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1. Please define and/or explain the following terms (25%, 5% for each)
(A) Oxygen sag curve
(B) Secondary minerals
(C) Quantum yield
(D) Cation exchange capacity
(E) Polar stratosphere clouds

2. In the troposphere, the photochemical reaction between nitrogen oxides (NOx;
mainly NO2z and NO) and ozone (O3) can be described as follows:

NO, + hv > NO+ 0O (no,)
0+0,+M=0;+M (k)
03 4+ NO — NOZ + 02 (kl)

(A) Define the pseudo-steady-state approximation (PSSA). In atmospheric

| chemistry, what types of reactive species are most suitable for applying this
approximation? (5%)

(B) Assuming atomic oxygen (O) is a pseudo-steady-state species, apply the
pseudo-steady-state approximation (PSSA) to derive an expression for its
concentration, [O]. (1 O%)

3. Manganese plays an important role in natural waters as both Mn** and MnOa(s). At
temperature of 25°C, pH = 7.0, and activity of Mn?* = 1.0 X107, Please answer the
following questions.

(A) Calculate the pe of the solution assuming the Mn?**/MnO; system is at
equilibrium. (10%)

(B) Suppose a natural water sample has a dissolved oxygen concentration of 0.2
mM at pH 7.0. Calculate the minimum concentration of Mn>* required for

MnOax(s) to precipitate under equilibrium conditions with Oz. (12%)

4. Air pollution causes the problem of acid rain. Generally, when the pH of rainwater
1s below 5.6, it is considered acid rain. Please calculate and explain the reason why.
(Assume the CO:z concentration in the atmosphere is 107 atm). (10%)
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5. Please complete the following questions regarding the logarithmic concentration

diagram.

(A) Draw a logarithmic concentration diagram for a 10~ M solution of
hypochlorous acid (25°C). (10%)

(B) From the diagram obtained in part(A), determine the equilibrium pH for 10~
M hypochlorous acid. (5%)

(C) From the diagram obtained in part(A), determine the equilibrium pH after 10~
mol of NaOH has been added to a liter of solution. (5%)

6. Per- and polyfluorealkyl substances (PFAS) are a class of synthetic chemicals that
have received increasing environmental concern in recent years due to their
persistence, bioaccumulation, and potential toxicity. PFAS have varying carbon
chain lengths and are widely used in industry and consumer products. The most
representative PFAS are perfluorooctanoic acid (PF OA) and perfluorooctane

- sulfonic acid (PFOS).
(A) Describe three common industrial or consumer applications of PFAS. (3%)
(B) Draw the chemical structure of PFOA. (5%)

Note

1. The atomic masses of elements are as follows:

H=1.0 C=12.0 N=14.0 0=16.0 Ca=40.0

Na=23.0 Mg=24.3 Al=27.0 Si=28.1 S=32.1

Cl=35.5 K=39.1 Fe=56.0

2. The equilibrium constants or E° of reactions are as follows:
CO2(g)2CO,aq) Ky = 107" (M/atm)

H,CO32H* + HCO; Ka =4.3x1077

HCO3; 2H™* + C02%- Ka2 = 4.7x107!

HOCI=H*+0CI~ Ka=29x107%

MnO,() + 4H* + 2e™ & Mn?* + 2H,0 E'=+123V
Oz(aq) + 4H + 46~ & 2H,0 | E'=+1229V



