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Experiment 9 

CATALYST AND CATALYTIC EFFECT 

Objective 

The purpose of this experiment is to study the efficiency of various catalysts 

that catalyze the decomposition of hydrogen peroxide, and test the 

chemiluminescence reaction of luminol.(1, 2) The factors affecting the catalytic activity 

of enzyme will also be investigated. 

Lab techniques 

 Weighing chemicals. 

 Operating a dispenser and stirrer/hot plate. 

 Handling of liquid nitrogen. 

Introduction 

Catalyst is a substance that accelerates a chemical reaction without itself 

being consumed. For example, in the Haber process a Fe3+-containing catalyst is used 

to synthesize ammonia, NH3(g), from N2(g) and H2(g). Catalysts can be classified into 

three categories: homogeneous, heterogeneous catalyst, and biocatalysts. In this 

experiment, various catalysts are used separately to catalyze the decomposition of 

hydrogen peroxide in order to understand the nature of these catalysts. 

Chemiluminescence is the emission of light resulting from a chemical 

reaction. One of the very popular chemiluminescence systems is the oxidation of 

luminol (Fig. 9.1) by an oxidant (e.g., hydrogen peroxide) under alkaline condition 

and in the presence of a catalyst (e.g., Fe3+). Iron in hemoglobin is a good catalyst for 

the reaction of luminol and hydrogen peroxide in basic solutions; this 

chemiluminescence reaction has been used to detect bloodstains in forensic sciences 

for more than 40 years. In this part of experiment, factors affecting the luminol 

chemiluminescence are examined. 

Enzymes are important biocatalysts to all living organisms. The enzymatic 

catalysis is highly specific and effective. However, since enzymes are mostly proteins, 

their structures and activities are greatly affected by experimental conditions such as 

pH and temperature. In this experiment, we will investigate the effect of temperature 

on the catalytic efficiency of enzymes.  
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Figure 9-1 Structure of luminol 

Apparatus 

Test tubes (10), test tube rack, beaker (100 mL), tweezers, graduated cylinders (50 mL, 

3), plastic dropper (2), watch glass, cotton gloves, plastic basin, timer, and digital 

camera (self-prepared). 

Shared: knife, scissors, evaporating dish, carton box, spray, incense, and match. 

Chemicals 

Fresh pig liver and blood 

Dishwashing liquid (dilute with equal volume of water) 

Liquid nitrogen, N2(l) 

Manganese(IV) oxide, MnO2 

3% Hydrogen peroxide, H2O2(aq) 

2.0 M potassium iodide, KI(aq) 

0.2 M potassium ferricyanide, K3Fe(CN)6 

0.2 M potassium ferrocyanide, K4Fe(CN)6 

Luminol test solution, C8H7N3O2 (0.2 g luminol and 1.5 g KOH dissolved in 25 mL 

water, and mixed with 25 mL 3% H2O2(aq)) 

Procedure 

Procedure Illustration 

I. Decomposition of H2O2 - heterogeneous and homogeneous catalysts 

1. 
Weigh ca. 0.1 g MnO2 and add 3 d dishwashing 

liquid into 50 mL graduated cylinder 

 

http://terms.naer.edu.tw/detail/533546/?index=1


 NTU - Experiment 9  Catalyst and catalytic effect  3 

2. 

(1) Measure 5 mL of 3% H2O2(aq), pour into the 

graduated cylinder, and gently shake it. Place 

the graduated cylinder in a plastic basin. 

(2) Measure the volume of foam produced by the 

gas formation at several time points to 

determine the decomposition rate of H2O2. 

Note: Refer to the experimental skills videos to 

learn how to weigh chemicals.  

3. 

Insert the burning incense into the foam in the 

graduated cylinder. Watch and record the burning of 

incense to analyze the property of gas produced by 

decomposition of H2O2(aq). 

 

4. 

(1) Wash and brush the graduated cylinder with tap 

water. Add 1 mL of 2.0 M KI(aq) and 3 drops 

of dishwashing liquid into the graduated 

cylinder. 

