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 CHEMISTRY 3.1 Internally assessed
4 credits

 Carry out an investigation in chemistry involving quantitative analysis

Terms you should be familiar with for use in AS91387 (Chemistry 3.1)
Concentration: the amount or mass of a substance in a given volume of a solution. The concentration of a 
solution may be expressed in different ways, e.g.:

 moles per litre (mol L–1)   where c = n
V

 grams per litre (g L–1)   where c = 
m
V

 % solution (grams per 100 mL solution) where c = 
m

100 mL
Standard solution: a solution whose exact concentration is known.

Chemical species: any atom, molecule or ion which is identifi able in a chemical process.

Variable: any factor that can be changed during an investigation.

Independent variable: the variable that is changed by the person doing the investigation – e.g. time, 
temperature, etc.

Dependent variable: the variable that changes as a result of changes to the independent variable – e.g. rate of 
reaction.

Titration: a solution of unknown concentration is reacted with a solution of known concentration, in order to 
fi nd the unknown concentration.

(A known volume of one solution is placed in a fl ask; the other reacting solution is slowly released from a burette 
into the fl ask; the volume required for complete reaction is measured.)

Equivalence point: the point at which the reacting species (in the fl ask) has completely reacted with the 
reacting species added (from the burette).

Titre: the minimum volume of solution (from the burette) which is required for the complete reaction of the 
solution in the fl ask.

Concordant results: titres for repeated titrations which agree to within 0.1 mL of each other.
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 Analytical techniques
Quantitative analysis involves fi nding out how much of a certain substance is present.

The instructions for the analytical method to be used will be supplied by your teacher.

Suitable analytic techniques for fi nding the quantity of a substance follow.

Analytical technique – Volumetric analysis (titration)
Volumetric analysis (titration) is suitable for acid-base or redox reactions, or formation of a complex ion or 
a precipitate. (Note: An acid-base titration with a direct 1 : 1 reaction is not suitable for a Level 3 Chemistry 
investigation.)

Examples

Vitamin C, ethanol, hypochlorite ion, dissolved oxygen, chloride ion, iodate ion, calcium or magnesium 
ions, copper metal, can be measured by volumetric analysis.

To be suitable for a direct titration, a reaction must:
• be fast
• be free from competing reactions
• have a suitable colour change (with or without a suitable indicator).

Example: Determination of chloride ion

The concentration of chloride ions in aqueous solution can be determined by reacting a sample of the 
solution with aqueous silver nitrate (AgNO3), to form a white precipitate of AgCl.

  Ag+(aq)   +   Cl– (aq)   $   AgCl(s)

The indicator in this titration is potassium chromate (K2CrO4) solution, which reacts with a slight excess 
of silver ions to form brown, insoluble silver chromate (Ag2CrO4). Since Ag2CrO4 is more soluble than 
AgCl, the brown coloration appears only after most of the chloride ions have reacted with the silver 
ions. 

The equation shows n(Ag+) : n(Cl–) = 1 : 1

Hence n(Cl–) can be calculated from the amount of Ag+ used.

Volumetric analysis involves use of titrations.

L3 Chem LWB BOOK.indb   2L3 Chem LWB BOOK.indb   2 10/1/19   8:47 AM10/1/19   8:47 AM



Demonstrate understanding of thermochemical principles ...  45

  ISBN 978-1-988548-33-3 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Energy

Energy levels Sublevels Orbitals Electrons

4 

3

2

1

4p
3d

4s
3p

3s
2p

2s
1s

( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

( )
( ) ( ) ( )

( )
( ) ( ) ( )

( )
( )

6e–

10e–

2e–

6e–

6e–

2e–

2e–

2e–

Relative energies of electron sublevels up to 4p

Electron confi gurations

The electron confi guration places the electrons for any atom or ion into the energy levels, sublevels and 
orbitals that they are found in. This confi guration is sometimes referred to as ‘ground state’ confi guration, 
meaning the lowest energy state.

To write the electron confi guration for an atom or ion:

• fi nd the number of electrons in the atom or ion
• assign the electrons to orbitals, fi lling the orbitals with the lowest energy fi rst.

Example: Electron confi gurations of atoms

Si (14 electrons) 1s2 2s2 2p6 3s2 3p2

Ca (20 electrons) 1s2 2s2 2p6 3s2 3p6 4s2

For positive ions, subtract electrons equal to the charge on the ion.

