
Nanopaper
The new wonder material

Nanopaper is composed of nano-sized cellulose 
fibrils. A fibril is a fine fibre and nano-sized 
means that they are on the nanoscale, normally 

stated as being between 1 and 100 nanometres.
Cellulose is the most abundant organic polymer on 

the Earth and is a polysaccharide, meaning that it is 
comprised of sugar molecules (D-glucose units), which 
are linked together via glycosidic bonds. In Figure 1, 
each glucose molecule is added to the growing polymer 
chain in a condensation reaction, forming a b-1,4 
glycosidic link as water is eliminated. Cellulose makes 
up the cell walls of plants, including trees.

Once nature synthesises these polymers of glucose, 
known as polyglucose, you get multiple long strands 
of sugar units. There are an infinite number of ways 
in which these strands can line up, yet nature has 
narrowed it down to just a few and all of these have the 
same thing in common: strands are slotted together 
in a uniform pattern based on the hydrogen bond 
arrangement.

Polar opposites
The key here is the principle of electronegativity, which 
is the ability of an atom to attract electron density 
towards itself. How electronegative an atom is depends 
on its atomic number and also how far away the 
valence electrons are from the nucleus. When hydrogen 
forms a covalent bond with another atom, it shares 
electrons with the other element. An electronegative 
atom, e.g. oxygen, nitrogen or fluorine, will withdraw 
the electron density from hydrogen and towards itself 
— resulting in partially charged molecules, with the 
other atom being partially negative and the hydrogen 
being partially positive. This is known as a polar 
bond, where oxygen (for example) draws the shared 
electrons in the O–H bond towards itself and hence 
the electron density is not evenly distributed in the 
bond. The oxygen has a small negative charge (d–) and 
the hydrogen has a small positive charge (d+).

In cellulose the O–H bond is polar because oxygen 
is electronegative and therefore draws the shared 

Figure 1 Formation of 
polyglucose (cellulose) 
from glucose. The 
glycosidic links are 
highlighted in blue
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electrons towards itself. When the rows of polyglucose 
align with each other, the oxygens from one strand 
(being partially negative) and the hydrogens from the 
adjacent strand (being partially positive) are attracted 
to each other. This type of interaction is a hydrogen 
bond. These occur all along the chains, on every sugar, 
and so the long strands are fixed together.

Glucose molecules come together to form 
polyglucose chains (usually 300 to 1700 units), which 
then form hydrogen bonds between the chains. These 
chains form microfibrils (approximately 50 chains of 
polycellulose), which combine to form macrofibrils 
and ultimately cellulose fibres. Figure 2 shows how 
adjacent chains of cellulose molecules are held together 
in microfibrils by hydrogen bonds between OH groups. 
Bundles of microfibrils form macrofibrils, which are 
bundled together into cellulose fibres.

Rock, paper...nanopaper?
Normal paper is made by separating the cellulose 
fibres, pulping them, and pressing this into paper. 
When creating nanopaper, rather than keeping 
the long cellulose fibres intact, researchers at the 
University of Exeter grind the fibres, breaking them up 
into fibrils that are approximately one thousandth of 
the size (nano-sized) before creating the paper. These 
smaller fibrils form interactions with one another in a 
fine network, reinforcing the strength of the cellulose 
through hydrogen bonding. This makes nanopaper 
stronger than steel.

Useful resources
Eichhorn Laboratory: www.eichhornlaboratory.com

Figure 2 
Structure of 
cellulose 

Reinforcing the point
So what are the applications of nanopaper? The use of 
landfills to dispose of waste is increasing, but we can’t 
keep dumping rubbish on rubbish that doesn’t degrade 
— the pile will just stay there. Making materials from 
biodegradable substances is a way of overcoming this.

If we could use less plastic and instead reinforce 
materials with nanocellulose, we would have more 
biodegradable products. Nanopaper withstands heat 
and can be made from renewable resources. It also has 
medical uses. Its shape can be modified using amino 
acids to guide the growth of tissue cells, for example 
muscle cells, which need to be aligned in order to work 
with each other.
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Questions
1 Name the different types of polymerisation.
2 When glucose molecules have been added to 

a growing cellulose chain they are described as 
glucose residues (rather than glucose molecules). 
Explain why (think about the other product of 
the reaction).

3 Hydrogen bonds are formed between peptide 
chains too — using two amino acids. Draw the 
hydrogen bonds between these amino acids.

4 If the electronegativity of an atom is dependent 
on its atomic number and also how far away 
the valence electrons are from the nucleus, 
what trends in electronegativity would you 
expect to see down groups and across periods 
in the periodic table?
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