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S3.14	 Calculatel:1/h for CaS04 using tbe Kapustinskii equation? To use the Kapustinskii equation 3.4, you note 
that the number of ions per formula unit, n, is 2, the charge numbers are +2 for calcium ion and -2 for sulfate 
ion, and d = 3.30 A (the C.N. 6 ionic radius for Ca2+ is 1.00 A (see Table 1.5), and the thermochemical radius 
of S042- is 2.30 A (see Table 3.10)) Therefore: 

tiliL = (8/3.30 A)[I- (0.345)/(3.30 A)](1.211'vd mOil) = 2.63 MJ mo[-l 

While this is a large value, it is considerably smaller than I1HL for MgO (another 2+/2- ionic solid), which is 
3.85 MJ mor l This makes sense, because both the cation and anion are smaller in MgO than in CaS04' 

S3.15	 Order of decomposition temperatures for alkaline earth sulfates? The enthalpy change for the reaction 

MS04(s) -; MO(s) + S~(g) 

includes several terms, including the lattice enthalpy for MS04, the lattice enthalpy for MO, and the enthalpy 
change for removing 0 2- from 804

2-, The last of these is constant as you change M2~ from Mgh to 8a2+, but 
the lattice enthalpies change considerably. The lattice enthalpies for MgS04 and MgO are both larger than 
those for BaS04 and BaO, simply because Mi+ is a smaller cation than Ba2 

+ However, the difference 
between the lattice enthalpies for MgS04 and BaS04 is a smaller number than the difference between the 
lattice enthalpies for MgO and BaO (the larger the anion, the less changing the sizc of the cation affects tiliL). 

Thus going from MgS04 to MgO is thermodynamically more favorable than going from BaS04 to BaO, 
because the change in tiliL is greater for the former than for the lattcr. Therefore, magnesium sulfate will have 
the lowest decomposition temperature and barium sulfate the highest and the order will be MgS04 < CaS04 < 
SrS04 < BaS04' 

S3.16	 Which Is more soluble in water NaCl04 or KCI04? You should study Section 3.15(c), Solubility. The most 
important concept to remember is the general rule that compounds that contain ions with widely different radii 
are more soluble in water than compounds containing ions with similar radii. The six-coordinate radii of Na+ 
and K+ are 1,02 and 1.38 A, respectively (see Table 1.5), while the thermochemical radius of the perchlorate 
ion is 2.36 A (see Table 3, I0), Therefore, since the radii ofNa" and CI04- differ more than the radii of K~ and 
CI04-, the salt NaCI04 should be more soluble in water than KCI04. 

S3.17	 Which d-orbi al overlap in metal with primitive cubic structure? The dx2 -y2 and dZ2 have lobes pointing 
along the cell edges to the nearest neighbor metals. See Figure 1,17 for review of the shape of d-orbitals. 

S3.18 p- or n-type semiconductors? (a) V10 S? IHype is expected when a metal is in a high oxidation state such as 
vanadium(V) and is likely to undergo reduction. (b) CoO? p-type is expected when a metal is in a lower 
oxidation state and is likely to undergo oxidation. Recall that upon oxidation, holes are created in the 
conduction band of the metal and the charge carriers are now positive, leading the classification. 

3.1	 Unit ceU parameters In monoclinic crystal system? By consulting Table 3,1 for the monoclinic crystal 
system we have a ¢b ¢c and (3 = 90°, ex ¢ 90°, 'Y ¢90°. See Figure 3.2 for a three-dimensional structure of 
this type of unit cell. 

3.2	 Fractional coordinates for fcc unit cell? Points on the cell comers at (0,0,0), (1,0,0), (0,1,0), (0,0, I), (1,1 ,0), 
(1,0,1), (0,1,1), and (1,1,1) and in the cell faces at (;l2,Y2 0), (;12,1,Y2), (0';/2'y2) (;12,;/2,1), (;l2,1'y2), and (1,;/2,Y2). 
See Figure 3.7 for insight on the projection representation of the fcc unit cell. 

