Marking Guidelines Trials 2002
JAMES RUSE AGRICULTURAL HIGH SCHOOL
2002 CHEMISTRY TRIAL HSC EXAM
Section I (continued)

Part B - 60 marks
Attempt Questions 16 -28
Allow about 1 hour and 45 minutes for this part

Answer the questions in the spaces provided )
Show all relevant working in questions involving calculations

Question 16 (3 marks)

A 5.00 mL volume of vinegar was found to weigh 4.50 g. The vinegar was placed into a conical

flask and diluted with 20.0 mL of distilled water. The concentration of acetic acid (ethanoic acid)
in the vinegar was determined by titration with 0.100 mol L™ sodium hydroxide. At the endpoint,

the titre was 23.3 mL.

(a) Calculate the percentage mass of acetic acid in the original undiluted vinegar.

MARKS

Merking Guidelines Trials 2002

Question 17 (3 marks)

(a) (i) Explain why ammonium chloride can form an acidic solution in water and
therefore classified as an acidic salt. Use equation(s) in your answer.

Criteria

Mark(s)

The NHy' ion is a better proton donor, ie a stronger acid than water and rmnno. is able to donate a
proton to water to increase H;O" concentration in water.
NH,' +H,0 & NH; + HO'

any answer with a similar reasoning

(ii) Explain why sodium hydrogen carbonate can form a basic solution in water and
is therefore classified as a basic salt. Use equation(s) in your answer.

Criteria

The HCOj5' ion is amphiprotic substance but tends to accept rather than donate protons to water.
Abstraction of a proton from water results in a basic solution

HCOs + H;O0 © H:COs+OH'. Free OH ions in solution make the solution basic

any similar reasoning with an equation

Criteria

Mark

mole CH>COOH = mole NaOH = (0.100 moll.7)(0.0233 L) =233 x 10™ mol
mass CH3COOH = mole-x molar mass
=233 x 107 mol x [ 2(12.01) + 2(16.00) + 4(1.008)]
=0.13992~0.140 g

0.140
% CHsCOOH  =( mass/mass ) 100% =

4.50

— x 100 =3.1%

Coreect calculations

(b) Name a salt which should form a neutral solution in water.

Criteria

Sodium chloride

any other neutral salt

(b) What is the concentration (mol L) of acetic acid in the undiluted vinegar?

Criteria

Mark(s)

[CH:COOH) = mole CHiCOOHAvol in L
= 2.33 x 10" mole/0.005L
= 0.466 mole/L

Correct calculation
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Masking Guidelines Triale 2002
Question 20 (2 marks)
Using ethanoic acid and nitric acid in your answer. Draw diagrams to represent:

(a) a concentrated, weak acid solution. (b) a strong, dilute acid solution

Make sure you use correct formulas in your diagrams.

Y T

CH,CO0O™
CH3COO#H
_M ZOul I.—.
CH;COOH
CH.COOH
CHsCOOH He NOs™
CHiCOOH
concentrated weak acid solution strong, dilute acid solution
Page 11 of 23
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MARKS
Question 21 (6 marks)

(a) Describe the procedure you used to quantitatively analyse a manufactured product 4

- | orange. The number of moles of citric acid = 3 times the number of moles of NaOH;

Criteria Mark(s)
Analysis of citric acld in orange juice Citric acid is an acid and can be determined by titration 4

with a standard solution of a base.. Exactly 25.00mL of orange juice was pipetied into a conical
flask. The pipette was previously rinsed with orange juice and the conical flask, rinsed with
demineralised water. The orange juice was titrated with standard NaOH solution with
phenolphthalein as the indicator. The NaOH solution was added until the yellow solution turned

HiCit + 3NaOH — NasCit + 3H,0

Complete procedure including equation(s), the principle behind the analysis and the stoichiometry | 4
of the reaction

(b) Identify one problem you encountered in the procedure. 1

Criteria Mark(s)

