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Introduction 

 

 It is essential that the mechanics of the chemical is reaction is understood. The rate of 

reaction, or in other words, the speed of the formation of the products, is a highly significant 

concept in chemistry. For instance, in a work space where multiple reactive substances are 

being used, it is crucial that one must make certain that all factors impacting the rate of 

reaction are in check. If not, catastrophic events will most likely occur. The change of a rate of 

reaction depends on the temperature, concentration, physical state and the use of a catalyst (if 

used). The temperature and concentration are directly related to the rate. The molecule’s 

average energy increases as the value of the temperature increases. This increases rate because 

when molecules collide with other molecules they must be traveling at a certain speed in order 

for the reaction to take place. The frequency of collisions are increased when the concentration 

value increases. As the concentration greatens, the environment the substance is in gets filled 

with more molecules, thus, leaving the frequency of collisions increase. Catalysts speeds up 

reactions by lowering the activation energy (the least amount of energy required by a 

substance for a reaction to occur). Therefore, when a catalyst is used, the molecules do not 

have to exert as much energy because the catalyst accelerates the reaction process by reducing 

the activation energy. When reactants of a reaction are in the same state, the reaction occurs 

much faster oppose to when the reactants are in a different state. In this experiment, majority 

of the factors effecting rate is controlled. The only factor that comes in to play is the 

concentration of the substances. 

The relationship between the concentrations of the reactants and the rate of the reaction is 

stated by the equation: 

Rate = k[A]n[B]m 

The [A] means the concentration of the reactant A. The [B] means the concentration of 

reactant B. The concentration of the reactants are measured in M (moles(liters-1)). The k 

variable represents the rate constant. The value of the rate constant is unique to all chemical 

reactions. The exponents (m and n) represent the order of reaction in respect to the 

concentration. They are identified as partial orders. The overall reaction order can be obtained 

by adding all the exponents and each exponent can tell the reader the effect of that single 

reactant. 

 

Given Chromium (ii) Nitrate and Sodium EDTA, students must find the partial order of the 

reaction, with respect to the Cr(iii) ion. The rate expression for this reaction is: 

Rate = k[Cr(iii)a[H+]b 



 

A spectrophotometer is used to determine the [Cr(iii)]a values. It measures ratio of the intensity 

of the light after that light goes through a substance. This is called transmittance. The intensity 

of the light before it makes contact with the substance is represented by I and the intensity of 

the light after the light passes through a substance is Io. The ratio of the intensity of light after 

the light goes through a substance is represented by T. The formula to illustrate is concept is: 

T = I/Io 

One can calculate the light absorbed (At) by the substance by using the following formula: 

At = -logT 

This formula is important because it calculates the quantity of light absorbed. At the end of the 

experiment, one will receive a value of the absorbance at an infinite time (A) through the 

spectrophotometer, and with this information, one can figure out the absorbance of the Cr(iii) 

ions using the formula: 

𝐀𝐂𝐫(𝐈𝐈𝐈) = 𝐀∞ − 𝐀𝐭 

The ACr(III) value which represents the absorbance of the Cr(III) ions, will now be considered as 

the concentration of the Chromium ions. If one considers [H+] to be constant, the order of reaction 

can be obtained using the equation: 

𝐥𝐨𝐠 𝑹𝒂𝒕𝒆 = 𝒂 𝐥𝐨𝐠[𝑪𝒓(𝑰𝑰𝑰)] + 𝐥𝐨𝐠𝒌 

 

Procedure 

Procedure: As described in the lab manual (What in the World ISN’T Chemistry – “If it were done… then 

‘twere well it were done quickly,” Chemical Kinetics, Dr. Rashmi Venkateswaran, 2000, Exp. 2, p. 27). 

 

 

 

 

 

 



 

Observations 

 

*note: the constant volume used in the cuvette in each of these trials was 10ml 

*Accurate data of volume of EDTA (ml), drops of Cr(III), temperature of the solution cannot be noted 

because the data used is Gabrielle Lazo’s and Cynthia Chan’s data. 

 

pH 5.0:  

 

 

pH 4.5:  

 



 

 

pH 4.0:  

 

 

*note: data courtesy of Cynthia Chan and Gabriel Lazio 

 

 

 

 



Graphs:  

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 

 

 When the chromium drops were added to the EDTA solution, the reaction occurred at a 

very slow process. Although, it is evident that a reaction was taking place because the colour of 

the solution gradually turned into a dark purple colour. Distilled water and acid solution had 

chromium drops added to it. But, the distilled water had a darker purple colour. After the cuvette 

was removed from each heated water bath, all solutions had a darker purple colour. It is also 

observed that the solutions with a higher pH recorded a greater %transmittance. 

Calculations: 

*All the calculations are done using logger pro 

 

Discussion: 

 In this experiment, %transmittance was measured for three different pH levels. It is 

observed that there is a decrease in the transmittance percentage for all the pH levels as the time 

progressed. For pH 5.0, the transmittance percentage dropped from %78.719 to %68.912 as the 

time went from 10 to 20 minutes. The percent transmittance of pH 4.5 at 10 minutes is %71.296. 

The percent transmittance of pH 4.5 reduced to %55.418 at 20 minutes. Similar trends occurred 

in the pH 4.0 solution. The percentage transmittance dropped from %51.759 at 10 minutes to 

%32.458 at 20 minutes. All three experiments showed that for all pH solutions, as time 

progressed, the %transmittance decreased and the absorbance increased. However, the 

absorbance of Cr(III) decreased for each trial as time progressed. For pH 5.0, the absorbance of 

Cr(III) decreased from 1.36540 at 10 minutes to 1.30624 at  20 minutes. For pH 4.5, the 



absorbance of Cr(III) decreased from 1.52857 at 10 minutes to 1.41676 at  20 minutes. For pH 

4.0, the absorbance of Cr(III) decreased from 1.23390 at 10 minutes to 1.04198 at  20 minutes. 

 

 Although, the data used in this report is collected by another group, there are few errors 

they could have made. For starters, the temperature of the water bath. The temperature is highly 

influential factor in an experiment based on chemical kinetics. The temperature of the water bath 

could have changed throughout the experiment. The way to avoid this problem is to allow the 

water temperature to reach a point of equilibrium before the experiment commenced. Another 

potential source of error, could be the time the cuvette was measured for the transmittance. It is 

possible that the other group left out the cuvette when being transported from the water to bath to 

the spectrometer for a long time. It is possible that the cuvette was also not properly cleaned 

when transitioning from trial to trial. There also could have been dirt on the side of the tube, 

which caused an inaccurate percent transmittance value. This is because the dirt could be 

blocking light, in result, lowering the value the spectrophotometer produces. 

 The volume and temperature are important. This is because an increase in volume and 

temperature can change the reading in spectrophotometer. As the volume increases the reaction 

decreases. As the temperature increases, the rate of reaction increases. But in this lab, the volume 

and temperature is controlled and is attempted to remain constant. If the temperature and the 

volume remains constant, the data is reproducible. 

  

Conclusion 

 The results from the graphs read that pH 4.0 has a second order of reaction. While, pH 

4.5 and 5.0 has a first order of reaction.  

 

 

 

 

 

 

 

 

 

 

 



 