Example: Electron confi gurations of positive ions

Mg has 12 electrons, and is thus 1s2 2s2 2p6 3s2

Mg2+ has 10 electrons (two electrons removed), and is thus 1s2 2s2 2p6

For negative ions, add electrons equal to the charge on the ion.

Example: Electron confi gurations of negative ions

Cl has 17 electrons, and is thus 1s2 2s2 2p6 3s2 3p5

Cl– has 18 electrons (one electron added), and is thus 1s2 2s2 2p6 3s2 3p6

Atoms and ions are said to be isoelectronic when they have the same electron confi guration.

Example

O2–, F–, Ne, Na+, Mg2+ and Al3+ all have the electron confi guration 1s2 2s2 2p6
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Further points to note.

• 4s has lower energy than 3d – the 4s orbital fi lls before any of the 3d orbital.

Example
Fe (26 electrons) has confi guration 1s2 2s2 2p6 3s2 3p6 3d6 4s2

• The fi rst 18 electrons 1s2 2s2 2p6 3s2 3p6 may be represented by [Ar], the same electron confi guration as argon, Ar.

Example
The confi guration for Fe may be written as [Ar] 3d6 4s2

• Most transition metals form 2+ ions by losing the 4s electrons (not 3d electrons).

Example
Fe [Ar] 3d6 4s2 forms Fe2+ [Ar] 3d6

Exceptions to the above rules for the order in which orbitals are fi lled:

• Cr (24 electrons) has confi guration [Ar] 3d5 4s1 (not [Ar] 3d4 4s2), and its +2 ion, Cr2+, has confi guration [Ar] 3d4

• Cu (29 electrons) has confi guration [Ar] 3d10 4s1 (not [Ar] 3d9 4s2), and its +2 ion, Cu2+, has confi guration [Ar] 3d9

These exceptions occur because half-filled and completely filled orbitals are particularly stable, so the last electron 
goes into the d orbital rather than the 4s.

Hund’s rule

An ‘electrons in boxes’ diagram may be used to show the orbitals available. Each box represents an orbital. The 
electrons are represented by either - or .. Two electrons placed in the same orbital (or box) are said to spin-paired, 
and are represented by -..

When adding electrons in orbitals of a particular sublevel, e.g. 2p, one electron is placed in each orbital before 
pairing any electrons. This is referred to as Hund’s rule.

Example: Electron confi guration of phosphorus

Phosphorus (15 electrons)

 The electron confi guration of phosphorus can be summarised thus:

 P: 1s2 2s2 2p6 3s2 3p3

5s
4p

3p
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4s

2p

s p d sublevels
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Energy level
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 Electron confi gurations
1. a. The third energy level can hold a maximum of 18 electrons.

i. Describe how these electrons are grouped in sublevels and orbitals.

ii. Write out the sublevels from i. in order of increasing energy.

 b. How many electrons can each orbital hold? 

2. Write the ground state electron confi gurations for the following atoms. (Use the periodic table at the 
beginning of this book to fi nd the number of electrons for each atom.)

a. Be

c. Al

e. K

g. Br

i. Cu

b. O

d. Ar

f. Fe

h. Cr

3. a. Write the ground state confi gurations for the following ions.

i. Mg2+

iii. Cr3+

v. Br–

ii. P3–

iv. Cu2+

 b. Which of the ions in a. has the same electron confi guration as Kr?

4. Complete the table.

Symbol Electron confi guration

Se

V

V3+

Answers
p.  291
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 Question Four: Energy changes
Ammonium nitrate dissociates in an endothermic 
reaction, as shown in the equation: 

NH4NO3(s) → NH3(g) + HNO3(g)
a. The table outlines four statements about 

changes in entropy that may occur during 
any reaction.
Tick ( ) to the left of any statement that is 
correct for the above reaction.

Tick ( ) Entropy statement

The entropy of the system increases.

The entropy of the surroundings increases.

The entropy of the system decreases.

