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" Problem 1 {20%)

A hter of ideal pas is enclosed by a jacket containing 1000 g of water. The gas is then
reversibly and isothermatly compressed by the Hautd media from I st to 2 atm,  Assomc
that the water and jacket are incompressible, and the whale system is in thermal equilibrium

at25°C. The heat capacities, Cy, of the gas and water are 5—4331 and 18 cal —,
gmel-K g mol — K

reapectively, Ln 2=0.693 and the pas constany, B, 15 1,937 cal . or0.082 atm—hterl
amol—K . rmol—-K

{2} Does this process tepresent positive work being done on the pas or by ihe gas?

(b} How much is tie worl: in calories?

(¢j What is the entropy change of the gas in EI—?;}-?

(&) What is the entropy change of the water in E_Efl?

K

(g) What is the entropy change of the universe in %l?

Problem 2 (20%4)

(a) Derive ATpr= Ky + m by siarting with the free encrgy condition for equilibrium between

pure sodid solvent and solution, Assome the solution to be 1desl,

{b) What wetght of olvcorol would have (o be added to 1000g of water in ovdar to lower s
Geexng point 10°C7

- Problem 3 {20%)

Partial molar enthatpy data of sulfuric acid is given as follows,
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When ope try to produce 40 mol%s sulfuric actd by mixing 80% sulfuric acid with water

there are two ways to do 1t, adding water gradually to sulfuric acid, or adding sulfuric acid
gradually to water. In both cases heat will he released.

{a) Prove that if we add water gradually to sulfinic acid, the rate of heat relcase will
deserease praduatly with thne.

(b Prove that if we add sulfsric acid gradually to water, the rate of heat release will
increase gradnally with time,

(c) Which way is better, in terms of minimizing instantansous heat release rate.

Problem 4 (20%)

(a) Devise a cell that can be vsed {0 measure activity coefficients of ZnCly
(b) What is the Nemst equation for your cell?

T | i

Standard electrode patentials I water at 25°C
electrode reaction (acid salution) Ef¢volts)
Zn*t +2e Zn -0.7628
AsCl b e == Ag=Cl* 0.2225
] HgpCly + 28 === 2Hg +2CF 02680
| Cly+2e =—= 2CJ 1.3595
Problem 5 (20%)

A substance A decampeses to form a product P, which itself reacts to form a worthless
mafenial M. It1s desired to produce P in a dilute solution by using a batch reactor. Both

teactions are ineversible and first order, Determine the maximum fraction of A obizinable as
P, and the reaction time at which this occurs,