3.3	 Which of the following are close-packed? (a) ABCABC ... ? Any ordering scheme of planes is close
packed if no two adjacent planes have the same position (i.e., if no two planes are in register). When two 
planes are in register, the packing looks like the figure below and to the right, whereas the packing in a close
packed structure allows the atoms of one plane to fit more efficiently into the spaces between the atoms in an 
adjacent plane, like the figure below and to the left, otice that the empty spaces between the atoms in the 
figure to the left are much smaller than in the figure to the right. he efficient packing exhibited by close
packed structures is why, for a given type of atom, close-packed structures are denser than any other possible 
structure. In the case of an ABCABC ". structure, no two adjacent planes are in register, so the ordering 
scheme is close-packed. 
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(b) ABAC ? Once again, no two adjacent planes are in register, so the ordering scheme is close-packed. 

(c) ABBA ? The packing of planes using this sequence will put two B planes next to each other as well as 
two A planes next to each other, so the ordering scheme is not close-packed. 

(d) ABCBC ? No two adjacent planes are in register, so the ordering scheme is close-packed. 

(e) ABABC ? No two adjacent planes are in register, so the ordering scheme is close-packed. 

(I) ABCCB ? The packing of planes using this sequence will put two C planes next to each other, so the 
ordering scheme is not close-packed. 

3.4	 Describe the structure of WC? A solid-state structure is generally described, when appropriate, as a close
packed array of one type of atom or ion with other types of atoms or ions in the interstitial holes between the 
packing spheres. Tungsten atoms are considerably larger than carbon atoms, so in this case it is best to 
envision WC as a close-packed lattice of W atoms with C atoms in interstitial holes. Since the compound has 
the rock-salt structure, the structure is described as a cubic close-packed array of W atoms with C atoms in all 
of the octahedral holes. 

3.5	 Atomic radius for 12 coordinate Cs? By consulting Table 3.3 we note that the relative radii of 12 and 8 
coordination are 1 : 0.97 in the bee lattice. When Cs is in 8-fold coordination, the radius is 272 pm. Multiply 
272 by 1/0.97 to obtain the new 12-coordinate atomic radius equal to 281 pm. 

3.6	 Length of the edge of the unit cell for metaWc sodium (density of 970 kg m-3)? The bee unit cell contains 
2 atoms that weigh together (2 mol Na x 22.99 g/mol)/(6.022 x 1023 almol) g or 7.635 x 10-26 kg. The 
volume of the unit cell is a3. where a is the length of the edge of the unit cell. The density equals mass divided 
by volume or: 

970 kg m-3 
= 7.635 x 10-26 kg 1 a3 with a in m 

a = 4.29 x 10- 10 m or 429 pm 

3.7	 Copper and gold alloy? The composition can be determined by counting atoms in the unit cell shown in 
Figure 3.62. Six face copper atoms times one-half gives 3 Cu atoms per un,it cell and 8 corner gold atoms 
times one-eighth gives one Au per unit cell with overall composition for the alloy of CU3Au. The unit cell 
considering just the Au atoms is primitive cubic. Pure gold, 24 carat, has four gold atoms per fcc unit cell, 
while this alloy has one gold atom per unit cell, so the carat is 6. 

3.8	 Ketelaar's triangle and Sr2Ga? The electronegative difference is 0.86 for Sr and Ga and the mean is 1.38. 
Using Ketelaar's triangle and these values for the y and x axes, respectively, we find that the compound is an 
alloy (not in the Zintl phase region). 

3.9	 Rubidium chloride? (a) Coordination numbers? The rock-salt polymorph of RbCI is based on a ccp array 
of cr ions in which the Rb+ ions occupy all of the octahedral holes. An octahedron has six vertices, so the Rb· 
ions are six-coordinate. Since RbCl is a 1: 1 salt, the cr ions must be six-coordinate as well. The cesium
chloride polymorph is based on a cubic array of CI" ions with Rb+ ions at the unit cell centers. A cube has 
eight vertices, so the Rb+ ions are eight-coordinate, and therefore the cr ions are also eight-coordinate. 

