No part of the candidate evidence in this exemplar material
may be presented in an external assessment for the purpose
of gaining credits towards an NCEA qualification.

L |

1166 Iy

N Z A SUPERVISOR’S USE ONLY

NEW ZEALAND QUALIFICATIONS AUTHORITY
MANA TOHU MATAURANGA O AOTEAROA

QUALIFY FOR THE FUTURE WORLD
KIA NOHO TAKATU KI TO AMUA AO!

Level 2 Chemistry, 2017

91166 Demonstrate understanding of chemical reactivity

2.00 p.m. Thursday 16 November 2017
Credits: Four

Achievement Achievement with Merit Achievement with Excellence

Demonstrate understanding of chemical | Demonstrate in-depth understanding of | Demonstrate comprehensive
reactivity. chemical reactivity. understanding of chemical reactivity.

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 is provided on the Resource Sheet L2-CHEMR.

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

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

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

Excellence

TOTAL 23

ASSESSOR’S USE ONLY
© New Zealand Qualifications Authority, 2017. All rights reserved.

No part of this publication may be reproduced by any means without the prior permission of the New Zealand Qualifications Authority.



S

0 i TN
. \—__- f’—"/

QUESTION ONE

(a) Propanoic acid, C,H,COOH, is dissolved in water and the resulting solution has a pH of 4.2.

(i) Complete the equation by writing the formulae of the two products.

C,H,COOH(ag) + H,0() = ([ ls(oo  + L0 /}//

(i) Explain the proton, H*, transfer in this reaction, and identify the two conjugate acid-
base pairs.
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(b)  Sodium ethanoate, CH,COONa(s), is a salt. When dissolved in water, it dissociates into ions.

Explain, including TWO relevant equations, whether a solution of sodium ethanoate is acidic

or basic.
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(¢) (1) Asolution of sodium hydroxide, NaOH(aq), has a pH of 11.6. ASSESSOR'S

Calculate the hydronium ion concentration [H,0"], and the hydroxide ion concentration,
[OH], in the solution.

K,=1x1074
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(i) Calculate the pH of a2 2.96 x 10~ mol L‘l solution of potassium hydroxide, KOH(aq)/.

pH= L’Dj’z qer!'j)

= 5528 pif= I4- 3525 ph- 105 (3:5:6)

(d)  Solutions of ammonia, NH,(aq), and sodium carbonate, Na,CO,(aqg), are both basic.
Compare and contrast the electrical conductivity of these tw‘o solutions.
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QUESTION TWO

The addition of a small amount of iron to a mixture of nitrogen and hydrogen gases helps to speed
up the production of ammonia gas.

Ny(@) + 3H2(g) - 2NH3(g)

(a) Identify and explain the role of iron in this reaction.
- In your answer, you should refer to activation energy and collision theory.

You may include a dlagram or dlagrams in your answer.

Jron s %‘\2, caldlysl i 7/{,,_ ceadion: A cah {f}ﬁj’

adsr kems  an alﬁmm ceachen pcﬂmoc /cwa,qq

*LL D\"\/\Ouﬂl \[ (/\/L\Q\[-un _ eng ’t;_j '\t’,%_l’\:fl ’(’h N/_/”“-N_

feadicn To EL{ 1[)[2:& T[u, MLons /71&/ !/Ulwn qu[(mf
j‘)b’\\"{_\(:l_aﬁs B Co” L Mpge wl'ub.cws L\s)//_w Nave G{ET_}_Q})‘{#‘L

Ny vlo _ouvercone s odivatien Qg éfurlff‘
| 1e,m\)n.\q _ind _,chIuT Co/:@im‘ T[%o Lj cce woill
L MO‘L 5u(£x,.>£ ! Lol /;S;cﬂé Lo d(,ﬁ»"d Ot’\(j

j}f!_m tale cl- FeQ QJL( a L\)r// zge n(fﬂ -

L ac"xi It g Fen wihoat o Cq_,wl_a @s‘w' j

1

|
\ WILNES | H\is Wil l’ﬂzﬂl _hean  mort, pf@c}a(,}‘ E [qu
Cb"t \3 - "'5(44 / JLZ‘ \).‘ L CC‘U‘!G e 1/\!’// L\f, "*![1/[/\

