
6 Ionic Compounds: Periodic Trends

and Bonding Theory

(a) Rali [Rn] (b) N12' [Ar] 3๙6 1 (c) Ν3- [Ne]

(b) 1ا4ب , Ca2', and Cl" are isoelectronic. They all have the electron configuration of Ar.
(c) Na', Mg2'١ and Al3٠ are isoelectronic. They all have the electron configuration of Ne.

6.2

6.3 As the positive charge of an element increases, Zeff increases and the size decreases. Fe is
larger than both Fe2' and Fe3'.

K', Ca2٠, and Cl. are isoelectronic. The Zgff for Ca2' > K. > CF.
In terms of size. Cl. > K. > Ca2'. Cl" is yellow, K' is green, and Ca2٠ is red.

6.4

Ionization energy geirerally increases fiom left to right across a row of the periodic table
and decreases ftom top to bottom down a group. Rb<Se<0

6.5

6.6 (c)<(b)<(a)<(d)

Be 1ร22ร2؛ c Is22s22p2; N Is22s22p3

Be would have the larger third ionization energy because this electroir would come from
the Is orbital.

6.7

The first 3 electrons are relatively easy to remove compared to tire fourth and fifth
electrons. The atom Is Al.

6.8

Ge Is22s22p٥3s23p٥4s23d٠٥4p2
As 1 ร2 2ร2 2p٥ 3ร2 3p٥ 4ร2 3d4 ٥؛ p3
Br Is22s22p٥3s23p٥4s23d١٥4p5
As has the least favorable Eea because you are adding an electron to a half filled set of 4p
orbitals, pairing one pair of electrons and increasing repulsion. Br has the most favorable
E٥a because on adding an electron you are achieving an inert gas configuration. Adding an
electron to Ge goes into an empty 4p orbital which is favorable (but not as fovorable as
Br) and Eea for Ge is between that for As and Br.
least favorable As < Ge < Br most favorable.

6.9

6.10 The least favorable Eea is for Kr (red) because it is a noble gas with a filled set of 4p
orbitals. The most favorable Eea is for Ge (blue) because the 4p orbitals would become
half filled. In addition, Zgff is larger for Ge than it is for K (green).

Sr in ЗгСОз is sf., Is2 2s2 2p٥3s2 3p٥4s23d٥4؛ p6.11
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6.12 Group 6Α elements will gain 2 electrons. The ion charge will be 2_.

6.13 Mg(s)-Mg(g)
Mg(g)^Mg4g) + e"
Mg٠(g)^Mg2٠(g) + e_
F2(g)^2F(g)
[e_-F-(g)؛F(g)؛2
Mg2'(g)t2F_(g)-MgF2(s)^

Sum=-1119 kJ/mo!forMg(s) + F2(g)

147.7 kJ/molا
+737.7 kJ/mol

.1450.7 kJ/mol
.158 kJ/mol

2(-328) kJZmol
kJZmol

MgF2(s)

6.14 Li(s)^Li(g)
Li(s)^Li(g)te-
^tCİ2(g)^2Cl(g)]
Cl(g) ٠ e- ^ Cl-(g)
Li'(g)tCl-(g)^LiCl(s)

+161 kJ/mol
.520 kJ/mol
+243/2 kJ/mol
-349 kJ/mol
-U kJ/mol

Sum= -409 kJ/mol for Li(s) t  2ا؛ Cİ2(g) + LiCl(s)
electrostatic attraction = -U = - 409 - 161 - 520  - 243/2 ٠ 349 = -863 kJZmol

Sr, Си and Mg are 2٠ cations. Cs is a large 1( cation. I is a large 1-anion. F is a small
1-anion. 0 is a small 2- anion. Mg2٠ is smaller than either Sr.2 or Cu2٠. Smaller ions
with higher charges result in larger lattice energies. MgO has the largest lattice energy of
the group.

15

The anions are larger than the cations. Cl_ is larger than 02- because it is below it in the
periodic table. Tlrerefore, (a) is NaCl and (b) is MgO. Because of the higher ion charge
and shorter cation-anion distance, MgO Iras the larger lattice energy.

