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CHEMISTRY 10

SECTION TWO: Short answer 35% (70 Marks)

This section has 8 questions. Answer all questions. Write your answers in the spaces
provided.

Additional working space pages at the end of this Question/Answer booklet are for planning or
continuing an answer. If you use these pages for planning, indicate at the original answer, the
page number it is planned/continued on and write the question number being
planned/continued on the additional working space page.

Suggested working time: 60 minutes.

Question 26 (6 marks)
A student investigated changes to the following equilibrium.
2 CI‘O42_(aq) + 2 H+{aq) = Cr2072—(3q) + HgO(t)

She took 50 mL of a solution of sodium dichromate/chromate and added sodium hydroxide
pellets to the solution. The solution was left to return to a state of equilibrium. She then
added 50 mL of distilled water to the beaker and stirred.

(a) Complete the following graph showing the changes to the concentrations of the
chromate and dichromate ions involved in the reaction until a new equilibrium is
reached. (4 marks)

Concentration

(ovect Slepes il /
tHer Naot (1)
N S R —

afte P, 0 (V) Cr0r”

Corre.ct Shnppe S
afHer H#0 (1)

’ 01
Vanaho- of G ' T ' T " Time
(s a‘apmvv‘wwz e o
NaOH(ag H.
of GO7" added added
(b) Descrlbe the colour changes expected over the same time. (2 marks)

Sluhong Gazs, Lom ganse fo gellowu onaddihon
of NaOH On m(a‘(fhaf\of Wade S wl(&u Dlohe-

fadss suddeJy Hhan beco—es fté,en%jf/& flo
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11 SEMESTER TWO

Question 27 (4 marks)

In April 2017 carbon dioxide levels in the atmosphere reached 410 ppm, a level not reached
for millions of years. The increase in levels of carbon dioxide is causing increased ocean
acidification. Two symptoms of ocean acidification are the increase in concentration of
hydrogen ions and the decrease in the concentration of carbonate ions.

Using relevant equations, explain how increased levels of atmospheric carbon dioxide causes:

(i) an increase in concentration of hydrogen ions in the ocean. (2 marks)

(acbhon ¢ fCMM Arssolues in waler Yo Gvale (1)
(irbonic aad Whick Incredse s H/#?o (af\a/\/yx/m
H Ofm + (O cﬁ) = H (Jz (M)TZH(M)# CL)7(

Or _ HpCOp + Hy0 = H(O7ep? Ho,,7.) v

(i)  adecrease in the concentration of carbonate ions. (2 marks)
The Inoscsed level Of /yﬂ@f@/\//vd@wlm;w
~ochz i W&Q\wﬁc JOAS

&(ﬁ\nf CO, )‘/’ Hm},\ == HCL/»;\ (4«7)

o C ) rﬁ}:}f 7"’[70 ré?) ? HCL/ Cay) f—#()m\

=7
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CHEMISTRY 12

Question 28 ' (7 marks)

Aluminium is refined in a two-part process from the mineral ‘bauxite’ and extracted directly
from alumina, (Af,05) using electrorefining processes. Aluminium is used to make many
different alloys due to its corrosion resistance, as well as finding application in the building
industry and aviation, due to its light-weight and relatively strong properties.

A student was given the following sets of aqueous 1.00 mol L™' solutions and asked to find
out whether any of them could be safely stored in an aluminium cup.

The solutions were:  Fe(NO3);, Mg(NQO3),, Cu(NO;), and Ni(NO3),

(a) Using relevant chemical equations, explain which of the solutions could be safely
stored in a cup made of aluminium metal.
(4 marks)

e 0y olwho~ That ondd be Sifele, stoed
n f7\f LN~ 10~ CUP 17 Mq/m()()? ) |
Thw © because Al {JMQC Tl Not e fxicbaed
by Mo > 1ons o (/)
SN A= AT 3 (E=iegv) [ EZ-06sv
M2 5 My (%= —23uV) J nosadher
All e 6f)ar C’o}/*z}f;‘\/g sz Gt NP
fle 8/ Solbuhong hart Kgler rdvchon S/
rpofé/\h als Thuo /Nz;; WYL ericlise Alnmun)um vp.

When aluminium metal is placed in an acidified solution of sodium hydrogendichromate,
(containing the weakly acidic ion, hydrogendichromate (HCr,O;), a deep green solution
containing chromium (lll) ions is formed, and the aluminium metal dissolves producing
aluminium ions.

