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    Materials scientists and engineers have developed a 

set of instruments in order to characterize the structure 

of materials at various length scales. 

 

We can examine and describe the structure of materials 

at five different levels: 

 

1. Atomic structure . 

2. Short- and long-range atomic arrangements . 

3. Nanostructure . 

4. Microstructure . 

5. Macrostructure . 
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Atomic structure : (the nucleus consisting of protons and 

neutrons and the electrons surrounding the nucleus) in order to 

lay a foundation for understanding how atomic structure affects 

the properties, behavior, and resulting applications of engineering 

materials.  

We will see that the structure of atoms affects the types of bonds 

that hold materials together. These different types of bonds 

directly affect the suitability of materials for real-world 

engineering applications. The diameter of atoms typically is 

measured using the angstrom unit (Ao   or  10-10  m) 
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Crystalline materials : That exhibit periodic geometrical arrangements 

of atoms or ions , have short- and long-range atomic arrangements. In 

short-range atomic arrangements,  the atoms or ions show a particular 

order only over relatively short distances (1 to 10 Ao )For  
crystalline  materials, the long-range atomic order is in the form of 

atoms or ions arranged in a three-dimensional pattern that repeats 

over much larger distances (from 10 nm to cm) 
Amorphous materials:  have only short-range atomic arrangements. 

Nanoscience  : the study of materials at the nanometer length Scale.  

Nanotechnology :  is the manipulation and development of devices at 

the nanometer length scale. 

Nanostructure:  is the structure of a material at a length scale of 1 to 

100 nm. 
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The Microstructure : is the structure of  materials at a 

length scale of 100 to 100,000 nm or 0.1 to 100 

micrometers (often written as µm and pronounced as 

icro s ). The microstructure typically refers to features 

such as the grain size of a crystalline material and others 

related to defects in materials. (A grain is a single crystal 

in a material composed of many crystals.) 
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Macrostructure:  is the structure of a material at a 

macroscopic level where the length scale is >100 µm . 

Features that constitute macrostructure include porosity, 

surface coatings, and internal and external micro cracks. 

 

allotropes of carbon: We will see that, although both 

diamond and graphite are made from pure carbon, they 

have different materials properties.  

 

The key to understanding these differences is to 

understand how the atoms are arranged in each 

allotrope. 
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Figure 2.8  The atomic structure of sodium, atomic number 11, showing 

the electrons in the K, L, and M quantum shells 

2: 1 The Structure of the Atom 



2: 1 The Structure of the Atom 

An atom is composed of a nucleus surrounded by electrons. The 

nucleus contains neutrons and positively charged protons and 

carries a net positive charge. The negatively charged electrons are 

held to the nucleus by an electrostatic attraction. The electrical 

charge q carried by each electron and proton is 1.6 X 10 – 19 

coulomb (C). 

 

The atomic number of an element :  is equal to the number of 

protons in each atom. Thus, an iron atom, which contains 26 

protons, has an atomic number of 26 . The atom as a whole is 

electrically neutral because the number of protons and electrons 

are equal. 

Most of the mass of the atom is contained within the nucleus. 

 The mass of each proton and neutron is    1.6 7X 10 – 24   g  
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But the mass of each electron is only 9.11 X 10 – 28 g. 

The atomic mass M, which is equal to the total mass of 

the average number of protons and neutrons in the atom 

in atomic mass units, is also the mass in grams of the 

Avogadro constant NA of atoms.  

The quantity NA = 6.022 X 10 23 atoms/ mol  is the number 

of atoms or molecules in a mole. Therefore, the atomic 

mass has units of g/mol. An alternative unit for atomic 

mass is the atomic mass unit, or amu, which is 1/12 the 

mass of carbon 12 (i.e., the carbon atom with twelve 

nucleons—six protons and six neutrons). 

 As an example, one mole of iron contains 6.022 X 10 23 

atoms and has a mass of 55.847 g, or 55.847 amu.   
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Calculations 

Including a aterial’s atomic mass and the Avogadro 

constant are helpful to understanding more about the 

structure of a material. 

 Example 2-1 illustrates how to calculate the number of 

atoms for silver, a metal and a good electrical conductor.  

Example 2-2 illustrates an application to magnetic 

materials. 
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Figure 2.9  The complete set of quantum numbers for each of the 11 

electrons in sodium 
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