CHM1301
Lesson 13
Multiple equilibria
Multiple equilibria:
· Acid-base equilibrium are part of larger acid-base equilibria:
· NH3 (aq) + H2O (l)     ⇆	NH4+ (aq) + H3O+ (aq)	Kb = 1.8x10-5
· 2H2O (l)     		⇆  	OH- (aq) + H3O+ (aq)		Kw = 1.8x10-14
· Usually, we focus our attention on other major species (NH3)
· Need to consider the water equilibrium’s effect on H3O+ and OH- concentrations
· Dominant equilibrium and secondary equilibrium
Multiple equilibria and polyprotic acids:
· Polyprotic acids: contains more than one acidic hydrogen
[image: ]
· Polyprotic acids are best example where you need to calculate secondary equilibrium
Multiple equilibria: better explanation:
· Usually, the following equilibrium is negligible:
· 2H2O (l)         	 ⇆  	OH- (aq) + H3O+ (aq)		Kw = 1.8x10-14
· But, if we have polyprotic acids:
·  H2SO4 (aq)      ⇆	HSO4- (aq) + H3O+ (aq)	Ka1 = 1.4 x 10-2
· HSO4- (aq)        ⇆	SO42- (aq) + H3O+ (aq)	Ka2 = 6.3 x 10-8
· Notice second acid dissociation complex:
· Ka2 < Ka1   ➜   Due to charge effect
An example:
· Carbonated water contains carbonic acid, a diprotic acid that forms when carbon dioxide dissolves in water. A typical carbonate beverage contains 0.050 M H2CO3. Determine the concentrations of the ions present in this solution.
				
CO2 (g) + H2O (l)    ⇆	H2CO3 (aq)

· First: consider the acid dissociation constant of the first proton:
· H2CO3 (aq) + H2O (l)     ⇆ 	H3O+ (aq) + HCO3- (aq)	Ka1 = 4.5x10-7
· But, don’t forget:
· 2H2O (l)         	 ⇆  	OH- (aq) + H3O+ (aq)			Kw = 1.8x10-14
· Because carbonic acid is diprotic:
· HCO3- (aq) + H2O (l)      ⇆  	H3O+ (aq) + CO32- (aq)	Ka2 = 4.7x10-11
· In our example:
· H2CO3 (aq) + H2O (l)     ⇆ 	H3O+ (aq) + HCO3- (aq)	Ka1 = 4.5x10-7
· HCO3- (aq) + H2O (l)     ⇆ 	H3O+ (aq) + CO32- (aq	Ka2 = 4.7x10-11
· 2H2O (l)  		   ⇆	H3O+ (aq) + OH- (aq)		Kw = 1.0x10-14
· Because Ka1> Ka2, we can say that Ka1 is the dominant equilibria
· But…… need to consider Kw
· Notice that Kw generates hydroxide anions!
· So, we know the dominant equilibrium but:
· HCO3- (aq) + H2O (l)     ⇆ 	H3O+ (aq) + CO32- (aq	Ka2 = 4.7x10-11
· Therefore, we need to know consider the minor species
· Minor species is HCO3-
· Once you determine the dominant equilibrium, write the expression for K and undertake an ICE table:
· H2CO3 (aq) + H2O (l)     ⇆ 	H3O+ (aq) + HCO3- (aq)	Ka1 = 4.5x10-7
· Assume that x <<< 0.050[image: ]
· [image: ]
· If you solve for x, you will obtain 1.5x10-4:
· [H3O+ ] = [HCO3-] = 1.5x10-4
· [H2CO3] =0.050 M - 1.5x10-4 M = 0.050 M
· x<<<<0.050 because x is less that 0.3%
· At this point, we have determine the concentration of HCO3-
· Additionally, we know that the pH is 3.82 because:
· H2CO3 (aq) + H2O (l)     ⇆ 	H3O+ (aq) + HCO3- (aq)	Ka1 = 4.5x10-7
· [H3O+ ] = [HCO3-] = 1.5x10-4
· pH = - log [H+] = 3.82
· Now we need to consider the second Ka2
· HCO3- (aq) + H2O (l)     ⇆ 	H3O+ (aq) + CO32- (aq	Ka2 = 4.7x10-11[image: ]
· Can assume that x << 1.5x10-4
· [image: ]
· If you solve for x, you will obtain a very small, insignificant number:
· HCO3- (aq) + H2O (l)     ⇆ 	H3O+ (aq) + CO32- (aq	Ka2 = 4.7x10-11
· [CO32-] = 4.7x10-11
· [OH-] = 6.7x10-11
· Use the H3O+ = 1.5x10-4 M
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Name Formula [ Monoanion [
Sulphuric acid S04 Strong HSO0, 1.0x10
Osalic acid HO,CCOH 56x107 HO,CCO, ™ 15x10%
Sulphurous acid H,505 14x1072 HSO;~ 63x10°
Phosphoric acid

(Ks3=48x10713) H3PO, 69x1072 HyPO,~ 63x108
Phthalic acid HO;CCgHaCOM 11x107 HO;CCeHaCOz~ 37x10°
Carbonic acid H,C0, 45x107 HCO, 27%107
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