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QUESTION ONE

(a)  The solubility constants for three compounds are given below. Lead(II) hydroxide is a white
solid, whilst the two iodide compounds are both yellow in appearance.

K (Pbl)=8.00x 10 K (Agl)=8.30x10" K (Pb(OH),) =8.00 x 10"

(i) A student pipetted 25.0 mL of 0.00167 mol L! potassium iodide solution, KI(ag), into
each of two beakers. They then added 35.0 mL of 0.0225 mol L lead(II) nitrate solution,
Pb(NO,),(aq), to one beaker and added 35.0 mL of 0.0143 mol L' silver nitrate solution,
AgNO,(aq), to the other.

Carry out calculations to predict what the student observed in each beaker.
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(i) Explain why, when preparing the lead(II) nitrate solution for the experiment described
in (1), it is necessary that the measured mass of Pb(NO,),(s) is first dissolved in a small
volume of dilute nitric acid, before dilution with distilled water.
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(b)

4

A reaction between hydrogen peroxide solution, H,O,(aq), 0 OH

and potassium sodium tartrate solution, KNaTar(ag), is

commonly used in schools to demonstrate the effect of O-Na*
reaction conditions on the rate of a reaction. *K-O

The two colourless solutions are mixed and heated to 70 °C.

No obvious reaction is observed at this point. A small amount OH
of a pale pink cobalt(II) chloride solution, CoCl,(ag), is then

added, and changes begin to be observed.

First the solution turns green as the pale pink Co*" ions are oxidised into green Co** ions by

the hydrogen peroxide. Once the solution has changed colour, large volumes of CO, gas are
quickly produced as the tartrate ions react with the hydrogen peroxide. The colour of the solution
remains green during the reaction. Once the hydrogen peroxide is consumed, no further gas is
produced.

Elaborate on the various reaction conditions required for this demonstration to work according to
plan, with clear reference to particle collision theory and the role of Co** ions.
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(c)  Zirconium forms fluorine-containing compounds and polyatomic ions.

(1) Draw Lewis structures for the following fluorides of zirconium.

Use your existing knowledge to predict logical shapes for each ion, and give estimated
bond angles.

Ton ZrF; ZrFGZ‘ ZrF73‘

Lewis
structure

Shape

Bond
angles

(11) Explain the bond angles for one of the ions.

Chemistry 93102, 2023



QUESTION TWO

(a)

The following is a selection of boiling points for different molecular compounds.
-2.50°C 31.7°C 48.5 °C

(@)

97.2°C

Match the following compounds to the boiling points provided.

propan-1-ol

1-fluoropropane

1-aminopropane

2-aminopropane

Justify your choices.
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(b)

(i)

8

A complex organic reaction in a university laboratory yielded a mixture that contained
two different organic compounds. Mass analysis determined that they had different molar
masses. They were given the provisional labels Compound X and Compound Y.

Compounds A, B, and C were made from chemical treatments of the mixture of X and Y
and were each subsequently isolated and analysed using spectroscopic techniques.

Use the mass analysis data provided below, and the IR and '*C NMR spectra provided in
the resource booklet, to determine the structures and names of Compounds A, B, and C.

M(A)=59 gmol! M(B)=72gmol!' M(C)=288 gmol’!

Compound A Compound B Compound C

Name: Name: Name:

Structure: Structure: Structure:

Compounds A, B, and C were isolated after the following chemical treatments:

A sample of the mixture of X and Y was heated with dilute NaOH solution, forming three
products. TWO of these could be distilled from the reaction mixture and separated, and
they were labelled Compounds A and B.

A second sample of the mixture of X and Y was heated with dilute HCI solution, and three
products were formed. TWO of these could be distilled from the reaction mixture and
separated. One was identified as Compound B, but the other product was new, and was
subsequently labelled Compound C.

Use the mass analysis data provided below, and your knowledge of Compounds A, B, and
C, to determine the structures of Compounds X and Y.

M(X)=142 gmol! M(Y)=129 g mol!

This space is provided for working.
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Compound X Compound Y

Structure: Structure:

(iii) Why could only two of the three products from each treatment process be distilled from the
reaction mixtures?

Chemistry 93102, 2023



(c)

10

A mixture of barium hydroxide, Ba(OH),(s), and ammonium chloride, NH,CI(s), was made
in a glass beaker weighing 90.72 g. A spontaneous reaction occurred between the two solids,
producing ammonia gas, NH,(g).

The ammonia gas was extracted and reacted with 100.0 mL of hydrochloric acid solution,
HCl(ag). The pH of the HCl solution was initially 0.50. After the addition of NH,(g), the pH of
the mixture had increased to 1.21.

