
 

Example.3.10. Calculation of ∆H for a gas mixture: 

An economic feasibility study indicates that solid municipal waste can be burned 

=9.2% , CO=1.5% , 2 gas of the following composition (on a dry basis):( COto a 

= 82%)   2, N =7.3%2O 

What is the enthalpy difference for this gas per lbmol between the bottom and the 

top of the stack if the temperature at the bottom of the stack is 550°F and the 

temperature at the top is 200°F. 

) in Btu/(Ibmol)(ºF) PThe heat capacity equations for the gases are: ( T in ºF; C 

 

Solution:- 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Energy Balances: How to Account for Chemical Reaction 

The Standard Heat (Enthalpy) of Formation: 

-The observed heat transfer that occurs to or from a closed isothermal system in 

which a reaction takes place represents the energy change associated with the 

rearrangement of the bonds holding together the atoms of the reacting molecules. 

- For an exothermic reaction, heat is removed from the process in order to 

maintain a fixed system temperature; that is, energy is produced by the reaction 

to maintain isothermal conditions. The reverse is true of an endothermic reaction, 

in which heat is added to the system. 

-To include energy changes caused by a reaction in the energy balance, we make 

use of a quantity called the standard heat (really enthalpy) of formation, often 

called just the heat of formation, denoted by the symbol ∆�̂�𝒇
°  . The superscript     

(º)  denotes the standard state (reference state) for reaction of 25°C and 1 atm, 

and the subscript  f  denotes “formation.” In this chapter the overlay caret(^) will 

usually denote that the value is per mole. 

-the standard heat of formation is the name given to the special enthalpy 

change associated with the formation of 1 mol of a compound from its 

constituent elements and products in their standard state of 25°C and 1 atm. 

the heat of formation as zero in the standard state for each stable (e.g., N2 

versus N) element. 

-An example is the enthalpy change that occurs for the reaction of carbon 

and oxygen to form carbon dioxide at 25°C and 1 atm, 

(g)2→CO2C(s)+O 

393.5 Kj/kgmol C- Q = 

 



 

If you simplify the general energy balance,for the isothermal process in 

Figure (steady-state, flow, no KE or PE, etc.), you get the standard heat of 

formation of CO2, calculated from 

 

-it is possible to design a system to express the heats of formation for all 

compounds at 25°C and 1 atm.  

 

Example.4.1.Use of Heat Transfer Measurements to Get a Heat of Formation: 

  Suppose that you want to find the standard heat of formation of CO from 

experimental data. Can you prepare pure CO from the reaction of C and O2 and 

measure the heat transfer? This would be far too difficult. It would be easier 

experimentally to find first the heat of reaction at standard conditions for the two 

reactions shown below for the flow process as shown in Figure below (assuming 

you had some pure CO to start with). 

 

(g)→ CO(g)2C(s) + 1/2O 

 

Basis: 1 g mol each of C and CO 

According to Hess,s law, you subtract Reaction (b) from Reaction (a), subtract 

the corresponding   , and rearrange the compounds to form the desired 

chemical equation: 
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(c )-------(g)→ CO(g)2C(s) + 1/2O 

for which the net heat of reaction per gram mole of CO is the heat of formation 

of CO: 

 

 

Enthalpy Calculations from Standard Heat of Formation: 

The enthalpy from a standard reference state is given by: 

𝐻 = 𝐻𝑓
° + ∫ 𝐶𝑃𝑑𝑇

𝑇

𝑇𝑅

 

Where 𝐻𝑓
°  is the standard heat of formation and 𝑇𝑅 is the reference temperature. 

For a mixture: 

𝐻𝑚𝑖𝑥𝑡𝑢𝑟𝑒 = ∑(𝐻𝑓
°

𝑁

𝑖=1

+ ∫ 𝐶𝑃𝑑𝑇

𝑇

𝑇𝑅

)  

Consider an open system with no chemical reaction: 

 

The enthalpy difference between inlet and outlet will be: 

∆𝐻 = 𝐻𝑜𝑢𝑡 − 𝐻𝑖𝑛 = (𝐻𝐴2 + 𝐻𝐵2) − (𝐻𝐴1 + 𝐻𝐵1) 

Calculating the enthalpies from standard heat of formation : 



 

∆𝐻 = [(𝐻𝑓𝐴
° + ∫ 𝐶𝑃𝐴𝑑𝑇

𝑇2

𝑇𝑅

) + (𝐻𝑓𝐵
° + ∫ 𝐶𝑃𝐵𝑑𝑇

𝑇2

𝑇𝑅

)]

− [(𝐻𝑓𝐴
° + ∫ 𝐶𝑃𝐴𝑑𝑇

𝑇1

𝑇𝑅

) + (𝐻𝑓𝐵
° + ∫ 𝐶𝑃𝐵𝑑𝑇

𝑇1

𝑇𝑅

)] 

Simplifying:  

∆𝐻 = ∫ 𝐶𝑃𝐴𝑑𝑇

𝑇2

𝑇1

+ ∫ 𝐶𝑃𝐵𝑑𝑇

𝑇2

𝑇1

 

 

The Heat (Enthalpy) of Reaction:- 

 The heat of reaction (which should be but is only rarely called the enthalpy of 

reaction) is the enthalpy change that occurs when reactants at various T and p 

react to form products at some T and p. 

The standard heat of reaction (  or ∆𝐻𝑅
°  ) is the name given to the heat of 

reaction when stoichiometric quantities of reactants in the standard state (25°C 

and 1 atm) react completely to produce products in the standard state. 

 



 

 

 

Example.4.2. Calculation of the Standard Heat of Reaction from the 

Standard Heats of Formation: 

 Calculate  or ∆𝐻𝑅
°  for the following reaction of 4 g mol of NH3 and 5 g mol 

O(g)2(g) → 4NO(g) + 6H2(g) + 5O34NH                   of O2:      

Solution:     



 

 

We shall use Equation ∆𝐻𝑅
° = ∑ (𝑛𝐻𝑓

°)𝑖𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑠 − ∑ (𝑛𝐻𝑓
°)𝑖𝑅𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠   to 

calculate∆𝐻𝑅
°  or   (25°C, 1 atm) for 4 g mol of NH3, assuming complete 

reaction: 

 

Per gram mole of NH3,  

 

 

 


