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Preface to First Edition

The pages that follow give detailed solutions of just about every one of the 1060
problems in the main text. The two or three exceptions are those where the question
invites the reader to sit in front of a computer, or simply to sit still and think, or, in
one case, to buy sugar. Even in these cases, though, I make suggestions and give advice.

The format is as follows. Steps in the development of an equation or in the develop-
ment of an argument are elucidated by reference to the main text by a remark in
square brackets; for example, [10.2.6] indicates that equation (10.2.6) of the main
text has been used. If I refer to a diagram or a table in the main text other than in
the present manual, I always add words such as ‘of the main text’ to avoid confusion.

I would like to acknowledge a great deal of generous help given to me by a number
of people during the preparation of this manual. Sean Keating worked hard on check-
ing and improving my solutions instead of working on his doctoral thesis. Five of my
undergraduates, Adrian Capel, Peter Coveney, Timothy Parker, Martin Robinson,
and Graham Topping, divided up the solutions and spent a lot of time checking them
instead of working for an examination. Happily, it seemed to do them the opposite
of harm. I owe much gratitude to Cordelle Yoder, who typed, with remarkable speed
and precision, the complicated and lengthy text from an almost illegible manuscript,
and did so at a distance of about 6000 miles. Perhaps it was better that way. The
illustrations are all my own rough sketches but are fairly accurate plots of the actual
data.

Oxford, 1978 P.W.A



Preface to Second Edition

In preparing this second edition I have taken into account numerous helpful comments
from users of the first. Every solution has been examined in detail, either in order to
take into account changes in the data or details of the question, or to present an im-
proved version. There are now 1090 Probleins in the text (the extra ones being mainly
the result of the new chapter on macromolecules, but there are also deletions in the
other chapters and replacements amounting to several dozen overall), and almost all
of them are answered here in detail. I have used the same systemn of reference to
pages, equations, and tables of data, and all the references now refer, of course, to
the second edition of the main text. I should like to emphasize how grateful I am to
all the users of the first edition who took the trouble to write to me.

Oxford P.W.A.
July 1981
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PART 1: EQUILIBRIUM

1. The properties of gases

1.1 pe=(V/Vpp; [1.1.3].
V;=1dm3= 1000 cm?3, ¥; = 100 cm? p; =1 atm.
pr = (1000 cm3/100 cm®) X (1 atm) =10 X 1 atm = 10 atm.

12 Vi=(i/pr)V; [1.1.3].

¥; = 2 m3, p; = 755 mmHg, ps = (a) 100 mmHg, (b) 10 mmHg.

(2) Vi=(755 mmHg/100 mmHg) X (2 m®) = 7.55 X 2m3= 15.1 m®.
(b) V¢= (755 mmHg/10 mmHg) X (2 m?) =75.5 X 2m?®= 151 m>.

1.3 V= (pi/pe)Vi [1.1.3]; psr = pgh[hydrostatics] + 1 atm.

Vi=3m3pj=1atm, p=1.025gem> g=981ms% h=50m

pr=(1.025gcm?®) X (9.81 ms?) X (50m)+ 1 atm=5.03X 10°kgm ' s2+ 1 atm
=5.03X 105N m? + 1 atm = 4.96 atm + 1 atm [end-paper 1] ~ 6 atm

V= (1 atm/6 atm) X (3 m®) = (1/6) X 3 m?®= 0.5 m>.

1.4 External pressure: p;. Pressure at foot of column: ps + pgh.
At equilibrium p; = ps + pgh, or pg = p; — pgh.
AVIV = (Ve — V)IVi = [(®i/pe)Ve— Vil IVi= (pi/pg) — |
= (pi — pr)Ips = pgh/pc ~ pgh/p; [pgh <pjl.
pgh=(1.0gcm3) X (9.81 ms?) X (15 cm)
=(1.0X 103gm?®) X (9.81 ms?) X (0.15m) = 1.47 X 10°N m2.
AV/V =(1.47 X 103N ni2)/(1.013 X 105N m %) = 0.0145, or 1.5 per cent.

15 Tp=(%/VOT; [1.1.5].
V;=1dm3 V¢= 100 cm3®= 0.1 dm® T; = 298 K.
Ty = (0.1 dm¥/1.0 dm®) X (298 K) = 0.1 X (298 K) ~ 30 K.