(b) In the space below, write separate oxidation and reduction half-equations, and then
the overall redox equation for this reaction.
—— 3 marks)
_._: 3f > ))( Z (
(74/(5) A/(&[;) U S€ ())

Et A0 v I3HY =" 2030+ TH,o ()

2Alert H G0yt 130 gy —> 28y * ,,2(,—3;5; r 740,
L/
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13 SEMESTER TWO

Question 29 (4 marks)
Sodium hypochlorite (NaC{O) is commonly used in the textile industry as a bleach. When
added to water, hypochlorous acid (HC{O) is formed. The solution can now be considered as
an equilibrium system, where hypochlorite ions are converted into hypochlorous acid.

ClO(aq) + H,0() = HCEO(ag) + OHY(aq) + HEAT

Complete the following table by predicting, with reasoning, the effect that the following
changes will have on the concentration of the hypochlorous acid (HC{QO) in the treated water.

(4 marks)
Predicted effect
Imposed change conc;:t::.taion of Brief justification for your prediction
HCeO(aq)
. 1
| ﬂ\aﬂﬂ%dw\y # rons nll
Addition of some (EPASE rwpalze e OF s e
hydrochloric acid to NUCAS ey POAv Sl Thes 79\%]4/&”?/\
the water i, m,.{u,_z{- NaCh e~ ph.u&}u N
Mj/ﬁv— At Oof llesons
forwad ~ach o~ 1o exv/larnic
, N D ~ay 1l AN A
Increasing the QL (e %\l)f e LJZL{ &m ;
temperature of the (1) ‘7 N
water fu reue/ Ze rMALCH o~ fo uat
wp lant A Alceane
e OOAaho- O;f HC/C;(@)

See next page




CHEMISTRY 14
Question 30 (8 marks)

The compound shown below gives cinnamon its characteristic flavour and odour. It is a pale
yellow liquid that occurs naturally in the bark of cinnamon trees.

S
M&ua\c ﬂw{‘jﬂ
i

(a) On the diagram above, circle and label two functional groups present in the molecule.

(2)

(b) Draw a geometric isomer of the compound presented above. (1)
H d - Halor~<s on
’ :
O o e - dppos e
<._____.>\ C ’ C\\ S1Ae s
H O stof
Mdecule
47V TIEN Cof“f‘ﬁ(_/flij

(c) Draw the structure of the product that would be formed if the original compound was

mixed with some aqueous bromine (bromine water). (1)
| A
N o P H
4 - T = L
\_O/ ! .
st

See next page



15 SEMESTER TWO

(d) Draw the structure of the product that would be formed if the original compound was

mixed with an acidified solution of sodium dichromate. (1)
*"\ [x; ox1A&ho~
/—5 \/__' C=Cl s oF = |
\______/ C% (N‘bOXU [ c
@), A (-i

(e) Draw the structure of the product that would be formed if the original compound was
polymerised in the presence of an appropriate catalyst (draw three repeating units in

your answer) i o _ , )
dOU«()J{Q C=C bo~d brocks | ~tglboun~; \41:
polg (S LN up

(f)  State the name given to the type of polymerisation described in part (e) above. (1)

add.ho~ po(u}M‘SM o~

~

See next page



CHEMISTRY 16

Question 31 (6 marks)

Write observations for the changes occurring when the substances below are mixed. In your
answers include the appearance of the reactants and any product(s) that form.

If no change is observed, you should state this.

(a) Solid iodine is added to a solution of potassium chloride. (2 marks)

A0 Clun e o ¢&seve A

(b) Iron(l1l) chloride solution is added to solid copper. | (2 marks)
JZ%;(/L/’L O~ Carg 2o oL W ﬂ;{,@& fro (i1}
brorun 0 & /A/(,é At /@m@u\ fo (1)
WLorr — Solid 1o Sadmdl NS

(c) Propene gas is bubbled through a solution of agueous bromine. (2 marks)

by(,,ﬁ@“éu) é)] qga0) ( i &{mw&p/) ) are /W t(
ﬁ’"‘/uﬁz\ ‘ﬂKW&%J 0 2420 Jbﬁ/u/\a/\ 9]
Jc}(/uu o Pdes a-KX Koo é/%«/‘éf/f)f)

Fron(i) foli)
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Question 32

17

SEMESTER TWO

(8 marks)

