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To get into the best universities, you must demonstrate that you are 
intellectually curious, and will make the most of the wonderful 
academic opportunities available to you.

One of the best ways of demonstrating this, is by going above and 
beyond what is taught in school and studying something that is not on 
the curriculum.

This resource will give you exactly such an opportunity. You will have 
something interesting to write about in your application to university, 
something interesting to talk about in a university interview, and open 
whole new areas of study you might be interested in! 

You will develop valuable academic skills as you go, that we have 
marked out with gold badges (see the next page on university skills). 
As you work through the resource you can look out for these badges 
so that you can explain which skills you have developed and what you 
did to demonstrate them. Developing these skills will help you get 
university ready! 

If you have any questions while you are using the resources in this 
pack, you can contact your teacher or email us directly at 
schools@access-ed.ngo. 

Good luck with your journey to higher education!
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For Pupils
Welcome!

mailto:schools@access-ed.ngo


To complete this resource, you will have to demonstrate impressive 
academic skills. When universities are looking for new students, they 
will want young people who can study independently and go above 
and beyond the curriculum. All of these skills that you will see here 
will demonstrate your abilities as a university student – while you’re 
still at school!

Every time you have to look something up, or write up a reference 
you are showing that you can work independently. Every time that 
you complete a challenging problem or write an answer to a difficult 
question, you might demonstrate your ability to think logically or build 
an argument. Every time that you evaluate the sources or data that 
you are presented with, you are showing that you can “dive deep” 
into an unfamiliar topic and learn from it. 

Here are the skills that you will develop in this course:

For Pupils
University Skills

your ability to work on your own and find answers online or in 
other books

your ability to create something original and express your ideas

your ability to apply what you know to new problems 

your ability to logically express yourself

your ability to refer to sources that back up your opinions/ ideas

your ability to refer to what others have said in your answer, 
and credit them for their ideas

your ability to go above and beyond the school curriculum to 
new areas of knowledge

your ability to evaluate sources (e.g. for bias, origin, purpose) 

your ability to discuss the implications of what the numbers show

your ability to engage with what you are reading by highlighting 
and annotating

independent       research

creativity  

problem solving                      

building an argument        

providing evidence                

academic       referencing     

deep                       dive

source analysis                  

data interpretation                 

active reading

University 
Ready!



The Research-Based Curriculum aims to support student attainment 
and university progression by providing classroom resources about 
cutting-edge research at local universities. The resources are designed 
to:

ü promote intellectual curiosity through exposure to academic 
research

ü stretch and challenge students to think deeply about content that 
may be beyond the confines of the curriculum

ü develop core academic skills, including critical thinking, 
metacognition, and written and verbal communication

ü inform students about how subjects are studied at university, and 
provide information, advice and guidance on pursuing subjects at 
undergraduate level

The programme represents a unique collaboration between 
universities and schools. Trained by AccessEd, PhD Researchers use 
their subject expertise to create rich resources that help bring new 
discoveries and debates to students. 

The Research-Based Curriculum offers ten modules suitable for either 
KS4 or KS5 study. The modules span a range of disciplines, including 
EBacc and A-level subjects, as well as degree subjects like 
biochemistry. Each module includes six hours of teaching content, 
supported by student packs, teacher notes and slides. All modules are 
available online and free of charge for teachers at select schools. 

Resources are designed to be used flexibly by teachers. The resources 
can be completed by students individually or in groups, in or out of 
the classroom. 

For Teachers
RBC Guide

Programme                Aims

Content

Delivery
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Here are five examples of delivery options:

The resources can be completed in small groups (4-8 pupils) across a 
series of weekly lunch clubs or after-school clubs. Groups can reflect 
on their learning by presenting a talk or poster on the subject matter 
at the end of the course. 

The resources can be used by students to explore subjects that they 
are interested in studying at university. This can inform their decision 
making with regards to university degree courses, and allow students 
to write more effective personal statements by including reflections 
on the Research-Based Curriculum.

The resources can be used to ignite curiosity in new topics and 
encourage independent research. Schools could hold a research 
challenge across a class or year group to submit a piece of work based 
on the resources. Pupils could submit individually or in small groups, 
with a final celebration event.

Resource packs can function as ‘transition’ projects over the summer, 
serving as an introduction to the next level of study between KS3 and 
KS4, or KS4 and KS5. Students could present their reflections on the 
experience in a journal.

The Research-Based Curricula programme builds on the University 
Learning in Schools programme (ULiS), which was successfully 
delivered and evaluated through the London Schools Excellence Fund 
in 2015. The project was designed in a collaboration between 
Achievement for All and The Brilliant Club, the latter of which is the 
sister organisation of AccessEd. ULiS resulted in the design and 
dissemination of 15 schemes of work based on PhD research for 
teachers and pupils at Key Stage 3. The project was evaluated by 
LKMCo. Overall, pupils made higher than expected progress and felt 
more engaged with the subject content. The full evaluation can be 
found here: ULiS Evaluation.

For more information contact hello@access-ed.ngo
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For Teachers
RBC Guide

Extra-Curricular Subject 
Enrichment Clubs

University Access 
Workshops

Research Challenge

Summer Project

Evidence

Questions?

https://www.london.gov.uk/sites/default/files/achievement_for_all_university_learning_in_schools_ulis_final_report.pdf


Polymer science is an important scientific area; everything around you 
is made of polymers from the DNA in your bodies to the clothes on 
your back. Researchers who work in this field look at ways to improve 
polymers for a range of applications, whether that is biomedical, 
plastics or car tyres. Polymer science offers an insight into how 
products we use daily are specially engineered for particular 
applications. It can lead to the development of new products that 
keep people safe from harsh chemicals or protect buildings from 
corrosion. Nanoparticles allow for the exploration of nanocomposites 
and provide a way to improve polymers easily; this is especially useful 
for businesses looking to improve a current product. Nanoparticles 
make you realise how powerful tiny things can be in science and in 
life. 

Understanding polymer science and nanocomposites requires an 
understanding of topics covered in maths, physics and chemistry at 
GCSE and A level. You must be able to interpret and analyse data 
collected from experiments and use your knowledge and recent 
published studies to help you understand the results from your 
experiment and what that means in relation to the overall project. 
Studying materials science often involves the crossover of several 
disciplines, chemistry, physics, maths but also engineering and 
potentially fashion, art and design. Materials science is often heavily 
linked with industries and industrial placements and collaborations 
with material production companies are common. 

In this resource pack, you will uncover the details of polymer science, 
nanoparticles and nanocomposites. You will be introduced to a 
polymer used in hundreds of products in your home and across the 
world and you will see how the addition of tiny compounds can have 
an impact on the polymer chaining its properties. You will be able to 
go beyond the GCSE syllabus and examine polymerisation and 
chemistry not covered until A level chemistry and University

Introduction to Topic
Nanocomposites: Polymers and 
Nanoparticles

The topics within this pack 
will include:

Polymers: Introduction to 
Polyurethane

The Basics of Polymers

Polyurethane Synthesis 

Hydrogen Bonding: The Key 
to Polyurethane’s Structure

Nanoparticles: Small But 
Mighty

Nanofillers and Polymers: 
Nanocomposites



Introduction to Subject
Material Science at University

University 
Ready!

Material Science and Engineering is the study of all materials, from those 
we see and use every day such as glass or a piece of sport equipment to 
those used in aerospace and medicine. It is a subject which bridges 
multiple disciplines; mainly chemistry, maths and physics but also 
engineering, biology, coding, art and design and business, because of this 
materials science can be escribed as an interdisciplinary subject. 

