NATIONAL HIGH SCHOOL CHEMISTRY EXAMINATION 2001
PART A - MULTIPLE CHOICE QUESTIONS (60 minutes)

A solution of ethanol in water contains 20.0% by mass of ethanol (M, = 46.1) and has adensity of
0.96864 gmL™. A lab technician measures out a4.80 mL aliquot of this solution. What amount
(in moles) of ethanol does the aliquot contain?

A. 0.02 B. 0.020 C. 0.0201 D. 0.0202 E. 0.02017

In the titration of HCI (0.1 mol L ™) with Na,CO, (0.1 mol L™) which of the following speciesis
the major component of the solution at the methyl orange endpoint? The pK,, (298 K) of methyl
orangeis 3.7.

. . . Na . .
A. CO, B. H,0 C. NaCl D. NaHCO,  E. NaCO,

A mass of 4.021 g of NaOH is dissolved and made up to 1 litre of solution with water.

10.00 mL of this solution is pipetted into a flask and titrated with 0.050 M HCI solution from a
burette. A volume of 19.75 mL of acid had been used at the endpoint. This discrepant result could
be dueto:

A. The NaOH having absorbed CO, from the air after its mass was measured
B. The NaOH having absorbed H,O from the air after its mass was measured
C. The pipette having been rinsed with water instead of NaOH

D. Theflask having been rinsed with NaOH instead of water

E The burette having been rinsed with water instead of HCI

A 20.0 g sample of an organic compound was found to give 27.50 g of carbon dioxide on
combustion. The compound could be:

A. CH,OH B. CH,CHO C. CH,OCH, D. CH,COH  E. CH,COCH,

Which of the following formulae can represent apair of geometric (cis-trans) isomers?

A. CLCCH, B. HCICCH, C. HCICCHCI  D. HCLCCH,Cl E. HCICCHCI,

Each of the following pairs of compounds can be reacted together to form a polymer. Which pair
gives Nylon?

A. H,N-CO-NH, and CH,O

CH,=CH-CN and CH,=CH-CH=CH,

CH,=CH-CN and CH,=CH-O-CO-CH,

H,N-(CH,),-NH, and HO,C-(CH,),-COOH

CH,-O-CO-CH,-CO-O-CH, and HO-CH,-CH,-OH

moow

The following numbers represent the first four ionization energies of an element in kJ mol™:
578; 1817, 2745; 11,578. Which of the following elements could it be?

A. Sodium B. Magnessum  C. Aluminium D. Silicon E. Phosphorus



10.

11.

12.

13.

14.

15.

16.

Which one of the following species contains a partially filled d orbital ?
A. Ag’ B. Cu* C. Po* D. Sc¢* E. zZn**

Which one of the following pairs of elements can combine to give the strongest bond?

A.CO B.FF C. Na Cl D. Na K E. OO0

Hydrogen can form a number of different kinds of bonds. Which of the following are never
found in pure substances?

A. Covalent bonds B. Coordinate bonds C. Hydrogen bonds

D. lonic bondsinvolving H" ions E. lonic bondsinvolving H™ ions

Which one of the following substances has the lowest boiling point at one atmosphere pressure?
A. CH, B. (CH,), C. C(CH,), D. CH,(CH,),CH, E. CH,CH,CH(CH,),
Which one of the following molecules has the greatest dipole moment?

(Electronegativity values for the elements concerned are: B =2.0,Cl =3.0,F=4.0,H=2.1,
N=30,0=35P=21,S=25)

A. BF; B. NH, C. PH, D. PCl, E. SO,

Which one of the following molecular formulae could NOT represent a compound containing a
hydroxy! (-OH) group?

A. H,0 B. CH,0 C. CH,0 D. H,SO, E. CH.O

Which one of the following compounds gives the lowest pH when dissolved in water?

A. NH, B. N,O C. NO D. NO, E. N,O,

The pH of an agueous solution is 6.0 at 50°C. What isits hydroxide ion concentration in mol L™?
(K, =5.5x 10" at thistemperature.)

A. 1.0x10° B. 23x107 C. 1.0x10°® D. 55x 10° E. 7.8x10°

What isthe conjugate acid of glycine (aminoethanoic acid)?

A. HO" B. H,N-CH,-COOH C. H,N"-CH,-COOH
D. H,N-CH,-CO, E. H,N"-CH,-CO,



17.

18.

19.

20.

21.

What is the appr oximate dissolved phosphate ion concentration in mol L™ of aslurry of calcium
phosphate that is applied to afield as fertilizer, given K, (Ca,(PO,),) = 1.0 x 10 * at 25°C.
(Assumethat the durry isat 25°C and isin equilibrium.)

