Atkins & de PaulaElements of Physical Chemistry, Fifth Edition
ANSWERS TO END OF CHAPTER EXERCISES

INTRODUCTION E0.18 -459.67°F

E0L  80°1C N E0.19 (a)g/C 200 ¢/ C

E0.2  0.43% (b) g./ F 212 % ¢/ C
. . (]

E0.20 g,/ P %.092 (3g/ C” 209.F
E03  2.6KkJ @) g/ P %.002 (T /K 63.25
(b) g,/ P 3.940 (3¢ | F345.8
E0.4 36J i (e ]

E0.21 67167 R
E0.5 1.43 10 kS

E06 2.3 k] E0.22 3.38 1G° glucose molecul

4
E07 2483 107 . E0.23 3.78B 16* octane molecul

E08 12J E0.24 3.7% 16° myoglobin molecule

E0.9 (a) 1.602 10° . E0.25 0.97

(b) 96.47 kJ mof
E0.26 r=M/V,

E0.10 (a) 2.43 10" !
(b) 1.43 1G kJ mof

E0.27 73.0 mmol dri?

E0.28 17.5gNaC

EO0.11 11.6 G.
E0.29 (@)
E0.12 () 810. Torr (i) Water:17.5g NaC
' o 096-52 " (i) Benzene:9.02 10° mol dn?
(b) 0.962 ai (b)
(c) 0.222 atn (i) Water: 9.1 10> mol kg
(d) 1.03 16 P: (ii) Benzene:0.105 mol kg'
E013 1.24 16 ba E0.32 9.574 mol kg'
E0.33 2.17 kg

EO0.14 0.98 atrr

E0.15 (a) 1.5 16 Px E0.34 5.3 1C kg

(b) 561G Pe CHAPTER 1
E0.16 Differ by as much as 1 part in 10 The Properties of Gasses
E0.17 (a) 9.80665 Pa E1.1 92.1 kPe

(b) 0.0735561 Tor
E1.2  2.25kPe
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E1.3

El.4

E15

E1.6

E1.7

E1.8

E1.9

E1.10

E1.1l

E1.13

E1l.14

E1.15

E1.16

E1.17

E1.18

E1.19

E1.20

4.33 mmo
665 ba
10.0 atrr
4.18 ba
173 kPe
295K

394 K

(@) 3.6 m
(b) 178 n?

0.50 ni

3.43 16 dn
6.73 10° atn.

(a) 1.32 dnd
(b) 61.2 kPe.

713 Torr

132 g mol*
16.4 g mol*.

(@) py, =2.0 bar,p,, =1.0bz
(b) 3.0 bat

(@)
G (79K)=647ms
C.(315K)=1.29kms
G (1500 K) = 2.82 kms

El.21

E1.22

E1.23

El.24
E1.25

E1.26

E1.27

E1.28

E1.29

E1.30

E1.31

(b)
o, (79K)=323m &
Co, (3156 K)=645m s
Con, (1500 K) = 1.41 km 'S

(@ 72K
(b) 944 ms'

0.065 P:

2.4 10 Pe

0.97¢ n

(@) 533 1¢° &
(b)5.33 16 &
(c)533 1d &

() 653 16° &
(b) 653 16" &
() 653 16" &

45 16 s

(a) 6.8 nm
(b) 68 nm
(c) 7mm

Independent of temperature

(a)
() 101 kPe
(i) 831 ba

(b)
(i) 0.99 atnr
(i) 1.8 16 atn

For a perfect gas5.6 atnr
For a van der Waals ga&3.0 atnr
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E132 B=b- = andC =
RT
E1.33 (a) 4.6 10° dm mot
(b) 0.66
E1.34 (a)1.26dm atm mof
(b) 3.463 10° dm mot
E1.35 1.0% 16 K
CHAPTER 2
Thermodynamics: the First Law
E2.1 (a)-0.210J
(b) -100.J
E2.2 -55KkJ
E2.3 (a) -99J
(b) -167J
E2.4  +123J
E25 +2.99 kJ
E2.6 -1.25 kd
E2.7 (@0
(b) -782J
E2.8 -1.03G.
E29 23.7JK!
E2.10 (a) 0.45JK' ¢
(b) 25JK* mol*
E2.11 42kJ
E2.12 87310 .

E2.13 (a) 30 JK' mol*
(b) 38 I K* mol*

E2.14 (a) 9.2 1G k.
(b)6.2% 10 .

E2.15 773

E2.16 -25kJ

E2.17 +186kJ
E2.18 -1454.

E2.19 +425

E2.20 20 kJ.

E2.22 2.468kJ mol

E2.23 (a)-1.2kJ
(b) - 1.2 kJ
(c) 80 J K*

E2.24 (a) +2.2kJ
(b) +2.2 kJ
(c) +1.6 kJ

E2.25 20.83JK' mot

E2.26 (a) 641J mol*
(b) 458 J mol*

CHAPTER 3
Thermodynamics:
Applications of the Hrst Law

E3.1  6.91mJ mof

E3.2 +2.83 10 k.