6.16

6.17 (a),(c)and(d)

In ionic liquids the cation has an irregular shape and one or both of the ions are large and
bulky to disperse charges over a large volume. Both factors minimize the crystal lattice
energy, making tire solid less stable and favoring the liquid.

6.18

(a) Iodide ions are larger than bromide ions. Tetraheptylanmroirium bromide corresponds
to picture (ii) and tetraheptylammonium iodide corresponds to picture (!).
(b) Tetralreptylammonium bromide has the larger lattice energy because bromide ions are
smaller than iodide ions,
(c) Tetraheptylammonium bromide has melting point of 88 ٥c and tetraheptylanrmonium
iodide has a melting point of 39 ٥c.

6.19

6.20 (a) F.., Is2 2s2 2p٥
Se2_, Is22s22p٥3s23p٥4s23d'٥4p

Br",’ lS223^22؛s23p٥4s23d٠٥4p
(b) F" and 0تل are isoelectronic; Se2- and Br" are isoelectronic.
(c) The larger Br_.

6

6

٥ ال٠ص
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Conceptual Problems

6.21
3+

(a) Al
(b) cr.
(c) รท2٠
(d) Ag'

a
b

d

6.22 The first sphere gets larger on going fiom reactant to product. This is consistent with it
being a nonmetal gaining an electron and becoming an anion. The second sphere gets
smaller on going from reactant to product. This is consistent with it being a metal losing
an electron and becoming a cation.

6.23 (c)
؛1

Í
(a)&(b)

6.24 Ca (red) would have the largest third ionization energy of the three because the electron
being removed is from a filled valeirce shell. For Al (green) and Kr (blue), the electron
being removed is from a partially fi lled valence shell. The tliird ionization energy for Kr
would be larger than that for Al because the electron being removed from Kr is coming
out of a 4p orbital while the electron being removed fi'om Al makes Al isoelectronic with
Ne. In addition, Zeff is larger for Kr than for Al. The ease of losing its third electron is
Al<Kr<Ca.

The first 2 electrons are relatively easy to remove compared to the third and fourth
electron. The atom is Mg.

6.25

6.26 (a) MgS04 (b) Tİ2C٥3 (c) FeCl4 (d) Саз(Р04):2

6.27 (a) shows an extended array, which represents an ionic compound,
(b) shows discrete units, which represent a covalent compound.

6.28 (a)I (b) Na (c) NaCl (d) Cl2 2

6.29 (c) has the largest lattice energy because the cliarges ai'e closest together,
(a) has the smallest lattice energy because the charges are farthest apart.
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All the Ions in both drawings are singly charged, so only the size of the ions is important.

The ions in drawing (b) are smaller and closer together, so (b) has the lager lattice

energy.

6.30

Green, CBr^؛ Blue, 8гр2؛ Red, PbS or PbS:6.31

6.32

Cl(g) + e-٠Cl-(g)
- -348.6 kj/molLi(g) » Li. + e_

520kJ/mol

1/2 Cİ2(g)٠Cl(g)
lŽ2kJ/mol

Li٠(g) + Cl-(g)٠LiCl(s)
-853 kJ/molLi(s)٠Li(g)

159.4kJ/mol

Li(s)+ 1/2 ٥2(g)٠LiCl(s)
-400 kJ/mol

6.33 0{g) + e-^0-(g) -141 W/mol

)ج(-؛٠»-جا)ج(-0
745 kJ/mol

Ca*ig)jCa2ệ(g) + e
1145 kJ/mol

Ca2i{g) + 02-(g)^CaO(s)
-3401 kJ/mol

590 kJ/mol

I

498/2 = 249kJ,íuol اج(ذ٠؛)ة(٠٠
Ca(s)J>Ca(g) 178 kJ/mol

1
(.'.(Í)t ذهؤ)ج) » CaO(s)

-635 kJ/m٠l
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Section Problems

Electron Configuration of Ions (Section 6.1)

6.34 A covalent bond results when two atoms share several (usually two) of their electrons.
An ionic bond results from a complete transfer of one or more electrons from one atom to
another.

