CHM202

Energetics and dynamics of chemical reactions

Solutions Assignment —VII Updated
Q.1 Given that p*(H,O) = 0.02308 atm and p(H>O) = 0.02239 atm in a solution in which 0.122 kg
of a non-volatile solute (M = 241 g mol ") is dissolved in 0.920 kg water at 20 °C. Evaluate the
activity and activity coefficient of water in the solution.

Sol.: The activity of A is given as
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Q.2 The vapour pressure of pure liquid A at 20 °C is 68.8 kPa and that of pure liquid B is 82.1
kPa. These two compounds form ideal liquid and gaseous mixtures. Consider the equilibrium
composition of a mixture in which the mole fraction of A in the vapour is 0.612. Calculate the
total pressure of the vapour and the composition of the liquid mixture.

Sol.: py = yuap = 0.612p = x4p, = x,(68.8 kPa) ... (D)
pg=vgp = (1 —y,)p = 0.388p = xzpy = (1 — x,) X 82.1kPa ... (2
From eq. (1) and (2):
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1.577 Xa 0.838
. = ——7-X0U.
(1 —xy)



N 1.882
(1—=x4)

x4 = 1.882 — x4 X 1.882
X, X 2.882 = 1.882

x4 = 0.653

So, xg =1—0.653 = 0.347

Total pressure of the vapour

P = x4p4 + xgpp = 0.653 X 68.8 kPa + 0.347 x 82.1 kPa = 73.4 kPa

Q.3 It is found that the boiling point of a binary solution of A and B with x4, = 0.4217 is 96 °C. At

this temperature the vapour pressures of pure A and B are 110.1 kPa and 76.5 kPa,

respectively. (a) Is this solution ideal? (b) What is the initial composition of the vapour above
the solution?

Sol.:
(a) If Raoult’s law holds, the solution is ideal.
pa = xapy = (0.4217) x (110.1 kPa) = 46.43kPa

pB = xgpg = (1 —0.4217) x (94.93kPa) = 54.90kPa

p = pa + pp = (46.43 + 54.90) kPa = 101.33 kPa = 1.000 atm

(b)

Therefore, Raoult’s law correctly predicts the pressure of the boiling liquid and| the solution is ideal |.
_ PA 46.43kPa

: el T
YA = = 101.33kPa

yg = 1 —ya = 1.000 — 0.4582 = [0.5418

Q.4 Molecular bromine is 24% dissociated at 1327 °C and 1.00 bar in the equilibrium Bry(g) = 2

Br(g). Calculate (a) K at 25 °C, (b) A,.G°, (c) K at 2000 °C given that A, H%= +112 kJ mol !
over the temperature range.

Sol.:

(a) Bra(g) = 2Br(g) o =024

Amount at equilibrium (I —a)n

2an
| —
Mole fraction = =
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Partial pressure £
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Assuming both gases are perfect ay = ;:—i

- (pae/P°)? - 4a’p 4

K — -
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p=p"]

4(0.24)2

=m=o.244_5=

®b)  AG®=—-RTInK = —(8314JK "mol™") x (1600K) x In(0.2445)

= 19kJ mol~!

o
©  K@E273K) = nK(1600K) — 22 ( 1 _ 1
o P '~ 2273k ~ Te00k

112 x 10° mol ™!
8.314JK~! mol™!

= In(0.2435) — ( ) x (—1.851 x 10~%)

= 1.084

K(2273K) = ! 9% =

Q.5 If a is the degree of dissociation of NHj; at pressure P, find a in terms of P and equilibrium
constant K,,.

Sol.:
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Q.6 What are the contributions that account for the difference between activity and concentration?
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Q.7 Find the relation between the standard and biological standard Gibbs energies of a reaction of

the form A — B+3H" aq.).
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Q.8 At what temperature would CO, have a fugacity of 400 atm when its pressure is 400 atm?.



Sol.:
1
FMZOLLFZ ¢t {wnah(m« d? SRV Fﬂ/séwrc omdl {-uufvum-iutm
e ’rq“l—*u— tthe e FfIMWfl P by fuamf?7 ond W

o = G+ RTA(3/p®)

) w{wq” ¢ 4 ha j[uaau
-{ qF P ,:'ﬂMLL'YL omd ?dfo'ff77 g e

Coe fﬁ*a‘ud‘" el dipends

on +ow»fm) B
F“?Mﬁ s MM'—J 1o C"N‘f’fwhﬁm —][:&cfﬂ 7 ff a g y
s
o Vgt
e [
whon Ffp=1 i @ =1 Fhat —

At~Fto K , J(uaa-d‘?] Ij‘ oy IS eq ual +o fﬂert (‘{l‘f‘{"‘)
Cobrve coitionk o Berle ) [Frem Atkins beek]
le. At )\*'ZLM '(:W(aomml o d FTLMLW'L (,dfuwﬂno-ng,L 3M

beliavid an \of,m](c.cf- 8:2/: 3 fuaouu'ﬁ I Wﬂ 1o FYLMLUVL.



