
 

 

A Guide to The Atom 

Teaching Approach  

 

In this series of six lessons, the learner will be exposed to the atomic model. The videos 

need to be viewed in order. By exploring the way the model was modified and rearranged as 

new and more accurate facts were discovered, learners will understand the nature of a 

scientific model. It all began around 400 BC with the study of philosophy and the birth of the 

concept of the atom. The atomic models of James Dalton and J.J. Thomson are discussed; 

Rutherford’s famous experiment is re-enacted; and Bohr’s amazing connection between light 

theory and quantisation is explored. The energy level diagram, related to the new atomic 

model based on wave theory and quantum mechanics, is taught in detail and finally learners 

will see how electron configuration is linked to the arrangement of elements in the Periodic 

Table. Through this historical development of the atomic model learners will gain insight into 

the structure of the atom, protons, neutrons and electrons, and how the electrons are 

arranged around the atom.  

 

This series of lessons is linked to the core knowledge area of Matter and Materials, within 

the theme of The Atom: basic building block of all matter. The context for this series is the 

historical development and progression of scientific investigations which brought about a 

change in models to help us visualise microscopic particles of matter. This visualisation is 

essential to help demystify chemistry in order for learners to develop an understanding of 

chemistry. Therefore this series gives learners insight to scientific models and the scientific 

method. 

 

The series addresses all the specific aims in Physical Sciences which promotes knowledge 

and skills in scientific inquiry and problem solving; the construction and application of 

scientific and technological knowledge; an understanding of the nature of science and its 

relationships to technology and society. 

 

Many learners think that science is concrete and stagnant; that what we know is absolute 

truth. The reality is that science is a developing field and that the study of concepts based on 

experimental evidence is still young. Learners will see that theories on the structure of the 

atom that were put forward were subsequently changed and re-constructed as more definite 

evidence was found. To help explain the concept of the atom, scientists developed models to 



 

 

represent their ideas. These are concrete representations of abstract ideas. We use different 

models to gain insight into the structure of the atom. For example, we show how energy level 

diagrams are linked to the atomic orbitals, by carefully using 3D animations. 

 

In this theme learners are not able to do many practical investigations themselves. We have 

focused on the experiments conducted by men like Rutherford and have asked learners to 

tabulate and analyse the data obtained. Flame tests for different metals are shown and this 

can be used for learners to make observations.  

 

In this series we provide opportunities for learners to evaluate different knowledge claims 

too. In the first lesson we compare the approach of Greek philosophy to modern science, 

based on practical investigations. Taking time to engage in a class debate about the results 

of and implications of the Rutherford experiment, before teaching the learners the actual 

outcome of this experiment, could stimulate analytical thought in the class. You will need to 

emphasise that these discoveries are not for rote learning or examinable but to give learners 

an idea of the construction of knowledge over time. 

  



 

 

Video Summaries 

Some videos have a ‘PAUSE’ moment, at which point the teacher or learner can choose to 

pause the video and try to answer the question posed or calculate the answer to the problem 

under discussion. Once the video starts again, the answer to the question or the right answer 

to the calculation is given 

 

Mindset suggests a number of ways to use the video lessons. These include: 

 Watch or show a lesson as an introduction to a lesson 

 Watch or show a lesson after a lesson, as a summary or as a way of adding in some 

interesting real-life applications or practical aspects 

 Design a worksheet or set of questions about one video lesson. Then ask learners to 

watch a video related to the lesson and to complete the worksheet or questions, either in 

groups or individually 

 Worksheets and questions based on video lessons can be used as short assessments or 

exercises 

 Ask learners to watch a particular video lesson for homework (in the school library or on 

the website, depending on how the material is available) as preparation for the next days 

lesson; if desired, learners can be given specific questions to answer in preparation for 

the next day’s lesson  

1. Early Models of the Atom 

In this lesson, the development of the atom model is followed. It began in 400 BC with the 

first recordings of the philosophy of the existence of the atom. 

2. The Rutherford Model 

This lesson introduces New Zealander, Ernest Rutherford, and his findings. Rutherford 

discovered the alpha particle and was carrying out various experiments to understand its 

nature and to confirm Thomson’s model of the atom. 

