Answers to problems

Detailed solutinns for sclected problems (indicated with an asterisk) can be found in the
Student’s Solutions Monuol for Physical Chemistry, sixth edition, by P.W, Atkins, CA. Trapp,
M Cady, and C. Giunta.
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0.50 m®.

1.5 kPa.

—233°N.

3.2x 102 amm.

p = pRT/M, 46.0 gmol ",

—272.95°C.

(a) 4.6 kmal; (b) 130 kg; (c) 120 kg.

102 gmol ', CH,FCF, or CHF,CHEF,.

(a) 0.184 Torr; (b) 68.6 Torr; (c) 0.184 Torr.
0.33 atm (N,), 0 (H,), 1.33 atm (NH,), 1.66 atm.

(a) 2.8 kmh~" E; (b) 86 kmh~'; (c) 86 kmh~".

(a) 1.89 m; (b) 1.89 m,

v= (ZgR)m.

(a) 12.5 Lmol '; (b) 12.3 Lmol .

0.927, 0.208 L.

(a) 0.939 Lmol~"; (b) 439 K.

(a] 0.1353 Lmol~'; (b) 0.6957; (c) 0.58 (from expansion in 1/V,), 0.71 (from

expansion in p).

210 K, 0.28 nm.

5.649 L2 atmmol ', 59.4 cm® mol ™!, 21 atm.
(227 /m)" 2,

=
? 172
Cean = (Tk4'[2m) """,
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ANSWERS TO PROBLEMS

v= 047V
(a) 0.39; (b) 0.61; (c) 0.47, 0.53.
3.02x 1073, 49x 1078,

B =b—a/RT, C = b*, 1.26 L*atmmol 2,
34.6 cm* mol ™.
V. = 3C/B, T, = B*/3RC, p, = B*/27C*, }

B =B/RT,C = (C - B*)/R*T%.
~0.18 atm™!, —4.4 Lmol~".
(dVio/dT), = (RV, + b)/(2pV + RT).
no.

LI

( = Po)/po = (a) 0.00; (b) 0.05.

8.54, 15.1.

0.011.

(a) B=—1.32x10"2 Lmol~'; (b)

B=—-151x10"2 Lmol™!,C = 1.07x 10" L?mol %
(a) 1.12 x 1073 mol, 2.8 x 10~° molL™';

(b) 4.46 x 10~% mol, 1.1 x 10~ molL~".

(a) 1.1x 10" molL-!, 2.2x 107" molL"";

(b) 8.0x 10~ molL~", 1.6x 1072 molL~".

{a)} 7.1 x 10-* cm® mol~'; on that basis alone, perfect gas
law should apply, but other forces may be significant;
51.5 km, 3.0x 1072 bar. .

Z =0.611 for all gases; the experimental value from Fig.
1.27 is close to 0.55.

q=AH =AU =2.6 M].

437K, 4.09 kg.

(a) —3.46 KkJ; (b) 0; (c) —3.46 kJ; (d) +24.0 kJ;

(e) +27.5 WJ.

T, =546 K, T, = 273 K; Step 1—-2: w = —2.27 kJ,

g = +5.67 kJ, AU = +3.40 kJ, AH = +5.67 kJ; Step
2-3:w=0,qg=-340kl, AU=-340Kl, ~

AH = -5.67 kJ; Step3—1:w=+1.57 kl, ¢ = =1.57 KJ,
AU =0, AH = 0; Cycle: w = —0.70 kJ, g = +0.70 kJ,
AU =0,AH =0.

(a) —0.27 kJ; (b) —0.94 kJ.

—89kl, -89k,

+98.7 kimol™!, +95.8 kimol '
365 L.

—87.33 Kmol™.

~2.13 MImol~', —1.267 Mimol ™.
%17.7 KJmol~!, +116.0 kImol ",
more exothermic by 5376 kJmol ',

(a) 0.39 mol, 0.50 L, 0.50 L; (b) +19 kJ; (c) -3.0 kJ;
(d) AU = 0, for all 3 paths; path ACB: ¢ = —9.5x 10? J;
path ADB: ¢ = —1.9x 10* J; path AB: ¢ = ~3.0x 10 J.

(a) 60 kJ; (b) =70 J; (c) +10J, +50 L.

2.15*
2.16
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221"
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2.25°

2.26°

31
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36"
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38
310
3ar
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3.15

3.16*
3a7

3.18

39

3.20

AH = nC .m(Tf T)

w, = 3bwja;w, = -—nT In{(V,2 - l)}'( i~ i}}—
"“/Vrz ]/Vrl) w,/n——-ln{z 3X—l)}—l/.t+l
-25968 l.:J mol~!, +2357 ki mol~".

—~994.30 kI mol~".

{a) +16.2 kimol™"; (b) +114.6 kImol™};

(c) +122.0 kI mol~L.

(a) 120.3 kImol~"; (b) +68.9 kfmol™";

(c) +48.1 KImol™".

{a) +240 kJmol~"; (b) 4228 kJmol~".

{a) —101.8 kImol~'; (b) —344.2 kI mol~";

{c) +44.0 kJmol~".

(a) (1) isochoric sicp: i = co; isobaric step: n = 0;

(2) adiabatic step: n = v: isochoric step: n = 00;
(b) (1) isochoric step: w =0, AU = g = 55.8 kJ,
AH = 78.1 kJ; isobaric step: w = 22.3 k],
AU = —55.8 kI, AH = g = —78.1 kJ; overall:
w = —q = 22.3 kJ, AU = AH = 0; (2) adiabatic step:
g =0, AU =w = 9.37 kJ, AH = 13.1 kJ; isochoric step:
w=0, AU = g = =9.37 kJ, AH = —13.1 kJ; overall:
w=-q=93TK,AU=AH=0.

= —66.51, n =0.9277, R = 0.999 58 (a good fit).
Predicted A H ® (decane) = —6612.4 kJ mol™"; experi-
mental value, —6772.5 kI mol~'; error, 2.36 per cent.
(a) no, as a plot of in p against In V does not yield a straight
line; (b) numerical integration yields w = 685 J; (c) fitting
the data to the van der Waals equation yields T = 350 K.

2.18 x 10~!! Pa~!, —0.220 cm®, 997.2 cm’.
(a) 40.75 kI mol~; (b) +0.75 KJmol .
41.40 JK~'mol L.
~30.5 Jmol~".
1.67.
not exact.
not exact; dg/T is exact.

=(y+z)de+ (x+z)dy+ (x+y)dz.
(aH/aP)T - -}IC’-
Cpm—Cym=R.