1.6  pe=(s/I)p; [1.1.6].
Internal pressure = (quoted pressure) + (atmospheric pressure) [14.0 1b in”?].



2 The properties of gases

pi=(241bin"?) + (141bin"?) =38 1bin™2

T; =—5°C, or 268 K; T = 35 °C, or 308 K.

pi = (308 K/268 K) X (38 1bin"2) =43.7 Ibin"2
pe(internal) = (43.7— 14.0) Ibin"2=29.7 Ib in"2.

1.7 Disregard the elasticity of the envelope. p;V; = nRT;j, p¢V¢= nRTs [1.1.1]

piVi/nRT; = psV;/nR Tz, or ps = (Vi/Ve)(Tt/Tpi
Vi = (4/3)nRY, Vi= (4/3)nR}, pr = (Ri/Re )* (Tt /To)pi .
Ri=1m,R¢=3m, T;=298K, Ty =—20°C, or 253K, p; = | atm.

ps = (1 m/3m)3X (253 K/298 K) X (1 atm) = (})> X (0.849) X (1 atm) = 0.031 atm.

1.8 n=.#/M, [Box 0.1];n/V =MM,V = p/My, [p=H#V].
For a perfect gas, p = nRT/V = pRT/Mp,.
For a real gas,
p=mRT/V){1+Bp+...}=@RT/M,){1 +Bp+...}
p/lp=RT/Mp)+B'RT/My)p + . ..

Therefore, plot p/p against p and expect a straight line with intercept RT/M, at p = 0.

Convert p to N m™2 using 1 mmHg = 133.3 N m™ [end-paper 1].

p/mmHg 91.74 188.93 2773 452.8 639.3 760.0

p/105N m™ 0.1223 0.2518 0.3696 0.6036 0.8522 1.0133
p/kg m™ 0.2276 0.4695 0.6898 1.1291 1.5983 1.9029
(p/p)/10°m*s2  0.5373 0.5363 0.5358 0.5346 0.5332 0.5325

These points are plotted in Fig. 1.1, and the limiting behavior is confirmed.
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The properties of gases 3

The intercept at p = 0 is at (p/p)/10° m* s"2 = 0.5379. Therefore,
RT/M, = 0.5379 X 105 m? 52, or My, = RT/(0.5379 X 105 m?$?).
(8.3144 J K™ mol™) X (298.15 K)

N (0.5379 X 105 m?s°?)

=46.09 g mol™'; M, = 46.09.

=4.609 X 102kg mol™! [J =kgm?s7?]

m

1.9 n=pV/RT [1.1.1], V =(4/3)nR>,
p=1atm=1.013X 10°Nm™> T=298K, R=3m,
V= (4/3)m(3.0m)>=113.1 m® RT =2.479 kI mol™" [end-paper 1].
1.013X 105X 113.1 Nm?m?
T 2479X10°  Jmol™
M = nM, g mol™" [.#= mass of sample] = (4623 mol) X (2gmol ™) = 9246 g = 9.2 kg.
Mass of displaced air = (113.1 m3) X (1.22 kg m™3) = 138 kg.
Therefore, payload = 138 kg — 9.2 kg = 129 kg.
For helium, .#= 4623 mol X (4.0 g mol™") [end-paper 4] = 18.5 kg.
Therefore, payload = 138 kg — 18.5 kg = 120 kg.
At 30,000 ft, 4.6 X 10® mol of gas occupies a volume
(4.6 X 103 mol) X (8.31 J K™ mol™) X (230 K)
0.28 X (1.013 X 10° N m™?)
Therefore, the mass of displaced air is
My =(310m3?) X (0.43kgm™) = 133 kg
and the payload is 133 kg — 9 kg = 124 kg (hydrogen)
or 133 kg — 18 kg = 115 kg (helium).

Whether or not you and your companion can reach that height depends on your
combined mass. The combined mass of two 140 1b people is 127 kg. Don’t forget to
include the mass of the gondola, envelope, sandwiches, etc. Choose an emaciated
companion.