3. Size and Structure of the Atom 

This lesson is key to understanding the microscopic structure of the different elements of 

the atoms, how the Periodic Table is constructed and how to use the values that appear 

on the Periodic Table to one’s advantage. 

4. Bohr’s Atomic Model 

This lesson underlines the difference between a continuous spectrum of light and a line 

spectrum of light, and the line spectrum is linked to the way energy is absorbed and 

released. 

5. Electron Configuration and Energy Level Diagrams 

This lesson focuses on the arrangement of the electrons around the atom. It also looks at 

the work of Niels Bohr whose work contributed to our understanding of the model of the 

atom.  

 

 

 



 

 

6. The Formation of Ions 

This video recaps how the atomic model has changed over time and links the electron 

configuration to the arrangement of the elements in the Periodic Table. 

  



 

 

Resource Material  
 

1. Early Models of the Atom 

 

 

http://everythingscience.co.za/grad

e-10/04-the-atom/04-the-atom-

02.cnxmlplus  

This site has brief descriptions and 

diagrams of the atomic models of 

Dalton, Thompson and Bohr.   

http://theory.uwinnipeg.ca/mod_tec

h/node144.html  

Brief descriptions of models of the 

atom and problems with the models 

are described. 

http://www.nobeliefs.com/atom.htm  A good presentation of the 

properties of materials and the 

experiments that lead to the 

development of the model of the 

atom 

2. The Rutherford’s Model 

Experiment 

 

http://www.iun.edu/~cpanhd/C101w

ebnotes/modern-atomic-

theory/rutherford-model.html  

An explanation of the reasons 

Rutherford had to change his model. 

http://www.regentsprep.org/Regent

s/physics/phys05/catomodel/ruther.

htm  

A schematic diagram of equipment 

used by Rutherford and animation of 

the deflection of the alpha particle 

near an atom of gold. 

http://www.rsc.org/chemsoc/timelin

e/pages/1911.html  

Diagram of a block of gold atoms 

deflecting alpha particles. 

3. Size and Structure of the 

Atom and Isotopes 

 

http://www.mikeblaber.org/oldwine/

chm1045/notes/Atoms/AtomStr2/At

oms03.htm  

Size of components of the atom; 

isotopes, atomic number and mass 

number using carbon as an 

example. 

http://www.docbrown.info/page04/4

_71atom.htm  

List of links to pages on atomic 

structure, such as What are 

isotopes? 

http://chemwiki.ucdavis.edu/Physic

al_Chemistry/Atomic_Theory/The_

Atom  

Descriptions of the atom plus 

example questions with answers. 

4. Bohr’s Atomic Model 

http://www.chemteam.info/Electron

s/Bohr-Model-part2.html  

Features of the Bohr model and 

Bohr’s personal problems while 

developing the model. 

http://www.mikeblaber.org/oldwine/

chm1045/notes/Struct/Bohr/Struct0

3.htm  

Diagrams and explanation of line 

spectra relating to Bohr’s model. 

http://everythingscience.co.za/grade-10/04-the-atom/04-the-atom-02.cnxmlplus
http://everythingscience.co.za/grade-10/04-the-atom/04-the-atom-02.cnxmlplus
http://everythingscience.co.za/grade-10/04-the-atom/04-the-atom-02.cnxmlplus
http://theory.uwinnipeg.ca/mod_tech/node144.html
http://theory.uwinnipeg.ca/mod_tech/node144.html
http://www.nobeliefs.com/atom.htm
http://www.iun.edu/~cpanhd/C101webnotes/modern-atomic-theory/rutherford-model.html
http://www.iun.edu/~cpanhd/C101webnotes/modern-atomic-theory/rutherford-model.html
http://www.iun.edu/~cpanhd/C101webnotes/modern-atomic-theory/rutherford-model.html
http://www.regentsprep.org/Regents/physics/phys05/catomodel/ruther.htm
http://www.regentsprep.org/Regents/physics/phys05/catomodel/ruther.htm
http://www.regentsprep.org/Regents/physics/phys05/catomodel/ruther.htm
http://www.rsc.org/chemsoc/timeline/pages/1911.html
http://www.rsc.org/chemsoc/timeline/pages/1911.html
http://www.mikeblaber.org/oldwine/chm1045/notes/Atoms/AtomStr2/Atoms03.htm
http://www.mikeblaber.org/oldwine/chm1045/notes/Atoms/AtomStr2/Atoms03.htm
http://www.mikeblaber.org/oldwine/chm1045/notes/Atoms/AtomStr2/Atoms03.htm
http://www.docbrown.info/page04/4_71atom.htm
http://www.docbrown.info/page04/4_71atom.htm
http://chemwiki.ucdavis.edu/Physical_Chemistry/Atomic_Theory/The_Atom
http://chemwiki.ucdavis.edu/Physical_Chemistry/Atomic_Theory/The_Atom
http://chemwiki.ucdavis.edu/Physical_Chemistry/Atomic_Theory/The_Atom
http://www.chemteam.info/Electrons/Bohr-Model-part2.html
http://www.chemteam.info/Electrons/Bohr-Model-part2.html
http://www.mikeblaber.org/oldwine/chm1045/notes/Struct/Bohr/Struct03.htm
http://www.mikeblaber.org/oldwine/chm1045/notes/Struct/Bohr/Struct03.htm
http://www.mikeblaber.org/oldwine/chm1045/notes/Struct/Bohr/Struct03.htm


