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1y ¥ ran a reaction at 20°C and at SG°C. The first-order rate constant was 102 57 at 20°C
and 5.7 x 10 5" at 50°C. You then added a catalyst and found that the activation cnergy
was reduced 1o 20% of the value without the catalyst. In addition, the catalyzed reaction
rate was increased by five times compared with the uncatalyzed rale at 20°C. What was
the calalyzed reaction rate at 30"C? (R=1.987 calfmole K} {10%)

2) Define the following terms and describe 1heir significance in environmental engineering:
(13%)

{a) common ion effect

(b) Langmuir isothenn

() Lambert-Beer's Law
(d} break-point chlarination
{e} buffering capacity

{f) zeta potential

3 An environmental engineer can apply stresses to his sysiem in accordance with Le
Chatelier’s principle to shift chemical equilibria to bring about complete reactions. List
and briefly explain the metheds that can be employed for this purpose. (10%)

4)  _The CO, concentration in atmosphere is measured to be 350 ppm. Relevant equilibrivm
constants are listed in ‘Tables 1and 2, calculate the pll of rainwaler which is eguilibrivin
with CO, at 298 K. ({Show all procedures for calculation.) (12%}

TABLE [/ lon Produc! of Waler

Temper- pH of a "neutral” solution
alure,"C K. pK . {{H*} = {QH"}

0 0.12 =< 10" 1493 7.47

15 0.45 = 107 14.35 7.18

20 0.64 x 10— 14.17 7.08

5 1.01 = LO-** 14.00 7.00

aa 147 x tg-" 13.93 6.92

40 2.95 x 10" 13.53 6.76

TABLE 7 Temperalure Dependence of Some Imporiant Carbonale Equi-
librium Constants

Temperaiure, "C

Reaction 5 10 is 20 25 40 B0
L CQup + HO 2= COyy ps 1,20 127 1M id4l 147 164 1.8
2. HyCOy = HCOQ,” + N pK,, 6.52 646 EB.42 638 63 630 630
3 HCO,~ = COZ7 + H* pK,, 10.56 1049 1043 10.38 1033 10.22 1014
4, CalOy, = Ca® + CO,*; PR w g.09 BI1% 822 828 BM 850 B.74
3. ColQyuy + H = Ca® + HCO,: —2.47 —2.54 -2.21 -2.10 ~1.95 — 1.7l —-1.40
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