
 

 

 Answer on Question #57390 - Chemistry - Physical chemistry 

 

Question: 

Ingrid and Wahid are doing a chemical experiment.They take 2.4 grams of barium carbonate and 
add this to 25.0mL of water and notice that it does not dissolve completely. 

i) What percentage of the barium carbonate will dissolve in the solution? Given Ksp of 
barium carbonate = 5.1*10^-9 

ii) Subsequently, 5.0 mL of 1.0 mol L^-1 HNO3 is added to the mixture. Calculate the % 
of solid left. 

iii) iii) Another 10 mL of the HNO3 solution is added. They see bubbles appearing and all 
solid dissolves. Give the reaction that takes place and calculate the amount of gas 
formed and the pH of the final solution. 
(ps: My problem with the question is in part iii. I calculated the mol of HNO3, but it 
doesn't seem to be enough to completely dissolve the barium carbonate. Is there an 
error in the question?) 

Solution: 

The balanced chemical equation is: 

BaCO3 + 2 HNO3 = Ba(NO3)2 + CO2 + H2O 

n(BaCO3)=m(BaCO3)/M(BaCO3) = 2.4/197.3=0.0122 mol; 

This amount of barium carbonate requires n(HNO3)=2n(BaCO3)= 0.024 mol of nitric acid.  

The actual amount of nitric acid added is n(HNO3)=c(HNO3)V(HNO3) = 1.0×0.015 = 0.015 mol.  

So, the nitric acid is a limiting reactant and it is not enough to dissolve all the barium carbonate 
given. The calculation of the amount of gas formed should be performed by nitric acid: 

n(CO2) = n(HNO3)/2 = 0.015/2 = 0.0075 mol; 

This amount of nitric acid can dissolve  also 0.0075 mol of BaCO3. 

The final solution contains n(BaCO3) = 0.0122 – 0.0075 = 0.0047 mol. 

An excess of CO2 bubbled through the milky solution of barium carbonate will cause its 
dissolution according to the reaction: 

BaCO3 + CO2 + H2O = Ba(HCO3)2 

So, all the barium carbonate will be dissolved and the amount of CO2 remaining after this process 
is n(CO2) = 0.0075 - 0.0047 = 0.0028 mol. As a result, a buffer solution is formed by H2CO3 and 
HCO3

-. 

CO2 + H2O = H2CO3 (reversible reaction) 

The solubility of CO2 in water at 25 C and 1 atm is 0.034 mol/L, this value can be taken as an 
approximate concentration of H2CO3. The amount of gas released from the solution is  

0.0028 – 0.034×0.04 = 0.00144 mol, or 0.00144×22.4 = 0.032 L. 

The equilibrium of carbonic acid in aqueous solution is 



 

 

H2CO3 + H2O  H3O+ + HCO3
-      pKa1  (25 °C) = 6.37 

 
[H2CO3] = 0.034 M; 

[HCO3
-] = 2×0.0047/0.04 = 0.235 M. 

The pH of this system can be calculated using the Henderson–Hasselbalch equation: 

pH = pKa1 + log([HCO3
-]/[H2CO3]) = 6.37+ log(0.235/0.034) = 7.21. 

Answer: V(CO2) = 0.032 L; pH = 7.21. 
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