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Chemistry 2.4: Structure, bonding and energy changes		            Paper 4 

Interactive version 
Complete this paper by typing your answers into the form fields provided, and using the Comment and 
Markup Tools to draw diagrams. Special characters you might need are printed at the top of each page for 
you to copy and paste as needed.
    When you have finished answering the questions, click the Mark Answers button at the end of the final 
question. Mark your work by clicking the check-boxes that match your answers. Where appropriate, a 
model answer is shown after the check-box statements. The computer will automatically grade your work 
for each question and calculate your final grade for the paper.

Questions for this paper are from NZQA examinations in 2010.

You are advised to spend 65 minutes answering the questions in this booklet.

QUESTION ONE

(a)   Draw the Lewis structure (electron dot diagram) for each of the following molecules.

Molecule Lewis structure

O2  

 
SO2

SiCl4

(b)	 Lewis structures for three molecules are given below. 

	 Complete the table by giving the name of the shape of each molecule. 

Molecule Lewis structure Name of shape

CH2Cl2 tetrahedral

NCl3 trigonal pyramidal

BF3 trigonal planar

OR
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(c) 	The following table shows the Lewis structure and the shape of the molecules for NOCl and H2S.

NOCl H2S

Lewis structure

Name of shape bent bent

	 The shape of both molecules can be described as bent. However, these molecules do not have the 
same bond angle.

	 Discuss why these molecules have different bond angles.

	 Your answer must include:

	 • 	 factors which determine the shape of each molecule

	 • 	 the approximate bond angle for each molecule.
	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

There are 3 regions of electron density (electron clouds) around the N atom. 

The shape formed by the electron clouds is trigonal planar 

The (trigonal planar) bond angle is 120° 

Two of these regions are bonding and one is non-bonding. 

The shape of the molecule (formed by the bonding pairs) is bent. 

There are 4 regions of electron density (electron clouds) around the S atom. 

The shape formed by the electron clouds is tetrahedral 

The (tetrahedral) bond angle is 109° (105°–110°) 

Two of these regions are bonding and two are non-bonding. 

The shape of the molecule (formed by the bonding pairs) is bent. 

The shape of a molecule is determined by the regions of negative charge surrounding the central atom 
and the number of bonding atoms.

NOCl 
The bond angle is approximately 120°.
There are three regions of negative charge around the central N atom which repel to give maximum 
separation. There are two bonding electrons / negative regions to the N atom and one lone pair of 
electrons, therefore the overall shape is bent. 

H2S
The bond angle is approximately 109°.
There are four regions of negative charge around the central S atom which repel to give maximum 
separation. There are two bonding electrons / negative regions to the S atom and two lone pairs 
of electrons; therefore the overall shape is bent.

Q Achievement Merit Excellence

1   a
   
   b

   c

•	 TWO Lewis structures 
correct.

•	 TWO shapes correct.

•	 ONE bond angle 
correct.

•	 Describes the number 
of regions around 
central atom for one 
structure.

Links shape to the number 
and nature of regions of 
negative charge. 
OR
Links bond angle to the 
number and nature of regions 
of negative charge. 

Full discussion linking shape 
to the number and nature of 
regions of negative charge.
AND
Linking bond angle to the 
number and nature of regions 
of negative charge.

A = 3a M = 2a + m E = 2a + e

Overall grade for question 1 =
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QUESTION TWO

(a) 	Two burettes are set up. One burette contains water (a polar liquid) and the other contains 
cyclohexane (a non-polar liquid). The liquid is allowed to run from each burette in a steady 
stream. A charged plastic ruler is then placed near the stream of each liquid.

	 (i) 	 Describe what will be seen when the charged ruler is placed near the stream of each liquid.
			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

		  Stream of water is deflected.

		  Stream of cyclohexane is not deflected.

	 (ii) 	Explain these observations.
			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

			   			                                                                                      

The polar water molecules are attracted to the charged ruler, causing the stream to be deflected 
towards the ruler.

The non-polar cyclohexane molecules are not attracted to the charged ruler, so the stream remains 
undeflected.
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(b) The Lewis structures of three molecules are shown below.

