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Example 1  Calculate the enthalpy change for the following reaction given the following bond enthalpies. 
 

CH3-CH3(g)  +  Cl2(g)  →  CH3-CH2Cl(g)  +  HCl g) 

 Bond enthalpies:  C-C 348,  C-H 412, Cl-Cl 242,  C-Cl 338,  H-Cl 431 kJ/mol 
 
 
 

CH3-CH3(g)  +  Cl2(g)                              CH3-CH2Cl(g)  +  HCl g) 

 

 
 2C(g)  +  6H(g)  +  2Cl(g)                               

 

 ΔH + 348 + 5(412) + 338 + 431  =  348 + 6(412) + 242 

 ΔH  =  348 + 6(412) + 242 – 348 – 5(412) – 338 – 431   

 ΔH  =  – 115 kJ mol–1  

 

 
Example 2 Hydrazine has the formula N2H4 and is used as a rocket fuel (e.g. for the Apollo moon rockets).  It 

burns in the following reaction for which the enthalpy change is -583 kJ/mol. 

N2H4(g)  +  O2(g)  →  N2(g)  +  2 H2O(g) 

 Calculate the N-N bond enthalpy in hydrazine given the following bond enthalpies. 

 Bond enthalpies:  N-H 388,  O=O 498, N≡N 944,  O-H 463 kJ/mol 
 
 
 
 

 N2H4(g)  +  O2(g)                              N2(g)  +  2H2O(g) 

 

 
 2N(g)  +  4H(g)  +  2O(g)                               

 

 –583 + 944  +  4(463)  =  X + 4(388) + 498 

 X  =  –583 + 944 + 4(463) – 4(388) – 498 

 ΔH  =  +163 kJ mol–1  

 

 
  

HESS’S LAW 3 – BOND ENTHALPIES 

ΔH 

(C-C) = 348 
6(C-H) = 6(412) 
(Cl-Cl) = 242 

(C-C) = 348 
5(C-H) = 5(412) 
(C-Cl) = 338 
(H-Cl) = 431 
 

–583 

(N-N) = X 
4(N-H) = 4(388) 
(O=O) = 498 

(N≡N) = 944 
4(O-H) = 4(463) 
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Example 3 Ethanol has the formula C2H5OH and is used as a fuel (e.g. for cars in Brazil).  It burns in the 

following reaction for which the enthalpy change is -1015 kJ/mol. 
 

C2H5OH(l)  +  3 O2(g)  →  2 CO2(g)  +  3 H2O(g) 

 Calculate the C-C bond enthalpy in ethanol given the following bond enthalpies and enthalpy of 
vaporisation of ethanol. 

 Bond enthalpies:  C-H 412, O-H 463, C-O 360, C=O 743, O=O 498 kJ/mol 

 Enthalpy of vaporisation of ethanol, C2H5OH(l) = 44 kJ/mol 
 
 
 
 

 C2H5OH(l)  +  3O2(g)                              2CO2(g)  +  3H2O(g) 

 

 
 
 

 2C(g)  +  6H(g)  +  7O(g)                               

 

 –1015  +  4(743)  +  6(463)  =  44  +  X  +  5(412)  +  360  +  463  +  3(498) 

 X  =  –1015  +  4(743)  +  6(463)  –  5(412)  –  360  –  463  –  3(498)  –  44 

 ΔH  =  +314 kJ mol–1  

–1015 

vaporisation C2H5OH(l) = 44   
(C-C) = X 
5(C-H) = 5(412) 
(C-O) = 360 
(O-H) = 463 
3(O=O) = 3(498) 

4(C=O) = 4(743) 
6(O-H) = 6(463) 
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