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PERTEMUAN 1 

Clasification of Nanostructures 

1.1 Pendahuluan 

Pokok bahasan materi dalam pertemuan 1 terdiri dari: 

a. Gleiter's classification of nanostructured materials Fuels 

b. Classification of nanostructures by dimensionality  

c. Concept of “surface form engineering” in nanomaterial science 

1.2 Tujuan Instruksional Umum 

Setelah mempelajari pokok bahasan materi 1, mahasiswa mampu memahami 

Gleiter's classification of nanostructured materials Fuels,Classification of 

nanostructures by dimensionality, Concept of “surface form engineering” in 

nanomaterial science 

1.3 Tujuan Instruksional Khusus 

Setelah mempelajari pokok bahasan materi 1, mahasiswa mampu menjelaskan 

Gleiter's classification of nanostructured materials Fuels,Classification of 

nanostructures by dimensionality, Concept of “surface form engineering” in 

nanomaterial science 

1.4 Skenario Pembelajaran 

a. Dosen menjelaskan silabus kuliah, aturan kuliah, dan sistem penilaian 

b. Dosen menjelaskan materi kuliah 

c. Diskusi dan tanya jawab dengan mahasiswa 

d. Pembagian kelompok 

e. Evaluasi pencapaian belajar 
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1.5 Ringkasan Materi: 

1.5.1 Gleiter's classification of nanostructured materials 
 

The materials and/or devices sintered by means of the controlled 

manipulation of their microstructure on the atomic level may be divided 

into three categories. 

The first category comprises materials and/or devices with reduced 

dimensions and/or dimensionality in the form of isolated, substrate-

supported or embedded nanometer -sized particles, thin wires or thin 

films. The techniques that are most frequently used to produce this type of 

microstructure are chemical vapor deposition (CVD), physical vapor 

deposition (PVD), various aerosol techniques, and precipitation from the 

vapor, supersaturated liquids or solids. Well-known examples of 

technological applications of materials the properties of which depend on 

this type of microstructure are catalysts and semiconductor devices 

utilizing single or multilayer quantum well structures. 

The third category comprises bulk solids with a nanometer-scale 

microstructure. Those are solids in which the chemical composition, the 

atomic arrangement and/or the size of the building blocks (e.g. crystallites or 

atomic/molecular groups) forming the solid varies on a length scale of a few 

nanometers throughout the bulk. 

One of the basic results of the materials science is the insight that most 

properties of solids depend on the microstructure. A reduction in the spatial 

dimension, or confine-ment of particles or quasi-particles in a particular 
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crystallographic direction within a structure generally leads to changes in 

physical properties of the system in that direction. Hence the another 

classification of nanostructured materials and systems essentially depends 

on the number of dimensions which lie within the nanometer range: 

(a) 3D-systems confined in three dimensions, e.g. structures typically 

composed of consolidated equiaxed crystallites; (b) 2D-systems confined in 

two dimensions, e.g. filamentary structures where the length is substantially 

greater than the cross-sectional dimensions; (c) 1D-systems confined in one 

dimension, e.g. layered or laminate structures; (d) 0D-zero-dimensional 

structures, e.g. nano-pores and nano-particles, Fig. 3. 

 

 

 

 

 

 

 

 

 Fig. 1 Schematic classification of nano – materials: (a) three – dimensional 

structures; (b) two – dimensional; (c) one – dimensional; and (d) zero – dimensional 

structures. 
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The most well- known example of the correlation between the atomic 

structure and the properties of a bulk material is probably the 

spectacular variation in the hardness of carbon when it transforms from 

diamond to graphite. Comparable variations have been noted if the 

atomic structure of a solid deviates far from equilibrium or if its size is 

reduced to a few interatomic spacing. An example of the latter case is 

the change in color of CdS crystals if their size is reduced to a few 

nano-meters. 

Three -dimensional structures or bulk materials with a nanometer-

sized micro-structure are assembled of nanometer-sized building blocks 

or grains that are mostly crystallites. The schematic model of the 

nanostructured material is shown in Fig. 4. 