Modules studied depend on the university and course but typical 
modules studied across the degree include, chemistry, mechanical 
properties, maths, biology and chemistry of living systems, biomaterials, 
digital skills, material properties, kinetics, thermal dynamics, industrial 
materials, failure of materials and biomedical materials. There are also 
optional modules in various materials types like glass, fibre, metals, 
polymers, composites and nuclear science. On top of this you would learn 
laboratory, academic writing and presenting skills. In the final year you 
normally undertake a research project over the course of several weeks 
resulting in a dissertation compiling background information, methods, 
result and conclusion. Depending on university and course there may be 
the opportunity to work at a company for a year, this is known as a 
sandwich- year degree, it can provide great experience and connections 
for future jobs. It is typical after a material science degree to enter 
industry or continue studying for a masters in a specific area such as 
polymer science. After a master you can either entre industry at a higher 
level or apply for a PhD.

I hope as you start to learn more about materials science, particularly 
polymer science, chemistry and the power of nanoparticles from the six 
resources you will appreciate the incredible feats of human engineering 
in manipulative chemistry and natural substances to produce a wide 
variety of products we use every day. These topics may seem tricky at 
first but I hope as you study them and make use of the further readings 
sections plus the internet, books, peers and teachers you can understand 
more than your first thought. I hope you enjoy learning about polymers 
and nanoparticles.

Good Luck!
Rebecca Chadwick 



Meet the PhD Researcher
Rebecca Chadwick

After studying for A levels in Biology, Chemistry, Physics and Maths I 
attended Sheffield Hallam University in 2013 to study Biochemistry. 
After starting I realised the course was not right for me but I did not 
know what else to do so I stayed on the course for two years before 
making the decision to take a break in study for a year and move back 
home to work out what I wanted to do.

While back at home for a year I attended a local college to study a 
Foundation Art and Design course - here I developed my love for 
materials particular textiles. I also realised science was right for me 
but I was just studying the wrong science, so I returned to university 
to complete my final year of a biochemistry degree with the aim to 
study a Masters in Textile Science at University of Leeds. However, 
during my final year laboratory research project of my Biochemistry 
degree, I organised to design my own project looking at bacterial 
cellulose with textile applications. As a result I got to work in the 
Materials and Engineering Research Institute at Sheffield Hallam 
University. This is where I found out about the PhD I am now working 
on; I applied straight from my undergraduate degree and was 
accepted. My research involves looking to improve polyurethane by 
the addition of nanoparticles like clay and graphene.  

Biology, Chemistry, Maths and Physics

Biochemistry 

A-Level  Subjects

Undergraduate  



Glossary

Term Definition

Polymers
A substance which has a molecular structure built from a large 
number of similar units bonded together, e.g. plastics

Monomers
A molecule that can be bonded to other identical molecules to form a 
polymer.

Polymerisation
The process name of joining many monomers together to forma 
polymer

Polyurethane
A synthetic resin in which the polymer units (di-isocyanates and 
polyols) are joined by urethane links, used mainly in paints, 
varnishes, adhesives, and foams.

Urethane link
The name of the bond which joins together monomers to form 
polyurethane

Copolymers A polymer made by reaction of two different monomers

Hard segment Ordered part of a polymer

Soft segment Disordered part of a polymer

Covalent bonding
A covalent bond, also called a molecular bond, is a chemical 
bond that involves the sharing of electron pairs between atoms.

Functional groups
A group of atoms responsible for the characteristic reactions of a 
particular compound.

Catalyst
A substance that increases the rate of a chemical reaction without 
itself undergoing any permanent chemical change.

Isocyanate group
Isocyanate is the functional group with the formula R–N=C=O where 
R is any other chemical atom often a carbon

Hydroxyl groups Another name for the function group: alcohol (-OH)



Glossary

Term Definition

Polyol
Several monomers contain alcohol groups covalently bonded 
together to form a polymer. 'Poly' = many and 'ol' = alcohol

Di-isocyanate A compound containing two isocyanate functional groups 

Fourier-transform infrared 
spectroscopy (FTIR)

Is a characterisation technique used to obtain an infrared spectrum 
of absorption or emission of a solid, liquid or gas. It gives information 
about chemical bonds within a sample

Wavelengths
The distance between successive crests of a wave, especially points 
in a sound wave or electromagnetic wave.

Electromagnetic spectrum 
The range of wavelengths or frequencies over which electromagnetic 
radiation extends. e.g. x-rays, infra-red, microwaves and visible light 
are all on the electromagnetic spectrum.

Crystalline

A crystal or crystalline solid is a solid material whose constituents 
(such as atoms, molecules, or ions) are arranged in a highly ordered 
microscopic structure, forming a crystal lattice that extends in all 
directions.

Amorphous
Is the opposite to crystalline, it means a material is not ordered at the 
microscopic structure

Electronegativity
Electronegativity is a measure of the tendency of an atom to attract a 
bonding pair of electrons.

Polarity

In chemistry, polarity is a separation of electric charge leading to a 
molecule or its chemical groups having an electric dipole moment, 
with a negatively charged end and a positively charged end. Polar 
molecules must contain polar bonds due to a difference in 
electronegativity between the bonded atoms

Electrons Electrons are the negatively charged particles of atom (e-)

Intermolecular forces
The forces which mediate interaction between molecules, including 
forces of attraction or repulsion which act between molecules and 
other types of neighbouring particles, e.g., atoms or ions



Glossary

Term Definition

Hydrophilic
Polar substance that has a tendency to mix with, dissolves in, or be 
wetted by water. They are typically capable of hydrogen bonding.

Hydrogen bonds

A hydrogen bond is a partially electrostatic attraction between 
a hydrogen (H) atom which is bound to a more electronegative atom 
or group, such as nitrogen (N), oxygen (O), or fluorine (F)—
the hydrogen bond donor—and another adjacent atom bearing a 
lone pair of electrons—the hydrogen bond acceptor.

Hydrophobic Nonpolar substances repel or fail to mix with water.

Nanometre
The nanometre is a unit of length in the metric system, equal to one 
billionth of a metre. It can be written in scientific notation as 
1×10−9 m

Nanoparticles
Are additives added to polymers to enhance properties. A 
nanoparticle has at least one dimension in the nanometre range.

Nanocomposite Is a mixture of a polymer and a nanoparticle

Graphite
A naturally-occurring form of crystalline carbon made up of many 
layers of graphene bonded together and it is used in pencils

Graphene
A form of carbon consisting of planar sheets which are one atom 
thick, with the atoms arranged in a honeycomb-shaped lattice and is 
found in graphite 

Hydrophilic
Polar substance that has a tendency to mix with, dissolves in, or be 
wetted by water. They are typically capable of hydrogen bonding.

Delocalised electrons
Electrons in a molecule, ion or solid metal that are not associated 
with a single atom or a covalent bond.

Van Der Wall's Forces
Weak, short-range electrostatic attractive forces between uncharged 
molecules, arising from the interaction of permanent or transient 
electric dipole moments.

Oxidising
Undergo or cause to undergo a reaction in which electrons are lost to 
another species.



Glossary

Term Definition

Agglomerated Collect or form into a mass or group

X-ray powder diffraction 
(XRD)

Is a rapid analytical technique primarily used for phase identification 
of a crystalline material

Raman

Raman spectroscopy is a spectroscopic technique used to observe 
vibrational, rotational, and other low-frequency modes in a system. 
Raman spectroscopy is commonly used in chemistry to provide a 
structural fingerprint by which molecules can be identified.

Phase separated
When two phases (clay and polymer or hard and soft segments of 
polyurethane) are incompatible with one another they separate

X-ray beam

X-rays are commonly produced by accelerating (or decelerating) 
charged particles; examples include abeam of electrons striking a 
metal plate in an X-ray tube and a circulating beam of electrons in a 
synchrotron particle accelerator or storage ring.

Diffracted

Diffraction refers to various phenomena that occur when a wave 
encounters an obstacle or a slit. It is defined as the bending of waves 
around the corners of an obstacle or aperture into the region of 
geometrical shadow of the obstacle.
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Resource One
Overview

By the end of this resource, you will:

ü Understand the basics of polymers

ü Know polyurethane can be used in a variety of applications

ü Give details on those applications

Objectives

Polymers: Introduction to PolyurethaneTopic

Polymers and Applications of PolyurethaneGCSE Modules

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

Many monomers covalently bonded together form a large structure 
known as a polymer. Polymers are everywhere, in our bodies, nature, 
clothing and furniture stuffing. Polyurethane is a common polymer 
which structure and properties can be altered to make its suitable for 
a wide range of applications like protective coating for floors, 
membranes for outdoor clothing and foams for furniture stuffing. 