	 (i) 	 For each molecule, circle the correct answer to show whether the molecule is polar or non-
polar.

CH3Cl polar non-polar polar

CCl4 polar non-polar non-polar

NH3 polar non-polar polar

	 (ii) 	Discuss the factors which determine whether a molecule is polar or non-polar.

		  You must use the three molecules from (b) (i) above as examples in your answer.
	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

Molecules are polar if there is an uneven spread of charge over the molecule. OR Polar molecules have 
slightly positive and slightly negative ends to their molecule.

Polar bonds occur because an electronegativity difference between the atoms in the bond causes 
electrons to be unequally shared between them.

In CH3Cl, only the C–Cl bond is polar (OR C–Cl is more polar than C–H). The dipole(s) do not cancel 
and therefore the molecule is polar.

In NH3 the three polar N–H bonds are not spread symmetrically around the trigonal pyramid shaped 
molecule, (due to the lone pair of electrons), therefore the molecule is polar. OR The molecule’s shape 
means the dipoles do not cancel and the molecule is polar.

In CCl4 the C–Cl bonds are polar, but the bonds are arranged symmetrically so that the overall molecule 
is non-polar. OR The dipoles are balanced so that the molecule is non-polar.

Molecules are polar if there is an uneven spread of charge over the molecule. 

In CH3Cl, the polarity of the C–H bonds and the C–Cl bonds is different; due to differences in 
electronegativity (the C–Cl bonds are more polar). Therefore the charges are not spread evenly 
around the central C atom / the dipoles do not cancel, and the molecule is polar overall.

In NH3, the N–H bonds are polar due to differences in electronegativity / dipoles of N and H. The three 
polar N–H bonds are not spread symmetrically around the trigonal pyramid shaped molecule, due to 
the lone pair of electrons, therefore the molecule is polar.

Non-polar molecules arise when there are no polar bonds present in the molecule or the spread of 
charge is even.

In CCl4, the C–Cl bonds are polar, due to differences in electronegativity of C and Cl. However, four 
C–Cl bonds are arranged symmetrically in a tetrahedral shape, and the charges are spread evenly, 
resulting in a non-polar molecule.

Q Achievement Merit Excellence

2 TWO of

1  Correct observations for 
both liquids.TWO polarities 
correct.

2  EITHER

    TWO polarities correct

    OR

    Description of polar 
molecules, eg polar 
molecules contain polar 
bonds / polar molecules 
have an uneven spread 
of charge (non-polar 
molecules have an even 
spread of charge) / have + 
and – end.

3   Description of polar bonds 
in terms of electronegativity 
differences between atoms.

Links observations to polarity 
of water molecule
(or non polarity of cyclohexane 
molecule)

AND

Links polarity of molecule to 
shape OR 
symmetry of polar bonds.

Full discussion which links 
polarity of molecule to shape 
and symmetry of polar bonds 
or dipoles for at least two out 
of the three molecules. 

Overall grade for question 2 = 
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QUESTION THREE

(a) 	State the type of particles (atoms / ions / molecules) present in the two solids MgCl2 and SiO2.

Solid Magnesium chloride 
MgCl2

Silicon dioxide  
SiO2

Particles  
(atoms / ions / molecules)

								                ions                                                 atoms

(b) 	The following table shows some physical properties of these two solids.

Solid MgCl2 SiO2

Melting point / °C 712 1700

Solubility in water soluble insoluble

	 Compare and contrast these physical properties (melting point and solubility in water) of these 
two solids.

	 Your answer must include:

	 • 	 reference to the type of solid

	 • 	 the type of particle

	 • 	 the attractive forces between the particles, for each of the two solids.
	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

MgCl2 is an ionic solid

The ions are held together by strong ionic 
bonds.

A lot of energy is required to separate the 
ions so the MgCl2 has a high melting point.

MgCl2 is soluble in water.

When MgCl2 is in water the positive ends 
of the water molecule are attracted to the 
Cl– ions and the negative ends attracted 
to the Mg2+ ions, allowing the solid to 
dissolve.

SiO2 is a covalent network solid.

The atoms are held together by strong 
covalent bonds.

