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59-240 Introductory Physical Chemistry I
Assignment #2
Handed out: October 11, 2002 - In class
Due date: October 23, 2002 - 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) 100 g of N2 (g) are heated from 300 to 500 K at a constant pressure of 1 atm.  Compute
q, w, )U and )H, given that Cp,m(N2,

  g) = 29.125 J K-1 mol-1.
b) The system in part (a) is heated from 300 to 500 K at constant volume.  Compute q, w,
)U and )H,
c) Which is greater: *q*part A or *q*part B?  Why?

2. Manipulate the following data (obtained at 25oC):
Fe2O3(s) + 3C (graphite) 6 2Fe(s) + 3CO(g) )rHo = 492.6 kJ mol-1

FeO(s) + C(graphite) 6 Fe(s) + CO(g) )rHo = 155.8 kJ mol-1

C(graphite) + O2(g) 6 CO2(g) )rHo = -393.51 kJ mol-1

CO(g) + ½O2(g) 6 CO2(g) )rHo = -282.98 kJ mol-1

to compute the standard heat of formation of FeO(s) and of Fe2O3(s).

3. Derive the expression: 

given that  and 

Hint: You may find the partial derivative form of the relationship between enthalpy and
internal energy at constant pressure to be very useful, i.e.:
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4. The National Bureau of Standards in the United States publishes annual compilations of 
thermochemical data which are widely used by chemists, physicists and engineers.  You
are interested in finding the enthalpy of hydration of )hydHo(Sr2+, g) by considering
thermodynamic data associated with SrBr2(s).  In the NBS Journal of Physical and
Chemical Reference Data, 1982, 11, Suppl. 2, the following information is obtained (all
data at 298.15 K, 1 bar):

Substance State )fHo (kJ mol-1)

Sr (standard state) solid, crystalline 0.0

Sr gas 164.4

Sr+ gas 720.11

Sr2+ gas 1790.54

Sr2+ aqueous -545.80

SrBr2 aqueous -788.89

SrBr2 solid, crystalline -717.6

Br2 (standard state) liquid 0.0

Br2 gas 30.907

Br gas 111.884

Br- gas -219.07

It is well known that the enthalpy of hydration of a bromine anion is )hydHo(Br-, g) = -337
kJ mol-1.  Given that the standard states of Sr and Br are Sr(s) and Br2(R), respectively,
and that

 

set up a thermodynamic cycle (as shown in Atkins problem 2.45) to calculate
)hydHo(Sr2+, g).
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5. Compute the heat of reaction at T = 1000.0oC for

given that )rHo(25 oC) = -92.312 kJ mol-1, and using the data in the table below:

Temperature Variation of Molar Heat Capacities:  
a b/(10-3 K-1) c/(10-7 K-2)

H2(g) 3.4985 -0.1006 2.419
Cl2(g) 3.8122 1.2200 -4.856
HCl(g) 3.3876 0.2176 1.860

Hint: Use the fact that

 

to calculate an enthalpy of reaction:

 .

***Please note the corrected equation in problem #5.  You will get unusual units if you use
the equation in the previous assignment.  Sorry for the inconvenience.