Context

 



Resource One
Data Source

Figure 1

Basic drawing of 
polymerisation 

What are polymers?

Plastics are an example of a polymer. Polymers are large molecules 
with long chains of covalently bonded carbon atoms. They are made 
from smaller molecules called monomers. Mono- means one and poly-
means many.  Polymerisation is the name of the process in which a 
polymer is made by joining up many monomer units (Fig.1).

Where do we find polymers?

Polymers are everywhere they can be synthetic or natural. All plastics 
and rubbers are polymers. We have polymers in our bodies in the form 
of DNA and proteins and there are polymers within plants. Cellulose is 
an important structural component within a plant. Cellulose is made of 
many repeating units of the monomer, glucose and is the main 
component in paper and cotton which many clothes are made from. 

Polyurethane: An Introduction

Polyurethane is a synthetic polymer made from two different 
monomers, joined by a urethane link this is explained further in 
resource 2 and 3 (Fig.2). As polyurethane is formed from two different 
monomers it is known as a copolymer. 



Resource One
Data Source

Figure 2

Complex drawing of 
polyurethane 

polymerisation 

Polyurethane Applications

Polyurethane chemistry can be altered through the different amounts 
of monomer used, because of this polyurethane can be tailored to have 
specific properties. These properties will be dependent on the desired 
application because of this polyurethanes are used in a wide range of 
applications; the three main uses are coatings, foams and membranes.

Polyurethane coating is a layer of polyurethane that is applied to a 
material's surface in order to protect it from corrosion, weathering and 
chemicals. Polyurethane coatings can be used in a wide range of 
applications; hard wood floors are often coated with polyurethane. 
Polyurethane can also be coated onto metal, particularly metal pipes to 
help prevent corrosion and weathering. The polyurethane is coated 
onto a materials surface by paint, spraying or rolling the polymer over 
the material you wish to protect (Fig.3a).  

Deep 
Dive



Resource One
Data Source

Polyurethane foam is used primarily in bedding and furniture stuffing, it 
is also used in shipping companies as packing peanuts or foam inserts 
to protect packages when being delivered. Foams are made by forming 
gas bubbles in a liquid polymer mixture with the use of a blowing 
agent; the blowing agent varies depending on the polymer. The liquid 
polymer mixture with the gas bubbles is then cured (dried) and a foam 
is formed (Fig3b). For polyurethane CO2 is used as a blowing agent. 

Deep 
Dive

Figure 3: a) Polyurethane foam [1] b) polyurethane protective coating paint for floors [2]  c) Diagram 
to show how a waterproof-breathable polyurethane membrane is sandwiched between an outer 

fabric and an inner liner fabric of a garment, to aid in protection from rain water while allowing for 
perspiration to escape. [3]

a) b) c) 



Resource One
Activities

Activities 1. Define polymerisation 

2. What bond holds monomers together to form a polymer?

3. Name 3 main applications of polyurethane 

4. Describe how polyurethane foam is formed

5. Name the link formed when the two monomers join to form 
polyurethane

6. Explain the following: How is polyurethane able to have so many 
applications?



Resource One
Further Reading

Explore

Independent
research

1. Short Youtube video giving a brief overview of what a polymer is, 
how it's made and where they are found -
https://www.youtube.com/watch?v=bJi8x7bKHqQ

2. a website with a section dedicated to polyurethane it explains their 
history, applications and how they are made -
https://polyurethane.americanchemistry.com/default.aspx

3. BBC bitesize GCSE AQA Chemistry, section on using materials gives 
a general overview of how metals can be coated to prevent corrosion, 
polymers and composites -
https://www.bbc.com/bitesize/guides/ztrwng8/revision/1

https://www.youtube.com/watch?v=bJi8x7bKHqQ
https://polyurethane.americanchemistry.com/default.aspx
https://www.bbc.com/bitesize/guides/ztrwng8/revision/1


Resource Two
Overview

By the end of this resource, you should be able to:

ü Understand covalent bonding and dot cross diagrams

ü Understand the basic concept of polymerisation

ü Explain how catalyst increase reaction rates

Objectives

The Basics of PolymersTopic

Covalent bonding, functional groups, catalysts and polymers

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

Polymers are made from monomers covalently bonded together; a 
covalent bond is a shared pair of electrons. The mechanism of how a 
new covalent bond is formed from different functional groups 
involves drawing the chemical structure before and after the reaction. 
In polymers this reaction is known as polymerisation. In polyurethane 
two functional groups, alcohols and isocyanate are covalently boned 
to form a urethane link. Catalysts are used to lower the activation 
energy of the reaction and thus speed up reaction time. In 
polyurethane a catalyst known as DABCO is used to speed up the 
polymerisation of the urethane link. 

Context

GCSE Modules



To understand complex polymers like polyurethane you will first need 
to cover a few basic concepts; covalent bonding, functional groups 
and catalyst before combining this knowledge to understand how 
polyurethane is synthesised in resource 3.

The chemistry and casting method of polyurethane can be varied; 
different monomers can be used to yield polyurethane with slightly 
different chemical structures and intermolecular bonding. The casting 
method could be to form a coating, foam or a flexible sheet of plastic 
known as a membrane. As polyurethane synthesis can be varied the 
polymer can be designed for specific applications; such as coatings, 
foams for insulation and soft furnishings or as a protective membrane 
in outdoor clothing and shoes. 

Covalent Bonding 

ü A strong bond between two atoms e.g. carbon and oxygen

ü The bond is formed through the sharing of electrons between the 
atoms (Fig.1)

ü Polymers are large covalently bonded structures 

Addition Polymers

ü Alkenes (C=C) are used to make simple polymers such as 
poly(ethene) and poly(propene) by addition polymerisation 

ü In addition polymerisation small molecules known as monomers 
join together to form large molecules known as polymers (Fig.2)

ü n depicts the amount of that monomer that makes up the polymer. 
It's usually a large number as polymers are large chemical 
structures.

Resource Two
Data Source

Figure 1

Dot cross diagram of 
Carbon Dioxide (CO2) 



Functional Groups 

ü Functional groups are atoms or groups of atoms in a specific order 
bonded to a compound

ü They give specific properties to that compound such as polarity like 
alcohol groups otherwise known as an hydroxyl group (-OH) or 
carboxylic acids (-COOH)

ü Functional groups also provide specific chemical reactivity for a 
compound e.g. a hydroxyl group (-OH) reacts with a carboxylic acid 
(-COOH) to form a ester link (Fig.3)

ü A functional group that is not covered at GCSE is an isocyanate 
group (-NCO), a nitrogen atom has a covalent double bond with a 
carbon atom. The carbon atom is also covalently double bonded to 
an oxygen atom (Fig.4).

Resource Two
Data Source

Figure 2

Polymerisation of 
Poly(ethene) from ethene

Figure 3

Polymerisation of a 
carboxylic acid and alcohol 
group forming an ester link 
and water as a by-product.

Figure 4

The chemical structure of 
an isocyanate functional 

group.



Catalysts 

ü Catalysts are used in many different types of reactions including 
the formation of polymers 

ü Catalysts increase the rate of reaction by lowering the activation 
energy (energy needed) for reactants to form a product. e.g. 
monomers to form polymers

ü A reaction profile can be seen in Figure 5 a

ü Catalyst are used in the production of polyurethane, a common 
catalyst is 1,4-diazabicyclo-[2.2.2]-octane (DABCO), the structure is 
shown in Figure 5 b. It has two nitrogen atoms, each with a lone 
pair of electrons represented by two black dots. One lone pair of 
electrons reacts with the functional groups of the polyurethane 
aiding the reaction.

