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Abstract 
This study investigates the catalytic effect of different FeCl3 concentrations on the decomposition of hydrogen peroxide 
(H2O2) by analyzing changes in the Arrhenius factor to optimize chemical reactions in significant processes such as 
wastewater treatment. The aim was to determine the concentration that produces the highest Arrhenius value, indicating 
the most effective catalytic action through frequent and properly oriented molecular collisions. A Pasco pressure sensor 
measured oxygen gas production as an indicator of reaction rate. These rates were used to calculate the Arrhenius factors 
via the rate law and Arrhenius equation. The results were plotted on a graph of Arrhenius factor versus FeCl3 

concentration, revealing a maximum value of 73.6%, which is the optimal concentration, as predicted by the trendline. 
This peak suggests the most efficient catalytic condition for H2O2 decomposition within the tested range. 
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I. Research Question 

What is the maximum Arrhenius factor for H2O2 decomposition using different concentrations of FeCl3 (1, 3, 5, 
8, 10,  90% ± 5%) catalyst at 20  using the pressure sensor method?  ∼ ℃
 

II. Introduction 

The experiment models the catalytic decomposition of hydrogen peroxide in industrial and environmental 
systems. Iron salts such as FeCl3 are used in wastewater treatment, where hydroxyl radicals are produced by the 
catalytic reactions with hydroperoxides such as hydrogen peroxide.1 Hydroxyl radicals are reactive compounds 
themselves with an incomplete electron pair, which goes through a cascade of reactions to produce 
environmentally friendly compounds such as oxygen gas and water (the detailed reaction is listed below). 

1 Clifton, Jessica. “The Decomposition of Hydrogen Peroxide.” Chemistry Blog, Chemicals.co.uk, 16 May 2024 
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However, catalytic reactions are rarely efficient, usually overusing chemicals; therefore, optimizing catalyst 
concentration is essential for improving the efficiency of pollution remediation and industrial oxidation 
reactions.  
 

III. Literature Review 

3.1 Hydrogen Peroxide (H2O2) Decomposition 

H2O2 molecules have a single oxygen-oxygen bond where, when enough energy is present to break the bond, it 
decomposes to water, H2O, and oxygen, O2.2 
 

3.2 Arrhenius Equation 

  𝑘 = 𝐴𝑒
−𝐸

𝑎

𝑅𝑇

 
The Arrhenius equation explains how temperature influences the speed of a chemical reaction. It serves as the 
foundation for predicting reaction-rate constants. In this equation, k represents the rate constant, A is the 
frequency factor reflecting how often reactant particles collide with the correct orientation,  stands for 𝐸

𝑎

activation energy, R is the universal gas constant  
 
(8.314 J mol-1 K-1), and T is the absolute temperature in kelvin. The equation is typically written as an 
exponential function to show how increasing temperature boosts reaction rates. 
 
Svante Arrhenius, a Swedish chemist, found the Arrhenius equation in 1889. The equation is usually used to 
plot a    graph and calculate the reaction's activation energy, with the y-intercept being the 1

𝑇 𝑙𝑛 𝑘 𝑙𝑛 𝐴 

theoretical maximum value of A when the reaction has an infinitely large temperature, making  infinitely 1
𝑇

close to 0. This is an interesting point of research because the A value can also change with different 
concentrations of the catalyst, expanding this concept to finding the real maximum A value of a certain catalyst. 
More than theoretical, this experiment will approach a literal value of the A value, which will be practical for 
industrial and systematic processes in real-life conditions such as sewage treatment.3  

Catalysts increase the rate of reaction by providing an alternative reaction mechanism that requires a lower 
activation energy.4 This change in activation energy applies only to the H2O2 molecules that interact with the 
catalyst, with higher concentrations allowing more catalytic collisions. However, this relationship has a limit: at 
some point, the catalytic reactions will reach a maximum point (the maximum point at which a reaction can 

4 U.S. Department of Energy. “DOE Explains... Catalysts.” Energy.gov. 
3Department of Chemistry – Florida State University. “Arrhenius Equation.” Florida State University. 
2 ReAgent Chemical Services. “Decomposition of Hydrogen Peroxide.” ReAgent Chemical Services. 
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happen), and increasing FeCl3 further will no longer increase the rate of H2O2 decomposition. I will determine 
when the reaction rate plateaus as FeCl3 concentration increases, and use this to find the maximum experimental 
value of A.  

