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 2.4  Give the electron configurations for the following ions: P5+, P3–, and Ni2+. 

 
  Solution 

 The electron configurations for the ions are determined using Table 2.2. 
 

 P5+:  From Table 2.2, the electron configuration for at atom of phosphorus is 1s22s22p63s23p3.  In order to 

become an ion with a plus five charge, it must lose five electrons—in this case the 3s and 3p electrons.  Thus, the 

electron configuration for a P5+ ion is 1s22s22p6. 

 P3-:  From Table 2.2, the electron configuration for at atom of phosphorus is 1s22s22p63s23p3.  In order to 

become an ion with a minus three charge, it must acquire three electrons, which in this case will be added to and fill 

the 3p subshell.  Thus, the electron configuration for a P3- ion is 1s22s22p63s23p6. 

 Ni2+:  From Table 2.2, the electron configuration for at atom of nickel is 1s22s22p63s23p63d84s2.  In order 

to become an ion with a plus two charge, it must lose two electrons—in this case the 4s electrons.  Thus, the 

electron configuration for an Ni2+ ion is 1s22s22p63s23p63d8. 
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 2.9  The net potential energy between two adjacent ions, EN, may be represented by the sum of Equations 

2.8 and 2.9; that is, 

 

 =  + n
A B
r r

−NE  (2.11) 

Calculate the bonding energy E0 in terms of the parameters A, B, and n using the following procedure: 

 1.  Differentiate EN with respect to r, and then set the resulting expression equal to zero, since the curve of 

EN versus r is a minimum at E0. 

 2.  Solve for r in terms of A, B, and n, which yields r0, the equilibrium interionic spacing. 

 3. Determine the expression for E0 by substitution of r0 into Equation 2.11. 

 
  Solution 

 (1)  Differentiation of Equation 2.11 yields 
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nN

BA dd
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 (2)  Now, solving for r (= r0) 
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 (3)  Substitution for r0 into Equation 2.11 and solving for E (= E0) 

 

0
0 0

=  + n
A BE
r r

−  

 



 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted.  Any other reproduction or translation of this work beyond that permitted 
by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

 

1/(1 - ) /(1 - )=  + n n n
A B

A A
nB nB

−
⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 



 

Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted.  Any other reproduction or translation of this work beyond that permitted 
by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

 

 Primary Interatomic Bonds 

 

 2.11  (a) Briefly cite the main differences between ionic, covalent, and metallic bonding. 

 (b)  State the Pauli exclusion principle. 

 
  Solution 

 (a)  The main differences between the various forms of primary bonding are: 

  Ionic--there is electrostatic attraction between oppositely charged ions. 

  Covalent--there is electron sharing between two adjacent atoms such that each atom assumes a 

stable electron configuration. 

  Metallic--the positively charged ion cores are shielded from one another, and also "glued" 

together by the sea of valence electrons. 

 (b)  The Pauli exclusion principle states that each electron state can hold no more than two electrons, which 

must have opposite spins. 
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 2.12  Compute the percentage ionic character of the interatomic bond for each of the following 

compounds: MgO and CdS. 

 
  Solution 

 The percent ionic character is a function of the electron negativities of the ions XA and XB according to 

Equation 2.10.  The electronegativities of the elements are found in Figure 2.7. 

 
 For MgO, XMg = 1.2 and XO = 3.5, and therefore, 

 

    
%IC =  1 −  e(−0.25) (3.5−1.2)2⎡ 

⎣ ⎢ 
⎤ 
⎦ ⎥  ×  100 =  73.4%  

 
 For CdS, XCd = 1.7 and XS = 2.5, and therefore, 

 

    
%IC =  1 −  e(−0.25) (2.5−1.7)2⎡ 

⎣ ⎢ 
⎤ 
⎦ ⎥  ×  100 =  14.8% 
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 2.13  Using Table 2.2, determine the number of covalent bonds that are possible for atoms of the following 

elements: silicon, nitrogen, and neon. 

 
  Solution 

 For silicon, having the valence electron structure 3s23p2, N' = 4; thus, there are 8 – N' = 4 covalent bonds 

per atom. 

