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AS 91387

CHEMISTRY 3.1 Internally assessed 
4 credits

Carry out an investigation in chemistry involving quantitative analysis

Introduction
In Achievement Standard 91387 (Chemistry 3.1), you will:

investigate a possible trend or pattern in the quantity of a substance present
develop a procedure to collect data about the quantity of a substance present
collect and process sufficient data to reach a conclusion
write a report on your findings.

Analytical techniques
Quantitative analysis involves finding out how much of a certain substance is present.

Suitable analytic techniques for finding the quantity of a substance follow.

Volumetric analysis (titration)

Volumetric analysis (titration) is suitable for acid-base or redox reactions, or formation of a complex ion or a 
precipitate.

Examples

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

Volumetric analysis involves use of titrations

Volumetric analysis of a substance is not always completed by a single step reaction.
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Activity 2A: Infrared spectra
1. What easily identifiable peaks would you expect to see for the IR spectrum of the molecule with the 

following structure?

CH2 CH C
O

CH3

 

 

 
2. Use the table under Useful diagnostic molecular vibrations to find two easily identifiable stretches in the IR 

spectrum following. Give the type of stretch and the approximate wavenumber at which it occurs.

4 000 3 500 3 000 2 500 2 000 1 500 1 000 500

transmittance / %

wavenumber / cm–1

90.0

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

 

 

13C nuclear magnetic resonance (NMR) spectroscopy
The nuclei of some atoms, such as 13C (1.1% natural abundance), have nuclear spin, and behave like tiny 
magnets. In a strong external magnetic field they will either line up with the field (lower energy state) or 
against it (higher energy state).

Ans. p. 193
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If fragments can be identified from their mass (and this is not always possible!), this may give some information 
about the structure of the molecule. Fragments are not generally used to diagnose a structure, but can be used to 
confirm a structure that has been proposed using other evidence.

Example

pentan-2-one, CH3COCH2CH2CH3, and pentan-3-one, CH3CH2COCH2CH3, can be distinguished as 
follows:

pentan-2-one forms both +COCH3 and +COCH2CH2CH3, which show strong peaks at m/z = 43 and  
m/z = 71
pentan-3-one forms only +COCH2CH3, giving one strong peak at m/z = 51

In high resolution mass spectrometry, smaller peaks may show up at a higher m/z value than Mr. This is because 
the ions detected contain all the possible combinations of naturally occurring isotopes of the elements in the 
molecule. Each different isotope has a different mass, so the molecular ion and its fragments may be observed as 
isotopic ion clusters, varying by 1 or 2 atomic mass units within the cluster.

The natural abundance of some isotopes of atoms commonly found in organic molecules follow.
 1H 99.8% 2H 0.02% no significant heavier isotope
 12C 98.9% 13C 1.1% small % of heavier isotope; 1 atomic mass unit heavier
 14N 99.6% 15N 0.04% small % of heavier isotope; 1 atomic mass unit heavier
 35Cl 75.5% 37Cl 24.5% large % of heavier isotope; 2 atomic mass units heavier
 79Br 50.5% 81Br 49.5% large % of heavier isotope; 2 atomic mass units heavier

The lowest mass isotope of each element is usually by far the most abundant, so the peaks for the higher mass 
isotope ions are usually not significant. The exceptions are chlorine and bromine, where the natural abundance 
of the higher mass isotope is significant, and the molecular ion will show up as a double peak, two atomic mass 
units apart.

Example – 2-chloropropane, CH3CHCH3

Cl

m/z 10 20 30 40 50 60 70 80

relative
abundance

Simplified mass spectrum of 2-chloropropane – CH3CHCH3

Cl

Mr + 2
Mr65

63

For the 2-chloropropane spectrum:
the two peaks at m/z = 78 and m/z = 80 are two mass units apart – this indicates Cl or Br is present
the mass labelled Mr at m/z = 78 is the relative molecular mass (it contains the lower mass isotope 
of the halogen)
the peaks at 63 and 65 represent ion fragments which have lost CH3 (mass is 15 lower)
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CHEMISTRY 3.3 Internally assessed 
3 credits

Demonstrate understanding of chemical processes in the world around us

Introduction
In Achievement Standard 91389 (Chemistry 3.3), you will:

process and interpret information about a natural chemical process or developed chemical process
produce a written account which makes connections between the process and the chemistry involved, and 
includes any consequences of the process for humans or the environment
use correct chemistry terms, formulae and balanced equations.

