Dynamics and Kinetics. Exercises 10: Solutions

Problem 1

Og_)OQ+O

Recall: Og is non-linear = # of normal modes: s = 3N—6 = 3
Total quanta: y = 40
Probability P to find m = 10, 20, 30 quanta in a particular mode?

We can approach this question as a problem of placing ;7 balls (quanta) in s boxes (modes) in
such a way that at least m balls are in the same box.

The first trick, illustrated in the figure, is to consider the s — 1 partitions (“dividing sticks”)
as additional elements to be arranged, 1.e., balls and partitions must both be arranged to
define a single overall configuration. Thus, the number of ways w to distribute 7 quanta in
smodes can be translated to the problem of choosing 7 elements (i.e., the balls) out of 7+

—1 elements:
w=wpae = (P TS 2 xe
W = Whalls = J (s =1)! 0

or choosing s — 1 elements (i.e., the partitions):

j+s—1>:(j+s—1)!

s—1 (q_ 1)']" — Whalls- <2)

W = Wpartitions = (

On the other hand, the number of ways w’ to distribute j —m remaining quanta in s
modes if at least m quanta are in a given mode 1is:

, j—m+s—1 (j—m+s—1)!
o =" R 3)
j—m (j—m)!(s—1)!

Finally, we need to know the fraction of times that situation (3) happens among ) total possibilities:

b B w' B (j—m+s—1)l!
exact = 7 © = G—m)(G+s—1)! )

which can be approximated to:

j—m s=1 (5)
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If we use the Sterling approximation: n! ~ (=) , and the fact that j — m > s -1
o J

Plugging in the numbers in Egs. () and () gives:

m=10 | m =20 | m =30
Poxact 0.576 0.268 0.0767
Popprox 0.563 0.250 0.0625

Problem 2

Background:

We start with the following equation:
kL
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n P .
— = —, we obtain:

Inverting Eq. (6) and considering the ideal gas law, i.e., Pl
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a) According to Eq. , if we can plot ﬁ vs. % we should obtain a straight line:
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We observe linear behavior at low pressures, but deviation from theory at high pressures.

b) The energization step:

A+A B aqa

Using the data for the three lower pressures that do not deviate from the linear regression we

obtain a slope = 115.15 Torr - s.

The rate constants k; expressed from pressure and concentration are related due to the ideal gas law:

kCOIlC 1 .
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From collision theory:

1 0
keoll = §NAV (u)ae_%

Computing the different “ingredients”:

) 1/2 1/2
o (u)= (Sl;riT> = (%) = 749m - s~}
2
e 0 =nd?=7.85x10"1m?

E° =
[ ] RT =425

133.33Pa=1Torr

B
kol = 5.9%10™ M m3stmol “ET 9.6x107 1 Pals! 1.28x10™ 2 Torr st

which is much smaller than the constant found experimentally!

¢) Rate constant for the Hinshelwood theory (KT):

1 EO s—1
]iTH — kcoll . S —
e P (RT)

For but-2-ene:
N =12;non-linear = s=3N-6=30= r=1.95x10%= kH =498 x 10*Torr s~}

which is too large!



