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DATA SHEET

Physical Constants
F =96 500 C mol™ Ideal gas equation
R =8.31 JK ' mol pV =nRT
Vi (STP) =22.4L mol
Vi (SLC) =24.5L mol’
The Electrochemical Series

E° in volt
Fa(g) + 2¢ — 2F(aq) +2.87
H,0,(aq) + 2H'(aq) +2¢°  —2H,0(l) +1.77
Au'(aq) + ¢ — Au(s) +1.68
MnOy (aq) + 8H (aq) + 5¢°  — Mn*(aq) + 4H,O(1) +1.50
Cly(g) + 2¢ — 2CI'(aq) +1.36
Ox(g) + 4H ' (aq) + 4¢” — 2H,0()) +1.23
Bry(1) + 2¢ — 2Br(aq) +.1.09
Ag'(aq) + e — Ag(s) +0.80
Fe’'(aq) + ¢ — Fe*'(aq) +0.77
I(s) + 2¢ — 2I'(aq) +0.54
0x(g) + 2H,0(1) + 4 — 40H (aq) +0.40
Cu2+(aq) + 2¢ — Cu(s) +0.34
COx(g) + 8H'(aq) + 8¢ — CHy(g) + 2H,0(1) +0.17
S(s) + 2H (aq) + 2¢° — H,S(g) +0.14
2H'(aq) + 2¢” — Ha(g) 0.00
Pb*(aq) + 2¢” — Pb(s) -0.13
Sn2+(aq) + 2¢ — Sn(s) -0.14
Ni*"(aq) + 2¢” — Ni(s) -0.23
Co*"(aq) + 2¢ — Co(s) -0.28
Fe*'(aq) + 2¢ — Fe(s) - 0.44
Zn*(aq) + 2¢ — Zn(s) -0.76
2H,0(1) + 2¢ — Ha(g) + 20H (aq) -0.83
Mn*"(aq) + 2¢ — Mn(s) -1.03
Al¥(aq) + 3¢ — Al(s) - 1.67
Mg”(aq) + 2¢ — Mg(s) -2.34
Na'(aq) + ¢ — Na(s) -2.71
Ca*'(aq) +2¢ — Ca(s) -2.87
K'(aq) + ¢ — K(s) -2.93
Li'(aq) + e — Li(s) -3.02
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Student Name.....ccccevveiieiiiiieiiniiienieennenn.
VCE Chemistry 2005 Food Test Unit 4

SECTION A
MULTIPLE CHOICE ANSWER SHEET

Instructions:
For each question choose the response that is correct or best answers the question.
Circle the chosen response on this answer sheet.
Only circle one response for each question.

Question 1. A B C D
Question 2. A B C D
Question 3. A B C D
Question 4. A B C D
Question 5. A B C D
Question 6. A B C D
Question 7. A B C D
Question 8. A B C D
Question 9. A B C D
Question 10. A B C D
Question 11. A B C D
Question 12. A B C D
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VCE Chemistry 2005 Food Test Unit 4

SECTION A - [ 12 marks, 15 minutes |

This section contains 12 multiple choice questions.

For each question choose the response that is correct or best answers the question.
Indicate your answer on the answer sheet provided.

(Choose only one answer for each question.)

Question 1

What functional group undergoes hydrolysis during the digestion of carbohydrates?
Peptide.

Ester.

Amide.

Ether.

o0

Question 2
What functional group or groups are formed as a result of the hydrolysis of a carbohydrate?
A. Carboxy and hydroxy groups.
B. Carboxy and amino groups.
C.  Carboxy groups.
D. Hydroxy groups.

Question 3

Which of the following molecular formulae could represent a polyunsaturated fatty acid?
Ci3H3,0..

Ci8H360;.

Ci3H340..

Ci8H2304.

o0

Question 4
Fats yield about 37 kJ g compared with about 17 kJ g for carbohydrates. Which one of the
following best explains this observation?
A.  Fats are larger molecules and have a higher molar mass.
B.  Fats are less oxidised having a lower carbon:oxygen atom ratio than
carbohydrates.
C.  Carbohydrates are larger molecules and have higher molar masses.
D. Fats contain carbon-carbon double bonds that are more readily oxidised and this
yields the higher energy.

Question 5
Which one of the following lists the molecules used by animals and plants to store
carbohydrates?

Animals Plants
A. | Glycogen Cellulose
B. | Starch Glycogen
C. | Glycogen Starch
D. | Glycogen Cellulose and starch

Lisachem Materials VCE Chemistry 2005 Food Test Unit 4



Questions 6 and 7 refer to the following data.