Suitable topics
‘Chemical processes in the world around us’ could include any of the following.

The chemistry related to an environmental issue, such as the greenhouse effect, ozone depletion, acidification 
of oceans, acid rain, volcanic eruptions, pollution.
The chemistry involved in the development of a technology which meets the needs of society, such as 
polymers, pharmaceuticals, energy production, food production.

The New Zealand Institute of Chemistry website provides a comprehensive range of articles on possible topics 
under the heading of ‘Chemical processes in New Zealand’.

Examples of suitable topics might be:
Production of chromium sulfate tanning powder
Extraction of gold using the cyanide process
Comparison of the use of fossil fuels and hydrogen fuel cells as a means of producing energy
Liquefaction of coal

Recycle hydrogen

Slurry

Liquid
(and coal)

Vapour
condensed

Fuel gas

Light oils

Heavy oil
Steam and

oxygen

Catalytic
reactor

Residual oil
Coal

Oil
Hydrogen
production

Recycle slurry oil

Preheater

Gas treatment

Flash
drum Distillation

Fuel gas

Hydrogen gas

Coal liquefaction process
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Activity 4C: Lewis structures
1. Draw Lewis structures for the following molecules in the boxes provided.

a. NF3 b. BF3 c. IF3 d. O3

e. COCl2 f. HOCl g. ONCl h. HCN

i. SCl6 j. POCl3 k. C2H2 l. H2CO3

2. Draw the Lewis structures for the following ions in the boxes provided. 

a. H3O+ b. BrF4
– c. IO3

– d. SF5
–

Shapes of molecules and ions
The ‘shape’ of a molecule describes the arrangement of its atoms in space.

The valence shell electron pair repulsion (VSEPR) theory allows prediction of the shape of a molecule.

Since valence electron pairs repel each other, this repulsion determines the distribution of electron pairs in space 
and hence the geometry of the molecule.

Pairs of valence electrons act like regions of negative charge, and repel each other as far away as possible.
Both bonding and non-bonding pairs are involved in this repulsion.
A multiple (double or triple) bond acts as a single region of negative charge.

A Lewis diagram must be drawn first so that the positions of all atoms and electron pairs (both bonding and non-
bonding) are taken into account when considering the repulsions between electron pairs.

The actual shape of the molecule comes from the resulting positions of the bonded atoms only.

Ans. p. 194
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Measuring energy changes
The heat given out in a chemical reaction (or change of state) can be found using a calorimeter, which measures 
the change in temperature of a known volume of water.

Most of the heat given out in a reaction is absorbed by the water in the calorimeter – this causes the 
temperature of the water to rise.
The amount of energy required to raise the temperature of one gram of a substance by 1 °C is called the 
specific heat capacity, c, of a substance. The specific heat capacity for water is 4.184 J g–1 °C–1.

The heat absorbed by water in the calorimeter is the heat given out in the reaction (although some heat will be 
lost to the surroundings).

heat energy (q) = mass of water (m) × heat capacity (c) × change in temperature ( T )

Example – Heating water

Calculate the amount of heat energy required to boil 200 g of water, initially at 20 °C:

 mass of water m = 200 g

 temperature change T = 100 – 20 [boiling point is 100 °C at standard pressure]

  = 80 °C

 specific heat capacity c = 4.18 J g–1 °C–1

 heat energy q = mc T

  = 200 g × 4.18 J g–1 °C–1 × 80 °C [substituting]

  = 66 880 J (or 66.9 kJ)

Activity: 4J Change of state and enthalpy change
1. The table lists values of fusH° and 

vapH° for some compounds. Refer 
to these values when answering 
the following questions.

