do not write in the margins (*

«~). This area will be cut off when the booklet is marked.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.

Merit (TOTAL 16 )

© New Zealand Qualifications Authority, 2025. All rights reserved.
No part of this publication may be reproduced by any means without the prior permission of the New Zealand Qualifications Authority.




QUESTION ONE %

@ O

(i)

(iii) Calculate the solubility product, K. of Fe(OH), in water at 25 °C, given Fe(OH), has a

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

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

Fe(oH), == Fe'tpy + 200

(‘1)

Write the expression for K (Fe(OH),).

Ks (Fe(ot))) = [Fe** J[on72

solubility of 1.01 x 10 mol L',

let SquL.'lHj =

[Fe**]er  [on]=2:

Kseo x 042 b S 452 Kgcl&(l.olx(o’r)g
Kez4(2x0"

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

No calculations are necessary.

lp{ (OH)I(OV‘ Ffz(‘no * OH\cu’_) H(-‘ I Af“YOV\S N\A, d/\d M{ﬂ A"YSQC';J&E"

HC( + HQ_O — Cl‘ “"a H30't into ih Bbnl, Cr nhd HBO*' [,J{A(/\
Ha0fyr OM = 2H,0, added fo & safuvoded slution of

Fe(oH), , fhe H30° coif secehenbse
e OH", This uill lowtr He  comcenfruhion of OH™ in fle eguilibrive : .
Felofy, .. == B apn * O og. To mimimite fhs ch.qa( fo fle %er.-uu..,"'-: A
e Gocards vackion il be favonced & ctplace sonne of fle on-, Therebore .

wmevt Fe(oH)y ¢y waill Aiﬁo(vc, f’\CVeﬂ;ifj i) golulo.'h’rj.
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(b) Nickel hydroxide, Ni(OH),, is another sparingly soluble solid.

()

(i)

(ou-1-35 -

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

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

Ni(Oﬂi(n--e’— N"Q';’f Q.O"‘[%) LJL\M NQCN i§ AM(J +° N;(O“)zl
Nﬁ(N(qv'——) /\.‘0\‘t + CN— A (o pl(x fon \Corm { Tl\e Ni*
NPup + 4 (NGy—> LN ad O concke femn i)

This e“cd'.'udtj ke vrermsves
N'\'“(.p e 1t guilibrium: Ni(0K)2 1y = NiHagp * 206 agy).
To minimise fiais clavye to e guillrinm, e forwavd reactisn il Le
fmaced. Move  Ni(OW)y (53 uill Aissslie tate  ifs 0n  fo veplace some oF
e Nihatp. Thecebore  flae rolalo.“ﬂu of  Ni(OH)y increarer wBhdhr anA e
feeen precipifate of N:(oH)  oisselver.

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),) = 6 x 1016
2
Ip-[Ni2¥])[on]

; &
ﬂN.’z'] = 0.%© x,‘? = 0.074% o))

73 O 32 (l‘.-ll..’) -23
[O“]=‘0 b =lo =S.olx\w?
[otT=2x coix 16% =0.0100. 1"

TP (0.0794) .oloN = T.98x 10 ¢
Ks= 6x(0'®

IP> Ks 7.‘79x|0-‘> é&\o-“ a gi-«e TP Jv-»rﬁr -fz....‘ KS

ﬂ:‘ Ny ﬁﬂ( Solafon ir quersqfhm‘v( aemel @& rrec;r,v{-n‘f evill erm_
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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.

bl > | CHNH; | > |CHy N¥®, H,0° >| oi-

Space for working if required
CHyNU 0 —> CH3NHg" « €

H30! oK~ ==2n,0

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

K (CH,NH,")=2.51 x 10" pK (CH,NH,") = 10.6
ot it At il

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

CH,NH," + 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.