3.14*

dp = {R/(V, — b)}T + {Za/V’ RT/(Vyy = )’} 4V,
(0v/aT, = RV}(V — b)/(RTV? - 2a(V - bY).
+3.80 kI.
dp = {a(vm — %)/Vl::! e p}dvn/(vn b b)
+(p + a/VE)T/T.
T = p(V ~ nb)/nR + na(V ~ nb)/RV*,
(T/dp), = (Ve — b)/R.
a=RTV - nb)/{mv3 2na(V — nb) l
ky = VAV — nb)?/{RTV® — 2na(V — nb)'}-
pC, = (1 - bC/Vu)Vf(C 1).{=RTV,/2a(Ve - by,
1 46 Katm™',
= (T.(1 - b/V,)’, 2021 K.
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ANSWERS TO PROBLEMS

9.2 JK "mol-".

322 ms~..

0.80m, 1.6 m, 2.8 m.

(a) 29.9 KMPa~'; (b) —2.99 K.

(a) 23.5 KMPa~'; (b) 14.0 KMPa~'.

T, =8R2KT,=T,=348K;p, =p; =py = 1.72 bar;
V,=407L, V, =V, =168 L; AU, = 11.3 Kk},

AU, = AU, = 1.04 kJ; AU(total) = 13.4 k1.

Same answers as for problem 3.27. It does not matter
whether the piston between chambers 2 and 3 is diathermic
or adiabatic.

increase.

(a) g = «T2/C,: (b) Cy = C, — R(1 + 2apT/R)".

(a) —21.3 JK~"mol™", +21.7 JK~' mol~";

(b) =111.2 JK~"mol~!, =1.5 JK~" mol ..

+11 JK-\.

(a) 57.0°C, —43.9 kJ, +146 JK~', 428 JK~!'; (b) 49.9°C.
{a) +50.74 JK~', —11.5 JK™!; (b) AA, is indeterminate,
AA, = +3.46 kJ; (c) AGy, is indeterminate,

AGp = 4346 KJ; (d) +39.2 JK™!, =39.2 JK~",
Step1—2:w=-115kl,g=+11.5kl, AU =0,

AH =0, AS = +19.1 JK~!, AS,,, = 0; Step 2—3:
w=-374k],q=0,AU = -374 kI, AH = —6.23 kJ,
AS =0, AS,,, = 0; Step 3—4: w = +5.74 kI,
g=-574K, AU =0, AH = 0, AS = +19.1 JK™',
AS, =0;Step4—1:w=+3.74kl, g =0,

AU =+374 K], AH = +623 kI, AS =0, AS,, = 0;
Cycle:w=—-58kl,g=+58k, AU =0, AH =0,

AS =0, AS,,, = 0.

Path (a): w = —2.74 kJ, g = +2.74 kJ, AU = 0, AH =0,
AS = +9.13 JK™', AS,, = —9.13JK™!, AS,, = 0; Path
(b): w=—1.66 kI, g=+1.66 k], AU=0,AH =0,

AS = 49.13 JK~', AS,,, = =5.53 JK™!,

ASy = +3.60 JK~',

Path (a):g = 0,w = 9.1 x 102 J,AH = —1.5 kI, AS = 0,
AS,, =0, AS;,, = 0; Path (b): g =0, w=-T7.5k,
AH = —1.2kJ, AS = +1.12 JK~!, AS,, =0,

AS, =+1.12JK",

Process (a): AS = +5.8 JK™!, AS,,, = —5.8 JK™!,

AH =0,AT =0, AA = —1.7 KJ, AG = —1.7 kJ; Process
(b): AS = +58 JK™', AS,,, = 1.7 JK™" AH =0,
AT =0, AA = —1.7 k), AG = —1.7 kJ; Process

(c): AS = +3.9 JK™', AS,,, = 0, AH = —0.84 kJ,

AT = —4] K, AA and AG indeterminate.

(a) 200.7 JK~"mol~"; (b) 232.0 JK~' mol~".

+45.4 JK™', +51.2 JK™',

—-160.07 kJmol ™.

(a) +17.0 JK-Y; (b) +36 JK'.

(a) 0.11 kJmol~"; (b) 0.11 kImol~".

4.14°
4.15
4.16

417*
4.18

419"
4.21°
4.23

4.24°
4.25°

-4.26"

4.28°

4.29

4.30°
4.31
4.32°

5.1°
5.2
5.3
5.4°
5.6"
5.7*
5.8
5.9°
5.10

5.11*
512
513
5.14*
5.15
5.16
517

5.19*
5.20
5.21*
5.22"
523
5.24*
5.25

an

(a) 63.88 JK~" mol~"; (b) 66.08 JK~' mol~".

7.8 km.

at 298 K: +41.16 kImol~', +42.08 JK~"mol~'; at
398 K: +40.84 kI mol~!, +41.08 JK~' mol~'.

(a) +76.9 JK~' mal™"; (b) +96.864 JK~' mol .

at 200K: 32.00kJ mol~' 293.5JK~! mol ",

+34.4 kImol~!, 243 JK~"mol~" at 298 K.

AS = nC,pp In(T¢/Ty) + nCpy In(T/T.), 4226 JK™'.
—21 K, +359JK " mol~".

Step 1: AS =0, AS,,, = 0; Step 2: AS = +33 JK™',
AS,, = —33 JK7'; Step 3: AS = 0, AS,,, = 0; Step 4
AS = =33 JK™!, AS,, = +33 JK"!,

42478 JK "' mol™!, +336.6 JK~'mol™’,
43147 JK 'mol”'.

(a) +0.8 KJmol~!; (b) +11.9 k¥ mol~';

(c) +15.0 kImol 1.

46.60 JK~"mol~!, 46.73 JK~' mol~".
4

3

-501 kImol~'.

(a) +7 kJmol™Y; (b) +107 k¥ mol ",
—27 K mol™".

73 atm.

(85/8V)y = a/xr and (3V/35), = aTV/C,.
(0p/8S)y = aT/krCy.

(a) (8H/3p); = 0; (b)
(3H/0p); = {nb — (2na/RT)A*}/{1 — (2na[RTV)7*},
A=1—-bjV,~—83Jatm ', -8 J.

(a) 3.0 % 1073 atm; (b) 0.30 atm.
(3Cy /3V); = (RT/VE)(@(BT)/OT?)y.

ny = ap/RTV,,

0.02 per cent.

(a) AG =1AG + (1 - 1)AH;

(b) A,G =TtAG + (1 — 7)(AH —TAC,) - T'AC, Int,
t=T/T.

rey = NRT In{(V; — nb)/(V; — nb)}.

—(0.50 kl.

G =G +p'Vy(l —e7P/7"), expansion.

In¢ = Bp/RT + (C — BY)p?/2R*T? + -, 0.999 atm.
b =211+ 2%, 2 = 1 +4pg/R.

13 per cent.

+57.2 kJmol-", +85.6 kimol~', +112.8 kJmoi~".