Describe how you could distinguish between the following pairs of compounds using

chemical tests. For each test, write one equation for a reaction that occurred. (In (b) the test

must not involve using an acid-base indicator®)

Compounds

Description of Test

Observations

butan-1-ol

(a)

methylpropan
-2-ol

either: Add a solution of acidified

potassium permanganate to
both substances (aﬂd-wafm)U)

butan-1-ol
either: purple colour fades U )
or: orange solution turns (deep) green

or: Add a solution of acidified
sodium/potassium dichromate to
both substances (and warm)

methylpropan-2-ol )
()

No visible change

either: 5 CH3CH,CH,CH,0H + 4 MnO4™+ 12 H" — 5 CH3CH,CH,COOH + 4 Mn® + 11 H,0
or: 3 CH3CH;CH,CH,OH + 2 Cr,0,* + 16 H - 3 CH3sCH,CH,COOH + 4 Cr®* + 11 H,0

or accept equations to produce the aldehyde:

either: 5 CH3CH,CH;CH,0H + 2 MnO,~+ 6 H* — 5 CH3CH,CH,CHO + 2 Mn?* + 8 H20
or: 3 CH3CH,CH,CH,0H + Cr,04 + 8 H* - 3 CH3CH,CH,CHO + 2 Cr** + 7 H,0

(1)

a solution of
methylpropan
-2-ol

(b)

a solution of
propanoic
acid

Add a carbonate (solid or
solution) to each of the
solutions.

(1)

methylpropan-2-ol ( )
i

No visible change

propanoic acid
Colourless gas produced

()

either (for solid)

|
CH3CH2COOH(aq) + Na,COs(s) — 2 Na*(ag) + 2 CH3CH2CO0™(aq) + H,0(t) + CO(aq)
or (for solution): CH3CH,COOH(aq) + COs*(aq) — CH3CH,COO™(aq) + H,O(f) + CO4(g)

ned o 4’7u‘m/ﬁ\a~§ e~

See next page

gacl eyt



CHEMISTRY 18

Question 33 (8 marks)

Soaps and detergents are common organic substances widely used in our daily lives. While
they both consist of a relatively long hydrocarbon chain which is attached to a ‘polar end’,
there are also significant differences between the two substances, particularly in their

applications as cleaning agents.

A typical soap like sodium stearate, (CH3(CH,)1csCOO~ Na+), which can be produced from a
reaction between tristearin and sodium hydroxide, is shown in the partially completed

‘saponification’ reaction below.

0
7 , (i)
CHa(CHz)mC/—O—"THz g ) " C oH
7
CHy(CH2)sC—0—CH + < NaoH — (4 (CH)WCOO Na™ +Hc o#
//O ‘ | chmow

CHg(CHg)mC_O_ CH; ) .
L’DM,’CU\C-'l iy (1)
Tristearin -
(a) Complete and balance the equation above, including any other organic products
formed. (3 marks)

Soaps and detergents function to remove fats and grease from objects as they clean.
(b) Using a simplified general representation of a typical soap or detergent, explain in

terms of their structure and polarity, how they are able to achieve their task as
cleaners. (3 marks)

otk mmmm,w exhbit 4 po/af (. Mdrufl\r hc) end and

8 (0«5, lr\qd/y/@rbm NOnpolar (lmu;cﬁfo phobic) exd (1)

The mw obobic il b 13 d 3101 fo2g 5 whick inYeract
ol suCCesSIV Il epmbotl 1 ﬁ\aqfe-«se or it The poler A cun (rkyact
Wil e ch(fw,p/\ biy\ﬂtt/\c, N fhg Wale, malecules. WL 4 49 !/Zh&\
e Sup/dalerset /wﬁzcu(ﬂ < I /g fo bk wp Secho-s

of ﬁ,\w;@/ﬁﬁ# InNK) Mictlles a~d CC«m/@\j 1S ackgued
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19 SEMESTER TWO

(c) Name these structures: (2 marks)

i) CH3CH,COOCH,CH; CH,CHj

uJQjL 4 /U[)ﬂ/\()duLQ (h)

if) CH3;CH,CH(NH;)CH,; CH,CHj;
= Al xcan oL ()
Question 34 (10 marks)

(a) 20.0 mL of 0.0400 mol L™ hydrochloric acid solution was added to 45.0 mL of 0,0200 mol L’
sodium hydroxide solution. Calculate the pH of the resulting solution. (4 marks)

{79
A(HCH) = CV ~(NaOH) = €V
= 0:0W0 x 0020 = 0000 < 004>V
A7 —U4 = 4.¢ o
:%{)())(’O ;\,\oég_/) ( l/z) [fk)()(/u n«a,é,p_a((?)

