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 CHEMISTRY 2.1 Internally assessed
4 credits

Carry out quantitative analysis

 Achievement Standard 91161 (Chemistry 2.1) requirements
Carry out quantitative analysis
Level 2 Credits 4 Assessment Internal

Achievement Achievement with Merit Achievement with Excellence

Carry out quantitative analysis. Carry out in-depth quantitative 
analysis.

Carry out comprehensive 
quantitative analysis.

Notes
1. Quantitative analysis involves collecting primary data from an acid-base titration, and processing both primary 

and secondary data to solve quantitative problems.
• The standard solution to be used in the titration may be provided. The titration procedure and balanced 

equations will be provided.
• Student selected data will be used in determining the accuracy of the titration.

 Carry out quantitative analysis involves:
• collecting titration data that contains at least three titre values that fall within a range of 0.4 mL; the 

average titre value must be within 0.8 mL of the expected outcome
• solving quantitative problems that use the relationships n = m/M and c = n/V to calculate one variable 

given the other two (the relationships are not given). Molar masses for substances may be provided. 
Calculations must be carried out using appropriate procedures (not provided).

 Carry out in-depth quantitative analysis involves:
• collecting titration data that contains at least three titre values that fall within a range of 0.4 mL; the 

average titre value must be within 0.5 mL of the expected outcome
• solving quantitative problems that involve at least two steps and require application of relationships 

such as n = m/M and c = n/V. Titration calculations must be carried out correctly using only concordant 
titre values.

 Carry out comprehensive quantitative analysis involves:
• collecting titration data that contains at least three titre values that fall within a range of 0.2 mL; the 

average titre value must be within 0.2 mL of the expected outcome
• solving quantitative problems that involve more than two steps, and the use of stoichiometric principles. 

Answers to calculations must demonstrate correct units and appropriate use of signifi cant fi gures.
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Chemistry terms 
Below are some chemistry terms that you should be familiar with.

atom
the smallest particle of a chemical element (shows the chemical properties of that element)
e.g. an atom of sodium (symbol Na); an atom of oxygen (symbol O)

molecule 
two or more atoms (the same or different atoms) which have chemically combined to form a 
single unit of a substance
e.g. oxygen molecule O2, carbon dioxide molecule CO2

ion 
a charged particle, formed from one or more atoms, that has lost or gained one or more electrons
e.g. sodium ion Na+; oxide ion O2–; carbonate ion CO3

2–

element
a pure substance made up of a single type of atom 
e.g. sodium metal, Na; oxygen gas, O2

compound
a pure substance made up of more than one type of atom 
e.g. carbon dioxide CO2; hydrochloric acid HCl

 Quantitative chemistry 
Quantitative chemistry is fi nding out:
• how much is present in a chemical substance, or
• how much is involved in a chemical reaction, for one or more chemicals.

Signifi cant fi gures indicate the level of accuracy of the data and/or apparatus. In calculations, fi nal answers 
typically include three signifi cant fi gures, and no rounding should occur until the fi nal answer.

Even small amounts of substances contain very large numbers 
of particles, e.g. a cup of water contains about 8.3 × 1024 water 
molecules. Although the number of particles handled in chemistry 
is very large, the masses of each of these particles are usually very 
small. The mass of a chlorine molecule is about 1.18 × 10–22 g. 
It would take about 1022 chlorine molecules to equal a mass of just 
1 g. Since these masses are small, the unit gram (symbol g) is used.

One cube of sugar contains about 1.4 × 1022 molecules of glucose.
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 CHEMISTRY 2.2 Internally assessed
3 credits

Carry out procedures to identify ions
present in solution

 Achievement Standard 91162 (Chemistry 2.2) requirements
Carry out procedures to identify ions present in solution
Level 2 Credits 3 Assessment Internal

Achievement Achievement with Merit Achievement with Excellence

Carry out procedures to identify 
ions present in solution.

Carry out procedures to justify 
the identifi cation of ions present 
in solution.

Carry out procedures to 
comprehensively justify the 
identifi cation of ions present in solution.

