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TE TUMAHI TUATAHI

(a) E taea ana te hauwai kahautawa, te HI(g), te whakaputa ma te tauhohenga o te hauwai rehu, H,(g)
ki te hautawa rehu, 1,(g), ara, e whakaaturia ana ki te wharite i raro nei.

H,(g) + 1,(g) = 2HI(g) AH =+53.0 k] mol!

(i)  Tuhia te kfanga o te K, mo tenei tauhohenga.

(ii) Ite 490 °C, ko te 0.105 mol L' te kukiitanga o te ranunga taurite mo te H,(g) me te I,(g), a,
ko te 0.711 mol L' ké te kukitanga o te HI.

Tataihia te uara o te K. 1te 490 °C.
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QUESTION ONE

(a) Hydrogen iodide, HI(g), can be produced through the reaction of hydrogen gas, H,(g) with iodine
gas, I,(g), as shown in the equation below.

H,(g) + 1,(g) = 2HI(g) AH =+53.0 k] mol™!

(i)  Write the K expression for this reaction.

(ii) At490 °C, the equilibrium mixture has a concentration of 0.105 mol L™! for both H,(g) and
I,(g), while the concentration of HI is 0.711 mol L.

Calculate the value of K_ at 490 °C.
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(iii) Whakamaramahia mai te hua ka puta ki te uara o te K, mehemea ka whakapikitia ake te
pamahana o te ranunga taurite.
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what would happen to the value of K_ if the temperature of the equilibrium mixture

ncreased.

(ii1)) Explain
was i
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(b) He waikawa marohi te huawai kahautawa, te HI, engari he waikawa ngori te waikawa hauwai
pukowhai, te HF.

(1)  Tuhia nga wharite hei whakaatu i 0 raua tauhohenga ki te wai, H,O(?).

HI(g) + H,O()

HF(g) + H,O(/)

(i1) Ka waihangahia mai nga mehanga o te hauwai kahautawa, Hl(ag), me te hauwai pukowhai,
HF(ag), kia orite te kukiitanga.

Whakamaramahia mai te ahua e rerek€ ai te pH me te kawenga hiko o ngd mehanga e rua.
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(b) Hydrogen iodide, HI, is a strong acid, whereas hydrofluoric acid, HF, is a weak acid.

(i)  Write equations to show their reactions with water, H,O(?).

HI(g) + H,0(¢)

HF(g) + H,0(?)

(i1))  Solutions of both hydrogen iodide, Hl(aq), and hydrogen fluoride, HF(ag), are made up to the
same concentration.

Explain how the pH and electrical conductivity of the two solutions would differ.
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TE TUMAHI TUARUA

(a) Ka whakanaohia te waiha mewaro, CH,OH(g), ma te tauhohenga o te haukino, CO(g), ki te hauwai
rehu, H,(g). E whakaaturia ana i raro nei te wharite mo te tauritenga kua whakaptmautia.

CO(g) + 2H,(g) = CH,0H(g)

Kia pimau ra ano te tauritenga matd, ka tuhia ki te kauwhata 1 raro nei nga kukiitanga o ngad momo
katoa e kitea ana 1 roto i te tauhohenga.

" TE WAHANGA A TE WAHANGA B

CH,OH(g)

Te kuktitanga (mol L)

| CO(g)

Te/nga wa

(1) Whakamaramahia mai te ahua o ta te kauwhata whakaatu i te tauritenga o te ptinaha mo te
roanga o te Wahanga A.

Me korero md nga papatanga o te tauhohenga whakamua, o te tauhohenga whakamuri hoki i
to tuhinga.
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QUESTION TWO

(a) Methanol, CH;OH(g), is manufactured through the reaction of carbon monoxide, CO(g), with
hydrogen gas, H,(g). The equation for the equilibrium that is established is shown below.

CO(g) + 2H,(g) = CH,0H(g)

Once chemical equilibrium has been established, the concentrations of all species present in the
reaction are recorded and graphed below.

N

SECTION A SECTION B
CH,OH(g)

| CO(g)

Concentration (mol L")

Time (s)

(i) Explain how the graph shows the system is at equilibrium throughout Section A.