It is important to note that FeCl3 itself is not the direct catalyst — the actual catalytic species is Fe3+. Since this 
is a homogeneous catalysis system, the catalyst and reactants are in the same phase of an aqueous solution, 
where FeCl3 dissolves in distilled water and dissociates into Fe3+ and 3Cl- ions.5 Fe³⁺ then acts as the catalyst for 
the decomposition of H2O2 through various complex reactions. 

 

 

 
 
 
 
Table 1: Comparing natural H2O2 decomposition with a FeCl3 catalyzed decomposition, in terms of activation 
energy and reaction mechanisms. The reaction order of the catalyzed decomposition is derived from the reaction 
mechanism.  

H2O2 decomposition  H2O2 decomposition with FeCl3 
Net Reaction 
equation 

 2𝐻
2
𝑂

2
→ 2𝐻

2
𝑂 +  𝑂

2
Reaction mechanism:6 

1.​  𝐹𝑒3+ + 𝐻
2
𝑂

2
→ 𝐹𝑒2+ + 𝐻𝑂

2
· + 𝐻+

2.​  𝐹𝑒2+ + 𝐻
2
𝑂

2
→ 𝐹𝑒3++.𝑂𝐻 + 𝑂𝐻−

3.​  𝐹𝑒2++.𝑂𝐻→ 𝐹𝑒3+ + 𝑂𝐻−

4.​  𝐻
2
𝑂

2
+.𝑂𝐻→ 𝐻𝑂

2
· + 𝐻

2
𝑂

5.​  𝐹𝑒2+ + 𝐻𝑂
2

· + 𝐻+→ 𝐹𝑒3++.𝐻
2
𝑂

2

6.​  𝐹𝑒3+ + 𝐻𝑂
2

·→ 𝐹𝑒2+ + 𝑂
2

+ 𝐻+

Net equation: 

does not show because it is a catalyst 𝐹𝑒3+

and is regenerated. The summation of the 
net equation does not add up to the reaction 
mechanism because of free radicals, 

6Environmental Science & Technology. “Degradation of Aromatic Compounds in Water by Fenton’s Reaction.” 
ACS Publications, 

5 Chemistry Stack Exchange. “What Happens When Ferric Chloride Is Dissolved in Water?” Stack Exchange. 
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reactive molecules that produce unexpected 
side products.7  

 2𝐻
2
𝑂

2
→ 2𝐻

2
𝑂 +  𝑂

2

Rate-determining step (RDS) and reaction 
order: 
RDS - 1st step8,9 

Reaction order -  𝑟 = 𝑘 𝐻
2
𝑂

2[ ]
1

 𝐹𝑒3+[ ]
1

(Will be used in later calculations) 
Activation energy  75. 3 𝐾𝐽/𝑚𝑜𝑙 10 29. 9±13. 1𝐾𝐽/𝑚𝑜𝑙

3.3 Considering External Sources 

1.​ V.I. Lesin et al.11 

This experiment looks at how specifically FeCl3·6H2O affects the decomposition of H2O2, with results showing 
a non-linear relationship between catalyst concentration and the initial reaction rate. Although the study uses 
lower concentrations of the catalyst—making it somewhat limited as a direct reference—it still supports the 
expected trend: a sigmoidal rate curve that rises exponentially before leveling off. I’ll be using this as a basis for 
understanding how the rate of reaction changes with catalyst concentration in my own investigation. 

2.​ Joseph De Laat et al.12 
This experiment is very similar to the one that uses FeCl₃ to catalyze the decomposition of H2O2. The paper 
places strong emphasis on the Fenton reaction and explains how iron ions help break down hydrogen peroxide. 
The Fenton reaction is a property of how a mixture of iron ions and hydrogen peroxide produces highly reactive 
hydroxyl radicals, which can initiate further oxidation.13 Since my experiment follows the same reaction 
pathway, I’ll be using the mechanism they present to guide my own calculations, like figuring out the reaction 
order and applying the Arrhenius equation. However, the key experimental focus differs from our investigation 
on Arrhenius’s value, with De Laat’s on the activation energy. 
 

