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Chapter One 

Introduction 

1.1. Historical Review   

Two terms “Nanomaterials” and "Nanotechnology", along the last forty decades have a 

wide renown and high attention in the scientific media.  

The term "nano" is derived from the ancient Greek word "nanos", means a dwarf, but in 

science, nano means 1 billionth or 1 × 10−9." 1𝑛𝑚 = 10−9𝑚"[1]. 

So, we can say, one nanometer may be contains about ten hydrogen atoms[2] or five 

silicon atoms[3]. 

 

Figure (1-1).  Size comparisons, from the man height (1.75 meters) all the way down to 

the hydrogen atom (0.1 nm)[2]. 
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Despite the existence of nanomaterials in nature as one of the components, human 

exposes to it, as, volcanic ash, viruses[4], the smoke of fires and some cortical organisms, but he 

did not know the nature or size of the components. The first documented use of nanoparticles 

was documented more than four thousand years ago by the Chinese Tien-Lcheu (2697) B.C., he 

made a black ink from the pine tree soot, the oil of lamps, gelatin of donkey skin and added 

musk[5]. Romans, which empirically developed methods to stain glass with small inclusions of 

gold or silver. One famous example is the Lycurgus cup that was manufactured in the 5th to 4th 

century B.C. It is ruby red in transmitted light and green in reflected light, due to the presence of 

gold colloids, which can be viewed at the British Museum. First descriptions of how to obtain 

ruby gold glass can be found as early as in the bibliography of Ashurbanipal in Nineveh (seventh 

century B.C)[6]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1-2).  The Lycurgus cup 

 

In the start of the Crusades (1096 A.D.), Crusaders have been surprised by the swords of 

the Muslims of the Levant, in terms of strength and flexibility. These weapons were made from 

the steel with techniques that remained as secrets that were not disclosed until very soon. 

These blades have been had a wavy a characteristic pattern resulted by the successive 

steel layers which contain nanotubes of steel, this pattern is called damask[10]. 
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Figure (1-3).  A wavy a characteristic pattern Damascus’ sabers 

 

Despite of known the nano- dimensions in the atomic and molecular levels known from 

the chemists and physicists. At 1905, of both hydrogen atom ( 0.1 nm) and sugar molecule ( 1 

nm) diameters were determined  by Einstein using the diffusion techniques, but the actual 

interesting  began after 50 years of the Richard Feynman's lecture[7] " There is plenty of room at 

the bottom" in the annual meeting of the American Physical Society at the California Institute of 

Technology (Caltech)[8], published in ( Caltech's Engineering and science, Vol. 𝑋𝑋𝐼𝐼𝐼, No. 5, p. 

p. 22-36)[4]. At that time Richard's talk was received as a pure science fiction[9], because we 

hadn't the suitable devices to enter the world of these dimensions. 
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"What I want to talk about is the 

problem of manipulating and 

controlling things on a small scale … 

What are the limitations as to how 

small a thing has to be before you can 

no longer mold it? How many times 

when you are working on something 

frustratingly tiny like your wife’s wrist 

watch have you said to yourself, “If I 

could only train an ant to do this!” 

What I would like to suggest is the 

possibility of training an ant to train a 

mite to do this … A friend of mine 

(Albert R. Hibbs) suggests a very interesting possibility for relatively small 

machines. He says that, although it is a very wild idea, it would be interesting in 

surgery if you could swallow the surgeon. You put the mechanical surgeon inside 

the blood vessel and it goes into the heart and “looks” around. It finds out which 

valve is the faulty one and takes a little knife and slices it out" 

In fact, Feynman was not the first scientist addressed this subject. There 

were some practical attempts to enter to the nanoscale; in 1952 L. V. Radushkevich 

and V. M. Lukyanovich got first images of 50 nm diameter carbon nanotubes. 

Next, the achievements have gone up in this field. In 1968, both A. Cho and J. 

Arthur developed the theoretical foundation of the processing surface in 

nanotechnology. 

In 1974, the first shown of term "nanotechnology" in the report (On the basic of 

nanotechnology) by N. Taniguchi. He referred to the occurred processes in objects 
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of size less than 1μm.  In 1981, the scanning tunneling microscope (STM) has been 

developed by G. Binnig and H. Rohrer, which was the most important event in the 

nano(science and technology)'s journey after the Feynman's lecture. 

 

Figure (1-4). the scanning tunneling microscope (STM). 

 

In 1985, R. Curl, H. Kroto and R. Smally discovered a molecule that 

resembles soccer ball and contains 60 carbon atoms, they called it (Fullerene)[11]. 

In 1986, G. Binning, C. Quate and Ch. Gerber invented the atomic force 

microscope (AFM)[12]. In 1987, the French physicist Jean-Marie Lehn introduced 

the notions of “self-organization” and “self-assembly”[11]. 

The quick evolution of nanotechnology and its techniques  is continues, but 

the decade of the 1980s is considered the most important windows, because of the 

emergence of techniques that helped to emerge and which are still the most 

important elements in any research work today. 