 For nitrogen, having the valence electron structure 2s22p3, N' = 5;  thus, there are 8 – N' = 3 covalent 

bonds per atom. 

 For neon, having the valence electron structure 2s22p6, N’ = 8;  thus, there are 8 – N' = 0 covalent bonds 

per atom, which is what we would expect since neon is an inert gas. 
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 2.14  What type(s) of bonding would be expected for each of the following materials: solid xenon, bronze, 

and rubber? 

 
  Solution 

 For solid xenon, the bonding is van der Waals since xenon is an inert gas. 

 For bronze, the bonding is metallic since it is a metal alloy (composed of copper and tin). 

 For rubber, the bonding is covalent with some van der Waals. (Rubber is composed primarily of carbon 

and hydrogen atoms.) 
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 Secondary Bonding or van der Waals Bonding 

 

 2.15  Explain why hydrogen fluoride (HF) has a higher boiling temperature than hydrogen chloride (HCl) 

(19.4 vs. –85°C), even though HF has a lower molecular weight. 

 
  Solution 

 The intermolecular bonding for HF is hydrogen, whereas for HCl, the intermolecular bonding is van der 

Waals.  Since the hydrogen bond is stronger than van der Waals, HF will have a higher melting temperature. 
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 3.6  Using atomic weight, crystal structure, and atomic radius data tabulated inside the front cover, 

compute the theoretical densities of aluminum, nickel, magnesium, and tungsten, and then compare these values 

with the measured densities listed in this same table.  The c/a ratio for magnesium is 1.624. 

 
  Solution 

 Since Al has an FCC crystal structure, n = 4, and VC = 316 2R  (Equation 3.4).  Also, R = 0.143 nm (1.43 

× 10-8 cm) and AAl = 26.98 g/mol.  Employment of Equation 3.5 yields 

 
Al

A
ρ = 

C

nA
V N

 

 

3-8 23

(4 atoms/unit cell)(26.98 g/mol) 

(2) 1.43  10  cm 2 /(unit cell) 6.02  10  atoms/mol( )( ) ( )
=

⎧ ⎫⎪⎡ ⎤ ⎪× ×⎨ ⎬⎢ ⎥⎣ ⎦⎪ ⎪⎩ ⎭

 

 

= 2.71 g/cm3 

 

The value given in the table inside the front cover is 2.71 g/cm3. 

 Nickel also has an FCC crystal structure and therefore 

 

3-8 23

(4 atoms/unit cell)(58.69 g/mol)ρ  
(2) 1.25  10  cm 2 /(unit cell ) 6.02  10  atoms/mol( )( ) ( )

=
⎧ ⎫⎡ ⎤× ×⎨ ⎬⎣ ⎦⎩ ⎭

 

 

= 8.82 g/cm3 

 

The value given in the table is 8.90 g/cm3. 

 

 Magnesium has an HCP crystal structure, and from the solution to Problem W3.4, 

 
23 3 = 

2C
a cV  

 

and, since c = 1.624a and a = 2R = 2(1.60 × 10-8 cm) = 3.20 × 10-8 cm 

 
-8 3

22 33 3 (1.624) 3.20  10  cm
    1.38  10  cm /unit cell

2
( )( )

CV −×
= = ×  
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Also, there are 6 atoms/unit cell for HCP.  Therefore the theoretical density is 

 
Mg

A
ρ = 

C

nA
V N

 

 

-22 3 23
(6 atoms/unit cell)(24.31 g/mol) 

1.38  10  cm /unit cell 6.02  10  atoms/mol( )( )
=

× ×
 

 

= 1.76 g/cm3 

 

The value given in the table is 1.74 g/cm3. 

