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GRADE 10A: Chemistry 1 

Structure and bonding in matter 

About this unit 
This unit is the first of six units on chemistry for 
Grade 10 advanced. 

The unit is designed to guide your planning and 
teaching of chemistry lessons. 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 Grade 11A and Grade 9. 

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 know that 
atoms combine in different ways. They should be able to explain the 
structure of atoms in terms of protons, neutrons and electrons, and describe 
the structure of any of the first 20 elements. They should know how atoms 
combine by transferring and sharing electrons, and should be able to explain 
properties of compounds in terms of their bonding. They should know what 
isotopes are. They should be able to describe the characteristic movement 
of particles in a solid, a liquid and a gas, and use it to explain a number of 
common observations. 
  

Expectations 
By the end of the unit, most students know the mass and charge in 
atoms and ions up to element 56, show how the electronic structure explains 
the patterns of elements in the periodic table and manipulate quantities such 
as proton number and mass number. They understand ionic, covalent and 
metallic bonding in terms of bond types. They write balanced molecular and 
ionic equations for simple reactions. They explain the macro-properties of 
the different states of matter in terms of their micro-structure. 

Students who progress further show how the electronic structure of atoms 
explains the patterns of elements in the periodic table. They interpret mass 
spectra for elements and calculate Ar values for isotopic mixes. They 
understand ionic, covalent and metallic bonding in terms of bond types and 
appreciate how the bond types influence the structures and macro-
properties of a substance, including giant covalent structures. They write 
ionic equations for a variety of reactions. 
 

Resources 
The main resources needed for this unit are: 
• laboratory equipment for electrolysis 
• molecular modelling kits 
• models of ionic lattice and macro-structures such as graphite, fullerene 

and SiO2 
• Internet access 
• video clip of mass spectrometer 
• sample mass spectra of elements 
• ball-bearings of assorted colours 
• animation of particle behaviour during changes of state 
• samples of composite materials 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• proton, neutron, electron 
• isotope 
• relative isotopic mass, relative atomic mass, relative molecular mass, 

relative formula mass 
• ion, molecule, giant lattice 
• ionic (electrovalent) bond, covalent bond 
• allotrope 
• vaporisation, melting, solidification/freezing, boiling, evaporation, states of 

matter 
• composite, ceramic 
 

UNIT 10AC.1 
11 hours 
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Standards for the unit 

11 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 10 standards 

EXTENSION STANDARDS 

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. 

110A.17.1 Describe the distribution of mass and charge within an atom and deduce 
the numbers of protons, neutrons and electrons present in both atoms 
and ions, given proton and nucleon numbers. 

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

10A.17.2 Deduce the atomic structure of an atom or ion of any given element up to 
barium (56) and show how the structures explain the pattern of elements 
in the periodic table. 

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. 

10A.17.3 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. 

10A.17.4 Know that mass spectrometry can furnish information on relative isotopic 
masses and isotopic abundance. 

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. 

10A.17.5 Know that isotopes can be distinguished by their different numbers of 
neutrons and explain why the relative atomic mass of many elements is 
not a whole number. 

. 

9.13.6 Know how atoms combine using 
ionic (electrovalent) or covalent 
bonds. 

10A.17.6 Describe ionic (electrovalent) and covalent bonding. 11A.18.5 Describe coordinate (dative covalent) 
bonding, as exemplified by the 
formation of the ammonium and 
hydroxonium ions and in the structure 
of carbon monoxide. 

9.13.7 Know that ionic compounds form 
crystals containing a giant lattice of 
ions whereas covalent compounds 
form discrete molecules. 

10A.17.7 Explain metallic bonding in terms of a lattice of positive ions surrounded 
by a sea of mobile electrons and explain the physical properties of metals 
and alloys in terms of this bonding. 

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

10A.17.8 Know that some covalent compounds, such as the element carbon and 
the compound silicon(IV) oxide, form giant molecular structures. 

11A.18.6 Account for the differences in physical 
properties of substances by reference to 
different types of bonding: ionic bonding; 
covalent bonding hydrogen bonding; 
other intermolecular interactions; metallic 
bonding. 