972

5.26°
5.28*
5.29°

6.1°
6.2"
6.3

6.4"

6.5
6.6*
6.7
6.8°
6.9
6.10°
6.13
6.14
6.15°
6.16°
6.18*
6.19
6.20
6.21°

7.1
7.2
7.3
7.4°
7.5
7.6°
7.7
7.8
7.10°
712"
7.14°
7.15

7.16°

717
7.18"°

8.2*

8.3
8.4°

ANSWERS TO PROBLEMS

(a) 0.750; (b) 0.372.

The second option leads to p = RT/(V — b) + constant.
As pressure increases, entropy increases, remains constant,
and decreases, respectively.

196.0 K, 11.1 Torr.
9 atm.
(a) +5.56 kPaK~'; (b) 2.5 per cent.

(a) =220 JK " "mol ™ ; (b) =109.0 JK ' mal ':

(c) +110 Jmol ",
(a) —1.63 em*mol~!; (b) +30.1 Lmol ™', 0.6 ki mol *.
2344 K.
22°C;
(a) 357 K (84°C); (b) +37.8 kimol ',
(a) 227.5°C; (b) +55 kImol~'.
6.12°
9.8 Torr.
VT = 1/Ty + Mgh/TA,,H, 363 K (90°C).
(aZH/OTz)p = —Con/T.

(b) 112 K; (c) +8.07 kI mol ™.

(b) 178.18 K; (c) 383.6 K; (d) +33.0 kJmol "
+31.6 kImol ™!,

1.60 x 10* bar.

K, =15.58 kPa, K = 47.03 kPa.

17.5 cm® mol~! (NaCl), 18.07 cm® mol~! {H,0).
—1.4 cm® mol~' (MgS0,), 18.04 cm’ mol ! (H,0).
12.0 cm® mol~". .

57.9 mL ethanol, 45.8 mL water, 0.96 cm’.

(b) K, = 450 Tom, K, = 465 Torr.

—4.6 kJ.

Ha =y — RT Inx, + gRTx.

Valxa,28) = Va(0,1) = [yA0" {xy dVa /(1 = x)}.

Veyeto = 109.0 em® mol ™", Vi roee = 279.3 cm® mol .
@)V, = Vo, +apd +a,(3x, — x;)43,

Va = Vo +apx] +ay(x; - 3x,)x1;

(b) ¥} =75.63 cm® mol~', V, = 99.06 cm® mol .

For xp = 0.228, 0.511, 0.810, y; = 0.490, 0.723, 0.966,
and yg = 1.031, 0.920, 0.497.

Ky = 371 bar; at p = 60.0 bar, yco, = 0.98.

S = 1989 molL~', r = 165 K; fits well, R = 0.99978.

(a 2150°C; (b) x(Mg0) = 0.35, y(Mg0) = 0.18, ratio 0.4;
(c) 2640°C.
(a) a(1)/n(s) = 5; (b) no liquid.

8.5"

8.6

8.7"
8.8

8.9

8.11°
8.12*
8.13
8.14
8.15

9.1°
9.2

9.3
9.4

9.5
9.6°
9.7
9.8°
9.9

9.10"
58
9.13*

9.14°
9.15

9.16"
9.17
9.18
9.19°

A compound with probable formula A;B exists. It melts
incongruently at 700°C. The proportions of A and B in the
product are dependent upon the overall composition and
the temperature. A eutectic exists at 400°C and x ~0.83.

The number of distinct chemical species (as opposed to
components) and phases present at the indicated points
are, respectively b(3,2), d(2,2), e(4,3), f(4,3), g(4,3),
&(2,2).

Ta = R2°CR, = 8°C.

MgCuj: 16 per cent Mg by mass; Mg, Cu: 43 per cent Mg by
mass.

No phases are in equilibrium as the system cools. The phases
through which the system passes upon cooling are: liquid,
liquid + solid K,FeCl,, solid K,FeCl, + solid KFeCl,.

(b) 391.0 K; (¢) iy, /= 0.532.

(b) myy/ny,, = 10.85.

[b) Moy /e = 0.093; 302.5 K at x = 0.750.
Temperature (y): 78 K (0.9); 80 K (1.08); 82 K (1.04); 84 K
(1.00); 86 K (0.99); 88 K (0.99); 90.2 K (0.99). To within
experimental uncertainties the solution appears ideal.

(a) +4.48 kImol~'; (b) 0.101 atm.

(a) 1.24 x 107%; (b) 1.29x 10°%; (¢) 1.8 x 10°%;

(d) as pressure increases, a decreases; as temperature
increases, a increases,

AH® = —(2.196 x 10° K — B.84T)R, 8.48R.

AH® = +3.00%10° Jmol~! and

AS® = +102 JK~"mol~! throughout this temperature
range; at 1395 K: K = 1.22 x 107,

AG® = +158 kimol~'; at 1443 K: K = 2.80 % 10°¢,
AG® = +153 Kimol~'; at 1498 K: K = 7.23x 1075,
AG® = +147 kimol .

AG®(T)/(K mol™") = 78 — 0.161(T/K).

1.69 x 1075,

5.71, =103 kJmol~'.

14.7 Kmol ™', +18.8 kimol~".

1.800 % 1073 (at 973 K), 1.109 x 10~2 (at 1073 K),
4848 x 1072 (at 1173 K), +158 kI mol .

E=1-1/(1+ap/p®)' 9.12 0.140.

AG = AG+ (T = T)AS + ahda + fAb + yAc,

a=T -T-T W(T'/T), f=4(I*-T) =T (T -T),
y= 4T - T+ 3T (/T = 177); =225.31 Kimol~".
+76.8 kJmol .

(a) =724 kImol ¥, ~144 JK~"mol~":

(b) +131.2 kimol ', +309.2 JK-' mol~",

now: 5.64; then: 5.70.

(a) 1.2 10% (b) 2.7 x 103,

the trihydrate.

0.23, 0.46, 0.30. .