12 o HC (1)
s I 4 ) /:.y .
A(OH_)-UK'CE/}O = 4.00x10 q’* 500« 10 = /.00x /U nelen

N
c (o)=Y s
- 0=
- -3
(20+u5)><'0

= f's_k#xl() f"\o’e L—IC ‘/2 ) ]
o pH= —logH'_

C(H*)f o2 PH i ) . iz
BT = &= 'Ciﬁ C) SDK/O

|2
= (50w 0 L !
CD)S( /\AO’ (/2 :HZ (f)

—_—_—

See next page



CHEMISTRY 20

(b) The experiment in (a) was repeated, but this time using 20.0 mL of 0.0400 mol L'1
ethanoic (acetic) acid solution instead of the hydrochloric acid. Would the pH of the final
solution be the same or different from the answer calculated in part (a)? Explain your
reasoning (no calculations are required). (3 marks)

— 1 wortd e 1l sar~g (1)
- The ttla~cic acd nrll M&Z@ fON 00
y@ﬁw& 40 PO~ of 17 5//\:7/\9 Lase (1)
ROH
//W /4 /@ S~ NUrmbes~ O Agaﬁﬁ/f{/\ /e«j
Preae~Tt 2T 97}
(c) The experiment in (a) was repeated again, but this time using 20.0 mL of 0.0400 mol L™

sulfuric acid solution instead of the hydrochloric acid. Would the pH of the final solution be

the same or different from the answer calculated in part (a)? Explain your reasoning.
(3 marks)

[ woudd be Ad(fHLe~~e~F (/) ()
Suwlphue acd (H,50,) b & dprohc acd
/Z\,@ NUmLer of 00les o/ /'\‘70(/’0/%1« (e (/)
m)vw&ﬁ/ fo f1e SOMUASA A0l e
o 5o flae WUl Lo an pLaceso

See next page



21 SEMESTER TWO

Question 35 (9 marks)

Carbon disulfide (CS;) can be manufactured using an endothermic reaction between sulfur
frioxide gas and carbon dioxide as shown below:

J2it + 2804(g) +COxg) = CSxg) + 4 Ox(g)

(a)

(b)

(c)

Write an expression for the equilibrium constant of the reaction. (1 mark)

Les,JC0, 3%

= S5

Predict how each of the following changes to an equilibrium mixture would affect the
yield of CS.. (increase, decrease or no effect)

(i) addition of CO; (at constant total volume) (1 mark)
InNCCane.
(i) increasing the temperature (1 mark)
N LR
(iii) adding a catalyst (1 mark)

N0 C Aﬂ/%zé/{ Lfech
s

(iv) increasing the pressure by introducing argon gas into the reaction vessel (at
constant volume) (1 mark)

NO CL\WZ%Z(UL

In the production plant, the carbon disulfide is removed from the reaction vessel on a
regular basis. Using collision theory, explain how this technique will increase the yield
of the reaction. ( (4 marks)

The incedaho- of o carbeldisulfide s
Cornh~vallo reAuco A Wi ce ~NAva s 7he
ate Of fj\e NVE e reacho~ dve fo [esS
collisionSVbehvean 71w CS; ~d 0, Tlhe
ale Of The o~yprd reaCho~is ~nof affected,
There /s a it~ forward ~acho~- favoyred (1)
N0 LS 1 /7\49 ﬂfoducf‘”(viy%/c/)ﬂ/w/ VNN

‘/\7 ﬂj Lf ( END OF SECTION TWO
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CHEMISTRY 22

Section Three: Extended answer 40% (80 marks)

This section contains five (6) questions. You must answer all questions. Write your answers
in the spaces provided.

Where questions require an explanation and/or description, marks are awarded for the
relevant chemical content and also for coherence and clarity of expression. Lists or dot
points are unlikely to gain full marks.

Final answers to calculations should be expressed to the appropriate number of significant
figures.

Additional working space pages at the end of this Question/Answer booklet are for planning or
continuing an answer. If you use these pages for planning, indicate at the original answer, the
page number it is planned/continued on and write the question number being
planned/continued on the additional working space page.

Suggested working time: 70 minutes.