10A.17.9 Show an understanding of allotropy. 

10A.17.10 Explain the differing physical properties of covalent and ionic compounds 
in terms of their bonding and be able to deduce the type of bond from 
information about physical properties. 

3 hours 

Atomic structure
 

4 hours 

Structure and 
properties 
 

1 hour 

Kinetic theory 
 

1 hour 

Ceramics and 
composites 
 

2 hours 

Writing 
equations 

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. 

10A.17.11 Explain why molten ionic compounds and solutions of ionic compounds 
conduct electricity. 

11A.18.7 Describe, in simple terms, the 
differences between the lattice 
structures of crystalline solids which 
are: ionic, as in sodium chloride; 
simple molecular, as in iodine; giant 
molecular, as in graphite, diamond or 
silicon(IV) oxide; hydrogen bonded, as 
in ice; metallic, as in copper. 

Unit 10AC.1 
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11 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 10 standards 

EXTENSION STANDARDS 

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. 

10A.17.12 Write equations with state symbols for simple reactions, including ionic 
equations for reactions in aqueous solution, given the formulae of 
reactants and products. 

11A.19.1 Write balanced equations and use 
them to provide information on 
reacting masses. 

7.11.3 Explain, in terms of the particle 
model, a variety of common 
phenomena, such as thermal 
expansion, gas pressure, the 
compressibility of gases (but not 
liquids and solids) and the regular 
growth of crystals in a saturated 
solution. 

7.11.4 Cite evidence for the existence and 
size of particles. 

10A.17.13 Use the kinetic particle theory to explain the main characteristics of the 
three states of matter and changes between the states: 

• the basic assumptions of the kinetic theory as applied to an ideal gas; 

• the liquid state, including melting, vaporisation and vapour pressure; 

• the lattice structure of a crystalline solid. 

 

10A.17.14 Explain the strength, high melting point and electrical insulating properties 
of ceramics in terms of their giant molecular structure and relate these 
properties to their uses. 

 

 

10A.17.15 Know the commercial and industrial importance of composite materials 
that combine the properties of their constituents, and give examples. 
 

 



102  |  Qatar science scheme of work  |  Grade 10 advanced  |  Unit 10AC.1  |  Chemistry 1 © Education Institute 2005 

Activities 

Objectives Possible teaching activities Notes School resources 

Recall earlier work from Grade 9 on the positions of protons, neutrons and electrons in an atom. 

Ask students to research and present the main findings of the work of Thompson (evidence for 
the existence of electrons), Chadwick (evidence for the existence of neutrons), Rutherford (gold 
foil experiment) and Mosely (proton number). 

Discuss the relative mass and location of protons, neutrons and electrons. Practise determining 
the numbers of protons, neutrons and electrons for given examples of atoms and ions, 
e.g. 32S2–. 
Develop examples up to Ar = 56  

 

Enquiry skills 10A.1.8, 10A.2.1, 10A.2.2 

 

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

 

Using examples of masses (e.g. bars of chocolate) introduce the idea of ratios in masses: for 
example, ‘This bar is twice as heavy as that one.’ Use this to introduce the idea of atomic 
masses relative to carbon-12. Relate to a balance with different atoms on. Define relative 
isotopic mass, relative atomic mass, relative molecular mass and relative formula mass. Use a 
card-sorting activity to determine which definition is appropriate for a series of formulae, e.g. I2, 
CaCl2, C4H10. 

Calculate mass values for a range of elements and compounds using provided data. 

  

3 hours 

Atomic structure 
Describe the distribution of 
mass and charge within an 
atom and deduce the 
numbers of protons, neutrons 
and electrons present in both 
atoms and ions, given proton 
and nucleon numbers. 

Deduce the atomic structure 
of an atom or ion of any given 
element up to barium (56) 
and show how the structures 
explain the pattern of 
elements in the periodic table. 

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. 

Know that mass spectrometry 
can furnish information on 
relative isotopic masses and 
isotopic abundance. 

Know that isotopes can be 
distinguished by their different 
numbers of neutrons and 
explain why the relative 
atomic mass of many 
elements is not a whole 
number. 
 