63—



ANSWERS TO PROBLEMS . 973

10.1  Pb(s)|PbSO,(s)|PbS0,(aq)|Hg,50,(aq)[Hg;50,(s)[Hg(l),
+1.03 V.
10.2° (a3 4.0x 1073, 1.2x 10°%; (b) 0.74, 0.60; (c) 5.9;
(d) +1.102 V; (e} +1.079 V.
10.3° 2.0
104 (a) +1.23 V; (b) +1.09 V.
105° (3 E=E® - (38.54 mV) x {In(4'°h) + Iny, };
(b) 1.0304 V; (c] 6.84 x 10%; (d) 0.763; (e} 07‘5
. () -87.2 JK ' mol !, —=262.4 kI mol™',
10.6° +0.26838 V.
10.7 1423 at 20.0°C, +74.9 kJ mol~', +80.0 kJ mol~',
= —17.1 JK~"mol~'.
10.8 0.533.
10.9° (a) +0.2223 V, 40.2223 V; (b) 1.10, 0.796.
10.10*
10.11 —131.25 kimol™', +56.7 JK~" mol™',
—167.10 kI mol-'.
10.12*
10.13 (a) £ = E® + (2.303RT/F)pOH;
(b) E = E® + (2.303RT/F) x (pK,, — pH); c) ~37.6 mV.
1014 -12V. a
10.15* 10.18°
10.19° (3) -1.991 V > E® > -2.19 V, scandium; (b) 1.4 x 10'°.
10.20 b(H,VO, ) = 0.0048 mol kg™!,
b(V,0};) = 0.0013 molkg~".
10.21 (a) (0E/2p);, = —(AV/vF); b) 2.84 x 107 Vatm !
from fit, 2.98 x 107 Vatm™' from A,V;
(€) Expc/V = 0.00856 + 2.84 x 10-%p/(atm).’ A second-
order polynomial fit is slightly better;
(d) kr =-32x10"7 am™".
10.22° (a) AE = —(RT/vF) Inp/(atm); fits well below 100 atm,
but deviates above that pressure;
(b) AE = (RT/vF){Inp/(atm) + Cp},
(QE/2p), = (RT/vF){1/p + C},
C=6.665% 10" atm~', R = 0.99940; (c) From empirical
virial equation: AE = (RT/vF) Inp/(atm)
+0.000537(p — 1)/(atm) + 1.75 x 10"%(p? — 1)/ (am?);
(d) p. &/, yym: 1.00 atm, 1.00; 10 atm, 0.994; 38 atm,
1.02; 51 atm, 1.04; 108 atm, 1.07; 210 atm, 1.03; 380 atm,
1.23; 430 atm, 1.38; 560 atm, 1.44; 720 atm, 1.64;
900 atm, 1.81; 1020 atm, 2.02.

1.1 (@) 1L6x10 P Im~ % (0) 25107 Jm~ 2,

11.2* 6.29x 107 Js.

113 (@747<102 Im 3 () 4.59% 10" Jm
(c) 3.49x 107" Jm *; classical values: (a) 0.807 Jm **
(b) 1.67IJm % () 2.10 Jm 7,

11.4  (a) 2231 K, 0.031R; (b) 343 K, (.R97R.

11.5% (a) 0.020; (b) 0.007; () 7 x 10 %; (d) 0.5; (e) 0.61.
116 (a)9.0x10 % (b) 1.2x 10°°.

1.7 Ay T = he/Sk.

11.8° [N = (2/L)‘” (b) 1/e(2L)"%; () 1/(na)''?;
(d) 1/(32ma")"

19 (aN= 1/{_\:::::“)"'2; (b) N = 1/(32raf)"/%.

11.10" (a) ik; () 0.

111 (a) =15 (b) =1

11.12° (a) —4%; (b) —&%; (c) O; (d) O.

11.13* (a) cos? ; (b) sin® x; () 0.95e% +0.32¢ %,

11.14 K32 2m.

11.15 (a) k&; (b) O; (<) O.

11.16" (a) 6ay, 42aZ; (b) Say, 30d3.

11.17* (a) —e® /dnegay; (b) #? /mal,

11.19* (a) 1; (b) 2x; (c) A

11.21" 500 nm, blue green.
11.22° 255 K, 11.3 pum,

11.23" (a) Assuming A,C, = constant, methane becomes unstable
above =825 K; the authors’ statement is confirmed;
(b) 4, (1000 K) = 2880 nm;
(c) p(brown dwarf)/p(Sun) = 8.8 x 10~* at
Amas (PrOwn dwarf), M(brown dwarf)/
M(Sun) = 7.7 x 107%; (d) 2.31 x 1077, it hardly shines,
11.24 k=1382x 1072 JK™ h=6.69x1073 Js.

12.1° 1.24x107%J,22x10° 1.8x 1072 J.
122 (a) 1.60x 107 '° J; (b) 2.42 x 10" Hz; (c) total number of

electrons = 1.12262.
12.3° €O (1900 Nm~') > NO (1600 Nm~") > HCl

(516 Nm™') > HBr (412 Nm~') > HI (314 Nm™).
124" 130x 1072 ] +h,

125 E/(10°2 1) =0, 2.62, 7.86, 15.72,

126 E = (h*/8m) x (n?/L} + nd/L3 + n}/L3).
12.7° (a) N2/2x; (b) N*/4x2.

128 g = 5(mk/flz)lﬂ.

129° (1) = }(v+ Hho

1210 0,3 (207 + 20 + 1),

12.11° (a] L((I/l?.) = (]/27!2 ?))‘“ nh/2L;

(b) {(v1)h/wm}"?, { (v + Hhowm)'.
212, i = afto+ 1)/2)" g, 1o =(0/2)
1213 (T) = - 3{V).

1214 (a) +h, K2/20; () =20, 20%/1; (c) 0, h* /21; (d) hcos 2y,
w2l

12.15% (a) 0, 0; (b) 3#%/1, 6'72h; () 6% /1, 2(3Y/3)h,

1217 cos 0 = my /{I(l + N}, 54044,

1218 (a? + b + ).

1219 1, = (h/i){yd/0: — z0/By) and cyclic permutations,

[,.0,] =il
12.20°
12.21° (149,

12.22 (o) ()7 = L2/3 - Lnn/L) U2 a5 n — o,

( 2)'.‘2 ] L/\/}

U..
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13.1° n; — 6, 7503, 5908, 5129, - - - 3908 nm.

13.2  397.13 nm, 3.40 eV.

13.3° 987663 cm~', 137175 cm™', 185187 cm™!, 122.5 V.

134 5.39eV.

13.5° A=3850cm™.

13.6  3.3429 % 10-%" kg, Iy/f, = 1.000272.

13.7° 7621 cm™!, 10228 ecm™', 11552 cm™", 6.80 eV.

13.8  0.420 pm.

13.9° 2s.

13.10 106 pm.

13.12° p, +ip,.

13.13*

13.14° 2.66a,,

13.15 E = —(Z%*m /32ne20")(1/n?).

13.7% apy = 2ay, E p; = 1E .

13.18° d,;=0.314 nm, d; =0.301 nm.

1319° 0 =2.19x 10 ms™", £ =5.14x 10" Vm~,
H=998x10° Am~!.

1320 Ej, = Ey, = —(1/4)(Z°h*/2ud}). .

13.21° (b) 1663 (from wavelength data), 1840 (from Rydberg
constants).

13.22° AE =4.29% 107 J = 0.216 cm™", (r),p0 = 529 nm,
100 = 10.9677 em™"; yes, thermal energy is 207 cm~' and
is sufficient, v, = 511 ms™".

