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GRADE 9: Materials 1 

Atomic and molecular structure 

About this unit 
This is the first of four units on materials for 
Grade 9. This unit builds on the work on atoms 
and molecules in Unit 8M.1. 

This is a crucial theoretical unit upon which most 
subsequent studies in chemistry depend. 
Because it is rather theoretical, some students 
may find much of it difficult. Teachers with 
classes that are making faster progress, 
however, may wish to take many of the 
subtopics to a level beyond the Grade 9 
standards, and for that reason many related 
Grade 10 and 11 standards are also shown and 
advanced work based on these is described. 

The unit is designed to guide your planning and 
teaching of lessons on materials. It provides a 
link between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grades 10 and 11, and 
Grade 8. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 
 

Previous learning 
To meet the expectations of this unit, students should already have an 
understanding of, and distinguish between, atoms, molecules, elements and 
compounds.  
 

Expectations 
By the end of the unit, students know that atoms combine in different 
ways, use symbol equations to show these processes and know that mass 
is conserved during a chemical reaction. They explain the structure of atoms 
in terms of protons, neutrons and electrons and describe the structure of any 
of the first 20 elements. They know how atoms combine by transferring and 
sharing electrons, and can explain properties of compounds in terms of their 
bonding. They know what isotopes are. They know that scientists develop 
conceptual models to explain evidence collected, and understand the 
importance of evaluating conflicting models. 

Students who progress further use conceptual models to make testable 
predictions. They subdivide electronic energy levels into s, p, and d levels. 
They calculate relative atomic mass from isotopic abundances and have 
some knowledge of the origins, and social issues concerning, atomic 
energy.  

 

Resources 
The main resources needed for this unit are: 
• display version of the periodic table 
• Internet access 
• data projector 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• atom, molecule, ion, nucleus, proton, neutron, electron, electron shell 
• proton number, nucleon number, atomic mass, relative atomic mass 
• energy level, outer shell, valency electrons, electron pair 
• isotope, isotope ratio, radioisotopes, atomic energy 
• malleability, brittleness, hardness, conductivity 
• ionic and covalent bonds, metallic bonds, formula, structural formula 
• ionic and giant covalent structures 
• macromolecule, polymer 

UNIT 9M.1 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

8.12.1 Know that the smallest particle of an 
element is an atom and that atoms of 
one element are of one kind and are 
different from atoms of every other 
element.  

9.13.1 Know that atoms are made up of a nucleus consisting of protons and 
neutrons surrounded by electrons in specific orbitals or shells.  

 

 9.13.2 Define and use the terms proton number, mass number and isotope, and 
represent isotopes symbolically using the numbers.  

11A.32.2 Describe a simple model for the 
nuclear atom in terms of protons, 
neutrons and electrons, use the 
common notation for representing 
nuclides and write equations 
representing nuclear transformations. 

 9.13.3 Know that electron shells can contain only a fixed number of electrons and 
that this can explain the structure of the periodic table.  

11A.18.8 Describe the number and relative 
energies of the s, p, d and f orbitals for 
the principal quantum numbers 1, 2, 3 
and 4 and show how this leads to the 
structure of the periodic table.  

 9.13.4 Know the charges and approximate masses of the proton, neutron and 
electron and use these to calculate the mass and overall charge of any 
atom or ion. 

10F.15.3 Define the terms relative isotopic 
mass, relative atomic mass, relative 
molecular mass and relative formula 
mass based on the carbon-12 scale 
and be able to calculate the relative 
molecular mass of a compound, given 
its formula and a relative atomic mass 
table.  

 9.13.5 Know how a full outer shell leads to the lack of chemical reactivity of the 
group VIII elements and know that the uses of the group VIII elements 
derive from their lack of chemical reactivity.  

 

8.12.2 9.13.6 Know how atoms combine using ionic (electrovalent) or covalent bonds.  9.13.7 Know that ionic compounds form 
crystals containing a giant lattice of 
ions whereas covalent compounds 
form discrete molecules.  

6 hours 

Atomic structure
 

5 hours 

Ionic and 
covalent bonding
 

1 hour 

Metallic bonds 

 

Know that elements join together 
chemically to form compounds, that 
the smallest particle of a compound 
is a molecule, and that all molecules 
of a compound are made up of the 
same fixed number of atoms of the 
constituent elements. 

 9.13.11 Know what is meant by the valency of 
an element and how to use this in 
determining the formulae of its 
compounds. 

