Experiment 4. Chemical Kinetics

Introduction

	Chemical kinetics is defined as the study of chemical reactions with respect to their reaction rate and the mechanisms by which the reactions occur. The speed at which a reaction occurs, either fast or slow, is referred to as the rate. The order of the reaction is used to determine how concentration affects the rate of reaction, where the rate of reaction is related to the product of the concentrations of the reacting substance raised to a power. 
	The rate of reaction can be calculated using the concentration of the reactants raised to a power. The power shows the order of the reaction of the given reactant and the sum of the powers gives the total overall order of the reaction. The rate of reaction and order of reactants/reaction can only be determined experimentally, through the following equation:
					Rate=k[A]n[B]m				[1]	
Where k represents the rate constant and exponents n and m refer to the order of the reaction with respect to [A] and [B]. The sum of n and m gives the total order of the reaction. The rate can also be determined graphically through the instantaneous rate of change, or slope of the tangent of a certain point on the graph that reflects the concentration of the reactant as a function of time.
In this experiment, to determine the order of the reaction, the absorbance of the reaction will be plotted as a function of time for each concentration of the reactions (each different pH). When combining a solution of chromium (III) and a solution of EDTA at a constant temperature; at first, there appears to be no reaction. But overtime the colour of the solution changes to a purple colour that is caused by the mixture of the chromium (III) and EDTA. This is called a complex that is formed by a number of slow steps starting with a first order chromium (III) step. The purple colour seen is a mixture of several intermediates of the reaction because the value of the formation complex is so high. With three solutions of EDTA and chromium (III), varying in pHs, one will monitor the increase in concentration of the complex with the use of a spectrophotometer, a machine that measures the percent transmittance of a wavelength light. Transmittance is the ratio of light after it passes through the solution versus the ratio of the light before it passes through the solution. Transmittance can be derived from the percent transmittance through this equation:
			T=  x 100% 						[2]
Using the transmittance value, the absorbance value can be calculated:
			A= -LogT
  = -log (  x 100%)					[3]
	To ensure that the solution has reacted completely, the solution will be heated at 100°C. This will ensure that all of the chromium (III) ions have been converted to the chromium (III)- EDTA complex. The transmittance of the solution after being heated represents the transmittance/absorbance at an infinite time (A). With this value you can determine the amount of unreacted Cr (III) at any time with the use of the following equation:
				ACr(III) = A - At				       [4]
The values of ACr(III) can be plotted with respect to time to determine the partial order with respect to the chromium(III) ions and the instantaneous rate.
	Pseudo first-order kinetics states that it is not possible to determine if the change in rate in the reaction is caused by a change in the concentration of the chromium (III) ions, hydrogen ions (pH) or both. To determine the effect of the concentration of Cr (III) on the rate the pH will be held constant and the rate as the Cr (III) changes will be observed. If the rate is directly proportional to the concentration of Cr (III), then the partial order (a) will equal 1 and the reaction will be displaying pseudo first-order behaviour. With the use of the following equation, where ACr(III) represents the concentration of Cr (III), the observance of pseudo first order kinetics can be confirmed through graphing the logarithm of ACr(III) as a function of Log Rate.
			Log Rate = alog[Cr(III)] + log k				[5]
Once the instantaneous rate is known, a graph representing the logarithm of the rate as a function of the logarithm of the concentration of ACr(III) can be made. Through determining the slope of each linear line [6], the partial order with respect to Cr(III) ion is also determined.
				Slope= 						[6]

The purpose of this laboratory is to determine the partial order of the reaction between chromium (III) and EDTA and observe the differences in different pH’s.	






















Procedure
As described in the lab manual (What in the World Isn’t Chemistry, Dr. Rashmi Vankateswaran, 2013, Exp. 4, p.52-54).

Observations
	All of the EDTA solutions appear clear and odourless; the chromium (III) solution appears to be a dark, opaque grey/black colour. Once the two solutions were added together they appeared grey, like the chromium (III) solution. After around 5 minutes all three solutions changed colours and became different concentrations of purple. After approximately 10 minutes the solution with a pH of 4.5 remained nearly transparent with only a little colour of purple (same intensity of purple as it was at 5 minute when it changed from grey to purple). After approximately 15 minutes, the solution with a pH of 5.0 appeared to be a more concentrated/opaque purple colour. The colour purple of the solution with a pH of 4.0 could be placed between the colours of purple for the pH of 5.0 and that of 4.5. The solutions remained the same appearance for all of 90 minutes until they were heated. Once heated all solutions became a dark, opaque, rich colour of purple.

Data

Volume of EDTA solution and temperature of water bath
	
	pH 5.0
	pH 4.5
	pH 4.0

	Volume (mL)
	50.00
	50.00
	50.00

	Temperature of water bath °C
	18.8
	18.8
	18.8
























Discussion

	By graphing the Log Rate of the pH 5.0 and the pH 4.5 as a function of Log ACr(III) the data formed a linear line. Through determining the slope of the pH of 5.0 and the pH of 4.5, the partial order with respect to Cr (III) ion was also found. The partial order for both the pH of 5.0 and 4.5 is 1. Therefore the rate is directly proportional to the concentration of Cr (III).
Through searching “Log of concentration as a function of time” on the internet, many chemistry-based websites explained how log[A] versus time would be a linear reaction if it was first-order in respect to the reactant. Therefore when I graphed the data on graph 2 (log ACr(III) as a Function of Time) just by looking at the graph I was able to assume that pH 5.0 would be a first-order reaction, while with the pH of 4.5 I was still uncertain as it was not completely linear.
During the experiment it was also very important to make sure that the temperature of the water bath remained the same, so that the temperature would not influence the rate of reaction of the two solutions. If the temperature was constantly changing the rate of reaction between the two solutions would be constantly slowing down or speeding up, therefore the percent transmittance values taken every 5 minutes would be inaccurate because the rate of reaction of the solutions would be continuously altered.
	Throughout the experiment there were several sources of error that could affect the results. Firstly, the spectrophotometer constantly needed to be re-calibrated. Therefore if the percent transmittance of the solution was taken before it had be re-calibrated this would have caused an inaccurate reading and a wrong percent transmittance. Due to the fact that the spectrophotometer needed to be re-calibrated practically every 5 minutes if the spectrophotometer was being re-calibrated when you needed to measure the percent transmittance you would have to wait, thus more of the Cr(III) would react changing the percent transmittance and altering the values. Also because there was only 1 spectrophotometer for 6 groups, there would inevitably be a line up to use the spectrophotometer, this would also deem it difficult to measure the percent transmittance at exactly every 5 minutes. It was also instructed to clean the cuvette with a Kim Whip before inserting it into the machine to prevent any incorrect readings due to dirt on the cuvette, but it is possible that the Kim Whip did not entirely clean the cuvette and could have missed some fingerprints/dirt, which could cause an inaccurate percent transmittance.
	
Conclusion
	The reaction of chromium (III) and EDTA is a pseudo first-order reaction. This was determined through the graph of Log Rate as a Function of Log ACr(III) where the slope of the linear lines are 1.
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