
Autumn, 2021

Math 597 Homework 2

1. At 17 degrees Celcius, a small amount of iodine and bromine are added to pure
liquid xylene. Iodine and xylene levels are approximately constant, so changes
in the rate must be due to changes in bromine concentration. (Data collected
by A. Neyens, published in Hill, 1977, page 45) Below is a data set on
bromine’s reaction with xylene. If we hypothesize that the reaction rate has
the form

dy

dt
= −kym

where y is the concentration of bromine, k is the rate constant, and m is the
reaction order, what do you estimate the reaction’s order to be?

Time (minutes) Bromine concentration (moles/liter)
0.000 0.3335
2.250 0.2965
4.500 0.2660
6.330 0.2450
8.000 0.2255
10.25 0.2050
12.00 0.1910
13.50 0.1794
15.60 0.1632
17.85 0.1500
19.60 0.1429
27.00 0.1160
30.00 0.1053
38.00 0.0830
41.00 0.0767
45.00 0.0705
47.00 0.0678
57.00 0.0553
63.00 0.0482

2. Suppose B blue particles and Y yellow particles move through a space with N
sites at random, and that N is much larger than B or Y .

a. Suppose the blue particles and yellow particles are uniformly distributed
through the space. What is the probability that a random site will have
atleast one blue particle and one yellow particle.

b. The binomial approximation states that when x is small and y is large,
(1 + x)y ≈ 1 + xy. Use this to derive an approximation for the probability
a site has both blue and yellow particles.

c. If σ is rate at which blue and yellow particles make green particles when
a site is occupied by both, and green particles never split back to blue or
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yellow, find a formula for the expected rate of removal of blue particles
from the system.

3. Write a system of four differential equations representing the following reaction
network.

X + F
a−⇀ Y

Y + F
b−⇀ Z

Z
c−⇀ 5X

4. Find a reaction network representing the following system of differential
equations. The dot is used to represent the derivative, so Ṡ = dS/dt.

Ṡ = b− βSI −mS,

Ė = βSI − αE −mE,

İ = αE − γI −mI,

Ṙ = fγI −mR.

5. Determine the reaction network represented by this poorly drawn directed
hypergraph.
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