Bufley  soludions ave cffective because ‘l‘!a.ej condrin AGAIC  and basic
tom pe nentt  so ﬂ.cj can  redralise ary added  solubion  and
resiot <M~a:rj QH-

The acidic component of the bLuffer CH3NH3' & able to aevdmbise
h/\( OH fronn Tt polded Na Oband cesist a cwaac 4o tle pH-
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(i) Calculate the mass of CH,NH,Cl 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 "’

CHy By () — Ak CHyNBg* +CL h= 0-0159
C\-\3NH3* #,0 = CHARy « 10* V= 600uAl 0.6l
ptt= 2.1 C> 0.0266 moll™
Lugorl =0 = (0™ = 7auee®, M= 67 Sgmm o
Ko™ [CHN“'JA[%O*] n=cV=0.0240x o.¢= 00K

[CHz As+] o
[(t, gD L[ 10 ) R

Ka = .076
[CugNu?*} g.suon'm_no_’_'f)_ = l.oeg (2sf)
2.5 xvw "

[Ct3AH3+]= 0. 02657 = 0.02 66 melt™ (36f)
O-0266 mol
(00O ML

0.6%x 0.0266 - ZT:';L = 0-018A w0 /600aL

(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.

For a Solutien to function af a Luffer , fhe PH mu(t = pKa £
pha must e Lehyeen 16 and (L6. Bemuse fhe ph =21 a1}
Wil ot Arnchion af a Lufler.

PK& is a confdnt and flecehre ant Le chargect.

PH can Le (orveved bj «wldimﬂ wore  acid becauce (,H=-lo‘7["a°’]‘
P“" pKA * '°3 [é\'] hen  the  concenfration of Um*]mv( facid |
At equal  then '°3 i§] ~ill =0 and  Heafore  pH =pka.
Tois &5 when fle Lufer cwould  be met olechive.
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(c)

6

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.

HEBe o> e B H&c + O = Ho0" + gr>

pH s relative o fle [H07] . off - - leg L3017

Hae Lghec e [H507), fhe lovver tee oH-

HBe S & S‘*rvq acid  a~d »&lld dissecafe i~fo #c ions grig L-”L
[H}a*] - Arevebore Lo lowet+ pH 0f Mo AlL.ee solutrons.
NRGO —> Ayt +CC

NHy (U ic a salt Al Qest Gully Aiscocintes into Bt andk ([

neak ac

( 4
ﬂAe MHQ* /(QAC{T WI‘{A auatec and r""{\‘a({y 0(:’6 SecaafeS iafo Mﬂa A~ o " '

NHyt + B0 = Yy + Ho*. Lis meas o oo [10+] Hom ARe
but st _a L.’ab\er [uzor]l Han [0"'1,J,-v.-—-ﬂ o pH lzven Lyt
fLan  HBr Lt stil (wver fame 7.

ChNHy *H2O== (Hy NIHy* 1OH

CHyNHy 15 o comnk Lase  acol pectruliy oS3 ac cales [afo i ms

Cty At anA oH™, 2H0 == @1 + D' —in i epuilibrns

o Shous fLat  wit( 5\'\“ ‘)‘“\M "\30‘ bt A WrJ lo v Conce~tradion

awd a lanse cenceatrntio~ 'ﬂ/-ap\ LQH'] trevefoce G,'v;,o a
L\anlz-‘r f“ Houn LA, HB ¢ a~dA N te
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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
0f 0.0139 mol L' ammonia, NH,(aq), in a conical flask.
The equation for the reaction is:
NH, + HCl - NH,* + CI
K(NH_)=5.75 x 107 pK(NH,") = 9.24

pH

15 1

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).

This fthnbion 15 bekeeen shang acd oA a ceak Lae. To Koo ciben
Al Hle  ceackants have bavmmed Qrw(mdf as idicafor can K& Sed Lk 8 evicd
[ﬁwﬁe wlowr at o avond the cguivalce point b0 Le ofFectie.
Mm,m/,\ ()c-w:\ % nmw\ blue  yoald ol Le effectie Lecauss fle
P would A % low, emaln Hptrm L le idicatoy to love a colonr
cwnc. MC“"U\ 7, P P | e?(’cc’rivcl\\} shios e (o-mf corere «fl
reachenS [ave gone o compleion th o Pka of Sl and fle eguiidlece
point bc:r“ sliﬁl\{l\s aleove S
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(b) (i) Calculate the pH at equivalence point. NHET + €0 == NHz + Hxot

B e 5 K = TNMTLHz0T o= pka + 1oy [£]

[N Hq*] =9.2¢ « (Oj ¢
23same [N = (Ho'] :
qu £H3’0 '12 Z_N ‘."_'fl =20 . O (| 74%x %? STATACD \o'g_‘.‘u_., ::'-_."..

