Chemistry 2720 Fall 2003 Test 2

Aidsallowed: Calculator, one § x 11-inch sheet of notes
Time 75 minutes
Total marks: 52

Useful data is given at the end of this paper.

1. Consider the following reaction occurring in aqueousisoh:
H20(|) +A(aq) — P(aq).

Suppose that this reaction is nonspontaneous under sotr@if@rconditions, but only just.
In other words, suppose that the free energy change is jgsitlgl positive. Holding all
other conditions constant, we add an inert salt to the smiutCan this make the reaction
spontaneous? Why or why not? [6 marks]

2. The vapor pressure of ice &@t@is 0.006 025 atm. Given that the enthalpy of sublimation
(vaporization of the solid) of ice at this temperature is92kJ/mol, calculate the vapor
pressure of ice at 12°C. [6 marks]

3. Mercury (1) chloride (HgCl,, molar mass 472.09 g/mol) has a solubility of 0.0020 g/L in
water at 28C. The mercury (I) ion has a peculiarity: It does not exist dsea ion in
agueous solution. Rather, one obtains the mercurous i@ﬁ.l—(galculate the standard free
energy of formation of the mercurous ion. [12 marks]

4. Calculate the equilibrium constant for the reaction
20 2
ngaq) = Hg(|) + Hg(;“q)

at 25C. Which of the two aqueous ions will be more abundant undailiegum condi-
tions? (Metallic mercury is insoluble in water, so it pratages out.) [8 marks]

5. Suppose that we want to make calcium chloride from cal@uide by passing a stream of
chlorine gas over a sample of calcium oxide. In our expertaleapparatusPc;, = 0.8 bar,
Po, = 0.2bar, andl' = 85°C. Will this work? The standard enthalpy of formation of ¢cain
chloride is—79580kJ/ mol. [20 marks]



Useful data

To convert degrees Celsius to Kelvin, add 273.15.

F =96 485.342 C/mol
R=8.314472 JKmol1

latm =101.325kPa
1bar = 100kPa

Standard thermodynamic propertiesat 25°C

Species AH? AGE Cp
(kd/mol) | (kI/mol) | JK tmol 1)
CaQy —63492 —60330 42.8
CI(‘aq) —-167.080 | —131218
HgoCly) | —26537 —21072 1017
Standard Entropies
at 25°C and 1bar
Species S
JK Imol?!
Cay 416
CaCb(s) 10462
Clyg) 223081
Standard reduction potentials at 25°C
Reduction process E° (V)
Hg?,, +2e —Hg 0.851
ng(aq) + 26_—)2Hg(|) 0.7973