Refer to the rates of the forward and reverse reactions in your answer.
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(i) I te ttmatanga o te Wahanga B, i te kauwhata o te wharangi o mua, ka apitihia &tahi haukino,
CO(g), ki te puoto tauhohe.

Whakamaramahia mai, ma te whakamahi 1 nga matapono taurite, te ahua o te urupare a te
ptunaha e whakahokia atu ai te ptinaha ki tona tauritenga.

Me korero mo te kauwhata 1 to tuhinga.
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(i1)) At the beginning of Section B, in the graph on the previous page, some carbon monoxide,
CO(g), is added to the reaction vessel.

Explain, using equilibrium principles, how the system responds to restore equilibrium.

Refer to the graph in your answer.
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(ii1)) Ma te whakamahi i nga matapono taurite, whakamaramahia mai te take ka whai hua te

whakahaerenga o te tauhohe i tétahi pehanga teitei ki te whakanaotanga o te waiha mewaro, o
te CH,OH(g).

(b)

He tauhohenga poturi te putanga o te waiha mewaro, o te CH;OH(g), mai i te haukino, i te CO(g),
me te hauwai, me te H,(g). Hei whakapiki ake 1 te papatanga o te tauhohenga, e taea ana te tapiri

tetahi rahinga iti o te konutea okai, o te ZnO(s). Ka taea te konutea okai te tango 1 muri i te otinga o
te tauhohenga.

(1)  Tuhia mai te mahi a te konutea okai, a te ZnO(s), 1 roto i te tauhohenga.

(i1)) E whakaaturia ana 1 raro nei t€tahi hoahoa ptingao mo te tauhohenga kaore 1 te whakamahi 1 te
konutea okai, ZnO(s).

Tapirihia tetahi rarangi hei whakaatu 1 te rerekétanga o te hoahoa ina tapirihia te konutea okai.

Ki te hiahia koe ki te ta ano
i t6 urupare, whakamahia te
kauwhata kei te wharangi
CO(g) +2H,(g) 24.
g
en
[=
1=
o
=
CH,0H(g)
Te/nga wa
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(ii1) Using equilibrium principles, explain why carrying out the reaction at high pressure is
advantageous in the manufacture of methanol, CH,;OH(g).

(b)  The formation of methanol, CH,OH(g), from carbon monoxide, CO(g), and hydrogen, H,(g), is a
slow reaction. To increase the rate of reaction, a small amount of zinc oxide, ZnO(s), can be added.
This zinc oxide can be recovered after the reaction is complete.

(1)  State the role of the zinc oxide, ZnO(s), in the reaction.

(i) An energy diagram for the reaction without the use of zinc oxide, ZnO(s), is shown below.

Add a line to show how the diagram would differ when zinc oxide is added.

If you need to your
1 response, use the graph
on page 25.

CO(g) +2H,(g)

Energy

CH,OH(g)

Time (s)
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(ii1)) Whakamaramahia mai te ahua o ta te konutea okai, o ta te ZnO(s), whakapiki ake i te
papatanga o te tauhohenga.

Me korero koe mo te aria tiituki me te ptingao hohe 1 to tuhinga.

Matai Matt 91166M, 2022
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(ii1)) Explain how zinc oxide, ZnO(s), increases the rate of reaction.

Refer to collision theory and activation energy in your answer.
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TE TUMAHI TUATORU

(a)

(b)

(i)  Tataihia te kukitanga o te katote hauwai honowai, H;0"(aq), i roto i tétahi mehanga waikawa
pihaumaota, HCl(ag), e 2.4 nei te pH.

(i) Ko te 0.450 mol L' te kukiitanga o tétahi mehanga waiha konukohatu, LiOH(agq).

Tataihia te pH.

I mohiotia ngd mehanga e toru, te A, te B, me te C, e orite ana te kukiitanga, ara, te konutai waiha,
te NaOH(agq), te konutai pihaumaota, te NaCl(ag), me te konutai pakawa waro, me te Na,CO,(aq).
I inea, 1 tuhia hoki te pH o ia mehanga i raro nei.