A lot of energy is required to separate the 
atom so the SiO2 has a high melting point.

SiO2 is not soluble in water.
There is no attraction between polar water 
molecules and Si or O atoms OR attraction 
between Si and O atoms is much stronger 
than their attraction for water molecules, 
so SiO2 is not soluble in water.

	 The stronger the forces between the particles, the higher the melting point.

	 Solubility depends on the strength of the attraction of solute particles for each other, of solute 
particles with solvent particles, and of solvent particles with each other. 

MgCl2 has a high melting point. It is an ionic solid. It consists of a 3–D lattice of positive Mg2+ ions 
and Cl– ions and the ions are held together by strong ionic bonds. As a lot of energy is required to 
overcome these strong bonds to separate the ions, the solid has a high melting point.  

SiO2 is a covalent network solid. The atoms in SiO2 are held together by strong covalent bonds. A lot 
of energy is required to break these bonds in order for the solid to melt; therefore it has a high melting 
point.

MgCl2 is soluble in water, whereas SiO2 is not.

Water molecules are polar. When MgCl2 is placed in water, the oxygen ends of the water molecules 
are attracted to the positive Mg2+ ions, and the hydrogen ends of the water molecules are attracted to 
the negative Cl– ions. The water molecules then pull ions from/destroy the lattice, resulting in the solid 
dissolving. 

SiO2 is not soluble in water, as the covalent bonds are too strong to be broken by the attraction to the 
water molecules.
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Q Achievement Merit Excellence

3   a
 

    b

THREE of:
•	 Particles correct for both solids.

•	 MgCl2 is an ionic solid.  
OR 
SiO2 is a covalent network 
solid.

•	 Attractive forces between 
particles described for either 
MgCl2 or SiO2. 

•	 States that melting point is 
related to nature and strength 
of attractive forces between 
particles.

•	 States that solubility is related 
to nature and strength of 
attractive forces between 
particles.

Melting point 
OR solubility correctly  
linked to particles and 
attractive forces for both 
solids, 

OR 

Melting point 
and 
Solubility correctly linked 
to particles and attractive 
forces for one solid.

BOTH physical properties 
(melting point and solubility) 
fully discussed with 
reference to particles, type 
of solid and the attractive 
forces between particles for 
both solids.

Overall grade for question 3 = 
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QUESTION FOUR

The diagram below shows the structure of a metallic solid.

(a) 	Name the particles in the diagrams above.

Particle Name of particle

A (loosely held) valence electrons / 

delocalised electrons

B atoms / positive ions / cations / 
positive kernel (of the metal atom)

(b) 	Copper is a good conductor of electricity and is ductile. It is often used to make electrical wires.

	 Use the diagrams above to discuss how the structure of copper allows it to be made into 
electrical wires.

	 In your answer you should:

	 • 	 Describe the particles in copper and the attractive forces between the particles.

	 • 	 Relate its structure to both properties outlined above.
	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

Copper is composed of Cu atoms (OR Cu2+ ions NOT protons or nuclei) and delocalised electrons.

The delocalised electrons are free to move throughout the solid (or liquid)

Free-moving charged particles are required for electrical conductivity. 

The solid is held together by metallic bonding in which the negatively-charged electrons are attracted to 
the nuclei of the atoms OR the positive ions.

The metallic bond is non-directional.

Copper atoms can move past one another easily so Cu can be pulled into a wire

Copper is composed of Cu atoms /cations (NOT protons or nuclei) held together in a 3–D lattice by 
metallic bonding, in which valence electrons are attracted to the nuclei of neighbouring atoms. 

The delocalised electrons / valence electrons are free to move through the lattice; therefore they 
are able to conduct electricity.

The attraction of the Cu atoms for the valence electrons is not in any particular direction; 
therefore Cu atoms can move past one another, and so Cu is ductile and can be drawn out into 
wires without breaking.

Q Achievement Merit Excellence

4 a

  b

TWO of:
•	 ONE label correct.

•	 EITHER

    Attractive forces in Cu 
described.

   OR

    Bonding in Cu is non-
directional.