6.35 (a) and (d), covalent؛ (b) and (c), ionic

6.36 A molecule is the rmit of matter tlrat results when two or more atoms are joined by
covalent bonds. An ion results when an atom gains or loses electrons.

6.37 (a), (b), and (d), ions; (c), molecule

6.38 (a) Be2٠, 4 protons and 2 electrons
(c) Se2-١ 34 protons and 36 electrons

(b) Rb٠, 37 protons and 36 electrons
(d) АцЗ., 79 protons and 76 electrons

6.39 (a) A 2t cation that has 36 electrons must have 38 protons. X = Sr.
(b) A 1- anion that has 36 electrons must have 35 protons. X = Br.

3٠ in
Kr)5s2 4d ؛,c) รท2٠)

10
(b) Ag',6.40 (a) La [Xe] [Kr] 4d

rK[ 6.41,_؛ (a) Se2 (b) Ν3-, [Ne]

6.42 Ca2٠, [Ar]؛ Τ12٠, [Ar] 3d2

6.43 Z = 30, Zn

The neutral atom contains 12 e- and is Mg. The ion is Mg2'.6.44

4d3, МоЗ [Kr] 6.45؛' [Kr] 5s2 4d2, Zr

6.46 Сг2٠ 4 1 1 1 1[Ar] 3d
3d

٥ 11 1 1 1 1Fe2٠ [Ar] 3d
3d

3 56.47 Fe [Ar] 3d
3d

Ionic Radii (Section 6.2)

6.48 (a) ร2-؛ decrease in effective nuclear charge and an increase in electron-electron
repulsions leads to the anion being larger,
(b) Ca; in Ca2' electrons are removed from a larger valence sliell and there is an increase
in effective nuclear charge leading to the smaller cation.
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(c) ๐2"; decrease in effective nuclear charge and an increase in electron-electron
repulsions leads to ๐2" being larger.

(a) Rb؛ in Rb؛ the electron is removed from a larger valence shell and there is an increase
in effective nuclear charge leading to the smaller cation,
(b) N^-; decrease in effective nuclear charge and an Increase in electron-electron
repulsions leads to the anion being larger,
(c) Cr^.؛ in Cr٥' electrons are removed from a larger valence shell and there is an increase
in effective nuclear charge leading to Cr٥f being the smaller cation.

6.49

<'Se2_, Br", and Rb' are isoelectronic. TheZgffforSr2 ,.توة 6.50  Rb.'> Br"> Se2_. The
smallest ion has the largest Zgff.
Ions arranged from smallest to largest are Sr2' < Rh'< Br٠< Se2_ .

6.51 Mg2', 02-, F", andNa. ae isoelectronic. TheZgffforMg2'> Na. > F"> Q2-. The
smallest ion has the largest z
Ions arranged from smallest to largest are Mg2٠ < Na. < F"< 02-.

6.52 Си. has more electrons than 0น2+and a lower Zfiff؛ therefore cu has the larger ionic
radius.

eff-

Fe2٠ has more electrons than Fe^' and a lower Zgff؛ therefore Fe2٠ has the larger ionic
radius.

6.53

S2->Ca2(>Sc3٠>T^., z increases on going from ร2_10 Ti^'.6.54 eff

02-and

configuration. Se2- and Rb' are largei- than both Q2- and p-. Se2- (atomic # = 34) has a
lower Zgffthan Rb؛ (atomic # = 37), therefore, Se2- has the the largest radius.

Ionization Energy (Section 6.3)

The largest Ej] are found in Group 8Α because of the largest values of Zgff.
The smallest Ε،١ are found in Group lA because of the smallest values of z

Fr would have the smallest ionization energy, and He would have the largest.

have a ^e] electron configuration. Se؛- and Rb' have a [Kr] electronةة.ة

eff-

า؛.6

6.58 fJsiirg Figure 6.4 as a reference:
Lowest E, Highest Eji1

(a) K Li

(b) B Cl
Ca(c) Cl

6.59 flsing Figure 6.4 as a reference:
Na < I < p

Sr < Mg < p
Cs < Ca < Se

(a)
(b)
(c)
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Higher Ionization Energies (Section 6.4)

6.60 (a) K (Ai] 4s)

Ca has the smaller second ionization energy because it is easier to remove the second 4s
valence electron in Ca than it is to remove the second electron in K from the filled 3p orbitals.
(b)Ca (Ar]4s

Ca has the larger third ionization energy because it is juore difficult to remove the third
electron in Ca from the filled 3p orbitals than it is to remove the third electron (second 4s
valence electron) from Ga.