 

 

http://www.faqs.org/docs/qp/chap04

.html  

Inherent instability of the atom, line 

spectra and Bohr’s explanation. 

5. Electron Configuration and 

Energy Level Diagrams 

https://docs.google.com/presentatio

n/d/1rY36kIeZQh94f0gSik2LbCEJA

jaV-

OpV4KN8DdXe2eo/embed#slide=i

d.i0  

Schematic diagrams of energy levels 

and sub-levels in the atom. 

http://chemwiki.ucdavis.edu/Inorgan

ic_Chemistry/Electronic_Configurati

ons  

Definitive site on electronic 

configurations.  

http://en.wikibooks.org/wiki/High_S

chool_Chemistry/Writing_Electron_

Configurations  

Simple description of how to fill 

orbitals including diagonal orbital 

diagrams. 

6. The Formation of Ions 

http://www.elmhurst.edu/~chm/vche

mbook/142Aposion.html  

Diagram and explanation of the 

formation of ions with positive 

sodium ion as an example. 

http://www.mcwdn.org/chemist/ions

.html  

Description of the formation of ions 

and quiz. 

http://www.elmhurst.edu/~chm/vche

mbook/141Anegion.html  

Diagram and explanation of the 

formation of ions with negative 

fluoride ion as an example. 

 

  

http://www.faqs.org/docs/qp/chap04.html
http://www.faqs.org/docs/qp/chap04.html
https://docs.google.com/presentation/d/1rY36kIeZQh94f0gSik2LbCEJAjaV-OpV4KN8DdXe2eo/embed#slide=id.i0
https://docs.google.com/presentation/d/1rY36kIeZQh94f0gSik2LbCEJAjaV-OpV4KN8DdXe2eo/embed#slide=id.i0
https://docs.google.com/presentation/d/1rY36kIeZQh94f0gSik2LbCEJAjaV-OpV4KN8DdXe2eo/embed#slide=id.i0
https://docs.google.com/presentation/d/1rY36kIeZQh94f0gSik2LbCEJAjaV-OpV4KN8DdXe2eo/embed#slide=id.i0
https://docs.google.com/presentation/d/1rY36kIeZQh94f0gSik2LbCEJAjaV-OpV4KN8DdXe2eo/embed#slide=id.i0
http://chemwiki.ucdavis.edu/Inorganic_Chemistry/Electronic_Configurations
http://chemwiki.ucdavis.edu/Inorganic_Chemistry/Electronic_Configurations
http://chemwiki.ucdavis.edu/Inorganic_Chemistry/Electronic_Configurations
http://en.wikibooks.org/wiki/High_School_Chemistry/Writing_Electron_Configurations
http://en.wikibooks.org/wiki/High_School_Chemistry/Writing_Electron_Configurations
http://en.wikibooks.org/wiki/High_School_Chemistry/Writing_Electron_Configurations
http://www.elmhurst.edu/~chm/vchembook/142Aposion.html
http://www.elmhurst.edu/~chm/vchembook/142Aposion.html
http://www.mcwdn.org/chemist/ions.html
http://www.mcwdn.org/chemist/ions.html
http://www.elmhurst.edu/~chm/vchembook/141Anegion.html
http://www.elmhurst.edu/~chm/vchembook/141Anegion.html


 

 

Task 

Question 1 

Draw up a table to show the differences and similarities in the way Greek Philosophers and 

the eighteenth and nineteenth century scientists developed their ideas about the atom. 

