
Introduction to Nanoscience and 
Nanotechnologies 

 
 
 
 
 
 
 

Dr. Jafar Khan Kasi 
1 



Introduction to Nanoscience and Nanotechnologies 

Nanoscience and nanotechnologies 

The nanometer scale  

Nanomaterial 

From Nanoscience to nanotechnologies 

A cutting-edge science and technology 

 ‘Nano’ in the context of ‘conventional’ scientific 

disciplines 

Nanoscience in nature: a great starting point 

Early diagnostics 

Nanotechnologies in consumer products 

 Safety of nanomaterials 

History of Nanotechnologies 

Advanced materials  



INTRODUCTION TO NANOSCIENCE AND NANOTECHNOLOGIES 

Nanoscience is the study of phenomena and 

manipulation of materials at atomic, molecular and 

macromolecular scales, where properties differ 

significantly from those at a larger scale. 
 



Properties at Micro and Macro Level 
Bulk materials possess continuous (macroscopic) physical properties. 

The same applies to micron-sized materials (e.g. a grain of sand). But 

when particles assume nanoscale dimensions, the principles of classic 

physics are no longer capable of describing their behaviour (movement, 

energy, etc.): at these dimensions, the principles of quantum mechanics 

are applied.  

 

The same material (e.g. gold) at the nanoscale can have properties 

(e.g. optical, mechanical and electrical) which are very different 

from (and even opposite to!) the properties the material has at the 

macroscale (bulk).  

 



Nanotechnologies are the design, 

characterization, production and application of 

structures, devices and systems by controlling shape 

and size at the nanometer scale.‘  

― The manufacturing technology of the 21st century‖ 



The nanometer scale  

The nanometer scale is conventionally defined as 1 to 100 nm.  

One nanometer is one billionth of a meter (10-9 m).  

The size range is normally set to a minimum of 1 nm to avoid single atoms or very 

small groups of atoms being designated as nano-objects (Figure).  

Nanoscience and nanotechnologies deal with clusters of atoms of 1 nm in at 

least one dimension.  

Three and a half gold atoms placed in a row equal to 1nm (assuming a covalent 

radius of 0.144 nm each) 
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The upper limit is normally 100 nm, but this is a “fluid” limit; 

often objects with greater dimensions (even 200nm) are defined 

as nanomaterials.  

“1 to 100nm range” is approximation  

definition itself focuses on the effect that the dimension 

has on a certain material – e.g., the insurgence of a 

quantum phenomenon – rather than at what exact 

dimension this effect arises.  

Why 100nm, and not 150nm?”, or even “why not 1 to 1000nm?”  
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Nanoscience is not just the science of the small, but the science in 

which materials with small dimension show new physical 

phenomena, collectively called quantum effects, which are size 

dependent and dramatically different from the properties of macro-

scale materials. 

Nanoscience is the study of materials that exhibit 

remarkable properties, functionality and phenomena due 

to the influence of small dimensions. 

Why 100nm, and not 150nm?”, or even “why not 1 to 1000nm?”  
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What is a nanomaterial? 
A nanomaterial is an object that has at least one dimension in the nanometer scale 
(approximately 1- 100nm). Nanomaterials are categorized according to their 
dimensions as shown in Table 1: 
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Types of Nanomaterials 
 

Nanomaterials can be of two types: 
 

• “non-intentionally made nanomaterials”, which refers to 
nano-sized particles or materials that belong naturally to the 
environment (e.g., proteins, viruses, nanoparticles produced during 
volcanic eruptions, etc.) or that are produced by human activity 
without intention (such as nanoparticles produced from diesel 
combustion). 
 

• “intentionally made” nanomaterials, which means 
nanomaterials produced deliberately through a defined fabrication 
process. 
 
The definition of nanotechnologies does not generally include “non-
intentionally made nanomaterials”, and is therefore limited to 
“intentionally made nanomaterials”. 
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Types of Nanomaterials 
 
 

Cuticular surfaces are multi-

functional boundary layers between 

plant and their environment. This 

serves primarily as protection from 

uncontrolled loss of water. It can be 

demonstrated particularly well at 

the large shield like leaves of the 

holy Lotusplant (Nelumbo nucifera, 

fig.), the symbol for purity in 

Indian religion, that if water drops 

roll over a Lotus leaf, then they 

take up all contaminating particles 

and remove them from the leaf.  