 

 Tungsten has a BCC crystal structure for which n = 2 and a = 4
3
R  (Equation 3.3); also AW = 183.85 g/mol 

and R  = 0.137 nm.  Therefore, employment of Equation 3.5 leads to 

 

3-8
23

(2 atoms/unit cell)(183.85 g/mol)ρ  
(4) 1.37  10  cm

/(unit cell) 6.02  10  atoms/mol
3

( ) ( )
=

⎧ ⎫⎡ ⎤×⎪ ⎪ ×⎢ ⎥⎨ ⎬
⎢ ⎥⎪ ⎪⎣ ⎦⎩ ⎭

 

 

= 19.3 g/cm3 

 

The value given in the table is 19.3 g/cm3. 
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 3.17  A hypothetical AX type of ceramic material is known to have a density of 2.10 g/cm3 and a unit cell of 

cubic symmetry with a cell edge length of 0.57 nm.  The atomic weights of the A and X elements are 28.5 and 30.0 

g/mol, respectively.  On the basis of this information, which of the following crystal structures is (are) possible for 

this material:  sodium chloride, cesium chloride, or zinc blende?  Justify your choice(s). 

 

  Solution 

 We are asked to specify possible crystal structures for an AX type of ceramic material given its density 

(2.10 g/cm3), that the unit cell has cubic symmetry with edge length of 0.57 nm, and the atomic weights of the A 

and X elements (28.5 and 30.0 g/mol, respectively).  Using Equation 3.6 and solving for n' yields 

 
A

C A

ρ
 + 
CV N

n'
A A

=
∑ ∑

 

 
-8 3 2332.10 g/cm 5.70  10  cm /unit cell 6.02  10  formula units/mol

(30.0 + 28.5) g/mol

( )( ) ( )⎡ ⎤× ×⎣ ⎦=  

 

= 4.00 formula units/unit cell 

 

Of the three possible crystal structures, only sodium chloride and zinc blende have four formula units per unit cell, 

and therefore, are possibilities. 
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 3.26  What are the indices for the direction indicated by the vector in the sketch below? 

 

 
 
  Solution 

 We are asked for the indices of the direction sketched in the figure.  The projection on the x-axis is a/2, 

while projections on the y- and z-axes are 0b and c, respectively.  This is a [102] direction as indicated in the 

summary below. 

 
  x y z 

 Projections a/2 0b c 

 Projections in terms of a, b, and c 1/2 0 1 

 Reduction to integers 1 0 2 

 Enclosure  [102] 
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 3.28  Determine the indices for the directions shown in the following cubic unit cell: 

 

 
 
  Solution 

 Direction A is a [331]  direction, which determination is summarized as follows.  We first of all position 

the origin of the coordinate system at the tail of the direction vector;  then in terms of this new coordinate system 
 
  x y z 

 Projections a b –
3

c  

 Projections in terms of a, b, and c 1 1 – 1

3
 

 Reduction to integers 3 3 –1 
 Enclosure  [331]  
 
 Direction B is a [403]  direction, which determination is summarized as follows.  We first of all position 

the origin of the coordinate system at the tail of the direction vector;  then in terms of this new coordinate system 
 
  x y z 

 Projections – 2

3

a  0b –
2

c  

 Projections in terms of a, b, and c – 2

3
 0 – 1

2
 

 Reduction to integers –4 0 –3 
 Enclosure  [403]  
 
 Direction C is a [361]  direction, which determination is summarized as follows.  We first of all position 

the origin of the coordinate system at the tail of the direction vector;  then in terms of this new coordinate system 
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 3.34  What are the indices for the plane drawn in the sketch below? 

 

 
 
  Solution 

 This is a (211) plane, and determination of its indices is summarized below. 

 
  x y z 

 Intercepts a/2 b c 

 Intercepts in terms of a, b, and c 1/2 1 1 

 Reciprocals of intercepts 2 1 1 

 Enclosure  (211) 
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 3.36  Determine the Miller indices for the planes shown in the following unit cell: 

 

 
 
  Solution 

 For plane A we will leave the origin at the unit cell as shown.  If we extend this plane back into the plane 
of the page, then it is a (111)  plane, as summarized below. 

 
  x y z 

 Intercepts a b – c 

 Intercepts in terms of a, b, and c 1 1 – 1 

 Reciprocals of intercepts 1 1 – 1 

 Reduction  not necessary  
 Enclosure  (111)  

 

[Note:  If we move the origin one unit cell distance parallel to the x axis and then one unit cell distance parallel to 
the y axis, the direction becomes (111) ]. 