[Ar]4s2Ca

[Ar]4s2 3d'٥4p١Ga

6.61 Sn has a smaller fourth ionization energy than Sb because of a smaller z
Br has a larger sixth ionization energy than Se because of a larger z

(a) ls2 2s2 2p٥3s2 3p3isP (b) ls2 2s2 2p٥3s2 3p٥isAr (c) Is2 2s2 2p٥3s2 3p٥4s2 is Ca
Al' has the highest Ε2؛ ٠ Ar has a higher Zeffthan p. The 4s electrons in Ca are easier to
remove than any 3p electrons.
Ar has the lowest Ε7؛ ٠ It is difficult to remove 3p electrons fiom Ca, and it is difficult to
remove 2p electrons from p.

eff"

eff-

6.62

6.63 (b) Cl has the highest Ej| and smallest E14'

6.64 The likely second row element is boron because it has three valence electrons. The large
fourth Ionization energy is from an inner shell Is electron.

6.65 The likely second row element is beryllium because it has two valence electrons. The
large third and fourth ionization energies are from inner shell Is electrons.

Electron Affinity (Section 6.5)

6.66 The relationship between the electron affinity of  a univalent cation and the ionization
energy of the neutral atom is that they have the same magnitude but opposite signs.

The relationship between the ionization energy of  a univalent anion and the electron
affinity of the neutral atom is that they have the same magnitude but opposite signs.

Na' has a more negative electron affinity than either Na or Cl because of its positive charge.

6.67

6.68

6.69 Br would have a more negative electron affinity than Br_ because Br_ has no room in its
valence shell for an additional electron.

6.70 Energy is usually released when an electron is added to a neutral atom but absorbed when
an electron is removed from a neutral atom because of the positive z,

Eji increases steadily across the periodic table fronr Group lA to Group 8Α because
electrons are being removed from tire same shell aird Zi is increasing. The electron
affinity increases irregularly from lA to 7Α aird then falls dramatically for Group 8Α
because the additional electron goes into the next higher shell.

'eff-

6.71
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The electron-electron repulsion is large and z؛ff is low.6.72

The 3p orbitals in p are halTTilled. The electron affinity for Si is more negative because
the added electron is going into air empty 3p orbital. The electron affinity for s is more
negative because of a higher z.'eff'

6.73

Octet Rule (Section 6.6)

(c) [Ar],S2-6.74 (a) [Ne],N3- _Kr),Br ؛)d((b) [Ar],ca
2٠3٠

(b) [Ne], ๐2- (d) [Ar],Ca(c) [Ne], Al6.75 (a) [Xe],I_

(a) Mg2٠ and Cl", MgClz, magnesium chloride
(b) Ca؛' and ๐2] CaO, calcium oxide
(c) T1' and N^-, Lİ3N, lithium nitride
(d) Al^' and 02-, ΑΙ2Ο3, aluminum oxide

6.76

(a) Na'- and r, Nal, sodium iodide
(b) K. and ร2-, KS, potassium sulfide
(c) Ti. and Ν2-, Tİ3N, lithium nitride
(d) Ba2' and p-, BaFj, baium fluoride

.ة٦٦

(a) Because X reacts by losing electrons, it is likely to be a metal,
(b) Because Y reacts by gaining electrons, it is likely to be a nonmetal,
(c) Χ2Υ3
(d) X is likely to be in group ЗА and is likely to be in group 6Α.

6.78

(a) Because X reacts by losing electrons, it is likely to be a metal,
(b) Because Y reacts by gaining electrons, it is likely to be a nonmetal,
(c) ΧΥ2
(d) X is likely to be in group 2Α and Y is likely to be in group 7Α,

6.79

Formation of Ionic Compounds (Section 6.7)

LlLT + e-
Br + e-^Bť

+520kJ/mol
-325 kJ/mol

6.80

+195 kJZmol
The total energy = .195 kj/mol, wlrich is imfavorable because it is positive.