E3.3  (a) +2.44 316 k.
(b) +2.26 316 k.
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E3.4  +39.8 kJ mot E3.21 (a) -2.80 MJ mol*

(b) - 2.80 MJ mol*

E3.5 (a) +80.0 kJ (c) - 1.27 MJ mol*
(b) -5.20 kJ

(c) +74.8 kJ E3.22 (a) - 1333 kJ mof-.

(b) - 1331 kJ mof

E3.7  +239kJ (c) - 815 kJ mot*

E3.8  +4.96 kJ mol
E3.24 +112.27 kJ mot

E3.9 - 2.48 kJ mot*

E3.25 -383kJ mol*
E3.10 +163kJ

E3.11 (a) +354.8 kJ mot E3.26 +1.9kmal.
(b) +352.3 kJ mof
E3.27 +30.6 kJ mof

E3.12 (a) 388 kJ mal"
(b) smaller. E3.28 (a) 37C

(b) 4.1kg

E3.13 (a) 16 kJ mot*
(b) - 3028 kJ mof E3.29 (a) - 2205 kJ mof

(b) - 2200 kJ mof

E3.14 (a)-3.29 G.
(b) -2.71 G! E3.30 (a) exothermicD,H® =negative

(b) endothermicDH® =positive

E3.15 (a) -1560 kJ mof (c) endothermicD,, ,H® =positive
(b) 51.88 kJ ¢

(c) Ethane is a less efficient fuel

(d) endothermicD, H® =positive

(e) endothermicD, ,H® =positive

E3.16 -4564.7 kJ mot
E3.31 (a)-57.20 kJ mof

E3.17 -85kJ mol (b) -28.6 kJ mof
(c) -138.2 kJ mof
E3.18 -432 kJ mol* (d) - 32.88 kJ mot

(e) - 55.84 kJ mol
E3.19 +225kJ mol
E3.32 +11.3 kJ mof-.
E3.20 (a) 4.22 kJK*
(b) 0.769 K E3.33 -56.98 kJ mof

E3.34 40.88 kJ mot
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E3.35 (a) Decrease E4.17 (a) +87.8JK' mol*

Eb)) IDecrease (b) -87.8 JK* motl.
C) INnCrease

E4.18 79JK" mol*
E3.36 (a) Increase

(b) Increase E4.19 (a) +85J K" mol .
(b) +34 kJ K* mol*

CHAPTER 4

Thermodynamics: the Second Law A\,
E4.20 kNInailL

E41 0.410JK ¢

E4.21 11.5JK! mol
E4.2 (a) +0.12 kI K®.

(b) -0.12 kJ K* E4.22 (a) positive

(b) negative

E4.3 (a)-45.1kJ (c) positive

(b) -165 J K* —
E4.23 (a) -386.1 JK" mof

- (b) +92.6JK* mol*
E45 +14JK" mol (c) -153.1JK' mof*

(d) -21.0 JK* mol*

E4.6  2.91dni () +512.0 I K* mof*

1
E4.7 33JK E4.24 5.03kJK!

1
E48 23.6JK E4.25 (a)-198.72 JK!

. (b) 309 J K*
E49 -93.0JK
E4.26 (a)-0.75J K"

E4.10 8.64% higr
(b) +0.15 J K*

E411 -7.9' J°
9 E4.27 -32.99 ki

E4.12 0.6300T, "
E4.28 (a)-93 kJ mol
(b) Yes,AG is negative.

4 1 i3
E4.14 4.0° 10" JK* mol (c) +0.30 kJ K* mof

1
E4.15 511JK E429 041g

1 1
E4.16 0.95J K" mof E4.30 17 J
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E4.31 (a)Yes E5.14 0.758 P:
(b) 0.46 mol ATF
E5.15 36.7 kJ mof
E4.32 8.1 x16° molecules of AT

E5.16 353K
E4.33 (a) Density of celF 13 W nt
(b) Density of batteryz 150 kW i ES.17 (a) 3
(c) The battery. (b) 1
E5.18 (a) 2
CHAPTER 5 (b) 2

Physical Equilibria: Pure Substances

E5.19 (@) Yes
E5.1 Rhombic sulfur (b) 3.0 Torr or more

ES2  No CHAPTER 6

The Properties of Mixtures
E5.3 (a) +2.03 kJ mof

(b) +1.50 J mof* E6.1 886.8 c
E5.4  +14 kJ mol E6.2  96.9 cm
E5.5 (a) +2.7 kI mol* E6.3 1.8 kJ mof

(b) - 2.0 kJ mol*
E6.4  32.631J mol

a1
E56  +4.2kJmol E65 (a) - 1.31 kJ mof

(b) +4.38 I K* mol*
(c) Yes.