Notes
1. Carry out procedures to identify ions involves collecting primary data and using these observations to identify 

ions in solution using a procedure provided.
 Carry out procedures to justify the identification of ions involves writing balanced equations for all the reactions 

where precipitates are formed.
 Carry out procedures to comprehensively justify the identification of ions involves interpreting observations by 

recognising the formation of complex ions and writing balanced equations for these reactions.
2. Identifi cation of ions must be supported by experimental observations and identifi cation of all precipitates 

formed.
3. Ions to be identifi ed will be limited to: Ag+, Al3+, Ba2+, Cu2+, Fe2+, Fe3+, Mg2+, Pb2+, Na+, Zn2+, Cl–, CO3

2–, 
I–, NO3

–, OH–, SO4
2–. Na+ and NO3

– are identifi ed by a process of elimination.
4. Complex ions are limited to [FeSCN]2+ and those formed when OH–(aq) or NH3(aq) react with cations listed 

above, i.e. [Ag(NH3)2]+, [Al(OH)4]–, [Pb(OH)4]2–, [Zn(OH)4]2–, [Zn(NH3)4]2+, [Cu(NH3)4]2+.

 Chemistry term 
You should be familiar with the following term for this standard.

ion 

a charged particle, made up of one or more atoms, that has 
lost or gained one or more electrons 

e.g. sodium ion Na+; oxide ion O2–; carbonate ion CO3
2– 
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 Qualitative analysis
Qualitative analysis is fi nding out what is present in a chemical substance. (Not to be confused with quantitative 
analysis – which is how much of a substance is present.) Achievement Standard 91162 (Chemistry 2.2) involves 
the qualitative analysis of ions in solution.

The ions that you need to know follow.

Positive ions (cations)

silver sodium barium copper iron(II)

Ag+ Na+ Ba2+ Cu2+ Fe2+

lead magnesium zinc iron(III) aluminium

Pb2+ Mg2+  Zn2+ Fe3+ Al3+

Negative ions (anions)

chloride hydroxide iodide nitrate carbonate sulfate

Cl– OH– I– NO3
– CO3

2– SO4
2–

Ionic compounds
Ionic compounds are formed by positive and negative ions combining. The formula of an ionic compound is 
obtained by balancing the charges of the ions so that the overall charge of the compound is zero. The formula 
represents the simplest unit or empirical formula of the compound. The term molecule should not be used for 
compounds composed of ions.

Examples

Sodium chloride, NaCl – formed by one positive sodium ion, Na+, balancing one negative chloride 
ion, Cl–

NaCl: 1 × Na+ balances 1 × Cl–, overall charge is zero

Zinc nitrate, Zn(NO3)2 – formed by one positive zinc ion, Zn2+, balancing two negative nitrate ions, 
NO3

–

Zn(NO3)2: 1 × Zn2+ balances 2 × NO3
–, overall charge is zero

Aluminium sulfate, Al2(SO4)3 – formed by two positive aluminium ions, Al3+, balancing three 
negative sulfate ions, SO4

2–

Al2(SO4)3: 2 × Al3+ balances 3 × SO4
2–, overall charge is zero

 Formulae of ionic compounds
Write the chemical formula of the following compounds:

1. sodium carbonate

2. zinc iodide

3. copper hydroxide

4. lead nitrate

5. ammonium sulfate

6. iron(II) chloride

7. aluminium hydroxide

8. iron(III) sulfate

9. barium sulfate

10. magnesium nitrate

Answers
p.  115
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 Solubility rules
These solubility rules describe which ionic compounds are soluble in water and which are insoluble in water.

Compound Solubility Exceptions

nitrate Soluble None

chloride Soluble
silver chloride, AgCl
lead chloride, PbCl2

iodide Soluble
silver iodide, AgI
lead iodide, PbI2

sulfate Soluble
lead sulfate, PbSO4

barium sulfate, BaSO4

hydroxide Insoluble
* barium hydroxide, Ba(OH)2
sodium hydroxide, NaOH

carbonate Insoluble
sodium carbonate, Na2CO3

ammonium carbonate, (NH4)2CO3

*barium hydroxide is sparingly soluble.

 Solubility of ionic compounds
Using the table of solubility rules, identify the following compounds (listed by name or by formula) as soluble or 
insoluble.