Compound fusH° / kJ mol–1
vapH° / kJ mol–1

H2O 6.0 40.7

CH4 0.84 9.2

N2O4 15 29

 a. i. Explain fully what the following statement tells you:
   vapH° (CH4) = 9.2 kJ mol–1

  ii. Write a thermodynamic equation for the statement.

 b. Which solid has the strongest forces between its molecules? Explain your answer.

Ans. p. 196
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CHEMISTRY 3.5 Externally assessed 
5 credits

Demonstrate understanding of the properties of organic compounds

Introduction
In Achievement Standard 91391 (Chemistry 3.5), for the compounds alkenes, haloalkanes, amines, alcohols, 
aldehydes, ketones, carboxylic acids, esters, acyl chlorides and amides, students should be able to:

give the IUPAC names and draw structural formulae
describe and explain physical and chemical properties
identify, draw and describe properties of constitutional isomers and stereoisomers
describe the formation and hydrolysis of condensation polymers – polyesters, polyamides, and proteins.

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 prefix of the name
the suffix of the name identifies a functional group.

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

Structural formula
Number of 

carbon atoms
Prefix Suffix 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
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Elimination reactions of alcohols
The reverse of Markovnikov’s rule applies – H is eliminated from the carbon atom which has the lower number of H 
atoms attached (to form the major product).

Example – Dehydration by concentrated sulfuric acid

Concentrated sulfuric acid removes a molecule of water from an alcohol. H and OH are removed from 
neighbouring carbon atoms, a double bond forms, and the product is an alkene.

 CH3CH2CH(OH)CH3 
conc. H2SO4  CH3CH=CHCH3 + CH3CH2CH=CH2

  butan-2-ol  but-2-ene but-1-ene
    (major product) (minor product)

Reaction summary for ethanol
reflux
SOCl2

ethene 
C2H4

ethanoic acid
CH3COOH

ethanal 
CH3CHO

chloroethane 
C2H5Cl

Cr2O7
2–/H+

cool

Cr2O7
2–/H+

warm

excess conc.
H2SO4, 170 °C

CH3COCl

CH3COOH
conc. H2SO4 

ethanol 
C2H5OH

ethyl ethanoate
CH3COOC2H5

Activity 5D: Further reactions of alcohols
1. a.  Give the condensed structural formula of the ester formed when butan-1-ol reacts with propanoic acid, 

CH3CH2COOH

b. i. Give the structural formula of the chloroalkane formed when thionyl chloride reacts with propan-2-ol

  ii. Explain why it is important to use reflux equipment when carrying out the reaction in question i.

Ans. p. 198
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Acyl chlorides

Acyl chlorides (also called acid chlorides) are compounds which contain the acyl chloride 
functional group. The general formula is given as R–COCl, where R represents an alkyl group.

Cl

O

C
R

 O

H  C  Cl

acyl group

methanoyl chloride, HCOCl, showing the acyl (–COCl) group

Naming acyl chlorides
The e at the end of the name of the parent alkane is replaced with oyl chloride.

The first three acyl chlorides in the series are:

 HCOCl CH3COCl CH3CH2COCl

 methanoyl chloride ethanoyl chloride propanoyl chloride

Physical properties
Acyl chlorides are polar molecules, but there is no hydrogen bonding between molecules, hence:

the smaller acyl chlorides are colourless liquids with pungent odours
acyl chlorides have moderately low melting points.

Acyl chlorides react vigorously with water, hence they do not ‘dissolve’ in water (see chemical properties).

Chemical properties
Acyl chlorides, such as ethanoyl chloride, CH3COCl, are very reactive compounds. The polarity of the –COCl group 
is responsible for the extreme reactivity of an acyl chloride.

Cl

The polar ethanoyl chloride molecule

Nucleophiles – such as H2O, NH3 and ROH – are attracted to the positively charged carbon atom of the acyl  
(–COCl) group, displacing the chlorine atom. Many of these reactions take place extremely quickly and are often 
exothermic.