 

 For plane B we will leave the origin of the unit cell as shown;  this is a (230) plane, as summarized below. 

 
  x y z 

 Intercepts 
2

a  
3

b  ∞c 

 Intercepts in terms of a, b, and c 1

2
 1

3
 ∞ 

 Reciprocals of intercepts 2 3 0 

 Enclosure  (230) 
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 3.39  Below are shown three different crystallographic planes for a unit cell of some hypothetical metal. 

The circles represent atoms: 

 

 
 

 (a)  To what crystal system does the unit cell belong? 

 (b)  What would this crystal structure be called? 

 (c)  If the density of this metal is 18.91 g/cm3, determine its atomic weight. 
 

  Solution 

 The unit cells constructed below show the three crystallographic planes that were provided in the problem 

statement. 

 

 
 

 (a)  This unit cell belongs to the orthorhombic crystal system since a = 0.25 nm, b = 0.30 nm, c = 0.20 nm, 

and α = β = γ = 90°. 

 (b)  This crystal structure would be called face-centered orthorhombic since the unit cell has orthorhombic 

symmetry, and an atom is located at each of the corners, as well as at each of the face centers. 

 (c)  In order to compute its atomic weight, we employ Equation 3.5, with n = 4;  thus 

 
Aρ

 = CV N
A

n
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3 -24 3 2318.91 g/cm (2.0)(2.5)(3.0)  10  cm /unit cell 6.02  10  atoms/mol

4 atoms/unit cell
( ) ( )( )× ×

=  

 
= 42.7 g/mol 
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 3.50  Figure 3.39 shows an x-ray diffraction pattern for lead taken using a diffractometer and 

monochromatic x-radiation having a wavelength of 0.1542 nm;  each diffraction peak on the pattern has been 

indexed.  Compute the interplanar spacing for each set of planes indexed; also determine the lattice parameter of 

Pb for each of the peaks. 

 
  Solution 

 For each peak, in order to compute the interplanar spacing and the lattice parameter we must employ 

Equations 3.15 and 3.14, respectively.  The first peak of Figure 3.39, which results from diffraction by the (111) set 

of planes, occurs at 2θ = 31.3°;  the corresponding interplanar spacing for this set of planes, using Equation 3.14, is 

equal to 

 

111
(1)(0.1542 nm) = =  = 0.2858 nm

31.32 sin θ (2) sin 
2

nd λ
°⎛ ⎞

⎜ ⎟
⎝ ⎠

 

 

And, from Equation 3.15, the lattice parameter a is determined as 

 
2 2 2 2 2 2

111 = ( )  + ( )  + ( )  = (1)  + (1)  + (1)hkla d h k l d  

 
= (0.2858  nm) 3= 0.4950  nm  

 

Similar computations are made for four of the other peaks which results are tabulated below: 

 
 Peak Index 2θ dhkl(nm) a (nm) 

 200 36.6 0.2455 0.4910 

 220 52.6 0.1740 0.4921 

 311 62.5 0.1486 0.4929 

 222 65.5 0.1425 0.4936 
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CHAPTER 4 

 

STRUCTURES OF POLYMERS 

 

PROBLEM SOLUTIONS 

 

 

 Molecular Weight 

 

 4.1  Compute mer molecular weight for (a) poly (methyl methacrylate). And (b) poly(ethylene 

terephthalate). 

 
  Solution 

 (a)  For poly(methyl methacrylate), from Table 4.3,  each repeat unit has five carbons, eight hydrogens, and 

two oxygens. Thus, 

 
m = 5(AC) + 8(AH) + 2(AO) 

 

= (5)(12.01 g/mol) + (8)(1.008 g/mol) + (2)(16.00 g/mol) = 100.11 g/mol 

 

 (b)  For poly(ethylene terephthalate), from Table 4.3, each repeat unit has ten carbons, eight hydrogens, 

and four oxygens.  Thus, 
 

m = 10(AC) + 8(AH) + 4(AO) 

 

= (10)(12.01 g/mol) + (8)(1.008 g/mol) + (4)(16.00 g/mol) = 192.16 g/mol 
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 4.3  Below, molecular weight data for a polypropylene material are tabulated. Compute (a) the number-

average molecular weight, (b) the weight-average molecular weight, (c) the number-average degree of polymerization, 

and (d) the weight-average degree of polymerization. 