In order to inflate the balloon further you would carry extra hydrogen. Suppose,
for simplicity, you carried a further 9.2 kg in a compressed state in the same cylinder
as before. The payload would then be 120 kg at sea level. If you got to 30,000 ft,
and injected the extra 9.2 kg (4.6 X 10° mol) into the indefinitely extensible envelope,
you would stretch it to 2 X 310 m3, and so displace 266 kg of air, leaving a payload of
248 kg. You will go up. The same conclusion applies to smaller injections of gas.

=4623 mol [J =N m]

=310 m3.

V =(nRTp) [1.1.1] =

1.10 p = pRT/M,, [Problem 1.8] ; m =M, /L [Box 0.1].
p =AMV =(33.5X 10"%kg)/(250 X 107 m® = 0.134 kg m™3,
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p=152X(133.22 N m?) [end-paper 1] = 2.026 X 10*N m™2.
(0.134 kg m™) X (8.3144 JK'mol™") X (298.15 K)
(2.026 X 10°N m™?)
= 1.64 X 1072 kg J mol™!/Nm = 1.64 X 102 kg mol™ [J = N m]
=16.4gmol™!; M,=16.4.
m =My /L = (1.64 X 10 kg mol™1)/(6.022 X 10%® mol™!) = 2.72 X 106 kg.

My, = pRTjp =

1.11 The mass of displaced gas is Vp, where V is the volume of the bulb and p the gas
density. The balance condition for two gases is m(bulb) = V(bulb) p(1), m(bulb) =
V(bulb)p(2) and so p(1) = p(2). But p(X) = M ,,(X)p(X)/kT [Problem 1.8], X =1,2
and so the balance condition is M, (1)p(1) = M, (2)p(2), or M (1)p(1) = M. (2)p(2).
Therefore, M (2) = M, (1)[p(1)/p(2)]. This is valid in the limit of vanishing pressures.
In experiment 1, p(1) = 423.22 mmHg, p(2) = 327.10 mmHg and so M (2) = 70.014 X
(423.22 mmHg/327.10 mmHg) = 90.59. In experiment 2, p(1) = 427.22 mHg, p(2) =
293.22 mmHg and so M, = 70.014 X (427.22 mmHg/293.22 mmHg) = 102.0. In a
proper series of experiments one should reduce the pressure (e.g. by adjusting the
balanced weight). Experiment 2 is closer to zero pressure than Experiment 1, and so
we take M; = 102. The molecule CH,F - CF; has M, = 102 [end-paper 4] .

1.12 pV =nRT [1.1.1], V = constant.
AtT=T; (=273.16 K), p = p3 (= 50.2 mmHg).
At a general temperature T, p(T) = py(T/T3) [1.1.6] . Therefore,
274.16 K—273.16 K
273.16 K )
= p3/273.16 =(50.2 mmHg)/273.16 = 0.184 mmHg.

p(274.16 K) — p(273.16 K) = p3 <

For 100 °C:
p(373.15 K) = (50.2 mmHg) X (373.15 K/273.16 K)
= 1.366 X 50.2 mmHg = 68.6 mmHg.
At 100 °C p(374.15 K) — p(373.15 K) = p53/273.16 = 0.184 mmHg.

1.13 n=n(H,;) + n(N;) = 2 mol + 1 mol = 3 mol.

x(H,) = n(Hy)/n [p. 35] = (2 mol)/(3 mol) = 3.

x(Ny) = n(Ny)/n = (1 mol)/(3 mol) = 1.

p =nRTJV = (3 mol) X (8.3144 J K™ mol™") X (237.15 K)/(22.4 dm?)
=3.04 X 105N m 2= 3,00 atm [end-paper 1].

p(Hy) =x(Hpp [1.2.4] =3%X (3 atm) = 2 atm.

p(N2) = x(Np)p = §X (3 atm) = 1 atm.
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1.14 Draw up the following table based on H, + §N, = 4NH,.

H, N, NH,
Inltlally n; np 0
Finally 0 ny—in  iny
or: 0  imol % mol [7,= 1 mol, n, = 2 mol}
Mole fraction: o ¢ 2 [total n = §mol]

(8.3144 J K~ mol ™) X (273.15 K)
22.4 dm?3

p =nRT/V = (§mol) X =% atm.

p(H,) = x(Hy)p = 0.
p(N,) = x(No)p = £ X (atm) = {atm.
p(NH3) = x(NH3)p = # X (§atm) = § atm.