Acyl chlorides are useful starting materials for making many other organic compounds.

Substitution reactions

With water

The smaller acyl chlorides react vigorously with water and the chlorine atom is substituted by a hydroxyl group. 
The corresponding carboxylic acid and HCl(g) are formed.
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Calculation of solubility from Ks

Solubility can also be calculated from solubility product, Ks, values.

Example

The solubility product of silver carbonate at 20 °C is 8.0 × 10–12

What is its solubility at this temperature? Use the symbol s to stand for solubility.

At equilibrium: Ag2CO3(s)  2Ag+(aq) + CO3
2–(aq)

When s mol of Ag2CO3 dissolve, 2s mol of Ag+ and s mol of CO3
2– are produced in solution, so:  

 [Ag+] = 2s and [CO3
2–] = s mol L–1

 Ks = [Ag+]2[CO3
2–] (solubility product expression)

  = (2s)2 × s = 4s3

 So, 4s3 = 8.0 × 10–12

   s3  = 2 × 10–12

    s  = × −2 103 12

   = 1.3 × 10–4 mol L–1 (to 2 significant figures)

This is the solubility of silver carbonate at 20 °C

Activity 6C: Calculating solubility from Ks
1. Ks for silver chromate, Ag2CrO4 = 9.0 × 10–12

a. Write an equilibrium equation for the formation of silver chromate solution.

b. Write an expression for Ks

c. Calculate the solubility of silver chromate in mol L–1

For Ag+, s is both doubled and squared in the solubility product expression:

two mol of Ag+ are formed for every one mol of CO3
2–

2Ag+(aq) in the equilibrium equation.

Ans. p. 201
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Measuring base strength using Ka and pKa values

 A– + H2O  HA + OH–

The base equilibrium constant, Kb

 Kb = 
[HA][OH ]

[H ]

–

The values of Ka and Kb

 Ka × Kb = 1 × 10–14 = K

Since 1 × 10–14 = Ka × Kb, a high value for Kb Ka – 

Ka and high pKa

high Kb Kb, hence high base strength.

Activity 6I: pKa and acid or base strength
1. Ka and pKa values for the conjugate acids of three bases:

Base Conjugate acid Ka pKa

CH3COO– CH3COOH 1.74 × 10–5 4.76 

NH3 NH4
+ 5.75 × 10–10 9.24 

a. 

b. 

c. Write the three bases in decreasing order of strength

2. Write the acids in Activity 6H question 2. (HOCl, HCN, HF and CH3CH2COOH), in order from strongest to 

pH calculations for weak acids
Ka (or pKa known concentration of the acid can be calculated. In 

any calculations, show all your working and state any assumptions made.

Example

Calculate the pH of a 0.10 mol L–1 solution of ethanoic acid, CH3COOH, given that Ka = 1.74 × 10–5

 CH3COOH(aq) + H2O( )  CH3COO–(aq) + H3O+(aq)

S

h

pKa values provide an inverse measure 
of acid strength – i.e. the smaller the 
pKa value, the stronger the acid.

Ans. p. 202
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Calculating standard cell potentials
The standard reduction potentials for half-cells can be used to calculate the standard cell potential, E°cell, for the 
cell as a whole.

 E°cell = E° (reduction)      – E° (oxidation)

or E°cell = E° (right side of cell diagram) – E° (left side of cell diagram)

Example

Given E° (Cu2+ | Cu) = 0.35 V and E° (Zn2+ | Zn) = – 0.76 V:
copper has the higher reduction potential, so reduction will occur on the copper electrode
electrons flow from left to right in the cell diagram.