1. lead nitrate

2. PbCO3

3. AgI

4. magnesium chloride

5. barium sulfate

6. Al(OH)3

7. CuSO4

8. iron(II) sulfate

Answers
p.  115
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Precipitate formation
When two soluble ionic compounds are mixed, there are four ions in solution. If one of the positive ions and one 
of the negative ions can combine to form an insoluble compound, then a precipitate will occur.

Example

Sodium carbonate, Na2CO3, solution added to copper sulfate, CuSO4, solution results in Na+ and 
CO3

2–, Cu2+ and SO4
2–, ions being present.

The table shows the possible reactions between these ions:

Cu2+ SO4
2–

Na+ No reaction Soluble compound, Na2SO4

CO3
2– Insoluble compound, CuCO3, formed No reaction

So, when a copper sulfate solution, CuSO4(aq), is mixed with a solution of sodium carbonate, Na2CO3(aq), 
copper ions, Cu2+(aq), combine with carbonate ions, CO3

2–(aq), to form a green-blue precipitate of 
insoluble copper carbonate, CuCO3(s). The solution will contain sodium ions and sulfate ions.

solutions 
mixedNa2CO3(aq)

precipitation occurs

Na+

CO3
2–

Cu2+

SO4
2– CuSO4(aq)

CuCO3(s)

spectator ions

The sodium ions, Na+(aq), and the sulfate ions, SO4
2–(aq), are spectator ions since they are not involved 

in the precipitation reaction. They do not form a precipitate because sodium sulfate is soluble.

In an equation:

• (aq) indicates dissolved in water
• (s) indicates the substance is a solid

• (g) indicates a gas
• (ℓ) indicates a liquid.

Chemical equations
The following four equations represent the same reaction – sodium carbonate, Na2CO3, solution added to copper 
sulfate, CuSO4, solution. The ionic equation gives the clearest indication of the particles involved in the reaction.

The word equation is: copper sulfate + sodium carbonate   copper carbonate + sodium sulfate

The formula equation is: CuSO4(aq) + Na2CO3(aq)   CuCO3(s) + Na2SO4(aq)

The ionic equation is: Cu2+(aq) + SO4
2–(aq) + 2Na+(aq) + CO3

2–(aq)   CuCO3(s) + 2Na+(aq) + SO4
2–(aq)

An ionic equation can be abbreviated to
include only the ions that react: Cu2+(aq) + CO3

2–(aq)   CuCO3(s)

The ions that are omitted (i.e. 2Na+(aq) and SO4
2–(aq)) are termed spectator ions.
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 CHEMISTRY 2.3 Internally assessed
3 credits

Demonstrate understanding of the chemistry
used in the development of a current technology

 Achievement Standard 91163 (Chemistry 2.3) requirements
Demonstrate understanding of the chemistry used in the development of a current 
technology

Achievement Achievement with Merit Achievement with Excellence

Demonstrate understanding of the 
chemistry used in the development 
of a current technology.

Demonstrate in-depth 
understanding of the chemistry 
used in the development of a 
current technology.

Demonstrate comprehensive 
understanding of the chemistry 
used in the development of a 
current technology.

Notes
1. Demonstrate understanding involves processing and interpreting information to provide an account of the 

chemistry used in the development of a current technology.  This includes the use of chemistry vocabulary, 
symbols and conventions. This may also include an account of the historical development of the technology.

 Demonstrate in-depth understanding involves making and explaining links between the chemistry and the 
development of the technology using chemistry vocabulary, symbols and conventions.

 Demonstrate comprehensive understanding involves an evaluation of how the chemistry infl uenced the 
development of the technology.

2. Current technology means technology in use today. The historical aspect can encompass the whole of human 
history.  Examples could include conducting polymers, nanotechnology, cosmetics, pharmaceuticals, paints, 
polymers, catalytic converters, fabric and fi bre technology, and alloys.

3. This standard requires the use of chemistry vocabulary, symbols and conventions including, where 
appropriate, names, formulae and equations.

