CHAPTER 3

- Problem 3.1

3.1a)
In2 In2 -4 -1
k=—=———=12X%10
t 3 5730 years years
3.1b)
If 73% of 'C remains, Lo
. . Co
In £ =—kt
- 0 3
In(0.73)
St = 2,62
1.2x107* years™ 2,623 years

- Note: For simplicity, this problem assumes a constant input of C-14 (perturbations due to bomb C-14 are

not considered). . o
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Problem 3.2

_ _Viax[5] Yint v 8.32x10° %
T Ky +18] E C o Vmax=l-20),<10_6-¥-

1 _Ky+[S]_Ku 1 1 : Linear regression gives: ,

V" VilS] Vg 5] Ve slope == 389.5 s

Ky =468x10* M

Plot such thaty = 1 and x = -l-
14 (S]

Figure 3.2
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Problem 3.3

33a)
Apparent chlorination rate:
Iﬂ:—ﬁ%gﬂl = k"[C4H;OH][HOCll;

Actual rate law: .
-d[C¢H 0]
dt

- Assuming pseudo-equilibrium for acid-base reactions:

= k[C¢H;0™ 1(HOCI]

Sdt 0 dr
Thus _ ‘ _
i%%ﬂl = k[C4H0™][HOCI].

and from Mass Laws
[C6H50'][H+] -
[CsH;OH] . ph
A A - + e n
e [OCIFIHT] K

[Hocy ~— ~Hod

Write expressions for [C¢H;07] and [HOCI] in terms of [C4H;OH]y and [HOCl];:

. Kph

: - . Kiioq
[HOCI], [Hoc1{1+ [H+])

Substitute (5) and (6) into (4):
-d[CcHsOH}; _ k[C¢H;OH], [HOCl],

dt [H] (1 oK )
(l+ Kooer ) [H']

By comparison of (7) and (1):

= k

33b) .
At low pH (pH < pKyoq < pKpn)

(l+ Khoa ) ~1
[H"]

and (14.@:1):@

Kph -Kph

. kK
then k = fh oc l+
[H'] [H']
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N hd » 3 . - . . .
- thus k increases with increasing pH in this region.

At high pH (pH>'pKj;, > pKyoqy) | ‘ o o :
1+.I_<.@g. zﬁ%ﬁ vv o - | o
[H) . |

[H*]
and 1+[H 1 =]
ph '
then k"= KH ]x[Hf]
' HOC!

Thus k decreases with increasing pH in this region. k" reaches a maximum value in the mid-pH
region (see below).

33¢)
KC H,OH]l; [HOCI],

Rate of chlorination = " X
(H 2 1] (H__ﬂgd_)

[H']

1

ph

At a given [C¢H;OH]y and [HOCl]y,
1

Rate o« —
1+ 2 1+———-K"‘ZC']
Kph H ]

The rate is highest between pH = 7.5 and pH = 10, because it is dependent on the product of the

cqncentrations of C;H 50~ and HOCL. Outside of this range, the concentrations of one of the reactants is
dropping off rapidly, resulting in a lower reaction rate.
33 d) |
Rearranging (8):
' - * = kah[H+] '
([H+]+ Kph)([H+]+ KHOCI)
solve for maximum k* or maximum log k*.
logk” = 0gkK , + log[H*]~ log([H* 1+ K, )~ log([H* 1+ Ko
dlogk’
d[H"]
d(logk") 1 1 1
dg* = H* =g Tt =0
(H] 1 [ 1+Ky  [H1+Koq

at maximum logk”, =0

Rearranging ‘o
Ko Kyoa =[H*)?

This maximum k* occurs at
. [H+] = ’10—1010—7.5 = 10‘-8.75

orpH = 8.75