Lotus 

Nature & microstructuring? 
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Types of Nanomaterials 
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“the smallness of nano”  
Nanomaterials are larger than single atoms but smaller than bacteria and cells. It is 
useful to use a scale .  
It can visualize the relationship between bulk materials, like a tennis ball, and nanomaterials. 

Figure  From macro-materials to atoms. Nanomaterials and nanodevices that are of interest in 
nanotechnologies are in the lower end of the scale (1-100 nm). 

sand 
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Some good examples  

- Our fingernails grow at the rate of 1 nm per second. 

- The head of a pin is about 1 million nanometres across. 

- A human hair is about 80,000 nm in diameter. 

- A DNA molecule is about 1-2 nm wide. 

- The transistor of a latest-generation Pentium Core Duo 

processor is 45 nm. 
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What makes “nano” special 

―Nano‖ means small, very small; but why is this special? 

There are various reasons why Nanoscience and 

nanotechnologies are so promising in materials, 

engineering and related sciences.  

 

First, at the nanometer scale, the properties of matter, 

such as energy change. This is a direct consequence of the 

small size of nanomaterials, physically explained as 

quantum effects. The consequence is that a material (e.g., 

a metal) when in a nano-sized form can assumes 

properties which are very different from those when the 

same material is in a bulk form.  
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What makes “nano” special (cont.) 

Bulk silver is non-toxic, whereas silver nanoparticles are 

capable of killing viruses upon contact. Properties like 

electrical conductivity, colour, strength and weight 

change when the nanoscale level is reached. The same 

metal can become a semiconductor or an insulator at 

the nanoscale level.  

 

The second exceptional property of nanomaterials is that 

they can be fabricated atom-by-atom, with a process 

called bottom-up. The information for this fabrication 

process is embedded in the material building blocks, so 

that these can self-assemble in the final product.  
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What makes “nano” special (cont.) 

Finally, Nanomaterials have an increased surface-to-volume 

ratio compared to bulk materials. This has important 

consequences for all those processes that occur at a material 

surface, such as catalysis and detection. The properties that 

make nanomaterials ―special” 

 

Nanoscience and nanotechnologies depend on the exceptional 

properties of matter at the nanoscale level. ―nano‖ doesn‘t only 

mean ―1000 times smaller than micro‖, and nanotechnologies 

are not just an extension of microtechnologies to a smaller scale.  

It is an entirely new pattern that opens entirely new scientific 

opportunities. 17 



From Nanoscience to Nanotechnologies 

Nanoscience is an ―interdisciplinary science‖, which means that it involves 

concepts of more than one discipline, such as chemistry, physics, etc. There are 

other disciplines that are inherently interdisciplinary, like materials science (and 

engineering), which cover at the same time concepts of chemistry and physics. 

Nanoscience further expands the borders of material science by adding to the mix 

biology and biochemistry. Nanoscience is thus a ―horizontal-integrating 

interdisciplinary science that cuts across all vertical sciences and engineering 

disciplines‖ (Figure ). 

 
 

 

 

 

 

 

 

18 



From Nanoscience to Nanotechnologies 

The application of Nanoscience to “practical” devices is called nanotechnologies. 
Nanotechnologies are based on the manipulation, control and integration of 
atoms and molecules to form materials, structures, components, devices and 
systems at the nanoscale. Nanotechnologies are the application of Nanoscience 
especially to industrial and commercial objectives. All industrial sectors rely on 
materials and devices made of atoms and molecules, thus in principle all 
materials can be improved with nanomaterials, and all industries can benefit 
from nanotechnologies. In reality, as with any new technology, the “cost vs. 
added benefit” relationship will determine the industrial sectors that will mostly 
benefit from nanotechnologies. 
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Nanotechnologies are horizontal-enabling convergent 
technologies.  
 They are ―horizontal‖ because they cut across numerous 

industrial sectors;  

 

 they are ―enabling‖ since they provide the platform, the tools to 

realize certain products;  

 

 They are ―convergent‖ because they bring together sectors of 

science that were previously separated. 

 
One example is DNA silicon chips, which are an example of 

convergence between semiconductor science (inorganic chemistry) 

and biology, with applications in the medical industry. 
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Is it Nanotechnology or Nanotechnologies? 