(1)  Predict, by calculation, the temperature change of the NH,Cl/Ba(OH), beaker once the
reaction is complete.

Ba(OH),(s) + 2NH,Cl(s) — BaCl (aq) + 2NH,(g) + 2H,0() A H =+90.66 kJ mol"
c(glass) =0.753J°C'g!
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(i) Briefly outline thermodynamic factors that contribute to the overall spontaneity of the
reaction occurring in the beaker.
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QUESTION THREE

(a)

Valinomycin is an antibiotic which can be obtained from several different bacteria of the
Streptomyces genus. Four molecules are the building blocks for the structure of valinomycin, and
they are given the labels Compounds W, X, Y, and Z. Their structures are as follows:

OH NH, NH,

HO O o | cn o | cn, cH,l o
oo ||/Q\ I ||/Q\ I I /(_3\ I
CH,-C-C-OH HO-C~ = "C-CH, HO-C~ = "C-CH, CH3—C|) Z ~C-OH

| | |
\%% X Y Z

These four molecules can all be synthesised from two other organic molecules, Compounds F
and G.

. Compound F has the molecular formula C,H,OCI. It does not produce steamy fumes when
added to water, it does not form a silver mirror when added to Tollens’ reagent, and it does
not decolourise Br,(ag).

. Compound G has the molecular formula C.H, O. It has a branched chain structure, and it
exists as a pair of geometric isomers.

Use the information provided above to determine the structures of Compounds F and G and use
these to produce logical reaction schemes for the synthesis of Compounds W, X, Y, and Z.

You may only select from the reagents provided below.

You can assume you would be able to separate and isolate specific compounds or isomers as
required for successive steps.

Reagents available:

NH,(conc) NaOH(aq) H"/MnO, (aq) H*/Cr,0.,*(aq) NaBH,
HCl(conc) H,SO,(aq) NaOH(alc) H,SO,(conc) PCl

5

This space is provided for working.
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Reaction schemes:
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(b)

14

Vitamin C (C,H,O,) is known to degrade over time in aqueous solutions
due to reaction with oxygen that is also dissolved in the water. Dry
powders are less prone to degradation and can be used to prepare drinks
with more reliable and consistent levels of the vitamin.

To investigate the extent of degradation of Vitamin C due to oxygen
exposure, an 80.0 g sachet of an orange drink powder was emptied

into a 1.00 L volumetric flask, filled to the mark using distilled water,
and briefly mixed until all the solids had dissolved. The nutritional
information on the drink powder packaging stated that the sachet should
contain 130 mg of Vitamin C.

. . www.woolworths.
Two halves of the solution, and a blank control, were analysed using com.au/shop/
an iodometric titration procedure. The primary standard used in the productdetails/264554/
titration was a potassium iodate solution, KIO,(aq). This solution raro-sweet-navel-orange-

flavoured-beverage-mix

was prepared by dissolving 0.132 g into 1.00 L of distilled water in a
volumetric flask.

The first half of the drink was analysed immediately. The second half of the drink was stirred in
the open air then left uncovered for 24 hours, before being analysed. The control solution also
analysed contained only water.

In each titration, a 20.0 mL aliquot of the solution being analysed was pipetted into a conical
flask. This was followed by addition of 150 mL of distilled water, 5 mL of 1 mol L' hydrochloric
acid, HCl(ag), 5 mL of 1% potassium iodide solution, KI(ag), and 20.0 mL of the potassium
1odate standard solution. This resulted in the formation of iodine in the flask, which then reacted
with any Vitamin C present.

The remaining iodine in the flask was then titrated with a sodium thiosulfate solution,
Na,S O,(aq), and the titration was repeated with further 20.0 mL aliquots until average titres
could be determined.

Solution Average titre/mL
Control 27.20
Drink (fresh) 16.10
Drink (24 hours) 18.35

(i)  Carry out calculations to determine the concentration of the sodium thiosulfate solution
used, whether the nutritional information on the sachet was accurate, and the percentage of
Vitamin C remaining in the drink after 24 hours of atmospheric exposure.

M(Vitamin C) = 176.1 g mol! M(KIO,) =214 g mol™
10, +5I" + 6H" — 31, + 3H O
CH,0,+1,— CH,O, +2I +2H"

6876 67766

I,+28,0,7 -2 +S,02

Chemistry 93102, 2023
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(i1)) In the reaction below, the iodine-containing reactants react by electron-transfer to give the
same product.

10,” + 51" + 6H" — 31, + 3H,0
A similar reaction occurs when potassium permanganate solution, KMnO,(ag), reacts
with manganese(II) sulfate solution, MnSO (ag), in neutral conditions to produce

manganese(IV) oxide, MnO (s).