    

Unit 9M.1 



313  |  Qatar science scheme of work  |  Grade 9  |  Unit 9M.1  |  Materials 1 © Education Institute 2005 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.13.8 Know the number of bonds formed by the elements hydrogen, oxygen, 
carbon and nitrogen in covalent compounds and be able to represent 
compounds of these elements diagrammatically. 

10F.15.12 Write balanced equations with state 
symbols for simple reactions, including 
ionic equations for reactions in 
aqueous solution, given the formulae 
of reactants and products.  

6.11.5 Use crystallisation to obtain pure 
samples of a solute from a solution.  

9.13.9 Explain the difference in the physical properties of ionic and covalent 
compounds in terms of their bonding.  

10F.15.9 Show an understanding of allotropy. 

 

 9.13.10 Explain how atoms are bonded together in metals and how this can explain 
why they are good conductors of heat and electricity.  

 

  9.2.5 Know that scientists work by developing conceptual models to explain the 
evidence they collect and that an important scientific process is the 
evaluation of conflicting models. 

 

  9.2.6 Trace the historical development of some key scientific models and 
understand the roles of specific scientists in their development.  
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Activities 

Objectives Possible teaching activities Notes School resources 

Atomic theories 
Recall the atomic theories of Democritus and Dalton from Grade 8. Prepare students to make a 
two-page spread in their books showing how our understanding of the structure of the atom 
changed in the first 30 years of the last century. They should gradually complete this as they 
learn more about atomic structure throughout this unit. Part of this work will be their own 
research (using information sources such as the library and the Internet) into the contribution of 
some of the scientists involved, including Ernest Rutherford, J. J. Thomson, Niels Bohr and 
James Chadwick. They should also find out what the Nobel prizes for science are, who 
provided the money that was invested to provide prizes, and how many were given for work on 
atomic structure in the first half of the last century. 

Give more advanced students the task of researching and reporting on the famous experiment 
of Rutherford, Geiger and Marsden, in which thin gold foil was bombarded by the newly 
discovered alpha particles, and how this revolutionised understanding of atomic structure. 

 
ICT opportunity: Use of the Internet. 

Enquiry skills 9.1.3, 9.2.5 and 9.2.6 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

6 hours 

Atomic structure 
Know that atoms are made 
up of a nucleus consisting of 
protons and neutrons 
surrounded by electrons in 
specific orbitals or shells. 

Define and use the terms 
proton number, mass number 
and isotope, and represent 
isotopes symbolically using 
the numbers.  

Know that electron shells can 
contain only a fixed number 
of electrons and that this can 
explain the structure of the 
periodic table.  

Know the charges and 
approximate masses of the 
proton, neutron and electron 
and use these to calculate 
the mass and overall charge 
of any atom or ion. 

Know how a full outer shell 
leads to the lack of chemical 
reactivity of the group VIII 
elements and know that the 
uses of the group VIII 
elements derive from their 
lack of chemical reactivity.  

Know that scientists work by 
developing conceptual 
models to explain the 
evidence they collect and that 
an important scientific 
process is the evaluation of 
conflicting models. 

[continued] 
 

The Bohr atom – electron shells 
Report the results of the Rutherford experiment to students and ask them to interpret these. 
Also tell students about Thomson’s earlier work on cathode rays. It should be clear to most 
students that matter must contain positive and negative particles and that the positive ones are 
concentrated into a very small space. It also should be clear from the Rutherford experiment 
that matter is, counter-intuitively, mainly space. 

Introduce protons and electrons and the Bohr concept of shells to explain why some electrons 
appeared to be more firmly bound to the nucleus than others (neutrons could be discussed at 
this stage or later; Bohr was unaware of the neutron). Ask students individually to draw the 
electronic structure of the first 20 elements (to calcium) as they are arranged in the periodic 
table. Elicit from them the relationship between the group number and the number of electrons 
in the outer shell.  

Students must grasp the concept of energy levels if they are to understand the Bohr atom, but it 
is not an easy concept for them to understand. Remind them of work on electrostatics and 
explain that negatively charged electrons are attracted to the positively charged nucleus and 
that those nearest the nucleus will be most strongly attracted. It will require more energy to pull 
these away from the nucleus than those further away. Electrons close to the nucleus therefore 
have less energy than those further away. Illustrate this in a simple graphical way. 

Ask students to plot a graph of the variation of atomic radius from sodium to argon. Question 
them about the cause of the general downward trend as the number of protons rises. Ask them 
which electrons in which atoms will, they think, have the highest energy and would be easiest to 
remove from the atom. This information will be used later in the discussion on bonding. 