•	 EITHER

    Electrons in Cu are free to 
move. 
OR 
Free-moving charged 
particles are required for 
electrical conductivity.

ONE property linked to the 
structure of copper and the 
nature of the metallic bond.

BOTH properties fully 
discussed and linked to the 
structure of copper and the 
nature of the metallic bond.

Overall grade for question 4 =
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QUESTION FIVE

(a) 	Classify the following reactions, by writing in the box below the word ‘Exothermic’ or 
‘Endothermic’.

Exothermic or 
Endothermic

                                                      catalyst
 

C2H4(g)   +   H2O(g)     →     C2H5OH(g)      ΔrH = – 48.0 kJ mol–1 Exo

H2O(g) → H2O(l) Exo

CH4(g) + H2O(g) → CO(g) + 3H2(g) 
206 kJ of energy is absorbed.

Endo

When zinc powder reacts with copper sulfate solution, the 
temperature rises.

Exo

(b) 	When a 12.2 g sample of ammonia is burned, 275 kJ of energy is released.

	 Calculate the energy released for the reaction below, when four moles of ammonia are burned.

			   4NH3(g)  +  3O2(g)    →    2N2(g)  +  6H2O(l)

				    M(NH3) = 17.0 g mol–1

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 Calculates n(NH3) = 0.718 mol

	 Calculates energy released = 1530 kJ	

3

–1

(NH )

12.2 g
17.0 g mol
0.718 mol

mn
M

=

=

=
         

275 kJenergy 4 mol × 
0.718 mol

1530 kJ

=

=
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(c) 	The equation for the combustion of ethanol is:

			   CH3CH2OH(g) + 3O2(g)  →  2CO2(g) + 3H2O(g) 	 ΔrH = –1379 kJ mol–1

	 Calculate the bond energy for the O–H bond using the energy of the reaction above and the 
bond energy data in the table.

Bond Bond energy / kJ mol–1

C–H + 412
C–O + 360
O=O + 496
C–C + 348
C=O + 743

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	 					                                                                                        

	

	
Bonds broken Bonds made
5 × C–H
1 × C–C	
1 × C–O
1 × O–H
3 × O=O

5 × +412 kJ mol–1

      +348 kJ mol–1

      +360 kJ mol–1 

1  × O–H
3 × 496 kJ mol–1

4 × C=O
6 × O–H

4 × –743 kJ mol–1

6 × O–H

4256 kJ mol–1 + O–H 2972 kJ mol–1 + 6 × O–H

                                   ΔH   =   bonds broken – bonds made

		  –1379 kJ mol–1    =   4256 kJ mol–1 + O–H – 2972 kJ mol–1 – 6 × O–H

		            5 × O–H    =   +1379 kJ mol–1 + 4256 kJ mol–1 – 2972 kJ mol–1

		          

–1

–1

–1

5 × O–H 2663 kJ mol

2663 kJ mol      O–H
5

      O–H 532.6 kJ mol

=

=

=

5   a

    b

THREE correct including the 
endothermic.

 

One step correct. Energy released calculated.

    c Correct method. (Shows 
understanding of relationship 
between enthalpy and bond-
making and breaking.)

Ie, equation
OR
(a) OR (b)

(Calculation of the bonds 
broken and bonds formed 
may have ONE omission, eg 
miss out a C–C bond.).

Correct answer with no 
working.
OR
Correct method with minor 
number transcription error.
OR
Correct answer with wrong 
sign.
OR
Correct answer with wrong / 
no unit.
OR
Both (c) statements correct.
OR
One (d) correct.

Correct answer with working 
and correct unit.

A = 2a M = 2m 
OR 2a + e

E = a + m + e

Overall grade for question 5 = 

Judgment Statement 

Achievement Achievement with Merit Achievement with Excellence

3 A 3 M
2A + M + E

3 E
2M + 2E

Overall grade for paper 4 =

Lists bonds to be 
broken and bonds to 
be made correctly or 
with single omission.

Completes calculation 
with single error 
(numeric, wrong sign, 
no units etc)

OR correct answer 
without working.

Fully correct including 
working and units

(a) (a)(b) (b)

(c)

(d)

(c)

(d)

(d)
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