The entropy of the surroundings decreases.

b. Ammonium nitrate is used in ‘cold packs’ to relieve symptoms of a sports injury. The dissolving of the solid 
crystals of ammonium nitrate (shown in the equation) is spontaneous, despite being endothermic. 
Explain why this is so, in terms of the entropy change for the reaction system.

c. i. Use the information below to show that the ΔcH ° of propene, CH2=CHCH3(g), is –2 058 kJ mol–1.
 CH2=CHCH3(g) + H2(g) → CH3CH2CH3(g) Δr H ° = –124 kJ mol–1

ΔcH °(CH3CH2CH3(g)) = –2 220 kJ mol–1 ΔfH °(H2O()) = –286 kJ mol–1

 ii. The ΔcH ° of propene was found experimentally in a school laboratory to be –1 368 kJ mol–1.
 The theoretical value is –2 058 kJ mol–1.
 Account for the difference in values, and suggest how this difference could be minimised.

Answers
p.  298
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 CHEMISTRY 3.5 Externally assessed
5 credits

Demonstrate understanding of the properties of organic compounds

 Introduction
Organic chemistry is the study of compounds containing carbon. Organic compounds always contain carbon 
atoms and usually hydrogen atoms, but may contain other atoms such as oxygen, nitrogen and chlorine. A huge 
number of organic compounds exists, because the carbon atom, with four valence electrons, may form four 
covalent bonds in a variety of ways, including:

• single, double or triple bonds between C atoms
• bonds with other atoms such as oxygen, nitrogen and chlorine
• long chains of carbon atoms and branched chains
• rings of C atoms (cyclic compounds).

Naming organic compounds
Every organic compound is assigned a unique name by the IUPAC convention:

• the longest straight chain of carbon atoms in the structure of the compound 
gives the name of the parent alkane, which forms the prefi x of the name

• the suffi x of the name identifi es a functional group.

 Alkanes
The structure, names and numbers of carbon atoms present in the fi rst eight straight-chain alkanes are shown 
in the following table:

Structural formula
Number of 

carbon atoms
Prefi x Suffi x Name

CH4 1 meth ane methane

CH3CH3 2 eth ane ethane

CH3CH2CH3 3 prop ane propane

CH3CH2CH2CH3 4 but ane butane

CH3CH2CH2CH2CH3 5 pent ane pentane

CH3CH2CH2CH2CH2CH3 6 hex ane hexane

CH3(CH2)5CH3 7 hept ane heptane

CH3(CH2)6CH3 8 oct ane octane

Vitamin C

Octane
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Naming branched alkanes and substituted alkanes
The names of any groups attached to the parent alkane are included 
in the name of the compound.

Example: IUPAC name for:

 Br CH3

CH3  CH  CH  CH  CH  CH2  CH3

 CH2 Br

 CH3

The compound could also be written as its 
condensed structural formula (side-chains are 
written in brackets):

CH3CHBrCH(CH2CH3)CH(CH3)CHBrCH2CH3

Steps
1. Count the number of carbon atoms in the longest continuous 

chain of the structure.
Structure has seven carbon atoms in longest chain, so 
parent alkane is heptane

2. Carbon atoms in the longest chain are numbered from the end 
nearest to the branch chain.

 Br CH3

CH3  CH  CH  CH  CH  CH2  CH3

 CH2 Br

 CH3

➊ ➌ ➎ ➏ ➐

➋ ➍

3. Side-chain alkyl groups are named in a similar way to the 
alkanes.

Side chain No. of C 
atoms

Alkyl 
group

CH3– 1 methyl

CH3CH2– 2 ethyl

CH3CH2CH2– 3 propyl

CH3CH2CH2CH2– 4 butyl

Side-chains are:

• ethyl, –CH2CH3, group
• methyl, –CH3, group

4. Other groups may replace one (or more) H atoms:
• Cl– (chloro)
• Br– (bromo)
• I– (iodo)

bromo, –Br, group(s) present

5. If there are more than one of the same side group, indicate 
this using:
• di (two)
• tri (three)
• tetra (four)

dibromo

6. •  The C to which a group is attached is numbered.
•  Commas are used to separate di, tri and tetra numbers.
• Hyphens (-) separate numbers and letters.

• 2 bromo and 3 ethyl and 4 methyl and 5 bromo
• 2,5-dibromo
• 2,5-dibromo and 3-ethyl and 4-methyl

7. Where there is more than one group attached to the chain of 
carbon atoms, the names of the groups are put in alphabetical 
order.