Question 2 

Draw up a table to show how the observations from the gold foil experiment and the 

Rutherford model of the atom are clearly matched.  

Question 3 

Look at neon on the Periodic Table and answer the following questions. 

3.1 Identify the atomic number and relative atomic mass of neon. 

3.2 Give the nuclear notation for the three isotopes of neon, neon 20, 21 and 22. 

3.3 Determine the number of neutrons in each isotope of neon. 

3.4 Will all three isotopes behave chemically the same way? Explain your answer.   

Question 4 

Calculate the average relative atomic mass of neon, given that the abundance of neon 

isotopes is: 

90,48% Neon-20, 

0,27% Neon-21 and 

9,25% Neon-22. 

Question 5 

Consider the scientists and philosophers who proposed models of the atom. Identify five 

major contributions to the atomic model used today. Present your answer in the form of a 

time line. 

Question 6 

3.5 Draw the energy level diagrams and electron configurations of the first two elements in 

Group I, III and VIII of the periodic table.  

3.6 Make conclusions about any patterns you recognise from your diagrams.  

Question 7 

Here is the electron configuration for a Group One element. 

  



 

 

7.1 Identify the element. 

7.2 Determine how many valence electrons the atom has. 

7.3 Determine the charge of the ion if the valence electrons are removed from the atom. 

Question 8 

Here is the electron configuration for a Group Two element. 

 
8.1 Identify the element. 

8.2 Determine how many valence electrons the atom has. 

8.3 Determine the charge of the ion if the valence electrons are removed from the atom. 

Question 9 

Here is the electron configuration for a Group Three element. 

 
9.1 Identify the element.  

9.2 Determine how many valence electrons the atom has. 

9.3 Determine the charge of the ion if the valence electrons are removed from the atom. 

 



 

 

Question 10 

10.1 Given the electron configuration, determine the charge when one of these atoms gains 

or loses electrons to form an ion:   

Nitrogen:  1s22s22p3  

10.2 Given the electron configuration, determine the charge when one of these atoms gains 

or loses electrons to form an ion:   

Oxygen: 1s22s22p4   

10.3 Given the electron configuration, determine the charge when one of these atoms gains 

or loses electrons to form an ion:   

Chlorine: 1s22s22p63s23p5  



 

 

Task Answers 

Question 1 

The table for this task should consist of three columns with the headings: Greek philosophers, Dalton 

and Thomson. It would perhaps be easier for the learner to highlight all the similarities once the table 

is complete and then rearrange the table into two sections – one with similarities and one with 

differences. 

Greek Philosophers Dalton Thomson 

Debated and discussed ideas 

and theories.  

Proposed theory after 

evaluating experimental 

evidence. 

Proposed modifications to 

atomic model based on 

experimental evidence. 

Did not perform experiments to 

verify ideas or theories. 

Conducted experiments. Conducted experiments. 

Question 2 

Drawing up a table will help learners to make the connection between the collected data and the 

conclusion. The table should include two columns – results and conclusions. The results can then be 

matched up to the conclusions that Rutherford made about his experiment. The learners’ work should 

be delivered clearly and with authority. 

Results Conclusions 

Most alpha particles passed through gold leaf 

without being deflected 

Atom consists of mostly empty space. 

Some alpha particles were deflected slightly Atom consists of a tiny positively charged sphere 

called a nucleus 

Small proportion of alpha particles deflected 

directly backwards 

Mass of atom concentrated in nucleus and 

electrons orbit nucleus. 

Question 3 

 The atomic number for neon is 10 and the relative atomic mass is.20,19 amu. This is often rounded 

off to 20. 

3.1  
3.2 Ne-20: 20 – 10 = 10 neutrons 

Ne-21: 21 – 10 = 11 neutrons 

Ne-22: 22 – 10 = 12 neutrons 

3.3 All three isotopes behave in the same way chemically. This is because the number of protons in 

each is the same so the number of electrons must also be the same. The electron configuration 

determines the chemical behaviour of an atom. 