1.15 Find what pressure a perfect gas exerts from p = nRT/V.
n=131g/(131 g mol™") [end-paper 4] = 1.00 mol.
R =0.0821 dm?atm K™! mol™ [end-paper 2].
(1.00 mol) X (0.0821 dm?®atm K™ mol™') X (298.15 K)
P (1.00 dm?)
=0.0821 X 298.15 atm = 24.5 atm.

Therefore, the sample would exert 24.5 atm, not 20 atm.

1.16 p = nRT/(V — nb) — an®/V* [1.4.1a)
a=4.194 dm®atm mol™2, b =5.105 X 1072 dm>®mol™" [Table 1.1]
n = 1.00 mol [Problem 1.15], ¥ = 1.00 dm?
(1.00 mol) X (0.0821 dm®atm K™! mol™) X (298.15 K)

nRT/(V — nb) =
n ) (1.00 dm® — (1.00 mol) X (5.105 X 1072 dm?® mol ™)

_0.0821 X 298.15 dm®atm _ 24.5 atm

T (1.00—005)dm® 095
an®/V?* = (4.194 dm® atm mol ) X (1.00 mol)?/(1.00 dm?)® = 4.194 atm.
Therefore p = 25.8 atm — 4.2 atm = 21.6 atm.

= 25.8 atm.

1.17 (a)p =nRT/V [1.1.1], (b) p = nRT/(V — nb) — an*/V* [1.4.1a].
a=4.471 dm®atm mol™ b =5.714 X 102 dm?® mol™ = 57.14 cm® mol ™" [Table 1.1].
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RT/V = 1.00 atm mol~ at 273.15 K and 22.414 dmn’.
(a(i)) p = (1.00 mol) X (1.00 atm mol*) = 1.00 atm.
(1.00 mol) X (0.0821 dm® atm k™ mol™) X (1000 K)

(a(ii)) p= 0.10 dm?) = 821 atm.
(b(i)) nRT/(V —nib) (1.00 mol) X (22.41 dm?® atm mol %) o
1 —n = = 1. atm.
(22.41 cm®) —(5.714 X 1072 dm®)
4.471 dm®at 172) X (1.00 mol)?
any? =" m”atm mol ) X (1.00mol)” _ 5 53 4.

(22.414 dm®)?
p = (1.003 — 0.009) atm = 0.994 atm.
(1.00 mol) X (82.06 dm® atm mol )

(0.10 dm®)—(1.00 mol) X (5.714 X 107 dm® mol™)

= 1915 atm.
_ (4471 dm® atm mol ™) X (1.00 mol)?
- (0.10 dm?)?
p = 1915 atm — 447 atm = 1468 atm.

(b(ii)) nRT/(V —nb) =

2

an®lv = 447 atm.

1.18 At25°C and 1 atm the reduced temperature and pressure of hydrogen are
T, =(298.15K)/(32.99 K) [Table 1.2, and definition p. 44] = 9.04
pr = (1 atm)/(12.77 atm) = 0.0783.

Ammonia, xenon, and helium are in corresponding states when their reduced pressures
and temperatures have these values. Hence use p = p,p. and T = T, T, with p, = 0.0783,
T, = 9.04, and the appropriate values (Table 1.2) of p. and T.

(a) Ammonia;p, = 111.5 atm, T, = 4054 K
hence p = 8.73 atm, T = 3665 K.
(b) Xenon; p. = 58.0 atm, T, = 289.7K
hence p = 4.54 atm, T = 2619 K.
(c) Helium;pe =226 atm, T, =5.2K
hence p = 0.177 atm, T = 47.0 K.

1.19 From [1.4.3] Vin = 3b =3 X (0.0226 dm®mol™) = 67.8 ¢cm® mol !

5 0.751 atm dm® mol™2
pe =al27b* = I, = 4.5 atm.
27 X (0.0226 dm® mol 12—
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8 X (0.751 atm dm® mol %)
27 X (0.08206 dm® atm K~* mol™") X (0.0226 dm® mol ™)
=120/K™' = 120K.