Introduce more advanced students to the idea of s, p and d levels (but not the explanation of 
the maximum numbers of electrons allowed in each level). 

 
 
 
 
 
 

A display (made by students) showing the 
electronic structure of each element to calcium 
on A4 card would be useful. If the outer 
electrons are made from removable circles of 
card, these can be used to demonstrate bonding 
later in the unit. 

 

Unit 9M.1 



315  |  Qatar science scheme of work  |  Grade 9  |  Unit 9M.1  |  Materials 1 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

The inert gases 
Ask students to summarise their knowledge of the chemistry of the inert gases (refer back to 
Unit 7M3 on air and burning) and to make a table of their uses. This will emphasise the 
usefulness of these gases’ unreactivity.  

Ask students to identify the feature of their electronic structure that these gases have in 
common. Link the observation of chemical unreactivity to the stability of a full shell. 

 
A pictorial display of some uses of inert gases 
would be helpful. 

 [continued] 

Trace the historical 
development of some key 
scientific models and 
understand the roles of 
specific scientists in their 
development. 

Atomic mass 
By referring back to Rutherford’s experiment, provide evidence that electrons have a much 
smaller mass than nuclei. Introduce the idea of the hydrogen atom as the atomic mass unit – 
the unit we use when we refer to the mass of atoms. (Discuss with more advanced students 
why we use one-twelfth of the mass of the carbon-12 isotope for accurate calculations.) Ask 
students to create a table showing the charge and mass of the three particles. Make sure they 
understand that in a neutral atom the number of electrons must be the same as the number of 
protons. Give them a table, with some gaps in it, showing examples of different atoms together 
with their overall mass and numbers of protons neutrons and electrons. Ask them to fill in the 
gaps to check their understanding. 

Ensure students are familiar with the key terms nucleon (mass) number (A) and proton (atomic) 
number (Z) and with the shorthand way of representing these using an element’s symbol with a 
superscript nucleon number and subscript proton number. 

Introduce the idea of isotopes. Show how this leads to the idea of relative atomic mass not 
being a whole number. Show advanced students how to calculate relative atomic mass from 
binary isotope ratios and set examples. 

 
Prepare the student worksheet in advance. 

 

 

Radioisotopes and atomic energy 
Challenge more advanced students to account for the apparently contradictory observation that 
the nucleus contains many particles with the same charge that do not seem to repel each other. 
Do not give any reasons at this stage; just say that more complex theories of atomic structure 
are needed and exist, and that many heavier nuclei are unstable, as would be expected. The 
depth of treatment of this idea at this stage is left to you, but you can introduce the finding that in 
many such decompositions a small amount of mass is ‘lost’ in the process and this appears as 
a large amount of energy (many students may have heard of Einstein’s relationship by 
Grade 9). 

Ask students to discuss and list some everyday uses of radioisotopes, including medical uses, 
or set them a reading and research assignment to arrive at such a list. Debate the balance 
between the benefits of the use of radioisotopes and the problematic issues associated with 
waste disposal and the decommissioning of nuclear power plants. Ask students to study events 
such as the Chernobyl and Three Mile Island accidents (using carefully assessed information 
from the Internet). Make sure that the use of radioisotopes in atomic weapons is covered. 
These activities and discussions will raise a number of ethical and moral issues – encourage 
students to form their own informed viewpoints about them.  

 
A display showing some uses and misuses of 
radioisotopes would be useful to provoke 
discussion. 

Enquiry skills 9.2.1, 9.2.3, 9.2.7 
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Objectives Possible teaching activities Notes School resources 

 

Physical properties of materials 
Remind students of the wide variety of physical properties of the materials they have met. Ask 
them to draw up a table showing the common name, the formula (if possible) and characteristic 
properties of some of these. Give out a number of materials to groups and ask them to 
investigate properties such as state at room temperature, malleability, brittleness, hardness, 
conductivity, solubility in water, conductivity of the solution, ease of melting. 

 

 
Suitable materials for this activity include:  
• a variety of metals;  
• common ionic compounds (e.g. common salt, 

copper sulfate); 
• non-ionic compounds (e.g. water, ethanol, 

sand); 

Safety: Students should exercise care when 
breaking a crystalline substance (e.g. with a 
hammer). Safety spectacles must be worn. 
 

 

Ionic bonds 
Remind students of the unusual stability of the complete shell. Challenge them to provide 
explanations of how elements at either extreme of the periodic table might best achieve such a 
stable configuration. 