 

1.2. Nanotechnology and Nanoscience: 
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Nanotechnology has emanated as a new scientific  growing and rapidly 

changing field[4]. In 1974, This label used in the first time by the Japanese N. 

Taniguchi to refer to the precise and accurate tolerances required for machining 

and finishing materials[8]. But due to the interdisciplinary nature of 

nanotechnology, there are many definitions to characterize this term that made this 

term a squishy term. Some of the works in the field considered the study of the 

micromaterials using the electron microscopes, growing and characterization of 

thin films is nanotechnology. Other, considered Bottom-Up methods in the 

preparation and manufacture of materials, such as self-assembly, biomineralization 

processes to convert the materials to hierarchical structures, delivery of drugs, the 

micro-electrochemical systems (MEMS), lab-on-a-chip and the thin films tests as 

the thin film sensors are also considered nanotechnology. Generally, 

Nanotechnology is design, fabrication and application of nanostructures or 

nanomaterials, and the fundamental understanding of the relationships between 

physical properties or phenomena and material dimensions[3]. Then now, The 

scientists in the world have  the drawing up a working definition during committee 

was formed (the National Nanotechnology Initiative) which  the following defining 

features of nanotechnology were hammered out[13]: " Nanotechnology involves 

research and technology development at the 1nm-to-100nm scale, nanotechnology 

creates and uses structures that have novel properties because of their small size, 

nanotechnology builds on the ability to control or manipulate at the atomic scale", 

or is “the design, characterization, production and application of structures, devices 

and systems by controlling shape and size at nanometer scale”[14]. 

 

Nanotechnology it has led to emergence a new science interested in studying 

the fundamental relationships between physical properties and phenomena and 
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material dimensions in the nanometer scale is called nanoscience. Many science 

contribute in nanoscience, such as physics, chemistry, biology, and quantum 

mechanics[3].  

Both nano - (technology and science) are about the nanomaterials. 

Nanomaterials are classified into several types. Nanomaterials as a term, which are 

substances that have at least one dimension within the nanoscale. Such as quantum 

dots (QDs), nanotubes, nanowires, nanorods, thin Films, and nanostructure 

materials. Many techniques have discovered to the manufacture of nanomaterials.  

These branches have classified to several groups in several ways. We'll be detailed 

in next.  

So, we can define “Nanoscience is the study of phenomena and 

manipulation of materials at atomic, molecular and macromolecular scales”[14]. 

Now, what are nanomaterials? That is what we will address in the next 

chapter. 

 

1.3. Nanomaterials and Nanostructure in Nature: 

During earth's time, lots of structural systems (geological and biological) 

had formed within the nanoscales. There are several biological examples; we'll 

address some of them. 

1.3.1. Ribosome:  

Among the most important biological parts in the living cells is the 

ribosome. It is a highly complex  molecular machine[8], and   made up of RNA is 

called ribosome RNA (rRNA) as well as protein. Size of ribosome be found about 

25 nm [15]. The mean role of the ribosome is the different proteins synthesis [16]. 

Ribosome can be considered as a very accurate and integrated manufacturer of 
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amino acids. The ribosome must identify among 60 possible options a specific 

transfer RNA, a task that demands precision at the nanoscale (Figure.4). In this 

fashion, the ribosome machine can assemble proteins at a frequency of 20 Hz and 

an error rate of 10
−3

. Thus, the ribosomes can manufacture, with an accuracy 

greater than 99.9%, linear strings of amino acids of great length, which then 

produce three-dimensional protein structures[8]. The ribosome structure was 

detected the installation of  using a X-ray crystallography and cryo-electron 

microscopy (cryo-EM)[17]. 

 

Figure (1-5). synthesis of proteins processes in the ribosome. 

 

 

1.3.2. Photosynthesis: 

Currently, photosynthesis would be considered an excellent example of the 

nanostructures role of daily life. Green plant is caused by the millions of 

chloroplasts. Every reaction center which contains on 10000 atoms and 200 

pigments. These pigments are with nanoscale dimensions that sensing photons of 

light and direct them to the photoreaction centers. Furthermore, at every reaction 

center, there are two highly light-sensitive pigments that execute the actual photon 

absorption. There are light-sensitive pigments that execute the actual photon 
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absorption. This process in each plant and green bacteria is accomplished with an 

efficiency of around 95%. The important part in this process is thylakoids [8]. 

Generally, chloroplasts lens-shaped are, 10
–3

μm in diameter and 10
–3

 μm thick[18], 

each chloroplast, contains hundreds of light-sensitive pigments are thylakoids. The 

thylakoid contains on globular particles ( about 9 nm) in diameter, they are 

gathered in a section thicker than 40 nm[19]. 

 

 

Figure (1-6). Structure of a chloroplast[8]. 

 

Within the pigments, electrons become excited when they absorb the energy 

of the sun. This initiates a chain reaction whereby water is dissociated, oxygen and 

hydrogen ions are released, and carbon dioxide is turned into sugar. Although 

difficult to believe, the process of photosynthesis produces approximately 300 

billion tons of sugar per year, a massive industrial operation. 