The structure for the amino acid cysteine is shown below:
COOH

C
H,N="/ “NCH,-SH
H

Question 6
When cysteine reacts with other amino acids to form a protein, condensation reactions will
occur between

A. the -NH; and —SH groups.

B. the —SH and —COOH groups.

C. the —-NH, and -COOH groups.

D. the —-NH,, -SH and —COOH groups.
Question 7

The sulfur atom on a cysteine unit in a protein could

A. lead to the formation of cross linkages with similar units in the protein and
contribute to the tertiary structure of the protein.

B.  contribute to the tertiary structure of the protein through electrostatic interactions
with similar units in the protein.

C. contribute to the secondary structure of the protein as the result of hydrogen
bonding.

D. lead to the formation of disulfide linkages with similar units in the protein and
contribute to the primary structure of the protein.

Question 8
In the human body during digestion starch is

A.  hydrolysed to form glucose by a single enzyme.
B. initially hydrolysed to form maltose that is then hydrolysed to form glucose.
C. initially hydrolysed to form sucrose that is then hydrolysed to form glucose.
D. initially hydrolysed to form sucrose that is then hydrolysed to form glucose and
fructose.
Question 9

Which of the following processes would have the least direct effect on the level of carbon
dioxide in the atmosphere?

Photosynthesis in plants.

The formation of limestone, CaCOs.

The decay of animal and plant matter.

The dissolution of carbon dioxide in the oceans.

oOwp

Question 10
A biochemist found that a certain enzyme became inactive when the temperature exceeded
65 °C. This is most likely due to the protein becoming denatured as a result of

A.  the hydrolysis of the protein at higher temperatures.

B.  condensation reactions occurring producing a larger protein molecule.

C. protonation of -NH units in the structure at higher temperatures.

D. cross-linking between various parts of the protein molecule.

2 Lisachem Materials VCE Chemistry 2005 Food Test Unit 4



Question 11
Vitamin E is often added to margarine during its manufacture. Vitamin E is added because it

A.

B.

C.
D.

is a substance that will dissolve in lipids and can act as an antioxidant to prevent
the margarine from becoming rancid during storage.

is a non-polar substance that can act as a surfactant to stabilise the water in oil
emulsion.

is a surfactant that can stabilise the oil in water emulsion.

is a substance that can kill microbes and thereby act as a preservative to extend
the shelf life of the product.

Question 12
Which one of the following nitrogen containing compounds would be least suitable for use as

a crop fertilizer?

A. NH;NOs.
B. HNO..

C.  (NH).SOs.
D. H,NCONH.,.

End of Section A
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SECTION B - [ 28 marks, 35 minutes |

This section contains four questions, numbered I to 4.

All questions should be answered in the spaces provided.

The mark allocation and approximate time that should be spent on each question are given.

Question 1 - | 9 marks, 11 minutes |

The semi-structural formula for an oil derived from a plant is shown below;
0O

I
H,C —0—C —(CH,),CHCH(CH,),CH,
I

C
| 0
0

HC=—0O=—C

H,C—0—C—(CH,),CHCH(CH,),CH,

— (CH,),CHCH(CH,),CH,

a.  The addition of some bromine solution to a sample of this oil resulted in a decolouration
of the bromine solution. Give an explanation for this observation.

1 mark
b.  When this oil is digested in the human body what is the name of the functional group
that undergoes reaction and what type of chemical reaction occurs in this process?

1 mark
c.  What are the chemical formulae of the products that are formed as a result of the
digestion of this 0il?

1 mark
d.  Write a chemical equation for the oxidation of the fatty acid that would be formed
following the digestion of this 0il?

2 marks

4  Lisachem Materials VCE Chemistry 2005 Food Test Unit 4



e. A 0.654 g sample of this fatty acid released 25.9 kJ of energy when it was burnt in a
bomb calorimeter. Determine the AH for the oxidation reaction described in d. above.

3 marks
f. During digestion the body secretes bile into the digestive tract. What role does bile play
in the digestion of an oil such as the one described?

1 mark

Question 2 - [ 7 marks, 10 minutes |
a. The following diagram shows some of the compounds that play a role in the nitrogen
cycle.
Na(g) — NO(g) — NOx(g) — NOs'(aq)
1. What is the main natural process that will convert nitrogen gas to nitrogen oxide?

1 mark
ii.  Why would this process not provide sufficient fixed nitrogen in soils for the
world's biological needs?

1 mark
b. i What is another nitrogen containing species that can be produced from
atmospheric nitrogen by a natural fixation process?