E5.7 710K

q1
E5.8 3.5 kd mol £6.7 4.99 kP:

E5.10 (a)1.1kg E6.8  2.30 kPe

(b) 15 kg

(c1llg E69 643 10 kP:
E5.11 (a) - 134.6 bar K* E6.10 4.8 10°

(b) 135.6 ba.

E6.11 128 kPe

E5.12 (a) 31.69 kJ mof
(b) 373 K E6.12 (a)1.3 mmol dn?’

(b) 17.0 mmol dri?
E5.13 8.330
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E6.14

E6.18

E6.19

E6.20

E6.21

E6.22

E6.23

E6.24

E6.25

E6.26

E6.32

E6.38

34.5 mmol dri?
-5.6 kJ mof

59.1 g mol*

207 g mol*

1. 1@ - p)

K = o Cp*
c 2@- 2r(p - p

¢ cp

JTool

-0

86.4 kg mol*

13.93 kg mot*

(a) 5% tin by mass

(b) No AgsSn in the sold

(c) 20% AgSn by mass

0.25

CHAPTER 7
Chemical Equilibrium: The Principles

E7.1

= pgoz
[CH,COCOOH’ 1,

[Fesq]

[PbSQ]

(c) K:M

(Cuct]
(d) Q= 5
[CuCl]]

@) Q

(b) Q=

E7.2 (a) K= pCOCI pCI

Pco Pey,
2
(0) K =2
Pso, Po,
2
(C) K - pHBr
sz pBr2
3
(d) K =X

03
E7.3 -14.4kJ mol

E7.4 231

E7.5 (a)5.2¢ 10"
(b) 8.5 1G

E7.6  -2.42kJmol'

E7.7 3.01

E7.8 1.38 10°.

L

E7.10 K=1

E7.11 K(G1P) = 35319

K(G6P)= 2.3316
K(G3P)= 36

E7.12 (a) - 48.3 kJ mol
(b) - 66.1 kJ mot*

E7.13 -30kJ mol
E7.14 -0.7 kJmol

E7.15 6.8 kJ mol*
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E7.16

E7.17

E7.18

E7.20

E7.21

E7.22

E7.23

E7.24

E7.26

E7.27

E7.28

E7.29

E7.32

(a) 1110 K (837 C E7.33 +12.3 kJ mof

(b) 397 K (124 C
E7.36 2.7 10* ba

156 16 K _
E7.37 (a) 0.016 mol dm’

0.0031 (b) 45%

(a)—, exergonic E739 a’ p'?

(b) +, endergonic
(c) +, endergonic
(d) —, exergonic

E7.40 -41.0kJ mot

E7.41 (a) +52.9 kJ mol

(a) -91.14 kJ mof )
(b) -52.9 kJ mol*

(b) +594.6 kJ mot

(c) -66.8 kJ mof £7.42 (a)
(d) +99.8 kJ mot* (1) 9.24
(e) -415.80 kJ mot (2) 31.08
(b)
(@) -522.1 kIJmol K > (1) -12.9 kJ mol
(b) +25.78 kI mol K < (2) -20.9 kJ mot*

(c) -178.6 kI mof K >
(d) -212.55 kI mot K >
(e) -5798 kIJmol K >

(c) +161 kJ mol*
(d) +248 J K* mol*

. CHAPTER 8
(@) 1.2 10 ko . I S .
Chemical Equilibrium: Equilibria In Solution
(b) 1.0 1G k.
E8.1 (a) .
(@) 2.8° 10 kI conjugate
® ®
(b)3.22 10 kJ H,SO,+ H,0C HO +HSQ
acid, basg acid  base
- 49.8 kJ mof “Conjugate
g b
817.90 kJ mol (b) conjugate
® ®
- 25.1 kJ mof HF+H,00 HO +F
acid basge acjd base
26 kJ mol* conjugate

-16.8 JK* mol*

OXFORDHigher Education

© Oxford University Press, 2009. All rights reserved.



Atkins & de PaulaElements of Physical Chemistry, Fifth Edition
ANSWERS TO END OF CHAPTER EXERCISES

