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1. The reaction, 2NO + O2 ( 2NO2, was believed to occur the following mechanism,

2NO  (  N2O2           (1)

N2O2  (  2NO                 (2)

N2O2 + O2  (  2NO2          (3)

Assuming N2O2 is intermediate and steady state, (a) Derive the rate equation. (b) Under what conditions, does the rate equation reduce to second-order kinetics in NO and first-order kinetics in O2? Which mechanism will be the rate determining step?    (15 points)
2. For the decomposition A ( R, CA0 = 1 mol/liter, in a batch reactor conversion is 75 % after 1 hour, and is just complete after 2 hours. Find a rate equation to represent this kinetics.    (5 points)

3. Consider the parallel decomposition of A of different orders:    (30 points)
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S is the desired product and CA0 = 4. Determine the maximum concentration of desired product obtainable in (a) PFR, (b) MFR, (c) the best combination of PFR and MFR.
4. Fifty kmol/hr of air is compressed from P1=1.2 bar to P2=6.0 bar in a steady-flow compressor. Delivered mechanical power is 98.8 kW. Temperatures and velocities are: T1=300 K, T2=520 K; u1=10 m/s, u2=3.5 m/s. Estimate the rate of heat transfer from the compressor. Assume for air that Cp=(7/2)R and that enthalpy is independent of pressure.    (10 points)

5. An inventor claims to have devised a cyclic engine which exchanges heat with reservoirs at 298.15 K to 523.15 K, and which produces 0.45 kJ of work for each kJ of heat extracted from the hot reservoir. Is the claim believable?    (10 points)

6. For acetone at 293.15 K, 1.0 bar, ( = 1.5(10-3 K-1, ( = 60(10-6 bar-1, V = 1.3(10-3 m3 kg-1. Find:
(a) The value of 
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.    (5 points)
(b) The pressure generated when acetone is heated at constant volume from 293.15 K, 1.0 bar to 298.15 K.    (5 points)
(c) The volume change when acetone is changed from 293.15 K, 1.0 bar to 283.15 K, 11.0 bar.  (5 points)
7. A 75 kg steel casting (Cp=0.12 kJ(kg-1(K-1) at a temperature of 800 K is quenched in 300 kg of oil (Cp=0.6 kJ(kg-1(K-1) at 70 K. If there are no heat losses, what is the change in entropy of (a) the casting, (b) the oil, and (c) both considered together?    (15 points)
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