When the term was first used in 1959, it was used in the singular, 

―nanotechnology‖. In the last few years the field has evolved 

steadily in terms of science and technology development. Scientists 

have also started to address the safety, ethical and societal impact of 

―nanotechnology‖. In doing so it has become clear that this is not 

one technology, but that different nanotechnologies exist (which all 

share the common concept of using the properties of matter at the 

nanoscale). There has even been a call from a prominent scientist 

and expert in nanotechnologies to stop using the singular, and to use 

the plural, precisely to communicate the variety of materials and 

methods involved in  nanotechnologies. Nowadays the plural form is 

used most commonly. 
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A cutting-edge science and technology 

 

Nanotechnologies are now used in numerous devices such as 

computers, mobile phones and iPods.  

 

Nanoscience offers the possibility to improve numerous material 

properties and create new ones 

 

In the future we will have more and more products that incorporate 

some form of ―nano‖-either a nanomaterial, or a nano-enabled 

technology.  
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Hands-on nano! 

One of the peculiarities of Nanoscience is that numerous ―nano-

effects‖ can be seen in our ―macro world‖.  

 

The best example 

 A gold colloid (made of gold nanoparticles about 15 nm 

dispersed in water) which is red in colour. When some salt 

solution is added to the gold colloid, it turns blue! There are 

many ―hands-on‖ activities and demonstrations that can be used 

to show the properties of nanomaterials – effects that are visible! 

So even though the ―nano-world‖ is invisible,  

 

Other effects in materials?  

(please search) 
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“Nano” in the context of “conventional” scientific 

disciplines 
 

One of the challenges a Nanosience teacher might face is to think how 

to insert Nanoscience in the conventional science curricula.  

 

Where does this ―new‖ science fit into the ―conventional‖ scientific 

disciplines, like chemistry, physics or biology?  

 

The aim of this study is to provide students with practical ideas on 

how to integrate Nanoscience and nanotechnologies in their science 

curriculum. 

 

Bringing ―nano‖ into the classroom means bringing in the latest 

cutting-edge science and technology and talking about very exciting 

future scientific developments. 
24 



Nanoscience in a ―size window‖ 
 

The investigation of matter at a scale which is intermediate between 

―bulk‖ matter, described by Newtonian physics, and atomic matter, 

described by quantum physics.  
 

 

Nanoscience works in this ―size window‖ which is approx. 1-100 nm 

in scale where matter shows some remarkable properties.  

 
 

In this ―window‖ are included a number of scientific fields that have 

very old origins, like colloidal science.  

 

In a sense the study of atoms and molecules is the basis of most 

natural-science disciplines, such as chemistry, biochemistry and 

physics.  
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Nanoscience in a ―size window‖ 
 

Nanomaterials are not all new either: nano crystals, nano-

sized catalysts and magnetic nanoparticles have been 

studied for many years now, for a variety of applications.  

 

Some ―nano-tools‖ are not that recent either: for instance, 

the Atomic Force Microscope (AFM) and the Scanning 

Tunnelling Microscope (STM) techniques were first 

introduced to the scientific community in the mid 1980s. 
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if it’s not all new, why is it so special? 
 

• In recent years researchers have been able to uncover enormous 

potentials of Nanoscience and Nanotechnologies. 

 

• New set of analytical and fabrication tools provide better 

understanding of this new emerging technology.  

 

• At the same time, in recent years new nanomaterials have been 

intentionally fabricated or discovered, novel nano-tools have been 

developed and old ones implemented, and novel properties of 

matter at the nano-scale level have been discovered. 
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if it’s not all new, why is it so special?(Cont.) 
All of this has allowed the systematic investigation of 

nanomaterials and the realization that the exceptional properties 

of matter at the nano-scale level can be used to build new 

materials, systems and devices with properties, capabilities and 

functions that could not be achieved if bulk materials were used.  

 

The exceptional properties of matter at the nanoscale have prompted 

scientists to ―reinvent” the way materials are engineered and 

produced, and is opening up exciting new opportunities in many 

different fields.  

 

Nanoscience is thus a ―work-in-progress science‖. A ―work‖ that finds 

its roots in disciplines, such as chemistry and physics, where a lot of 

fundamental knowledge is well established, and that is progressing 

towards fields where new knowledge is currently being created and 

collected. 28 



Nanoscience in Nature: a great starting point 
Even though nanoscience is often perceived as a science of the future, 

it is actually the basis for all systems in our living and mineral world. 

