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Equilibrium: ICE Problem Worksheet 
1. The colourless gas dinitrogen tetroxide decomposes to the brown coloured air pollutant nitrogen dioxide and exists in equilibrium.  A 0.125 mol sample of dinitrogen tetroxide is introduced into a 1.00 L container and allowed to decompose at a given temperature.  When equilibrium is reached, the concentration of the dinitrogen tetroxide is 0.0750 mol/L.  What is the value of Keq for this reaction?



2. Phosphorus pentachloride decomposes to phosphorus trichloride and chlorine gas.  A 1.10 mol/L sample of PCl5 was placed into a vessel.  At equilibrium it was determined that the concentration was 0.33 mol/L.  Calculate the Keq for this reaction.








    PCl5(g)   ⇌   PCl3(g)  +     Cl2(g)
3. Gaseous dinitrogen tetroxide is placed in a flask and allowed to decompose to nitrogen dioxide and reach equilibrium at 100°C.  At 100°C, the value of Keq is 0.212.  If the concentration of dinitrogen tetroxide at equilibrium is 0.155 mol/L, what is the concentration of nitrogen dioxide at equilibrium?


4. A 0.921 mol sample of dinitrogen tetroxide is placed in a 1.00 L vessel and heated to 100°C.  At equilibrium it is found that 20.7 % of the dinitrogen tetroxide has decomposed to nitrogen dioxide.  Calculate the Keq for this reaction.

5. At 245°C, the equilibrium concentration of dinitrogen tetroxide gas is 6.38x10-3 mol/L and the total gas concentration is 1.23x10-2 mol/L.  Determine the Keq for the decomposition of dinitrogen tetroxide gas to nitrogen dioxide gas at this temperature. 







6. The following reaction has  Keq value of 85.0 at 460°C:

SO2(g)  + NO2(g) ⇌ NO(g)  + SO3(g)
If a mixture of sulfur dioxide and nitrogen dioxide is prepared, each with an initial concentration of 0.100 
mol/L, calculate the equilibrium concentrations of nitrogen dioxide and nitrogen monoxide at this 
temperature.




SO2(g)  +     NO2(g)   ⇌   NO(g)  + SO3(g)    Keq = 85.0
7. At 100°C the reaction below has an equilibrium constant, Keq, value of 2.2x10-10.  If 1.00 mol of phosgene, COCl2, is placed in a 10.0 L flask, calculate the concentration of carbon monoxide at equilibrium.

COCl2(g) ⇌ CO(g)  + Cl2(g)
8. Six moles of SO2(g) and four moles of O2(g) are introduced into a 1.00 L reaction vessel and allowed to react to form SO3(g).  At equilibrium, the vessel contains four moles of SO3(g).  Calculate Keq for this reaction.

2 SO2(g) +  O2(g) ⇌   2 SO3(g)
9. Hydrogen and iodine gases react to form hydrogen iodide gas.   If 6.00 mol of H2 and 3.00 mol of I2 are placed in a 3.00 L vessel and allowed to come to equilibrium at 250°C calculate the equilibrium concentrations of all species.  The Keq for the reaction is 4.00 at 250 °C.

10. At 375°C, the equilibrium constant for the reaction between hydrogen and iodine gases to make hydrogen iodide gas is 51.5.  A sample of hydrogen iodide was placed into a 2.00 L vessel and it was found that at equilibrium 0.218 mol of H2 gas was present.  

a) How many moles of HI were originally placed into the flask?




     H2(g)  +     I2(g)  ⇌    2 HI(g)   
Keq = 51.5
V=2.00 L

b) What are the equilibrium concentrations of I2 and HI?


11. Carbon monoxide and chlorine gases react to form phosgene gas (COCl2).  At equilibrium, there is 0.62 mol of CO, 0.28 mol of Cl2 and 1.56 mol of COCl2 in a 2.00 L container.  How many moles of Cl2 must be added to reduce the concentration of CO to 0.25 mol/L?






CO(g)  +   Cl2(g) ⇌ COCl2(g)

A) Use the equilibrium concentrations given to calculate the Keq value.

B) A given amount of chlorine gas in mol/L “y” is added to the reaction and equilibrium is re-established at the SAME temperature.
    CO(g)  +     Cl2(g)    ⇌   COCl2(g)

12. At 350°C the equilibrium constant for the reaction CaCO3(s) ⇌ CaO(s)  + CO2(g) was found to be 0.15.

a) What is the equilibrium concentration of carbon dioxide at this temperature?


b) If 100.0 g of solid calcium carbonate was placed in a 10.0 L vessel and heated to the same temperature could equilibrium be reached?  Justify your answer with calculations.


13. The equilibrium constant for the reaction below is 0.11.  Calculate all equilibrium concentrations if 0.33 mol of iodine chloride gas is placed in a 1.00 L vessel and allowed to come to equilibrium.
2 ICl(g) ⇌ I2(g) + Cl2(g)

14. At 1200°C, the value of Keq for the formation of hydrogen chloride gas from its elements is 2.51x104.  Determine the equilibrium concentrations of all species if 0.250 mol of both chlorine gas and hydrogen gas are placed in a 1.00 L vessel and allowed to reach equilibrium.

    H2(g) +    Cl2(g) ⇌   2 HCl(g)     
15. Nitrogen gas reacts with oxygen gas to form nitrogen monoxide gas.  The Keq for this reaction at 1530°C is 1.20x10-4.  Determine the equilibrium concentrations of all species when 1.00 mol/L of nitrogen and oxygen is placed in a vessel and allowed to reach equilibrium.