Methanex plant Motonui: natural gas $ methanol
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 Chemistry terms 
You should be able to use the following terms correctly in your report.

atom
the smallest particle of a chemical element (shows the chemical properties of that 
element) 
e.g. an atom of sodium (symbol Na); an atom of oxygen (symbol O)

molecule 
two or more atoms (the same or different atoms) which have chemically combined 
to form a single unit of a substance 
e.g. oxygen molecule O2; carbon dioxide molecule CO2

ion 
a charged particle, formed from one or more atoms, that has lost or gained one or 
more electrons 
e.g. sodium ion Na+; oxide ion O2–; carbonate ion CO3

2– 

element
a pure substance made up of a single type of atom 
e.g. sodium metal Na; oxygen gas O2

compound
a pure substance made up of more than one type of atom 
e.g. carbon dioxide CO2; hydrochloric acid HCl

ionic substance made up of a combination of positive and negative ions (charges always balance)

molecular substance made up of molecules only

chemistry formulae

molecular formula – shows the actual number of each type of atom within the 
molecule 

ionic formula – shows the simplest ratio of ions present within the ionic substance

balanced equations
show reactants on left, products on right
use the correct chemistry formulae for all reactants and products
the numbers of each type of atom on both sides of the equation are balanced

 Introduction
This achievement standard requires the student to present a report on the ‘Chemistry used in the development 
of a current technology’, using appropriate chemistry vocabulary, symbols and conventions (including names, 
formulae and equations).

Before beginning this assessment, students will need to have had prior 
teaching and learning (at NCEA Level 2; Level 7 of the curriculum) of 
the chemistry relevant to the chosen topic.

Students need to gather information then process and interpret the 
information about the chosen technology and its related chemistry in 
order write the report.

You should be able to communicate your understanding by: 
•  giving an account of the chemistry related to the development of 

the technology you choose
•  making and explaining links between the chemistry and the 

development of the technology
•  evaluating how the chemistry has infl uenced the development of 

the technology.
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 CHEMISTRY 2.7 Internally assessed
3 credits

Demonstrate understanding
of oxidation–reduction

 Achievement Standard 91167 (Chemistry 2.7) requirements
Demonstrate understanding of oxidation–reduction
Level 2 Credits 3 Assessment Internal

Achievement Achievement with Merit Achievement with Excellence

Demonstrate understanding of 
oxidation–reduction.

Demonstrate in-depth 
understanding of oxidation–
reduction.

Demonstrate comprehensive 
understanding of oxidation–
reduction.

Notes
1. Demonstrate understanding involves describing, identifying, naming, giving an account of oxidation–reduction 

and describing oxidation–reduction reactions. This requires the use of chemistry vocabulary, symbols and 
conventions.

 Demonstrate in-depth understanding involves making and explaining links between oxidation–reduction 
reactions, observations and equations. This requires explanations that use chemistry vocabulary, symbols 
and conventions.

 Demonstrate comprehensive understanding involves justifying, evaluating, comparing and contrasting, or 
analysing links between oxidation–reduction reactions, observations and equations. This requires the 
consistent use of chemistry vocabulary, symbols and conventions.

2. Oxidation–reduction is limited to:
• oxidation numbers
• electron transfer in reactions
• oxidants and/or reductants
• observations for reactions
• balanced oxidation–reduction half-equations
• overall balanced oxidation–reduction equations.

3. Knowledge of the appearance of redox reactants and their products includes a selection from, but is not 
limited to:
• oxidants include a selection from, but not limited to: O2, I2, Br2, Cl2, OCl– H+, Fe3+, Cu2+, H2O2,

MnO4
–/H+, Cr2O7

2–/H+, concentrated HNO3, IO3
–

• reductants include a selection from, but not limited to, metals, C, H2, Fe2+, Br–, I–, H2S, SO2, SO3
2–, HSO3

–, 
H2O2.
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 Chemistry terms 
You should know the following chemistry terms for use in this standard.

