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1. Please define or explain the following terms. (30%, 5% for each)
(A) Endogenic and exogenic cycles.
(B) Zeta potential.
(C) Ionic strength and adsorption.
(D) Terpene and photochemical smog.
(E) Carbon footprint.
(F) Chelation.

2. What is the settling velocity of a particle with a Stokes diameter of 7 pm and a density of 1 g/em®
in air at 1.00 atm and 25 °C? (The viscosity of air at 25°C is 186 micropoise. The density of air
under 1.00 atm and 0 °C is 1.29 g/L.) (20%)

3. Ariver water was sampled and analyzed in laboratory, and having a total alkalinity of 1.5 x 103
equivalents/liter with a pH of 6.8.
(A) Calculate the concentration of COz(aq), HCOs, COs% and OH. (5%)
(B) Assume no input of atmospheric CO>. Through the photosynthetic activity of algae, the pH
of the water was changed to 10.0; please calculate all the preceding concentrations and the
weight of biomass, {CH20}, produced. (10%)

4. Humic substances have recently received much attention in environmental chemistry. It can be
used as complexing agents to sorb heavy metals and organics, and serve as electron mediators to
enhance the degradation rate of environmental pollutants and the reductive dissolution of ferric
oxides in soil and sediments. The possible reason is the versatile functional groups in their
structures. Please answer the following questions:

(A) The possible formation mechanisms of humic substances. (7%)

(B) Usually humic substances can be divided into humic acid, fulvic acid and humin according
to the solubility in acid and base. Please compare the general properties of humic acid and
fulvic acid (e.g. molecular weights, functional groups and elemental composition). (8%)

(C) Briefly describe the principles of electron shuttling effect of humic substances. (5%)
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5. pE-pH diagram is a useful tool to predict chemical state of species in water. The following figure is

a typical pE-pH diagram for iron in water at the total soluble iron concentration of 1 x 10° M.

10~ ~

~ o~ _<}Fe(OH),
g
-15

ettt
01 23 45 6 7 8 9 1011 12 1314
pH
(A) Calculate the values of [Fe**], pE, and pH at the point in following figure where Fe** is at a
concentration of 1 x 10 M, and Fe(OH). and Fe(OH); are all in equilibrium. (10%)
(B) Please describe the electrochemical meaning of two dash lines in pE-pH diagram and

explain the origin of slope of those dash lines. (5%)

Note:

1. The atomic masses of elements are as follows:

H=1.0 C=12.0 N=14.0 0=16.0 Ca= 40.6 Na=23.0
Mg=24.3 Al=27.0 Si=28.1 $=32.1 Cl=35.5 K=139.1
Fe=56.0

2. The equilibrium constants or pE of reactions are as follows:

CO; + H,0 « HCO3 + HY
HCO3 © CO3™ 4+ Ht
Fe3t + e~ « Fe?H

Ka1 = 4.45 X 1077

Kap = 4.69 x 10711

Fe(OH), + 2H* & Fe?* 4 2H,0

bEO = 13.2

Ksp = 8.0 x 1012




