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Chemistry 2.4 Externally assessed 
5 credits

Demonstrate understanding of bonding,  
structure, properties and energy changes

Chemistry terms 
You should be able to use the following terms correctly in your answers.

particle a very small piece of matter – may be used to describe an atom, ion, molecule, 
electron, etc.

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)

electron a negatively charged particle found in the space around the nucleus of an atom

nucleus the very dense, positively charge ‘core’ of the atom, made up of protons and neutrons 

electron 
configuration

the arrangement of electrons in the energy levels around the nucleus 

molecule two or more atoms (the same or different atoms)  chemically combined to form a 
single unit of a substance 

e.g. the oxygen molecule O2, the 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. the sodium ion Na+ ; the oxide ion O2–; the carbonate ion CO3
2– 

element a pure substance made up of only one 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

molecular formula shows the actual number of each type of atom in the molecule

ionic formula shows the simplest ratio of positive and negative ions present within the ionic 
substance

Copy correctly 
Up to 3% of a workbook 
Copying or scanning from ESA workbooks is 
subject to the NZ Copyright Act which limits 
copying to 3% of this workbook.
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Atoms and the periodic table
Atomic structure
•	 The atom is thought to be made up of a positive nucleus (positive protons and neutrons) and negative 

electrons.
•	 Electrons move around the nucleus, occupying certain regions of space, described as orbitals or electron 

‘clouds’. 
•	 Electrons can only have certain fixed energies, and occupy discrete energy levels (‘shells’), which increase in 

energy as they get further from the nucleus. 

Each energy level can only hold up to a certain number of 
electrons: 
•	 The first energy level (K shell) holds up to 2 electrons. 
•	 The second energy level (L shell) holds up to 8 electrons. 
•	 The third energy level (M shell) holds up to 18 electrons. 

Electrons fill the lowest available energy level first. 

Electrons in the highest energy level are called valence (or 
outer shell) electrons.

Planetary model of atom

Proton

Neutron

Electron

The periodic table
The periodic table contains all known elements arranged in order of atomic number – a complete periodic table is 
located at the back of this book.

Dmitri Mendeleev – creator of the first version of the periodic table of elements

Structure of the periodic table
The vertical columns are called groups.
• Atoms of the elements in the same group have the same number of valence electrons (electrons in the outer 

energy level).
• There are 18 groups in the full periodic table (only the eight groups pertaining to elements 1–20 are shown 

below).

The horizontal rows are called periods.
• From left to right across a period, the number of valence electrons in the outer energy level increases by one 

in successive atoms.
• There are seven periods in the full periodic table (only four periods are shown below, with the fourth period 

incomplete).
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The first twenty elements
The symbols and atomic numbers of the first twenty elements follow.

Group 1 Group 18

1H Group 2 Group 13 Group 14 Group 15 Group 16 Group 17 2He

3Li 4Be 5B 6C 7N 8O 9F 10Ne

11Na 12Mg 13Al 14Si 15P 16S 17Cl 18Ar

19K 20Ca

The electron arrangements of the first twenty elements follow.  

H: 1 He: 2

Li: 2,1 Be: 2,2 B: 2,3 C: 2,4 N: 2,5 O: 2,6 F: 2,7 Ne: 2,8

Na: 2,8,1 Mg: 2,8,2 Al: 2,8,3 Si: 2,8,4 P: 2,8,5 S: 2,8,6 Cl: 2,8,7 Ar: 2,8,8

K: 2,8,8,1 Ca: 2,8,8,2

Important groups of the periodic table

These groups and their names are:  
•	 Group 1: the alkali metals – the most reactive 

metals 
•	 Group 2: the alkaline earth metals – moderately 

reactive metals 
•	 Group 17: the halogens – the most reactive non-

metals 
•	 Group 18: the noble gases – these elements are 

very unreactive. 

Elements in the same group (column) have the 
same number of valence electrons (similar electron 
arrangements). 

The number of valence electrons increases across a row 
(period).

The number of occupied energy levels increases down 
a column.

Halogens are used in some forms of lamp, such as 
those used for stage lighting.

Atoms gain, lose or share electrons to produce full (stable) valence shells.
•	 Metals are found on the left of the periodic table, in Groups 1, 2 and 13. They tend to lose electrons to form 

positive ions (cations), to gain full (stable) valence shells.
•	 Non-metals are found to the right of the periodic table, in Groups 14, 15, 16 and 17. They tend to gain 

electrons to form negative ions (anions) or to share electrons, to gain full (stable) valence shells.
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The periodic table
1. For three elements with atomic numbers 2, 10 and 18:
 a. what is a common feature of the energy levels of the atoms of these elements?

 b. what is a common feature of the chemistry of these elements?