T, = 8a/27Rb =

120 b=V o3 [14.3],a=3p V2. [143]

Ve = 98.7 cm® mol ™ = 0.0987 dm® mol ', p. = 45.6 atm

b =1 X (0.0987 dm® mol™) = 0.0329 dm® mol™".

a =3 X (45.6 atm) X (0.0987 dm® mol™)? = 1.333 atm dm® mol 2.

tmot = b/L [p. 40] = (0.0329 X 107 m® mol™)/(6.022 X 10% mol™)
= 5.5X 10 m® (0.055 nm, 55 A%).

3 1/3
Umo1~ § mr’, whence r = [4— X (5.5X 10 m’)
m

=24X 10" morr~0.24 nm(2.4 A).

121 Vo= 2b [p.47],b ~ (4/3)1°L so that r ~ [(3/87) (Ven o/L)] 7.
From Table 1.2, Vi, o(He) = 58 cm® mol™ = 58 X 107 m®* mol™".
Vin,o/L = (58 X 107 m® mol *)/(6.022 X 10 mol ")

=9.60X 10°¥ m®,
Then r = [(3/87) X (9.60 X 107 m?)] '® = 2.26 X 107° nm = 226 pm.
Similarly, ¥, «(Ne) = 41.7 cm® mol ™ gives #(Ne) ~ 202 pm (2.02 A)
Vi o(Ar) = 75.2 cm® mol ™! gives r(Ar) ~ 246 pm (2.46 A).
Veno(Xe) = 119 cm® mol ™" gives r(Xe) ~ 287 pm (2.87 A).

1.22 V= 2b, T, = a/4bR [Table 1.4]. Hence b = 3V c,a = 4RTh = 2RT Vpy, -
Vin,e = 119 cm® mol™; b = 59.5 cm® mol ™.,
T, = 289.7 K;a = 2 X (0.08206 dm® atm K™ mol™*) X (289.7 K) X (0.119 dm® mol™*)

= 5.66 dm® atm mol 2.

1.23 p=RT/(Vyy —b)—a/VZ [Table 1.4] = (RT/Vy) |1 ! l —a/V2.

- (b/ Vi)

Use =1+x+x%+ ... withx=5b/V,.

1—x
Then p = (RT/ V) {1 + (b/Vi) + (b/Vem)* + ...} —a/V2
= RT/Vm) {1+ [b —(@/RD)] [Vin + (0/Vin)* + .. .}.
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Compare with
p=(RT/Vqy) {1 +B(T)/Vy + C(T)/V;2 + ...} [Table 1.4].
Then B(T) = b —a/RT, C(T) = b>.

1.24 p = {RT/(Vin — b)}exp(—a/RTV,y) [Table 1.4].
1
Use 1/(1—x)=1+x+x*+...,e¢=1 +y+5y2 + ... and then collect co-

efficients of power of 1/Vy,.

p=RT/Vy) [Tb/m] exp( —a/RTVy)

= (RT/Vi) {1+ (0/Via) + (b/Vi)* + .. 3 {1 — (@/RTV) + $(@/RTV;)* + .. .}
= (RT/Viy) {1 + [b—(a/RT)] (1/V;) + [b* — (ab/RT) +
+ (@2R*TY)] (1/Vn)® + .. .}.
Compare with p = (RT/V;y) {1 + B(T)/Va + C(D)|V2 + .. .}.
Then B(T) = b —a/RT, O(T) = b* — (ab/RT) + (a*/2R*T?).

1.25 For a van der Waals gas B =5 —a/RT, C = b? [Problem 1.23], hence b =+/C,
a = (b — B)RT. Then use p. = a/27b?, Vy, . = 3b, T, = 8a/27 Rb.

B(T) =—121.7 cm®*mol™, C(T) = 1200 cm® mol~2.

Therefore b = 34.6 cm® mol %, N

a={34.6 cm*mol™ — (— 21.7 cm®*mol ™)} {(0.0821 dm® atm K™ mol ™) X (273 K)}
= (56.3 cm® mol ™) X (22.4 dm® atm mol %)
= 1260 cm® dm® atm mol 2= 1.26 dm® atm mol 2.

Then p, = (1.26 dm® atm mol2)/27(34.6 X 1073 dm® mol™)? = 39.0 atm.