13 Sperta Systems, “Fenton Reaction Overview,” Sperta Systems, accessed October 11, 2025.  
12 

11Lesin, V. I., L. M. Pisarenko, and O. T. Kasaikina. “Colloidal Catalysts Based on Iron(III) Oxides. 1. 
Decomposition of Hydrogen Peroxide.” Colloid Journal, vol. 74, 2012, pp. 85–90 

10ProjectBoard. “Catalysis and Reaction Rates.” Utställningen 2024, 
9ScienceDirect. “A Kinetic Study of Catalytic Wet Oxidation of Formaldehyde.” ScienceDirect, 
8 LibreTexts. “A Quick Review of Thermodynamics and Kinetics.” LibreTexts Chemistry, 
7 LibreTexts. “Free Radicals.” LibreTexts Chemistry, 
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IV. Hypothesis 

The Arrhenius value increases as FeCl3 concentration increases until there is a clear plateau representing full 
catalyst saturation.  
 

V. Variables 

Independent Variable: FeCl3 catalyst concentration 
Concentrations: 1, 3, 5, 8, 10, 15, 20, 25, 30, 40, 50, 60, 80, and 90 % ± 5% 
(Although the margin of error appears larger at lower concentrations, this is due to the use of the same 
measuring instruments across all trials, resulting in a greater relative uncertainty for smaller concentration 
values.) 
 
Dependent Variable: Rate of reaction 
Unit: kPa/s 
O2 production using a pressure sensor 
 

5.1 Controlled Variables 

Table 2: Listing the controlled variables and their method/justification for the FeCl3 catalyzed H2O2 

decomposition experiment to measure  production to reduce any uncertainty.  𝑂
2

Variable Method Justification 
250ml 
conical 
flask  

Used a 250ml conical flask for all 
reaction sites.  

Change in pressure is the dependent 
variable, which is dependent on the 
volume of the container.  

Temperatur
e  

Constant room temperature at 
293K, or 20  in the same lab ℃
room. 

Need temperature to stay constant as the 
dependent variable is A, which is not a 
constant for this experiment.  

H2O2 

concentrati
on and 
volume 
 

Suitable concentration at 10% and 
volume at 8ml for a 250ml conical 
flask to measure the initial rate of 
reaction.  
 

Decided from the preliminary experiment. 
Same volume for equal potential to 
produce  

 gas.  𝑂
2

Volume of 
FeCl3 

solution 

5ml of FeCl3 solution 
Minimal volume of FeCl3 for 
safety considerations. 

Decided from the preliminary experiment.  
Suitable concentration and volume for a 
250ml conical flask to measure the initial 
rate of reaction.  
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Calibration 
of the 
PASCO 
Pressure 
Sensor  

Calibrated before every trial.14 
 

Reduce uncertainty 

 

5.2 Confounding Variables 

Table 3: Listing the uncontrolled variables and their justification for the FeCl3 catalyzed  H2O2 decomposition 
experiment.   

Variables  Explanation  
Holding on to the 
cork 

●​ Held onto the cork so it would not pop off at high pressures to get 
accurate readings. The force of pushing the cork is not controlled, which 
may bring variance to the readings, affecting the raw data of the initial rate 
of reaction.  

pH ●​ pH will be acidic as FeCl3 is dissolved in water. Higher 
concentrations make the aqueous solutions more acidic.15 
●​ This was not measured 
●​ pH does affect redox cycling and H2O2 stability, impacting the  rate 
of reaction.16 

Measuring and 
Timing  

●​ The time the cork was put on was not controlled.  
●​ The exact moment the reaction was measured is not controlled 
across the experiments, which may be causing uncertainty and variance 
within the same concentration.  

 

VI. Materials, Methodology, and Uncertainties 

6.1 Materials List 

Table 4: Listing the required equipment and setup for the FeCl3 catalyzed H2O2 decomposition experiment to 
measure O2 production.  

Type Equipment and Quantity  

Data collection  Laptop with PASCO software  1 ×
Pressure sensor PASCO  1 ×

16 ACS Publications. “Catalytic and Noncatalytic Wet Oxidation of Formaldehyde.” Industrial & Engineering 
Chemistry Research. 