Let students watch a short animation / video clip to hep them to appreciate how a mass 
spectrometer works. 

Provide students with mass spectrum traces of elements to interpret. 

Using traces and written data, guide students to calculate Ar values for a number of elements 
(e.g. Cl, Fe) in order to lead them to an understanding of why certain elements do not have Ar 

values of a whole number 

 
 

 

This should lead to a realisation that elements 
have different isotopes. 

 

 

 

   

Unit 10AC.1 
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Objectives Possible teaching activities Notes School resources 

Provide students with templates for drawing ‘dot and cross’ diagrams. Ask them to draw the 
appropriate atoms that would make up an ionic compound. Show electron transfer (for ionic 
bonding) and sharing (for covalent bonding). Ask students to produce ‘before and after 
bonding’. 

Examples are given in the standards. Consolidate with animations. 

Use the above to lead into class examinations of the structure of ionic lattices (e.g. NaCl) and 
simple molecules (e.g. CH4). 

Templates may photocopied for students to draw 
on. Alternatively, use laminated reusable card or 
plastic with ‘sticky’ electrons that can be moved. 

 

Provide students with data, or ask them to access information from the Internet, regarding 
melting points, boiling points, physical states at room temperature, electrical conductivity, 
solubility in water of ionic compounds and simple molecular elements and compounds. Split the 
class into small groups; ask each group to consider one physical property and to try to explain 
why it is so. Then ask each small group to report back to the whole class. 

ICT opportunity: Use of the Internet.  

Demonstrate the electrolysis of lead bromide. Allow students to carry out electrolysis of copper 
chloride and dilute hydrochloric acid and observe/test for the products. In discussion, draw out 
an understanding of why solid ionic compounds do not conduct electricity but solutions and 
melts of ionic compounds do. 

Safety: Carry out electrolysis of lead bromide in 
a fume cupboard. 

 

Use dynamic graphics to explain metallic bonding in terms of a lattice of positive ions 
surrounded by a sea of mobile electrons. Use this to explain electrical conductivity. Provide 
students with data on malleability and ductility of metals and alloys. 

Use ball-bearings in a clear plastic box to demonstrate ‘slip’ in metals. Add a few larger balls of 
a different colour to represent other types of atoms (e.g. the transition metals added to iron 
during steel making) to model the reduction in malleability and ductility. 

  

Give students model kits and ask them to build 3D models of diamond, graphite, fullerene and 
silicon(IV) oxide. Provide data on melting points, boiling points, solubility in water and electrical 
conductivity. Use these to inspire small group discussion on interpreting this data. 

Use the models of the carbon allotropes to introduce the term allotrope. 

  

Get students to prepare samples of rhombic and monoclinic sulfur. 

Ask students to research other allotropes, including examples and their properties, and then 
prepare a PowerPoint presentation to share with the class. 

Safety: Use methylbenzene not carbon disulfide 
as a solvent to recrystallise rhombic sulfur. 

ICT opportunity: Use of PowerPoint. 

 

4 hours 

Structure and properties 
Describe ionic (electrovalent) 
and covalent bonding. 

Explain why molten ionic 
compounds and solutions of 
ionic compounds conduct 
electricity. 

Explain metallic bonding in 
terms of a lattice of positive 
ions surrounded by a sea of 
mobile electrons and explain 
the physical properties of 
metals and alloys in terms of 
this bonding. 

Know that some covalent 
compounds, such as the 
element carbon and the 
compound silicon(IV) oxide, 
form giant molecular 
structures. 

Show an understanding of 
allotropy. 

Explain the differing physical 
properties of covalent and 
ionic compounds in terms of 
their bonding and be able to 
deduce the type of bond from 
information about physical 
properties. 

Consolidation activity 
Provide students with data on melting points, boiling points, physical states at room 
temperature, electrical conductivity, and solubility in water for a whole range of elements and 
compounds, without giving their names, and ask them to identify the structure and bonding type 
of the unknown substances.  
 

