EVE 410 Homework # 2 Solutions

Problem 2-5

Given the following data:

A (mM)
Time (sec)

1.00
0

0.50
11

0.25
20

0.10
48

0.05
105

Required:

Evaluate the above data to determine whether the reaction 
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 is first or second order. Calculate the rate constant and be certain to give its units.
Solution:

Inspection of the table shows there is no direct linear relationship between concentration and reaction time, so this is not a zero order reaction.  From Figure 1 and 2, it can be seen that there is a linear relationship between 1/[A] and time; while ln[A] vs time is non-linear, so the reaction is second order.  (Don’t be fooled by the nice curve!  It has to be a straight line, or close.)

The rate constant is:       
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Table 1  Calculation Table

A (mM/liter)
Time (sec)
1/A (liter/Mm)
ln A

1
0
1
0.00 

0.5
11
2
-0.69 

0.25
20
4
-1.39 

0.1
48
10
-2.30 

0.05
105
20
-3.00 
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 Problem 2-7

The temperature dependence of the reaction rate is frequently expressed quantitatively using parameters other than Ea. For example, the following expression for the reaction rate constant for the BOD test is often used:
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where T2 is the temperature in ˚K and 
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 is the rate constant at that temperature.

Required:

1. Show that 
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and thus that θ is a function of T1 and T2.
2. Determine Ea if θ = 1.047 and T2 = 293˚K.

3. If T2 = 283˚K and θ remains the same, what is the value of Ea?

Solution:

1. Because 
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so 
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then 
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so 
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from (1) and (2), 
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so 
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2. 
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3. 
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Problem 2-9

A recent study has shown that monochloramine, NH2Cl, “decay” in wastewater is very slow, especially in comparison with free chlorine, HOCl and OCl-.  The exposure of NH2Cl to light was found to increase the rate of decay significantly. When light was completely excluded from the sample, 20 percent decay took place in 8 hours and the data conformed to the first-order rate law.

Required:

1. Assuming (1) a treatment plant is discharging effluent containing 2 mg/liter NH2Cl, as Cl2; (2) a 1:10 dilution (one part effluent plus nine parts receiving water) is achieved with complete mixing; (3) the receiving water is not exposed to light; and (4) a level greater than 0.002 mg/liter NH2Cl, as Cl2, is deleterious to trout, how long after discharging will it take for the receiving water to become “acceptable” for trout?

2. Assuming that each 12-hour period of no light is followed by a 12-hour period of light during which the applicable first-order reaction rate constant is 0.3/hr, how long will it take for the receiving water to become acceptable for trout?

Solution:

1. Since the reaction without light follows a first-order reaction, then
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Because 20 percent decay took place in 8 hours, so 80% of the NH2Cl still exists at the end of 8 hours reaction period.
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After the 2 mg/liter NH2Cl is discharged into receiving water, its concentration is 0.2 mg/L. Assume t hours is needed to have its concentration reach 0.002 mg/L, so
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2. After the first 12-hour period of no light, the NH2Cl remaining in the receiving water is:
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After the second 12-hour period of light, the NH2Cl remained in the receiving water is:
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After the third 12-hour period of no light, the NH2Cl remained in the receiving water is:
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Assume a more t (t < 12 hr) period of light is needed to have the NH2Cl concentration decreased to 0.002 mg/L, then
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,        i.e.  
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Total time needed to make the receiving water to become acceptable for trout is: 
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Problem 2-11

BOD data have been determined as follows:

t (days)
Y (mg/liter)

1
0.705

2
1.060

3
1.540

4
1.700

5
1.880

7
2.310

10
2.570

12
2.805

Required:

Find L0 and k (both base e and base 10) assuming a first-order reaction.
Solution:

Make the plot of (t/Y)1/3 vs time, as shown in Figure 3, the calculation table is shown in Table 2.

Table 2  Calculation table

t (days)
Y (mg/liter)
t/Y
(t/Y)1/3

1
0.705 
1.418 
1.124 

2
1.060 
1.887 
1.236 

3
1.540 
1.948 
1.249 

4
1.700 
2.353 
1.330 

5
1.880 
2.660 
1.385 

7
2.310 
3.030 
1.447 

10
2.570 
3.891 
1.573 

12
2.805 
4.278 
1.623 

.


[image: image32.wmf]Figure 3  Plot of (t/Y)1/3 vs time
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From Figure 3, we find 
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