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Part A. Answer each of the six questions with a few sentences or equations where necessary. 
(5 Marks each)

1. Why will we likely never attain a temperature of absolute zero in the laboratory?

Unless we have a perfect insulator between the experiment and the surroundings, heat will flow from the laboratory into the experiment, raising the temperature of the experiment. And there is no perfect insulator.

2.	Beginning with NiS(s), show the three reactions leading to acid rain.

NiS(s) + 3/2 O2(g) → NiO + SO2(g)
SO2(g) + ½ O2(g) → SO3(g)	
SO3(g) + H2O(g) → H2SO4(aq)

3.	Why does a constant pressure calorimeter not give a direct measurement of the internal energy change of a reaction? 

	A measurement at constant pressure yields the enthalpy change of the system. This is different from the internal energy change of the system by an amount pV.	

4.	Why would you expect H for the following reaction to be positive?
	 Ba(OH)2•8H2O(s) +  3 NH4NO3(s) → 2 Ba(NO3)2(aq) + 2 NH4OH(aq) + 8 H2O(l)

	This reaction has only two moles of substance of the left and 12 on the right. Thus many bonds are being broken to get from reactants to products, and breaking bonds is endothermic. 
	
5. 	What two ideas about light does Planck’s equation, E = h, connect together?

	This equation connects the two ideas of the nature of light, i.e. that it has wavelike properties such as frequency () as well as particle‒like properties such as energy per photon (E).	

6.	Which of the following five sets of quantum numbers are allowed and which are not?
	
	n
	l
	
 
	ms
	Allowed? 
(yes or no)

	4
	3
	‒2
	+½ 
	Yes

	4
	4
	‒4
	‒½
	No

	1
	1
	1
	+½
	No

	1
	0
	0
	‒½
	Yes

	3
	2
	‒3
	‒½
	No





Part B. Answer any three of the following four questions (B1, B2, B3, B4). If you answer all four, the best three answers will count. (20 marks each)


B1.	(a) Use the ideal gas law to calculate the pressure (in bar) that results from putting 3.0 mol He(g) in a 100.0 L container at 50oC. 




(b) Does the ideal gas law give an accurate pressure in part (a)? How do you know?

Yes, the pressure is quite low, and the temperature is quite high, so the ideal gas law should give an accurate pressure under these conditions.

(c) Use the van der Waals equation to calculate the pressure (in bar) that results from putting 5.0 mol He(g) in a 1.0 L container at 50oC. For He(g), a = 0.0346 bar L2 mol-2 and b = 0.0237 L mol-1.



(d) Calculate the average speed (m s-1) of He(g) atoms at 50oC. (Also called the “root mean square speed” in the text)




(e) Calculate the density of helium gas at 100oC and 20.0 bar.


 





B2.	(a) Calculate the partial pressures (bar) of each gas in a mixture of 30.0 g He(g) and 200 g Ne(g) in a 250.0 L container at 25oC.


	



(b) Write the four reactions collectively called the Chapman cycle which explain the existence of ozone in the stratosphere.

O2 + h → O + O
O + O2 → O3
O3 + h → O2 + O
O + O3  → 2 O2 

(c) Show the reactions in the catalytic cycle by which Cl atoms destroy ozone in the stratosphere.


		

 (d) Beginning with NO(g), show the reactions that produce ozone at ground level, i.e. in smog.


		





B3.	Calculate H0 (in kJ/mol) for the reaction:

2 N2(g) + 5 O2(g) → 2 N2O5(g)

given the following data:

		N2O5(g) + H2O(l) → 2 HNO3(l) 		Ho = ‒77 kJ/mol
		N2(g) + 3 O2(g) + H2(g) → 2 HNO3(l)		H0 = ‒348 kJ/mol

		 = ‒ 286 kJ/mol
	 
 	4 HNO3(l) → 2 N2O5(g) + 2 H2O(l)			Ho = ‒2 (‒77 kJ/mol) = 154 kJ/mol

	2 N2(g) + 6 O2(g) + 2 H2(g) → 4 HNO3(l)		Ho = 2 (‒348 kJ/mol) = ‒696 kJ/mol

	2 H2O(l) → 2 H2(g) + O2(g)				Ho = ‒2 (‒286 kJ/mol) = +572 kJ/mol

	_________________________________________________________________________

[bookmark: _GoBack]2 N2(g) + 5 O2(g) → 2 N2O5(g)				Ho = 154 ‒ 696 + 572 = +30 kJ/mol

	






B4. 	(a) Photons emitted by a hydrogen lamp in the Lyman series (m = 1) have a wavelength of 97.20 nm. From which level did the electrons fall?
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(b) Can photons with a wavelength of 97.20 nm break the bond in O2, which has a bond energy of 498 kJ mol-1?


 

This is much larger than the bond energy of O2, so these photons can break the bond in O2. 
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