The total energy = (376 kj/mol) t (-349 kJ/mol) = .27 kJ/mol, which is unfavorable
because it is positive.

6.81

+159.4kJ/mol
.520 kJ/mol
+15.4 kJ/mol
+112 kJ/mol

6.82 Ti(s)^Ti(g)
Tl(s)hi(g) + e-
'А[Вг2(1)-Вгз(ё)]
'Z[Br3(g)-2Br(g)]
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ダニ

Br(9)+e-→Br~(9)

Li+(9)+Br~(9)→LiBr(s)

ｌ

ｌ

Ｏ

０

ｍ
ｍ

ノ

ー

Ｊ

Ｊ

ｋ

ｋ

５

７

２

０

３

８

一

一

Sum=-325kJ/molfbrLi(s)+I/iBr2(1)→LiBr(s)

+159.4kJ/mol

+520kJ/mol

+79 kJ/mol

-328 kJ/mol

-1036 kJ/mol

(a)Li(s)→Li(9)

Li(9)→Li+(9)+e-

I/i[F2(9)→2F(9)]

F(9)+e~ >F~(9)

Li+(9)+F-(9)→LiF(s)

6.83

Sum=-606kJ/molfbrLi(s)+MF2(9)→LiF(s)

+178.2kJ/mol

+589.8kJ/mol

+1145 kJ/mol

+158 kJ/mol

2(-328)kJ/mol
-2630kJ/mol

(b)Ca(s)→Ca(9)

Ca(9)→Ca+(9)+e-
Ca+(9)→Ca2+(9)+e-
F2(9)→2F(9)

2[F(9)+e-→F~(9)]

Ca"(9)+2F-→CaF2(s)
Sum=-1215 kJ/molfbrCa(s)+F2(9)→CaF2(s)

6.84 Na(s)→Na(9)

Na(9)→Na+(9)+e-

%[H2(9)→2H(9)]

H(9)+e-→H~(9)

Na+(9)+H-(9)→NaH(s)

+107.3kJ/mol

+495.8kJ/mo1

l/f(+435.9)kJ/mo1
-72.8kJ/mol

-U

へ

Sum=-60kJ/molfbrNa(s)+l'fH2(9)→NaH(s)

-U=-60－107.3-495．8-435．9/2+72．8=-808kJ/mol;U=808kJ/mol

6.85 Ca(s)→Ca(9)

Ca(9)→Ca+(9)+e-
Ca+(9)→Ca2+(9)+e-
H2(9)→2H(9)

2[H(9)+e-→H~(9)]

Ca"(9)+2H-(9)→CaH2(s)

+178.2

＋589.8

+1145

＋435.9

2(-72.8）
-U

kJ/mol

kJ/mol

kJ/mol

kJ/mol

kJ/mol

Sum=-186.2kJ/molfbrCa(s)+H2(9)→CaH2(s)

-U=-186.2-178.2-589.8-1145-435.9+2(72.8)=-2390kJ/mol;U=2390U=2390kJ/mol

6.86 Cs(s)→Cs(9)

Cs(9)→C3(9)+e-
l'f[F2(9)→2F(9)]

F(9)+e-→F~(9)

CT(9)+F-(9)→CsF(s)

６

５

９

８

０

灯
諏
押
廻
刈

十

一

一

1kJ/mol

7kJ/mol

kJ/mol

kJ/mol

kJ/mol

Sum=-537 kJ/molfbrCs(s)+l'fF2(9)→CsF(s)

へ 6.87 Cs(s)→Cs(9)

Cs(9)→CJ(9)+e-

CT(9)→Cs2+(9)+e-

+76.1kJ/mol

+375.7kJ/mol

+2422kJ/mol
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へ

+158 kJ/mol

2(-328)kJ/mol
-2347 kJ/mol

F2(9)→2F(9)
2[F(9)+e-→F~(9)l

Cs2十(9)+2F~(9)→CsF2(s)
Sum=+29 kJ/molfbrCs(s)+F2(9)→CsF2(s)

Theoverallreactionabsorbs29kJ/mo1.