15DSS Thailand. “Degradation of Aromatic Compounds in Water by Fenton’s Reaction.” Environmental Science & 
Technology. 

14PASCO Scientific. “Calibrating Measurements.” PASCO. 
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Rubber tube with a cork  1 ×

Chemicals  FeCl3  130g ×

99.9% H2O2  560ml ×

Distilled water 

Glassware and 
containing equipment 

Conical Flask 200ml  5  ×
Graduated cylinder 10 ± 0.2 ml  6  ×
Graduated cylinder 20 ± 0.2 ml  1 ×
Beaker 50ml  5  ×
Pipette 5ml  5  ×
Pipette 10ml  1  ×
Mass balance ± 0.01g  1 ×
Mortar and Pestle  1 ×
Spoon  1 ×
Newspaper (lay the newspaper on the desk to reduce stains 
from ) 
Pen and masking tape  

Safety equipment  Goggles 
Lab coat 
Gloves 
Mask 

 

6.2 Justification for FeCl3 Catalyst Concentrations 

Regular concentration intervals were not used because the primary objective of the experiment was to identify 
the plateau region in the concentration–rate relationship, which represents the maximum effective catalytic 
activity. The upper concentration limit was therefore not predetermined, as the experiment was designed to 
continue until two consecutive concentration levels produced statistically indistinguishable reaction rates, 
confirming saturation. Preliminary data showed that this plateau did not occur until concentrations approached 
90%, justifying the extended range. Although studies such as Xiaoning Zhang et al. reported using a 30% FeCl₃ 
concentration to obtain clear microscopic observations during hydrogen peroxide decomposition, this value was 
not assumed to represent the saturation point for reaction rate under the conditions of this experiment. 
Consequently, the experiment began at low FeCl₃ concentrations to establish a clear kinetic trend and 
progressively refined concentration choices as the reaction approached saturation. This adaptive approach 
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prioritized identification of the plateau over uniform spacing, which would have risked missing the saturation 
region or producing unnecessary data points in non-critical regions.17 

 

 

6.3 Justification for the Pressure Sensor Experimental Method 

The experiment requires data to find the A value in further calculations, which includes the rate of reaction and 
the rate constant (K). Required data to find A value in further calculations.  
The use of the pressure sensor is a universally accepted and efficient method to measure the rate of reaction 
from gaseous molecule production.18 
 

6.3.1 Why Not Other Methods? 

 
A common method for a similar experiment is the inverted graduated cylinder method. 19 However, this method 
requires qualitative observations when quantifying the rate of reaction. The method heavily depends on human 
skill, which has high uncertainty in the technicality of data collection; this method depends on sensors and 
software.  
 

6.4 Safety Considerations 

Table 5: Safety protocols for chemicals checked against the MSDS sheet and methodological concerns are 
summarized below.20, 21 

Concerns: Harm: Prevention: 
H2O2  Oxidizing liquid 

Acute toxicity 
Skin corrosion 
Serious eye damage  

Wear goggles, a lab coat, and 
.  
Extra cautious when handling 

emical. 
 

FeCl3  
-​ Corrosive to metals  
-​ Acute toxicity  
-​ Skin irritation  
-​ Serious eye damage  

-​ Wear goggles, a lab 
coat, and gloves.  
-​ Be cautious with extra 
attention.  
-​ Wash hands frequently  

21NCBI. “The Role of Hydrogen Peroxide in Redox-Dependent Signaling.” PubMed. 
20NCBI. “Peroxisomal Hydrogen Peroxide Metabolism and Signaling in Health and Disease.” PubMed. 
19JoVE. “Experimental Techniques to Measure Reaction Rates.” JoVE Science Education, 
18 Ibid.  
17LTS Chemical Inc. “Ferric Chloride SDS.” LTS Chem. 
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Handling Glassware with 
increasing pressure inside 

-​ Glass breaking from 
internal pressure 
-​ Cuts to the body  

-​ Wear goggles, lab coat, 
and gloves. 
-​ Have a clear container 
that can prevent glass from 
flying everywhere 

 
 
 
 
 