Question 36 (18 marks)

The opening of Perth Children’s Hospital has been delayed due to lead contamination of
the drinking water. Lead is a neurotoxin that is particularly harmful to children. One of the
possible causes of the contamination was brass fittings. Brass is a metal alloy made
of copper and zinc but lead is sometimes added to improve its malleability.

A recent large-scale study on water samples in New South Wales found that low-level
lead contamination of water is widespread in Australian homes, with brass tap fittings the
most likely source. In a subsequent experiment, the researchers tested water before and
after it passed through brass taps and stainless-steel taps. Lead was only found in water
that had passed through brass ones.

In 2014, the US government mandated a lead limit of 0.25 percent in plumbing fittings.
Taps in Australia are typically made of brass that contains lead at a level of about 2 to 4

percent.

(a) Use evidence from the list of standard reduction potentials on your data sheet to
explain why lead from brass is more likely than copper to corrode into drinking
water. (2 marks)

The Stardard RAucho~ poleFia] @~Th/PL is

-0 RV a~d &~ L0 +0-34 )

e o€ legd ~UAL 1s « SkON~40/ red e r?\z,«

aget fla~ Cpe) mefal /S8 (ead Oxqdises

Wl 2asif S 1l ~Opper ()
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23 SEMESTER TWO

(b)

Write an ionic equation, including state symbols, for the reaction of sulfuric acid
with metallic lead. (2 marks)

Pbcor + ZH‘“@ Suwu 2 Pb S0y H. &)

(c)

In the experiment described in the passage above, identify the independent and
dependent variable. (2 marks)

tmdz[y\a{m‘r arable = maden al Use d Jo make t p()

m_,,awttf\f v i5le = levi|/concenhrh o /pmount of
/-Qj’\d N UU&\,‘!’U\ ( )

An experiment was carried out to calculate the percentage of lead in a sample of brass. A
45.13 g sample of brass was dissolved in excess 6.00 mol L™ hydrochioric acid and any non-
metallic insoluble solids were filtered out. Then an excess of 0.500 mol L™ sodium sulfate

solution was added to precipitate lead(ll) sulfate. After washing and drying, this precipitate
had a mass of 2.33 g.

(d) (i) Calculate the percentage, by mass, of lead in the sample. (4 marks)
)= M
N(PoS0y) = Toan
_ 223
a3 27

m—g (")
= (30 moles
(P =alPosoy) ()
m(Pb)= nx MM

= 7683x (Obi 2072
= 16924 W)

_ mass P x (00O
Aot e T
- 592 ng’o
G513 |
2539 )

See next page



CHEMISTRY 24

(i) Write an ionic equation for the precipitation reaction used in this experiment and
calculate the minimum volume of the 0.500 mol L™ sodium sulfate solution required.

7- (3 marks)
Pb (aq)d t SO\{. (iq) — Plj) SOK}/ (s) C/ )

/\(PbSJQ-r\(Pb)' 1683x10 hobsy, (1)

\/(Plo q\ - *‘O’c 2
- L8 X(L)/Obv() (/)
= 0I5 ]. = ISkmlL

Lead acts as a poison by displacing biologically-active metal cations, such as calcium and
zinc, from their proteins that act as enzymes. Calmodulin, for example is an enzyme that
regulates a number of body functions, including muscle contraction, metabolism and
memory. Lead displaces one calcium atom from the enzyme molecule, thus reducing the
enzyme'’s efficiency.

(e) Briefly describe how the enzymes catalyse chemical reactions occurring in the
body. (2 marks)

Enz,»,mu ack as a ced‘édqs’r o~ 1o reachon(,)
W\)VJ[(“L/VT oA ’Q/Y\ﬁ/h\,ﬁ_ ~NalCho~ P&tﬁ\L\JCLW
L«JaﬂAa (5tuer &(C hu’mhc_/\ MW%( ()

(f) Using evidence from the periodic table, suggest why the replacement of calcium in
an enzyme molecule by lead will significantly affect the function of the enzyme.
(2 marks)

/L\O_{?.&C\ &FO/\’\/IO/\ 5 Q)(q/\f ﬁau\‘ﬂu, /{fqv“/lxﬁﬁuféf
tlan Tha calciuaa af(/\/\/:w\ 0 Tra Shuchure (f)
OF fng /2y il B dislofed,

The lenrd ahoA 8§ e Valo~ce elocfons (é/\«\ﬁw‘ed
o cal Ciunn it 2 ValenCe L(.QC/\/(}\S ~—d/f¥@‘€’ff

Lo~ ~4 /<o hi~e
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25 SEMESTER TWO

Question 37 (15 marks)

A diprotic amino acid, known to only contain carbon, hydrogen, oxygen and nitrogen
underwent analysis to determine its formula. When a 12.50 g sample of the amino acid was

combusted in oxygen, 18.60 g of carbon dioxide, 7.65 g of water, and 3.88 g of nitrogen
dioxide was produced.