1 mark

Lisachem Materials VCE Chemistry 2005 Food Test Unit 4 5



ii.  What is necessary to bring about this fixation process?

1 mark
c.  What are two other methods that can add significant quantities of nitrogen containing
compounds to the soil?

2 marks
d.  How do plants use the nitrogen compounds that they obtain from the soil?
1 mark
Question 3 - [ 6 marks, 7 minutes |
Emulsifiers are a group of food additives that can be added to processed foods.
a.  What are the requirements for a compound to act as an emulsifier?
1 mark
b.  What are the two common types of emulsion that can be formed and how do they
differ?
2 marks

6 Lisachem Materials VCE Chemistry 2005 Food Test Unit 4



c.  Select one of the types of emulsions given in b. above and give two characteristics of
this emulsion.

Emulsion type:

2 marks
d.  How does the behaviour of the emulsifier differ between the two emulsion types?

1 mark

Question 4 - [ 6 marks, 7 minutes |

The structures for the two amino acids, alanine and valine, are shown below.

COOH COOH
~C N ~C ~
HN="/ ™CH, H,N="/ SCH(CH,),
H H
alanine valine

a. 1. What is a zwitterion?

1 mark
ii.  Draw the zwitterion structure for valine.

1 mark

Lisachem Materials VCE Chemistry 2005 Food Test Unit 4 7



b. 1 Amino acids are soluble in water. Why is the structure for an amino acid in
solution dependant on the pH of the solution?

1 mark
ii.  Draw the structure that alanine would have in a high pH solution.
1 mark
c.  Draw the structures for the two dipeptides that would be formed by combining the two
amino acids.
2 marks

End of Task

8 Lisachem Materials VCE Chemistry 2005 Food Test Unit 4



Suggested Answers VCE Chemistry 2005 Food Test Unit 4

SECTION A [1 mark per question.]
Q1 D  The functional group hydrolysed during the digestion of carbohydrates is the
ether, C-O-C, functional group.

CH,OH CH,OH

H 0 H H @) H
H H
OH H OH H

OH 0 OH
H OH T H OH

Ether functional group
Q2 D  The functional groups formed when a carbohydrate is hydrolysed are two
hydroxy groups, -OH.

CH,OH CH,OH
H 0) H H O H
H H
OH H OH H
OH O OH
H OH H OH
CH,OH CH,OH
H 0] H H @) H
H H
OH H OH H
OH OH OH Ol
H OH H OH

Hydroxy functional groups

Suggested Answers VCE Chemistry 2005 Food Test Unit 4



Q3 A  Fatty acids have a carboxy, -COOH, group attached to a hydrocarbon chain.
Therefore a fatty acid containing 18 carbon atoms will have a hydrocarbon chain
containing 17 carbon atoms, because one carbon atom is associated with the
carboxy group. Therefore a saturated C;s fatty acid would have the
semi-structural formula; CH3(CH;);6COOH or C;7H35COOH to give a molecular
formula of C18H3602.

Polyunsaturated fatty acids have two or more carbon-carbon double bonds. For
each double bond there will be two less hydrogen atoms in the hydrocarbon chain.
Therefore for a polyunsaturated fatty acid the molecular formula must have four
or more hydrogen atoms less than that for the saturated fatty acid, therefore 32 or
less hydrogen atoms. C;sH3,0;.

Response D with 28 hydrogen atoms is not correct because there are four oxygen
atoms.

Q4 B  The best response is Response B.

Response A is not acceptable because some carbohydrates, such as starch have
molar masses well in excess of fats.

Similarly response C is not acceptable because glucose is a monosaccharide and
its molar mass is less than most fats.

Not all fats contain carbon-carbon double bonds, therefore response D is
unacceptable.

Since most carbohydrates are based on the basic C¢H;,0¢ unit, compared to fats
with a significant hydrocarbon chain component, fats therefore have a lower
carbon:oxygen ratio than carbohydrates and hence are less oxidised.

Q5 C  Both animals and plants store carbohydrates for later energy use by polymerising
glucose. The storage molecule in animals is glycogen, while that in plants is
starch. Plants use cellulose for their structures and not as an energy store.

Q6 C  When amino acids form proteins the condensation reaction occurs between the
amino, -NH;, group and the carboxy, -COOH, group to form the peptide,
-NHCO-, linkage.

Peptide Link
HS P 0 HS
’0 /CHz /CH2 ’c‘ /CHZ
CH, R N5
ne” DO N C\ H ~ —— HS H/|C N—C—H
H/ | OH C=—o0 NH C—o0
/ 2 J/
NH, HO HO

Condensation reaction between two amino acids.