These building blocks may differ in their atomic structure, their 

crystallographic orientation and/or their chemical composition. If the 

building blocks are crystallites, incoherent or coherent interfaces may be 

formed between them, depending on the atomic structure, the 

crystallographic orientation and/or the chemical composition of adjacent 

crystallites. In other words, materials assembled of nanometer-sized 

building blocks are microstructurally heterogeneous consisting of the 

building blocks (e.g. crystallites) and the regions between adjacent 

building blocks (e.g. grain boundaries). It is this inherently 

heterogeneous structure on a nanometer scale that is crucial for many 

of their properties and distinguishes them from glasses, gels, etc. that 

are micro-structurally homogeneous. 
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Fig. 2. Schematic model of a nanostructured material (adapted from Gleiter H., 

Acta Mater., 2000, vol. 48). 

 

dimensional materials comprising building units of a submicron or 

nanoscale size at least in one direction and exhibiting size effects. 

Development of any science needs in classifi-cation. First classification 

scheme of NSMs was proposed by H. Gleiter in 1995 and further was 

extended by V.Pokropivny and V. Skorokhod in 2005. In recent years 

the hundreds of new NSMs and abundance of novel nanostructures 

(NSs) have been obtained so the need in their classification is ripen. 

Crystalline forms and chemical composition was assumed by Gleiter as 

a basis of a classification scheme of NSMs where both intercrystalline 

grain boundaries and crystallites were regarded as building blocks (fig. 

5). However this scheme seems to be incomplete because of zero- and 

one-dimensional (0D, 1D) structures such as fullerenes and nanotubes 

were not considered. Therefore in this scheme there are actually 3 

classes and 4 types in each of them rather than 12 classes. 
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Fig. 3. Gleiter's classification schema for NSM according to their chemical 

composition and the dimensionality (shape) of the crystallites (structural 

elements) forming the NSM. 

 

Under a nanostructure we understand the structure the one size of which 

d at least is less or equal to a critical one d*, d ≤ d* ≈ 10
2
 nm. The value of 

d* have not certain meanings because it is dictated by a critical 

characteristic of some physical phenomena (free path length of electrons, 

phonons, length of de Broglie wave, length of external electromagnetic 

and acoustical waves, correlation length, penetration length, diffusion 

length, etc.) giving rise to the size effects. 

We constitute our classification of NSs on their dimensionality. It may 

be one of the four, namely, 0D, 1D, 2D or 3D. All NSs can be build from 

elementary units (blocks) having low dimensionality 0D, 1D, and 2D. 

The 3D units are excluded because they. 
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1.5.2  Classification of nanostructures by dimensionality 
 

Nanostructures (NSs) should be separated from NSMs because the 

former (NSs) are characterized by a form and dimensionality while the 

last (NSMs) by a composition in addition. Hence NSs should be 

classified accurately upon one of these sign, namely, dimensionality, as 

being the general natural attribute, integrated a size and shape or form. 

Abundance of forms for bulk 3D materials is infinite. Under transition into 

nanoworld an atomic difference between some shapes can be neglected 

regarding these forms as the same due to their low dimension. Hence 

one can conclude that a number of NS-classes becomes to be finite. This 

brings up the problem of modern NSs classification. 
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Fig. 4. Dimensionality classification of nanostructures. 

All kinds of NSs known in the literature belong to one of these 
classes. However some of classes still remain to be poor 
demonstrated although there is the predictive ability of the 
suggested classification. On this basis the combined 
classification of NSMs can be further developed with account of 
the secondry signs, in particular, the type and composition of 
materials, such as polymers, metals, dielectrics, 
semiconductors, ceramics (carbides, nitrides, borides, oxides, 
etc.), cermets, e 
 

1.5.3 Concept of “surface form engineering” in nanomaterial science 
 

     Concept of a “grain boundary engineering” is appereant from 

Gleiter's classification stated that the properties of NSMs strongly 

depend on the grain boundaries. In a similar manner the new concept 

of a “surface form engineering” follows from the classification 
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