
Chemistry 4000/5000/7001, Fall 2012,
Assignment 9 Solutions

1.

kD = 4πLDABRAB

RA =
kBT

6πDAη

=
(1.380 6488× 10−23 JK−1)(298.15K)

6π(10−9m2s−1)(8.91× 10−4 Pa s)

= 2× 10−10m

kD = 4π(6.022 141 29× 1023mol−1)[(2)(10−9m2s−1)][(2)(2× 10−10m)]

= 7× 106m3mol−1s−1

≡ 7× 109 Lmol−1s−1

KD =
N

[H2O]

=
6

55.33mol L−1
= 0.1084 Lmol−1

k−D = kD/KD

=
7× 109 Lmol−1s−1

0.1084 Lmol−1
= 7× 1010 s−1

∴ t1/2 = ln 2/k−D

=
ln 2

7× 1010 s−1
= 1× 10−11 s ≡ 10 ps
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2. This question amounts to asking whether f/2mω‡ is small or large.

f = kBT/D

=
(1.380 6488× 10−23 JK−1)(298.15K)

10−9m2s−1
= 4× 10−12Nsm−1

m =
100 gmol−1

6.022 141 29× 1023mol−1
= 1.66× 10−22 g

≡ 1.66× 10−25 kg

∴
f

2mω‡
=

4× 10−12Nsm−1

2(1.66× 10−25 kg)(1013 s−1)

≈ 1

This is actually a medium-friction regime where friction is comparable
to the frequency at which the transition state is traversed.
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