Demonstrate the formation of ionic bonds in simple binary compounds involving the transfer of 
one electron. This can be done using display versions of the familiar ‘dot and cross’ diagrams 
that have ‘electrons’ made from removable circles of card (as described earlier). 

Demonstrate more complex situations as exemplified by magnesium oxide, lithium oxide and 
magnesium chloride. Challenge students to show how ionic compounds can be formed 
between a variety of other atoms at the two extremes of the periodic table. 

Ask students for suggestions on how the ions formed can then form ionic compounds. Remind 
them of their work on crystals in Unit 6M.2. Show diagrams or applets of typical crystal 
structures to illustrate why crystals have regular geometric shapes. 

Ask students how the physical properties of ionic compounds can be explained by this 
structure. Ask them to summarise these explanations on or near the table drawn up in the first 
part of this topic. Place your own summary on the board or OHP to help if necessary. 

 
Terminology: It is tempting to refer to the ions 
‘combining to form a molecule’, particularly if the 
process is written as an ionic equation. This 
should be avoided. In equations, the charge on 
each element in the formula can be shown to 
indicate that the compound does not exist in the 
form of discrete molecules. 

5 hours 

Ionic and covalent 
bonding 
Know how atoms combine 
using ionic (electrovalent) or 
covalent bonds. 

Know the number of bonds 
formed by the elements 
hydrogen, oxygen, carbon 
and nitrogen in covalent 
compounds and be able to 
represent compounds of 
these elements 
diagrammatically.  

Explain the difference in the 
physical properties of ionic 
and covalent compounds in 
terms of their bonding.  Covalent bonds 

Show students, using ‘dot and cross’ diagrams, how elements that cannot easily form ions 
could achieve a full shell through sharing electrons. Use simple examples such as water and 
methane. Ask them to draw other examples such as ammonia and hydrogen sulfide. Challenge 
them to show why hydrogen and chlorine form diatomic molecules and repeat on the board or 
OHP if necessary. Stress the important observation that electrons seem to form pairs readily.  

Show how the sharing of four electrons can lead to ‘double bonds’ in compounds such as 
carbon dioxide. Ask students to draw the electronic structure of oxygen and nitrogen molecules. 

Show how to represent the structural formulae of simple covalent molecules, including multiple 
bonds. Ask students to draw the structures of a number of the compounds that they have met in 
the lesson. Show advanced students how the need to accommodate, also in pairs, the 
electrons not involved in bonding leads to the three-dimensional structure of molecules.  

 
ICT opportunity: Many applets showing three-
dimensional molecular structures are available 
on the Internet. These can usually be freely 
rotated. 
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Objectives Possible teaching activities Notes School resources 

Giant covalent structures 
Show examples of how covalent bonding can lead to giant structures that have similar 
properties to ionic crystals. Include elements such as carbon and compounds such as silicon 
dioxide. Introduce advanced students to the concept of allotropy and ask them to consider how 
the structures can give rise to the properties of such substances, particularly the conductivity of 
graphite, which can be linked to work on metallic bonding below. 

ICT opportunity: Many applets showing such 
giant covalent structures in three dimensions are 
available on the Internet. 

 

Macromolecules, particularly polymeric macromolecules 
Provide groups of students with examples of natural and synthetic polymeric materials and ask 
them to investigate their properties in the same manner as in the first activity. Guide them to 
think about the strengths and weaknesses of the materials (e.g. tensile, compressive shearing 
and bending strengths; differences in strengths in different directions). Tell them to tabulate their 
observations. 

Introduce the idea of a polymer as a long chain of repeating structural units held together 
covalently. Show the units in diagrammatic form as geometric shapes rather than in structural 
detail. Show how cross-links can exist between chains in some macromolecules and ask 
students to predict how the strength of this cross-bonding might affect the flexibility of the 
substance. Ask them to predict how the direction in which the polymer molecules are lined up in 
the substance might affect properties such as its tensile strength. Tell them that many synthetic 
polymers, such as nylon and polythene, are stretched as they are made in order to align the 
molecules with each other to improve the tensile strength of the product. 

 
Examples of polymeric materials that can be 
used are: cotton, wool and nylon fibres; plastics 
such as acrylics and polythenes; wood; paper; 
rubber. 

This part of this unit lays the foundation for 
further investigations of the properties and uses 
of macromolecules in Units 9M.4 and 9P.5 

 

 

Chemical equations and valency 
Encourage advanced students to develop further their skills in writing balanced equations. 
These should include state symbols. Give examples, in word equations, of reactions of the 
chemicals that they have met in the unit and ask them to write balanced symbol equations. 

