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• More on equilibrium chemistry
• Reaction kinetics
• Concentration units in water
• Carbonate system
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• Ionization of water:
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• Dissociation constant of water, Kw
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   OHOHKw 3    HOHKwor

(at 25˚C)14wpK

7pH    ,OHH   acidic

7pH    ,OHH   basic
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• Acid dissociation constant, Ka
  
 HA

AHKa





• Strong acid = strong tendency to dissociate = 
high Ka = low pKa

• Weak acid = only a small fraction dissociates = 
low Ka = high pKa

  AHHA
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Acid Reaction pKa

Hydrochloric acid HCl = H+ + Cl‐ ≈‐3

Nitric acid HNO3 = H+ + NO3
‐ ‐1

Sulfuric acid H2SO4 = H+ + HSO4
‐ ≈‐3

Bisulfate HSO4
‐ = H+ + SO4

2‐ 1.9

Acetic acid CH3COOH = H+ + CH3COO‐ 4.75

Carbonic acid H2CO3* = H+ + HCO3
‐

HCO3
‐ = H+ + CO3

2‐
6.35
10.33

Phosphoric acid H3PO4 = H+ + H2PO4
‐

H2PO4
‐ H+ + HPO4

2‐‐
HPO4

2‐ = H+ + PO4
3‐

2.12
7.20
12.32

Strong

Weak
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Q: If 100 mg of H2SO4 (MW=98) is added to water, 
bringing the final volume to 1.0 L, what is the final pH?
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Q: A solution of HOCl is prepared in water by adding 
15 mg HOCl to a volumetric flask, and adding water to 
the 1.0 L mark. The final pH is measured to be 7.0. 
What are the concentrations of HOCl and OCl?
(T = 25˚C)
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• Henry’s Law: partial pressure of a chemical in 
the gas phase is linearly proportional to the 
concentration of the chemical in the aqueous 
phase

Pgas = kC*
where  Pgas = partial pressure in the gas phase

C* = concentration in the water
k = constant
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• Reaction kinetics: study of the speed at which 
reactions proceed

aA + bB →  cC

      BAk
dt
AdrA 

rA = reaction rate w.r.t. chemical A [conc./time]
k = reaction rate constant
α+β = reaction order
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Reaction order Rate expression Units on k

Zero rA = ‐k (conc.)(time)‐1

First rA = ‐k[A] (time)‐1

Second rA = ‐k[A]2 (conc.)‐1(time)‐1

Second rA = ‐k[A][B] (conc.)‐1(time)‐1

• Half‐life (t1/2): time required for the 
concentration to reach ½ of its initial conc.
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• Weight percent, P

• ppm, ppb, ppt
• Molarity, M
• Normality, N (acid‐base reaction)

%
WW

WP 100
0





nMN 

W = mass of substance (g)
W0 = mass of solute (g)

n = no. of protons transferred
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Q: Commercial H2SO4 is often purchased as a 93 wt% 
solution. Find the concentration of this solutions in 
units of mg/L, molarity, and normality. 
(H2SO4 specific gravity = 1.839, T=15˚C)



457.210A.002 Environmental Engineering 142014‐2

• Buffer: a solution that resists large changes in 
pH 

• A solution of weak acid and its salt is a buffer
• Atmospheric CO2 produces a natural buffer:

      2
3332222 2 COHHCOH*COHOHaqCOgCO

H2CO3* = sum of true H2CO3 and CO2(aq)
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Acid dissociation:
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1. Closed system: constant CT

3310
2 10 .

aK 

(at 25˚C)

,COHHCO   2
33 (at 25˚C)
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1. Closed system

:1apKpH    TClog*COHlog 32

:1apKpH     TC.log*COHlog 5032 

:21 aa pKpHpK    pHClogpK*COHlog Ta  132

:2apKpH      pHC.logpK*COHlog Ta  50132

:2apKpH    pHClogpKpK*COHlog Taa 22132 
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1. Closed system
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2. Open system: constant [H2CO3*]

    atmatmMPK*COH ..
COH

5331471
32 1010

2

 

M.0510 (at 25˚C), ambient air

    pH.pHPKlogpKHCOlog COHa  5311
213

    pHPKlogpKpKCOlog COHaa 2
221

2
3 

pH. 26821 
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2. Open system
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• Alkalinity: sum of all titratable bases to a pH of 
approximately 4.5 (in N)

         HOHCOHCO 2
33 2

     2
33 2 COHCO

Alkalinity =

(bicarbonate and carbonate are major contributors of 
alkalinity in natural waters)

Carbonate alkalinity =



• Textbook Ch2 p. 52‐75
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