6.5 Methodology 

1.​ Set up the experiment 
1.1.​ Lay a sheet of newspaper over the desk for FeCl3 spillage. 
1.2.​ Open up the PASCO software, which will digitally display the data. 
1.3.​ Plug the pressure sensor into the rubber tube with a cork (refer to 
Figure 1). 
2.​ Preparing chemicals 
2.1.​ Grind FeCl3 solids with the mortar and pestle.  
2.2.​ Measure FeCl3 powder and distilled water based on the 
measurement table below for a 30ml FeCl3 solution; 
Table 6: Measurement recipe with FeCl3 powder(g) and distilled water(ml) to make 30ml of  FeCl3 

concentrations at 1, 3, 5, 8, and 10%. The rest, from 15 to 90%, will be shown in the appendix.  
Concentration(%) Mass of FeCl3 powder(g) Volume of distilled water(ml) 

1 0.3 29.7 
3 0.9 29.1 
5 1.5 28.5 
8 2.4 27.6 
10 3.0 27.0 

2.3.​ Measure 8ml of H2O2 for 5 trials and pour it into the 250ml conical flasks.  
2.4.​ Make 5 FeCl3 concentration solutions and 5 conical flasks with 8ml of 10% H2O2.  
 
 
 
3.​ Conducting the experiment  
3.1.​ Measure 5ml of FeCl3 solution from the 30ml batch of 1% concentration.  
3.2.​ Calibrate the pressure sensor and start the pressure readings on the PASCO software.  
3.3.​ Pour the FeCl3 solution into the conical flask with H2O2, and quickly put the cork on. 
3.4.​ Hold on to the cork until it pops out under pressure, and end the reading on the software.  
3.5.​ Repeat this step for 5 trials for 1% concentration. 
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4.   Repeat “Step 3” for all other concentrations (recipe for 15 to 90% concentration will be shown in the appendix) until 
you see a plateau in the measured rate of reaction. 
5.   Calculate the rate of reaction, the gradient of the pressure changes of the conical flask using the PASCO software. 
 

6.6 Uncertainties 

Table 7a: Calculation of the total percentage uncertainty for the dilution of the FeCl3 solutions.  

Measuring FeCl3 solution  Measuring H2O2  tal Percentage uncertainty  

±0.2ml ±0.2ml 3% 

Table 7b: Calculation of the total percentage uncertainty for the dilution of the catalysis reaction of FeCl3, the 
decomposition of  𝐻

2
𝑂

2

Making FeCl3 solution  percentage uncertainty 

Concentration  Mass of  FeCl3  asuring distilled water  

1%  ±0.01g ±0.4ml 5% 

 
 
 

VII. Analysis 

7.1 Qualitative Data 

1.​ Color changes 
When FeCl3 is added to H2O2, the color of the mixture instantly turns into light yellow, which indicates that the 
reaction has started. When the reaction was complete, the mixture turned a darker brown. H2O2 with higher 
catalyst concentrations turned darker brown faster than the lower concentrations, which means that oxygen gas 
was produced at a faster rate for higher catalyst concentrations. 

Figure 2: Image showing the color difference.  
a) pure H2O2  

b) FeCl3 initially introduced  
c) complete reaction.22  

22World Journal of Chemical Education. “Catalytic Decomposition of Hydrogen Peroxide by Molybdate – Colourful 
Insights into the Essence of Catalysis.” World Journal of Chemical Education, vol. 11, no. 3, 2023. 
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2.​ Bubbling  
The reaction made bubbles in the flask, which is the oxygen gas released. Again, this qualitatively indicates the 
reaction speed, where the lower concentrations with 1% had small bubbles while the higher concentrations of 
90% had large, instantly popping bubbles after adding the catalyst.  
 