InthereactionofcesilunwithfluorineoCsFwillfbrmbecausetheoverallenergyfbrthe

fbrmationofCsFisnegative,whereasitispositivefbrCsF2.

kJ/mol

kJ/mol

kJ/mol

kJ/mol

kJ/mol

＋178.2

＋589.8

+121.5

-348.6

-717

6.88 Ca(s)→Ca(9)

Ca(9)→ca+(9)+e-

l'f[Cl2(9)→2Cl(9)]

Cl(9)+e-→Cl~(9)

Ca+(9)+Cl-(9)→CaCI(s)

■

Sum=-176 kJ/molfbrCa(s)+%Cl2(9)→CaCl(s)
囚

+178.2kJ/mol

＋589,8kJ/mol

+1145 kJ/mol

+243 kJ/mol

2(-348.6)kJ/mol
-2258 kJ/mol

6.89 Ca(s)→Ca(9)

Ca(9)→Ca+(9)+e-

Ca*(9)→Ca2+(9)+e-
Cl2(9)→2Cl(9)

21Cl(9)+e-→Cl~(9)]

Ca2+(9)+2Cl-(9)→CaCl2(s)

召

へ

Sum=－799 kJ/molfbrCa(s)+Cl2(9)→CaCl2(s)

Inthereactionofcalciumwithchlorine,CaClﾌwillfbrmbecausetheoverallenergyfbr

thefbnnationofCaCl2ismuchmorenegativethanfbrthefbnnationofCaCl.

6.90

1 I H(9)+e-→H(9)-72.8kJ/molNa(9)→Na+(9)+e-
495.8kJ/mol

且』

+H(9)→NaH(s)1/2H2(9)→H(9) Na+(9)
/mol218kJ/mol -808kJ

FL

Na(s)→Na(9)
107.3kJ/mol

州~‘岨興り"州豊1-60kJ/mol ~~~~ ~ h j

へ
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へ

6．91 ム

’ F(9)+e-→F~(9)-328kJ/mol
Li(9)→Li+(9)+e-

520kJ/mol

且

I｣

1/2F2(9) →F(9)
79kJ/mol

ム

Li+(9)+F~(9)→LiF(s)
-1036kJ/mol

Li(s)→Li(9)
159.4kJ/mol

Li(s)+1/2F2(9)-'LiF(s)
-606kJ/mol ~

V「

6.92 Mg(s)→Mg(9) +147.7kJ/mol

Mg(9)→Mg等(9)+e- +737.7kJ/mo1

%F2(9)→F(9) +79 kJ/mol

F(9)+e-→F~(9) -328 kJ/mol

Mg+(9)+F-(9)→MgF(s) -930 kJ/mol

Sum=-294 kJ/molfbrMg(s)+%F2(9)→MgF(s)
へ

Mg(s)→Mg(9) +147.7kJ/mol

Mg(9)→Mg+(9)+e- +737.7kJ/mol
Mg+(9)→Mg2+(9)+e- +1450.7kJ/mol
F2(9)→2F(9) +158 kJ/mol

2[F(9)+e-→F~(9)] 2(-328) kJ/mol

Mg2+(9)+2F~(9)→MgF2(s)-2952 kJ/mol
Sum=-1114 kJ/molfbrMg(s)+F2(9)→MgF2(s)

Inthereactionofmagnesiumwithnuorine,MgF2willfbrmbecausetheoverallenergy
fbrthefbrmationofMgF2ismuchmorenegativethanfbrthefbnnationofMgF.