2. Write the symbol for the atom(s) and/or ion(s) that:

 a. have two electrons in its/their outer energy level
 b. gain or lose three electrons to form an ion; also write the symbol for the ion formed.

3. For each of the ions:
 a. name the ion

  Mg2+

  Cl–

  Al3+

  O2–

 b. write its electron arrangement.

  Mg2+

  Cl–

  Al3+

  O2–

Answers
p.  203
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Chemistry 2.5 Externally assessed 
4 credits

Demonstrate understanding of the properties  
of selected organic compounds

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

atom the smallest particle of a chemical element (shows the chemical properties of that 
element)  
e.g. an atom of carbon (symbol C); an atom of hydrogen (symbol H)

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, methane molecule CH4

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

2– 

element a pure substance made up of a single type of atom 
e.g. carbon C; oxygen gas O2

compound a pure substance made up of more than one type of atom  
e.g. carbon dioxide CO2; hydrochloric acid HCl; methanol CH3OH

covalent bond a chemical bond, formed between two non-metal atoms, in which valence electrons pairs 
are shared between the bonding atoms

hydrocarbon a compound made up of only carbon and hydrogen atoms  
e.g. ethane C2H8

functional 
group

the atom or group of atoms in a molecule that determines the chemical behaviour of that 
molecule 
e.g. the –OH group in an alcohol

Carbon atom

Copy correctly 
Up to 3% of a workbook 
Copying or scanning from ESA workbooks is 
subject to the NZ Copyright Act which limits 
copying to 3% of this workbook.

L2 Chem Externals LWB.indb   75 4/05/16   10:14 AM



76  Achievement Standard 91165 (Chemistry 2.5)

© ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-09-5 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Organic compounds in general
All compounds containing carbon (except carbon monoxide, carbon dioxide and the carbonates) are called 
organic compounds.

Organic molecules are found in:

• all living things; carbon atoms 
comprise about 20% (by mass) 
of all animals

• fossil fuels such as coal, 
petroleum, oil and natural gas

• common products such as 
plastics, adhesives, soaps, 
paper, cosmetics and medicines.

There are several reasons that there are so many organic molecules.
• Carbon atoms are tetravalent, i.e. they have four bonding electrons, and can form covalent bonds with 

other carbon atoms, giving rise to long chains and rings of carbon atoms.

C C C
C C

             C

C
C

C

C
C

• Carbon atoms readily form single, double and triple covalent bonds, both with carbon atoms and with 
different atoms.

 H

H  C  O  H

 H

      
H

C  H

H

 H

H  C

 H

C

HH

       

 H

 O

C  O

H

 

C  C

H

Cl

H

H

       

 H H

H  C  C  C  N

 H H

      H  C  C  H

• The same atoms can join together differently to produce isomers.

CH3  CH2  C  H

 O

         CH3  C  CH3

 O
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Homologous series
Organic compounds can be grouped in homologous series:
• a general formula can be written to represent all members of the series,  

e.g. the formula CnH2n+2 will fit any alkane (n values must be positive integers)
• each successive member of the series differs by a common structural unit,  CH2  
• the chemistry of any one member is similar to that of the other members  

e.g. they have similar methods of preparation and similar chemical properties.

Biodegradable material such as manure and waste material from crops such as maize  
can be converted to biofuel containing mixed alcohols with similar properties.

Formulae
• A molecular formula indicates the number of atoms in a molecule, but not the arrangement of atoms.  

e.g. ethanol has the molecular formula   C2H6O
• A structural formula shows the arrangement of atoms in a molecule.
• A structural formula can show all atoms and bonds. 

e.g. for ethanol this is:

 

 H H

H  C  C  O  H

 H H

 

• The condensed structural formula shows all bonds except bonds to hydrogen: 

e.g. CH3  CH2  OH 

 or shows only the bonds to the substituents; in this case, only bonds to  OH are shown 

e.g. CH3CH2  OH
•	 Condensed structural formulae with repeating units can be written either in a long form or in a bracket form

e.g. CH3CH2CH2CH2COOH can also be written CH3(CH2)3COOH

Use structural formulae (showing all the atoms and bonds) only when you are specifically asked to. Otherwise, 
condensed structural formulae are used for convenience (saves time and space). Molecular formulae are seldom 
used as they do not show the arrangement of atoms and functional groups within a molecule.
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Types of organic compound
The types of organic compound studied in NCEA Level 2 Chemistry are shown in the table.

