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The recent interest of chemical engineering 
students in biological phenomena has prompted 
the need for experiments illustrating enzyme ki­
netics. The study of enzymatic reactions, how­
ever, often requires elaborate apparatus not 
normally available in chemical engineering lab­
oratories or reagents with prohibitive cost for 
general use. Therefore, our purpose was to design 
an experiment, which was simple to construct, in­
expensive, and could be performed within the as­
signed laboratory period of two hours. Of the 
known enzymatic reactions, the decomposition of 
hydrogen peroxide (H20 2) by beef liver catalase 
best suited these goals. 

GENERAL THEORY 

The mechanism of catalase action using H20 2 
as its substrate has been well elucidated1

•
2. The re­

action sequence is initiated by the reversible for­
mation of an enzyme-substrate complex, as indi­
cated by: 
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Next a second H20 2 acts as an oxidating agent of 
the complex. This results in 
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When the molar ratio of H20 2/ catalase is suffi­
ciently high, the reaction sequence can be approxi­
mated b:, the familiar Michaelis-Menten type 
Model: 
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The rate of appearance of the catalase-H202 
complex, ES, is given as: 

d[ES) = k' [E) [SJ - (k ' + k ' ) [ES ) (4) at 1 2 3 

where [E] is the free enzyme concentration and 
[SJ is the substrate concentration. 

The rate formation of product, P, is: 

~=½k'3 [ES ) (5) 

The relative magnitudes of the individual rate 
constants are such that the concentration of the 
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complex rapidly approaches a pseudo steady state: 
d[~~ j = 0 (6) 

Furthermore, the sum of the enzyme concen­
trations in free and complex form is equal to the 
initial enzyme concentration, E t ; 

[Et) = [E] + [ES) (7) 

The dependence of the rate of product formation 
on the initial enzyme concentrations is obtained by 
combining equations (4) to (7) yielding: 

g_= 1/2 k' 3 [Et ] [SJ 

dt k 1

2
+k .1

3 
--k-\-+ [SJ 

(8) 

This eliminates the [ES] term which is very diffi­
cult to measure directly during a run. 
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When only a single concentration of enzyme 
is used throughout the experiment equation (8) 
can be rewritten as 

.fill= [SJ 
dt u Km+. [SJ (9) 

This is the characteristic equation for enzyme re­
actions involving one substrate; Km is the 
Michealis-Menten constant and µ, the maximum 
reaction rate for a given enzyme concentration. To 
conveniently calculate Km and µ, equation (9) is 
rearranged as : 

l Km l l 

f *l a µ TsT + µ c10> 

Equation (10) is called the Lineweaver-Burk 
equation. The constants µ, and Km can be readily 
obtained from the slope of the plot and the inter­
cept. 
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FIG. 1.- Schematic Diagram of Apparatus. 

EXPERIMENT 

The reaction vessel was constructed from a 500 
ml Ehrlenmeyer flask as shown on Figure 1. The 
manometer, swing arm sample holder and bubble 
counter were connected to the flask with ground 
glass joints. The water manometer was used to 
maintain a constant pressure in the vessel, while 
the swing arm sample holder provided a means 
for rapid addition of the enzyme without disturb­
ing the internal pressure. 

To calculate the reaction rate the oxygen 
evolution was measured. Since this was achieved 
by visual bubble counting, the substrate and en­
zyme concentrations had to be carefully selected. 
Best results were obtained with 400 ml of 0.05 M 
phosphate buff er (pH = 7) and 5 ml of diluted 
(300 X) beef liver catalase, (Nutritional Bio­
chemicals). This gave a maximum bubbling rate 
of 2 bubbles per second. 

Biochemical rate data is very sensitive to the 
choice of substrate concentration. At very high 
concentrations the catalase is subject to denatura-
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Our purpose was to design an experiment which 
was simple to construct, inexpensive, and could 
be performed within two hours . 

tion; on the other hand, at low concentrations the 
rate becomes too slow for measurement. On the 
basis of statistical evidence, Cleland3 has recom­
mended a substrate concentration range of 0.2 
Km to 5 Km as the ideal choice. This corresponded 
to a reaction velocity of 1/ 6 to 5/ 6 the maximum 
bubbling rate. The accepted value4 of Km (pH 7, 
30°C) for this reaction is 1.1 x 10-2 M. In this 
experiment we have used 0.1 ml of 30% H2O2 
solution (0.23 Km) to 2 ml substrate (4.5 Km) 
per 400 ml working volume. Since the Lineweaver­
Burk plot involves inverse concentrations, the in­
itial substrate levels were selected in accordance 
to a geometric series. 

PROCEDURE 

The phosphate buffer solution was brought to 30° C 
overnight in the constant temperature cabinet. For each 
run 400 ml of the solution and the desired amount of H 2 0 2 

were placed in the reaction flask. The enzyme was pipetted 
into the swing arm sample holder which was placed in 
the downward position. A constant internal pressure was 
obtained by adding water to the manometer until the first 
bubble appeared in the bubble counter. The reaction was 
initiated by moving the swing arm to an upright position. 

The oxygen evolution was measured by counting bub­
bles in a 20 second interval each minute for 10 minutes. 
This procedure was repeated for the various concentra­
tions of H 2 0 2 • The pH of the buffer was measured initially 
and after the completion of a run. If the pH change was 
more than ± 0.1 pH units for some unknown reason, the 
run was repeated. 

RESULTS 

This experiment has been performed by second 
year chemical engineering students during the 
past year. A sample of typical results is shown 
on Figure 2. The data points were obtained by 
averaging the three highest measurements of 
oxygen evolution. This gave a representative 
maximum evolution rate for a particular initial 
substrate level. The volume of a bubble was found 
to be 0.1 ml at 30°C in previous experiments. 
Using this information the oxygen evolution rate 
(moles/liter-min) could be readily calculated. 
Linear regression analysis was performed by the 
students on the inverse rate data, and they ob­
tained the characteristic constant Km from the 
slope and the intercept. Results were found to be 
reproducible from week to week. The experiment 
involved about one and a half hours laboratory 
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time and about one hour to perform the calcu­
lations. 

We have found that although this experiment 
introduced new concepts to the students, the 
theory was not beyond their grasp. We were able 
to present the students with an elementary under­
standing of biochemical phenomena and arouse 
interest in a growing area in chemical engineer­
ing. 
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ZONE REFINING: HUDGINS 
(Continued from p. 140) 

With a non-uniform impurity profile in the 
ingot, the solution of equation (2) is no longer 
analytically tractable. This need not deter fur­
ther experimentation; indeed, some students may 
find it worthwhile to compute the results for two 
or more passes of the molten zone, and test these 
with experiment. 

SUMMARY 

This experiment serves to introduce an un­
usual but important separation process and pro­
vide practice in thinking through a mathematical 
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description of it closely related to that used for 
flow tank reactors. 
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CONVECTION: Sandall and Mellichamp 
(Continued from p. 136) 

Pn, co-density of naphthalene in gas phase in free 
stream, lb/ ft. 3 

µ.-absolute viscosity, lb/ hr-ft. 
v-kinetic viscosity, ft2/ hr. 
0-time, hr. 
Nu-Nusselt number, hd/ k 
Pr-Prandtl number, µ.C/k 
Re-Reynolds number, u oo di v 
Sc- Schmidt number, v/ Dnb 

k'd . 
Sh-Sherwood number, __ P _ 

Dnb 
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