Vir,e =3 X (34.6 cm® mol™*) = 104 cm® mol . -

_ 8 X (1.26 dm® atm mol %) 131K
27 X (0.0821 dm® atm K ' mol™) X (34.6 X 103 dm® mol™}) —

For a Dieterici gas, B =b —a/RT, C = b* — (ab/RT) + (a*/2R?*T?) [Problem 1.24].
Hence C —3B? = 1b? so that b =+/(2C —B?) and @ = (b — B)RT. Then use
Pe = al4e?, Vi o = 2b, T, = af4bR.

b =+/{2400 cm®mol > — (— 21.7 cm® mol ™")?} = 43.9 cm® mol .
a={43.9 cm*mol™ — (= 21.7 cm® mol ™)} X {22.4 dm?®atm mol™"}
= 1470 cm® dm® mol 2 atm = 1.47 dm® atm mol 2.

pe =(1.47 dm® atm mol2)/4e%(43.9 X 1073 dm® mol™)? = 25.8 atm.

I
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Vin,e =2 X (43.9 cm® mol ™) = 87.8 cm® mol .
Ic = (1.47 dm® atm mol2)/4 X (43.9 X 1073 dm? atm mol %)
X (0.0821 dm®atm K™ mol™) = 102 K.

1.26 For critical behaviour, show that there is a point of inflection [p. 43] and find
the critical constants.

p=RT/Vy —B/V2 +C/V3
dp/dVy =—RT/V2 + 2B/VE —3C/Vit =0
d%n/dV;2 = 2RT/V;2 —6B/Va + 12C/V;s =0
—RT Vg o+ 2BV . —3C =0
RT.Vi . —3BVp, +6C=0 l
which solve to Vg . = 3C/B, T, = B*/3RC.
Use the equation of state to find p,:
Pe =RT Vi e — BV + CIVa
= R(B?*3RC)/(3C/B) — B/(3C/B)* + C/(3C/B)® = B3/27C>.
Z. = pcVm o/ RT, = (B%/27C*) (3C/B)/R(B*/3RC) = 4.

| atpe,Vm oo 1c.

1.27 pVu/RT=1+Bp+ C'p? + ... [1.3.1]

PVa/RT =1+ B/Vy + C/VE + ... [1.3.2].

Equating the two expressioas for pV;,/RT gives
Bp+Cp*+...=B/Va+CIV:+...

Therefore B'pVy, +CpV2 +...=B+C/V,, ...

Replace pVp, by RT{1 + (B/Vy,) + . . .}Jand equate coefficients of powers of 1/V,.
BRT{1+ B/Vy)+ .. 3+ (C'IV) RT? {1+ B/Vy)+.. P =B+C/Vy +...
ot BRT + (BB'RT + C'R*TY) Vs + .. =B+ [V + ...

Therefore B'/RT = B, implying B' = B/RT.

Also BB'RT + C'R*T? =C, or B> + C'R?T? = C, implying C' = (C— B?)/R*T>.

1.28 AtT =Ty, B'=0 [p.38].B' = B/RT [Problem 1.27] = (b — a/RT)RT
[Problem 1.23] . Therefore, b —a/RTg = 0, or Ty = a/Rb.

AtT=Tg,Z =pV/RTg = (1/RTg)RTg {1 + B'(Tp)p + C'(Tp)p* + .. .}
=1+C'(Tp)p* + ...~ 1ifC'P*<1.

9



10 The properties of gases

Therefore, xenon has Z ~ 1 at T = Tg ~ a/Rb.
4.194 dm® atm mol ™!

(0.08206 dm® atm K™ mol™*) X (0.05105 dm>® mol %)

Ta(Xe) ~ =1001 K.

1.29 (a) Ty = a/Rb [Problem 1.28] ; T, = 27bR/8a [Table 1.4].

Ty, = Tp/T, = (a/Rb)/(27bR/8a) = 27/8 = 3.375

(b) For a Dieterici gas, B = b —a/RT [Problem 1.24] , hence B’ = (b —a/RT)/RT
[Problem 1.27] = 0 when b = a/RT. Therefore, Tg = a/Rb. Since T, = a/4bR
[Table 1.4],

Ty, = (&/Rb)/(a/4bR) = 4.