displacement 
reaction

a reaction in which a metal reacts with the dissolved ions of a less reactive metal. The more 
reactive metal loses electrons to the less reactive metal and displaces it from solution. 
e.g. Mg(s) + CuSO4(aq)  MgSO4(aq) + Cu(s) where Mg is more reactive than Cu

ionic 
equation

an equation which shows only the species (ion/molecule/atom, etc.) that are involved in a 
reaction
e.g. Mg(s) + Cu2+(aq)  Mg2+(aq) + Cu(s)

spectator ion
an ion which is present in solution but takes no part in a reaction 
e.g. SO4

2–(aq) in the reaction Mg(s) + CuSO4(aq)  MgSO4(aq) + Cu(s)

state symbol
a symbol used in an equation to show the physical state of each species in a reaction 
e.g. (s) solid, (l) liquid, (g) gas, (aq) aqueous

 Oxidation and reduction
Oxidation and reduction are complementary reactions. This means that if one reaction (e.g. oxidation) occurs 
then the other reaction (e.g. reduction) must occur. Oxidation–reduction reactions are commonly known as 
redox reactions.

The understanding of oxidation and reduction has developed in line with the historical defi nitions used to 
describe these two processes:

Oxidation Reduction

Addition of oxygen to an element or compound. Removal of oxygen from a compound.

Removal of hydrogen from a compound. Addition of hydrogen to an element or compound.

Removal of electron(s) from an atom or ion. Addition of electron(s) to an atom or ion.

Not all redox reactions involve oxygen or hydrogen, but all redox reactions involve the transfer of electrons:
• oxidation is the loss of electrons
• reduction is the gain of electrons.

The Shuttle spacecraft used the redox 
reaction O2(ℓ) + 2H2(ℓ)  2H2O(ℓ) 
to get the Shuttle into orbit.
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 ANSWERS

Achievement Standard 91161 (Chemistry 2.1)
 Molar mass calculations (page 5)
1. M(N2) = 14.0 × 2 = 28.0 g mol–1

2. M(S8) = 32.0 × 8 = 256 g mol–1

3. M(NaOH) = 23.0 + 16.0 + 1.00 = 40.0 g mol–1

4. M(H3PO4) = (1.0 × 3) + 31.0 + (16.0 × 4) = 98.0 g mol–1

5. M(C6H12O6) = (12.0 × 6) + (1.0 × 12) + (16.0 × 6) = 180 g mol–1

6. M(C2H5OH) = (2 × 12.0) + (6 × 1.00) + 16.0 = 46 g mol–1

7. M(MgCl2) = 24.3 + (35.5 × 2) = 95.3 g mol–1

8. M(Mg(OH)2) = 24.3 + (2 × 16.0) + (2 × 1.00) = 58.3 g mol–1

9. M(Fe2(SO4)3) = (55.9 × 2) + [3 × (32.0 + 16.0 × 4)]
= 111.8 + 288.0 = 400 g mol–1

10. M(CuSO4.5H2O) = 63.5 + 32.0 + 4 × 16.0 + 5 × 18.0
= 250 g mol–1

 Mole calculations (page 6)
1. a. i. m(CO2) = 1.00 × 44.0 = 44.0 g

 ii. m(CO2) = 1.25 × 44.0 = 55.0 g

 iii. m(CO2) = 30.0 × 44.0 = 1 320 g

b. m(Al2O3) = 10.7 × 102 = 1 090 g

c. m(SiO2) = 0.875 × 60.1 = 52.6 g

2. a. n(CaO) = 154
56.1

 = 2.75 mol          b.     n(KCl) = 
8.65
74.6

 = 0.116 mol

 c. n(CaCO3) = 4.86
100

 = 0.0486 mol

 d. n(NH4Cl) = 
2.39
53.5  = 0.0447 mol

 e. n(CuSO4.5H2O) = 5.44
250

 = 0.0218 mol

3. a. n(Cl–) = 0.300 mol          b.    n(Cl–) = 0.500 mol

c. n(NaCl) = 4.36
58.5

 = 0.0745 mol, n(Cl–) = 0.0745 mol

d. n(MgCl2) = 140
95.3

 = 1.47 mol, n(Cl–) = 2 × 1.47 = 2.94 mol

e. n(FeCl3) = 0.372
162

 = 0.00230 mol, n(Cl–) = 3 × 0.00230 

 = 0.00690 mol

4. a. M(X) = 33.5
1.38

 = 24.3 g mol–1

b. M(Y4) = 50.6
0.408

 = 124 g mol–1, M(X) = 124
4

 = 31.0 g mol–1

 Reacting masses (page 9)