7.2 Quantitative Data 

7.2.1 Step 1: Finding the Initial Rate of Reaction 

Each oxygen gas pressure curve for each trial is presented on the PASCO software. An example of a trial is 
shown below. The PASCO software calculated all the rates of reactions for the processed table later (Appendix 
2).  
Figure 3: An example of PASCO software presenting the pressure curve of the conical flask. The curve is 
processed with a gradient calculator, shown in the table in the graph.   
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7.2.2 Step 2: Finding a Plateau in the Initial Rate of Reaction 

Figure 4: Graph showing the relationship between FeCl3 catalyst concentration(1 ∼ 90%)(x-values) and the 
initial rate of reaction(y-values) measured by the pressure change from O2  formation in the decomposition of 
H2O2, with standard deviation error bars, its sigmoidal regression equation, and R-squared value.  
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The graph shows a sigmoidal trend with an exponential increase in the rate of reaction until 60% FeCl3 catalyst 
concentration, where the trend begins to plateau, showing minimal increase in the rate of reaction. The reaction 
rate significantly slows around the 80 and 90% concentrations, at just above 0.007 ; however, it must be 𝑚𝑜𝑙/𝑠𝑒𝑐
considered that there is a slight upward trend with the plateau.  
 
 
 

7.2.3 Step 3: Finding k 

To find k, the rate equation will need to be used. The reaction order is found from the rate-determining step 
presented in “Table 1 in the Literature Review”.  

 𝑟 = 𝑘 𝐻
2
𝑂

2[ ]1  𝐹𝑒3+[ ]
1

Table 8: Table showing the variables that will go into the rate equation.  

What will go in the variables?  

r H2O2   𝐹𝑒3+
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itial rate of reaction(mol/s) 
Shown in Appendix 2 

10% = 2.94  𝑚𝑜𝑙/𝑑𝑚3 Cl3 % concentration → molar 
concentration. 

Shown in the appendix  
 
The following formula will derive k from the initial rate of reaction, r, and the reactants:  

 𝑘 = 𝑟

𝐻
2
𝑂

2[ ]1  𝐹𝑒𝐶𝑙
3[ ]1

 
 
 
 
 
 
 
 
 
 
 
From this formula, the k value is derived and shown in the table below: 
Table 9: Average K values and rate constants for all concentrations (1 ∼ 90%) derived by the rate of reaction 
from “Appendix 2” and the reaction order derived in “Table 1 in the Literature Review.” 
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7.2.4 Step 4: Finding A 

 𝑘 = 𝐴𝑒
−𝐸

𝑎

𝑅𝑇

 𝐴
1

=
𝑘

1

𝑒
−𝐸𝑎
𝑅𝑇
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 𝐴
1

=
𝑘

1

𝑒
22.9

8.31 ·293

The k values derived in the previous step will be proportional to the A values, as other variables are constants in 
this experiment. Using this formula, we can derive A for all concentrations, which is shown below: 
Table 10: Average A values, Arrhenius’ constant,  for all concentrations (1 ∼ 90%) derived by k value, reaction 
constant, derived in “Table 9”, and the Arrhenius equation, with constant temperature(293K), and constant 
activation energy , with its standard deviation values 29. 9±13. 1𝐾𝐽/𝑚𝑜𝑙

 
Using this data, I have plotted a graph with catalyst concentration and the A value to see how reaction 
efficiency changes by increasing catalyst concentration.  
Figure 5: Graph showing the FeCl3 catalyst concentration(1 ∼ 90%)(x-values) vs. the A values(y-values), with 
the standard deviation from all A values derived, with the regression trendline and the R-squared value. It also 
includes the regression maximum with the orange data point (73.6, 0.000500) 
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7.3 Observation and Interpretation 

Figure 5 illustrates how the Arrhenius pre-exponential factor (A-value) varies with different concentrations of 
FeCl3 catalyst. At lower concentrations (1% - 30%), the A-value increases rapidly, suggesting that increasing 
catalyst concentration enhances the frequency of effective molecular interactions involved in the decomposition 
reaction. However, from 40% to 80%, the rate begins to plateau, and by 90%, the A-value slightly decreases. 
The highest experimentally recorded A-value was 0.000499 at 80% concentration, while the fitted trendline 
predicts a maximum value of approximately 0.000500 near 73.6% concentration. Since this value is derived 
from the regression model rather than direct measurement, it represents an estimated optimum and introduces 
some uncertainty into the interpretation. 

The plateauing trend suggests diminishing catalytic benefits at higher FeCl3 concentrations. One possible 
explanation is that, at elevated catalyst concentrations, a large proportion of H2O2 molecules are already 
interacting with Fe3+ ions, so an additional catalyst produces minimal further increases in reaction efficiency. 