Type of 
compound General formula Functional group

Example

Name and 
molecular formula Structural formula

Hydrocarbons

Alkane CnH2n+2 No functional group ethane, C2H6

 H H

H  C  C  H

 H H

Alkene CnH2n C  C ethene, C2H4 C  C

H

H

H

H

Alkyne CnH2n – 2  C  C ethyne, C2H2 H  C  C  H

Haloalkanes

Primary (1°) 
haloalkane

CnH2n+1X  
(where X is F, Cl, Br 

or I)

 H

H  C 

 X
or   X

fluoroethane, C2H5F

(or bromoethane, 
chloroethane, 
iodoethane)

 H H

H  C  C  H

 H F
(or Cl, Br, I)

Amines

Primary (1°) 
amine

CnH2n+1NH2 
or R – NH2

 H

H  C 

 NH2

or   NH2

aminoethane, C2H7N

or CH3CH2NH2

 H H

H  C  C  NH2

 H H

Alcohols

Primary (1°) 
alcohol

CnH2n+1OH or 
R – OH

 H

H  C  OH

 H

or   OH

ethanol, C2H6O

or  C2H5OH

 H H

H  C  C  O  H

 H H

Carboxylic acids

Carboxylic 
acid

CnH2n+1COOH

or 
R–COOH

  C

O  H

O

or  COOH

ethanoic acid, 
C2H4O2

or  CH3COOH

 H

H  C  C

 H O  H

O

Note: ‘R’ represents any alkyl group, e.g. CH3, C2H5
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Physical properties of organic compounds

Colour Colourless.

State at 
room 

temperature

Hydrocarbon series (alkanes, alkenes and alkynes) – first members are gases, then liquids 
follow, and the higher molar mass compounds are solids.

Haloalkanes, alcohols, carboxylic acids and amines – first members are liquids, higher molar 
mass compounds are solids.

Solubility in 
water

Hydrocarbons and haloalkanes are insoluble in water.

Alcohols, carboxylic acids and amines:
• lower molar mass members are water soluble, due to the polarity of the molecules
• higher molar mass molecules are insoluble, as the non-polar hydrocarbon chain has a 

greater influence on solubility.

Recognising organic compounds
1. a. Write the general formula for each of the following homologous series:

  i. alkenes 

  ii. haloalkanes 

  iii. amines 

  iv. alcohols 

  v. alkanes 
 b. Identify the homologous series represented by each of the following general formulae:

  i. CnH2n – 2 

  ii. CnH2n + 1Br 

  iii. CnH2n + 1OH 

  iv. CnH2n + 1NH2 

  v. CnH2n + 1COOH 
2. Identify the type of compound represented by each of the formulae:

 a. C3H4 

 b. C8H18 

 c. CH3COOH 

 d. CH3CH(OH)C3H7 

 e. CH2H5NH2 

Answers
p.  210
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Alkanes
Naming alkanes
Naming straight-chain alkanes
Straight-chain alkanes are named by placing the appropriate prefix in front of the suffix ane.

For example 

 H H H

H  C  C  C  H

 H H H

 is propane because there are three (prop) carbon atoms.

  C5H12 is pentane because there are five (pent) carbon atoms.

Formula of alkane Name Stem derived from alkane name Alkyl group

CH4 methane meth  or  methan methyl

C2H6 ethane eth  or  ethan ethyl

C3H8 propane prop  or  propan propyl

C4H10 butane but  or  butan butyl

C5H12 pentane pent  or  pentan pentyl

C6H14 hexane hex  or  hexan hexyl

C7H16 heptane hept  or  heptan heptyl

C8H18 octane oct  or  octan octyl

Naming alkanes with branched chains
Look for the longest chain of carbon atoms (the parent chain). The name of any alkyl groups forming branch 
chains is based on the name of the particular alkane, but with yl replacing ane.

Example

In the molecule 

 H H H H

H  C  C  C  C  H

 H  H H
H  C  H

 H

      the longest chain comprises four carbon atoms, so this 
molecule is butane.

The  CH3 group attached as a side chain is termed methyl. The name of the molecule is thus methylbutane.

Note: Bond lengths are sometimes exaggerated to ‘fit in’ groups – thus the ‘extra long’ C –––– C in methylbutane.