Resource Two
Data Source

Figure 5

a) A reaction profile 
showing how the 
introduction of a 

catalyst to a reaction 
reduces the activation 

energy of that reaction

b) DABCO the catalyst 
commonly used in 

polyurethane 
polymerisation

a) b) 



Resource Two
Activities

Activities 1. Name the catalyst used in polyurethane polymerisation

2. Name and draw the chemical structure of the 3 functional groups 
covered in this resource

3. What is another name for an alcohol group?

4. Explain why catalysts are used in reactions and why this is 
important in industries that produce plastics or rubbers?

5. Draw the monomer of this polymer, Polytetrafluoroethylene (PTFE)

6. What is the monomer of Polytetrafluoroethylene (PTFE) called?

Source 
Analysis



Resource Two
Further Reading

Explore

Independent
research

1. BBC bitesize GCSE AQA explains covalent bonding and how to 
draw dot cross diagrams -
https://www.bbc.com/bitesize/guides/zcpjfcw/revision/1

2. Youtube video gives an overview of the polymerisation of 
poly(ethene) - https://www.youtube.com/watch?v=QWoxwCJZ8j0

3. Youtube video on the basics of catalysts and there use in 
industry - https://www.youtube.com/watch?v=m_9bpZep1QM

https://www.bbc.com/bitesize/guides/zcpjfcw/revision/1
https://www.youtube.com/watch?v=QWoxwCJZ8j0
https://www.youtube.com/watch?v=m_9bpZep1QM


Resource Three
Overview

By the end of this resource, you will be able to:

ü Draw the monomers of polyurethane

ü Explain how polyurethane differs to polymers you have previously
learnt

ü Understand a catalyst aids in the synthesis of polyurethane

ü Explain how Fourier-transform infrared spectroscopy (FTIR) can be
used to know when the reaction of polyurethane is complete

Objectives

Polyurethane SynthesisTopic

Polymers; Functional Groups and Electromagnetic Spectrum

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

Polyurethane unlike other polymers like poly(ethene) is formed from 
two different monomers instead of one same monomer. Polyurethane 
polymerisation involves a polyol and a di-isocyanate, the chemical 
structure between the two functional groups of alcohol and 
isocyanate can vary. This chemical variation of the monomers in turn 
alters the structure and properties of the polyurethane. A 
spectroscopy technique called Fourier-transform infrared 
spectroscopy (FTIR) is used to identify when polyurethane 
polymerisation is complete by the peaks produced corresponding to 
particular functional groups including isocyanate, alcohol and the 
urethane link.

Context

GCSE Modules



Polyurethane is formed through the reaction of two different 
monomers one has two hydroxyl groups (alcohol group) and the other 
has two isocyanate groups 

This type of polymerisation varies to others you may be familiar with 
where both monomers are the same such as ethene which 
polymerises to form poly(ethelene). Polyurethane has two different 
monomers, the generic names for these are polyol and di-isocyanate 

Polyol is a small polymer made of a few monomers known as an 
oligomer. The polyol contains multiple oxygen atoms these could be 
alcohols, carboxylic acid or ethers. Figure 1 a gives an example of a 
specific example polyol formed from three covalently bonded 
monomers of 1,2-Ethanediol via a ether bond. The squiggly line in 
figure 1 b represents the oligomer structure of the polyol. It is used to 
simplify the structure for the purpose of this resource.

Di-isocyanate means the monomer has two isocyanate groups (-NCO), 
one on either side as the 'di' means two and 'isocyanate' is the 
functional group. Figure 1 c shows a specific types of di-isocyanate 
known as diphenylmethane 4,4' -di-isocyanate (MDI) again a black box 
has been used to simplify the structure of a di-isocyanate in Figure 1 
d. 

The black box not only simplifies the chemical structure but also 
represents the possibility of various chemical structures between the 
functional groups. Different chemical structures will yield slightly 
different polyurethane structures thus affecting the specific 
properties of the polyurethane and there applied application. 
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Figure 1. a) Chemical structure of a specific polyol made from three monomers of 1,2-Ethanediol
bonded by an ether bond b) chemical structure of a non-specific polyol c) chemical structure of a
specific di-isocyanate, diphenylmethane 4,4' -di-isocyanate (MDI) d) structure of a nonspecific di-
isocyanate.

a) b) 

c) d) 

Figure 2. The reaction monomers, product and catalyst of polyurethane using non-specific 
monomers.



The isocyanate group reacts with the alcohol group to form a 
urethane link (Figure 2).

The catalyst, DABCO removes one of the hydrogens on the polyol 
which allows the carbon on the di-isocyanate to bond to the oxygen 
on the polyol. The catalyst, DABCO the donates the hydrogen to the 
nitrogen of the di-isocyanate forming the urethane linkage.

FTIR

Fourier-transform infrared spectroscopy (FTIR) can be used to see 
when the reaction of the di-isocyanate and polyol to form a urethane 
link is complete. FTIR uses infrared light (Fig.3a). Covalent bonds 
within molecules can absorb infrared light; different chemical bonds 
(e.g. functional groups like alcohols) absorb infrared light of slightly 
different wavelengths and reflects unabsorbed infrared light(Fig.3b). A 
detector collects the reflected infrared light and produces an FTIR 
spectrum (Fig.3c). The wavelength value (x axis) where troughs occur 
in the spectrum identify particular bonds within a mixture, isocyanate 
groups give a wavelength of 2312 cm-1, hydroxyl groups produce a 
trough at 3373 cm-1, once a polyurethane polymerisation is complete 
these troughs will disappear and new troughs will appear at 1736, 
1608, 1570, and 1520 cm-1 which indicate C=O and N-H bonds have 
formed. 
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Di-isocyanate

Figure 3
a) Electromagnetic spectrum [1]

b) schematic diagram of how FTIR works 
c) FTIR spectra of two different polyols and an isocyanate, troughs at 3373 cm-1 for the polyols 

represent hydroxyl groups and  large trough at 2312 cm-1 represents the isocyanate groups 
within the di-isocyanate. [2]

a) 

b) 

c) 
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Activities

Activities 1. Explain how polyurethane differs from other polymers you may have 
come across like poly(ethene)

2. Name the two generic names for the monomers that make 
polyurethane 

3. True or False: Different chemical structures of monomers will affect 
the final structure and properties of polyurethane? 

4. Draw out the non-specific polyurethane structure and label the 
urethane link

5. Which atom does the DABCO catalyst affect within the 
polymerisation of polyurethane?

6. Label this diagram of how an FTIR works

7. Fill in the blanks 

FTIR uses …………… light which can be absorbed by ………… bonds; 
different chemical bonds (e.g. functional groups like alcohols) 
………….. infrared light of slightly different wavelengths and then 
………….. the infrared light that is not absorb, this is collected by a 
………… and a FTIR spectra is produced.

8. How can FTIR be used to confirm when the di-isocyanate and polyol 
have fully reacted to form a urethane link? (Give wavelength values 
to aid your answer) 

Problem 
solving
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Explore

Independent
research

1. YouTube Video on the production of polyurethanes -
https://www.youtube.com/watch?v=R721OL1GYIg

2. Website with additional information and reaction mechanism of 
how the monomers bond with the sue of a catalyst to make 
polyurethane - https://pslc.ws/macrog/uresyn.htm
If the link doesn't work go to www. pslc.ws and click on search, 
polymer index and then find polyurethane in the alphabetical list, here 
click on making polyurethane. 

