
 

The Australian Research Council Centre of Excellence in Exciton Science 

VCAA Unit 1 Chemistry Revision Worksheet:  Semiconductors, quantum dots and Solar Panels 

Solar Panels capture the sun’s rays in the form of photons and convert this energy into electricity. 

Though Australia is a country with lots of land exposed to lots of sun, solar energy only contributes to 
approximately 4.6% of total annual electricity generation.  Of Renewable electricity generation, solar 
energy only contributes approximately 24.5%.   

 

 

 

 

 

 

 

Figure 1:  Department of the Environment and Energy, Australian Energy Statistics, Table O9, March 2019 

 
Solar panels are composed of semi-conductor materials.  Whereas a piece of copper wire is a conductor 
because it allows electricity and heat to easily pass through it, insulators (such as plastics) have an 
extremely high resistance to this flow of energy.  Semi-conductor materials sit somewhere in the middle, 
as they hold onto their electrons, but not as tightly as insulators, or as loosely as metals. 

 
Question 1- Metallic bonding model and characteristics 

a) Draw a labelled diagram to represent the bonding model of metals.              (2 marks) 
 
 
 
 
 
 
 
 
 
 

b) Using the bonding model, explain which feature of metallic materials allow them to be so 
conductive.                                 (1 mark) 

__________________________________________________________________________________ 

__________________________________________________________________________________ 



 

The semi-conductor material currently used in solar cells is Silicon doped with Phosphorus. 

Below is a diagram of a pure silicon network lattice, which tends to be an insulator. 

 
Figure 2:  A representation of a silicon network lattice in 2D 

Question 2- Atomic structure, trends and bonding 

a) Write the electron subshell configuration for the below elements                 (4 marks) 

i. Si  

ii. P  

iii. Cl-  

iv. Ti2+  

 

b) The type of bonding (if any) that the below elements can undergo is…      (4 marks) 

i. Silicon  

ii. Zinc  

iii. Neon  

iv.  Sodium  

 
 
 
 



 

c) The below diagram has two atoms of Silicon removed.  Instead, these atoms should be replaced 
with phosphorus, as is found in solar cells.  Draw in the two Phosphorus atoms including all the 
valence electrons of the new atoms.                   (1 mark) 

 

d) Based on the above diagram and the numbers of valence electrons in Phosphorus, explain why 
phosphorus-doped silicon is a semi-conductor instead of an insulator like pure silicon.   (2 marks) 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

 
e) In column A, using the terms ‘greater than’, ‘smaller than’ or ‘equal to’, compare the below 

elements to an atom of silicon in terms of the given characteristics.  In column B, Explain your 
answer from column A.                     (6 marks) 

 Element and 
Characteristic Column A Column B 

i. 
Phosphorus 

 
Electronegativity 

 

 

ii. 
Carbon 

 
Atomic size 

 

 

iii. 

Sodium 
 

Ionization 
energy 

 

 



 

Solar panel cells are called photovoltaic cells. 

Photo meaning ‘light’ 

Voltaic meaning ‘related to electricity production’. 

Current photovoltaic cells composed of Silicon are at maximum about 26% efficient (with most of house 
roofs sitting at about 20%) with a theoretical efficiency limit of 29% according to the Shockley–Queisser 
limit.  This is because not all light can be absorbed by silicon, and silicon is not able to convert all absorbed 
light into electricity. 

The other limitation of silicon solar cells is that they are costly to produce, have a limited lifetime and are 
difficult to dispose of in terms of their recyclability and toxicity.   

However, a new and emerging technology lies in the development of Nano-sized Quantum Dots (QDs).  
QDs could potentially absorb more light as well as convert more of this light into electricity.   

QDs are tiny discreetly and easily size-controlled ionic compounds containing heavy metals, usually in a 
1:1 stoichiometric ratio.  They are often a spherical, rod or sheet shape and their size is easily controlled.   

 
Figure 3:  Transmission Electron Microscope Image of Quantum Dots 

 



 

Question 3- Ionic compound formula and naming  

a) In the table, list all the formulas for the possible ionic compounds that can be formed from the 
ions of the elements i.- ix. when reacted with each other.  An example is shown in the box.  

        (3 marks) 
i. Nitrogen 

ii. Cadmium (II) 
iii. Chlorine 
iv. Sodium 
v. Lead (II) 

vi. Selenium 

 

 

Cd3N2   

   

   

 

b) Considering that quantum dots are generally composed of elements containing heavy metals in 
a 1:1 ion ratio, name two compounds from the list above that are the most likely to be used in 
the formation of quantum dots.                                            (2 marks) 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

 

In fireworks, using different metallic elements in the ‘stars’ causes different colours of light to burst 
into the sky.  The below diagram represents some of the commonly observed colours and the metals 
from which they are made. 