Naming molecules with branched chains
• Count the number of carbon atoms on the parent chain to indicate the 

position of the side chain. 
Number the carbon atoms from the end that gives the side chain the 
lowest number, e.g. 2-methylpentane (not 4-methylpentane) 

➎	 ➍	 ➌	 ➋	 ➊
CH3  CH2  CH2  CH  CH3

 CH3

• Separate numbers by a comma. Insert a hyphen (-) between the number(s) 
and the name, e.g. 2,3-dimethylpentane

 H CH3 CH3 H H

H  C  C  C  C  C  H

 H H H H H

➊	 ➋	 ➌	 ➍	 ➎
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Answers

Achievement Standard 91164 (Chemistry 2.4)
The periodic table (page 4)
1. a. Each element has a full outer (valence) energy level.

b. All three elements are chemically inert.

2. a. He, Li+

b. Al  Al3+, N  N3–, P  P3–

3. magnesium ion 2,8 chloride ion 2,8,8 aluminium ion 2,8

 oxide ion 2,8

Formulae of ionic compounds (page 8)
1. a. zinc carbonate   b. potassium phosphate 

c. calcium hydrogencarbonate d. copper(I) oxide 
e. ammonium dichromate  f. potassium thiocyanate 
g. sodium hypochlorite  h. cobalt nitrate 
i. iron(III) sulfate   j. lead hydroxide 
k. chromium chloride  l. sodium permanganate

2. a. Mg(OH)2 b. Hg(NO3)2 c. FeO  d. PbI2 
e. CuBr2  f. LiHCO3 g. (NH4)2CO3

 h. AgNO2 
i. Ba3N2  j. Ca3P2  k. K2SO3  l. Al2(SO4)3 

m. CoBr2  n. Na2CrO4 o. CuCl  p. FeF3 
q. KMnO4 r. SnO  s. Ag2S  t. NH4Cl

Lewis structures (page 12)

1. F   F     or   F  F    2. 
H

H   Si   H
H

    or   

 H

H  Si  H

 H

3. O  C  O    or    O  C  O  4. C  C
H

H H

H
  or  C  C

H

H H

H

 

5. H  C  C  H    or   H  C  C  H 6. H   O   H    or    H  O  H

7. H   N   H
H

    or    H  N  H

 H

  8. S  C  S     or    S  C  S

9. H  C  N     or    H  C  N

Polar and non-polar bonds (page 16)
1. a.   b.   c. 

 d.   e. 
2. a.  A molecule containing two atoms, joined by a single polar 

covalent bond. The fluorine atom is more electronegative than 
the chlorine atom; there is a small negative charge on the fluorine 
atom and an equal small positive charge on the chlorine atom.

b.  A molecule containing two atoms of oxygen, both joined by a 
double polar covalent bond, to a central atom of carbon. There 
are small negative charges on the oxygen atoms and a small 
positive charge on the carbon atom.

3. a.  A measure of how strongly the bonding electrons are attracted to 
the nucleus of an atom in a bond.

b. i. Top right. ii.       Bottom left.

 c.  The bond must be formed either from two identical atoms, 
or from two atoms of different elements that have the same 
electronegativity.

4. a. ionic    b. polar covalent

 c. polar covalent  d. ionic

 e. ionic    f. polar covalent

 g. covalent

Shapes of molecules (page 20)
1.  The molecular shape is trigonal pyramid. Surrounding the central 

phosphorus atom are three bonding pairs of electrons and one non-
bonding pair of electrons. The 4 pairs of electrons repel each other to a 
maximum, resulting in a tetrahedral distribution of electron pains. With 
only three chlorine atoms bonded, the shape is trigonal pyramid.

2. a. S
H H

 V-shaped or bent

b. H  C  N  linear

c. 

 H

Si

 H HH
 tetrahedral

d. N

Cl ClCl
 trigonal pyramid

e. O  C  O  linear

f. S  O
O

O

 trigonal planar

g. O
Cl Cl

 v-shaped or bent

h. C  O

H

H

 trigonal planar

3. a.  The region of negative charge, i.e. a bonding or a non-bonding 
pair of electrons.

b. A pair of electrons forming a single covalent bond.

c. A pair of electrons in the outer (valence) energy level of the 
central atom of a molecule not used in bond formation.

Polarities of molecules (page 22)
1. a. i. H–H     ii. The bond is not polar.

 iii. The molecule is not polar.

 b. i. O  O   ii. The bond is not polar.

  iii. The molecule is not polar.

 c. i. H  Cl  ii. The bond is polar as shown: 
d+

H  Cl
d-

  iii. The molecule is polar.

 d. i. Cl  F   ii. The bond is polar as shown: 
d+

Cl  F
d-

 iii. The molecule is polar.