Q7 A  The—SH group on cystine can form disulfide links with other similar groups in
the protein and these contribute to the tertiary structure of the protein.

Q8 B  During digestion the poly saccharide starch is first hydrolysed to form the
disaccharide maltose then further hydrolysed to form the monosaccharide
glucose.

Q9 B  The process that would have the least direct effect on the level of carbon dioxide
in the atmosphere is the formation of limestone as this process is due to the
formation of sediments from corals, shells and marine animal skeletons.
Responses A and D both remove carbon dioxide from the atmosphere whereas
response C releases carbon dioxide into the atmosphere.

2 Suggested Answers VCE Chemistry 2005 Food Test Unit 4



Q10 D  The activity of an enzyme is dependent on its shape (structure), as enzymaticly
catalysed reactions are very specific and require the reacting substrate to bind to a
site on the protein. When the enzyme has become deactivated then the protein has
been denatured. Denaturation can result from either heating, altering the pH or
the addition of various chemicals. Denaturation results in a change in the
structure of the protein, and heating can lead to the formation of disulfide links
between various parts of the protein and/or other protein chains. Heating will not
significantly change the pH and as a result the structure will not be altered by
protonation of the —-NH groups.

Q11 A  Vitamin E acts as an antioxidant when it is added to margarine. It is non-polar
substance, therefore it will be soluble in the lipid based margarine that is a water
in oil emulsion. Antioxidants prevent lipids from reacting with the air and
becoming rancid on storage. This is especially important for unsaturated fats
because the carbon-carbon double bonds readily oxidised.

Q12 B  All four compounds could provide plants with nitrogen in a suitable form,
however, HNQOs, nitric acid, would not be a good choice because of its acidity.

SECTION B

Question 1 - [ 9 marks, 11 minutes |

a.  The decolouration of the bromine indicates that the bromine is reacting with the oil.
Since the oil is made up from a monounsaturated fatty acid, one containing a single
carbon-carbon double bond, the bromine will react and undergo an addition
reaction across the carbon-carbon double bond. (1 mark)

b.  When the oil is digested it will undergo a hydrolysis reaction involving the ester
functional group. (1 mark)

c.  The two product formed by the digestion of this oil are glycerol,
CH2(OH)CH(OH)CH>(OH), and the fatty acid, CH3(CH,);CHCH(CH;);COOH.

(1 mark)
O

Il
H,C —0—C—(CH,),CHCH(CH,),CH,

HC=—0O=—C
|
H,C—0—C—(CH,),CHCH(CH,),CH,

=0

—(CH,),CHCH(CH,),CH,

H,0
H,C—0—H
| 0
|

|
glycerol HC—O=—H + 3 H —O0—C—(CH,);CHCH(CH,),CH;

H,C—O0—H fatty acid

Suggested Answers VCE Chemistry 2005 Food Test Unit 4 3



CH3(CH;);CHCH(CH;)7COOH = C;3H340,
The oxidation reaction for a fatty acid will produce carbon dioxide and water.
The chemical equation can be developed in steps.
1. Write the formulae for the reactants and products.
C18H3402 + 02 4 C02 + HzO
2. Balance the number of carbon atoms: C;s = 18CO,
CigH340, + O, — 18CO, + H,O
3. Balance the number of hydrogen atoms: Hs4 = 17H,0O
CisH340, + O, — 18CO, + 17H,0O
4.  Balance the number of oxygen atoms:
In the products the number of oxygen atoms is 18x2 + 17 =53 O atoms
There are 2 O atoms in the fatty acid therefore need 53 —2 =51 O atoms
Since oxygen is a diatomic molecule, O, then 31/, molecules
CisH340, + 7150, — 18CO, + 17H,0
5. Add states and multiply through by 2 to remove half oxygen molecules.
2C13H3402(S) + 5102(g) - 36C02(g) + 34H20(l) (2 marks)
CisH3402(s) + 7',02(g8) — 18COy(g) + 17H,0(g) would be acceptable.
Note: The correct state for the fatty acid is not critical to the equation and would not be
penalised by loss of mark.

M(C1sH340,) = 18x12.0 + 34x1.0 + 2x16 = 282 g mol ™’

n(C15H3402) = m(C1gH3402)/M(C 1sH340,) = 0.654/282 = 2.32x10” mol (1 mark)
2.32x107 mole of (C13H340,) released 25.9 kJ of energy.