Question 4 

To calculate the relative atomic mass of neon the following calculation needs to be done. 

Contribution Ne-20: 90.48 / 100 x 20 = 18,096 amu 

Contribution Ne-21: 0,27 / 100 x 21 = 0,0567 amu 

Contribution Ne-22: 9,25/100 x 22 = 2,035 amu 

Relative atomic mass: 18,096 + 0,0567 + 2,035 = 20,19 

Question 5 

The learners can list a variety of discoveries that have contributed to the current model of the atom. 

This should be done in a table with three columns. The first column for the name of the scientist, the 

second column should list the discovery and the third the influence this discovery has had on the 



 

 

description of the atom. From the data in the table you could construct a flow chart or a time line. You 

need to be able to list five discoveries, not for exam purposes but to gain an understanding of the 

construction of knowledge over time. The contributions made by Dalton, J. J. Thomson, Ernest 

Rutherford, James Chadwick, Francis Aston, Marie Curie, Henri Becquerel, Neils Bohr, Max Plank 

and Erwin Schrödinger can be included as their contributions are included in the series.  

 

Greek   

era 

Democritus Matter is made up of indivisible particles. 

1803 John Dalton Proposed an "atomic theory" with spherical solid atoms 

based upon measurable properties of mass 

1894  G.J. Stoney Proposed that electricity was made of discrete negative 

particles he called electrons 

1896 Henri Becquerel While studying the effect of x-rays on photographic film, 

he discovered some chemicals spontaneously 

decompose and give off radiation 

1904 J. J. Thomson Proposed the ‘Plum Pudding’ Model of the atom. 

1900 Max Planck Used the idea of quanta (discrete units of energy) to 

explain hot glowing matter. 

1906 Hans Geiger Developed an electrical device to "click" when hit with 

alpha particles. 

1909 R.A. Millikan Oil drop experiment determined the charge and the mass 

of an electron. 

1911 Ernest Rutherford Using alpha particles as atomic bullets, probed the atoms 

in a piece of gold foil . He established that the nucleus 

was very dense, very small and positively charged. 

1919 Aston Discovered the existence of isotopes through the use of 

a mass spectrograph.  

1922 Niels Bohr Developed atomic model that atoms built up of 

successive orbital shells of electrons. 

1930 Erwin Schrodinger Viewed electrons as continuous clouds and introduced 

"wave mechanics" as a mathematical model of the atom. 

1932 James Chadwick Using alpha particles discovered a neutral atomic particle 

with a mass close to a proton. Thus was discovered the 

neutron. 

Question 6 

6.1 The first two elements in Group 1 are hydrogen and lithium. The electron configuration of each: 

H: 1s
1
     

1s     

Li: 1s
2
2s

1
     

2s     

1s     

 

The first two elements in Group III are Boron and Aluminium. The electron configuration of each: 

B: 

1s
2
2s

2
2p

1
 

    

2p     

http://www.perseus.tufts.edu/GreekScience/Students/Marc/short_paper.html
http://micro.magnet.fsu.edu/electromag/java/rutherford/


 

 

2s     

1s     

Al: 

1s
2
2s

2
2p

1
3s

2
3p

1
 

    

3p     

3s     

2p     

2s     

1s     

 

The first two elements in Group VIII are helium and neon. The electron configuration of each: 

He: 1s
2
     

1s     

Ne: 

1s
2
2s

1
2p

6
 

    

2p     

2s     

1s     

 

6.2 The number of valence electrons corresponds to the group number (using the Roman numeral 

numbering of groups). With elements in group VIII the valence shell is has the maximum number 

of electrons. 

Question 7 

7.1 Sodium 

7.2 One valence electron 

7.3 Na
+
 

Question 8 

8.1 Magnesium 

8.2 Two valence electrons 

8.3 Mg
2+

 

Question 9 

9.1 Aluminium 

9.2 Three valence electrons 

9.3 Al
3+

 

Question 10 

10.1 N 
–3

 

10.2 O 
–2

 
 



 

 

10.3 Cl 
–1 
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