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1. Winemakers may use some of their wine to produce sparkling wine. The production of sparkling 
wine involves two main chemical reactions.

(a) The first reaction converts malic acid to lactic acid, as shown below.

OH

OHHO

O

O OH

OH

O

malic acid lactic acid

(i) Malic acid contributes more to the acidity of wine than lactic acid does.

With reference to the structural formulae above, explain why this is so.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)

(ii) Thin-layer chromatography was used to test whether or not the conversion of malic acid 
to lactic acid went to completion in samples of three different wines. The result of this test 
is shown in the chromatogram below.
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Using the information in the chromatogram on page 2, explain whether or not the 
conversion went to completion in the three samples.

Sample 1: ______________________________________________________________________________________

 __________________________________________________________________________________________________

Sample 2: ______________________________________________________________________________________

 __________________________________________________________________________________________________

Sample 3: ______________________________________________________________________________________

 _______________________________________________________________________________________  (3 marks)

(b) The second reaction is fermentation, which occurs inside the wine bottle. Yeast and glucose 
are added to the wine and then the bottle is sealed to allow fermentation to occur.

(i) Write an equation for the fermentation of glucose.

(2 marks)

(ii) A narrow range of wine temperatures is used for the fermentation process.

Explain why winemakers should not allow the wine temperature to rise above this range.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (3 marks)

(iii) The CO2 produced during fermentation reacts with water to form carbonic acid in the wine. 

(1) Write an equation for this reaction.

(2 marks)
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(2) When a person drinks the wine, an enzyme in their mouth catalyses an endothermic 
reaction that converts carbonic acid into CO2 and water.

Refer to the four energy profile diagrams below.

with enzyme
without enzyme
Key
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Identify which one of the four diagrams — A, B, C, or D — is a correct representation 
of the energy profile for the reaction that converts carbonic acid into CO2 and water.

Diagram:  _______________________________________________________________________  (2 marks)

(c) The structural formula of one ester found in sparkling wine is shown below.

C
OCH2CH2CHCH3H3C

CH3

O

Name the alcohol that reacts to produce this ester.

 ____________________________________________________________________________________________  (2 marks)
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2. Wine contains proteins from grapes.

(a) A section of one of these proteins, protein A, is shown below.

CH2CH2 CH3

CHCH

COOH

CH CH

OOO O

NNNN

HHHHH

CCC C

(i) Draw the structural formula of one of the amino acids that was used to synthesise 
protein A.

(2 marks)

(ii) Proteins in wine can be positively charged, negatively charged, or uncharged, depending 
on the pH of the wine.

(1) Protein A is uncharged in a wine that has a pH of 3.2.

Determine the hydrogen ion concentration, in mol L–1, in this wine.

(2 marks)

(2) State and explain the effect that increasing the pH of the wine has on the overall 
charge on protein A.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________  (3 marks)
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(b) Several different substances can be used to remove unwanted proteins from wine, in order 
to improve characteristics of the wine. The table below compares the effectiveness of five 
different substances in improving the characteristics of colour, taste, and clarity.

Colour Taste Clarity
carbon gelatine bentonite
gelatine egg white carbon
casein casein casein
egg white bentonite gelatine
bentonite carbon egg white

Source: adapted from Zoecklein, B 1990, Protein fining agents for juices and wines,
Virginia Polytechnic Institute & State University, Virginia, table 3

(i) Using the information in the table above, state the reason why a winemaker would 
decide to use bentonite rather than casein to remove unwanted proteins from their wine.

 ________________________________________________________________________________________  (1 mark)

(ii) Bentonite is a very fine clay made of aluminosilicate. Its formula is shown below.

Na2Al2Si4O12• H2O

State the charge on the aluminosilicate anion in bentonite.

 ________________________________________________________________________________________  (1 mark)

(iii) Bentonite removes positively charged proteins from wine.

One wine is treated with a mixture of bentonite and water. The mixture is added to the 
wine, which is then stirred and left to stand until flocculation occurs and a sediment forms.

(1) Proteins with a greater overall positive charge are removed more readily by the 
bentonite mixture than proteins with a lesser overall positive charge.

Explain why this is so.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________  (2 marks)

(2) Name one process that could be used to remove this resulting sediment from wine.

 ___________________________________________________________________________________  (1 mark)
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(3) A bentonite mixture of 5 g per 100 mL of water is prepared. 15 mL of this bentonite 
mixture is required in order to treat 100 mL of wine.

Calculate the mass, in kg, of bentonite that is required in order to treat 700 L of wine.

(4 marks)
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3. There is increasing global concern about the number of plastic items that are used only once 
before being thrown away.

(a) Many single-use plastic takeaway food containers are made of polyethylene terephthalate, 
PET. The structural formula of a section of the PET polymer chain is shown below.

