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TEACHERS’ GUIDELINES
NANOSCALE AND NANOTECHNOLOGY
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The lesson plan is created to help high school science teachers to provide an introduction to
nanoscale and nanotechnology in a classroom setting and make use of the information
provided on the web site (www.ntse-nanotech.eu ).
Target Group

Student groups aged 13-18

Duration

90 minutes

School Subject Areas

Physics - Chemistry - Biology

Lesson Goal
The “Nanoscale and Nanotechnology” lesson provides the opportunity to explore and
understand the metric system, nanoscale, properties of nanoscale particles and what
nanotechnology deals with. Students will develop the ability to convert ordinary
measurement scales into nano and visualize the nano scale.
Lesson Objectives
 To increase awareness about nanotechnology
 To comprehend nanoscale
 To enhance the ability to convert units into nanometres
Required Student Pre-knowledge
To know the following terms that exists in the reading text:
 SI Units
 Ability to convert units
 Ability to calculate volumes and area of geometrical shapes
Anticipated Learner Outcomes
 To find out more about nanotechnology and its applications.
 To realize how small nano particles are
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Materials & Resources
 Reading text for the students
 Experiment videos
 Activity materials

Student Assessment or Evaluation
 Student quiz
 Assessment grid

FOREWORDS FOR TEACHERS
Short Description of the Activity and Short Theoretical Background
Nanotechnology is the understanding and control of matter at the nanoscale, at dimensions
between approximately 1 and 100 nanometers, where unique phenomena enable novel
applications. Encompassing nanoscale science, engineering, and technology, nanotechnology
involves imaging, measuring, modelling, and manipulating matter at this length scale
(figure-1).
A naked human eye can see objects about 0,1 millimetre size. By using standard microscopes
eye can see objects about 1 micrometre ( 10-3 mm) size. Objects of nanoscale cannot be seen by
naked eye and standard microscopes. Scientists see and work with nanoscaled objects by
using Atomic Force Microscopes (AFM) and Transmission Electron Microscopes (TEM).

Figure 1: Dimensions of different objects, microscopes needed to see them, and science
needed to under them. (1)
Transmission Electron Microscopes (TEM) are microscopes that capture images at atomic
size (figure 2). Electron beams are sent on the material which is ultra-thin (smaller than 1
micron) and electrons pass through the material. The system is formed of lens systems made
of coil to produce magnetic field. By changing the current direction, the magnetic field
direction can be changed and the electron beam can be focused or dispersed. High energy
electrons (about 100-500 kilovolt) pass through the lens system and focus on the material.
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As the electrons pass through the material, they
interact with the atoms of the material just like alpha
rays in Rutherford’s experiment to define the structure
of the atom (3). After the electrons pass through, they
are transmitted through another lens system and
reflected on a fluorescent screen.

Figure 2- Nano-C60 particles,
which form when fullerenes
(hollow carbon molecules) clump
together in water.(2)

Atomic Force Microscopy (AFM) scans the material
surface with an atomically sharp ended cantilever
(figure 3). As the cantilever moves over the surface, the
deviation of the cantilever is detected by the help of
laser beams and photodiodes (figure 3).

Figure 3- Electron micrograph of a used
AFM cantilever image width ~100
micrometers.(4)

Figure 4- Atomic Force Microscope image of
the lower surface of a plant leave: stomata
enable gaseous exchange.(5)

INTRODUCTION
Tell me and I forget, teach me and I may remember, involve me and I learn.”
Benjamin Franklin
The last part of this statement is the fundamental nature of inquiry-based learning. Inquiry
implies involvement that leads to comprehension. Therefore, involving student and let them
use their creativity is key point to the teaching. All the lessons should start with some
questions that draw in the students in to the subject. Below is an example of how to start this
lesson: NANOSCALE AND NANOTECHNOLOGY.
What do you think “nanotechnology in fashion” means?
Would you interpret this phrase as: Nanotechnology is used in clothing or the word
nanotechnology is in the popular culture now?
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Some students will choose the first explanation while the others will choose the second.
Some of them will not answer but think about it. The last group will not even care for what
you say. We need to decrease the percentage of the last group by the diversity of interesting
questions since different students thrilled by different subjects. What do you think about the
answer of the question above?
Answer: Actually both interpretations would be correct word nanotechnology is in the
popular culture now which is mostly used in a trendy way.
In addition, nanotechnology is used not only in clothing but also in other fabrics. A number
of companies are using nanotechnology (e.g. titanium dioxide or zinc oxide nano-particle
additives in coating formulations) to improve or add special characteristics to product
surfaces, which can include stain-resistance, color durability, self-cleaning, wrinkle
resistance, UV-protection, flame retardancy, water-resistance, static resistance and improved
thermal performance. Applications range from automotive interiors, clothing and apparel to
household and industrial textiles (e.g. floor coverings) and healthcare (medical dressings).
Another example for a beginning question: What is in the picture below?

Answer: A buckyball is a spherical cage made up of covalently bonded carbon atoms. It is
shaped like a soccer ball and extremely strong structure.