One problem is the difficulty in judging the endpoint of the titration since the orange juice is itself | 1
| highly coloured

any valid problem 1

(c) Propose a solution to this problem. : 1

Criteria Mark(s)
A solution to this problem is the use of a pH glass electrode to monitor the titration. The electrode 1
should be rinsed well afier the titration to prevent any orange juice component from fouling the
| glass membrane

any reasonable solution to the analysis problem given in (b) 1

Page 12 of 23
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Marking Guidelines Trials 2002

Question 24 (5 marks)

15

MARKS

Discuss the problems associated with the use of CFCs and the steps taken to alleviate these problems. 5

— e

Mark(s)

The main problem associated with the use of CFCs is their ability to destroy ozone in the
stratosphere. CFCs are broken down in the stratosphere under the influence of UV radiation to
produce chlorine free radicals which can destroy ozone. The destruction of the Earth's radiation
"shield", the ozone layer, exposes the Earth's surface to dangerous levels of ozone which can cause

cell damage in both plants, animals, and humans leading to skin cancers and cataracts. In addition,

the CFCs are also greenhouse gases which contribute to global warming leading to global erratic
weather patterns.

The Montreal Protocol in its various versions aimed to alleviate these problems by halving and later
on totaily banning the manufacture of CFCs, the encouragement of the use of CFC replacements
(such as HCF and HCFC) which are planned to be phased out as well and the seiting up of funds to
help third world countries phase out CFCs. Research on the development of new sunscreens may
help in alleviating the harmful effects of a thinning ozone layer.

Marking Guidelines Trials 2002

Question 25 (5 marks)

(a) A student prepares 250 mL of a 5% (w/v) glucose solution and adds 1 gram of
yeast. Write a balanced chemical equation for the fermentation which occurs.

16

MARKS

. Criteria =~

Celi0s ——> 2COAg) + 2 CH:OH

Yeast enzymes must be included to obtain the mark

(b) Calculate the mass of ethanol produced.

. Crteria - .

Problems associated with CFCs
Montreal protocol regulations and other initiatives

w

Page 15 of 23

mass of glucose = (0.05 m\BS.x Nwo Er =125¢g
mole C;HsOH = 2 x moles C4H ;204
= RN v ¥ W—
=2x 6(12.01)+12(1.008 }+6(16.00) 0.1388 ~ 0.139 mole
mass of C;HsOH = mole of C;HsOH x molar mass = 0.139x[2(12.01) +6(1.008) + 16.00]
=636g

(c) Describe conditions which promote fermentation.

- Critenig: i

Warm temperature, ~ 37°C and the presence of yeast enzymes promote maaonsaou .

At least two conditions should be given to obtain the mark.

(d) Relate the structure of the ethanol molecule to its use as a solvent.

The ethanol molecule is a good solvent for polar substances because it is a polar molecule. The
highly electronegative oxygen depletes the carbon and the hydrogen of electrons making them
partially positive and itself, partially negative. It is able, therefore to dissolve polar substances by
dipole-dipole interaction or hydroxylated substances by hydrogen bonding. It also has a non-polar
part which can dissolve slightly polar substances.

any reasonable explanation

Page 16 of 23
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Marking Guidelines Trials 2002
Question 28 (5 marks)
45
400
%0
= =
200 -~
-
100
50
0
0 2 'l 6 8 1
Akanes (C1-C8)

The graph shows the boiling points of the alkane series from methane to octane.

(a) Identify which gaseous alkane (plotted on the graph) would be the easiest to liquefy and give

a reason for your answer.

- | Mark(s)

Butane, the gas with the highest boiling point and hence the easiest to liquify. Ifall
gases were cooled it will be the first to reach its "condensation" temperature which is
the same as its boiling point. Among the gaseous hydrocarbons, it exhibits the greatest
dispersion forces due to its higher molecular mass.

