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1. Please give brief explanation for three principal laws of thennodynamics. (10 pts) 

2. Consider the species O2+, O2, O2-, 0/-. (15 pts) 

(a) Give the MO configurations and bond orders for Oz+, O2, O2-, O/-? 

(b) Arrange the species in order of increasing bond length? 

(c) Which of these species will exhibit paramagnetism? Explain. 

3. What would be the ground electronic state term symbols for (a) Nz, (b) Nz+, and (c) 

NO, please also predict their corresponding bond orders and magnetism. (15 pts) 

4. How many normal modes ofvibration are there for the following molecules: 

5. With the temperature maintained at 0 DC, 2 mol of an ideal gas are allowed to 

expand against a piston that supports 2 bar pressure. The initial pressure of the gas 

is lObar and the final pressure is 2 bar. (30 pts) 

(1) How many energy is transferred to the surroundings during the expansion? 

(2) What is the change in the internal energy and the enthalpy of the gas? 

(3) How much heat has adsorbed by the gas? 

5. For the process A -7 B, the value ~G is 30 kJ at 25°C, and 30.02 kJ at 26°C. 

Please estimate ~S for aforementioned process. (10 pts) 

6. Calculate the change in Gm for ice at -10°C, with density 917 kg/m3
, when the 

pressure is increased from 1.0 bar to 2.0 bar. (10 pts) 