3. Website which gives a lot of detail on FTIR 
https://www.thermofisher.com/uk/en/home/industrial/spectroscopy-
elemental-isotope-analysis/spectroscopy-elemental-isotope-analysis-
learning-center/molecular-spectroscopy-information/ftir-
information/ftir-basics.html

https://www.youtube.com/watch?v=R721OL1GYIg
https://pslc.ws/macrog/uresyn.htm
https://www.thermofisher.com/uk/en/home/industrial/spectroscopy-elemental-isotope-analysis/spectroscopy-elemental-isotope-analysis-learning-center/molecular-spectroscopy-information/ftir-information/ftir-basics.html


Resource Four
Overview

By the end of this resource, you will:

ü Understand the electronegativity

ü Know how electronegativity relates to polarity and hydrogen 
bonding

ü Understand polyurethane has a hard segment and a soft segment

ü Apply that understanding of hydrogen bonding and polyurethane 
hard and soft segment's to understand and describe how it creates 
polyurethane structure

Objectives

Hydrogen Bonding: The Key to Polyurethane's StructureTopic

Polymer Structure; Electronegativity; Hydrogen Bonding

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

Hydrogen bonding forms a crucial part of the polyurethane structure. 
Polyurethane has two segments a hard segment composed of the di-
isocyanate and a chain extender and a soft segment composed of the 
polyol. The hard segment is hydrogen bonded together due to the 
atoms within the urethane links (oxygen, nitrogen and hydrogen) this 
causes the hard segment to become ordered and separate from the 
soft segment, which is disordered. The presences of hard and soft 
segments within polyurethane is what gives the polymer both 
flexibility and strength

Context

GCSE Modules



Hydrogen Bonding 

To understand hydrogen bonding you first need to understand 
polarity of a covalent bond. Polarity of a bond is determined by 
electronegativity. Electronegativity is the tendency of an atom to 
attract electrons in a covalent bond. Fluorine is the most
electronegative atom in the periodic table followed by oxygen and 
nitrogen. Hydrogen is one of the least electronegative atoms. So 
alcohol functional groups (-O-H) have a significant difference in 
electronegativity across the bond. Electrons (which have a negative 
charge) will be pulled away from the hydrogen atom towards the 
oxygen atom making the oxygen atom have a slightly negative charge 
(δ-) and the hydrogen atom having a slightly positive charge (δ+) 
(figure 1). The greek symbol δ known as 'delta' is used to represent 
slight charges, δ- means a slight negative charge due to the minus 
sign '-' and δ+ means a slight positive charge sue to the plus sign '+’.

Hydrogen bonding is a type of intermolecular bond, it occurs through 
an electrostatic attraction between a hydrogen atom which is bonded 
to an electronegative atom such as  oxygen, nitrogen or fluorine 
causing the hydrogen to become δ+ and the oxygen, nitrogen or 
fluorine to become δ-. This difference in charge causes an attraction 
between the δ+ hydrogen and the δ- oxygen, nitrogen or fluorine, this 
attraction is known as a hydrogen bond. Hydrogen bonding occurs 
within water (H2O) as shown in figure 1b. 
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Figure 1

a) The delta charges of an 
alcohol group 

b) b) hydrogen bonding 
between water 

molecules.
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Polyurethane Synthesis 

Previously covered is the formation of the urethane link, now we will 
look how that applies to complete polyurethane synthesis. 
Polyurethane is commonly polymerised in a two-step reaction, in the 
first step a polyol is reacted with a di-isocyanate to form a 
diisocyanate prepolymer which was covered in the previous resource 
(Figure 2a). The second step involves the reaction of the diisocyanate 
with a chain extender agent through the reaction of one of the 
isocyanate groups with a hydroxyl group on the chain extender (Figure 
2b). The chain extender reacts then with another diisocyanate 
prepolymer. This continues until all the reactants have reacted to 
form polyurethane. 

Resource Four
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Deep 
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Figure 2 a) The reaction between a di-isocyanate and a polyol to form a diisocyanate prepolymer b) 
the extension of the diisocyanate prepolymer via a chain extender agent.



Polyurethane Structure

In Figure 2b the polyurethane has been split into two segments; the 
hard segment and the soft segment. The hard segments are made of 
the chain extender agent and the di-isocyanate and the soft segment 
is the polyol. These two segments are incompatible with each other as 
the hard segment often hydrogen bonds to itself due to the polarity of 
the urethane links. The hydrogen bonding gives the hard segments a 
crystalline structure as the polymer chains are ordered. The soft 
segment is amorphous as the polyol is disordered. The incompatibility 
of the hard segment and soft segment is known as phase separation. 
Figure 3 shows how the hard and soft segments would be arranged 
within the polyurethane. It also shows how the hard segments would 
be hydrogen bonded together via the atoms within the urethane links.

Resource Four
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Figure 3. A diagram to show the phase separation of the hard and soft segments within 
polyurethane and the hydrogen bonding between the urethane links within the hard segments. 



An analogy for these hard and soft segments is spaghetti, the hard 
segments are dry spaghetti in the pack, it is ridged and ordered and 
the soft segment is cooked spaghetti which is unordered and has the 
ability to move in all directions. 

The soft segments much like cooked spaghetti can be stretched out 
straight and then contracted back to be folded over itself. The hard 
segments like dry spaghetti cannot be stretched nor contracted as 
they are ridged. This makes them more brittle than the soft segments 
but also stronger. Soft segments are more flexible but weaker. Having 
a mixture of both hard and soft segments within a polymer like 
polyurethane gives the polymer strength and flexibility, much like a 
carrier bag. 
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Resource Four
Activities

Activities 1. Match the word or symbol with the definition
δ - Disordered polymer structure              
e- Slight negative charge 
H2O                       Ordered polymer structure 
δ+                        Water Molecule 
Amorphous                 Slight positive charge
Crystalline               Electron              

2. Which is the most electronegative atom in the periodic table?

3. Fill in the blanks
Polarity of a …………….. bond is determined by the 
………………………….. of the atoms within that bond. 
Electronegativity is the tendency of an atom to attract 
…………….. in a covalent bond. Oxygen and nitrogen atoms are 
significantly more electronegative than ……………. atoms this 
causes the oxygen and nitrogen atoms to pull electrons away 
from the hydrogen atoms within the ……………….. link. This 
creates a difference in charge between the hydrogen atoms 
and the oxygen and nitrogen atoms in turn this produces an 
attraction between the slightly ……………. hydrogen atoms and 
the slightly ……………. oxygen and nitrogen atoms. This 
attraction is also known as a ……………… bond. 

4. Complete the structure (left) by filling in missing atoms, covalent 
bond and hydrogen bonds 

5a.     Why does polyurethane have hard and soft segments?
5b.     How does this affect the polyurethanes properties? (think about 
flexibility and strength) 

6.        Explain why water can hydrogen bond?

Source 
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research

1. YouTube video explaining electronegativity and polarity -
https://www.youtube.com/watch?v=15NvvwuTr5E
2. BBC Bitesize detailing hydrogen bonding for GCSE 
https://www.bbc.com/bitesize/guides/zt9887h/revision/6
3 Website gives details on hard and soft segments within polyurethane 
-
https://www.tut.fi/ms/muo/vert/6_elastomeric_materials/uretaaniter
moelastit.htm

https://www.youtube.com/watch?v=15NvvwuTr5E
https://www.bbc.com/bitesize/guides/zt9887h/revision/6
https://www.tut.fi/ms/muo/vert/6_elastomeric_materials/uretaanitermoelastit.htm


Resource Five
Overview

By the end of this resource, you will:

ü Know what a nanometre is

ü Understand what a nanoparticle is such as graphene

ü Explain how graphene is conductive

ü Explain how graphene relates to graphite

Objectives

Nanoparticles: Small But MightyTopic

Nanoparticles; Graphene and Graphite

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

Nanoparticles have at least one dimension in the nanometre range. 
Graphene, clay and carbon nanotubes are all types of nanoparticle, 
each have its own structure and properties. Graphene is a single atom 
think nanoparticle made of only carbon atoms. It is isolated from 
graphite, which is the lead in our pencils. Graphene can be mixed with 
a polymer to form a nanocomposite; the graphene (nanoparticle) will 
hopefully improve the properties of the polymer. Graphene can also 
be oxidised to aid in its dispersion within a polymer.

Context

GCSE Modules



One centimetre has 10, 000, 000 (10million) nanometres in it and 1 
billion nanometres make a meter this means nanometre is often 
described as 10-9 meter.   A nanometre is smaller than bacteria, a red 
blood cell and the diameter of a one single strand of human hair. You 
need a powerful microscope like a scanning electron microscope 
(SEM) to see and measure on the nanometre scale! 