13.23 (1) ?Py y(lower) and 2Py, (2) 2Dy, (lower) and 2Ds;;;
simple estimate suggests ID_W is the ground state.

13.24 (b)23.8 Tm™'.

14.2°
14.3° R, =2.la,
146 (a)8.6x1077,2.0x 107 (b) 8.6 x 10-7, 2.0 x 107
(€)3.7x1077,0; (d) 4.9x 1077, 5.5% 1077
14.7° 19eV, 130 pm.
14.8°
149° AE =27 eV, i = 460 nm, orange.
14.11°
14.13" (a) nonplanar; (b) planar.
14.14 (a) E = —hcRy; (b) —(8/3n)hcR,,.
14.16" Thermal motion would cause the molecule to break apart; it
is not likely to exist for more than one vibrational period.
1417 E = ag(twice), 4 {(#g + an) £ [(20 - m?)2 + 1282 '),
E(delocalization) =J(“° —ay)’ + 12672~
[(ag— aN)® + 4p?'/2.
14.18" (a) E = (a — f8) (twice), a + 2; binding energies:
a+ 28, 2a + 4f, 3a + 3P, 4x + 2, respectively;
(b) A,H = —413 kImol ™', slightly less than
binding energy of H, (435.94 kimol='); (¢) § =
(—849 K mol~' — 2x)/4; H3t: —425 KImol;
Hy: —849 kImol~'; Hy: 3(2/2 — 212 kI mol~');
Hy: 32 — 425 kImol ',

14.19*

151" (3) Dyyi (0) Dy, €y, () Day; (d) Dy (€) Dy

15.2" trans-CHCI=CHCI.

163 Cyop =1

15.4° 15,5° '

15.6 representation 1: D(a,) = D(ay) = +1 or —1; represen-
tation 2: D(o,) = —D(gy) = +lor — 1.

15.7* the matrices do not form a group.

158 Ay + Ty, sand p, (. dy,, d,,) span T,.

15.9  (a) all five 4 orbitals; (b) all except dy(Ay).

15.10" (a) 2A| + A; + 2B, + 2By; (b) A, + 3E: () A, + T, + Ty;
(d) Ay + Ty + Toy-

15.11 (a) yes; (b) no; (c) yes.

15.12% irreducible representations: 3A, + 2A; + 2B, + 3B,.

15.13 irreducible representations: 4A, + 2B, + 3B, + A,.

15.15 group: S,; operations: S, Cs.

15.16" (a) Dyy,; (b) (i) Cap, (ii) Cyy.

15.17 (a) Dy, Ay (b) Cyy, A,

15.18* neither transition allowgd; with vibration transition to Ty,
becomes allowed, to G, remains forbidden.

15.19" (a) symmetry clements: E, 2Cy, 3C,, ay, 253, 3a,; point
group: Dy,; () reduces to: A} + E'.

15.20 reduces to A, + B, +E,.

16.1* (a) 2.1 1075, 1.3 MHz, 0.0063 cm™'; (b) 9.7 x 107,
6.6 kHz, 0.0004 ¢cm™".

16.2 700 MHz, | Torr.

16.3° 596 GHz, 19.9 cm™!, 0.503 mm, B = 9.941 cm™".

16.4  From 112.83 pm to 123.52 pm.

16.5" R(CC) = 139.6 pm, R(CH) = R(CD) = 108.5 pm.

166 k=938 Nm~', 142.81 cm™', 3.36 eV.

16.7° linear, 7,: 1400 cm™'; 5, (bend): 540 cm™', 7;:2360 cm~'
combination band, &, + &,: 3735 cm~\.

16.8" 2.728 x 10~*7 kgm?, 129.5 pm; DCI lines at 10.56, 21.11,
31.67;:5. cmid,

16.9  HCI: 128.393 pm, DCl; 128.13 pm.

16.10° R(CO) = 116.28 pm, R(CS) = 155.97 pm.

16.11 (a) 5.15 eV; (b) 5.20 eV.

16.12°

16.14° J e = (KT/2hcB)'? — 1,30, J .., = (KT/hcB)' -, 6.

16.15 230 pm, 240 pm, 250 pm.

16.16* R = 360.71 pm = 21.84 cm™!, k = 0.3746 Nm~.

16.17 46.07 cm™, 1.769 x 10® cm™".

16.18" (a) 152 m™!, 2.72x 107% kgs~2, 2.93 x 10~% kgm?,
95.5m~'; (b) 293 m~', 0.96.

16.19 14.35m™!, 26, 15.

16.20" 2.35 K.



ANSWERS TO PROBLEMS 975

1621 (b) 87.61 pm (from B), 89.83 pm (from C),
88.7pm (average); (c) B = 4384 cm™, C = 21.92 cm™";
(d) 7(D;) = 1783.0 cm ™.

17.1° 49364 cm™.

17.2° 5.1147 eV.

17.3 14660 cm™.

17.4* 48x10* Lmol~'em™2

175 1.1x10° Lmol 'cm™2

17.6" 0.2 ms.

17.8°

17.10° (a) allowed; (b) forbidden.

17.12°

17.13 lengthen; to blue.

17.15° £ = (RS/ay) s,

17.16° 65 MW.

1747 28 31,

17.18 28 kimol™' greater, consistent.

17.19° (a) 2.42 x 10° Lmol~! cm™2; (b) 0.185;
(c) 6,97, 135 Lmol ' cm™".

17.20 6.37,2.12.

17.21 124 x10° Lmol™' cm™2,

17.22° V|, — V, = 3.1938 eV, i, — i = 79.538 cm™ !,
7 =21138 cm™!,
7y = 2034.3 cm™', relative populations = 10,
Ty =13x10° K.

18.1° 103 T, 2.42x 1075, B.

18.2 57 KJmol™.

18.3° 1.992, 2.002.

18.4 69 mT, 2.1 mT.

18.5" 1:2:3:2:1 quintet of 1:4:6:4:1 quintets.

186 (7) p(3) = p(6) = 0.005, p(4) = p(5) = 0.076;
(8) p(2) = p(4) = 0.200, p(3) = 0.048, p(6) = 0.121;
(9) all p = 0.050.

18.7* 158 pm.

18.8" —0.89 mT.

189 T =1At/{1 + (wp - 0)'??).

18.10°

18.11° 300 x 10° Hz+ 10 Hz, 0.29 .

18.12* 4% 10?57, 3.7 kImol~!, 16 kJ mol~".

18.13 both fit data equally well.

18.14° (a) yes; (b) *Js,s,/Hz = 580 — 79 cos ¢ + 395 cos 2¢;
(c) a staggered conformation with the two SuMe; groups
at 180° to each other relative to the C—C bond.