A. 25x10° B. 3.5x 10° C. 40x10° D. 50x 10° E. 7.0x10°

Consider the following equilibrium reaction:
CO(g) + 2H,(g) = CH,OH(l) ;  AH =-6155kJmol*

Which of the following changes in conditions would DECREASE the amount of methanol
produced:

A. Increasing the proportion of carbon monoxide
B. Increasing the proportion of hydrogen

C. Increasing the pressure

D. Increasing the temperature

E. Removing the methanol asit is produced

Which one of the following pairs of reactants will give aneutra solution when mixed together in
equimolar amounts?

A. HCI (ag) + Pb(NO,), (aq) B. H,SO, (ag) + NaOH (ag) C. H,SO, (aqg) + K,O (s)
D. CH,COOH (aq) + NaOH (aq) E. CH,COOH (I) + CH,OH (I)

The following reaction takes placein alimekiln:

CaCO,4(s) — CaO(s) + CO,(g)

Giventhat AH, (CaCO,(s)) = -1207 kI mol™*; AH, (CaO(s)) = -635.1 kJmol *;

and AH, (CO,(g)) =-393.5 kJmol™, the energy change involved in producing
one tonne (1000 kg) of quicklime (Ca0) is:

A. 1.78x 10°kJrequired  B. 1.78 x 10° kJ required C. 3.18 x 10° kJ required
D. 1.00 x 10° kJproduced E. 3.18 x 10° kJ produced

What is the entropy change (in Jmol™* K™) for the evaporation of water at standard ambient
temperature and pressure? Given:

AH° ,oo(H,0(1) =-285.8kJ mol™ AG®, ,e(H,0(1)) =-237.2kJ mol*
AH" | ,5(H,0(g)) = -241.8 kI mol™* AG’, ,,(H,0O(g)) = -228.6 kJ mol™

A. -120 B. -0.12 C. 0.00 D. +0.12 E. +120



22.

23.

24,

25.

Chlorofluorocarbons were widely used as refrigerants until it was discovered that they were
destroying the ozone layer. One of these, Freon 12, undergoes a series of reactions as shown
below (not in sequence). Which of theseis the chain initiation reaction?

A. O~ +0, - 20,
B. ClO*+ 0O+ — Cls + O,
C.Cls +0, ~ ClO + O,
D. CF,Cl, - CF,Cl+Cle
E. *CF,Cl+ *CF,Cl - CFCl,

Which one of the following reactionsisNOT redox?

A. Br,+H,0 = HBr+ HBro

B. I, +2NaS,0, - 2Na + Na,S,0,

C. Na,AsO, + H,0, - H,O + Na,AsO,

D. I,+6NaOH < NalO,+ 5Nal + 3H,0

E. 2K,CrO, + H,SO, = K,Cr,O, + K,SO, + H,0

The reaction between mercury(I) chloride and ethanedioate (oxalate) ions may be represented by
the following equation:

2HgCl,(a0) + C,0,%(a0) — 2CI'(ag) + 2CO,(g) + Hg,Cl,(s)

If the rate of reaction at a particular stage of the reaction is 5.00 x 10° mol L™ min™ for HgCl,,
which isthe correct rate of reaction at that time in terms of another component of the mixture?

5.00 x 10° mol L™ min™ for C,0,*
5.00 x 10° mol L™ min™ for CI’
1.14 x 10° g min * for CO,

2.40 x 10 L min™ for CO,

1.05x 107 g L™ for Hg,Cl,

moow»

Two students set up asimple cell at room temperature and pressure with zinc as the anode and
nickel asthe cathode. The relevant standard reduction potentials are:

Zn**(ag) + 26 = Zn(s); E°=-0.76V
Ni*(ag) +2e = Ni(s); E°=-0.25V
If the concentration of the solution in the nickel half-cell isincreased to 2.0 mol L™ with respect to

Ni** ions and the concentration of the solution in the zinc half-cell is kept at
1.0 mol L™ with respect to Zn* ions, then the overall cell potential will be:

A. morepositivethan+ 051V B. equalto+0.51V C. between+ 051V and-0.51V
D. equa to-0.51V E. more negative than - 0.51V

THISISTHE END OF PART A OF THE EXAM
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NATIONAL HIGH SCHOOL CHEMISTRY EXAMINATION 2001
PART B - ESSAY QUESTIONS (90 minutes)

Answer TWO questions only in the form of scientific essays, including any appropriate
equations, formulae and diagrams. Each question is of equal value. The judging of the essays
will be based on both factual accuracy and presentation. A clear, concise and well-organized
essay will be rated more highly than along rambling one that contains the same information.