(2) Pour another portion of 5 mL H2O2(aq) into the 

graduated cylinder, mix the solution and 

determine the rate of decomposition of H2O2 as 

described in step 2.  

 

5. 

Wash the graduated cylinder, change the amount of 

catalyst (e.g., add 0.2 g MnO2), and prepare a new 

H2O2 test solution to determine and compare the 

decomposition rate of H2O2(aq). 
 

II. Catalytic decomposition of H2O2 by biocatalyst 

6. 

Wash the graduated cylinder, add a slice of fresh 

pig liver, 3 drops of dishwashing liquid, and 5 mL  

H2O2(aq) to determine the decomposition rate of 

H2O2.  
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7. 

Pour a suitable amount of liquid nitrogen into an 

evaporating dish. Place a slice of pig liver in it. 

After quick freezing, pick up the frozen liver with   

tweezers and place it to the H2O2 test solution. 

Determine the decomposition rate of H2O2. 

Caution: The temperature of liquid nitrogen is very 

low. Handle with care. 

 

8. 

Place a slice of fresh pig liver into the boiling 

water. Cook the liver until it changes color 

completely. Pick up the liver with tweezers and 

place it to the H2O2 test solution. Determine the 

decomposition rate of H2O2. 

Note 1: Refer to the experimental skills videos to 

learn how to use a stirrer/hot plate. 

Caution: The temperature of hot plate and boiling 

water is very high. Wear cotton gloves to avoid 

scald. 

 

 

9. 

Add 2 drops of blood from pig liver to the above 

H2O2 test solution. Determine the decomposition 

rate of H2O2. Compare the catalytic efficiencies of 

the pig liver and the blood.  

III. Chemiluminescence reaction of luminol 

10. 

Wash 10 test tubes and drip them to dry. Take 3 mL 

of the luminol test solution into a test tube. 

Note: Luminol test solution has been prepared by 

the technician. Luminol is expensive and should be 

used with care.  

11. 

Prepare 5 different solutions as catalysts to a 

separate test tube: 

(1) 1 mL DI water and 2 drops of pig blood. 

(2) 1 mL of 0.2 M K3Fe(CN)6(aq) 

(3) 1 mL of 0.2 M K4Fe(CN)6(aq) 

(4) 1 mL DI water and 1 drop of K3Fe(CN)6(aq) 

(5) 1 mL DI water and 5 drops of K3Fe(CN)6(aq) 
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12. 

Place the catalyst solutions in a carton box. Add ca. 

0.5 mL luminol test solution to each test tube. 

Observe the intensity and duration time of the light 

emission.  

13. 

Add more K3Fe(CN)6(aq) to test tube 4 and 5 drop 

by drop, and check if there is any emission of light 

for the solutions. 

 

14. 

Use a sprayer to spray the luminol test solution on 

the benchtop, used apparatus, or clothes to detect 

bloodstains. Take pictures of the luminol 

chemiluminescence by a digital camera.  

15. 

After finishing the experiment, pour the waste to a 

heavy metal waste container. Boil and place the 

used and leftover pig liver into the indicated bottle. 

 

Table 9-1  Catalytic decomposition of H2O2 

Catalyst H2O2 test solution 

(1) 0.1 g MnO2(s) 

3 d. dishwashing liquid  

5 mL 3% H2O2 

(2) 1 mL 2.0 M KI(aq) 

(3) Fresh pig liver 

(4) Frozen pig liver 

(5) Boiled pig liver 

(6) 2 drops pig liver blood 

Table 9-2  Chemiluminescence reaction of luminol 

Catalyst Luminol test solution 

(1) 1 mL H2O + 2 d. pig liver blood 

0.5 mL luminol test solution 

(2) 1 mL 0.2 M K3Fe(CN)6(aq) 

(3) 1 mL 0.2 M K4Fe(CN)6(aq) 

(4) 1 mL H2O & 1 d. K3Fe(CN)6(aq) 

(5) 1 mL H2O & 5 d. K3Fe(CN)6(aq) 
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