へ
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＝‐

6.93
ｒ
■
■
■
■
■
８
８
日
Ｄ
Ｐ
■
■
■
■
■
Ⅱ

%Fz(9)一ヶF(9)79kJ/mol
F(9)+e-→F-(9)

-328kJ/mol

Mg(9)→Mg+(9)+e-
737.7kJ/m0l

Mg+(9)+F-(9)→MgF(s)
-930kJ/nl01

｜Mg(s)→Mg(9)147.7kJ/m01

Mg(s)+%Fz(9)→MI
-294kJ

gF(s)
｢/mol

Fz(9)一ヶ2F(9) 138kJ/m01
2[F(9)+e-→F-(9)]

-636kJ/nml
へ

Mg+(9)→Mg2+(9)+f-
14ざ0.7kJ/mol

Mg(9)→Mg+(9)+e-
737.7kJ/m01 Mg2+(9)+2F-(9)一ヶMgFz(s)

-2952kJ/mol

■■■Mg(s)→Mg(9)147.7kJ/m01

Mg(s)+F､9)一ヶMg]
-1114kJ

Fz(s)
｢/m0l

Na(s)→Na(9) +107.3kJ/mol

Na(9)+e-→N"(9) -52.9kJ/mo1

%[Cl2(9)→2CI(9)] +122 kJ/mol
Cl(9)→Cl+(9)+e- +1251 kJ/mol

Na~(9)+Cr(9)→CINa(s) -787 kJImol

6.94

へ
Sum=+640 kJ/molfbrNa(s)+ l/fCl2(9)→CrNa-(s)

ThefbnnationofCl+Na-廿omitselementsisnotfavoredbecausethenetenergychangeis

positivewhereasitisnegativefbrthefbrmationofNa+Cl~.
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~

~

6．95

1Na(g)+ezg"(9l
-52.9kJ/mol

Na-(g)+q+(9)→CINa(5)
-787kI/mol

CI(9)'Q+(9)+<r
1251kl/mol

｜

IVa(s)+'/2CI2(9)→αNa(s)
640kj/mol

1/2Cl2(9)→Cl(9)
122kj/mol

A

Na(5) 'Na(9)
107.3kI/mol 1

6．96 Mg(s)→Mg(9)

Mg(9)→Mg+(9)+e-

Mg÷(9)→Mg2+(9)+e-
l'i[O2(9)→20(9)]

O(9)+e-→O~(9)

0~(9)+e-→O2-(9)

+147.7kJ/mol

+738 kJ/mol

+1451 kJ/mol

+249.2kJ/mol

-141.0kJ/mol

Eea2
Mg2+(2)+02-(2)→MgO(s) -3791 kJ/mol

Mg(s)+M02(9)→MgO(s) -601.7kJ/molへ

147.7+738+1451+249.2-141.0+Eea2-3791=-601.7
Eea2=－147．7-738-1451-249.2+141.0+3791-601.7=+744kJ/mol

BecauseEea2ispositive,02-isnotstableinthegasphase. ItisstableinN
thelargelatticeenergythatresultsftomthe+2and-2chargeoftheionsa

,O4~isnotstableinthegasphase. ItisstableinMgObecauseof
thatresultsftomthe+2and-2chargeoftheionsandtheirsmall (andtheirsmallsize

6．97 Ca(s)→Ca(9)

Ca(9)→Ca+(9)
Ca+(9)→Ca2+(9)
2C(s)→2c(9)

2C(9)→C2(9)

C2(9)→C2~(9)

8認)¥cW)→CaC2(s)
Ca(s)+2C(s)→CaC2(s)

+178kJ/mol

+590kJ/mol

+1145kJ/mol

2(+717kJ/mol)
-614kJ/mol

-315kJ/mol

+410kJ/mol

-U

-60kJ/mol

-U=-60-178-590-1145-2(717)+614+315-410=-2888kJ/mol
U=2888kJ/mol

LatticeEnergy(SeCtion6.8)

6.98 MgCl2>LiCl>KCI>KBr

6.99 AIBr3>CaO>MgBr2>LiBr

へ
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へ

MulticonceptProblems

Whenmovingdiagonallydownandrightontheperiodictable,theincreaseinatomic
radiuscausedbygoingtoalargershellisoffSetbyadecreasecausedbyahigherZefT.
ThuS､thereislittlenetchangeinthechargedensity.

6.100

(a)AssumealOO.0gsample.Fromthepercentcompositiondata,al00.0gsample
contains57.67gCsand42.339Pt.