 

We have hundreds of examples of nanoscience under our eyes daily, 

from geckos that can walk upside down on a ceiling, apparently 

against gravity, to butterflies with iridescent colours, to fireflies that 

glow at night.  

 

In Nature we encounter some outstanding solutions to complex 

problems in the form of fine nanostructures with which precise 

functions are associated.  

 

In recent years, researchers have had access to new analytical tools to 

see and study those structures and related functions in depth. This has 

further stimulated research in the nanoscience area, and has catalysed 

nanotechnologies. So, in a sense, natural nanoscience is the basis and 

inspiration for nanotechnologies. 
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Nanoscience in Nature: a great starting point (cont.) 

Natural nanomaterials offer a great starting point to bring 

nanoscience into the classroom. Images from microscopes are a great 

resource, especially if used consistently in a ―zoom-in‖ fashion, 

starting from a macro object (such as a plant leaf) and showing how 

zooming in with subsequent magnifications reveals finer and finer 

structures. This becomes extremely effective if we start with familiar, 

natural objects, like plants and animals. Students will be fascinated 

to discover how many natural nanomaterials are around us 
 

Close-up views at progressive magnification of a nasturtium leaf revealing the presence of 
surface nanocrystals 
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Teaching challenges 
 
The definition of Nanoscience naturally brings along the definition of 
a nanometer, which is a billionth of a meter. Although the are many 
examples that one can present of objects that have dimensions in 
this regime, such as the width of DNA (2nm), mental visualization 

of these objects is impossible, and many studies have reported 
how young people, especially children, lack the mental capacity to 
actually imagine something this small because of lack of experience. 
 

 Even for adults, mental visualization of objects with sub-micron 

dimensions is extremely difficult (which is a result of the 

inherent resolution of our visual ability, which is 2 μm).  
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Teaching challenges(cont.) 
 

So, 
as much we can ask students to imagine something that is a 
thousand times smaller than their hair, we need to ask if they really 
understand the sense of the dimensionality we are talking about. 
And more importantly, if they understand the difference between 
objects that are in the nanoscale regime and objects that are even 
smaller, like atoms. For some people knowing that a rock is a million 
of years old or a thousand of millions of years old makes no 
difference, both dimensions are just “huge” and are confused in a 
“time blur”. Similarly, the nanoscale and the atomic scale can be 
perceived as a “scale blur”, just too small to think of. Therefore the 
challenge here is to introduce the nanoscale and the concept of 
nanoscience in a meaningful way, one that grasps the attention of 
the students but that also means something to them.  
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Teaching challenges (cont.) 
In this sense, an enquiry based approach (based on student 
questions) together with hands-on activities can help. 
 
But what is also important is showing the peculiarity of the 
nanometer scale, why objects in this regime are “special” and behave 
differently from their bulk counterparts.  
Examples should be given so instead of trying to imagine a 
nanometer, the students perceive what it means for example for a 
certain material to be 2 nanometers rather than 2 millimeters.  
 
Gold is a primer case, and the classic example is a gold wedding ring 
compared with multicoloured gold quantum dots (colloidal gold). 
Whatever the example or the methodology chosen to communicate 
it, it is important to remember the young people will have strong 
difficulty in conceiving nanoscale objects; so it is important not to ask 
them to they visualize how small a nanometer is, but that they 
appreciate what it means to be so small.  
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Teaching challenges (cont.) 
One aspect that is often overlooked (or assumed) when introducing 

Nanoscience and nanotechnology is the actual nature of a ―nano-

object‖ or ―nanomaterial‖. It is possible to mistakenly give the 

impression to the audience that these are free-standing objects or that 

these are aerosol-like particles that can float in a medium. Although 

some nanoparticles are airborne, most of the nanomaterials under 

research or used in commercial products are integrated or attached 

to another substrate.  

 

Nanoscience does not just deal with nano-objects but also 

nanostructures within larger objects. For instance, a wire having the 

dimension of a hair (say, 2μm) can be formed of molecules which are 

orderly arranged in nanowires. 
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Early diagnostics 
 

Diagnostic nanosensors will allow for the early detection of various 
diseases, like cancer, at the very onset (start) of the symptoms, 
before the disease is perceived (appeared) by the patient. Early 
detection means a higher chance of successfully treating and 
overcoming the disease. On the other hand, some worry that this 
will give doctors access to a large amount of personal information.  
 