(b) Larger Rb+ radius? If more anions are packed around a given cation, the hole that the cation sits in will 
be larger. You saw an example of this when the radii of tetrahedral (0.225r) and octahedral holes (0.414r) 
were compared (r is the radius of the anion). Therefore, the cubic hole in the cesium-chloride structure is 
larger than the octahedral hole in the rock-salt structure. A larger hole means a longer distance between the 
cation and anion, and hence a larger apparent radius of the cation. Therefore, the apparent radius of rubidium 
is larger when RbCl has the cesium-chloride structure and smaller when RbCI has the rock-salt structure. 
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3.10	 Caesium-chloride structure and Cs+ second-nearest neighbors? The unit cell for this structure is shown in 
Figure 3.30. Each unit cell is surrounded by six equivalent unit cells; each of these unit cells shares a face with 
its six neighbors. Since each of these unit cells contains a Cs+ ion at its center, each Cs+ ion has six second
nearest neighbors that are Cs+ ions, one in the center of each of the six neighboring unit cells. 

3.1 1 Coordination around the anions? In the perovskite structure, there are 2B type cations and 4A type cations 
arranged in a distorted octahedral arrangement around each anion. See Figure 3.38 for more information on 
the perovskite structure. 

3.12	 Structures using radiu ratios? Consult Table 3.6 and Resource Section 1. (a) PU02? P = 0.78, so fluorite; 
(b) Frl? p = 0.94, so CsCI· (c) BeO? p = 0.19, so ZnS; (d) In ? p = 0.46, so NaCJ. 

3.13	 Significant terms in the Born-Haber cycle for CaJNz? The most important terms will involve the lattice 
enthalpies for the di- and the trivalent ions. Also, the bond energy and third electron gain enthalpy for nitrogen 
will be large. See Section 3.1 I for more details. 

3.14	 Lattice enthalpy for MgO? Since the charges on both the anion and the cation are doubled in the Bom
Mayer equation, the lattice enthalpy for MgO will be equal to four times the NaCI value or 3144 k.Jmol- I 

3.15	 Lattice enthalpies? You will need to consult Table 3.10 and Resource Section 1 to solve this problem, 

(a) BkOz? Using r(Bk+) = 97 pm and 1'(02
-) = 128 pm and equation 3.4 we have: 

t,J-h = [(3 x 4 x 2)/(97 + 128)][(1- 34.5)/(97 + 128)J (1.21 MJ mor l
) 

= 00179 x 0.845 x 1.21 x 105 kJ mor' = 10906 kJmor l 

(b) KzSLF6? Using r(K+) = 152 pm and r([SiF6J2
-) = 194 pm and equation 3.4 we have: 

l!J.HL = [(3 x 2)/(152 + 194)] x 0.9 x 1.21 x 105 kJ mor = 1888 k.J mo!-l 

(c) LiCI04? Using r(Li+) = 90 pm and r([CI04] -) = 236 pm and equation 3.4 we have: 

l l!J.HL = [(2 x 1)/(236 + 90)J x 0,895 x 1.21 x 105 kJ mor = 664 kJ mor 

3.16	 Which is more soluble? (a) MgS04 or SrS04? In general, difference in size of the ions favors solubility in 
water. The thermochemical radius of sulfate ion is 2.30 A, while the six-coordinate radii of Mi+ and S?+ are 
0.72 and 1.16 A, respectively. Since the difference in size between g2+ and SO/- is greater than the 
difference in size between Sr2

- and SO/-, MgS04 is predicted to be more soluble in water than SrS04, and this 
is in fact the case: K,p(MgS04) > K,p(SrS04)' 

(b) NaF or NaBF4? This exercise can be answered without refering to tables in the text. The ions Na+ and F 
are isoelectronic, so clearly a+ is smaller than F. It should also be obvious that the radius ofBF4- is larger 
than the radius of F. Therefore, the difference in size between Na~ and BF4- is greater than the difference in 
size between Na+ and F; NaBF4 is more soluble in water than aF. 

3.17	 Order of increasing lattice entha/pies? CsI < RbCI < LiF < CaO < NiO < AIN 
The values of !J.HL are propottional to the product of the charges on ions divided by the sum of their ionic 
radii. So the 3+/3- system will get a x9 multiplier, while the 2+12- will have a x4 on the 1+/1- system. 
Within compounds that have the same charges, the bigger ions lead to larger sums on the radii and smaller 
lattice energies. Considering both of these factors, one can substantiate the trend shown above for increasing 
lattice enthalpies. 

3.18	 Precipitation of carbonate ion in water? Ba2+ is a good choice; recall that the solubilities decrease with 
increasing radius of the cation (see Example 3.16). 