The cell diagram is: Zn(s) | Zn2+(aq) || Cu2+(aq) | Cu(s)

 E°cell = E° (Cu2+ | Cu) – E° (Zn2+ | Zn) = 0.35 – (– 0.76) = + 1.11 V

Activity 7F: Standard cell potentials
1. E° (Fe2+ | Fe) = – 0.41 V and E° (Pb2+ | Pb) = – 0.13 V

a. Write the cell diagram for the cell made up of these two half-cells, so as to give a positive E° value.

b. Calculate E°cell

 c. i. Which way do electrons flow in the external circuit?

  ii. In which half-cell does reduction occur?
d. Write the equation for the:

  i. reduction half-reaction

  ii. oxidation half-reaction

  iii. overall cell reaction

2. E° (Ag+(aq) | Ag(s)) = + 0.80 V and E° (Sn2+(aq) | Sn(s)) = – 0.15 V
a. Write the cell diagram for the cell made up of these two half-cells, so that the E°cell will be positive.

b. Calculate E°cell

c. Write the equation for the anode half-reaction.

d. Write the equation for the cathode half-reaction.

E°cell = E° (reduction) – E° (oxidation) is typically written as:

E° cell = E° reduction – E° oxidation

Ans. p. 207
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Examples

(1) The standard reduction potentials for iron and zinc are:

 E° (Zn2+ / Zn) = – 0.76 V, E° (Fe2+ / Fe) = – 0.41 V

Fe is the stronger oxidant (higher E° value), so the spontaneous reaction will be:

 Zn(s) + Fe2+(aq) $ Zn2+(aq) + Fe(s)

 E°cell = – 0.41 – (–0.76) = 0.35 V

The zinc acts as the anode and will lose electrons:

 Zn(s) $ Zn2+(aq) + 2e–

The electrons flow onto the iron reversing any oxidation there, or react with any H+ ions in the 
electrolyte.

(2) Magnesium (E° = – 2.71 V; more negative E° value) is a weaker oxidant than zinc, so it will be 
even more effective at preventing corrosion.

 Mg(s) + Fe2+(aq) $ Mg2+(aq) + Fe(s)

 E°cell = – 0.41 – (–2.71) = 2.3 V

Galvanised iron shed

Activity 7H: Practical uses of galvanic cells
1. These questions relate to the standard dry cell (torch battery) – see page 179.

a. i. What is the oxidation state of Mn in MnO2 and in Mn2O3?

 ii. Is Mn oxidised or reduced in the reaction that takes place in the dry cell?

b.  Suggest a reason that ammonium chloride rather than say, hydrochloric acid, is used as a source of H+ 
ions.

c. Use the ion-electron method to write the balanced equation for the cell reaction.

d. Refer to the zinc half-cell reaction to explain why the zinc casing forms the negative electrode.

Ans. p. 208
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Achievement Standard 91388 
(Chemistry 3.2)
Activity 2A – Infrared spectra (page 14)

 C=C–H stretch at just above 3 000 cm–1

 C–H stretch at just below 3 000 cm–1

 C=O stretch at about 1 715 cm–1

2. C–H stretch – strong peaks at just below 3 000 cm–1

 N–H stretch – weak peaks at 3 400–3 300 cm–1 (the double peak 
shows two separate N–H bonds present)

Activity 2B – 13C NMR spectra (page 16)

1. a. 4

 b. 4

 c. 2  The three CH3 carbons are identical

 d. 3  The two CH3 carbons are identical

2. a.  Three peaks indicate three different chemical environments for 
C atoms.

 b. Peak at about 15 ppm represents –CH3

  Peak at about 25 ppm represents –CH2–

  Peak at about 45 ppm represents –CH2NH2

Activity 2C – Mass spectra (page 20)

1. a.  m/z = 59 is the highest-occurring significant peak, so relative 
molecular mass, Mr, is 59

 b. Mr is an odd number, which means there is a N atom present.

 c. There is no (Mr + 2) peak; means a halogen atom is not present.

 d.  The peak at m/z = 30 is called the base peak. The molecular ion 
has fragmented to form a large percentage of ions with this mass 
(in this case, m/z = 30 is likely to be the +CH2NH2 ion).

2. a. Possible isotopic combinations for ethane follow.