Nanoparticles are particles that have at least one dimension (length, 
width and height) in the nanometre range. Graphene, clay and carbon 
nanotubes are all nanoparticles. Different nanoparticles have different 
properties, graphene for example is conductive. A nanoparticle can be 
incorporated into a polymer to form a nanocomposite and hopefully 
impart the nanoparticles properties onto the polymer; so the inclusion 
of graphene into a polymer could allow that polymer to conduct a 
current. However it is never this simple, several factors like dispersion 
of the nanoparticle in the polymer, the purity of the nanoparticle and 
the chemical interaction between a nanoparticle and polymer are all 
very important and also very complex, this is covered in more detail in 
resource 6.

Graphene

Graphene is a single, thin layer of graphite; the soft flaky material 
used in pencil lead. Graphene is one atom thick! It is made up of only 
carbon atoms similar to diamond. In graphene, each carbon atom 
forms three covalent bonds with three other carbon atoms; this forms 
a layer of hexagonal arrangement of atoms. One electron from each 
carbon atoms is delocalised, meaning it is not associated with any 
atom or bond and is free to move, this is why graphene is conductive 
(Figure 1 a). The delocalised electrons can transfer electrical current 
across the graphene layer.
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Figure 1. a) Chemical structure of graphene b) chemical structure of graphite

Graphite is many layers of graphene stacked onto of each other; these 
layers are held together by weak intermolecular forces known as Van 
der Waal's forces (Figure 1 b). As the forces are weak it allows the 
layers within graphite to slide over one another, making graphite 
slippery so it is used as a lubricant. That is also why pencil lead flows 
from a pencil easily onto paper as pressure is applied when writing or 
drawing. 

The structure and properties of graphene has been theorised and 
discussed for decades but it was only in 2004 that graphene was 
physically isolated from graphite and proven to in fact exist. Geim and 
Novolosev from the University of Manchester first isolated and 
characterised pristine graphene from graphite. Their method was 
rudimental and simplistic but it worked, they used sellotape to 
remove a single atom thick layer of pristine graphene from graphite. 
This was a novel breakthrough worthy of a Nobel Prize in Physics in 
2010.



Resource Five
Data Source

They went on to characterise this pristine graphene layer, even 
though it is only one atom thick they performed mechanical tests and 
found it to be as strong as steel! Not only is it super strong it is also 
flexible and conductive; many claim it to be the future of technology. 
In the future, technology may well rival that of superhero, Iron Man. 
You could have a watch you wear on your wrist made of graphene, it 
would be touch screen and have the ability to open out to form a 
tablet style device along the whole arm. After the discovery of 
graphene this technology now seems achievable to many due to its 
unique properties.

It's been 14 years since its discovery, so why do we not have super 
hero style tech I hear you ask?

Unfortunately pristine graphene is hard to replicate on a large 
industrial scale. Pristine graphene refers to a graphene sheet that has 
no defects; it is completely intact with no broken covalent bonds and 
a vast amount of delocalised electrons. Graphene is also difficult to 
isolate as a single layer so currently large scale manufacturing of 
graphene at its best produces imperfect graphene of 2-3 layers 
bonded together by weak forces, that has missing covalent bonds 
between carbon atoms (Figure 2). 

Figure 2. Shows the current composition and chemical structure of large scale graphene 
production; 3 stacks of graphene are shows on the left and the chemical structure of imperfect 
graphene is shown on the right.
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However, while large scale manufacturing of pristine graphene is 
developed, imperfect graphene can still be used in a wide range of 
polymers to improve properties like strength, flexibility and 
conductivity. To help graphene mix within a hydrophilic polymer, it 
can be modified by oxidising it; this means adding extra oxygen atoms 
onto the surface making it more polar and therefore more hydrophilic 
so it will react better with polar polymers. When graphene is oxidised 
it is called graphene oxide  (Fig.3).

Figure 3

Chemical structure of 
graphene oxide



Resource Five
Activities

Activities 1. Which two molecules are needed to form a nanocomposite? 

2. Name 2 difficulties in forming nanocomposites where the 
nanoparticle properties are fully imparted into the polymer?

3. In which year was graphene finally proven to exist?

4. What common household item was used to remove a single atom 
thick layer of pristine graphene from graphite 

5. Describe the structure of pristine graphene and explain how it 
can conduct electricity

6. Fill in the blanks 
Graphite is made of ………………………. of graphene bonded 
together by weak ………………………… forces. Graphite alone has 
unimpressive properties but isolate a single pristine layer of 
………………… and it is stronger than ………….…., flexible and 
…………………… . Graphene is hailed as a futuristic material 
which will go down in history as important as the discovery of 
bronze and iron during the Bronze Age and …………….…. Age 
respectively. However pristine graphene cannot be produced 
on a ……………… scale. Large scale production produces 
graphene of 2 to 3 ………….. bonded together and with broken 
…………….. bonds. With research and time hopefully we can 
produce technologies that can revival that of Iron Man. 
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1. BBC bitesize covers nanoscience and nanoparticles -
https://www.bbc.com/bitesize/guides/z8m8pbk/revision/1
2. BBC bitesize cover graphene and graphite -
https://www.bbc.com/bitesize/guides/z9twsrd/revision/1
3. Website from the University of Manchester on graphene -
https://www.graphene.manchester.ac.uk/

https://www.bbc.com/bitesize/guides/z8m8pbk/revision/1
https://www.bbc.com/bitesize/guides/z9twsrd/revision/1
https://www.graphene.manchester.ac.uk/


Resource Six
Overview

By the end of this resource, you will be able to:

ü Explain the definition of nanocomposite

ü Name and explain the three ways a nanoparticle can disperse in a
polymer

ü Explain the basic principle of XRD

ü Name the ways a nanoparticle can improve a polymer and explain
why the hoped improvement does not occur

Objectives

Nanofillers and Polymers: NanocompositesTopic

Polymers; Nanoparticles; Graphene; Nanocomposites

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

When nanoparticles are mixed with a polymer it forms a 
nanocomposite. It is hoped the nanoparticle will improve properties 
like strength, flexibility and durability of a polymer. There are 
important considerations to bear in mind when making a 
nanocomposite; the main one being how the nanoparticle disperses 
(spread) within the polymer. There ae three main ways it can disperse 
these are called, phase separated, intercalated and exfoliated. 
Characterisation techniques such as XRD, Raman and FTIR can be used 
to understand how well a nanoparticle has dispersed in a polymer. 

Context
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Nanoparticles like graphene or graphene oxide can be introduced into 
polymers with the intention of improving the polymers properties. 
The combination of a nanoparticle and a polymer is called a 
nanocomposite. Nanoparticles are mixed with polymers to improve 
properties like strength, flexibility, durability, waterproofness and 
breathability. 

To make a nanocomposite there are several important considerations 
to bear in mind; like dispersion of the nanoparticle in the polymer, the 
purity of the nanoparticle and the chemical interaction between a 
nanoparticle and polymer.

Dispersion 

Dispersion describes how well a nanoparticle has exfoliated (spread 
out) in a polymer. There are three possible ways a nanoparticle can 
disperse in a polymer matrix. These are phase separated, intercalated 
and exfoliated.

Phase separated 

The nanoparticle is one phase and the polymer another. Phase 
separation means that each phase (polymer and nanoparticle) are 
separated, they have limited interaction. The nanoparticle is 
agglomerated (clumped) together (Fig.1 a). 
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Figure 1
a) Drawing of a phase 

separated 
nanocomposite 

structure of 
polyurethane and 

graphene 
b) b) Drawing of a 

intercalated 
nanocomposite 

structure of 
polyurethane and 

graphene

a) b) 
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Intercalated

Intercalated means there is some interaction between the 
nanoparticle and polymer, the space between the nanoparticle layers 
has expanded as the polymer chains intercalate between the 
nanoparticle layers (Fig.1b).