O

O

C

O

CH2 O CCH2 O

O

C

O

CH2 O CCH2 O

O

C

(i) On the structural formula above, draw brackets around one repeating unit. (1 mark)

(ii) State the type of polymerisation reaction that is used to synthesise PET. 

 ________________________________________________________________________________________  (1 mark)

(iii) Two monomers were used to synthesise PET. 

Describe the essential features of these two monomers that enable this polymerisation 
reaction to occur.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)

(b) Plastic is commonly used as a waterproof covering for food. One substitute for plastic is cloth 
that has been coated with beeswax. The condensed structural formula for the most abundant 
molecule in beeswax is shown below.

C15H31COOC30H61

By referring to this structural formula, explain why cloth coated with beeswax is waterproof. 

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________  (3 marks)
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(c) In January 2019 it was announced that the South Australian Government is considering 
banning the supply of some single-use plastic items such as straws, takeaway coffee cups, 
and plastic bags.

Using relevant chemical concepts, justify the proposed ban.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________  (6 marks)
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4. Triglycerides are found in food, and are also feedstock for the manufacture of industrial liquids.

(a) One triglyceride in olive oil is produced in a reaction between glycerol and linoleic acid. 
The formula for linoleic acid is shown below.

CH3(CH2)4CH CHCH2CH CH(CH2)7COOH

(i) Draw the structural formula of this triglyceride.

(2 marks)

(ii) A sample of this triglyceride was placed in a test tube and shaken with a few drops of 
orange-coloured bromine solution.

Describe and explain the observation during this reaction.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)
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(b) 
In 1968, scientists in the USA were trying to make synthetic fat molecules that 
could be easily digested by premature babies. They discovered a new molecule, 
olestra, which is similar in structure to a triglyceride. Olestra is produced by 
chemically combining sugar and vegetable oil. Olestra has a similar taste and 
texture to fat, but it passes through the body undigested and so contributes no 
kilojoules to the body. 

Olestra was approved for use as a food additive in snack foods in 1996, and was 
advertised as a healthy alternative to dietary fat because it does not add kilojoules 
to food. Unfortunately, many people who consumed foods containing olestra 
suffered from gastrointestinal side effects, including intense diarrhoea, and sales 
of foods containing olestra declined after a few years. 

Further research into the uses for olestra has now led to its use as a non-toxic 
replacement for petrochemicals that are used as feedstock for the manufacture of 
industrial lubricants and paint additives.

One of the key concepts of science as a human endeavour is ‘application and limitation’.

Discuss examples in the text above that illustrate this key concept.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________  (4 marks)

Question 4 continues on page 12.
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(c) The specific heat capacity, c, of a liquid is the amount of heat, in joules, required in order to 
raise the temperature of 1 g of the liquid by 1°C. The value of c varies for different liquids.

An investigation was performed to compare the specific heat capacity of canola oil with the 
specific heat capacity of water. The following procedure was followed, first using water and 
then repeated using canola oil:

Step 1. A sample of the liquid was added to a beaker and placed above a burner. A 
temperature sensor was placed in the beaker, as shown in the diagram below.

beaker

stirrer

burner

liquid

temperature sensor

Step 2. The liquid was stirred and heated until its temperature reached 35°C.

Step 3. The liquid was heated for a further 60 s, and data from the temperature sensor during 
this 60 s were plotted on a graph.

(i)  Identify the independent variable in this investigation. 

 ________________________________________________________________________________________  (1 mark)

(ii) Identify one variable that must be held constant in this investigation, and explain why it 
must be held constant.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)
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(iii) The data from the temperature sensor in the beaker of canola oil were used to construct 
the graph below.
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The mass of canola oil in the beaker was 20 g. From 0 s to 60 s, the heat energy 
released from the burner was 1300 J.

(1) Using data from the graph, calculate the experimental value of c, in J g–1 °C–1, for this 
sample of canola oil.

(2 marks)

(2) The actual value of c for this sample of canola oil is 2.2 J g–1 °C–1.

Suggest why the experimental value that you calculated in part (c)(iii)(1) is higher 
than the actual value.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________  (2 marks)
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5. Soil productivity is related to the availability of plant nutrients. Fertilisers can increase the 
concentration of plant nutrients such as calcium, magnesium, potassium, and nitrogen in soil.

(a) Soil silicates adsorb cations such as Ca2+ and Mg2+ onto their surfaces.

(i) Using subshell notation, write the electron configuration of Ca2+.

 _______________________________________________________________________________________  (2 marks)

(ii) Ca2+ and Mg2+ were extracted from a sample of soil silicates. 

(1) The concentration of Ca2+ in the extract was determined by AAS, using a calcium 
lamp as the light source. 