  12CH3
12CH3 mass is 30

  12CH3
13CH3  or  13CH3

12CH3 mass is 31

  13CH3
13CH3 mass is 32

 b.  Relative abundance (also relative peak height, if you do the 
calculations):

  12CH3
12CH3 (98%) > 12CH3

13CH3 (2%) > 13CH3
13CH3 (0.01%)

 c.  From left to right, one very high peak at m/z = 30, a much 
smaller peak at m/z = 31, and a very much smaller peak 
(possibly not visible) at m/z = 32.

 d.  Relative molecular mass = 30, where both carbons are 12C, as 
this would have a much greater abundance than ions containing 
the 13C isotope.

Activity 2D –  Combined information from all types of 
spectra (page 22)

1. a. IR spectrum:

   broad peak at about 3 300 cm–1, indicating –OH

   strong peak at about 1 750 cm–1, indicating C=O

  Both these together indicate a carboxylic acid.

 b.  13C NMR: Three peaks due to three different C environments (the 
two CH3 are identical):

   –CH3 at about 10–15 ppm

   –CH2– at about 16–25 ppm

   –C=O at about 170–185 ppm

 c. Molecular ion at m/z = 88, so relative molecular mass is 88

2. a. i. IR spectrum:

    peak just below 3 000 cm–1 is C–H stretch

    peak at 1 750 cm–1 is C=O stretch

    peak at 1 200 cm–1 is C–O stretch

    no O–H, N–H, or C=C peaks present.

  ii. 13C NMR:

    five peaks indicate five different carbon environments

    peak at 175 ppm indicates C=O

    peak at 60 ppm indicates –CH2–O–

    peak at 25 indicates –CH2C=O

     peaks at 12 and 15 ppm indicate –CH3 carbons (not 
identical).

  iii. Mass spectrum:

     highest mass peak is at m/z = 102; thus relative 
molecular mass, Mr, is 102

    N atom or halogen atom not present

     base peak at m/z = 57 could be CH3CH2C=O+ (since 
IR gives evidence of an ester)

     peak at m/z = 43 is not a strong peak so CH3C=O+ 
is unlikely.

 b.
so probably an ester; five different carbon environments; 
relative molecular mass 102.

 
ethanoate.

 
peak at m/z = 43 (acylium ion, CH3C=O+).

 m/z = 57 indicates CH3CH2C=O+, so 
molecule is ethyl propanoate, OCH3CH2C CH2CH3

O
3. a.  IR spectrum: Peaks at about 2 900 cm–1 showing C–H bonds; 

peak at 600 cm–1 showing C–Br (not so obvious as in fingerprint 
region); no peaks showing O–H, C=O, C–O, or C=C observed.

 b.  13C NMR: Three distinct peaks at about 15, 25, 35 ppm – 
showing three different carbon environments (one for each of 
–CH3, –CH2–, and –CH2Br in that order).



194 Level 3 Chemistry Learning Workbook

© ESA Publications (NZ) Ltd, Freephone 0800-372 266

AN
SW

ER
S

 c.  Mass spectrum: Two peaks at m/z = 123 and 125 with similar 
heights (almost equal % of each Br isotope); strong peak at m/z 
= 43 for CH3CH2CH2

+ fragment.

4. a. i.  IR spectrum: Peaks just below 3 000 cm–1 indicate C–H stretch.

   Broad peak at 3 400 cm–1 indicates O – H stretch (alcohol).

   No C=C, C–O or C=O peaks (not ketone or ester).

  ii.  13C NMR: Three peaks, so three different carbon 
environments:

    peak at about 65 ppm indicates R–CH2OH (an alcohol)

    peak at about 25 ppm indicates CH2–CH2OH

    peak at 15 ppm indicates CH3 –

  iii.  Mass spectrum: Molecular ion at m/z = 60, so relative 
molecular mass = 60, molecular formula must be C3H8O 
(base peak at m/z = 31 could be +CH2OH, since IR indicates 
an alcohol).

 b.  Compound is an alcohol, with three different carbon 
environments, so must be a primary alcohol.

