Equilibria:  Acids and Bases, Salts and Solubility

The Most Important Equilibrium on the Planet. Part 3
(a) If you exhale your breath through the straw into distilled water.  What happens?  What part of your breath dissolves?  Write the reaction.

CO2 dissolves:
CO2  + H2O (  H2CO3
(b) Exhale your breath through the straw into lime water (a Ca(OH)2 solution).  

(You’ll need to do this for a minute or so to see the full effect). 

What happens?  

Can you describe it with a sequence of balanced equations? 

[hints: - start with the reaction you wrote for (a).  

- what information from today’s lectures could be useful? (see bottom of page)]



CO2  + H2O (  H2CO3


H2CO3 + 2H2O (  (CO3)2-    +  2  H3O+


2  H3O+   +  2 OH-  (   4  H2O



Ca2+  +  (CO3)2-    (   CaCO3 (s)



Net reaction: CO2  + 3H2O +  Ca(OH)2  ( 4  H2O + CaCO3 (s)

(c) You either have a small seashell or a piece of pink marble.  Put this into the vial of HCl.   

      (Carefully!! No Splashing!!)    What happens?

It dissolves, producing gas bubbles.

(d) Compare your observations in (c) with those from a neighbor who has the other object.    

Same thing.

some solubilities

Ca(SO4)
3 x 10-3 M 

0.41 g /L

0.041 g / 100mL

Ca(CO3)
6 x 10-5 M 

0.006 g /L

0.0006 g / 100mL


Ca3(PO4)2
1.5 x 10-6 M 
0.00047 g /L

0.000047 g / 100mL

For the remaining questions, you will need to know:

· Calcite minerals (marble, limestone and dolomite) are calcium carbonate, CaCO3.

· [image: image1.jpg]


Many sea creatures construct their intricate shells from calcium carbonate, CaCO3.

(at right, a diatom)

(e) You have probably seen pictures showing how marble statues (like Michaelangelo’s masterpieces) deteriorate more quickly in industrial regions with acid rain.  Even far from industrial pollutants, calcite minerals like marble, limestone and dolomite naturally “weather”, that is, the mineral dissolves and the rock deteriorates.

Use two equilibrium reactions to explain the chemical causes of marble weathering and statue deterioration.  



CaCO3 (s) ( Ca2+  +  (CO3)2-



(CO3)2-   +  2  H3O+ (  H2CO3 



pH effect encourages calcite weathering

(f) Now, how might you and a seashell or a piece of marble be related?  


The CO2 from my breath could become part of a seashell or a calcite rock!

Take-home question to help you study for exam!.

Use the equilibria information below to calculate an equilibrium constant for the overall, net equilibrium reaction that relates calcite weathering to carbon dioxide formation by acid rain. Does your value suggest it favors the forward reaction?

Also consider, how does calcite mineral weathering affect the greenhouse effect? 

Equilibria Data:

CaCO3 (s)  <==>  Ca2+(aq)   + CO32-(aq)                   Ksp = 6.02 x 10-9
H2CO3(aq) <==>  CO2 (g)   +  H2O (l )                        Kdiss = 3.16 x 10
CO32- (aq)    +  2H+(aq) <==> H2CO3 (aq)                 Kb = 3.98 x 1016

CaCO3 (s)  <==>  Ca2+(aq)   + CO32-(aq) 

Ksp    = 6.02 x 10-9

CO32- (aq)    +  2H+ <==> H2CO3 (aq)  

Kb     = 3.98 x 1016 



H2CO3(aq) <==>  CO2 (g)   +  H2O (l )                    
Kdiss = 3.16 x 10

Net rxn:
CaCO3 (s) + 2H+ <==> Ca2+(aq) + CO2 (g) + H2O (l )


Knet = Ksp  x Kb  x Kdiss   = (6.02 x 10-9)(3.98 x 1016)( 31.6) = 7.57 x 109
The very large value of (Knet) indicates the dissolution of calcite by acid  is very favored.

Furthermore, the equilibrium constant for the decomposition of the marble statue by acid rain (Knet) is over 18 orders of magnitude larger than for the decomposition in neutral water (Ksp).

Calcite weathering is a natural event that also increases CO2 contributing to the “greenhouse effect”.