1. Air Pollution

In this essay you should consider different sources of atmospheric pollution, the reactions taking
place in various parts of the Earth’s atmosphere, and the effects of pollution on plants, animals,
and buildings. You could also discuss how chemists and chemical engineers can help to improve
air quality.

2. Catalysts

In this essay consider how catalysts can be used to alter the rate of chemical reactions, giving
examples of catalysts that are used in the laboratory, on an industrial scale, and in biological
systems. You could also discuss how a catalyst alters the energy profile of areaction, and how it
changes the reaction mechanism.

3. Polymers

In this essay consider some examples of polymers and the reactions that are used to produce
them, and discuss how polymers can be designed to have specific properties that enable them to
be used for different purposes. You could also compare some man-made polymers with similar
compounds that occur in nature.
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1. (15 marks)

1a)

A compound of iron and chlorine was readily dissolved in water. An excess of silver
nitrate was added to precipitate the chloride ion as silver chloride. If a0.270 g sample of
the compound gave 0.610 g of AgCl, what is the percent (%) chlorine in the compound of
iron and chlorine? What is the most probable identity of the compound of iron and
chlorine?



1b)

A silver wire and a standard hydrogen electrode (SHE) were placed in a saturated

solution of silver oxalate, Ag,C,0,, The potential difference between the silver wire and

the SHE was measured as 0.589 V. Calculate the solubility product constant, Ksp, for
silver oxalate.

Given: 2H"(ag, M) + 2 € — H.(g, 1 am) °=0.00V
Ag @)+ € - Ago E°=+0.80V
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238
92 U

2h)

(15 marks)

Depleted uranium is primarily 2*U , the remaining material after natural uranium has

been refined to remove most of the Y. The present controversy about its use in
armor-penetrating shells relates to both its chemical and radioactive propertitza(%.
Radioactive decay proceeds through a number of individual stepsto eventually producesz Po

A few of theinitia reactions are illustrated below and you are expected to fill in the (7)
missing species and numbers in the blanks indicated to correctly complete each reaction.

234 0 —_— 0 234
a + Th—>18+ Pa—>1F5+ L

In the February 8, 2001, Letters to Nature, measurement of stellar age from uranium
decay was reported by R. CAYREL, et al. They claim their cosmochronometer gives the
most direct age determination of the Galaxy.

Radioactive dating of meteoritic material and stars relies on comparing the present
abundance ratios of radioactive and stable nuclear species to the theoretically predicted
ratios of their production. U (half-life 4.5 Gyr) isin principle an age indicator, but even
its strongest spectral line, from singly-ionized uranium at a wavelength of 385.957 nm,
had previously not been detected in stars. They report a measurement in the very metal-
poor star CS31082-001, a star that is strongly overabundant in its heavy elements. If their
derived uranium abundance was reported as 0.146, (i.e. the ratio of the radioactive U to
that theoretically predicted originally), what is their expected age of the Galaxy?



2c) The following initial rate data were obtained at 60°C for a reaction between
dibromoethane and potassium iodide in methanol. (In methanol, potassium iodide exists

mainly as KI molecules.)

C,H,Br, + 3Kl — C,H, + 2KBr +KIj

Experiment Initial conc. Initial conc. Initial rate
C,H,Br, mol L™ KI mol L™ mol L™'s™
1 0.50 1.80 0.269
2 0.50 7.20 1.08
3 1.50 1.80 0.807

From these data, what is the rate expression for the reaction? Show your reasoning.

2d) The water flea Daphnia seems to have a heart that is capable of a limited number of
heartbeats and then it dies. These fleas live twice aslong at 15°C as at 25°C. What isthe
average activation energy for the reaction that controls the rate of the heartbeat of this

water flea?




39

(15 marks)

Spinel structures are found in mineral compounds having the general formula AB,O,.
These structures can be described as face-centered cubic (fcc) lattices of oxide ions
containing A and B metal cations.

Face-centered cubic crystal structure
Assume that the oxidation states of A and B metals range from +1 to +6 (no fractional

values). What possible AB, metal combinations would fit the general AB,O, formulafor
spinel compounds?

Assume that A and B are both cations from Row 3 (3 Period).

Which cations of Row 3 allow an acceptable AB, metal combination?

Should these cations be of approximately the same size? If not, which cation should be
the smallest one and why?



i)

3h)

Magnetite, Fe,O,, possesses what is called an “inverse spinel” structure still based on fcc
lattice of oxide ions. Considering the different types of interstices (tetrahedral and
octahedral holes) in such a fcc lattice, calculate the ionic radii of the Fe ions, given that
the density of magnetite is 5.18 g cm™ and that the ionic radius of oxide ionsis 140 pm
(assume that oxide ions are closely packed and that Fe ions are fully occupying the hole
in which they are located).