N f i!\ & lﬂl a  C ﬂ)} ql / / S

The reaction W an equilibrium reaction, as represented by the following equation:

N,(g) + 3H,(g) = 2NH,(g)

(b) ()  Write the equilibrium constant expression for this reaction.
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(i) The value of the equilibrium constant, K , is 640 at 25°C. AssEssoR's

Show, by calculation, using the concentrations of the gases given in the table below,
whether or not the reaction is at equilibrium.

Explain your answer.

Gas N H, NH,
Concentration (mol L) " 0.0821 0.0583 0.105

Is the mixture at equilibrium?

(Circle) Yes @
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As the temperature increases, the value of the equilibrium constant, X , decreases from 640 at
25°C to 0.440 at 200°C.

Justlfy whether the formation of ammonia, NH,(g), is an endothermlc or exothermic reaction.
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QUESTION THREE
(a) Consider the reaction between calcium carbonate powder, CaCO,(s), and a solution of
hydrochloric acid, HCl(ag).

As the reaction proceeds, the mass of the reaction mixture decreases as carbon dioxide gas,
CO,(g), escapes.

This is represented on the graph below.

Line A represents the reaction occurring at 20°C and line B represents the reaction occurring
at 40°C.

mass of reaction mixture/g
>

time/s

Compare and contrast the reaction between calcium carbonate powder, CaCO,(s), and a
solution of hydrochloric acid, HCl(aq) at two temperatures: 20°C and 40°C, assuming all
other conditions are kept the same.

Your answer should refer to collision theory and rates of reaction.
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(b) Two different cobalt(Il) complex ions, [Co(H20)6]2+ and [C0C14]2’, exist together in a
solution in equilibrium with chloride ions, Cl(ag).

The forward reaction.is endothermic; AH is positive. The equation for this equilibrium is
shown below.

[Co(H,0)]**(aq) + 4Cl(aq) = [CoCl J#(ag) + 6H,0()
pink blue

Explain using equilibrium principles, the effect on the colour of the solution if:

(i) more water is added to the reaction mixture
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(c) Brown nitrogen dioxide gas, NO,(g), exists in equilibrium with the colourless gas, dinitrogen
tetroxide, N,O,(g).

2N02(g) = N204(g)
brown colourless

Explain using equilibrium principles, the effect of decreasing the volume of the container
(therefore increasing the pressure) on the observations of this equilibrium mixture.
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Extra paper if required.
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Excellence exemplar for 91166 2017 Total score 23

Grade

Q score

Annotation

The candidate has: completed the equation for propanoic acid reacting with
water; identified the correct conjugate acid-base pairs, including an
explanation of proton transfer; explained why sodium ethanoate is basic with
the relevant equation; calculated [Hs0™], [OH, and the pH of a strong base;
and compared and contrasted the electrical conductivity of solutions of
ammonia and sodium carbonate.

The candidate has: explained that a catalyst provides an alternative pathway
with a lower activation energy, so more collisions have sufficient energy to
overcome the activation energy; written the correct equilibrium constant
expression; calculated the correct K; and explained why the reaction is not at
equilibrium; and justified why the formation of ammonia is exothermic.

If the candidate had explained that the equilibrium shifts in the endothermic
direction when the temperature is increased to ‘absorb’ heat energy rather
than ‘use up’ heat energy, this would have provided evidence towards E8.

The candidate has: explained that at a higher temperature more particles will
have sufficient kinetic energy to overcome the activation energy and therefore
there will be more effective collisions per second, although the same total
mass of carbon dioxide is produced at each temperature; and fully explained
the effect of changing the concentration of a product, the temperature, and the
pressure on the position of an equilibrium, including expected colour changes.