© E8.18 (a) 1.6%

conjugate

® ® (b) 0.33%
C,H,NH; +H,00 H,O" +C,H,NH,
acid, base acjd base (c) 2.4%
ﬂconjugate_'
E8.22 2.71
(d) Lgat
B conjugate - E8.23 (a) 6.54
H,PO,+ H,0C H,O" +HP§" 0 2.12
aciq  basg acjd  base
oniloaie | (c) 1.49
conjugate
(e) E825 (a) 1.59x10°
5 conjugate . ®) o0
HCOOH+ H,0C' H,0 +HCQ
acid basg acjd base (c) 5.01
_'conjugate_'
E8.27 (a) 2.9
(f) (b) 4.6

conjugate

® ® (c) 125cm of 0.10 M NaOH 3«
NH,NH; +H,00 H,0* NH,NH,

acid, base  acid base (d) 4.74
conjugate (&) 250 cr
s (H 8.72
E8.6 D.H
In10® R E8.28 (a) 4.75
E8.7 57.1kJmol (b) 5.04
E8.9 8.02 (c) 4.15
E8.13 9.2 E8.29 (a)24
E8.14 4.77 (b) 3-5
E8.15 none of the Br™ is protonat (€)11.513.5
(d) 6-8
E8.16 (a) 8.3% 10*
(b) 2.78 (e) 5-7
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E8.31

E8.32

E8.34

E8.35

E8.36

E8.37

E8.38

E8.39

E8.40

(@ 5.1

(b) pOH=5.0
pH=9.0

(c) 2.7

8.00
(a) POy and NaBPO,

(b) NaH,PQ, and NaHPQ,, or NaHSQ
and NaSGO;

(@Ks=[AgT[17]

(b) K,=[Hg1[S" ]

(c) Ks=[Fe"] [OHT®
(d)K,=[Ag"]* [CrO} ]
(@) 103 10° mol dm’
(b) L23 10“ mol dm’
(c) 9.33 10**mol dm

(d) 6.93 10’ mol dm"

(@ 553 10*°mol dm
(b) 3.28 10° mol dn?
(c) 163 10" mol dm"
(d) 2.5* 10" mol dn?
161 kJ mof

1.2% 10° mol dm

Si DH%a1 1
(a) _|:e2R 85‘% Ti
S

(b) Increases.

CHAPTER 9
Chemical Equilibrium: Electrochemistry

E9.1 1.35

E9.2 (a)2.73¢g
(b) 2.92 ¢

93 ¢g=( ¢’y
E95 B = 201
E9.6 13.83mSm mot

E9.7 7.63mSm mot

E9.10 1.36 10° M

E9.11 3.70

E9.12 4.9

E9.14 -440 kJ mol*

E9.15 28 mV

E9.16 -1.18V

E9.17

(@ R: Ag'(ag,br) +€ - Ag( s)
L: Ag'(ag,b)+e - Ag( s)
R-L: Ag'(ag,br) - "(amd)

(b) R: 2 H:(aq) +2€- Ko, pr)
L: 2H(aq)+2€ - Hg,p)
R-L: Hy(g.p)  —2(0.lr)

(c) R: MnOys) +4 H(ag) +2& -~ Mfaq)

+ 2 HO(l)

L: [Fe(CNY*(ag) + € - [ (ENds)*(aq)

R-L: MnOy(s) + 4 H(aq) + 2 [Fe(CNJ*
(aq) ““agw [Fe(CNJ*(aq) +
2 H,0())
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(R:Bry()+2€e - 2 ()
L:Cl(g)+2€ -~ 27 (a2)
R-L:Bry() +2CII( a q) »(g»+ ZBr(aq)

(e) R:Sri(ag) +2ée -  S'(en)
L: 2Fe*(aq)+2¢e - 2 “(@Ep
R-L: Sr(aq) + 2 F&( aq) ?'(aq) $ &
Fe’(aq)

(f) R: MnOy(s) + 4 H(aq) + 26 -~ Mfaq)
+2 HO(l)
L: Fé'aq)+2e- Fe(s)
R-L: Fe(s) + MnQ(s) + 4 H( aq)
Fe&(aq) + Mrf'(aq) + 2 HO())

E9.18 (a) E=FE° gln&

by
b E=E° NP
2F p
(©

_ o RT _&Mn*][Fe(CN) J*
E=E 5 ¢ H'11Fe(CN); 1?

_ o RT apg, [Br]’
(e)

c_pgo RT &S JFe T
2F  Jsn* J[F& T

®

RT a[Fe* J[Mn?7]

oF & [HT

E=E°
E9.19 (a)v=2
(b) v=2
(c)v=4
(dyv=2
(e)v=2

H v=1

E9.20 (a)0
(b) O
(c) +0.87 V
(d)-0.27V
(e) - 0.62V

(f) +1.67 V

E9.21 (a) 0.08V

(b) +0.27
(c) +1.23V
(d) +0.695 V
(e) +0.54 VvV
() +0.36 V

- E9.22 (a) +1.23V

(b) +1.11V

E9.23 (a) partial oxidation of methane occurs

at the cathode.
(b) 0.09 V

E9.24 (a)+0.94V

)E= 1.51 -

E9.25 (a)E decreases,

F (;EAg+]R
(b) E increases,
E=E®° E n;p_R
2F ch

(c) Eiincreases,

RT . 3Mn*][Fe(CN)? ]?
— In [ S 472
2F c [H'T{Fe(CN)s ]
(d) Eincreases,

ﬂln a[Br]? Pei,

2F 8 [CI']?