  
Figure 4:  A representation of firework colours and the metals that tend to be used to form these colours. 

 

Example: 
Nitrogen  Nitride ion N3- 
Cadmium (II)  Cadmium (II) ion Cd2+ 
An ionic compound can be formed as one element forms an 
anion and the other forms a cation. 
Resulting Ionic compound is Cd3N2 



 

Question 4- Atomic Structure 

a) Explain why the different colours of different metals observed in fireworks is evidence for Bohr’s 
model of the atom.                               (2 marks) 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

 

Quantum dots (QDs) are unique materials because dots of the same ionic material have different 
colours, dependent upon their size.   

For example, CdSe QDs that are 2.0 nm in diameter are blue, whereas 4.2 nm CdSe QDs are red.  
Other colours sit between as can be seen in Figure 5 below.    Even though there are several 
different colours shown below, all the test tubes contain CdSe QDs that have been dissolved in the 
same liquid.  Each vial contains about a million billion (1015) dots.   

 
Figure 5:  CdSe quantum dots of various sizes under UV light with approximate QD diameter labelled. 

 

Figure 6:  A representation of CdSe quantum dots of various sizes. 



 

Question 5- Application of mole calculations with quantum dots 

Answer the below questions using mole formulas, figure 5 above, your data booklet and the 
data from the below table. 

Density of CdSe 5.82 gcm-3 
Density formula D =  𝑚𝑚

𝑉𝑉
 

Volume of a sphere V = 4
3
 π r3 

 
a) A quantum dot of CdySey has a mass of 4.928 x 10-20

 g. 
i. How many moles of Cd atoms are in this quantum dot?                (1 mark) 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

ii. Hence, what is the non-simplified compound formula of this quantum dot (i.e. Cd20Se20)? 
                                    (1 mark) 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

b) A second quantum dot of CdySey has a mass of 3.820 x 10-20g.  What is the non-simplified 
compound formula of this quantum dot?                 (2 marks) 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

c) What is the mass of a Cd280Se280 quantum dot in mg?                (3 marks) 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

 



 

d) A quantum dot of CdySey has a mass of 2.258 x 10-19g. 
i. Calculate the volume of the quantum dot.                 (1 mark) 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

ii. Calculate the radius of the quantum dot.                 (1 mark) 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

iii. Hence, determine the colour of the quantum dot using figure 5.                (1 mark) 

______________________________________________________________________________ 

______________________________________________________________________________ 

 

e) Approximately how many atoms are found in an orange CdySey quantum dot?                 (4 marks) 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

______________________________________________________________________________ 

 

 

 

 



 

Want to learn more? 

So, what is the big deal about these quantum dots and why are they such an exciting new possible 
technology? 

Firstly, Silicon solar cells only absorb a very specific set of photons in the near infrared region.  This 
means that any incoming photons of energy that are more energetic than what silicon can absorb are 
effectively wasted.  This can be observed in Figure 7 below. 

Fig. 7   The Solar Spectrum and Silicon solar cell absorption        Fig. 8 PbSe QD absorbance. 

    
Figures 7 and 8:  Sourced from Octavi E. Semonin, Joseph M. Luther, Matthew C. Beard, Quantum dots for next-generation photovoltaics, 

Materials Today, Volume 15, Issue 11, 2012.  Note that Figure 8 has been cropped to only include content relevant to this resource. 

 

However, as quantum dots can absorb different wavelengths of photon dependent on the particle size, 
their use is being investigated in place of silicon.  As is shown in figure 8 above, a new solar cell could be 
finely tuned to absorb different photons dependent on the size of the QD used.  Note that figure 8 is the 
absorption of PbSe QDs. 

Another attractive feature of QDs is that they can be solution processed.  This means that the QD layer is 
applied when ‘wet’ which is a much faster and cheaper technique than current solar cell manufacturing 
methods.  In fact, one day, it is hoped that QDs could be printed onto flexible plastics and used in more 
places than just on house roofs.  However, don’t forget those pesky heavy metals!  The presence of metals 
such as Cadmium and Lead mean that the safety of QDs is still being investigated as these elements are 
highly toxic to humans.  Fortunately, other candidates that are less toxic such as Indium Phosphide are 
under investigation.  There is clearly though, a lot more research to be undertaken.   

Currently, the ARC Centre of Excellence in Exciton Science has multiple teams of researchers investigating 
how to use quantum dots safely and to maximise their efficiency for use in applications such as solar 
technology.  Our researchers work across chemistry, physics, math and engineering.  Some are theorists 
while others work in applied research.  While many are involved with quantum dot technology, there is a 
plethora of other Exciton research occurring in our five node universities.     

To find out more, visit https://excitonscience.com/. 

https://excitonscience.com/
https://excitonscience.com/