2,5-dibromo and 3-ethyl and 4-methyl heptane

8. The name is written as a continuous word (with no gaps). 2,5-dibromo-3-ethyl-4-methylheptane
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 Oxidation numbers
1. Find the oxidation number of the underlined element in each of the following. Show any working.

 a. Br2

 b. CO 

 c. HPO4
2–

 d. NH3

 e. HBrO3

 f. MnO4
–

 g. Na3PO4

2. Following are six unbalanced equations. For each reaction, fi nd the oxidation number of the underlined 
element both before and after reaction. Use this information to say whether the underlined element in each 
reaction has been oxidised, reduced or neither.

 a. Zn $ Zn2+

 b. Cr2O7
2– $ CrO4

2–

 c. H+ $ H2

 d. Ag+ $ Ag

 e. Cl2 $ Cl–

 f. MnO4
– $ Mn2+

3. For the following reactions, work out oxidation numbers to fi nd which elements are oxidised and reduced, 
and whether a redox reaction has taken place.
a. Zn(s) + CuSO4(aq) $ ZnSO4(aq) + Cu(s)

b. 2NaBr(aq) + Cl2(aq) $ 2NaCl(aq) + Br2(aq)

c. CuO(s) + 2HCl(aq) $ CuCl2(aq) + H2O(ℓ)

Answers
p.  316
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 Oxidants and reductants 
In redox reactions, the reactant that is oxidised is called the reductant (or ‘reducing agent’). The reductant is the 
reactant that loses electrons and/or whose oxidation number increases. Some common laboratory reductants follow 
(species are colourless unless otherwise stated).

 Reductant After electron loss (oxidised form)

H2(g) hydrogen H+(aq) hydrogen ion

Mg(s) magnesium (silver-grey) Mg2+(aq) magnesium ion 

Zn(s) zinc (silver-grey) Zn2+(aq) zinc ion

Fe(s) iron (silver-grey) Fe2+(aq) iron(II) ion (pale green)

Cu(s) copper (pink) Cu2+(aq) copper (II) ion (blue)

C(s) carbon (black) CO2(g) carbon dioxide

I–(aq) iodide ion I2(aq) or I2(s) iodine (yellow-brown solution/black solid)

Br–(aq) bromide ion Br2(ℓ) bromine (red-brown)

Fe2+(aq) iron(II) ion (pale green) Fe3+(aq) iron(III) ion (red-brown)

H2S(g) hydrogen sulfi de (rotten egg smell) S(s) sulfur (yellow)

SO2(g) sulfur dioxide SO4
2–(aq) sulfate ion

SO3
2–(aq) sulfi te ion SO4

2–(aq) sulfate ion

HSO3
–(aq) hydrogen sulfi te ion SO4

2–(aq) sulfate ion

S2O3
2–(aq) thiosulfate ion S4O6

2–(aq) tetrathionate ion

H2O2(ℓ) hydrogen peroxide O2(g) oxygen

H2C2O4(aq) oxalic acid CO2(g) carbon dioxide gas

In redox reactions, the reactant that is reduced is called the oxidant (or oxidising agent). The oxidant is the 
reactant that gains electrons and/or whose oxidation number decreases. Some common laboratory oxidants follow.

 Oxidant After electron gain (reduced form)

H2O2(ℓ) hydrogen peroxide H2O(ℓ) water

MnO4
–(aq)/acidic (purple) permanganate ion Mn2+(aq) manganese(II) ion (very pale pink)

MnO4
–(aq)/basic (purple) permanganate ion MnO4

2–(aq) manganate ion (green)

MnO4
–(aq)/neutral (purple) permanganate ion MnO2(s) manganese dioxide (brown)

MnO2(s) manganese dioxide (dark brown) Mn2+(aq) manganese(II) ion (very pale pink)

Cl2(g) chlorine (yellow-green, pungent smell) Cl–(aq) chloride ion

Cr2O7
2–/acidic dichromate ion (orange) Cr3+(aq) chromium(III) ion (blue-green)

HNO3 conc. nitric acid NO2(g) nitrogen dioxide (brown)

IO3
–(aq)/acidic iodate ion I2(aq) or I2(s) iodine (yellow-brown/black)

OCl–(aq) hypochlorite ion Cl2(g) chlorine (pungent smell)

O2(g) oxygen O2–(s) oxide ion

Fe3+(aq) iron(III) (red-brown) Fe2+(aq) iron(II) (pale green)

I2(aq) iodine (yellow/brown) I–(aq) iodide (colourless)

Cu2+(aq) copper(II) ion (blue) Cu+(aq) copper(I) ion (white)

H+(aq) hydrogen ion (dilute acids with metals) H2(g) hydrogen

Note – some substances can act as both oxidant and reductant; all of the substances are colourless unless 
otherwise stated (the colours do not have to be learned, but are useful when identifying reactants and products).
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ANSWERS

Achievement Standard 91387 (Chemistry 3.1)
 Colorimetric analysis (page 4)
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Concentration of Fe in unknown sample = 3.1 mg L–1 (to 2 signifi cant 
fi gures).

