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Carbonic acid equilibria
Three
CO,(g) + H,0(/) €= (HO),CO (aq)
(HO),CO(aq) + H,0(l) €= H;0%(aq) + (HO)CO, (aq)
(HO)CO,(aq) + H,0(l) €= H;0%(aq) + CO;%(aq)

... that establish

Effect of acidity on CO,(g) solubility
CO,(g) + H,0(/) €-> (HO),CO (aq)
(HO),CO(aq) + H,0(l) €= H;0%(aq) + (HO)CO, (aq)
(HO)CO,(aq) + H,0(l) €-> H;0%(aq) + CO,%(aq)
Adding acid, lowers solubility of CO,(g) in water.

Adding base, increases solubility of CO,(g) in water.
Response of system illustrates Le Chatelier’s principle

Adding NaOH

... disturbs balance by consuming H;0*
CO,(g) + H,O(/) €-> (HO),CO (aq)
(HO),CO(aq) + H,O(l) €-> H;0%(aq) + (HO)CO,(aq)

(HO)CO,(ag) + H,O(l) €~> H30+(aq)l+ CO,%(aq)

Adding NaOH

... Which shifts balance toward more products
CO,(g) + H,O(/) €-> (HO),CO (aq)
(HO),CO(aq) + H,O(l) €-> H;0%(aq) + (HO)CO,(aq)

—)
(HO)CO,(ag) + H,O(l) € H;0%(aq) + CO;%(aq)
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Adding NaOH

... which consumes (HO)CO,*
CO,(g) + H,O(/) €-> (HO),CO (aq)
(HO),CO(aq) + H,O(l) € H;0%(aq) + (HO)COZ'(aq)l

(HO)COZ'(aq)l+ H,0O(l) €= H,0%*(aq) + CO,*(aq)
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Adding NaOH

... Which shifts balance toward more products
CO,(g) + H,O(/) €-> (HO),CO (aq)
——)
(HO),CO(aq) + H,O(l) €-> H;0%(aq) + (HO)CO,(aq)

(HO)CO,(ag) + H,O(l) € H;0%(aq) + CO;%(aq)
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Adding NaOH

... which consumes (HO),CO
CO,(g) + H,O(/) €-> (HO),CO (aq) l
(HO)ZCO(aq)l+ H,0(l) € H,0%(aq) + (HO)CO,(aq)

(HO)CO,(aq) + H,O(l) €-> H;0%(aq) + CO;*(aq)

Adding NaOH

... Which shifts balance toward more products
—)
CO,(g) + H,O(/) €-> (HO),CO (aq)
(HO),CO(aq) + H,0O(l) €-> H;0%*(aq) + (HO)CO,(aq)

(HO)CO,(ag) + H,O(l) € H;0%(aq) + CO,*(aq)

Adding NaOH

... which consumes CO,
COZ(g)l+ H,0(/) €= (HO),CO (aq)
(HO),CO(aq) + H,O(l) €-> H;0%(aq) + (HO)CO,(aq)

(HO)CO,(aq) + H,O(l) €-> H;0%(aq) + CO,*(aq)

... and so balance is restored.

Adding HCI

... disturbs balance by increasing H,0*
CO,(g) + H,O(/) €-> (HO),CO (aq)
(HO),CO(aq) + H,O(l) €-> H;0%(aq) + (HO)CO,(aq)

(HO)CO,(ag) + H,O(l) €~> H3O*(aq)l+ CO,%(aq)
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Adding HCI

... which shifts balance toward more reactants
CO,(g) + H,O(/) €-> (HO),CO (aq)
(HO),CO(aq) + H,O(l) €= H;0%(aq) + (HO)CO,(aq)

—
(HO)CO,(ag) + H,O(l) €-> H;0%(aq) + CO;*(aq)
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Adding HCI

... which forms more (HO)CO,
CO,(g) + H,0(/) €= (HO),CO (aq)
(HO),CO(aq) + H,O(l) €-> H;0%(aq) + (HO)CO,(aq) l

(HO)COZ'(aq)I+ H,0(l) €= H;0%(aq) + CO;%(aq)
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Adding HCI

... which shifts balance toward more reactants
CO,(g) + H,O(/) €-> (HO),CO (aq)
——

(HO),CO(aq) + H,O(l) €-> H;0%(aq) + (HO)CO,(aq)

(HO)CO,(aq) + H,O(l) €-> H;0%(aq) + CO;*(aq)

Adding HCI

... which forms more (HO),CO
CO,(g) + H,O() €~> (HO)ZCO(aq)I
(HO)ZCO(aq)]+ H,0(l) €= H,0%*(aq) + (HO)CO,%(aq)

(HO)CO,*(aq) + H,O(l) €-> H;0*(aq) + CO,%(aq)

Adding HCI

... Which shifts balance toward more reactants
—
CO,(g) + H,O(/) €-> (HO),CO (aq)
(HO),CO(aq) + H,O(l) €-> H;0%(aq) + (HO)CO,(aq)

(HO)CO,(aq) + H,O(l) €-> H;0%(aq) + CO,*(aq)

Adding HCI

... which forms more CO,

COZ(g)I+ H,0(/) €= (HO),CO (aq)

(H0),CO(aq) + H,O(l) €-> H,0*(ag) + (HO)CO,(aq)
(HO)CO,(aq) + H,O(l) € H,0%(aq) + CO,*(aq)

... and so balance is restored
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Effect of acidity on CO,(g) solubility
CO,(g) + H,0(/) €= (HO),CO (aq)
(HO),CO(aq) + H,0(l) €-> H;0%(aq) + (HO)CO, (aq)
(HO)CO,(aq) + H,O(l) €-> H;0*(aq) + CO;%(aq)
Adding acid, lowers solubility of CO,(g) in water.

Adding base, increases solubility of CO,(g) in water.
Response of system illustrates Le Chatelier’s principle