E=FE°

E=FE°

(e) Edecreases,
2 2+ 3 +72

E-E° RT In asn J[Fe’ 7]

2F QE TSn4+ JIFe '

() Eincreases,
2 2+ 2
e=g° KT jpalfe IMn_]
2F ¢ [H]
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E9.26 (a)decreasek E9.36 (a)-0.6111V
(b) decreasek (b) -0.22 V.
(c) increase& %Cq -
(d) increaseE (C) Ecell Ecell _I ® a
coZ
(e)
(i) decreasek (d) Ic?;l
e) 10.33
(i) decreasek ©)
(f) no effect
E9.37 (a) 6.5° 10
E9.27 (a)-1.20V (b) 1.2% 10
(b) -1.19V (c) K=€&" =73 1¢®
(d) 1.0° 16°
E9.28 (a)-155V (e) 8.3 107
(b) chlorinespontaneously oxidizes 1.6 16
water to oxygen unddyoth acidic and M1
basic conditions
1 E9.38 E=E° RT Ini‘ez—
-394 kJ mol ' = e 7
E9.29 (a) Crzoz a;
(b) - 788 kJ mol*.
©  t75kImal’ E9.39 (1) 1.8¢ 10%
(d) -291 kJ mol* (2) 9.04 10’
0 +498 kJ mol*
E9.41 -0.73V
E9.30 (a) - 440 kJ mol*
(b) +29.7 kJ mol* E9.42 (a)9.1% 10° mol dn?
(c) - 313 kJ mol* (b) 8.4 10"
E9.31 (a) +0.324V CHAPTER 10
(b) +0.45V Chemical Kinetics: The Rates of Reactions
E9.32 0.37V E10.1 2.1 mmol dn?’
E9.34 (a) - 667 kJ mol* E10.3 0.80 mol dri? $.

(b) - 604 kJ mol*
E10.4 mol? dnf s?
E9.35 +0.22V

E10.5 mol! dnt s

E10.6 kPaY? st
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E10.7 3.73 16 drfh mof & E10.34 298.86 K
E10.35 E, = 52kJmol®
E10.12 1.12 10* &' E10.36 35.9 kJ mof
E10.13 7.73 10° s' E10.38 121 kJ mot
E10.14 1.0® 10° dm mot ¢ E10.39 -21.6 kJ mot
E10.15 1.1 10* s E10.40 47.8 kJ mot
E10.16 3.1 10° Pa ¢ E10.41 (a) 1.62 107.

(b) 5.5 10°.
E10.17 (a) 0.014 kPa'$

(b) 1.53 10 < E10.42 43 10" dni mol* &

E10.18 (a) v = k [ICI] [H,]
(b) 0.16drd mol ¢
(c) 2.8 10° moldn? ¢

E10.43 2.1 nnf

E10.44 126 kJ mof
E10.23 [B], +%[AL{kt[Al/ (L *{A],)}
E10.26 1.33x18 «

E10.45 D'S °0

CHAPTER 11

E10.27 3067 & 100 ¢ Accounting for the Rate Laws

E10.28 (a) 0.63¢ ¢
(b) 0.16¢ ¢

E1l.1 7510 &

E11.2 (a)1.28 14 mol' dm &

E10.29 633«
(b) 4.0 1&° mol* dm &

E10.30 (a) 0.138 mol dm®
(b) 0.095 mol dm®

E11.3 39.1d

E11.4 The reaction is first order in H0, and

E10.31 6.8s in Br~, and second order overall
E10.32 (a) 1.86° 16° & E115 Kk ., [A,]"*[B]wherek . = k K
(b) 27.1=.
kk, [O,]°
E10.33 (a)E, = 104 kJ mot E1ll.7 v=—prrF—r—
@& [0,]+k,[0]

(b) A =1.12 216°> mol di® &
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Kok [M]
E11.8 A h =_2b
Ken [A] - where K ki[M] # E11.23 1.62 mmol diit &
E11.9 E11.24 7.9 16 dm mol* &
E11.27 AH%:% AOMW O initiatior
A M
K’,eff [A] where K,eff - (kA[ ]+I$\/|[ ])IS ) )
kailA] ki [M] K AO H%1B T+ propagation
AH+B O%:A D+ propagation
6 K
E1111 1.89 10° Pa s AOB 8 v termination
E11.12 (a) 6.68 16 mi mol* & CHAPTER 12
(b) 3.0 30 ¥ mol* s' Quantum Theory

E11.13 (a) -5.2 210° moln? &

E12.1 3.05 10%° .
(b) 1.6 10" mo

E12.2 8226 10 cnt
E11.14 (a) 27 h

(b) 2.73 12 k E12.3 8.4° 16 &'
(c) 3.0 10 ¢
E12.5 (a) 1.98 168 &'

b) 1.98 168 &'
E11.15 (a) 6.3 10° n s (®)