LEARNING PROCESS
Before the Lecture
Assignment:
 Providing the students the text on “Nanoscale and Nanotechnology” and asking
them to read it.
Class Preparations:
 Designing the room to watch the experiment videos.
 Preparing the materials needed in activities explained below.
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In the Lecture
 Step-1: Asking the following questions about the text.
Question 1: What is nanotechnology?
 Nanotechnology is the understanding and control of matter at the nanoscale, at
dimensions between approximately 1 and 100 nanometres.
Question 2: What is nano?
 Nano comes from the Greek word meaning “dwarf”. It is one billionth of anything.
 Step -2: Watching “Powers of Ten”(*) video in Activity-1. (Before watching the video
ask your students to realise some key words like nano, meter, largest scale and
smallest scale.)
(*)

http://www.powersof10.com/film

 Step -3: Asking the following questions about the activity.
Question 3: What is scale?
 Teacher should give examples of different scales from the “Powers of Ten” video.
 Teacher should indicate that scale is used to define the dimension differences
between different objects.
Question 4: What is the largest scale shown in the video?
  million light years =   m
Question 5: What is the smallest scale shown in the video?
   m
Question 6: How do you feel about travelling this long distances in empty space shown in
the video?
Question 7: How do you feel about going deep under your skin like in the video?
 Step -4: Starting the Activity-2 described in Students’ Guidelines.
 Measure the objects given in the activity in couples and convert the
measurements into nanometre.
 Examine the scale of objects (figure 1) given in the students’ guideline
together with your students in the classroom. Make sure that the students
convert exponential numbers into decimal numbers while comparing the
following.
 Step -5: Asking the following question about the activity.
Question 8: Compare the size of red blood cells and a single hair.
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Question 9: Compare the size of a bacteria and a virus.
Question 10: Compare the width of a single water molecule and a single gold atom.
 Step -6: Starting the Activity-3 described in Students’ Guidelines.
 The scale of The Universe (“http://htwins.net/scale/” or
“http://htwins.net/scale2/”) . In each link you can examine the properties and
the dimensions of objects by clicking on the objects.
 Step -7: Asking the following question about the activity.
Question 11: What is the size of smallest thing visible to an electron microscope?
 The smallest thing to an electron microscope is about     m .
Question 12: Compare the sizes of water molecules and Buckyball. Show the difference by
drawing shapes with the same scale difference on the board.
Question 13: Compare the sizes of a cell, cell nucleus and carbon nanotube.
 Step -8: Starting the Activity-4 described in Students’ Guidelines.
 Step -9: Asking the following question about the activity.
Question 14: Measure, calculate and compare the sizes of the figures you build with sugar
cubes.
 For students in high school(15-18 years):
First structure: V= 4a . 4a . 4a= 64 a3
Total Surface Area = 6 . 16a2 = 96 a2
Second Structure:

V = 8a . 4a . 2a = 64a3
Total Surface Area = 2(8a . 2a) + 2(4a. 2a) + 2(4a . 8a) = 112 a2

Third Structure:

V = 64a. a. a = 64a3
Total Surface Area = 4(64a.a) + 2(a. a) = 258 a2
 For students in secondary school(13-15 years):
Measure the sizes of each structure using a ruler and calculate the volume and the
total surface areas.
Question 15: Ask your students to colour the structures with acrylic paint. Ask them to
compare the amount of acrylic paint they use for each figure.
 Help them to realize that as the particle size decreases, the surface area increases and
the physical and chemical properties change.
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CONCLUSION
Discussion of the following:
 Ask students to design a nanotechnology product in their mind and specify where
they would use it and how it would help the life of people.
 Do you think nanotechnology will be beneficial or detrimental to health of the people
in the future?

EVALUATION
 Quiz
 Assement Grid

Write (T) True or (F) False for the statements below. (5 minutes)
1- 1centimetre is 10-7 nanometres.
( )
2- Surface area affects both physical and chemical properties. ( )
3- Nanotechnology is the technology that deals with particles sized between 1-1000 nm.( )
Fill in the blanks with an appropriate expression. (10 minutes)
1- A single blink of an eye is about …………………………….. of a year.
2- A virus is approximately ……………………………….. wide.
3- As the particle size ……………………….. to nanoscale , the physical and chemical
properties of a material changes.
4- A single strand of human DNA is ………………………………...in diameter.
5- ………….hydrogen atoms lined up next to one another spans 1 nanometre.
6- …………………………… is the first scientist to mention nanotechnology.

7- Please convert the following measurement units into nano:
a) 1 kg
=…………..ng
b) 15 cm =………………..nm
c) 250 ml =…………………nlt
d) 250 m =………………….nm
e) 40 mg =………………ng

KEY
Write (T) True or (F) False
1- F
2- T
3- F
Fill in the blanks
1- A billionth
2- 70 nanometres
5- 10
6- Richard Feynman
7- a)  ng

b) ,    nm

3- decreases

c) ,   nlt
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4- 2,5 nanometres

d) ,   nm

e)     ng
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