The challenge in the photosynthesis! "Why the mimicking this configuration 

is still an immense challenge". 

Because of the 10,000 atoms in the reaction center are configured in such a 

way that excited electrons can jump from molecule to molecule without decaying 

to the old orbital. As a result, photosynthesis moves electrons to the outside of the 

thylakoid membrane, leaving positively charged ions inside. In other words, a 
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battery powered by the sun is formed, generated by the membrane potential, which 

is then used to drive chemical reactions[8]. 

 

1.3.3. Abalone and Marine Mollusk Shells: 

Outer shells of the marine mollusk are built of calcium carbonate (CaCO3) 

and proteins, forming layered nanocomposites that are strong and resilient. The 

shells look like a brick (CaCO3) separated by protein as a mortar[20].  

 

 

Figure (1-7). (A) Marine Mollusk Shells image, (B) and (C) Electronic images of the 

structural construction of the shell wall. 

 

The formation of the abalone shell starts with the secretion of proteins, 

which self-assemble into “room walls” with a distribution of negatively charged 

sites. Inside each “room” there is seawater filled with calcium and carbonate ions, 

which are attracted to the walls and eventually form crystals of CaCO3. The end 

result is a shell that exhibits twice the toughness of our best high-tech ceramics. 
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The mean reason behind these outstanding mechanical properties is the 

layered architecture composed of the protein material, with nanoscale thickness, 

and the ceramic calcium carbonate. Under applied stress, any crack in the shell can 

readily propagate through the ceramic material, but it will be deflected on contact 

with the protein material. Therefore, instead of a brittle material in which cracks 

can rapidly move without stopping, the shell of the abalone behaves as a ductile 

material[8]. 

 

1.3.4. The Fixing and Moving Techniques: 

Some animals and insects need to adhere and move on the stones and the 

wickers of plants. Sometimes, they use natural technologies. One of these 

examples is the mussel.  

When the mussel wants to feed or reproduce, make waterproof glue. Viscous 

filaments known (byssus) are extended from animal to solid surfaces. Foamy 

plaques are formed at the end of the byssus on the solid surface ( ~1 𝑚𝑚 in 

diameter[21]) , due to pushing of the proteins’ series through a long vertical 

proteinous groove formed.  

The proteinous mangle self-assemble and harden to form the plaques and 

thread[8] (thread length is 30–40 % of the shell length of each species[22] and 

~100μm in diameter[21]). The mussel then secretes a type of liquid proteins to 

harden strong adhesive, and gluing the plaques to the solid surface. 
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Figure (1-8) (Lift) The mussel fixed itself to feed or reproduce, (Right) a 

waterproof glue of mussel. 

 

The thread exhibits a concentration gradient of various proteins along its 

length, showing a rubbery-type behavior near the mussel and stiffer properties 

close by the plaque. The plaque itself is a solid foam that can easily expand and 

contract during tidal cycles without breaking[8]. This technique is very useful in 

the made up of the rubber glues composites. 

Some lizards can climb on the smooth surfaces due to their keratin hairs that 

covered their feet, each bristle is about 200 nm in diameter, and produces force of 

10−7 𝑁. This very small force creates due to the Van Der Waals interaction,  but 

an extremely strong adhesive force has been created by the assemblage of  half 

million of tiny bristles ( as high as 10 𝑁/𝑚2).  

In addition, these bristles can bend to take the topographic shape of the flat 

surface such as glass. When the angle between the bristle and the surface by the 

enough shift of the foot  change, the connection is broken[8].  

Not lizards have this property, some insects did it too. Hairy attachment 

systems are typical for evolutionary younger and successful insect groups. This 

fact may indicate that such a design of adhesive surfaces must have an advantage 
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for adhesion enhancement not only in biological systems but also in artificial 

surfaces with similar geometry[23].  

These properties instigate some researcher around the world to develop tape 

types based on the gecko adhesive force. On example, the tape is made by of dense 

arrays flexible plastic pillars see figures (1-9) and (1-10).  

 

 

Figure (1-9). Gecko spatulae and a synthetic nanopillared equivalent that can have remarkable 

adhesive qualities. (a) and (b) are images of the real gecko and the remainder are synthetic 

equivalents[8]. 
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Figure (1-10). (A, B) Diagram of the action of hairy and smooth (C, D) pad attachment systems 

on smooth (A, C) and structured (B, D) substrate. Both systems are able to adapt to the surface 

profile. An example of hairy attachment system. (E) the chrysomelid beetle Gastrophysa 

viridula and (F) colored scanning electron microscopy picture of Tarsus of the chrysomelid 

beetle Gastrophysa viridula attached to the smooth  surface[8]. 

 

Several geometrical effects in the adhesion force of the device, such as 

multiple contact formation, the high aspect ratio of single contact structures, 

peeling prevention using spatula-like tips of single contact elements that are 

responsible for the generation of a strong pull-off force in such attachment devices. 

These effects found in the attachment devices of insects are an important source of 

information for further development of biomimetic patterned adhesives. The 

theoretical background pertaining to these physical effects has been intensively 

theoretically discussed in several recent publications, we can explain it next. 


