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Fundamental constants 

c = 3.0xI08 mis, e = l.6x10-19 C, NA= 6.02x1023 mor1, _R = 0;082 atm L/(K mol) = 
8.314 J/(K mol), k= l.38x10-23 J/K, h = 6.626x10-34 Js, me= 9.llxl0-31 kg 

I. Each of the first three laws of thermodynamics (zeroth, first, and second}leads to 

the existence of a state function. 

(a) List the state function from each law. 

(b) It is nice to have a molecular picture of the macroscopic thermodynamic state 

functions. Interpret the microscopic nature of these state functions. (20%) 

2. Deduce the relation between the pressure and mass density, p, of a perfect gas of 

molar mass M. Confirm graphically, using the following data on an ether at 298 K, 

that perfect behavior is reached at low pressures and find the molar mass of the gas? 

Suggest a molecular formula of the ether. (20%) 

P/kPa 

p/kgm-3 

12.223 

0.225 

25.20 

0.456 

36.97 

0.664 

60.37 

1.062 

85.23 

·1.468 

101.3 

1.734 

3. The molar heat capacity of anhydrous potassium hexacyanoferrate(II) varies wi~ 

temperature as follows: 

T/K 10 20 30 40 50 60 70 80 90 

14.4 36.4 62.6 . 87.0 111 131 149 165 

Calculate the molar enthalpy at 1 00K relative to its value at T = 0 and the 

Third-Law entropy at 1 00K. (20%) 

100 

180 
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4. Considering the dissociation reaction of dinitrogen tetroxide: N2O4(g) ~ 2NO2(g), 

the Gibbs energy changes of formation N2O4 and NO2 (t1Gr°) at 298 Kare 97.89 

kJ/mol and 51.31 kJ/mol, respectively. The reaction container maintains a constant 

pressure of 1 atm and a temperature of298 K. The reaction is started with 1 mol 

of dinitrogen tetroxide only, so the amounts ofN2O4 and NO2 at a later time are 

given in terms of extent of reaction S by nN204 = 1 -s, and nN02 = 2s, respectively. 

(a) Derive the function of Gibbs energy of the reaction at 298K. 

(b) Plot G versus S· 
( C) Plot dG/ds versus S· 
.(d) Plot d2G/ds2 versus S· (20%) 

5. The Rice-Herzfeld mechanism for the dehydrogenation of ethane to ethylene and 

hydrogen showed that it led to first-order kinetics: 

- d[C2H6] = k [CH ] 
dt app 2 6 

Given the following possible elementary processes: 

C2H6 _. 2CH3 k1 

CH3 + C2H6 -. C~ + C2Hs k2 

C2Hs -. C2~ + H 

H + C2H6 -. C2Hs + H2 

H + C2Hs -. C2H6 

Confirm this remark, find the approximations that lead to the rate law quoted there, 

and express kapp in terms of k1, k2, k3, ....• (20%) 