Identify the oxidants and reductants in both reactions, with support of oxidation number
changes and balanced half and full equations.
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QUESTION FOUR

(a) There are various periodic trends observed between elements in the periodic table. These trends
are fundamentally due to the protons and electrons within the different atoms.

(1)  Justify the differences in first ionisation enthalpy for nitrogen and oxygen.

Give a clear definition for the term, and include references to electron arrangements where
appropriate.
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(b)
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(i1)) Explain any similarities or differences in the radii of the following three particles.
N3~ o> Ne

Vanadium is a transition metal that exists in different oxidation states, and can form ions and
compounds with different colours. These include the ions shown below.

VO; V02+ V3+ V2+
Yellow Blue Green Violet

For an experiment, a student added powdered silver, Ag(s), to a solution containing VO," ions,
and stirred until no further changes were observed. They then repeated the experiment twice
more, but using powdered tin, Sn(s), for the second, and powdered zinc, Zn(s), for the third.

Use cell potential calculations to identify the final colour and oxidation number for vanadium in
each experiment, following addition of the powdered metal.

You may assume that Zn’*, Sn**, and Ag* are all colourless and do not form any insoluble
precipitates.

E°(VO,"/VO*)=+1.00 V ES(VO*/V3*) = +0.34 V EC(V3 V) =026 V
E°(Zn*'/Zn)=-0.76 V E°(Sn*/Sn)=-0.14 V E°(Ag'/Ag)=+0.80 V

Chemistry 93102, 2023



rriishRER OO
5 ARER boNgT
AREA Do NOT.
DONOT v'vR,T_E

. WR"’E ‘lN ‘IHIS

a.,N'.MS AREA '
s KREA

REA DO NOT
T
ETE g
u' Tl:uSJ\RE o
s 191 100

ZpRER BONAT

t BONOT WR’J
‘NOT W‘?xre e
‘77'5 IN-TH‘S ARE/
TR i
S AREA BONOT
A /DO NOTWRy

NOT WA - -
NOTWRITE
¥TE N Tiis MRE
s AREA e

o ko
e, 00 80T
en DO NOTWRy,
ONOT WRITE,

WRiTE £ N THISA
B IN TH\S ARFJ\
o NOT WR/TE
A~DO NOT- wn,
.E ST
JONQT WRiTa),
WRITE INTHIS A
& IN TENSIARER
JAREA DO LOT
2 sy
DO NOT VIR
O iy i
TEIN THis AREA
BONAT WRirg,
YRITE s
DINOTWRI7g
O R

E N s adER
5A DQ WD'I'Wk/

xeh B0 NO.T WF
BO-NOT WRYTE )
)T WR’ fE N THIS
RE" BO-NGT WF
» NDT'Wk,Tf P
ge:* 00 NOT w
PINSTWRE,
7 WRITE I i
RITE s
aRER, 0O K0T

s eEh 0

< ik QONTT
L ob ot v
soh iy,

T WRITE NS

NOT o
Noj "!Rl:rE,N T
REP‘ no NO.T ws

O-NOT vw;,ré

YORITe i)
'\_NR’ 7"&: II:)_ T‘ﬂIS-"AF
S ARER boNeT
i ARERLDE

DINDTWEE
o iger,*
RITE Iy rhig nSE
0D NOt Wrize

iy IR THISY

RITE 1y reusinrs
e i s AREN
<k BONIT i

N-'TH\sARéA
.“sARE'\.D. .
REA PONOTW
DO NDTWRITe
T WRire, s
'IWRHEIN THis
ek B0 o,
3NOTwn,ré Y
2 DO'NAT Wi

n

19

Chemistry 93102, 2023



20

(¢) Two acid-base titrations were carried out in a school chemistry laboratory.

(1)

In the first titration, 0.0886 mol L™! sodium hydroxide solution, NaOH(ag), was added to
30.0 mL of hydrochloric acid, HCl(ag), which had an initial pH of 1.04.

In the second titration, 0.0886 mol L' sodium hydroxide solution, NaOH(aq) was added to
a 30.0 mL solution of hypochlorous acid, HOCl(aq), which had an initial pH of 4.16.

Carry out calculations to determine key points on the titration curve for each experiment.
Use these points to draw the two predicted curves on the graph space provided.

Key values may include: the initial concentrations of the two acids, the volume and pH at
the equivalence point, the pH at halfway to the equivalence point, and the pH after 10 mL
of excess base has been added.

pK (HOCI) = 7.53

Chemistry 93102, 2023
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(i) Calculate the pH at the point where the two curves intersect.

Chemistry 93102, 2023
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