18.15 (a) R, (nuclide)/R, (proton): 0.409, 0.251, 0.193,
0.941, 0.405; Rg(nuclide)/Ry(proton) = 0.00965,
0.01590, 0.00101, 0.83350, 0.06654.

19.1  no.

19.2* 3.5 K, 7.41.

19.3* (a) 5.00, 6.26; (b) 1.00 at 298 K, 0.80 at 5000 K;
6.5% 10°"" at 298 K and 0.12 at 5000 K;
(c) 13.38 JK~'mol~', 18.07 JK~' mol~".

19.4 0.257,0.336, 0.396, 0.011.

19.5* (a) 0.64, 0.36; (b) 0.52 kJ mol .

19.6  (a) 1.049, 123 Jmol~', 1.65 JK~' mol~"; (b) 1.55,
1.348 kJmol~', 8.17 JK~' mol~'; proportions are:
po = (a) 0.953, (b) 0.645; p, = (a) 0.044, (b) 0.230;
p2 = (a) 0.002, (b) 0.083.

19.7* (a) 1; (b) {2,2,0,1,0,0} and {2, 1,2,0,0,0}.

198 {4,2,2,1,0,0,0,0,0,0}.

199 (a) 160 K.

19.10* (a) ¢ = 1 + 3e~/*T, 2.104; (b) 0.5245RT,
2.074 JK ' mol~', 10.55 JK~! mol~".

19.11° (a) 104 K; (b) g = 1 + a; (c) 2Nk In2.

19.12 if the separaticns &, — g, and &, — & are equal.

19.13 (a) no difference; (b) no measurable difference.

19.14* W = 2x 10%, § = 1.282 x 10*! JK~',
§, =0.637x 1072 JK!,
§, = 0.645 x 107! JK~'. Entropy is an extensive
property.

19.15* “He: 7.69 x 10°, 9, 3; *He: 1.18 x 10%, 13, 5.

19.17° AW/W 2.4 x 10%,

19.18 AW/W=4.8 x 102,

19.19° (a) 10419 (b) 10559% 19", the heat capacity is
temperature-dependent; (c) AS = +3.34 JK~!; therefore
this is a spontaneous process, ASy y >0.

19.20 0,:0.36, H,0: 0.57.

19.21*

19.22 (c) k=136x10"2 JK'; Ny = 6.11 % 10® mol~".

19.23 1.209, 3.004.

20.1* (a) 0.351R; (b) 0.079R; (c) 0.029R.
20.2 (a) 0.1 per cent; (b) 4 x 1073 per cent.
20.3* 4.2,15 JK~' mol™!
20.5" 19.89.
20.7* (a) 3.89; (b) 2.41.
20.8° S, = R In(2ne’ma, /K*Npp), 6 = 0/n;
AS,, = R In{(0n/Vin) (HB/27me)' 1%},
209 U - U(0) = H — H(0) = (Nhw)/(e* — 1),
Lod, = N[ (e — 1)),
§ = Nk{x/(e* — 1) — In(1 — ™)},
A = A(0) = G — G(0) = NAT In(1 — e~%).
20.10° (b) 5.41 JK~" mol™L.
20.11 100 T.
20.12* 350 ms~',
2013 (a) O = 87.55 K, 6y = 6330 K;
(b) Cy m(equil.mixt.)] = 22Cy (H) + (1 = @) Cy m(Hy),
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a=[K/(K +4)]'7.Cpn(H) = 3R/2,
Cvm(Ha) = 3R + {(0y/T) [~ /20 /(1 — e~04/T))|\ 2R,
K = (KT A*(Hy)/ pg® (Hy)q" (Hy) A% (H) Je~(Po/RT).
20.14° 199.4 JK~' mol-'.
20.15 513.5 kKJmol™!.
20.16* 28, 258 JK~' mol-!.
20.17 0.6608 kimol~', 241.5 kI mol~',
20.18" 45.76 kJ mol~".
20.19 (c) T=374 K.

211 118 pm.

21.2° P, 342 pin.

21.3" yes.

214 (a) bec, 315 pm, 136 pm; (b) fec, 364 pm, 129 pm.

21.5* 10.51 gem™3,

21.7° 628 pm, yes.

21.8 834 pm, 606 pm, 870 pm.

21.9° 2gume = 48x 1073 K, oy = 1.6 1073 K1,

21.10 177 pm.

21:11°

21.13" (a) 0.5236; (b) 0.6802; (c) 0.7405.

21.14°

21.15 (a) no absences; (b) alternation (h + & + [ odd or even);
(c) k + & + 1 odd missing.

21.16 4.

21.17° 1.385 gem™?, 1,578 gem 3,

21.18 041.

2119° f = [1 + } (kap/2)}| 2.

2120 Fyy =f{1+ (=)™ + (=1)** 4 (=1)***
+"['('—l§1{*“‘1"’«—n’ +((—n‘ + ((—n i 1

21.21° Fpg = f(Cs*) = f(CI7) = 54 — 18 = 36;
Fio=f(Cs*) +£(Cl") = 54 + 18 = 72;
Fapo =f(Cs*) +f(CI") = 54 + 18 = 72.

221 () 0.11GVm™;(b)4 GVm~'; ()4 kVm',
222 24 nm.

223" 1.2x10°% ¢m?, 0.86 D.

224 138x107% e¢m’, 0.34 D.

225" 224 %107 ¢m?, 1.58 D.

226 1.85D, 1.36x 1072 cm?,

227" (a) 6Q,0,/nrzyr; (b) 90,0, /dneyr.

22.8° n, =1+ p(2na [kT).

22.10° the relative permittivity should decrease.
22.11% = 2nN2 Cy /3d°,

22.12 when A = ¢ = |, a minimum occurs at r = 1.63
22.14"

22.06% { = —€’ay/2m,, f = —Npuoe’al/2m,.

22.17 the susceptibility varies as d = 1 — {1/((4p/K) + 1]}'/2,
where d = degree of dimerization.
22.18 x,, = (25.2 cm® mol™")/{(T/K) x [1 + ¢74T/K)}},

22,19 4.80x107% J7'Cm?, 0.26 x 107% J-! Cm2,

22.20" (a) 1.51 x 1072 J, 265 pm.

22.21° 0.127 cm®* mol ™! (S = 2), 0.254 cm® mol~' (§ = 3),
0.423 cm’ mol ™! (§ = 4), 0.254 cm® mol ',

22.22 0.123.

22.23 8.14 cm’mol~!, 1.76, 1.33.

23.1° 23.1 kgmol~', 1.02 m* mol~".

232 155 kgmol™', 13.7 m* mol~".

233 00716 Lg . :

23.4° 5.0 Sv.

235 65.6 kgmol ™'

23.6 3500 r.p.m.