1.30 p/p = (RT/M) + (BRT/M)p + . .. [Problem 1.8]. A plot of p/p against p
therefore has a limiting slope B'/RT/M,,. Write (p/p)/(10° m? s7%) =
(RT/My)/(10° m?s72) + {(B'RT/M)/(10° m*s™%)} (p/10° Nm™2) (10° Nm™2)
and so a plot of (p/p)/(10° m? s72) against (p/10° Nm™2), as in Fig. 1.1, has a
(dimensionless) slope equal to {B'RT/M_,)/(10° m?s72)} X (10° Nm™2) =
(B'RT/M)) Nm™ s2,

0.5325 — 0.5379

From Fig. 1.1, limiting slope ® ———— = — 0.0058.
$ SRop 0.93
Therefore (B'/RT/Mp) N m™ s2 = —0.0058, RT/M, = 0.5379 X 105 m? s72
b —0.0058 —0.0058

=—1.08X 107N m?

(RT/Mm)Nm™s?  0.5379X 10Sm™2N

B =B'RT [Problem 1.27] = (—1.08 X 1007 N m?) X (8.3144 J K™  mol ")
X (300 K)

=—269X 10*IN m?mol™'=—2.69 X 10*m3mol™ = —0.269 dm® mol™*

1.31 Consider a slab of fluid of area 4, thickness di, density p. Its mass is pAdh.
The force downwards is pAgdh. The force per unit area is pAgdh/A = pgdh. This
is the difference of the pressures at the bottom and top of the slab. Therefore, if
h is measured vertically, dp = — pgdh (dp/dh is negative: pressure decreases as
height increases). For a perfect gas p = (Mp,/RT)p [Problem 1.8] ; therefore

dp = —~(M,/RT) gpdh or dp/p = — (M/RT) gdh. If p = py at h = 0 and

p = p(h) at a height A, this integrates to In[p(h)/po] = — (Mng/RT)h or

p (h) = poexp{( —Mng/RT)h}.

132 po=1atm M, ~30gmol.
30 gmol ™) X (9.81 ms™2
Mmg/RT=( g ) X ( L )
(2.48 X 10° I mol ™)

=1.19X 10%m™.
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(A)h=15cm=0.15m

p =po exp(—0.15 X 1.19 X 107™*) = 0.999 98 p,.
(b)Ah=1350ft =411 m

p(411 m) =py exp(—411 X 1.19 X 107%) = 0.952 p,.
Therefore, if po = 1.0 atm, p(411 m) = 0.95 atm.

1.33 Each component of an ideal gas behaves independently, and so for the com-
ponent J of molar mass My

py(h) = poy exp{— My mg/RT)h}.

From p. 35, partial pressures at sea level (p = 1 atm) are po(N;) = 0.782 atm,
Po(03) = 0.208, po(Ar) = 0.009 atm, po(CO,) = 0.003 atm, M;(N,) = 28

M (0,) = 32, M(Ar) = 40, M(CO,) = 44.

M; 8/RT = (Mj, g mol™) X (9.81 ms72)/(2.437 X 10> T mol ")
=4.02X 10°M;, m™.

Hence, draw up the following table using the appropriate values of M, and A.

h= 1350 ft 29000 ft 100 km
= 411 m 8840 m 10° m
py(h)/atm = N, 0.747 0.289 1.10X 1075
[es(m)] = [0.784] [0.807] [0.953]
0, 0.198 0.067 541X 1077
[0.208] [0.187] [0.047]
Ar 0.008 0.002 9.3X 10710
[0.008] [0.006] [8.1 X 107%]
CO, 0.0003 6X 1075 6.2X 10712
[0.0003] [1.7 X 107¢] [5.4 X 1077].

Mole fractions were computed from x5 = py/p,p = p(N,) + p(0,) + .. ..

1.34 Nx exp(— m'gh/KT), m=m'= 2(Psolute — Psolvent)
InN = const. — (m'g/kT)h. Hence, plot InV against #; the slope is m'g/kT. Draw up
the following Table:

h/mm 0 0.05 0.07 0.09 0.10 0.15 0.20
InV 6.91 5.99 5.63 5.25 5.08 4.09 3.22