2. a. i. O
Cl Cl

  The shape of the molecule is bent (V-shaped) 
because there are four regions of electron 
density surrounding the oxygen atom (two 
bond pairs and two non-bonding pairs).
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 ii.  Both bonds will be polar with the slightly negative charge

  (d–) on the oxygen atom, i.e. 
d+

Cl  O
d-

 iii.  The molecule will be polar because the polarities of the 
bonds do not cancel.

b. i.  H

 C

Cl ClCl

     The molecule will be tetrahedral in shape 
because there are four regions of electron 
density surrounding the central carbon atom.

 ii.  The C  H bond is polar, with the negative charge (d–) on

  the carbon atom, i.e. 
d-

C  H
d+

. The C  Cl bonds are polar,

  with the negative charge on the chlorine atoms, i.e. 
d+

C  Cl
d-

 iii.  The molecule will be polar because the polarities of the 
bonds are different and do not cancel.

c. i. S
F F

  The molecule is bent or V-shaped because 
there are four pairs of electrons surrounding 
the sulfur atom (two bond pairs and two non-
bonding pairs).

  ii.  Both bonds will be polar with the negative charge (d–) on

   the fluorine atom, i.e. 
d+

S  F
d-

 iii.  The molecule will be polar because the polarities of the 
bonds do not cancel.

 d. i. C  C

H

H H

H

   There is a double bond between the carbon 
atoms and each carbon atom is bonded to 
two hydrogen atoms. The bond angles are 
120° due to the repulsion of three regions 
of electron density. The molecule has a flat 
(planar), 2-D shape.

 ii.  The four C  H bonds are slightly polar (there is a weak

  negative charge (d–) on the carbon atom, i.e. 
d-

C  H
d+

)

 iii.  The molecule is non-polar because it effectively has non-
polar bonds and is symmetrical and thus the polarities of 
the individual bonds will cancel.

 e. i. C  O

H

H

      There is a double bond between the carbon 
atom and the oxygen atom. The carbon atom 
is also bonded to two hydrogen atoms. The 
bond angles are 120° due to the repulsion of 
three regions of electron density. The shape 
is trigonal planar.

  ii.  The two C  H bonds are slightly polar (there is a

    weak negative charge on the carbon atom, i.e. 
d-

C  H
d+

; the 
C=O bond is polar with the negative charge on the oxygen

   atom, 
d-

C  O
d+

)

  iii. The molecule is polar because the polarities do not cancel.

Polarity of water and the dissolving process (page 27)
1. Water molecules have strongly polar bonds (a large electronegativity 

difference between H and O).

 The molecule has a bent shape.

2. a.  The intermolecular forces between water molecules are much 
weaker than the covalent or ionic bond. 

 b.  The strength of the bond between water molecules is stronger 
than the forces between other similar-sized molecules.

3. a.  When a magnesium chloride crystal is placed in water, the 
charged ends of the polar water molecules are attracted 
to the positive and negative ions in the crystal lattice. This 
attractive force allows the ions to break away from the lattice 
and become surrounded by water molecules. The hydrated ions 
can then move independently through the solution.

 b. MgCl2(s)  Mg2+(aq) + 2 Cl–(aq)

 c.  Silver chloride has a very high lattice energy. Not enough energy 
is released in the dissolving process to allow the ionic lattice to 
break up.

4.

Solid potassium iodide

iodide ion, I–

potassium ion, K+

water➡

Solution of potassium iodide

hydrated potassium ion, K+(aq)

hydrated iodide ion, I–(aq)
water molecule

I– I–

I–

K+ K+

K+

Solids and their properties (page 35)

1.

Type of 
solid

Type of 
particle

Type of 
attraction 
between 
particles

Particle 
arrangement

a. molecular

Molecules 
(e.g. CO2(s))

The molecules 
are attracted 
to each other 
with weak 
intermolecular 
forces of 
attraction

The 
arrangement is 
regular

b. covalent 
network

Atoms of 
the same 
element or 
of different 
elements

Strong covalent 
bonds

An extended 
network of atoms 
with covalent 
bonds between 
all atoms

c. ionic Positive and 
negative 
ions

Strong ionic 
bond

The ions exist in 
a lattice

d. metallic Atoms of 
the same 
type

Strong metallic 
bond

The atoms exist 
in a regular 
arrangement

L2 Chem Externals LWB.indb   204 4/05/16   10:15 AM


	1-4.pdf
	75-80.pdf
	ans.pdf