2.28 g of the acid was dissolved in 50.0 mL of water. 10.0 mL of this solution required
24.70 mL of 0.250 mol L™ sodium hydroxide solution for complete neutralisation.

(a) Calculate the empirical formula of the amino acid. (7 marks)
M

/\(C(JZ e e M(C):O(FZEK }ZOI ’
1860 = 50763 (1)
W ol

A(C)T“((O?)

(h0) =% ()= Ax 065X 1008 )
- 765 - Og§b_j

M(M): 0-08¢2 x 14 0f

ANGD = 7 - 1181 (!
= 250
g%fq'g m(0)= (2:5D-5076~0-856~ 15
A (M) = A (Vo) :Eg@\{)
C H N O
apie 5o 0-€56 1131 397
mole, o S076 0:856 (3 T ()
(ANLP 1201 o) 1@ Ol TRYe1C
0-u23 0344 0083 _Q_gj
D052 0033 00543 00843
. ~ 10 ~ ~ C/» k ( )

gF CsHp N e (D)
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CHEMISTRY 26

(b) Calculate the molecular mass of the amino acid. (4 marks)
~(NaOH) = CV
~IOL — 0250 002870
75 10 wmolis
/\(r\)z«()f‘f') = SU % C>'f75’(“3&_;: O‘Osog%w@a
i~ SOmL 19
nldimobic Gmino) = 5 n(NaOW) = 0-01Stmoles
A |
* M 2 - T
MM(diphc 68) = Ta T Epoiswy = 17 gl
(1 mark)

(c) Use your data booklet to name the amino acid.

ﬂ?qufV\f ¢ AU A

Note: If you were unable to determine an answer to part (c), use aspartic acid for the

remainder of this question

(d) Draw the structure of the amino acid that would exist in a solution with @ pH of 10. /

b

o

1

[
H

H

)
\N—C-C_»C-—c

l
H

ark)
_0
R
9,
Ned o waa
~AGahv e d\wws N

U

bHofi cmfooxg [ gous

(e) Write an equation, using structural formulae, for the reaction between the amino acid

G

H

O (2 marks)

and glycine to form a dipe tlde y
H o gy H e +‘|\ . I 7 H )
i r - N—'C e C\ i ;V
N—C~ (i: ?* C\ ,M C~ C_ ._Fa M / i f\t — = 4 H Z_O
' - H O i m O/C‘§“O / i \OH HLO
o t : (1)
(V) coreck

See next page



27 SEMESTER TWO

Question 38 (17 marks)

An alkaline version of a typical fuel cell is shown below. It utilises the oxidation of hydrogen
gas (H.) and the reduction of oxygen gas (O2). Both reactants are continuously ‘fed into’ the
cell during normal operation. The major product from the overall redox reaction is water,

(H20).

(a)

ALKALINE FUEL CELL

Electrical Current

o e
Hydrogen In Qxygen In

o,

Ha

?
P 4= ¢

A

=

e
o
=

LA/

=

Heat Out

=

Water and ‘ e =

a

X
Anode’ | \Calhode
Ele yte

During the normal operation of this cell, write the appropriate reactions that will occur:

(i) atthe cathode. N , (1 mark)
02,("5' + 20000 tHe L(/OH(&;;) €% +0 4oV

(i) atthe anode. _ (1 mark)
O

Hl(s) + 201‘\_(47) : ZHZO(‘,)‘L ZL t = + )Y\

(iii) for the cell. (1 mark)

2Hy g 7 Ol(ﬂ) — 'QHLO(U

What is the maximum EMF that this fuel cell can generate under standard
conditions? (1 mark)

e = (+000) ¢ (083) = 1123V

(b)

State one advantage and one disadvantage of a typical fuel cell when compared to a
dry cell. (2 marks)

Advantage: - .
more relia=le | consiskat TVFE no oxic pnlsSSion

o prod chz

Disadvantage:

MUCI Mo~ EXPenSINE  NahantZ Ao d o be

COf\SusWLV) ldinto alls

See next page
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Another type of electrochemical cell utilises the following standard half-cell reactions.