23.7° =29 mV.

238 Sm’mol”'.

239 69 kgmol~', 3.4 nm.

23.10° 0.21 Mgmol~".

23.11 5.14 Sv, 60.1 kgmol~!.

23.12° 158 kg mol ',

2313 (a) 9)"%a; (b) 1/2(3)'?, 2.40nm, 46 nm.

23.14° serum albumin and bushy stunt virus resemble spheres;
DNA does not.

23.15 PBLG is rod-like; polystyrene is a random coil.

23.16" 1.01 gem™3.

2317 M, =M + (2y/x)"%.

23.18° dG = —§dT — Idr, dA = -SdT + ¢dl.

2319 1 = —T(as/al),.

23.21* (a) INY/%,9.74 nm; (b) (8N/3x)'/%1, 8.97 nm;
(c) (2¥/3)"%1,7.95 nm.

23.22° K =2.73 em® g~ kg2 mol'/2, a = 0.500,
M = 1.34x 10° kgmol~.

2323 (a) g emmol ™' K, (b) 1.1 x 10°* gmol™, (¢} ‘good',
[dB =214em’e™!, € =211 cmbg2 (e)
(r/c)""* = (RT/M,)"* x (1 + 1B'c); B' = 28.0 cm’g~",
C' = 196cm® g~ yes.

23.24 (a) toluene: 0.086 Lg~', 0.37; cyclohexane: 0.042 Lg~",
0.35; (b) toluene: 2.4 x 10° gmol~!; cyclohexane:
2.6 % 10° gmol~"; (c) toluene: 42 nm; cyclohexane:
34 nm; (d) toluene: 2.3 x 10%; cyclohexane: 2.5 x 10%;
(e) toluene: 5.8 x 10* nm; cyclohexane: 6.2 x 102 nm;
() toluene: 2.1 x 10? nm, /.4 nm;
cyciohexane: 2.2 x 102 nm, 7.7 nm; (g) no reason for them
to agree; the manufacturer's claim's valid.

23.25" 1.26 x 10° gmol™, 1.23 x 10* Lmol~",

23.26° (a) K = 0.0117 cm’ g~', @ = 0.717, (b) THF is polar. The
constants depend upon both solute and solvent and their
interactions.
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2327 K =238x 1077 cm®g !, a = 0.955; the constants are
considerably different and indicate that the conducting
palymer exists in a linear chain form.

2328 My =1.23x 106 gmol ™', B =3.72x 102 em'mg ™"
The average molar masses are different and therc is no
reason for them to be the same; different preparations of
the same polymer can lead to much different average molar

masses.
24,1* 100 Ms.
242 9.1

243" 7.3 mPa.
264 () Z,=269x10%cm™? 57, Zym = 20 10%
b) 1.6 x 10* s,
24.5° (a) 100 Pa; (b) 24 Pa.
246 (a)2x10™ 57" (b) 1x 107 571
24.7* 53 Sem?mol™!.
248" (3) 11.96 mSm?mol~"; (b) 119.6 mSm~"; (c) 172.5 Q.
249 136x 1073 molL-".
24.10° 40 yms~', 52 ums~', 76 ums~'; 250 s, 190 s, 130 s;
(a) 13 nm, 17 nm, 24 nm. (b) 43, 55,81.
24.11 0.82, 0.0028.
24.12° 0.48,7.5x 10~ m*s™' V-!, 72 Scm?*mol .
24.13 0.278, 0.278.
24.14° (a) 12 kNmol~', 2.1 x 1072 N molecule™';
(b) 17 kN mol~', 2.8 x 107 Nmoalecule™';
(c) 25 kNmol~', 4.1 x 1072" N-molecule™".
24.15" Li*: 4 water molecules; Nat: | to 2 water molecules.
24.16 E, = 9.3 kJmol~",
24.17* (a) =0; (b) 63 mmol L.
2418 r/f" = w1
24.20° (a) 0; (b) 0.016; (c) 0.054.
24.21 n > 60.
24.22° A2 (Nal) = 60.7 Scm? mol ™',
AL (KI) = 58.9 Scm? mol ™!, A°(Na*) — 2°(K*) =
1.8 Scm?mol'; the analogous quantities in water are,
respectively, 126.9, 150.3, and —23.4 Scm?mol ™",
24.23 (a) 368 pm, (b) 307 pm.
2424° 1.6%10° m*s™ ", 034 JK 'm~'s
24.25 830 pm.

25.1* 2,59 mLmol™'min~!, 294 g
252 1, 1.51x107% 57!, 9.82 mmol L.
253 1, 1.2x 107 57N,

254 1,584x 1077 57", 1.98 min.
255" 97.0 kImol .

25.6° 55.4 per cent.

257 1,28x107* 57"

258" 3.65x 107 min~', 274 min.

259 237x% 107 Lmol™'s .
2510°1,7.2x107* 57!,
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25.11* propene: 1; HCI: 3.
25.12° rate = kK, K [HCI]*[CH,CH=CH,).
25.13 18 kJmol™', +10 kImol™".
25.14* 1.14x 10" Lmol~'s7', 16.7 kI mol .
25.15 deviates from theory at low pressures.
25.16" 10 mmol L.
25.17" (B, /[A], = k/k.
25.19°
25.20 equivalent when B is a reactive intermediate.
2521 fipfrye =@ = DA™ -1}
25.22°
25.24" E, = 105 K mol™!, AG = —26.6 kJmol ™',
AH = —34.3 kimol~'; still favourable under prebiotic
conditions.
25.25 o, = A({[A], = (B]y)/2)” for [B], < [Aly,
(x/]A],) < 1 corresponds to reality.
25.26" 2.01 min, | min, 0.693 min.
2527 x = {[B], - [Al,/()}/(1 = f(0);
f(1) = exp{=(|A], — [Blo)kt}.
25.28° 1.03 % 10° Lmol~'s™", 13.9 kimol .
2529 9x 1070 molL~'s™!, 3% 10% s,
25.30° (a) 2.1 x 1075 mol L' s™"; (b) 1.6 x 107" molL="s".
2531 (a) 1.1 x 107'® molL~"s7'; (b) 2.2 x 10" kg or 220 Tg.
25.32° 121.2 kImol ™!, 247.0 JK~' mol .

26.1° 1.9x10% 57, 3.1 x 10 °* einsteins™".

262 5.1x 10" Lmol™'s™".

26.3°

26.4 5.0% 10" Lmol ™' s,

265" N{1) = Nye!® " fits data with R? = 0.983.

26.6' ([Aly+ [Ply) klpa = 4 —p —In2p.

267 ([Aly 4, [Ply) Ktmas = (2= p)/2p + In(2/p)-

26.9° f = kok[COJ/ {k5[CO] + k3[M]}.

