
59-240 Introductory Physical Chemistry I - Fall 2003 - Prof. R.W. Schurko
Assignment #2
Handed out: Wednesday, October 8, 2003 - In class
Due date: Wednesday, October 22, 2003 - In class

Instructions:
Complete all five questions.  Show all work and units used in the calculations.  Be sure to place
final answers or key calculations within a clearly marked box.  Each question is worth 2 marks
out of a possible 10.  Assignments not handed in at the start of class will be graded at half value,
and late assignments receive a grade of zero.

1. The reaction that occurs when baking soda is used to extinguish a kitchen fire is:

 2NaHCO3 ÿ Na2CO3 (s) + CO2 (g) + H2O (R)

Using Hess’ law, write out all of the formation reactions that add up to the reaction
above.  Using the appropriate values of ∆fH (see useful information on last page of
assignment), calculate the ∆rxnH at 25 oC for the above reaction.

2. Consider a constant-pressure calorimeter (i.e., the calorimeter expands and contracts if
the volume of the system changes).  In this calorimeter, there is 0.145 mol of a
monatomic perfect gas that contracts slowly from 5.00 L to 3.92 L.  If the initial
temperature of the gas is 0.00 oC, calculate q, w, ∆U and ∆H for this process.

3. After measuring the enthalpy of formation of HCl(g), one can determine the enthalpy of
formation of HBr(g) through a series of convenient reactions featuring either mixing of
aqueous solutions or dissolving of gases in aqueous solutions.  Thermodynamic data is
given below:

HCl (g) ∆fHo = -92.0 kJ mol-1

HCl (aq) ∆hydHo = -72.4 kJ mol-1

Br2 (aq) ∆hydHo = -4.2 kJ mol-1

HBr (aq) ∆hydHo = -83.3 kJ mol-1

KBr (aq) + ½Cl2 (g)   ÷   KCl (aq) + ½Br2 (aq) ∆rHo = -48.1 kJ mol-1

KOH (aq) + HCl (aq)   ÷   KCl (aq) ∆rHo = -57.3 kJ mol-1

KOH (aq) + HBr (aq)   ÷   KBr (aq) ∆rHo = -57.3 kJ mol-1

∆fHo and ∆rHo are enthalpies of formation and reaction, respectively, and ∆hydHo is the
enthalpy of hydration for a general process X(g) ÷ X(aq).  Using the data above,
calculate ∆fHo(HBr). Compare with the known literature value of ∆fHo(HBr) and
calculate the per cent difference.



pV ' RT % aT 2

MU
MV T

'
aT 2

V

4. Consider a non-ideal gas whose equation of state over a certain temperature range can be
represented by

for 1 mole of gas, where a is a constant.  For the above equation of state, 

(a) The gas is expanded isothermally and reversibly from V1 to V2.  Derive an expression
for the work associated with this process.
(b) Starting from the total differential for an infinitesimal change in internal energy,
derive an expression giving a measurable change for the internal energy for the process in
part (a).
(c) Obtain an expression giving q for the process in part (a).

5. The molar heat capacity of O2 at constant pressure for temperatures in the range 300 K to
400 K and for low or moderate pressures can be approximated as Cp.m = a + bT, where a
= 25.7316 J K-1 mol-1 and b = 0.0129704 J K-2 mol-1.  Assume perfect gas behaviour.
(a) Calculate q, w, ∆U and ∆H when 2.000 mol of O2 is reversibly heated from 27.0 to
127.0 oC with p held steady at 1.000 atm. 
(b) Calculate q, w, ∆U and ∆H when 2.000 mol of O2 initially at p = 1.000 atm is
reversibly heated from 27.0 to 127.0 oC with the volume fixed.

Useful information: Enthalpies of formation
∆fHo (kJ mol-1)

CO2 (g) -393.51

H2O (R) -285.83

NaHCO3 (s) -950.81

Na2CO3 (s) -1130.77

Good luck on the assignment!