Let us compare the crystalline structures of sodium iodide and cadmium iodide. Both
structures are based on an fcc packing of iodide ions and both cations, Na* and Cd*, are
approximately of the same size. Sodium iodide is a brittle solid while cadmium iodide
can be used as a graphite-like lubricant. Give an explanation to account for the two very
different behaviours of sodium iodide and cadmium iodide.



439)

(15 marks)

Chromium (V1) species are powerful oxidizers, which can oxidize primary alcohols to
carboxylic acids. The spectrophotometric determination of potassium dichromate
(K,Cr,0,), which shows an intense orange colour in solution, was for a long time the
basis for the testing of alcohol (ethanol CH,CH,OH) in the breath / exhaled air of
suspected drunk drivers.

Write the balanced equation representing the oxidation of ethanol into acetic acid
(CH,COOH) by an acidified solution of potassium dichromate.

A driver is arrested and asked to pass a “Breathalyser” test. A sample consisting of 56.5
mL of exhaled air is then bubbled into a spectrophotometric cell containing 3.00 mL of a
0.025% (w/v) potassium dichromate solution. The transmittance of the solution,
measured at the absorption wavelength of dichromate ion (450 nm), was 41.5% initialy,
and 43.4% after bubbling the sample though the reaction cell. It is known that the a cohol
concentration in the blood stream is 2300 times higher than in the exhaled air, and that
the legal limit is 80 mg of alcohol per 100 mL of blood. Determine the concentration of
alcohol in the blood and state whether or not the driver should be charged with drunk
driving.



41)

A sample of 0.3657 g of a powder containing only barium nitrate (Ba(NQ,),) and calcium
nitrate (Ca(NQO,),) are dissolved in about 50 mL of water. Ammonia is added to the
solution to raise its pH, then an excess of sodium oxalate (Na,C,0,) is added to
precipitate the metals. The precipitate is then filtered, washed and transferred to a beaker
containing 50.00 mL of water. The solution is acidified to solubilise the precipitate before
being titrated with a solution of potassium permanganate (KMnQO,) 0.0500 mol L™. It was
found that 13.94 mL of the permanganate solution are required to reach the end point,
which is characterised by the pink coloration due to a slight excess of KMnO,.

Find the composition of the initial mixture.

Ky BaC,0, = 1.50 x 10°
CaC,0, = 2.34x 10°

Half-Reactions:
MnO, + 8H" + 5¢ - Mn* + 4H,0 E°= +151V
2CO, + 2H" + 26 - H,C,O, °=-049V



5a)

5h)

5¢)

5d)

(15 marks)

A resonance structure is one of several valence-bond structures with localized electrons
that approximate the true structure of a compound that has delocalized electrons.

Draw two additional resonance structures of the amide shown below clearly indicating
the positions of any lone pairs of electrons and formal charges that may be present.

<
:9: /H :IO: /H
ch—CH:CH—C—N\: > HSC—CH:CH—g—I\I\:
H H

Write, in the boxes, the hybridizations of the oxygen atomsindicated in the ester below.

P |
0 ;is

In the ester shown abovein part b), is the maximum number of atoms that

simultaneously could lie in the same plane.

-

H3C

Knowledge of symmetry aids in predicting the number of products of a reaction and also
in interpreting the spectroscopic features of a molecule. Assume that free rotation is
occurring about all bonds in the molecule A below, and thus that equivalent atoms cannot
be distinguished.
s
ch_ Hzc_ |C_ CH3
A CHjg

i) How many chemically different types of carbon atomsexistin A?
i) How many chemically different types of hydrogen atoms existin A?

i) How many different dibrominated positional (also called constitutional) isomers
of A could be formed in the reaction of A with bromine?

iv) Two of the possible dibrominated positional isomers of A can be chiral and thus
exist in the form of enantiomers (compounds not superimposable on their mirror
images). Draw these two different enantiomers.



5¢e) Clearly show the structure of the one major organic product of each of the following
reactionsthat all involve the loss of water (i.e. dehydration).

1)

0
C\OH CH3OH
— " 3 H,0 +
+
H
OH
i)
H3C H,N-OH
C=0 —>» HO +
HsC H
iii)
CHy ot
—> H20 +
OoH  Hea
iv)
HiC
c=0
_ H3C
GHmOH 77 5 H,O +
CHZ_OH +
H
v)
Heat

HOzc_CH2CH2_C02H —> Hzo +

END OF EXAMINATION