At 90% concentration, the A-value decreases slightly. This corresponds with the reaction-rate data shown in 
Figure 4, where the reaction rate at 90% concentration (70.1 kPa/s) was nearly identical to that at 80% 
concentration (69.9 kPa/s). Statistical analysis using ANOVA (Appendix 4) produced a p-value of 0.98, 
indicating no statistically significant difference between these concentrations and suggesting that the reaction 
rate had plateaued. According to the modified rate relationship derived in Step 3, increasing FeCl₃ concentration 
while maintaining a nearly constant reaction rate results in a lower calculated rate constant k. 
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Assuming other Arrhenius parameters remain constant, this produces a corresponding decrease in the calculated 
A-value. 

Overall, the data suggest that increasing FeCl₃ concentration enhances catalytic activity up to an approximate 
optimum near 73.6% concentration, beyond which additional increases produce little measurable improvement 
in reaction rate. 

 

 

 

 

VIII. Conclusion 

The maximum Arrhenius value for FeCl3 in the catalyzed decomposition of 10% H2O2 was 0.0005 at a catalyst 
concentration of 73.6%, as shown in Figure 5. The data follows a trend of exponential increase in Arrhenius 
value at lower concentrations, followed by a gradual plateau from 60%, and a decrease beyond the maximum 
point. This supports the hypothesis that catalyst effectiveness diminishes beyond a saturation point. At low 
FeCl3 concentrations, the limited number of catalyst particles means substrate molecules (H2O2) compete for 
active sites, resulting in fewer overall collisions. However, as the catalyst concentration increases, it leads to 
more frequent but less efficient collisions, many of which do not result in a successful reaction. This saturation 
effect limits the impact of further catalyst addition, explaining the observed plateau and eventual drop in A 
value.23  

The outcome defines the optimization of environmental systems of wastewater treatment that use FeCl₃ to break 
down hydrogen peroxide. The observed plateau and decline in Arrhenius value show that excessive FeCl₃ does 
not improve catalytic performance and may even decrease efficiency due to catalyst saturation and ineffective 
collisions, even though increasing catalyst concentration initially increases reaction efficiency. Therefore, rather 
than adding more and more catalyst, the experimental results highlight the significance of determining an ideal 
catalyst concentration of 73.6% of FeCl3. Moreover, the use of other iron catalysts must be mentioned when 
considering the benefit for potential application in wastewater pollutant management. Other iron catalysts 
include FeBr3 and iron acetates, which can substitute for FeCl3 in similar reaction processes but with different 
efficiencies. The research for finding chemical performance efficiencies will possibly revolutionize the 
chemical industry to reach a safe and sustainable future. 

23 Otandi, Naomi. “Effect of Catalyst Concentration on Reaction Rate in Organic Synthesis in Kenya.” Journal of 
Chemistry, vol. 3, no. 2, 2024, pp. 1–11, 
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There are very few external sources calculating the A value, causing challenges in verifying the derived A 
values. Though there are sources that can verify the intermediate steps before deriving the A value, this 
increases the credibility of the experiment. 

1.​ V.I. Lesin et al.24 

This paper investigates the initial reaction rate of H2O2 decomposition using varying amounts of FeCl3 ·6H2O. 
Although it uses a different catalyst form, it identifies a non-monotonic trend—reaction rates increase between 
0.05 and 0.20 g of catalyst, but then decline as more is added. This mirrors the behavior observed in Figure 4 of 
this IA, where the reaction rate plateaus after 80% FeCl3 concentration. Both results suggest that beyond a 
certain catalyst amount, the reaction becomes less efficient, and an additional catalyst amount no longer 
enhances the rate. 

While the concentration of H2O2 used in the paper differs from this experiment—making direct comparison of 
the numerical data difficult—the overall concept is supported. This alignment strengthens the credibility of the 
analytical approach and supports the assumptions behind the rate calculations in this investigation. 