Describe how the necessary data for constructing the AAS calibration graph would 
have been obtained.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________  (3 marks)

(2) Explain why it would be necessary to use a magnesium lamp as the AAS light 
source when determining the concentration of Mg2+  in the extract.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________  (2 marks)
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(b) An equilibrium exists between potassium ions adsorbed onto the surfaces of soil silicates and 
potassium ions dissolved in soil water, as shown in the equation below.

K+
(silicate)    K+

(aq)

A fertiliser containing K+
(aq) is added to a nutrient-deficient soil.

Using the equation above, explain the effect that adding this fertiliser will have on the number 
of potassium ions adsorbed onto the surfaces of soil silicates.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________  (3 marks)

(c) Plants absorb nitrogen from the soil.

(i) State one type of molecule that is made in a plant and contains nitrogen.

 ________________________________________________________________________________________  (1 mark)

(ii) Explain why nitrogen-based fertilisers that have been added to soil can often be found in 
nearby water bodies.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)
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6. Antihistamines are organic compounds that can be used in medications.

(a) Diphenhydramine, DPH, is an antihistamine that is used to relieve a dry cough. It is present 
in some cough syrups in the form of its salt (diphenhydramine hydrochloride, C17H22NOCl), 
because the salt is more soluble than DPH in the cough syrup. The structural formula of 
diphenhydramine hydrochloride is shown below.

O
N

H
CH3

CI–

CH3

(i) Draw the structural formula of DPH. 

(2 marks)

(ii) Suggest why the salt is more soluble in the cough syrup than DPH is.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (3 marks)
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(iii) The concentration of diphenhydramine hydrochloride in one cough syrup for children is 
8.6 mmol L–1. (Molar mass of C17H22NOCl  291.8 g mol−1.)

Convert this concentration to g L–1.

(2 marks)

(iv) One cough syrup for adults was analysed to find its concentration of diphenhydramine 
hydrochloride, using the following procedure:

Step 1 — conversion
The diphenhydramine hydrochloride in a 5.00 mL sample of the cough syrup 
was converted to DPH.

Step 2 — dilution
This sample was then diluted, using a suitable solvent, to 100.0 mL in a 
volumetric flask.

Step 3 — titration
A 20.00 mL aliquot of this diluted solution was titrated with a perchloric acid 
solution of concentration 2.00  10–3 mol L–1. The titre value was 22.94 mL.

(1) DPH and perchloric acid react in a mole ratio of 1:1.

Calculate the concentration, in mol L–1, of DPH in the diluted solution. Give your 
answer correct to the appropriate number of significant figures.

(4 marks)

(2) Hence determine the concentration, in mol L–1, of diphenhydramine hydrochloride in 
the cough syrup for adults.

(2 marks)
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(b) Three different brands of cough syrup, A, B, and C, each contain a different antihistamine. 
High-performance liquid chromatography (HPLC) was used to identify the antihistamine in 
each cough syrup. Each cough syrup was analysed three times, using a non-polar stationary 
phase and three mobile phases of increasing polarity.

Refer to the graph below, which shows retention times for the antihistamines in cough syrups 
A, B, and C in each of the three analyses.

35

30

25

20

15

10

5

0

R
et

en
tio

n 
tim

e 
(m

in
)

Increasing polarity of mobile phase

A

B

C

(i) State and explain the polarity of the antihistamine in cough syrup C relative to the 
polarities of the antihistamines in cough syrups A and B.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (3 marks)

(ii) A mixture containing the three antihistamines from cough syrups A, B, and C was 
prepared.

Using evidence from the graph, explain whether a higher or lower polarity of the mobile 
phase would enable the best separation of the three antihistamines from this mixture.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)
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7. Combustion engines in motor vehicles produce a large percentage of the nitrogen oxides in 
Australia’s atmosphere.

(a) Inside a combustion engine, a reaction occurs between nitrogen and oxygen to form nitric 
oxide, as shown in the equation below.

N2(g)  O2(g)    2NO(g)        H  90.1 kJ mol–1

(i) State why the high pressure inside a combustion engine does not affect the position of 
the equilibrium for this reaction. 

 __________________________________________________________________________________________________

 ________________________________________________________________________________________  (1 mark)

(ii) Explain the effect that the high temperature inside a combustion engine has on the 
position of the equilibrium for this reaction.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (3 marks)

(iii) Using the equation above, calculate the heat energy that is absorbed when 3.00 kg of 
nitrogen gas is converted to nitric oxide. 

(3 marks)

(iv) State why this reaction requires more than 90.1 kJ mol–1 of heat energy in order to 
proceed.

 __________________________________________________________________________________________________

 ________________________________________________________________________________________  (1 mark)
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(b) Nitric oxide reacts with oxygen to produce nitrogen dioxide, NO2. The equation for this 
reaction is shown below.