Cr (s) E° -0.74V

(agq) + 3e —

Cl(g) + 2€ 2Ct " (aq) E°

+1.36 V

1l

Complete the diagram below to show the construction and operation of this cell. Ensure that
you fully label the cell to include:

(c) the anode and cathode, including their respective polarities. (2 marks)
(d) the electrolytes used. (2 marks)
(e) the direction of movement of cations and anions in the salt bridge. (1 mark)
(f) the direction of movement of electrons. (1 mark)
e (1)
-
(W
_/
N (ifl~ode
, &
anodiL " (+)
Cb\fﬁ ) ( /)

U)\- \ WD
N

—7*'“‘—- Clz (g

= T
A

\

§T§

Ay

\
« \N
N Kl O

Pl

WJO)- , .@éﬁ.{j"o/p f-(_}
Cr{-Nda)i_qu) Of\az_".//u._cf“ﬁ CARL A~ Mﬁt(,‘(ﬁf])
Write the overall cell reaction and calculate the cell EMF under standard conditions for
this cell. (2 marks)

ZC"Lcj)“” Q'Q\cs)4 (OC (m) =2 C > (e

+2:00V (1)

Cell EMF =

See next page



29 SEMESTER TWO

(9) With reference to the cell you constructed above, and using relevant chemical theory,
explain whether a solution of sodium carbonate would be a good choice for use as a
salt bridge electrolyte. (Include a balanced chemical equation in your explanation).

(3 marks)
Vsimg Sodionn Gurbonate 4s a saltbrdge elochpl, le
would be a POE clota . () ° 7
This s &cavse gy cartonade 1o~5 Doat
L (n oA IT Chrpnminium 16~5 wodld (1)

precipiiale blocbog T2 salf brdge + NS cFing

Ion MOVoe~f -

3= —
QG"§£7) TS 603207) 7 CFZ (603)3 (s)
N

See next page
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Question 39 (13 marks)

The reaction for the production of ethanol from ethene is shown below.

CH2CH,(g) + H:0(g) = CHsCH,OH(g) AH = -45 kJ mol™’

(a) Use green chemistry principles to explain why it is beneficial to achieve a high yield of
ethanol.

. ‘ (2 marks)
fonieding o Kl yitld  indan< Tt are (2sS wasled
reach~Fs (077

Ay D Sauls mogney + peSOU/TLS
T w0 SISt~ dse OF =Souree s
loss dispoSad 1ssue s

(b)

Use sustainability principles to explain why it may be beneficial to source ethanol
through a fermentation process rather than the reaction shown above. (2 marks)

Krmendoh o~ USes bioaass foproduce Narnd |
Bionass Is cenovdble whireas e/l gy /S
S d fom Non NrdwaSle crvde orf

So MMQ_‘\_%O%\S €. N~ JUS/ZV\;SCQ

(c) It was found that 170.8 kg of ethanol was produced from 200.0 kg of ethene gas.
Calculate the percentage yield of this reaction. (4 marks)

N (CHLCH'L): M/Mf\/\

A(CHeH, ) = A (CHCH, 0H) amdef ( (|
» w%,z 129 = ~(CHCHL0H) epe A
= 1129 woley (1)

L

o ; :
/6 YU = inpure X199
v

m(CH CHL O H) onpeckd = A X MM

- T w0
= N2« W08 = S0%
328 W41 (1)

See next page
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The ethanol in this reaction can be used to make ethyl ethanoate.

(d) Write an equation for this reaction, and state the conditions required.

(2 marks)
Y, 504
., COOC . ()
CH CHZQH i CH_ECOOH m CHg COOCHZCHJ -+ H?/O
} et 1)

(e) If this reaction has a yield (efficiency) of 67.0%, calculate the mass of ethanol required
to produce 1.00 tonne (1.00 x 10° g) of the ethyl ethanoate.

(3 marks)
= B
/\(CH3COOCH2,C43)’ -
_ [-00 x (O
g8 10y
A (CHCH O Jngoied = ~ (U, COOCH, CH)
(f)
= B¢ - ireeD
7
= 16440 mekes (1)

M(CH_KCHZOH) = A ox AN
< 16040 x 4k 008

2
— 780X 10 ‘!:/J

See next page
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Question 40 (17 marks)

Standard solutions of sodium hydroxide, NaOH, must be kept in airtight containers. This is
because NaOH is a strong base and absorbs acidic oxides, such as carbon dioxide, CO3,

from the air and reacts with them. As a result, the concentration of NaOH is changed to an
unknown extent.