The question is: where is this information going to be stored, and 
who will have access to it? Also, what if those devices are used not 
as a diagnostic tool but as a mean to assess a person’s medical 
condition by other entities, such as insurance companies or job 
agencies? Clearly these devices open questions of privacy data 

use and possible misuse.  
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Early diagnostics (cont.) 
Some early diagnostic devices already exist, like genetic screening 
devices. Nanotechnology is directly involved in the development of 
more powerful and precise genetic screening devices, which 
nowadays are available only for a small range of common diseases 
and are fairly imprecise (inaccurate).  
 
In genetic screening the doctor gathers information on the genetic 
tendency of a patient to have a certain disease. 
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Early diagnostics (cont.) 
Scientists know well that the evolution of a disease does not only 
depend on genetic predisposition but also on the diet followed by 
the patient, the lifestyle and the environment he/she lives in. So the 
question is: does having a predisposition (trend) to a disease 

make a person “ill”? When does “illness” start? And even more: 
do we want to know this kind of information? 
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Nanotechnologies in consumer products 
 

Since 2006, the Project on Emerging Nanotechnology (Woodrow 
Wilson International Center for Scholars) has created a 
Nanotechnology Consumer Products Inventory with the intention 
of collecting, archiving and sharing information regarding consumer 
products which producers claim to be nano. 
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Nanotechnologies in consumer products 
 

About 200 products were identified in March 2006; after little more 
then one year, this number had more then doubled.  
 

In August 2010  the inventory has more than 1100 listed. Products 
in this inventory are categorized based on their (explicit) 
application, specifically Appliances, Automotive, Goods for 
Children, Electronics and Computers, Food and Beverage, Health 
and Fitness, Home and Garden.  
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Nanotechnologies in consumer products(cont.) 
one should be cautious and remember when looking at list of consumer 
product that, 
 

(1) There are a large number of nano-characteristic that could be 
included in a consumer product, such as a coating (thin coatings and 
layers in the nanometer range, either applied to the material or formed 
upon use) or a nanomaterial (e.g., nanotubes, nanoparticles). Also, 
nanotechnology could be used to produce the consumable without being 
responsible for its final characteristics: in this case, nanotechnology is 
only the enabling technology for production. 
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Nanotechnologies in consumer products(cont.) 
 

(2) Technical, detailed information regarding those consumer products is 
often limited due to corporate secret. To date, the majority of products 
listed belong to the ´Health and Fitness´ group, among which cosmetics 
and textiles represent the majority of products. Among the materials that 
are claimed to be responsible for the nano-label, silver is the most 
common material mentioned in the product descriptions, followed by 
carbon (which includes fullerenes), zinc (including zinc oxide), silica, 
titanium (including titanium dioxide) and gold. 
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Nanotechnologies in consumer products(cont.) 
Dangers? 

In recent years, new types of nanoparticles have been continually used in all 

manner of cosmetic products. Such as silver, it might look good on a piece of 

jewelry, and yes it does have antibacterial properties, but there is increasing 

evidence that when used in cosmetics it could be toxic. 

 

Two of the most common nanotechnology ingredients being used in cosmetics 

today are titanium dioxide and zinc. Both of these are metals and at such tiny 

nano-scales, the particles are easily absorbed into the bloodstream and 

around the body.  

 

There is increasing evidence that these materials can badly affect skin, damaging 

DNA and cell function by the production of free radicals when exposed to UV 

light. 

 

Studies show that titaniam dioxide is passed onto the offspring of mice resulting 

in potential brain and nerve damage. 
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Nanotechnologies in consumer products(cont.) 

43 

Positive Aspects of nanoconsumeceuticals  



Nanotechnologies in consumer products(cont.) 
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Negative Aspects of nanoconsumeceuticals  



Safety of nanomaterials 
The safety of nanomaterials has become a crucial question in the last few years, particularly 
as the number of consumer products containing them has been raising every year. 
 
The fact that nanomaterials, by definition, are materials that have size comparable to 
biomolecules (e.g., proteins, DNA etc.) raises the question of their safety. Could 
nanomaterials interact with biomolecules in an adverse manner, triggering a toxic effect? 
Could nanomaterials pass protection barriers in cells?  
 
Nanomaterials are used precisely to target infected cells and deliver drug agents locally. 
They are designed to pass though cell membranes, for instance. The question of toxicity 
extends also to eco-toxicity. 
 