 
This could be done as a quiz. 
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Objectives Possible teaching activities Notes School resources 

1 hour 

Kinetic theory 
Use the kinetic particle theory to 
explain the main characteristics 
of the three states of matter and 
changes between the states: 
• the basic assumptions of 

the kinetic theory as 
applied to an ideal gas; 

• the liquid state, including 
melting, vaporisation and 
vapour pressure; 

• the lattice structure of a 
crystalline solid. 

Ask students to draw diagrams and/or write explanations of particles in solids, liquids and 
gases, then view animations of changes of states. Get them to produce a flow chart 
(incorporating diagrams) to show what happens to the particles of a solid when it is heated 
through its melting and boiling points and then the process is reversed. Make sure that students 
are aware of the difference between evaporation and boiling. 

Students can observe movements of particulates (Brownian motion) using smoke in a chamber 
under magnification. 

Follow up with a group discussion about exceptions, such as glass and children’s modelling 
clay (e.g. Plasticine®). 

You will need a smoke chamber for a 
microscope. 

Enquiry skill 10A.3.4 

 

Ask students to research the uses of ceramics on the Internet and then, working in small 
groups, produce posters to link the properties of ceramics to their use. They should then write a 
short account to link their properties, such as strength, high melting point and electrical 
insulating properties, to their structures. 

ICT opportunity: Use of the Internet.  1 hour 

Ceramics and composites 
Explain the strength, high 
melting point and electrical 
insulating properties of 
ceramics in terms of their giant 
molecular structure and relate 
these properties to their uses. 

Know the commercial and 
industrial importance of 
composite materials that 
combine the properties of their 
constituents, and give examples.

Give students images and/or samples of composite materials and ask them to make oral 
presentations on which properties are utilised in the production of these composites. 

  

2 hours 

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

Check, by using multiple-choice questions, that students are familiar with how to write formulae 
(from Grade 9). 

Get students to practise determining the number of particles of each element that are present in 
given formulae (e.g. NaCl, CuSO4, Zn(OH)2). 

Step 1 Present students with a series of balanced equations. Underneath each leave a space 
for students to write the number of each type of element present. They can then total the 
number of each element in the reactants and in the products. This allows them to see that 
atoms are neither created nor destroyed in the process of the reaction the equation represents. 

Step 2 Give students a series of unbalanced equations in which the formulae are correct and 
ask them to balance these equations. Gradually increase the degree of difficulty to suit student 
ability. Give examples to include precipitation reactions in which spectator ions are identified 
and then removed in the final version of an equation. 

Step 3 Ask students to construct balanced symbol equations from given word equations. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Complete the following table using the periodic table provided: 

 Atomic 
number 

Mass 
number 

Nucleon 
number 

Number 
of protons 

Number of 
neutrons 

Number of 
electrons 

 26 54    26 

    16 16 18 

U  237     

Cl–       
 
 

Give each student a copy of the periodic 
table. 

 

Look at the properties given for a range of substances A–F. 

Use your knowledge of how properties relate to bonding and structure to complete the final two columns. 

Substance Melting 
point 

Boiling 
point 

Electrical 
conductivity 
(molten) 

Electrical 
conductivity at 
room 
temperature 

Appearance 
at room 
temperature 

Bonding 
type 

Structure 

A –77 –34 poor poor colourless 
gas 

  

B 500 950 good poor white solid   

C 1084 2570 good good orangey 
solid 

  

D 1610 2230 poor poor white solid   

E –39 357 good good silvery liquid   

F sublimes 4800 n/a good grey solid   
 
 

  

Show, using diagrams of the particles involved, how magnesium chloride might be formed from magnesium 
and chlorine. Pay particular attention to showing how any electrons might move. 

  

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. 

Write full balanced equations, including state symbols, for the following reactions: 

a. Hydrogen reacting with nitrogen to produce ammonia gas. 

b. Silver nitrate solution reacting with hydrochloric acid. 

c. The decomposition of hydrogen peroxide. 

d. The reaction of carbon monoxide with iron(III) oxide to give iron and carbon dioxide. This reaction occurs 
at high temperatures in the blast furnace. 

 

  

Unit 10AC.1 



106  |  Qatar science scheme of work  |  Grade 10 advanced  |  Unit 10AC.1  |  Chemistry 1 © Education Institute 2005 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