 

2.​ Lin and Gurol25 

This paper’s studies employing iron-based catalysts, like goethite (α-FeOOH), for the breakdown of hydrogen 
peroxide have shown similar behavior. These investigations demonstrate that at low concentrations of iron 
catalyst, the reaction rate rises, but at higher concentrations, it becomes restricted due to a limited number of 
effective reaction sites. The same catalyst saturation principle holds true even though this study used a solid iron 
oxide instead of dissolved FeCl₃. This validates that adding too much iron catalyst does not consistently 
increase reaction efficiency and supports the plateau and decrease in Arrhenius value seen in this experiment. 

 

IX. Evaluation 

9.1 Strengths 

One major strength of this experiment is the use of a pressure sensor to measure the rate of reaction by oxygen 
production. Compared to the traditional inverted graduated cylinder method, which involves visually 
monitoring bubble formation and gas displacement, the pressure sensor offers precise, real-time, and 

25 Lin, Shu-Sung, and Mirat D. Gurol. “Catalytic Decomposition of Hydrogen Peroxide on Iron Oxide: Kinetics, 
Mechanism, and Implications.” Environmental Science & Technology, vol. 32, no. 10, 3 Apr. 1998 

24 Lesin, V. I., L. M. Pisarenko, and O. T. Kasaikina. “Colloidal Catalysts Based on Iron(III) Oxides. 1. 
Decomposition of Hydrogen Peroxide.” Colloid Journal, vol. 74, 2012, pp. 85–90 
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quantitative data. This significantly reduces human observational error and enhances the reliability and 
reproducibility of the results, especially during the rapid decomposition of hydrogen peroxide.  
 
 
 
 
Table 11: Weaknesses and Improvements for the conducted experiment of measuring the maximum Arrhenius 
value of H2O2  decomposition using FeCl3 catalyst. 

Weaknesses Improvements 

Assumption 
of a perfect 
reaction  

FeCl3 residue in the containing 
cylinder after pouring it into the 
flask. All FeCl3 did not react, 
producing less O2 , possibly 
reducing the true rate of reaction. 
This happened with higher 
viscous concentrations, 
increasing the uncertainty of the 
plateau shown in “Figure 4”.  

Instead of pouring FeCl3, the 
H2O2 can be added to the flasks, 
since H2O2 is less viscous, 
reducing residue uncertainty.  
 

Assumption 
of a single 
reaction 
mechanism  

The experiment assumes one 
dominant reaction mechanism, 
though alternate mechanisms may 
occur at varying catalyst 
concentrations, affecting k and A 
values.  

Use spectroscopy to detect 
intermediates or test at different 
temperatures to confirm the 
mechanism's consistency.  

Human 
error in 
manual 
processes 

Delays in sealing the flask 
allowed early O2 escape, 
underestimating the rate. 

Use a partner for coordinated 
timing or a stopcock to start the 
reaction more precisely. 

Assumption 
of trendline 
validity 

The analysis and conclusions are 
based on the maximum point of 
the trendline. The maximum 
point is theoretical, based on the 
assumption of the regression. 
This trendline may not represent 
the real trend, causing validity 
concerns about the conclusion.  

Can conduct more experiments 
on specific concentration levels, 
especially in the 60% to 80% 
range. Increase the validity of 
the regression to find the 
maximum A value.  
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Reaction 
Order 

The reaction order for FeCl3 was 
determined to be first-order based 
on the rate-determining step of 
the mechanism. However, using 
the pairwise method—comparing 
changes in catalyst concentration 
to changes in reaction 
rate—produced a fractional order 
varying from 1.11 to 1.65, instead 
of exactly 1. This suggests 
experimental error may have 
affected the accuracy of the 
results. 

Increase data samples to reduce 
uncertainty caused by 
experimental errors. The 
experimental errors are stated in 
this table, expanding on its 
improvements.  
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Appendix 1 

A complete table of Table 6 showing the ratios of FeCl3 mass(g) and distilled water(ml) 
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Appendix 2 
The complete table with concentrations from 1 to 90 percent FeCl3  concentration. 
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Appendix 3 

Table showing the conversion of percentage to molar concentration of FeCl3 for the rate equation and Arrhenius equation calculations 
 
 

Appendix 4 
The table showing the one-way ANOVA test for 80 and 90% concentrations shows a statistically insignificant difference with a 0.98 p-value.  
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