 
Enquiry skill 9.3.5 

 

 

Atomic structure and reactivity in the periodic table  
It is useful to link any discussion of reactivity of elements to the periodic table. Check that 
students have a clear idea of how bonding relates to position in the periodic table by asking 
what kind of bonding elements in each group take part in and why. Then encourage them to 
use the periodic table to predict reactivity and bonding by asking simple questions such as 
‘What is the formula of the compound formed between strontium and bromine and what will it 
look like?’ 

Mendeleev himself realised that there were gaps in his table where elements had not been 
discovered. One was the element germanium, which he called ‘eka-silicon’. Ask advanced 
students to predict some of the physical and chemical properties of eka-silicon. Tell them to 
compare their predictions with Mendeleev’s list and also the actual properties of germanium. 
 

 
Enquiry skill 9.1.1 

 
 
 
 
Mendeleev’s data on eka-silicon can be found in 
many texts and on the Internet. 
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Objectives Possible teaching activities Notes School resources 

1 hour 

Metallic bonds 
Explain how atoms are 
bonded together in metals 
and how this can explain why 
they are good conductors of 
heat and electricity. 

Relate the conduction of electricity to movement of electrons and then point out that the 
structure of metals must therefore be one that allows free movement of electrons. Ask students 
to look at the characteristic electronic structures of metals and predict which electrons they think 
would be free to move and why. 

Show micro-crystallographic pictures of metals to illustrate the similarities between metal 
crystals and ionic crystals. Metal crystals can also be strikingly demonstrated by placing a piece 
of clean lead foil in silver nitrate solution (see also Unit 8M.2).  

Describe the metallic bond as arrays of metal ions packed together in a ‘sea’ of electrons that 
are free to move around them. Explain that the ‘sea’ of electrons is created by the electrons of 
the outer shell of the metal atoms that are held least tightly to the metal. Refer to these as the 
valency electrons. Compare the structure of metals with that of graphite (see above). 

Ask advanced students to compare the physical properties of pure metals such as copper, 
(wrought) iron and aluminium with those of alloys made by adding a small quantity of another 
element to them, such as brass (copper and zinc), steel (iron and carbon) and any available 
aluminium alloy (e.g. aluminium and magnesium – aluminium alloys may be found in car parts 
such as wheel rims). In all cases, the alloy is much harder and less flexible than the pure metal; 
challenge students to produce a reason, in terms of the crystalline structure, why introducing a 
foreign atom may have this effect. 
 

This will also be covered in Unit 9P.2. 

Safety: Silver nitrate solution is poisonous. 

Enquiry skill 9.1.2 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The table gives the numbers of protons, neutrons and electrons in some atoms and ions of 
elements. The letters used in the table are not the chemical symbols of the elements. 
 

Atom or ion Protons Neutrons Electrons 

V 16 16 16 

W 11 12 11 

X 19 20 18 

Y 17 18 18 

Z 17 20 17 
 

Use this information to answer the following questions. Letters may be used more than once. 

a. Give the letters of: 

 (i) two isotopes; (ii) a positive ion; (iii) a negative ion; (iv) an atom that has a mass 
number of 23; (v) an atom of a very reactive metal. 

b. How many electrons does an atom with a nucleon number of 16 have? 

c. X is an ion. In which group of the periodic table is the element from which X is formed? From 
the table, give the letter of another atom that reacts in a similar way to the element from 
which ion X is formed. 

  

Magnesium will burn in chlorine. Write a word equation for the reaction. Show, using ‘dot and 
cross’ diagrams, how electrons are exchanged between atoms of magnesium and chlorine.  

  

Selenium (Se) is in group VI in the periodic table. Write the formulae for the compounds you 
might expect when selenium reacts with (a) hydrogen and (b) magnesium. Would you expect 
magnesium selenide to be a solid or a liquid or a gas? Give your reasons. Draw a diagram 
showing the electronic structure (outer shells only) of hydrogen selenide. 

 
 

Predict the most likely type of chemical bonding in the following materials. Give reasons for your 
answers. 

a. Petrol. 

b. Concrete. 

c. Wood. 

d. A lamp filament. 

e. Polythene. 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Provide each group with a number of unknown pure substances, including ionic soluble solids, 
metal powders, a liquid, some pieces of plastic, sawdust, and challenge them to devise tests 
that will tell them what kinds of bond exist in the samples. Provide them with necessary 
equipment on request, provided they can justify its use.  
 

Enquiry skill 9.1.1  

 

Unit 9M.1 
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