(b) 1.6°10° M s' E126 203 16 ¢
E11.16 8.5 10 ¢
E12.7 6.9 16° &

E11.17 12 10 step:

E12.10 1.32 16 m&
E11.18 16.8 kJ mot*

E12.11 (a) 6.6 10°* m
(b) 6.6 10* m
(c) 99.7 pm

E11.19 5.6 x16°

E11.20

Kl[HA][B] E12.12 (a)1.23 nir

(a) ConcentrationfA™] = —
k,@BH" gks[HA] (b) 39 pm

(c) 3.88 pmr

ksks[HAT'[B] E12.13 3.5 10% i

(b)Rate equation:————

k.8BH" gki[HA]

E12.14 (a) 1.1 10 kgm$§
(b) 9.5 10* kgm ¢

E11.21 ﬁ [HA]gH" [B]
Ki (c) 3.38 10*® kgm$

OXFORDHigher Education

© Oxford University Press, 2009. All rights reserved.



Atkins & de PaulaElements of Physical Chemistry, Fifth Edition
ANSWERS TO END OF CHAPTER EXERCISES

E12.16 2.28 10* ms' E12.37 2.98B 10?2 .
E12.17 (a) 6.14 10* N E12.38 1.05 10% .
(b) 614 pPe
(c) 0.452t E12.39 0.04 Nm®
E12.18 50.6 nir E12.40 (a) 6.8% 10" &
(b) 4.35¢ n
E12.19 1.748 10%° .
CHAPTER 13
wdy o, Atomic Structure
E12.20 - — = aXy E
P—- Yy Ey

E13.1 410.296 nn
E12.22 (a) 1.77 10*
N E13.2 6
(b) 5.9 10°
E13.3 (a)
27414 crt- 20572 crh = 6842 cf

(b) 1.36* 10°° .

E12.23 0.90 nir

E12.24 2.1310®° ms!
E13.4 27 cm?

E12.25 1.0° 10*° nr
E135 n = 2andn, =:

E12.26 5.8° 10 ms'
E13.8 122.31 eV

E12.28 9.84 10% .
E13.9 16 orbitals

E12.29 L/4and & /-
E13.10 All lines fit

E12.30 (a) 2.173 10%. @n - 6
(b) 9.2e n (b)12372 nm, 7503 nm, 5908 nr
21 % 5129 nm, ¥ 3908 nrit mf = N
E1231 y = & o converging to 3282 nmag - =«
(; =

E13.11 3093.00 nn
E12.32 1.24e n

E13.12 (a) 397.13 nn

3 47
E12.35 (a) 4.3% 107 kg (b) 274 19 crit or 3.40 e

(b) 1.55 mm

- E13.13 (8 R,. =109 740 crit
E12.36 8.7% 10" &
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(b) 137 175 crit , 185186 cin..,,

(c) 987660 crit or 122.45 ¢
E13.14 r = 0.602 g

E13.16 %

E13.17 (a) 1.3 10°
(b) 5.1% 10°

E13.19 Sindgoes to zero af= Q and 180
cosd goes to zero a®0 and 27C

E13.20 (a) ang. mom.= |
(b) ang. mom.= |
(c) ang. mom=+/ &
(d) ang. mom= J 2
(e) ang. mom= J 2

E13.21 (a) g
(b) 9
©g

49

E13.22 2(2 + 1)
E13.23 I =E_,

E13.24 14.0 eV
E13.26 °F,
E13.27 2,1,and 0

E13.28 (a)llevel
(b) 3 levels
(c) Llevel
(d) 3 levels

E13.29 Ti*": [Ar]3d?
(@) °F
(b) 5

E13.30
(a) Forbidden
(b) Allowed
(c) Allowed
(d) Forbidden
(e) Allowed
() Forbidden

E13.32
(a) Allowed
(b) Forbidden
(c) Allowed

CHAPTER 14
The Chemical Bond

E14.3

Vi@ -bovd) K ( Iy,

yz(, - b O:ryqup) prxs( 1+)JﬁA

ya(' - b 0=ry£{p) Jfg/B( 1+)é6/—\

E14.4 187 16 Jmot

E145 y.,=h@) y ,(@,+0 @2,y @

Yao=he) ¥y 1(2),+h (2),y
Yas=h@) ¥y 1(2:h (2)
YVeo=h @)y (3,4 2,y

E14.8 210 times.

E14.10 45

E14.12

@ Li, 16 b=
(b) Be, 16,2 1.8 b=
© C, 102 18 4 b=

@
@
@
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E14.13
(@) H, B2 18 b=1
(b) N, n21d 1220 b=
() O, 216 20 17 b=
E14.14

@Co I 28&* 1 38 b=
(by NO I 28&* 1°° 38 2b=%
©CN 1 28&* 12 308 b=
E14.15 C,

E14.16 C, and CN are stabilized by anion
formation. NO, @, and K are stabilized by
cation formation.

