Solutions to Unit 1 Homework No. 2
1. To find rmin we need to set the derivative du/dr = 0.
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And so we see that 
[image: image4.wmf]s

s

12

.

1

2

6

/

1

min

=

=

r


We can also show that ε is the depth of the potential well (relative to infinite separation), because the potential is at minimum when 
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. Putting this into the Lennard-Jones potential gives:
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2. For methane, a = 2.3026 dm3 bar mol-2, and b = 0.043067 dm3 mol-1.
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We can use the van der Waals equation to determine P as a function of molar volume at temperature T. I have selected a range of molar volumes starting at 0.05 mol dm-3 and finishing at 0.19 mol dm-3 (see the complete spreadsheet by following this link). Note that molar volume cannot be less than the b parameter.
By definition, 
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, so we can determine Z for the various molar volumes and the corresponding P values at the various temperatures.
Plotting Z against P gives the appropriate parametric plot for the suggested temperatures. Note that the effect of molecular attraction becomes less important at higher temperature.
3. First plot ( against C and find the slope. It’s equal to d(/dC =  -0.0002 Nm2/mol.
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Using the Gibbs equation, we can calculate surface excess for all the values of C. Area per molecule is then simply 1/(NA. These are summarized in the table below. Remember to use R in units of J/mol/K.
	g (N/m)
	C (M)
	C (mol /m3)
	Surface Excess (mol/m2)
	s (m2)
	s (Ǻ2)
	surface pressure
	Z

	
	
	
	
	
	
	
	

	6.00E-02
	0.02
	20
	1.64203E-06
	1.01129E-18
	101.129276
	1.20E-02
	3.001314022

	5.50E-02
	0.04
	40
	3.28407E-06
	5.05646E-19
	50.56463799
	1.70E-02
	2.125930766

	5.00E-02
	0.06
	60
	4.9261E-06
	3.37098E-19
	33.70975866
	2.20E-02
	1.834136347

	4.70E-02
	0.08
	80
	6.56814E-06
	2.52823E-19
	25.282319
	2.50E-02
	1.563184387

	4.50E-02
	0.1
	100
	8.21017E-06
	2.02259E-19
	20.2258552
	2.70E-02
	1.35059131


Surface pressure is obtained by subtracting the surface tension from 72 mN/m. One can then plot the compressibility (((/kT) versus (. This value should be 1 for an ideal gas monolayer.
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