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Chemical Kinetics
Introduction
	In Chemical Kinetics, it is the main desire of a scientist to discover the factors that contribute to the variation on the rate of reaction. The rate of reaction has many variables and factors that contribute to how long a reaction takes place. In this experiment, it will be determined how the concentration of a certain species can affect the rate and order of a reaction .  This dependency on concentration is also known as the order of the reaction.
In a chemical reaction, the rate can be determined by the following equation:
Rate = -∆[A]= k[A]n[B]m 
      ∆t         .      
Where A and B are reactants, k is the rate constant and n and m show the partial orders of each reactant. m+n must also be equal to the overall order of the reaction. The rate can also be determined by the change in the concentration of reactants (taken negative because the reactants are decreasing in concentration) over the interval of time the reading was take. The order of the reaction is dependant on various measures. In this experiment, the reaction is in order one. 
	The reaction will be between drops of Chromic (III) Nitrate and a volume of an EDTA solution (with pH of either 4.0, 4.5 or 5.0).  In the solution of EDTA, there is a buffer to ensure that the solution is kept at its respective pH. Once reacted, all of the Chromium ions should form a Chromium-EDTA complex, however this reaction usually takes up to 6 hours to complete. Using spectrophotometric techniques (described below the order of the reaction can be found by pushing it to completion (using a hot water bath).
	The rate of reaction can be determined graphically. After experimentation, if the concentration (or absorbance (Beer-Lambert law, described below)) were plotted as a function of time, by taking the tangent at a certain time, the instantaneous rate at that point is found. In fact, it is not necessary to measure the change in concentration, but can rather take the concentration at a certain time. However, this is an assumption that can only be made due to the following (for this experiment only):
	If the reaction described above were to be looked at in a Chemical kinetics perspective, the reaction (involving the main reactants) would look like this:
Cr3+ + EDTA + H+  Products
Therefore, to determine the rate, the equation would be expressed as:
Rate = k [Cr3+]a[EDTA]b[H+]c
Where a, b, and c are the partial orders of Cr(III), EDTA and H+, respectively. However, there is a buffer present, and therefore the H+ concentration will not change, and c = 0. Therefore, the rate of reaction can be written as:
Rate = k [Cr3+]a[EDTA]b[H+]0
Rate = k [Cr3+]a[EDTA]b (1)
Also, since the amount of Cr(III) that is reacted with EDTA is very small, it can be assumed that the concentration of EDTA does not change, because a very small amount is converted to the Chromium-EDTA complex. Therefore, the rate can be expressed as:
Rate = k [Cr3+]a[EDTA]0
Rate = k [Cr3+]a(1)
Therefore, the rate of this reaction can be expressed as:
Rate = k[Cr3+]a
This statement shows that the rate of the reaction is directly proportional to the concentration of Cr(III) ions present in solution. The aforementioned assumption can be made, because this statement shows a direct proportionality between the rate and the concentration of species. It is not necessary to find the change in concentration over time, because the rate is fully dependant on the concentration. If (from taking the instantaneous rate of change) the slope of these values (on a graph of Rate VS Concentration) is equal to 1, it can therefore determine that a (the partial order of Cr(III)) is also 1 and that the overall order of the reaction is also 1 (because [EDTA] and [H+] are held constant).  By taking the log of both sides of the above equation, it can be determined that:
logRate = alog[Cr3+] + logk
This equation shows a linear relation between the logRate and the log concentration of Cr(III). This equation also shows a as the slope of the equation, which is why (as mentioned above) the partial order of Cr(III) can be determined by finding the slopes of the instantaneous rate of change. 
	One of the major techniques that will help in determining the rate and order of the reaction is spectrophotometry. At distinct intervals of time, the percent transmittance reading of each solution will be taken. This will help with plotting the graph of absorbance as a function of time. The reading from the spectrophotometer will be a percent transmittance (%T) reading. The transmittance (T) can be found using the following equation:
T = %T / 100
From the transmittance, the absorbance of the solution (A) is:
A = -log(T)
According to the Beer-Lambert law:
A = bC
If  and b are kept constant (which they are), it can be concluded that the Absorbance of a solution is directly proportional to the Concentration of a species in the solution. Therefore, A and C can be used interchangeably. 
	Since the transmittance (and therefore the absorbance) will be taken periodically, it is denoted that the Absorbance of the solution at a time as At. At this time, there is a certain amount of Cr(III) in the Cr(III)-EDTA complex and the rest in solution. When the reaction is pushed to completion, the Absorbance is recorded and denoted as A. At this point, att of the Cr(III) ions have reacted with the EDTA to form the Cr(III)-EDTA complex. Therefore, to find the ACr(III):
ACr(III)= A-At
Since At shows only a portion of the Cr(III) reacted, if that value is subtracted from the A infinity (which shows that all Cr(III) has reacted), the amount of Cr(III) at each time interval can be calculated.
Using various techniques and equations, the order of the reaction between Chromic (III) Nitrate and an EDTA solution can be found.

Procedure
As described in Experiment 5 on p.64 of the General Chemistry Laboratory Manual by Dr. Rashmi Venkateswaran, 2011.