  Structure must be:

  CH3–CH2–CH2–OH (since mass = 60)

Achievement Standard 91390 
(Chemistry 3.4)
Activity 4A – Electron configurations (page 34)

1. a. i. The third energy level has three sublevels, s, p, and d:

     the 3s sublevel has one orbital holding up to two 
electrons

     the 3p sublevel has three orbitals holding up to six 
electrons

     the 3d sublevel has five orbitals holding up to ten 
electrons.

  ii. 3s < 3p < 3d

 b. They have the same energy.

 c. 2

2. a. Be: 1s2 2s2

 b. O: 1s2 2s2 2p4

 c. Al: 1s2 2s2 2p6 3s2 3p1

 d. Ar: 1s2 2s2 2p6 3s2 3p6

 e. K: [Ar] 4s1

 f. Fe: [Ar] 3d6 4s2 4s has lower energy, so fills before 3d

 g. Br: [Ar] 3d10 4s2 4p5

 h. Cr: [Ar] 3d5 4s1 4s usually fills before 3d, but here the half-filled 
3d sublevel gives extra stability

 i. Cu: [Ar] 3d10 4s1 4s usually fills before 3d, but here the full 3d 
sublevel gives extra stability

3. a. i. 10 electrons, so Mg2+ is:

   Mg2+: 1s2 2s2 2p6

  ii. 18 electrons, so P3– is:

   P3– : 1s2 2s2 2p6 3s2 3p6

  iii. Transition metals lose the 4s electrons first 
when forming ions; 21 electrons, so Cr3+ is:

   Cr3+: [Ar] 3d3

  iv. 27 electrons, so Cu2+ is:

   Cu2+: [Ar] 3d9

  v. 36 electrons, so Br– is:

   Br – : [Ar] 3d10 4s2 4p6

 b. Br –

Activity 4B – Periodic trends (page 39)

1. a.  The energy required to remove the least tightly bound (outermost) 
electron from a mol of magnesium atoms in the gas state.

 b. Mg(g)  "  Mg+(g) + e–

2. a. Electronegativity increases; size decreases.

 b. Electronegativity decreases; size increases.

3. a. P and Mg are in the same row of the periodic table, so:
    both have valence electrons in the same energy level (the 

shielding effect of the inner shells is the same for both)
   P has more protons, so it will have a greater nuclear charge.

   The P valence electrons have a stronger attraction to the nucleus 
and they are pulled closer, so the P atom will be smaller.

 b. Cl > Mg > Ca

   Cl is in the same row as Mg but has more protons in its nucleus. 
The valence electrons are more tightly held and the amount 
of energy required to remove the first electron (first ionisation 
energy) will be greater.

   Mg is in the same group as Ca (same number of valence 
electrons), but Mg has fewer full inner shells (the valence 
electrons are closer to the nucleus, with less shielding). The 
valence electrons of Mg will be more tightly held, so the first 
ionisation energy will be greater than for Ca.

4. Covalent radius First ionisation energy Electronegativity
 a. Be > O Be < O Be < O
 b. Be < Ca Be > Ca Be > Ca

5. a. i. Na+ > Mg2+ > Al3+

  ii. P3– > S2– > Cl– Look at the nuclear charge and the 
number of outer shell electrons for each

 b. i. Li > Li+ Li has more electrons than Li+, 
but the same nuclear charge

  ii. Ca2+ > Mg2+ Ca2+ has more full inner shells than 
Mg2+, valence electrons further from 
nucleus with greater shielding

  iii. P3– > P P3– has more electrons than P, 
but the same nuclear charge

  iv. Cl– > Na+ Cl– has more full inner shells than Na+

Activity 4C – Lewis structures (page 42)

1. a. NF3 Central atom is N; total valence electrons = 26

F N
F

F

 b. BF3 Central atom is B; total valence electrons = 24 
3 electron pairs around central atom

B
F

F

F

 c. IF3 Central atom is I ; total valence electrons = 28 
5 electron pairs around central atom

F

F
IF

 d. O3 Central atom is O; total valence electrons = 18

O O
O


