
59-240 Introductory Physical Chemistry I
Assignment #2
Handed out: October 1, 2001 - In class
Due date: October 10, 2001 - In class

Instructions:
Complete all of the questions below.  Show all work and units used in the calculations.  Late
assignments will be graded at half value.  These questions are only slightly more challenging
than those in the book!  Each question is worth 2 marks out of a possible 10.

1. A hot lead slug with a mass of 10 g is taken from a beaker of boiling water and dropped
into a beaker containing 100 g of ice-temperature water.  The temperature of this 0�C
water rises by 0.31�C.  What roughly is the molar heat capacity of lead, neglecting any
work done by lead on the water in the beaker?  What might account for the difference
between your calculated Cp,m and the literature value (see back of Atkins, or CRC)?

2. Using the data from Table 2.2 (see p. 921, Table 2.2, or the back of this paper) to predict
the standard reaction enthalpy of 2H2(g) + O2(g) � 2H2O(l) at 100�C from its value at
25�C.

3. For fructose, an important biological molecule, we burn 0.2715 g in a calorimeter with
calorimeter constant 437 J K-1, and the temperature was observed to increase by 9.69 K.
Calculate (a) the standard molar enthalpy of combustion, (b) the standard internal energy
of combustion and (c) the standard enthalpy of formation of fructose.

4. This is a very instructive problem that will (hopefully) help you conceptually determine
changes in energy in a variety of systems.  For the systems below, state whether q, w, �H
and �U are positive, equal to zero or negative, along with your reasoning.

a) Reversible melting of solid benzene at 1 atm at normal melting point
b) Reversible melting of ice at 1 atm at 0�C
c) Reversible adiabatic expansion of a perfect gas
d) Reversible isothermal expansion of a perfect gas
e) Reversible adiabatic expansion of a perfect gas into a vacuum
f) Reversible heating of a perfect gas at constant pressure
g) Reversible cooling of a perfect gas at constant volume
h) Combustion of benzene in a sealed container with rigid adiabatic walls
i) Combustion of benzene in a sealed container with rigid thermally conducting

(diathermic) walls immersed in a water bath at 25�C

Some of the following relations may be helpful with in doing this problem:
�U = q + w, �H = �U + �(pV), dU = CVdT, dH = CpdT, w = -pconst�V, dH = dqp

(continued on next page)



5. Set up a thermodynamic cycle for the determination of the enthalpy of hydration of Ca2+

ions using the following data: �subH
o(Ca, s) = +178.2 kJ mol-1, first and second

�ionH
o(Ca, g) = +589.7 kJ mol-1 and +1145 kJ mol-1, respectively, �vapH

o(Br2, l) = +30.91,
�dissH

o(Br2, g) = +192.9 kJ mol-1, �egH
o(Br, g) = -331 kJ mol-1, �solnH

o(CaBr2, s) = -103.1
kJ mol-1, �hydH

o(Br, g) = -337 kJ mol-1, �fH
o(CaBr2, s) = -682.8 kJ mol-1.

Useful Data, Problem 2:

Temperature Variation of Molar Heat Capacities

a b/(10-3 K-1) c/(105 K2)
H2(g) 27.28 3.26 0.50
O2(g) 29.96 4.18 -1.67
H2O(l) 75.29 0 0

Good luck on the problem set!