 It would be incorrect to say that we know nothing about the toxicological properties of 
nanomaterials. In the last years. Tests have so far been conducted in animal models or in 

vitro.  
 
 Another problem is that different testing methods are used in  different laboratories, 
which makes it difficult to compare the results. Research so far has focused mainly on two 
group of materials: carbon-based nanomaterials (carbon nanotubes and fullerenes), and 
metal or metal-oxide nanoparticles (like ultrafine titanium dioxide (TiO2)).  
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Safety of nanomaterials (cont.) 
Several studies seem to indicate that some forms of carbon 
nanotubes show pulmonary toxicity and that this depends on 
production method, length and surface properties of the carbon 
tubes.  
Similarly, TiO2  has been reported to cause inflammation in the lungs 
when inhaled in high dose. Scientists recognize that before a full 
assessment of nanomaterial toxicity can proceed some fundamental 
issues need to be resolved: 
 

- The need for a definition of nanomaterial is crucial: it is more 
importantly a matter of defining what “cut size” should be 
considered in nanotoxicology. It is a common belief among 
toxicologists that the conventional scale 1-100nm now used to 
define a nanomaterial in nanotoxicology is not exhaustive 
(complete), as nanomaterials often aggregate or agglomerate in 
larger particles that have dimensions ranging from hundreds of 
nanometers to microns. 
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Safety of nanomaterials(cont.) 

 
Defining the reference materials: scientist report how the same nanomaterial 
(e.g., nano-sized TiO2) purchased from two different manufacturers gave striking 
different toxicological results when tested.  
 
In order to define some reference materials, these need to be fully 
characterized, which means deciding what standard measuring methods to 
use (or possibly developing new ones, if the existing ones prove inadequate); 
 
- Importance of testing materials pure and free from contaminations: for 
instance, carbon nanotubes are commonly contaminated with iron due to their 
manufacturing process. Scientists report that removal of the iron from the carbon 
nanotubes moiety (a part or portion) dramatically reduces the oxidant generation 
and the cytotoxicity (i.e., toxicity to cells) of the material. The hypothesis is that it 
is the nano metal oxide – rather than the carbon nanotube – that generates 
reactive oxygen species, responsible for the toxic effect. 
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History of Nanotechnologies 
„When was nanotechnology invented? 

Nanotechnologies are an evolution of other materials engineering disciplines (e.g. 

thin-film technology). The term is really an ‗umbrella‘ term that covers disciplines that 

have very old historic roots. What is even more fascinating is that now scientists have 

the tools to study ancient objects, they have found that, in many cases, these were 

made using nanoparticles! Nanotechnologies are around us in nature and in 

history!  
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Feynman’s speech  
The concept of nanotechnology is attributed to Nobel 

Prize winner Richard Feynman who gave a very 

famous, visionary speech in 1959 during one of his 

lectures, saying: ―The principles of physics, as far as 

I can see, do not speak against the possibility of 

turning things atom by atom‖. At the time, 

Feynman‘s words were received as pure science 

fiction. Today, we have instruments that allow precisely 

what Feynman had predicted: creating structures by 

moving atoms individually.  

There’s Plenty of Room at the Bottom 



History of Nanotechnologies (Cont.) 
„Who Suggested the name nanotechnology? 

 

Professor Norio Taniguchi coined the term nanotechnology. It wasn't until 

1981, with the development of the scanning tunneling microscope that could 

"see" individual atoms, that modern nanotechnology began. 
 

Inspired by Feynman's concepts, K. Eric Drexler used the term 

"nanotechnology" in his 1986 book Engines of Creation: The Coming Era 

of Nanotechnology, which proposed the idea of a nanoscale "assembler" 

which would be able to build a copy of itself and of other items of arbitrary 

complexity with atomic control.  

 

In 1986, Drexler co-founded The Foresight Institute (with which he is no 

longer affiliated) to help increase public awareness and understanding of 

nanotechnology concepts and implications. 
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Scanning Tunneling Microscope  
The development of nanotechnologies has been enabled by the invention of two 

analytic tools that have revolutionized the imaging (and manipulation) of surfaces at 

the nanoscale. These are the Scanning Tunneling Microscope (STM) and the Atomic 

Force Microscope (AFM). The STM and the AFM are capable of imaging surfaces 

with atomic resolution. Both instruments were invented by Binning and his co-

workers at IBM Zürich. 
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Binning, Rohrer and Ruska were 

awarded the Nobel Prize in 

Physics in 1986 for the invention 

of these amazing tools, which, 

practically, opened the doors of 

the nano-world to scientists. 

