
Introduction 

 When scientists study how fast or slow a reaction occurs, that is called 

chemical kinetics. Chemists also watch for factors that affect the rates of 

reactions. The rate of a reaction depends on the initial concentrations of the 

reactants (Refer to “If It Were Done…Then ‘Twere Well It Were Done 

Quickly” Page 45). This is known otherwise as order of reaction. The order of 

reaction can be calculated using the following formula: 

 Rate= k[A]n[B]m 

or it can be calculated by taking the slope of a graph that shows the 

concentration of the reactants over time.  

In this experiment, we prepared reactions at different pH levels and 

observed the formation of a colored complex over time. We are trying to see 

how concentration affects the rate of reaction. We used different pH levels 

because the pH is known to affect the kinetics of aqueous reactions. A few 

drops of the Chromium (III) ion are added to the EDTA solution in excess, then 

over time, we observe the product being formed. At the start, no visible changed 

is observed. However, after a while, a solution with a deep purple color is 

formed. Transmittance is the ratio of intensity of light after it goes through the 

medium over the intensity of light before it goes through the medium T=I/I0. 

We prefer to have the spectrophotometer read percent transmittance because it 

is linear, while absorbance is more of a logarithmic scale. The absorbance is 

related to transmittance through this equation:  

A=-logT=-log(I/I0) 

However, none of these equations relate concentration to absorbance. The 

equation that shows us this relationship is called the Beer-Lambert Law: 

 A=ebc , where e is the molar absorptivity coefficient and b is the path 

length and c is the concentration. Since e and b don’t change, A=c. To find the 

ACr(III), which is the amount of unreacted Cr(III), we use the following equation: 



 ACr(III)=AInfinity-At , where Ainfinity is the absorbance at the very end after 

the solution is heated, and At is the absorbance at any time. Therefore, at time 

zero, that means only Cr(III) is present in solution. 

 

Procedure: Refer to the lab manual  (“If It Were Done…Then ‘Twere Well It 

Were Done Quickly”, Dr. Rashmi Venkateswaran, Experiment 4, pages 50-52). 
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Observations: Upon first adding the drops of Cr(III), the color didn’t 
immediately change to purple. It was a green-ish gray at the beginning. The 
percent transmittance decreased steadily throughout the forty minutes. The 
solution in the boiling water bath turned into a dark purple color after 
approximately five minutes. A(t) is increasing with time because it’s the 
product.  
Calculations: 
Run 1: 
Calculating ACr(III) using ACr(III)=Ainfinity-At 
Ainfinity: final absorbance value from logger pro. 
At= absorbance at time zero.  
ACr(III)=1.9140-0.088649 
ACr(III)=1.8254 
Run 2:  
ACr(III)=1.7169-0.088690 
ACr(III)=1.6282 
Run 3: 
ACr(III)=1.9417-0.15726 
ACr(III)=1.7844 



Run 1 (pH 4) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Run 1 (pH 4) 

 
 
 
 
 

 
 
 
 
 
 
 
 



Run 1 (pH 4) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
Run 2 (pH 4.5) 

 
 

 



Run 2 (pH 4.5) 

 

 
 
 
 

 
 
 
 
 
 
 



Run 3 (pH 5) 

 
 

 
 

 



Run 3 (pH 5) 

 

 
 
 
 
 
 
 
 
 
 

 



Discussion: 
The purpose of the experiment was to see how the different pH levels 

affect the rate of reaction with respect to the Cr(III) ion. The partial reaction 
order can be found by taking the slope of the Log Rate versus Log A Cr(III) 
graph. For the first run with pH 4, the partial reaction order was 0.8074. For the 
second run with pH 4.5, the partial reaction order was 1.156. For the third run 
with pH 5, the partial reaction order was 1.521. It is understandable that the 
partial reaction orders would not be exactly the same with each pH, since the 
absorbance differs for each trial. It makes sense that the order would increase as 
the pH increases. The reaction happens quicker because, with the higher pH, 
there are more hydrogen ions to react with the Cr(III). 
 
There were some possible errors during this lab. 

1) The amount of Cr(III) we were adding was crucial because the 
concentration of the reactant is what the reaction depends upon. The 
amount we were adding wasn’t exact. We were approximating two drops 
of Cr(III), but that doesn’t mean the same amount was added during 
every trial. Some drops could have been bigger than the others. 

2) During the experiment, we were working under the assumption that the 
reaction was in the spectrophotometer at constant room temperature, but 
we weren’t actually measuring the temperature. The temperature is 
crucial because an increase in temperature shifts the equilibrium towards 
the products side, and speeds up the rate of reaction. Any change in 
temperature could have had an effect on how quickly the solution turned 
purple. 

3) At one point in our trials, we forgot to wipe down the cuvette. Because 
the spectrophotometer can pick up the dust or fingerprint or other marks, 
the data was probably slightly altered or skewed.  

4) For one of our trials, we took longer than two minutes to get the cuvette 
in the spectrophotometer. By the time we got it in, the reaction had 
already started. Because of this, some of our data was lost and we didn’t 
have all the information.  

5) Concentration is dependent on the volume. That means the volume of 
EDTA we added was very important, because according to one of the 
equations, absorbance is equal to concentration. If a little more or a little 
less of EDTA was added in each trial, that could speed up or slow down 
the reaction, thus increasing or decreasing the reaction rate.  

Conclusion: 
The average of the three partial reaction order is 1.16. This means that the 
partial reaction order with respect to Cr(III) is approximately 1. 

 
 
 