1molCs =0.4339molCs57.67gCsx
132.99Cs

4233gPt)<UrlolRI =02170molP~
195.1 9Pt

Cs0,4339Pto2,70;divideeachsubscriptbythesmaller,0.2170.
Cso4339/02170Pto2170/02170

TheempiricalfbnnulaisCs2Pt.ム

(b)Cs+, [Xe] (c)Pt-2, IXe]6s24f'45d'o

6.101

6.102Cr(s)→Cr(9) +397kJ/mol

Cr(9)→Cr+(9) +652kJ/mol

Cr÷(9)→Cr2+(9) +1588kJ/mol
cf+(9)→Cr3+(9) +2882kJ/mo1
l'f(12(s)→12(9)) +62/2kJ/mo1

%(12(9)→21(9)) +151/2kJ/mol
I(9)+e-→1-(9) -295kJ/mol

Cl2(9)→2CI(9) +243kJ/mol

2(Cl(9)+e-→Cl~(9)) 2(-349)kJ/mol
Cr3+(9)+2Cl~(9)+1~(9)→CrCl21(s) 一U
Cr(s)+Cl2(9)+l'f12(9)→CrCl21(s) -420kJ/mol

ダミ

-U=-420-397-652-1588-2882-62/2-151/2+295-243+2(349)=-5295.5kJ/mol
U=5295kJ/mol

6.103 (a)E=(703kJ/mol)(1000J/1kJ)/(6.022xlO23photons/mol)=1.17xlO-'8J/photon

E=llg
ハ

ス=ig=(6626xlO~34J･s)(3.00x108m/s)=1.70xlO-7m=170xlO~9m=170ml
E 1.17xlO-18J

(b)Bi [Xe] 6s24f'45d'06p3
Bi+ [Xe]6s24f'45d'06p2

(c)n=6, /=1

(d)Elementll5wouldbedirectlybelowBiintheperiodictable.Thevalenceelectron
isfartherfromthenucleusandlessstronglyheldthaninBi・Theionizationenergyfbr
elementll5wouldbelessthanthatfbrBi. へ
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Ar] 4s23d]

Ar] 3d؛٥
Ar] 3d]

5

6
6.104 (a) Fe

Fe^
Fe3^

(b) A 3d electron is removed on going from Fe2' to Fe3'. For the 3d electron, n = 3 and  2 =مل .
1 mol photons lOOOJ

(c) E(J/photon) = 2952kJ/mol X J/photon_(4؟X .90xl0 =
6.022x 1023 photons IkJ

heE =
λ

he 6.626 )ت Χ 10-34 j٠s)(3.oox iq8m/s)
4.90x10-. ؟ل 

(d) Ru is directly below Fe in the periodic table and the two metals have similar electron
configurations. The electron removed from Ru to go from Rfr. to Rfrf is a 4d electron.
The electron with the higher principal quantum number, n = 4, is farther from the nucleus؛
less tightly held, and requires less energy to remove.

λ = 4.06 X 10-8 m = 40.6 X 10-5 m = 40.6 i
E

-9
6.105 (a) 58.4 nm = 58.4x10

E(photon) = 6.626 X 10-34  ق.ل X

m
m/s 3.00؟x10 6.022x 1023IkJ

= 2050kJ/molX
η58.4χ10:؟- lOOOJ mol

)( ا( 6.022x 1Q23IkJ
m/s) 2(9.109 X 10-3. kg)(2.450 X 10ا؛ ٥ =(Ek = E(electron

Ек= 1646кЗ/то1
 κΕ؛+ ؛Ε(ρΕοΙοη) = Ε

b) 142 nm =142x10-5 m)

E(photon) = 6.626 X 10-34 J-s X

Ej = E(photon) - Ej 205

m/s 3.00؟x10 IkJ
X

2

lOOOJ mol

0- 1646 = 404 kj/mol

6.022x 1Q23
= 843kJ/molX

142xl0-9m 1000.1 mol

it )1 6.022x 1023IkJ
Εχ = E(electron) = '/2(9.109 xl0-3'kg)(1.240xl0^ m/s)

Ex = 422kJ/mol

E(photon) = E¡ + Ek؛ Ej = E(photon) - Ek = 843 - 4

2

lOOOJ mol

22 = 421 kj/mol
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