Carbon dioxide in the air reacts with water to form carbonic acid. This acid can then react
with sodium hydroxide to form sodium carbonate.

(a) Write two molecular equations to illustrate the chemical process described in this
reaction sequence. (2 marks)

H‘LCJZ (q) + f-Z}\j;f(()H [a’) ? }\}JXZCOJ (ﬂl) 1 "2}/?,&‘[41) Cl)

(b) A freshly prepared solution of sodium hydroxide was titrated against a previously
standardised solution of ethanoic acid, using standard laboratory volumetric
glassware. What would be a suitable indicator for this titration?

Circle your choice from the list below. (1 mark)

Methyl orange Phenolphthalein ) Universal indicator

The freshly prepared sodium hydroxide solution, as described in (b) above, was found to
have a concentration of 0.1150 mol L™". A 250.0 mL batch of the solution was left in a
storage bottle on the laboratory bench over-night but a careless student forgot to replace the
lid on the bottle. The next day, the chemistry teacher noticed this and thought it would be a
good exercise for the students to determine the mass of carbon dioxide that was absorbed in
the solution of sodium hydroxide so she gave the students the task of carrying out a titration
to determine this, by using a previously standardised sulfuric acid solution.

(c) Write a balanced chemical equation for the reaction between sulfuric acid and
sodium hydroxide.
(2 marks)

H, SOqceq + 2NaOH ¢y = M&zgﬁ\{,(k?)fZHlQ(“

(1) Comect

forula
(1) Lol g o
(cﬂ’\é’c/’t\j

See next page
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20.00 mL aliquots of the sodium hydroxide solution were taken and titrated using a suitable
indicator with the standardised 0.0565 mol L™ sulfuric acid solution from the burette. The
results of the titration are tabulated below.

(d)

(e)

(f)

Complete the table and calculate the average titre of H,SO4 (2 marks)
Final reading (mL) 20.60 |19.65 |21.10 |20.80 | 19.05
Initial reading (mL) 4.50 4.45 85.25 5.00 8:20

(1)

Titration volume (mL) b0 __/3_'243 I5:¥S | 1550 1525

ALY [( L() N Ao UL

Average titre

Calculate the moles of acid titrated and thus the moles of sodium hydroxide in the
20.00 mL aliquots.

Tz (3 marks)
n(H3g) = €V |
= 0056y X 0°0ES '
) el P
= $que x (0 me&’/))
(!
a(VaoH) = 2n(H,504)
= g‘(ﬂpL{,xfC) ¢ = 000176?,1,\0,@@ (--’ )
Thus calculate the concentration of the sodium hydroxide solution. (1 mark)
o(daoH) = 4\\7 f |
; 5 g — _ { corech
200054~ 008Gl /\?J;- |
0029 _— /j j s

In view of your results in (f) above and considering the original concentration of the
sodium hydroxide solution:

Calculate the number of moles of sodium hydroxide that were originally present in the
freshly made 250.0 mL solution. (1 mark)

/
/\[N’J\O”) = CV
Y L 9IS K 0259
= 0-028nales (1)

See next page
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Calculate the actual number of moles of sodium hydroxide in the 250.0 mL solution
using the results of the students’ titration. (2 marks)
Y, - i
Nag) = B2 000179 = O 02 ok
foah babo~ (i) ¢

(i)

(ii) Using the results of (i) and (ii) above, calculate the moles of sodium hydroxide that
reacted with the carbon dioxide as a consequence of the student leaving the storage

bottle open over-night. (1 mark)
a(WaoH) = 00255 0:022¢
%‘QAC’?‘ = 000640 meles (1)

(iii) Use the balanced chemical equations in part (a) on the previous pages as well as the
titration data, to calculate the mass of carbon dioxide absorbed by the sodium

hydroxide solution. (2 marks)

Fro~ Machowin (&)
f\((()?/) = i,/z r\(l\kx(}H) ( {Q’ )
= /x QOLY0
= 0-003%20 moloo\ )

m(€0,) = nxmm
= 0:00320 x WOl

T4 g
Ll

I

End of questions
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