(A Ha*]
(o) =ficn = Iniwe)
L4071 =f(§.7§~ o 77303
[H30T= 2. (1xo® = (sl
ptl =~ eg [H3017 =~log (2-(x107%)
pH= S- 676  pd-5.68 (359)

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

Include relevant equation(s) in your answer.

dectviaal onduchvity degend( on fg amoand & ont prsed Astzm
+ Sivy elinge

HOl —= H* w0 HCl B oighs wil o o €J(J
Aissocotes i~ts iam  givig ol concetrmtia o€ po—y 1t
o ewry c[_,,(f. Perefor< ,\,(,(.-:7 Het s skdc e tolefte
A Leter eleccal  cadtictor. Hm bofere HCU cums adeted
o o e dwr Ny H0o = N Hy* + OH-

a Sall smcentiidn. € s e My x L ek law

MA on lj Psm “V o([SSoa‘ar(U i~ 6 As Qn~S.
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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.

':E':E "5"""“7&}(@: 00‘7%M°(L-' H((“""“—,_O“91430‘ Gl

‘C“"U Aissaccabes = [Hc(] = [4304]
[H3O*] & OO Y ¢ oo W 7%%1072 mmaft =

‘,H" -(93 [“‘30'1" "OJ(L 7“"‘0.3) Sy (5

pH - .16 ()

(i) The 0.0174 mol L. ' HCI 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.
The pH s Stgudly bighee Tan fe wigial pH o HCL Lecwuse
e (s Le,v add ed. l-o/k::e A NH3 .
NHy + B0 == A)Hot «OH™ . The icreate im [OHT) enns on-
it ﬁmfm(”,-? Aror. OHu- cHyor == 2HO. Tz fecrewes
[ko'l. o ~ g (50T amt  terclve i il Le sigitly
l\.""\!f‘.
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Extra space if required.
Write the question number(s) if applicable.

p“= eKA + (oj [‘%‘}
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Extra space if required.
Write the question number(s) if applicable.
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Extra space if required.
Write the question number(s) if applicable.
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Total score:

Merit

L3 Chemistry

91392
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Grade
score

Marker commentary

One

M5

The candidate was awarded M5 for the following reasons:

In part (a), the candidate correctly calculated the solubility
product. Furthermore, the candidate explained that a decrease in
[OH] due to reaction with H3O* will favour formation of more OH-
in the saturated solution of iron(ll) hydroxide.

In part (b), the candidate explained that the formation of the
complex ion causes a decrease in [Ni?*] and subsequently favours
the forward reaction.

The candidate calculated an incorrect ionic product, and this has
prevented the candidate from gaining Excellence for Question One.

Two

M6

The candidate was awarded M6 for the following reasons:

In part (b), the candidate explained how the buffer resists a
change in pH when NaOH is added. Furthermore, the candidate
calculated the correct mass of methylammonium chloride required
to prepare a solution at a pH of 12.1. The candidate then outlined
why the solution cannot function as a buffer and how it could be
modified to function as a buffer. However, the candidate did not
clearly specify how the solution could be modified in the laboratory
by adding either a strong acid or more solid methylammonium
chloride. This has prevented the candidate from gaining Excellence
for Question Two.

In part (c), the candidate justified the order in pH in terms of the
degree of dissociation and [H;0*], supported by relevant
equations.

Three

M5

The candidate was awarded M5 for the following reasons:

In part (b), the candidate correctly calculated the pH at the
equivalence point. In addition, the candidate linked the electrical
conductivity of the ammonia solution to the degree of dissociation
and [ions] in solution.

In part (c), the candidate correctly calculated the pH after the
equivalence point, once 25.0mL of HCI had been added.

To gain M6, the candidate needed to explain for part (a) that the
thymol blue would be an unsuitable indicator, since its pH range of
0.7 = 2.7 would mean the indicator would change colour after the
equivalence point, whereas methyl red changes colour over a pH
range of 4.1 - 6.1 and would therefore change colour at the
estimated equivalence point.