1. n(CuO) = 1.27
79.6

 = 0.0160 mol, n(CuO) : n(Cu) = 1 : 1

n(Cu) = 0.0160 mol, m(Cu) = 0.0160 × 63.6 = 1.02 g

2. n(Mg) = 1.68
24.3

 = 0.0691 mol, n(Mg) : n(MgO) = 1 : 1

n(MgO) = 0.0691 mol, m(MgO) = 0.0691 × 40.3 = 2.78 g

3. n(Na2CO3) = 
4.88
106

 = 0.0460 mol, n(Na2CO3) : n(NaHCO3) = 1 : 2 

n(NaHCO3) = 2 × 0.0460 = 0.0920 mol

 m(NaHCO3) = 0.0920 × 84.0 = 7.73 g

4. n(Fe) = 2.36
55.9

 = 0.0422 mol, n(Fe) : n(FeCl3) = 1 : 1

n(FeCl3) = 0.0422 mol, m(FeCl3) = 0.0422 × 162 = 6.84 g

5. a.  n(S) = 2.28
32.0

 = 0.0713 mol, n(S) : n(FeS) = 1 : 1, n(FeS) = 0 

0713 mol, m(FeS) = 0. 0713 × 87.9 = 6.27 g

b. n(S) : n(Fe) = 1 : 1, n(Fe) = 0. 0713 mol, m(Fe) for the reaction 
to occur = 0. 0713 × 55.9 = 4.00 g

  excess m(Fe) = 5.74 g – 4.00 g = 1.74 g

1.76 using unrounded fi gures.

 Percentage composition (page 12)
1. a. M(SO2) = 32.0 + (16.0 × 2) = 64.0 g mol–1

 % sulfur = 32.0
64.0

 × 100 = 50.0

 % oxygen = 32.0
64.0

 × 100 = 50.0

b. M(SO3) = 32.0 + (16.0 × 3) = 80.0 g mol–1

 % sulfur = 32.0
80.0

 × 100 = 40.0

 % oxygen = 48.0
80.0

 × 100 = 60.0

c. M(HNO3) = 1.0 + 14.0 + (3.0 × 16.0)

  = 63.0 g mol–1

 % hydrogen = 1.0
63.0

 × 100 = 1.59

 % nitrogen = 14.0
63.0

 × 100 = 22.2

 % oxygen = 48.0
63.0

 × 100 = 76.2

d. M(C3H7COOH) = (4 × 12.0) + (8 × 1.0) + (2 × 16.0)

  = 88.0 g mol–1

 % carbon = 48.0
88.0

 × 100 = 54.5

 % hydrogen = 8.0
88.0

 × 100 = 9.09

 % oxygen = 32.0
88.0

 × 100 = 36.4

2. a. i. %(C) = 
12.0
44.0

 = 27.3 ii. %(C) = 24.0
28.0

 = 85.7

 iii. %(C) = 24.0
46.0

 = 52.2

b. i. %(N) = 
14.0
63.0

 = 22.2 ii. %(N) = 
28.0
148  = 18.9

 iii. %(N) = 28.0
80.0

 = 35.0

3. a.  Gypsum, CaSO4. 2H2O
M(CaSO4.2H2O) =  40.1 + 32.0 + (4 × 16.0) + [2 × (2 × 1.0 

+ 16.0)] = 172 g mol–1

  M(H2O) = (2 × 1.0) + 16.0 = 18.0 g mol–1

  Percentage of water = 
2 × 18.0

172.1  × 100 = 20.9%

b. Washing soda, Na2CO3.10H2O

 M[(Na2CO3).10H2O] =  (2 × 23.0) + 12.0 + (3 × 16.0) + 
[10 × (2 × 1.0 + 16.0)] = 286 g mol–1

 M(H2O) = (2 × 1.0) + 16.0 = 18.0 g mol–1

 Percentage of water = 
180.0
286.0

 × 100 = 62.9%
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