 Volumetric analysis (page 5)
1. Preparing a standard solution (1)
 a. i. 122.05 – 116.48 g = 5.57 g

  ii. n = 
m
M

 = 5.57 g 
106 g mol–1

 = 0.0525 mol

 b. c = 
n
V  = 

0.0525 mol
0.250 L 

 = 0.210 mol L–1

 c. n = cV = 0.210 mol L–1 × 0.02000 L = 0.00420 mol

2. Preparing a standard solution (2)
 n = cV = 0.0125 mol L–1 × 0.500 L

  = 6.25 × 10–3 mol

 m(Fe(NO3)3.9H2O) = nM = 6.25 × 10–3 mol × 403.9 g mol–1

    = 2.52 g

3. Diluting a standard solution
  0.100 mol L–1: Take 10.0 mL of standard 1.00 mol L–1 and dilute to 

exactly 100 mL in fl ask.

  0.080 mol L–1: Take 8.0 mL of standard 1.00 mol L–1 and dilute to exactly 
100 mL in fl ask.
0.060 mol L–1: Take 6.0 mL of standard 1.00 mol L–1 and dilute to exactly 
100 mL in fl ask … etc.

4. Volumetric calculations
 a. i. n(KMnO4) = c × V

   = 0.0250 mol L–1 × 0.02250 L = 5.625 × 10–4 mol

  ii. mol ratio Fe2+ : MnO4
– = 5 : 1 (from equation)

   So, mol Fe2+ = 5 × 5.625 × 10–4 = 2.813 × 10–3 mol

  iii. c(Fe2+) = n
V

 = 
2.813 × 10–3 mol

0.0200 L 
 

= 0.141 mol L–1

  iv.  Colourless/very pale green (Fe2+) to pink (slight excess of 
MnO4

–).

 b. i. From titration:

   n(K2Cr2O7) = c × V

   = 0.0102 mol L–1 × 0.01542 L = 1.573 × 10–4 mol

   mol ratio Fe2+ : Cr2O7
2– = 6 : 1 (from equation)

    So, mol Fe2+ = 6 × 1.573 × 10–4 
= 9.437 × 10–4 mol in 25.00 mL of solution

   In 250 mL of this solution:

   mol Fe2+ = 10 × 9.437 × 10–4 mol = 9.437 × 10–3 mol

    Mass of Fe2+ in 9.437 × 10–3 mol = 
n × M(molar mass Fe) = 9.437 × 10–3 mol × 55.9 g mol–1 
= 0.528 g (to 3 sig. fi g) in 45.5 g sample of fertiliser

  ii. % (w/w) Fe2+ in sample = 0.528
45.5 

 × 100 = 1.16%

 c. i.  Starch forms a dark blue complex with iodine, and a sharp colour 
change from blue to colourless is observed at the equivalence 
point.

  ii. From titration:

   n(S2O3
2–) = c × V

   = 0.100 mol L–1 × 0.01225 L = 1.225 × 10–3 mol

   mol ratio I2 : S2O3
2– = 1 : 2 (from second equation)

   So, mol I2 = ½ × 1.225 × 10–3 = 6.125 × 10–4 mol

   mol ratio OCl– : I2 = 1 : 1 (from fi rst equation)

   So, mol OCl–

   = 6.125 × 10–4 mol (in 20.0 mL of diluted solution)

   c(OCl–) in diluted solution = 
n
V

 

   = 6.125 × 10–4 mol
0.0200 L 

 = 0.0306 mol L–1

   c(OCl–) in original solution

   = 
250 mL
25 mL 

 

× 0.0306 mol L–1 = 0.306 mol L–1

  iii. c(OCl–) = 0.306 mol L–1 

   = 0.306 mol L–1 × 51.5 g mol–1 = 15.8 g L–1
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