Exfoliated 

An exfoliated nanocomposite means the nanoparticle layers have fully 
separated and spread out within the polymer. This is often hard to 
obtain as the intermolecular forces between nanoparticle layers are 
difficult to break at the nano-scale, hence why graphene at best can 
only currently be produced at a large scale as 2 or 3 layers bonded 
together (Fig.2a).
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X-ray 
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Detector

Diffracted
X-ray beam

Sample

Figure 2. a) Drawing of a exfoliated nanocomposite structure of polyurethane and graphene b) 
schematic diagram of the how XRD works

a) b) 



A fully exfoliated system is preferable in most cases as the 
nanoparticle is fully spread throughout the polymer and therefore it 
has a better chance of providing the polymer with property 
improvements equally across the whole structure. 

Characterisation of Nanocomposites

There are several methods to analyse how well a nanoparticle such as 
graphene has dispersed within a polymer such as polyurethane. These 
are X-ray diffraction (XRD), Raman spectroscopy and Fourier-
transform infrared spectroscopy (FTIR). The use of these analysis 
techniques is referred to as characterisation.

XRD can be used to identify nanoparticle dispersion but also the 
crystallinity and amorphous regions of a polymer. The technique 
involves firing an X-ray beam at the sample and detecting the 
diffracted X-rays. XRD data is plotted as degrees against intensity 
(Figure 2 b). Strong intensity sharp peaks indicate if there is a 
crystalline segment within the polymer and broad peaks with low 
intensity peaks indicate an amorphous segment of the polymer.

A study by Liu et. al. [1] incorporated graphene at different weight 
percent (wt.%) into polyurethane foam (TPU). The results show the 
general overall structure of the polyurethane foam remains 
unchanged by the addition of graphene; the peak for crystallinity still 
remains at 22 degrees.

However the intensity of that crystalline peak reduces with increasing 
graphene amounts. This is likely due to the graphene interacting with 
the hard segments of the polyurethane potentially pushing the hard 
segment polymer chains away from each other. It is likely the addition 
of graphene to this polyurethane foam caused a reduction in strength 
but an increase in flexibility as the hard segment was disrupted to 
some degrees by the graphene. 
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The effect a nanoparticle has on a polymer depends heavily on several 
factors such as; nanoparticle and polymer type, structure and 
properties, how the polymer and nanoparticle are mixed, the 
dispersion of the nanoparticle within the polymer, the purity of the 
nanoparticle and the chemical interaction between a nanoparticle and 
polymer. Therefore the effect of a nanoparticle on a particular 
polymer such as graphene and polyurethane involved significant 
research, optimisation of mixing methods and characterisation using a 
wide variety of techniques to understand the interactions and 
structure of a nanocomposite on the molecular level. An 
understanding of a nanocomposites molecular level composition and 
its properties can help target the nanocomposite towards particular 
applications such as furniture stuffing, protective paint coatings and 
protective garments for firefighters. 

References 
1. Literature paper - Lightweight conductive graphene/thermoplastic 
polyurethane foams with ultrahigh compressibility for piezoresistive 
sensing. Hu Liu, Mengyao Dong, Wenju Huang, Jiachen Gao, Kun
Dai, Jiang Guo , Guoqiang Zheng , Chuntai Liu , Changyu 
Shen and Zhanhu Guo. 2017. DOI: 10.1039/C6TC03713E
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Figure 3 

XRD spectra of different 
wt.% of graphene in 

polyurethane foam. [1]
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https://doi.org/10.1039/C6TC03713E


Resource Six
Activities

Activities 1. Name 3 properties a nanoparticle can improve when added to a 
polymer 

2. Name the 3 possible nanocomposite dispersions
3. Define the term 'dispersion' in relation to nanoparticles and 

polymers.
4a.   Explain why a fully exfoliated system is preferable why it’s the 
hardest to obtain?.
4b.   Why is a fully exfoliated system  the hardest to obtain?
5.     Annotate this image of an XRD machine and explain briefly how it 
works

6. A study by Liu et. al. [1] found by XRD the intensity of crystallinity 
reduced with increasing  graphene content. Can you suggest a 
reason why?

7.     Fill in the blanks
When forming a …………………. it is hoped the at least one or 
more of the polymer properties will be improved. These 
properties could include strength, …………………, durability, 
waterproofness and ………………………depending on the 
application. The effect a nanoparticle has on a 
………………depends heavily on several factors such as; 
nanoparticle and polymer type, structure and properties, the 
dispersion of the…………………, the purity of the nanoparticle and 
the chemical interaction between a nanoparticle and polymer. 
To produce a successful nanocomposite significant research is 
required. This includes optimisation a mixing methods to 
improve ………………and characterisation using a wide variety of 
techniques to understand the interactions and ………………of a 
nanocomposite on the molecular level. 
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1. BBC bitesize on nanoscience and nanoparticles -
https://www.bbc.com/bitesize/guides/z8m8pbk/revision/1
2. YouTube video on graphene and nanocomposites -
https://www.youtube.com/watch?v=AsmqOOWJL24
3. Website explain more on nanocomposites with a section on 
graphene - http://www.understandingnano.com/nanocomposites-
applications.html

https://www.bbc.com/bitesize/guides/z8m8pbk/revision/1
https://www.youtube.com/watch?v=AsmqOOWJL24
http://www.understandingnano.com/nanocomposites-applications.html


Make and Present a Poster to Your Peers

Posters are often used in science to communicate quickly research you 
have undertaken. They often include an introduction, methods, results 
and a conclusions plus references. However, they could be broader and 
be used to introduce a new topic or ideas. These posters are then often 
displayed at conferences where you stand by your poster and present it 
to anyone who comes up to you. It is a more informal and personal way 
of presenting your work than a presentation. There are often cash 
prizes to be won at these conferences for the best designed and 
explained poster, which adds a bit of excitement to the day, especially 
if you win!

Final
Reflection

ü Get creative and find a way to present a topic from this pack in a 
simple way

ü Practice computer skills such as PowerPoint to make the poster 

ü Present your poster to peers will improve your knowledge and 
communication skills 

Objectives

Overview

Google scientific posters and look at images to gauge how they are 
presented

Pick a topic from this pack (i.e. covalent bonding or FTIR)(ideally each 
person should do their own poster and topic)
Research this topic further and roughly decide the layout of your poster 
and its contents on paper 
Make your poster on PowerPoint either A4 or A3 depending on printing 
options (if you cannot access a computer, a paper version will be just as 
good)
Present your poster to your pairs, a nice idea is to split the class/group 
in 2 and have one half present while the other half look around the 
posters and speak to people. After 30 minutes the groups can switch 
round. 
Tips 
1. The best posters have the least text, (remember to reference)
2. They should draw a persons attention with  colour, images or total 

but they 
should be clear and easy to read 

3. Make the text large enough to be read from a metre away 

Instructions
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Why is good note taking important?

If it feels like you forget new information almost as quickly as you hear it, even if you write it 
down, that’s because we tend to lose almost 40% of new information within the first 24 
hours of first reading or hearing it. 

If we take notes effectively, however, we can retain and retrieve almost 100% of the 
information we receive. Consider this graph on the rate of forgetting with study/repetition:

Learning a new system

The Cornell Note System was developed in the 1950s at the University of Cornell in the USA. 
The system includes interacting with your notes and is suitable for all subjects. There are 
three steps to the Cornell Note System. 

Retention: the act of 
absorbing, and 

continuing to keep 
information

Repetition: the act of 
repeating an 

interaction with the 
material / notes

Repetition 
increases 
retention

Drop in 
retention 
after 18 
minutes

Step 1: Note-Taking

1.   Create Format: Notes are set up in the Cornell 
Way. This means creating 3 boxes like the ones on 
the left.  You should put your name, date, and 

topic at the top of the page. 

2.  Write and Organise: You then take your notes in the 
‘note taking’ area on the right side of the page. You should 

organise these notes by keeping a line or a space 
between ‘chunks’ /main ideas of information. You 
can also use bullet points for lists of information to 
help organise your notes.

