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J.F. Shackelford, Introduction to Materials Science for Engineers, 

9th Edition 
 

Chapter 2 End of Chapter Problems 

 

Section 2.1  Atomic Structure 
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The gram-atom is Avogadro’s number of atoms of a given 

element. The mole is the corresponding term for a compound. 

For example, a mole of NaCl contains Avogadro’s number of Na 

atoms and Avogadro’s number of Cl atoms. 
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All have two s-shell electrons and two p-shell electrons 

associated with their 4+ valence.  

 

One might also note that, as one goes to higher atomic 

numbers, the shell numbers increase: 

 

Element Atomic Number Outer Shell Electrons 

     C     6   2s and 2p 

     Si   14   3s and 3p 

     Ge   32   4s and 4p 

     Sn   50   5s and 5p 

     Pb   82   6s and 6p 

 

Finally, one can also note that sp3 hybridization corresponds to 

the uniform (tetrahedral) bonding configuration of elements 

such as C and Si.  

 

 

Section 2.2  The Ionic Bond 
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The two electrons in the outer (3s) shell of magnesium are 

transferred to the outer (2p) shell of oxygen. 
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The bonding force is the derivative of bonding energy. The 

bonding force is zero when the bonding energy is a minimum. 

 
 

 
 

 

 

The loss of an electron (or electrons) in forming the cation 

means that the positively charged protons in the nucleus are 

attracting a smaller number of electrons more tightly. 
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The gain of an electron (or electrons) in forming the anion 

means that the positively charged protons in the nucleus are 

attracting a larger number of electrons less tightly. 
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The positively charged cation will attract the negatively 

charged anions equally in all directions, and vice versa. 
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Section 2.3  The Covalent Bond 

 
 

 

 

The cooperative sharing of the bonding electrons is 

concentrated along a line between adjacent nuclei. 

 

 

 

 
 

 

 

The valence electrons in covalent bonding are involved in the 

highly directional sharing between two adjacent nuclei. In 

ionic bonding, the valence electrons are transferred from one 

atom to another, leaving behind a positively charged cation 

and creating a negatively charged anion.  
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Like covalent bonding, the valence electrons in metallic 

bonding are shared among adjacent atoms. Similar to ionic 

bonding, the valence electrons are shared in a nondirectional 

manner.  
 

 
 

 

 

For ionic bonding, the radius ratio of Si4+ to O2- (0.039 

nm/0.132 nm = 0.295) falls within the range associated with 4-

fold coordination (0.225 < r/R < 0.414). For covalent bonding, 

silicon (element 14) exhibits sp3 hybridization, consistent with 

the 4-fold bonding characteristic of group IVA elements.  

 

Section 2.4  The Metallic Bond 
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The delocalized valence electrons correspond to an electron 

“gas.” This mobile electron gas is the basis of the typically high 

electrical conductivity of metals. 
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The ionic radius of a metal cation is smaller than the 

corresponding neutral metal atom’s radius due to the force of 

attraction of the positively charged nucleus to the smaller 

number of electrons in the cation. 
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Section 2.5  The Secondary, or van der Waals, Bond 
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An induced dipole is a distortion of the charge distribution in 

an atom due to the influence of an adjacent atom. A permanent 

dipole is the result of asymmetrical charge distributions in a 

molecule.  
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Upon freezing, the water molecules become aligned. The 

resulting open structure of the frozen state is less dense than 

the random packing of H2O molecules in the liquid state.  
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