 

 
 Molecular Weight  
 Range (g/mol) xi wi 

 
   8,000–16,000 0.05 0.03 

 16,000–24,000 0.16 0.08 

 24,000–32,000 0.43 0.21 

 32,000–40,000 0.32 0.30 

 40,000–48,000 0.19 0.28 

 48,000–56,000 0.05 0.10 

  

 
  Solution 

 (a)  From the tabulated data, we are asked to compute ,nM  the number-average molecular weight. 

 

 Molecular wt 
 Range Mean Mi xi xiMi 

   8,000–16,000 12,000 0.05 600 

 16,000–24,000 20,000 0.16 3200 

 24,000–32,000 28,000 0.23 6440 

 32,000–40,000 36,000 0.32 11,520 

 40,000–48,000 44,000 0.19 8360 

 48,000–56,000 52,000 0.05 2600 

    ____________________________ 
    = = 32,720 g/moln i iM x M∑  
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 (b)  From the tabulated data, we are asked to compute ,wM  the weight-average molecular weight. 

 

 Molecular wt. 
 Range Mean Mi wi wiMi 

   8,000–16,000 12,000 0.03 360 

 16,000–24,000 20,000 0.08 1600 

 24,000–32,000 28,000 0.21 5880 

 32,000–40,000 36,000 0.30 10,800 

 40,000–48,000 44,000 0.28 12,320 

 48,000–56,000 52,000 0.10 5200 

    ___________________________ 
    = = 36,160 g/molw i iM w M∑  

 

 (c)  Now we are asked to compute the degree of polymerization, which is possible using Equation 4.6.  For 

polypropylene, the repeat unit molecular weight is just 

 
m = 3(AC) + 6(AH) 

 

= (3)(12.01 g/mol) + (6)(1.008 g/mol) = 42.08 g/mol 

 

And 
32,720 g/mol= = = 777.6
42.08 g/mol

nM
DP

m
 

 

 (d) 
36,160 g/mol= = = 859.3
42.08 g/mol

wM
DP

m
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 Thermoplastic and Thermosetting Polymers 

 

 4.7  Make comparisons of thermoplastic and thermosetting polymers (a) on the basis of mechanical 

characteristics upon heating, and (b) according to possible molecular structures. 

 
  Solution 

 (a)  Thermoplastic polymers soften when heated and harden when cooled, whereas thermosetting polymers, 

harden upon heating, while further heating will not lead to softening. 

 (b)  Thermoplastic polymers have linear and branched structures, while for thermosetting polymers, the 

structures will normally be network or crosslinked. 
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 Polymer Crystallinity 
 (Molecular Structure) 

 

 4.11  Explain briefly why the tendency of a polymer to crystallize decreases with increasing molecular 

weight. 

 

  Solution 

 The tendency of a polymer to crystallize decreases with increasing molecular weight because as the chains 

become longer it is more difficult for all regions along adjacent chains to align so as to produce the ordered atomic 

array. 
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 4.12  For each of the following pairs of polymers, do the following:  (1) state whether or not it is possible 

to determine whether one polymer is more likely to crystallize than the other;  (2) if it is possible, note which is the 

more likely and then cite reason(s) for your choice;  and (3) if it is not possible to decide, then state why. 

 (a)  Linear and syndiotactic polypropylene; crosslinked cis-isoprene. 

 (b)  Block poly(acrylonitrile-isoprene) copolymer; graft poly(chloroprene-isobutylene) copolymer. 

 
  Solution 

 (a) Yes, it is possible to decide for these two copolymers.  The linear and syndiotactic polypropylene is 

more likely to crystallize than crosslinked cis-isoprene since linear polymers are more likely to crystallize than 

crosslinked ones. 

 (b)  Yes, it is possible to decide for these two copolymers.  The block poly(acrylonitrile-isoprene) 

copolymer is more likely to crystallize than the graft poly(chloroprene-isobutylene) copolymer.  Block copolymers 

crystallize more easily than graft ones. 