E14.17 C,

E14.14 XeF will have a shorter bond length
than XeF

E14.19 (@) g
(b) inapplicable

©ag
(d) u

E14.21 (a) g
u
g
u

(b) If vis eveny, is g.
If vis odd,y, is u.

E14.23 N,

E14.24 F <F, <&

E14.25 F >F, >F

E14.26 O}, 0, Q, G,
E14.27 O, >0, >Q >Q?"

E14.30 (a) nonpolar
(b) polarized
E14.34 32 molecular oribtals

E14.35

(@) b/hc ~ - 40000 crit ( - 5.0 eV

(b) Eyeoe/ hc = 60720 crit ( 7.35 €)

CHAPTER 15
Molecular Interactions

E15.1 19D
6.3310%° Cn

E15.2 nonpolar

E15.3 (a)0.7D
(b) 0.4D
() 0

E154 1.26D
E155 (a)0.8D
(b) 0.4D

(¢ O

E15.6 (a) 1414 D
(b) 2.45D
(c) 106 D
(d) 1.70 D

E15.8 3.50D

E15.10 (a) 476 kJ mol*
(b) 87.4 kJ mot

E15.12 (a) 3.7 kJ mol*
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(b) - 0.365 J molt (b) 0.14 kP
(c) Yes.

E16.16 5.8 cm
E15.14 196 prr

E16.17 45 mN m*

E15.15 -2.32 310* .
E16.18 97 mmol m?

E15.16 -1.8 310 J =1-1 1C 3Jmal CHAPTER 17

Metallic, lonic, and Covalent Solids

E15.17 -4.2 310° J mof
E17.1 (@) n-type

E15.18 - 42 kJ mol* (b) p-type

E17.2 metallic condusctor
E15.20 R=461.2 pn

CHAPTER 16 E17.6 3500. kJ mof
Materials: M acromolecules and Aggregates

E17.7 2149.8 kJ mot
E16.1 (1)95 kg mol*

(2) 97 kg mot* E17.8 NZeP
48 g,d
E16.2 (a)18kg mol*
(b) 20 kg mol* E17.9 1.06
E16.3 1.27
E17.10 6.0K
E16.4 244

E17.16 d,,, =330 pm
E16.5 3.13 16 kg mol .

d,,, =234 pm
dypo =572 prr
E16.6 (a) 880 nm
(b) 31.1nm
E17.17 d,, =135 pmr
E16.8 1.3 10 Oy =701 prv
E16.11 -5.0 310° E17.18 66.1 pi
=2 WK E17.19 bbc unit el
4K
E16.13 N
(s :lf[s] -1 41 &«[d,, 1| E17.20 (b) 8.97 g e’
2T total 4K 1

E17.22 0.906¢

E16.15 (a) 1.4 kPz
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E17.24 0.740 g cri?

Ey/RT
E18.8 €T
E17.25 (a) 8 (20mkT)™" A
(b) 6 B
(c) 520nm E18.10 -25 kJ mol*
(d) 600 nm

la g 7
E18.12 p=—
p Kai_g " ¢

E17.26 (a) 12

(b) 6 (Kp)1/3
(c) 424 nm E18.13 q_W
(d) 600 nm

E18.16 45s

E17.27 (a) less dense

(b) 92% E18.17 (a) 611 kJ mol*
(b) 9.3 10* &
E17.28 V =3.96 310% ni
d=241°16 gn? E18.18 (a) 2.73 10" ¢

(b) 0.17 me
E17.29 (a) N= 4

(b) 4.01gcn?

E18.19 0.45
E17.30 (a) 220 pm E18.22 155 mV
(b) 110 pm
E18.23 1.68 mA cm?
CHAPTER 18
Solid Surfaces E18.24 (a) 0.3ImAcm’”
-2
E18.2 0.088 ba (b) 5.4ImAcm

E18.3 2.1310 &' (c) -1.43 316° Acm’?
E18.25 (a) 4.9% 10° &'

(b) 1.6° 10° &'

(¢ 3.1310 &'

E18.4 1.15

E18.5 (a)1.13 10° s

(b) 0.24 CHAPTER 19
Spectroscopy: Molecular rotations and
» vibrations
E18.6 49

4 1 _ 4
E18.7 (a) 0.060 kPs E19.1 (a)6.78 10*s'=6.78 10" Hz
(b) 4.9 kPe (b) 2.26¢ 10* cm*
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E19.16 20603 cm’
E19.2 (a)2.94 10°cm™

(b) 3.40 m E19.17 116.2 prr
3
E19.3 4° 10° E19.18 (a) 162.2 pr
b) 194 GHz
E19.4 (a) 4.60F 10° kg (b) ‘
(b) 9.196¢ 10”® kgm E19.19 (a) B=0.202852 cnit
(c) 7.1% 10*° kg M (b) D=6.2 310° cm*