Te Mehanga A | Te Mehanga B Te Mehanga C
pH 11.6 13.0 7.0

(1)  Tautuhia te A, te B, me te C o nga mehanga.
A: B: C:

(i) Whakamaramahia katoatia mai te ahua o to tautuhi i te A, i te B, me te C o nga mehanga.

Whakamahia nga wharite e hangai ana hei tautoko i to tuhinga.
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QUESTION THREE

(a)

(b)

(i)  Calculate the concentration of hydronium ions, H;O"(ag), in a solution of hydrochloric acid,
HCl(aq), that has a pH of 2.4.

(ii) A solution of lithium hydroxide, LiOH(ag), has a concentration of 0.450 mol L.

Calculate the pH.

Three solutions of equal concentration, A, B, and C were known to be sodium hydroxide,
NaOH(ag), sodium chloride, NaCl(ag), and sodium carbonate, Na,CO,(aq). The pH of each
solution was measured and recorded below.

Solution A Solution B Solution C
pH 11.6 13.0 7.0

(1) Identify solutions A, B, and C.
A: B: C:

(i1) Fully explain how you identified solutions A, B, and C.

Use relevant equations to support your answer.
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I te tautuhinga, ka whakamahia te mehanga konutai pakawa waro, te Na,CO,(aq), i roto i tetahi
tauhohenga ki te waikawa pthaumaota, ki te HCl(aq). E whakaaturia ana i raro nei te wharite mo te

tauhohenga.
Na,CO,(aq) + 2HCl(ag) — 2NaCl(ag) + H,O(/) + CO,(g)

I whakahaerehia te tauhohenga i te 25 °C me te 50 °C, 2, i tuhia ki te kauwhata 1 raro nei te rorahi o

te haurehu CO, i puta.

50 °C

25°C

Te rorahi o te CO, i puta (cm3)

Te/nga wa
I nga tauhohenga e rua, he orite te kukiitanga me te rorahi o ia mehanga ka whakamabhia.

Whakamaramahia mai te panga o te pikinga o te pamahana ki te papatanga o te tauhohenga.
I to tuhinga, me:
. korero mo te aria tiituki

. whakaaroaro ki te papatanga o te whakaputanga CO,, me te tapeke o te rorahi o te CO, i
whakaputaina ra, mo ia tauhohenga

. korero mo nga rarangi i te kauwhata i runga.
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Once identified, the solution of sodium carbonate, Na,CO,(aq), was then used in a reaction with
hydrochloric acid, HCl(aq). The equation for the reaction is shown below.

Na,CO,(aq) + 2HCl(ag) — 2NaCl(ag) + H,O(/) + CO,(g)

The reaction was carried out at both 25 °C and 50 °C, and the volume of CO, gas produced was
recorded on the graph below.

50 °C

25°C

Volume of CO, produced (cm’)

Time (s)

In both reactions, the same concentration and volume of each solution is used.

Explain the effect of increased temperature upon the rate of reaction.

In your answer you should:

. refer to collision theory

. consider both the rate of CO, production, and the total volume of CO, formed, for each
reaction

. refer to the lines on the graph above.

Chemistry 91166M, 2022



B




24
HE HOAHOA WATEA

Ki te hiahia koe ki te ta and i to urupare ki te Tumahi Tuarua (b)(ii), whakamahia te kauwhata i raro nei.
Kia marama te tohu ko t€hea te tuhinga ka hiahia koe kia makahia.

CO(g) +2H,(g)

Te ptingao

CH,OH(g)

Te/nga wa

Matai Matt 91166M, 2022
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SPARE DIAGRAMS

If you need to your response to Question Two (b)(ii), use the graph below. Make sure it is clear which

answer you want marked.

CO(g) +2H,(g)

Energy

CH,OH(g)

Time (s)

Chemistry 91166M, 2022
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He wharangi anoé ki te hiahiatia.
Tuhia te tau timahi ména e hangai ana.

TE TAU

TUMAHI
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Extra space if required.
Write the question number(s) if applicable.

QUESTION

NUMBER
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