2NO(g)  O2(g)    2NO2(g)

(i) Write the expression for the equilibrium constant, Kc, for this reaction.

Kc 

(2 marks)

(ii) Nitric oxide and oxygen gases were added to an empty vessel, which was then sealed. 
The system was left at a constant temperature to reach equilibrium. The changes in 
concentrations of the three gases over time are shown in the graph below.
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(1) (A) State the length of time that the system took to reach equilibrium.

 ______________________________________________________________________________  (1 mark)

(B) Using the concentrations of the gases at equilibrium, calculate the Kc for the 
reaction at this temperature.

(2 marks)

(2) At 70 minutes, there was a sudden, small decrease in pressure inside the vessel.

At 100 minutes, equilibrium was re-established.

On the graph above, draw the continuation of the line for NO2 from 
70 to 110 minutes. (3 marks)
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8. The use of fuel cells as energy sources is widespread throughout the world.

(a) Consider the fuel cell shown in the diagram below, which uses methane from natural gas to 
generate electricity.

wire

electrode 2electrode 1

electrolyte

CH4 O2

CO2 H2O

(i) Complete the half-equation below for the reaction that occurs at electrode 1.

CH4       CO2

(2 marks)

(ii) Using your half-equation, explain whether electrode 1 is the anode or the cathode.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)

(iii) Explain one advantage of producing energy from fuel cells rather than from other 
galvanic cells.

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)

Question 8 continues on page 10.
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(b) One development in fuel-cell technology is the microbial fuel cell (MFC), shown in the 
diagram below. Microbes on the surface of electrode 1 are fed waste biomass, such as 
sewage. The microbes oxidise organic compounds in the biomass, forming carbon dioxide.

waste biomass

wire

oxygen

bacteria

electrode 1 electrode 2

(i) Describe one advantage of generating electricity from an MFC, rather than from a fuel 
cell that uses methane from natural gas.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)

(ii) 
Researchers are developing alternative types of MFCs. In a plant MFC, the waste 
biomass near electrode 1 is replaced by plant roots. The plants excrete sugars 
through their roots. Bacteria around the roots break down these sugars, thus 
producing energy.

The energy produced by a plant MFC is not sufficient to power large-scale 
applications; however, researchers claim that more energy is produced by a plant 
MFC than by the combustion of biogases.

Researchers also claim that plant MFCs are more economically viable than solar 
panels for energy production in remote areas.

Consider the key concepts of science as a human endeavour.

Using one of these key concepts, describe how plant MFC technology is an example of 
science as a human endeavour.

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 __________________________________________________________________________________________________

 _______________________________________________________________________________________  (2 marks)
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(iii) Adapted MFCs can be used as an alternative to reverse osmosis for desalination of 
saline water.

A desalination MFC is constructed with a third compartment between the two electrodes 
of a standard MFC. This compartment is filled with saline water. The electrodes attract 
the ions in the saline water through semi-permeable membranes, thus filtering the ions 
from the water.

A diagram of a desalination MFC is shown below.

waste biomass oxygensaline water

wire

purified water

bacteria

electrode 1 electrode 2

semi-permeable
membrane

semi-permeable
membrane

CI– Na+

Source: adapted from a diagram by JHU Water Program in Mercer, J 2010, ‘Microbial fuel cells: 
generating power from waste’, illumin, viewed 22 August 2019, https://illumin.usc.edu

(1) Reverse osmosis is commonly used for desalination of saline water.

Explain why the production of potable water from saline water using reverse 
osmosis requires large amounts of energy.

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 _____________________________________________________________________________________________

 __________________________________________________________________________________  (2 marks)

(2) State one reason why the energy requirement would be lower for the desalination 
MFC than for reverse osmosis.

 _____________________________________________________________________________________________

 ___________________________________________________________________________________  (1 mark)
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Metal activity 

Xx most reactive

Xx

Xx

Xx

Xx 

Xx

Xx

Xx

Xx

Xx

Xx

Xx

Xx

Xx least reactive

Symbols of common quantities

amount of substance n

mass m

molar concentration c

change in enthalpy H

molar mass M

volume V

heat energy Q

specific heat capacity c

temperature T

Table of SI prefixes

SI prefix Symbol Value

tera T 1012

giga G 109

mega M 106

kilo k 103

deci d 10–1

centi c 10–2

milli m 10–3

micro μ 10–6

nano n 10–9

pico p 10–12

Mathematical relationships

n m
M

c n
V

Q mc T

H Q
n  

Metal activity 

K most reactive

Ca

Na

Mg

Al 

Zn

Cd

Co

Ni

Bi

Cu

Hg

Ag

Au least reactive
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