Data / Observations
Table 1. Preparation of Solutions:
	
	Solution 1
	Solution 2
	Solution 3

	Volume of EDTA added (mL)
	50.0
	50.0
	50.0

	Concentration of EDTA solution (mol/L)
	0.10
	0.10
	0.10

	pH of EDTA solution
	4.0
	4.5
	5.0

	Temperature of Water Bath (0C)
	24.0
	24.0
	24.0

	Number of drops 
	7
	6
	5



Qualitative Observations:
· EDTA solution was clear and did not have a significant scent.
· Chromic (III) Nitrate had a very dark blue colour, but did not show when mixed into EDTA.
· At first, the solution was mostly clear, but had a slight cloudiness.
· The solution turned darker blue after 20 minutes in the bath.
· The higher the pH, the faster the solution became darker.
· The higher the pH, the darker the solution became.
· After 60 min, the solution was significantly darker.
· After heating, the solution was very dark, almost opaque.

Calculations














Discussion
	In this experiment, Cr(III) was reacted with an EDTA solution to form a Cr(III)-EDTA complex. Complexes are compounds, which are very stable in solution and often create very rich and beautiful colours. Using spectrophotometric techniques, the absorbance of these coloured complexes can be measured, and furthermore, the concentration of the species in solution can be determined. Through the use of graphs and calculations, the overall as well as the partial order of the reaction between Cr(III) and EDTA can be determined. Using Chemical kinetics, there are a series of assumptions and laws that can be applied to this experiment that can help in determining important values such as the rate of reaction, the order, and the rate constant. However, in this experiment, both theoretical and graphical methods were used to calculate the partial order of Cr(III). To fully understand the results of this experiment, the graphical results must be interpreted.
	The graph in Figure 1 shows the relationship between the absorbance of a solution over time. However, this graph only shows 100 minutes of a 6-hour reaction. Since this only a fraction of the full reaction, it does not show the absorbance of Cr(III) reach zero. When the absorbance reaches sero, that means that all of the Cr(III) ions have been used up and all of the possible Cr(III)-EDTA complexes have been formed. Since the graph shows the absorbance of Cr(III), it makes perfect sense that the absorbance is decreasing over time, because the Cr(III) ions (which are absorbing the light) are being used.
According to the Beer-Lambert law, the concentration of a species in solution is directly proportional to the absorbance of the solution. Therefore, if this graph were to show the relationship between concentration over time, the graphs would be very similar and would yield the same results. To obtain the values of this graph,  the percent transmittance readings (obtained throughout the experiment) were converted into absorbance values using the equation A = -logT. 
	Figure 1 also illustrates something very interesting about the EDTA solutions. The graph represents three curves; one for each solution of EDTA (with its respective pH). The lower the pH, the higher the initial absorbance reading and the longer it takes for the absorbance of Cr(III) to reach zero (all Cr(III) is used up). However, there is something significant about the pH (concentration of H+ ions) that causes this prolonging of the reaction between the Cr(III) and the EDTA. However, this was not the main focus of having different pH. Having different pH was meant to show that the buffer was working, and that the H+ ions do not have an effect on the reaction. As it will be discussed later, the partial order obtained was the same in all 3 solutions, meaning that the reaction is not dependent on the [H+], but rather on another factor; [Cr(III)].
	The second graph (Figure 2) shows the relationship between the log absorbance of Cr(III) over time. This graph is extremely important, not because it provides values to be used in future calculations, but because it distinguishes the overall order of the reaction. To obtain values for this graph, the log of absorbance of Cr(III) was taken and was plotted over its respective time interval. The correlation was negatively linear and was in the 4th quadrant. Since the graph is linear, that means that the order of the reaction is order one. From this conclusion, we can now make the assumption that the Rate = k[Cr(III)]a. Since the concentration of Cr(III) is proportional to the rate, it is possible to take the instantaneous rate of change to valuate a, the partial order of Cr(III). 
	The values of Figure 3 are derived from the graph in Figure 1. For each point on a curve of graph 1, the log of that value divided by 2.5 was taken and was plotted against the log of the absorbance of Cr(III). This process was done to approximate the values of the log rate. Since figure 1 showed the overall rate of reaction, we took the instantaneous rate at each point recorded and divided it by 2.5 minutes to approximate the rate. It was important to choose a small interval because the larger the interval, the less precise the values would be. After taking the log of that value and plotting it against the log of absorbance of Cr(III), a certain trend was seen. After drawing a line of best fit and calculating the slop of that line, it was found to be one. This is extremely important, because is shows the final result of the lab.
	Through a series of calculations and algebraic manipulations, it was found that the logRate = a(log[Cr(III)]) + logk. This is what is represented by the graph of figure 3. Therefore, the slope of this equation is denoted by a, which also represent the partial order of Cr(III). Since the calculated slope of both lines was 1, it can be concluded that the partial order of Cr(III) is indefinitely one. 
	Although the values deduced from this lab were not compared to a literary value, there are still many possible sources of error that must be addressed in this lab so that the design may be altered for future reproduction of this data.  Primarily, the normal time that this reaction would take to complete is 6 hours. However, this reaction was only conducted for 100 minutes, and therefore the data results were much less accurate than they could have been. Another possible source of error is when the reaction was pushed to completion. When placed into the bath, there is no way of truly determining that the reaction was complete. It was assumed that by heating the solution for 20 minutes caused the reaction to finish. However, if the reaction had not completely finished (which most likely did happen) the values obtained for ACr(III) are in fact larger than what they would have been if the reaction was fully completed. Finally, the spectrophotometer was supposed to be calibrated once every 15 minutes. Since this was done, all transmittance readings after this mark may or may not be as accurate as the ones used in the calculations of this experiment. Overall, this experiment was very effective in finding the partial order of Cr(III) and the data obtained could be reproduced.
Conclusion
	In conclusion, the reaction between  Chromic (III) Nitrate and an EDTA solution is an order one reaction, and the partial order of Chromium (III) is one. 
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