(d) 7.156.67 10*° kg m:
E19.20 (a) 116.28 pm

b) 15597
E19.5 (a)1.824 1 H; (b) pm

(b) 9.126 16" H:
(€) 1.17 16° Hz
(d) 117 16° Hz

E19.21 (a) 0.999 999 9029 660 n
(b) 6.36* 16 m &

E19.22 (a) 2.397 10 ms
E19.6 (a) | =4m,R (b) 8.43 16 K
(b) 2.663 10 H:
E19.23 (a) 53 ps
E19.8 (a)5.152 10 H: (b) 5.3 ps
(b) Could notbe used.

(c)1.68 1G ps
E19.9 (a) Yes
(b) Yes E19.24 (a) 7 =53 cm™.
(c) Yes (b) 7=0.27 cm*.
(d) Yes
(e) No E19.25 (a) 4.4% 16 H;

(b) 4.3% 16 H:
E19.10 All will show

E19.26 329 Nm*

E19.11 289
E19.12 17 E19.29 2700.6 cnt
E19.13 (a) 636 GHz, 1272 GHz, 1908 GHz E1930 P HCL(©CQ . (@)HO,

(b) 21.21 cm?* (e) CH,CH,, () CH, , and (g) CH C

21.21 cm' , 42.42 crth , 63.63 chn..
E19.31 (a) 3

(b) 4
(c)48
(d)54

E19.14 232.1pn

E19.15 Lower
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CHAPTER 20 E20.25 4310°s or 0.4r
Electronic Transitions and Photochemistry

CHAPTER 21
E20.1 (a)1.48x10 dm mol cnt Spectroscopy: Magnetic Resonance

(b) 0.938%
E21.1 4.64 10* .
E20.2 Absorbance: 0.658

Longer Cell: 1.3 E21.2 -1.300310% J %
Transmittance: 0.048
E21.3 (a) T'Hz

E20.3 33t g 't .
(b) As kg -

0.56 mol dnt
0.16 mol dnt

E204 c,
Cs

E21.4 2.263

E21.5 (a)8.96® 10*
E20.5 Only two solutes in equilibrium with (b) 2.6% 10°
each other are present.

v=9.248 GHz

E20.6 Lengthen. E21.6
/ =0.0324 m

Blue.

E21.7 (a) 2.9° 10°
(b) 7.38 10°

E20.11 16.010 *°kJ

E20.12 (a) 2.110 * °.

) E21.8 300.5 MHz
(b)6.83 10°m's

E21.9 43.69 MHz
E20.13 10.20eV, 12.98 eV, and 15.99

E21.10 18.79 1
E20.14 2.0

E20.15 2.80 E21.11 3.17 kHz

E20.16 Molecules destroyed: 1.4710"s* E21.12 () 9.1 1T
Chemical destroyed: 23410° mol s* (b) 38 uT

E20.17 Triplet state

E21.13 (a) 2.4 kHz
(b) 6.0 kHz

E20.19 3.3 10°

E20.21 1.27 16° mol* dm ¢
E21.14 1:7:21:35:35:21:7:

E20.23 0.43
E21.15 (a) quintet1:2:3:2:1

E20.24 R,=352nm (b) septetl:3:6:7:6:3:
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O"E‘%t 26° 10 s E22.12 (a) 3.23 10
(b) 6.23 1G'
E
E21.23 [I], = [ 1;\/ K,

E22.13 (a) 24.816
(b) 24.48C

E21.24 2.0022

E22.14 T = 38.96K

E21.25 2.0025
E22.15 (a) 19.5

E21.27 (a) 331.9 mT (b) 265
(b) 1.201T
E22.17 1+5e“T +3¢® &7

CHAPTER 22 E22.20 11.5 JK* mot*
Statistical Thermodynamics

E22.21 957 10® JK'
ES22.1 0.37

E22.2 (a) 0.999989: E22.22 191.4 JK' mot
. a . r

(b) 0.999895! E22.23 (a) S°(Xe) > S° (Ne)

(b) S°(D,0) > S’ (H,0).
(c) S° (Graphite) >S° (Diamonc

E22.3 0.9984¢

E22.4 1.753
1 1
E22 24 40 kJ K* mol

E225 2.27

E22.25 -56.9 kJ mof
s 2elkT 5 kT
E22.6 (a) 1+ 66 +3e

(b) g=1 o 2
/N
(c) 10 E22.26 K =— st GA) e BFT
(O, / N(G, o/ N,)
E22.7 (a)1.29
(b) 7.82 E22.27 1.37 10%
E22.8 (a)5 E22.28 1.93 10"

(b) 6.731

E229 T = 17762K

E22.10 (a) 1401
(b) 3.147
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