Butane

2

1

explanation of choice

1

(b) Sketch a curve on the graph showing the relative boiling points of the alkanoic acids
ethanoic acid to hexanoic acid in relation to the Sﬂﬁvoaﬁm alkanes.

from

Criteria

as indicated in the graph

ZB&_A&

(c) Explain the difference in the boiling points of the alkanes versus the alkanoic acids

Mark(s)

The alkanes have only weak dispersion forces between molecules and hence require
only a small amount of energy to separate them. However, alkanoic acids are
extensively hydrogen-bonded to each other, hydrogen bonding is a stronger
intermolecular force than dispersion forces and hence require more energy to separate
the molecules from each other, i.e., higher boiling point.

discussion of two forces

Page 19 of 23
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Section I 25 marks

Question 29. (25 marks)

(a) Describe the work of Davy and Faraday in increasing the understanding of electron

transfer reactions.

[ Mark(s)

Davy discovered electrolysis, the use of electricity to break down substances
chemically. His contribution includes the electrolysis of sodium and potassium, a 2
technique using electron-transfer processes. He demontrated these procedures without
specifically explaining them.

Faraday quantified electrolysis with his laws. He related the mass of substances 2

uced and the amount of electricity passing through.

(b) Various methods can be used to protect the hulls of ships from corrosion. Explain four different

methods that are used for protection.

MARKS

 Criteria

Fo
.

ur different methods used to protect the hulls of ships from corrosion are:
Painting the hull of a ship with new polymer paints such as the Rustmaster Pro. This paint forms a
smooth impermeable (to oxygen and water) layer on the surface of the hull. !t also incorporates
additives that react with the surface to form a very insoluble ionic substance pyroaurite. This layer
prevents ion migration on the surface and in conjunction with the polymer surface shields the surface
from oxygen and water, thus, inhibiting corrosion.
Hulls of ships are bombarded with metal ions such as Ni and Cr in the plasma state. These metal ions
form surface alloys on the surface of the hulls to form a "stainless stee] * - like finish. The protection
is similar to the surface passivation afforded by alloying metals such as Cr and Ni in stainless steel.
Cathodic protection may be employed to protect the hulls of ships. This is done by attaching an
active metal i.e. one which has a more negative reduction potential than iron (such as Zn and Mg)to
the hull of the ship. These metals, because of their greater reactivity act as sacrificial anodes. The
hull becomes the cathode and the active metal becomes the sacrificial anode. The reactions are:
O; +2H,0 +4¢ - 40H cathode reaction
Mg®) - Mg* + 2¢ anode reaction

. gﬁﬁn&&oﬁﬁﬁsﬁw&nn@:&8@5&::%5«&.%5555«:50%EEEomEv.mv:: as

the cathode. Any Fe? ions are reduced as well as Oz (The reduction of oxygen is the main reduction
process. The reactions are:
O; +2H,0 +4¢ - 40H
Fe** +2e" — Fe(s)

cathode reactions

2HO - O, + 4H' + 4¢ anode reaction at the inert electrode

Page 20 of 23
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Marking Guidelines Trials 2002
(i) Write a balanced equation to represent the oxidation process. At which
electrode does this occur?
. Criteria .| Mark(s)
Agy > Ag' + € 1
This reaction occurs at the silver electrode, the positive electrode, the anode.
(ii) Write a balanced equation to represent the reduction process. At which
electrode does this occur?
Criteria Mark(s)
Agt + & = Ag(® 1

This reaction occurs at the cathode, the negative electrode, at the "object to be plated”

(g) Consider the electrolysis set-up below:

@gn electrodes
— — | K280, solution

et

Describe using half-equations what happens at the anode and the cathode during electrolysis

Criteria -

4 Mark(s)

Anode:(positive electrode)

H.0 - 1/20«g) + 2H +2¢
Cathode: :
HO +¢ — 1/2Hyg) +OH

1

1

End of Question 29
END OF TEST ©

* The actual electrolyte species is Ag(CN); .
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