Homework #3      	Chem 300	Spring 2012


√
1. Calculate the work of expansion accompanying the complete combustion of 1.0g of glucose to carbon dioxide and (a) liquid water (b) water vapor at 20C when the external pressure is 1.0 atm. 
C6H12O6(s) + 6O2(g)  6CO2(g) + 6H2O(l/g)
a) 

Final volume and initial volumes of the gases are the same
b) MW glucose = 180g/mol than for 1g n=5.5x10-3 mole, O2=0.033 moles, CO2=0.033 moles and H2O (g) = 0.033 moles. But now water vapor contributes to the final volume
 Answer = -80J
√
2. A sample of methane gas of mass 4.5 g occupies 12.7 L at 37C (a) calculate the work done when the gas expands isothermally against a constant external pressure of 30.0 kPa until its volume has increased by 3.3 L (b) Calculate the work that would be done if the same expansion occurred isothermally and reversibly. (c) Using the plot of P vs V explain the results obtained  for work in a) and b)
a) For the isothermal expansion and P const. w= - PexV
You can change kPa to atm, or use kPa and change L to m3
Answer = -99J

b) For the reversible isothermal expansion 
Answer = -167J

c) The plot of the P vs V for the isothermal expansion is a straight line, when the graph for the reversible isothermal expansion is an isotherm (Fig. 2.10 in text book). 
√
3. A thermos bottle containing milk is shaken vigorously. Consider the milk as the system. (a) Will the temperature rise as a result of the shaking? (b) Has heat been added to the system? (c) Has work been done on the system? (d) Has the system’s internal energy changed?
All are adiabatic because the insulated thermos keeps heat exchange from occurring. 
 (note we do not treat it as ideal gas)

4. The transfer of energy from one region of the atmosphere to another is of great importance in meteorology and it affects the weather. Calculate the heat needed to be supplied to a parcel of air containing 1.00 mol air molecules to maintain its temperature at 300 K when it expands reversibly and isothermally from 22 L to 30.0 L as it ascends.
q=-w (isothermal expansion)

√
5. A sample consisting of 1 mol of methane gas is taken through the cycle shown below (step 1 to 2, step2 to 3 and step3 to 1, where in step 1 to 2 is P constant an etc.). Cp,m=20.785 JK-1mol-1 and Cv,m=12.471 JK-1mol-1. Determine the temperature at the points 1, 2 and 3 and calculate q, w, H and U for each step and total cycle. Treat gas as ideal and assume that all processes are reversible. Make sure you express your answers in correct units.


Using ideal gas low we can calculate temperature:

Step 1 to 2 is P constant = Pex


Step 2 to 3 (constant volume)
(no expansion work)


Step 3 to 1 (isothermal compression)
For isothermal process H=0 and U=0

For the total cycle

(note that the plot above is not for the reversible adiabatic expansion or compression)
1. Predict whether the values of q, w , U and H are positive, zero, or negative for each of the following processes:
a) Metling of ice at 1 atm and 273K 
b) Melting of solid cylcohexane at 1 atm and the normal melting point
c) Reversible isothermal expansion of an ideal gas
d) Reversible adiabatic expansion of an ideal gas

For most substances, the volume increases upon melting, but for the ice melting to water under the given conditions, the volume decreases. In all cases the change in volume between solid and liquid phases is very small and work associated will be small also. For the ideal gas U and H depend on the temperature only 
√
1. The molar heat capacity of the substance is often reported in the form Cp= a +bT+c/T2. Use this expression to make an accurate estimate of the change in molar enthalpy of carbon dioxide when it is heated from 15C to 87C.


For change in enthalpy we use  which we have to integrate  


Answer = 2790.3J/mol
√
8. Photosynthesis produces glucose, C6H12O6 and oxygen from carbon dioxide and water:

(a) How would you determine the rHo value for this reaction experimentally?
(b) Solar radiation produces approximately 7.0 x 1014kg glucose a year on Earth. What is the corresponding change in the rHo value?
b) You need to calculate the rHo from the standard enthalpies of formation.
6CO2 + 6H2O      C6H12O6 + 6O2



9. From the molar enthalpy of vaporization of water (H2O (l)  H2O (g)) at 373 K and the bond enthalpies of H2 and O2 (see Table 3.4 in text) calculate the average O-H bond enthalpy of water (H2O(g)  2H(g)+O(g)) using that 
H2(g) + ½ O2(g)  H2O(l)		rH = -285.8 kJ mol-1
	Assume that heat capacities are independent of pressure
You need first to calculate the enthalpy of vaporization at 373K from standard enthalpy of vaporization at 283K    298K?

Answer = 40.9KJ/mol
To calculate the average O-H bond enthalpy in water, the enthalpy of reaction for H2O (g)2H(g) + O(g) must be first calculated. Note bond ethanlpies are calculated for the gas phase. So you need to find the enthalpy for the reaction: H2O (g)2H(g) + O(g) 
Answer = 929.8kJ/mol


The enthalpy of reaction represents the bond enthalpy of two moles of O-H bonds. Therefore 
929.8kJ mol-1/2=464.9 kJ mol-1

10.  For the following reaction 


Calculate the value of fHo for the Cl- ion and standard enthalpy of formation of the hydroxide ion at 25oC if the standard enthalpy of neutralization between the HCl solution and a NaOH solution is found to be -56.2 kJ mol-1

	
	The neutralization for 1 mole of H2O

	
√
11. (298 for cyclopropane, C3H6 (g), is 53.30 kJ/mol
Use this value to calculate the C-C bond enthalpy for the carbon-carbon bonds in cyclopropane.  Assume standard H-H and C-H  bond enthalpies of 436 kJ/mol and 413 kJ/mol, respectively, and a ∆Hsublimation of 717 kJ/mole for C(graphite) 
Tables of bond enthalpies give a standard C-C bond enthalpy of 348 kJ/mole.  Why does the C-C bond enthalpy calculated in part (a) differ from this standard value?
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Synoptic Table 2.2* Temperature variation of molar heat capacities, C p,m/ (JK'mol™)=a

+bT+c/T?

a b/(103 K) c/(10° K?)
C(s, graphite) 16.86 4.77 —-8.54
CO,(g) 44.22 8.79 —8.62
H,0(1) 75.29 0 0
N,(g) 28.58 3.77 —0.50

* More values are given in the Data section.

Table 2-2
Atkins Physical Chemistry, Eighth Edition
© 2006 Peter Atkins and Julio de Paula
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