26.11° oM = M{ki[A],(1 + ki[A])} "%

2612 (a) M(1 +4p + p2)/(1 = p2); (b) (6{m)* — 6{n} + 1){n).

26.13" ratio = M(1 + 4p+ p2)/(1 - P*).

26.15 [B] = (Z,/k)""* oc [A)/2

26.16" [X] = k. /hy, [Y] = &i[A]/ ke,

26.18° Step 1 is autocatalytic. a/r < Sy: infection spreads;
afr > §,: infection dies out.

26.19°

2620 5.9 % 107" mol L™'s7".

26.21* (a) For both X = H and X = Cl, the.fit of the data to the
sccond-order integrated rate expression is superior to the
fit to the first-order rate expressions as evidenced by
comparing correlation coefficients and standard deviations
of the slopes and intercepts.

(b) rate = —kyk, [(CIRR(CO),),]|ArHgCI)* /[HgCly)-



978 ANSWERS TO PROBLEMS

26.22° (a) initiation, propagation, propagation, termination,
initiation; (b) d[NO]/dr = ~2ky (k_q/kg)"2[0,]'"2NO);
[C) El,eﬂ' = Eli + %E—d = %Ed: (d] E.'e"‘ = 381 UITIO'_I,
consistent with high end of range;
(¢) dINO]/dr = 2k, (k, /24y[M "2(NOJ%; () d[NO) /dr =
=2k, (k /2ka[M])"*[0]'/2[NOJ*"2, where k. is the rate
constant for NO + 0; — 0 + NO,; E, o = 253 kimol ™",
consistent with low end of range.

26.24" When step (b) is rate-determining and step (a) is a rapid
equilibrium so that [I] is in a steady state.

27.1  (a) 0.044 nm?; (b) 0.15.

27.2° 0.007, 0.0040 nm?.

273 1L.7x10" Lmol's~!, 3.6 ns.

27.4° +83.8 KJmol™!, +19.1 JK~" mol"', 85.9 kI mol !,
+79.0 kJ mol "

27.5° 2-.

27.6 0.658 Lmol~' min~'.

218"

27.10 P=52x1075,

27.11* logv oc /12,

27.12° 1.4 x 105 Lmol~'s™".

27.13* 1.2 x 10° L mol~"5-1.

27.15% (a) 2.7 x 1075 m2s~"; (b)1.1 x 10~" m?s-1.

27.16 2x 107" m?s7!if v = v; 9% 107 m?sif v} = Ly,

27.17°

27.18 5.

27.19% k; = 3.82x 10° Lmol~'s™!, k, = 5.1 x 10° Lmol~' s/,
ky =4.17% 105 L mol~'s™', ky/k, = 0.13.

27.20 1.6x107%, 1.8x 1072,

27.21° A complex of two univalent ions of the same sign.

27.22 6.23x10° Lmol~'s~', 0.37 nm.

27.23" k = kikyfhy K = k,;
(b) D(FO-F) = E,; = 140.6 ki mol~', D(0-F) =
244.7 Kimol™", E,; = 20.3 kimol ™',

27.24 Kk, (atoms)/k,(molecules) =3 x 107,

27.25 —148 JK~"mol~', 60.44 kJmol~', 62.9 kJ mol~!,
104.8 kJmol™", respectively.

27.26" Ink fits the Arrhenius equation with
A=312x10" Lmol~'s!, E, = 193 kimol~,
R =0.99976; Ink’ fits with A’ = 7.29 x 10" Lmol~!s"!;
E, =175 KJmol~!, R = 0.99848.

28.1 () 1.61 % 10'S cm~%; (b) 1.14 % 10'5 cm~2;
(c) 1.86 x 10" cm~2.

28.2° 0.37 Torr™'.

283  (a) 164, 13.1 cm?; (b) 264, 12.5 cm?.

28.4° 14mL, 59 m?

28.5 BET better; 75.4 cm?, 3.98.

28.6° 24,0.16.

28.7 0.02 Torrs™'.

289" U o Cq/R%, 294 pm.

28.10°

28.11*

2812 dy' = (RTV,,/a)d In(1 - 0).

28.13" (a) v = gkT /p; (b) R = 0.959 for the linear equation which
yields g = 1.0x 10 m=3s~". z() is seen to be nonlinear:
2(t) = a(e™ — 1), with a = 5.71 ecm, b = 0.35 571,

R =099,

28.14 K =0.138 mgg~', n = 0.58, amount corresponding to
monolayer coverage must be known.

28.15" —20.1 kimol ™!, —63.6 kJmol~".

28.16 n=5.78 molkg™!, K = 7.02 Pa~'.

28.17" 40.4.

28.18 Regression analysis provides the following coefficients of
correlation: R(Langmuir) = 0.973;

R(Freundlich) = 0.99994; R(Temkin) = 0.9590. The fit to
the Freundlich isotherm is best.

28.19" (a) R values range from 0.975 to 0.998; the fit is good at all
temperatures. (b) £, = 3.68 x 1073,
ky = 2.62x 1073 ppm~!, AH = —8.67 kI mol™",

AyH = —15.7 kI mol~".

28.20" (a) k = 0.2289 and n = 0.6180; R = 0.9995.
(c) k = 0.5227, n = 0.7273; R = 0.996.

28.21 (a) K[(mgL™")™"), Ky[(mgL~")™"/"), K, [(mgL~)""];
(b) R(linear) = 0.9612, R(Freundlich) = 0.9682,
R(Langmuir) = 0.9690; on that basis alone the fits are
equally satisfactory, but not good. The Langmuir isotherm
can be eliminated, as it gives a negative value for K ; the fit
to the Freundlich isotherm has a large standard deviation.
Hence, the lihear isotherm seems best, but the Freundlich
isotherm is preferred for this kind of system.

(€) Grubber/Genarcon = 016422 hence much worse.
29.1° 0.38,0.78 mAcm™2

29.2  a(Sn?t)x2.2a(Pb?*).

29.3* 0.25 mm,

29.4 45 per cent, 45 per cent.

29.5° 87 mA. !

29.6*

29.7 6 pA.

29.8° 028 mgem™2d-',

29.9° 7.2 uA.

29.11° j/ji = | = exp(Fn /RT).

29.12° (a) Ey = —0.618 V, n/mV = —84, —109, — 134, —194;
(b) j./(uA cm™2) = 0.0324, 0.0469, 0.0663, 0.154;

() jop = 0.00997 pAcm™2, a = 0.363; excellent fit,
R = 0.99994.

29.14 0.50, 0.150 Am™2, —0.038 Am.

29.15" (a) No linear region exists; the Tafel equation cannot be
used to calculate j; and a.

29.16" jo = 2.00x 107 mAm™2, o = 0.498; R = 0.9990. There
are no significant deviations.