University 
Ready!
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Step 2 Note-Making

1.   Revise and Edit Notes: Go back to box 1, the note taking area and spend some time revising 
and editing. You can do this by: highlighting ‘chunks’ of information with a number or a colour; 
circling all key words in a different colour; highlighting main ideas; adding new information in 
another colour

2.  Note Key Idea: Go to box 2 on the left hand side of the page and develop some questions about 
the main ideas in your notes. The questions should be ‘high level’. This means they should 
encourage you to think deeper about the ideas. Example ‘high level’ questions would be:
• Which is most important / significant reason for…
• To what extent…
• How does the (data / text / ideas) support the viewpoint?
• How do we know that…
Here is an example of step 1 and step 2 for notes on the story of Cinderella:

Step 3 Note-Interacting

1.   Summary: Go to box 3 at the bottom of the page and summarise the main ideas in box 1 and 
answer the essential questions in box 2. 

Give the Cornell Note Taking System a try and see if it works for you!



These words will often be used when university tutors set you essay questions - it is a good 
idea to carefully read instruction words before attempting to answer the question. 

Analyse – When you analyse something you consider it carefully and in detail in order to 
understand and explain it. To analyse, identify the main parts or ideas of a subject and 
examine or interpret the connections between them.

Comment on – When you comment on a subject or the ideas in a subject, you say something 
that gives your opinion about it or an explanation for it.

Compare – To compare things means to point out the differences or similarities between 
them. A comparison essay would involve examining qualities/characteristics of a subject and 
emphasising the similarities and differences. 

Contrast – When you contrast two subjects you show how they differ when compared with 
each other. A contrast essay should emphasise striking differences between two elements. 

Compare and contrast – To write a compare and contrast essay you would examine the 
similarities and differences of two subjects. 

Criticise – When you criticise you make judgments about a subject after thinking about it 
carefully and deeply. Express your judgement with respect to the correctness or merit of the 
factors under consideration. Give the results of your own analysis and discuss the limitations 
and contributions of the factors in question. Support your judgement with evidence. 

Define – When you define something you show, describe, or state clearly what it is and what 
it is like, you can also say what its limits are. Do not include details but do include what 
distinguishes it from the other related things, sometimes by giving examples. 

Describe – To describe in an essay requires you to give a detailed account of characteristics, 
properties or qualities of a subject.

Discuss – To discuss in an essay consider your subject from different points of view. Examine, 
analyse and present considerations for and against the problem or statement.

University Study Skills
Key Instruction Words
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Evaluate – When you evaluate in an essay, decide on your subject’s significance, value, or 
quality after carefully studying its good and bad features. Use authoritative (e.g. from 
established authors or theorists in the field) and, to some extent, personal appraisal of both 
contributions and limitations of the subject. Similar to assess.

Illustrate – If asked to illustrate in an essay, explain the points that you are making clearly by 
using examples, diagrams, statistics etc.

Interpret – In an essay that requires you to interpret, you should translate, solve, give 
examples, or comment upon the subject and evaluate it in terms of your judgement or 
reaction. Basically, give an explanation of what your subject means. Similar to explain.

Justify – When asked to justify a statement in an essay you should provide the reasons and 
grounds for the conclusions you draw from the statement. Present your evidence in a form 
that will convince your reader.

Outline – Outlining requires that you explain ideas, plans, or theories in a general way, 
without giving all the details. Organise and systematically describe the main points or 
general principles. Use essential supplementary material, but omit minor details. 

Prove – When proving a statement, experiment or theory in an essay, you must confirm or 
verify it. You are expected to evaluate the material and present experimental evidence 
and/or logical argument.

Relate – To relate two things, you should state or claim the connection or link between 
them. Show the relationship by emphasising these connections and associations. 

Review – When you review, critically examine, analyse and comment on the major points of 
a subject in an organised manner

University Study Skills
Key Instruction Words



Exploring Careers and Study Options
ü Find job descriptions, salaries and hours, routes into different careers, and more 

at https://www.startprofile.com/
ü Research career and study choices, and see videos of those who have pursued various 

routes at http://www.careerpilot.org.uk/
ü See videos about what it’s like to work in different jobs and for different organisations 

at https://www.careersbox.co.uk/
ü Find out what different degrees could lead to, how to choose the right course for you, and 

how to apply for courses and student finance at https://www.prospects.ac.uk/
ü Explore job descriptions and career options, and contact careers advisers 

at https://nationalcareersservice.direct.gov.uk/
ü Discover which subjects and qualifications (not just A levels) lead to different degrees, and 

what careers these degrees can lead to, 
at http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf

Comparing Universities

ü https://www.whatuni.com/
ü http://unistats.direct.gov.uk/
ü https://www.thecompleteuniversityguide.co.uk/
ü Which? Explorer tool – find out your degree options based on your A level and BTEC 

subjects: https://university.which.co.uk/

UCAS

ü Key dates and deadlines: https://university.which.co.uk/advice/ucas-application/ucas-
deadlines-key-application-dates

ü Untangle UCAS terminology at https://www.ucas.com/corporate/about-us/who-we-
are/ucas-terms-explained

ü Get advice on writing a UCAS personal statement 
at https://www.ucas.com/ucas/undergraduate/getting-started/when-apply/how-
write-ucas-undergraduate-personal-statement

ü You can also find a template to help you structure a UCAS statement, 
at https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf

ü How to survive Clearing: https://university.which.co.uk/advice/clearing-results-
day/the-survivors-guide-to-clearing

University
Guidance
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Material Science at University

ü A materials scientist is someone who studies and analyses the chemical properties and 
structure of different man-made and natural materials.

ü You would study, investigate and gain knowledge of materials like glass, rubber, ceramic, 
alloys, polymers, and metals.

ü A materials science will need a high level of skill and ability in science and be good at 
solving problems. They must be able to work accurately and think creatively in the realms 
of science and problem solving.

ü You can find out more about different courses and entry requirements by exploring the 
UCAS physical science guide online: https://www.ucas.com/ucas/subject-guide-
list/physical-sciences

ü You can find out more about different careers by exploring UCAS career ideas online: 
https://www.ucas.com/ucas/after-gcses/find-career-ideas/explore-jobs

Subject
Guidance
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A Deeper Look Into Materials Science 

ü Listen: Podcasts by materials today - https://www.materialstoday.com/podcasts/
ü Listen: Podcasts by Stem.org.uk -

https://www.stem.org.uk/resources/elibrary/resource/31422/materials-podcasts
ü Read: materials world magazine by iom3 magazine - https://www.iom3.org/materials-

world-magazine
ü Read: Stuff Matters: The Strange Stories of the Marvellous Materials that Shape Our Man-

made World (Paperback) by Mark A. Miodownik (2014)
ü Browse: Website - https://www.sciencedaily.com/terms/materials_science.htm
ü Browse: Science museums - https://www.visitmagna.co.uk/
ü https://www.sciencemuseum.org.uk/
ü Watch: YouTube Video called, What is Material Science by Advanced Metallic Systems 

CDT https://www.youtube.com/watch?v=JZ9BkoLWdlg
ü Watch: YouTube Video called, Future Science Materials Full Documentary HD by Secrets 

of the Universe https://www.youtube.com/watch?v=KDAm3aSq2es

https://www.ucas.com/ucas/subject-guide-list/physical-sciences
https://www.ucas.com/ucas/after-gcses/find-career-ideas/explore-jobs
https://www.materialstoday.com/podcasts/
https://www.stem.org.uk/resources/elibrary/resource/31422/materials-podcasts
https://www.iom3.org/materials-world-magazine
https://www.sciencedaily.com/terms/materials_science.htm
https://www.visitmagna.co.uk/
https://www.sciencemuseum.org.uk/
https://www.youtube.com/watch?v=JZ9BkoLWdlg
https://www.youtube.com/watch?v=KDAm3aSq2es
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