Energy released by 1 mole of (C3H340;) will be 25.9/2.32x 10° = 1.12x10* kJ

(1 mark)

Energy has been release therefore AH <0

If the equation given for d. above is:

2C18H3402(S) + 5 102(g) —> 36C02(g) + 34H20(1)

This shows 2 mole of (C;3H340;) reacting therefore:

AH = -(2 x 1.12x10%) = -2.24x10* kJ mol” (1 mark)

If the equation given for d. above is as shown below, then the answer required for the
allocated mark will be:

CigH3404(s) + °'504(g) — 18CO(g) + 17H,0(g) then AH =-1.12x10* kJ mol™
The bile acts as a surfactant which would result in the dispersion of the oil into
smaller droplets in the aqueous environment. This increases the surface area and
as a consequence would lead to a faster rate of reaction. (1 mark)

Question 2 - [ 7 marks, 10 minutes |

a.

1. The main natural process that results in the formation of nitrogen oxide from
nitrogen gas is lightning. (1 mark)

ii.  While lightning is a common occurrence the amount of nitrogen oxide formed
would be relatively small compared with the world's plant requirements. In
addition, the nitrogen oxide is converted to nitrate ions before it enters the soil,
and as the compounds of this ion are very soluble they are readily leached out of
the soil and away from the plants. (1 mark)

1. Either ammonia, NH;, or the ammonium ion, NH;". (1 mark)

ii.  Atmospheric nitrogen can be converted into the ammonium ion by certain micro-
organisms, nitrogen fixing bacteria, that are present in the root nodules of
certain plants such as legumes. (1 mark)

Suggested Answers VCE Chemistry 2005 Food Test Unit 4



d.

A number of satisfactory answers are possible:

[Total mark allocation = 2 marks. One mark for each correct answer.]

The addition of industrially produced synthetic fertilisers. The Haber process is one
method used to convert atmospheric nitrogen and hydrogen into ammonia.

The use of fertilisers produced from animal waste.

The decay of plant and animal matter.

Plants convert the nitrogen containing compounds that they absorb through their
roots into amino acids. (1 mark)

Question 3 - [ 6 marks, 7 minutes |

a.

For a substance to be able to act as an emulsifier it must have one end of its structure
that is non-polar and hydrophobic with the other end being either polar or charged
and hydrophilic. (1 mark)

The two common emulsion types are:

Water in oil where the water is the dispersed phase and the oil is the main phase.

(1 mark)

Oil in water where the oil is the dispersed phase and the water is the main phase.

(1 mark)

[Total mark allocation = 2 marks. One mark for each correct answer.]

Emulsion Type
Water in Oil Oil in Water
Feels cool & watery. Feels greasy or oily.
Soluble in water but insoluble in Insoluble in water but soluble in
non-polar solvents. non-polar solvents.
Will conduct an electric current. Will not conduct an electric current.

In an oil in water emulsion, the hydrophobic tails of the emulsifier are in the oil
droplets and the hydrophilic heads are on the surface of the oil droplets, this
changes the surface of the oil droplets from being hydrophobic to being hydrophilic.

In a water in oil emulsion, the hydrophilic heads of the emulsifier are in the water
droplets and the hydrophobic tails are on the surface of the water droplets, this
changes the surface of the water droplets from being hydrophilic to being hydrophobic.

(1 mark)
Emulsifier

hydrophilic head — e~~~ «— hydrophobic tail

water )
oil

Oil in Water Emulsion Water in Oil Emulsion

Suggested Answers VCE Chemistry 2005 Food Test Unit 4



Question 4 - [ 6 marks, 7 minutes |
a. 1. A zwitterion is a dipolar ion that contains both a positively and negatively
charged site. (1 mark)

COO"
HN= /N
BN / CH(CH;),
H
ii. valine zwitterion (1 mark)
b. 1 An amino acid contains an acidic carboxy, -COOH, group that can donate

protons and a basic amino, -NH;, group that can accept protons. Therefore when
dissolved in water an amino acid can both accept and donate protons, and hence
its structure will vary depending on the pH (1 mark). The amino acid will accept
a proton when the solution has a low pH (acting as a base). At high pH the amino
acid will donate a proton (acting as an acid).

ii.  Athigh pH the [H'(aq)] is low and the amino acid structure will have
deprotonated carboxy group.

COO

|
C
H,N // \CH3
H

Alanine at high pH (1 mark)

c.  The two possible structures for the dipeptides formed from alanine and valine will
depend on which amino acid amino and carboxy groups undergo the condensation
reaction.
| Total marks allocated = 2 marks. 1 mark each correct structure.]

CH
CH, CH(CH;), CH(CHy), | 3
| e C

C N/ C N~/ N CooH
HN="/ ¢ ) / CooH HN="/ Ncr) /

g g H g g H
O @)
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