With the advent of the STM, 

scientists were given the tool not 

only to image surfaces with atomic 

resolution, but also to move 

individual atoms. The STM is the 

first step in realizing Feynman‘s 

vision of atom-by-atom fabrication 



Scanning Tunneling Microscope (Operation)  
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Coloured glass  
 

Metal colloids (metal nanoparticles dispersed in a 

medium) are the best example of nanotechnology 

throughout ancient, medieval (out-of-date) and modern 

times. How metal nanoparticles possess optical properties 

(i.e. different colours) that are related to surface plasmons. 

The size and shape of the metal nanoparticles influence 

their visible colours! There are numerous artefacts that 

have notable colour effects precisely because they are 

made with metal colloids.  
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[ Plasmons can be described as an oscillation of free electron density with respect to 

the fixed positive ions in a metal]  



Coloured glass (Cont.) 
One of the most fascinating is a piece of Roman glasswork, the Lycurgus cup, dating 

from the fifth century. This magnificent cup, housed at the British Museum, depicts King 

Lycurgus . When illuminated from the outside, the cup appears green. When 

illuminated from the inside, the cup appears ruby-red except for the King, who looks 

purple. The reason for this dichroism was unknown until detailed SEM analysis of the 

cup was performed in 1990. It was found that it was due to the presence of nano-sized 

particles of silver (66.2 %), gold (31.2 %) and copper (2.6 %), up to 100 nm in size, 

embedded in the glass. Light absorption and scattering by these nanoparticles 

determines the different colours.  
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Coloured glass (Cont.)  
The beautiful stained glass windows produced in medieval times, and visible in 

numerous churches, are made of a composite of glass and nano-sized metal 

particles. The ‗ruby-red‘ glasses often seen are a mixture of glass with ultrafine 

(nano-sized) gold powder. The ‗purple of Cassius‘ is a colloidal mixture of gold 

nanoparticles and tin dioxide in glass.  

Chinese art history is also filled with examples of nanotechnology. For instance, 

the Chinese pottery known as famille rose contains gold nanoparticles 20–60 nm in 

size.  
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Faraday‘s studies on gold colloids  
If we look into the history of science, gold colloids have been the subject of 

research since the mid 19th century! It was actually Michael Faraday who 

was the first to conduct systematic studies on the properties of metal 

colloids, in particular gold.  

 

In 1857, during his lecture at the Royal Society of London, Faraday 

presented a purple-coloured slide, stating that it contained ‗gold reduced in 

exceedingly fine particles, which becoming diffused, produce a ruby-red 

fluid. The various preparations of gold, whether ruby, green, violet or blue, 

consist of that substance in a metallic divided state‘.  

 

Faraday postulated correctly about the physical state of colloids; he also 

described how a gold colloid would change colour (to blue) when salt is 

added.  
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Miniaturised Electronics  
The evolution of miniaturization has been brought about by the tremendous 

advances in the semiconductor industry and the ability to produce smaller and 

smaller integrated circuits (ICs). The ‗core‘ of ICs is the transistor — every chip 

is made of numerous transistors that act like gates for the flow of electrons: they 

can be in the open or closed mode. 

 

  In 1965, 30 transistors populated a chip;  

  In 1971, there were 2000; and,  

 Today, there are about 40 million!  

 

This exponential growth was actually predicted in 1965 by Gordon E. Moore 

(co-founder of Intel Corporation). Moore predicted that the ‗complexity of 

integrated chips‘ would double every 18 months. At the time he was a visionary 

… but, indeed, Moore‘s law proved to be right. The data density of computer 

chips has increased in the last years at the predicted pace, doubling every 18 

months.  
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The history of integrated chips is, in a sense, the history of nanotechnology.  

The first transistor invented in 1947 was a bulk, macro object. To keep up with the 

demand for miniaturization, the dimensions of the transistor have been reduced 

considerably over the last 20 years. In 2002, the nano-size was reached and a single 

transistor was 90 nm. At the end of 2009, a single transistor in an Intel® Core™ 2 

Quad processor was 45 nm, But now it reaches to 25nm.  

If they were to keep pace with Moore‟s law, transistors would have to be as 

small as 9 nm by 2016. This dimension is below the fabrication capabilities of the 

latest-generation tools used in the microelectronics industry. Moreover, at this 

dimension, electrons would be able to ‗jump‘ the gate just with their own thermal 

energy. These include molecular electronics and quantum computing — both are 

examples of true nanotechnologies. 
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Miniaturized Electronics (Cont.)  

Figure: Replica of the first bipolar transistor, this 

replica was photographed at the Nixdorf-

Museum, Paderborn, Germany.  



Advanced materials  
The history of materials engineering is full of examples of nanomaterials!  

 

For instance, the process of anodising was first patented in the early 1930s. This 

represents one of the most important processes used in industry to protect 

aluminium from corrosion.  

 

It consists of depositing a thin protective oxide layer on the aluminium surface. 

The inventors of this technique were not aware that the protective layer is 

actually a nanomaterial — the anodic layer is composed of hexagonally close-

packed channels with diameters ranging from 10 to 250 nm or greater.  
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Advanced materials (Cont.)  
 

Other familiar examples are:  

 Nanoparticles that are found in the rubber component of car 

tyres;  

 

 Titanium dioxide pigment found in some of the latest-

generation sunscreens; components in computer chips;  

 

 Tumerous synthetic molecules used in current drug 

compositions;  

 

 Thin, hard coatings used in industry  

 

There are many nanomaterials that have a long history: 
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Fullerenes and carbon nanotubes  
In 1985, R. E. Smalley, H. W. Kroto and R. F. Curl discovered a new form of the element 

carbon: the buckyball, a molecule consisting of 60 atoms of carbon (C60) assembled in a 

form similar to a football. The researchers were then able to develop a method to 

synthesise and characterise this new nanomaterial. The existence of C60 had actually been 

predicted by Eiji Osawa of Toyohashi University of Technology in a Japanese magazine 

in 1970. This new allotrope of carbon was officially named Buckminsterfullerene in 

honour of Buckminster Fuller, an architect famous for his geodesic dome design. Shortly 

after the discovery in 1985, various others fullerenes were discovered.  
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Fullerenes (Buckyballs) 
Buckyballs are very strong structure based on its 

interlaced “soccer ball” shape. It has the unique property 

of being able to carry something inside of it, penetrate a 

cell wall, and then deliver the package into the cell. It is 

also non-reactive in general in the body, so your body 

will not try to attack it and it can travel easy in the 

bloodstream. 
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Liquid Crystals 

  Liquid crystals form from organic compounds and is thought of as 

the phase of matter between the solid and liquid state of a crystal. 

This phenomena was discovered in 1888 by Austrian chemist 

Frederich Reinitzer. 

Uses: 

Flat screen television 

Wristwatches 

Laptop screens 

Digital clocks 

Thermometers 

Switchable windows 

 



Liquid crystals  
Liquid crystals were first accidently discovered in 1888 by Friedrich Reinitzer, a botanical 

physiologist. Reinitzer was conducting experiments on a cholesterol-based substance and 

trying to determine the correct formula and molecular weight of cholesterol. When he tried to 

precisely determine the melting point, he was struck by the fact that this substance seemed to 

have two melting points. He found a first melting point at 145.5 °C, where the solid crystal 

melted into a cloudy liquid. This ‗cloudy intermediate‘ existed up to 178.5 °C where the 

cloudiness suddenly disappeared, giving way to a clear transparent liquid.  

At first, Reinitzer thought that this might be a sign of impurities in the material, but further 

purification did not show any changes in this behaviour. He concluded that the material had 

two melting points, but asked his colleague Otto Lehmann, a German physicist who was an 

expert in crystal optics, for help in understanding this unexpected behaviour. They isolated and 

analysed the ‗cloudy intermediate‘ and reported seeing crystallites. Lehmann then conducted a 

systematic study of cholesteryl benzoate and other solids that displayed the double melting 

behaviour. He became convinced that the cloudy liquid had a unique kind of order. It could 

sustain flow like a liquid but under the microscope appeared like a solid. In contrast, the 

transparent liquid at higher temperature had the characteristic disordered state of all common 

liquids. Eventually, he realised that the cloudy liquid was a new state of matter and coined the 

name ‗liquid crystal,‘ to emphasise that it was something between a liquid and a solid, sharing 

important properties of both. Not just a liquid, where molecules are randomly distributed, and 

not just a solid, where molecules are ordered in organised structures.  
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Thank you 


