
Experiment 5:
“If it were done… then ‘twere well it were done quickly”
Chemical Kinetics
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Introduction:

Chemical kinetics and spectrophotometry are explored in this lab. The study of the aspects controlling rates of reactions as well as the mechanisms by which the reactions occur is knows as chemical kinetics. This is beneficial when looking for the most efficient way to get a desired product by looking at the rate of the reaction and the factors that contribute to that rate such as concentration of the reactants, or the order of the reaction. This lab explores the way in which the rate of a reaction is dependent on the concentration of reactants, this characteristic is the order of the reaction. The order of the reaction is determined by the power the concentrations of reactants, whereas the total order is determined by their sum. The rate of decreasing reactant concentrations are governed by stoichiometry. The rate is expressed by Rate = k [A]n [B]m [3], k is the rate constant, which can also be found as the instantaneous rate (slope) by graphing concentrations as a function of time, although not as accurate. The rate of the reaction depends on the concentration of Cr (III) as well as the pH. To determine the effects of the concentration of Cr (III) we must hold pH constant and to determine the effect of the pH we need to hold Cr (III) constant. By keeping the hydrogen ions levels (pH) constant, a pseudo first-order reaction should be seen. Once the instantaneous rate of reaction is determined by y/Δx, the log rate can be determined and plotted on a graph as a function of concentration of Cr (III) ions or the log Absorbance Cr (III). The partial order of the reaction can then be determined by slope of this graph.
	Kinetics of aqueous solutions are affected by pH, this is why the experiment must contain a range of pH from 4-5 in order to obtain the purple colour desired. Changes in the pH will skew the results of the experiment.
The order of the reaction is determined by using a very simple method, by measuring the colour change over time. We can measure the colour change over time by spectrophotometry. Spectrophotometry studies the interaction of electromagnetic radiation with matter, a spectrometer measures transmittance and absorbance. Transmittance is the ratio of the intensity of light after passing through a experimental substance to intensity before passing through, or T = I / Io, however measures at percent transmittance. A = ¡V log T = ¡V log (I / Io ) is the relationship between transmittance and absorbance. Spectrometers are very sensitive and can measure even the slightest light absorbance. Substances absorb at different wavelengths but absorb most strongly at a certain wavelength, the wavelength of maximum absorption for this experiment is 545 nm. Absorbance is related to concentration, A = £` b c, as A = absorbance, £` = molar absorptivity coefficient, b = path length, and c = concentration of the absorbing species in the solution. Since the molar absorptivity coefficient is a constant for a substance and the same cuvette is used for all the measurements meaning the path length stays the same, absorbance is directly proportional to concentration, therefore, absorbance represents concentration of the absorbing substance
	The absorbance can be plotted on a graph as a function of time. The solution is heated to 100°at the end of the experiment in order to push the reaction to completion in the short lab period available. This final reading will represents the absorbance at an infinite time and can be used to determine the change in concentration of Cr (III) throughout the experiment. At zero time there will only be Cr (III) in the solution and at infinity time there will be none, hence the colour change.


Absorbance Cr(III) =

Procedure:
As described in the lab manual (Venkateswaran, p65-66)
PART 1 – EDTA solution First PH level ~ 4.0
Table 1(a). EDTA solution First PH Level ~ 4.0
	Data
	Trial

	
Volume of EDTA solution using graduated cylinder (mL)

	50.0

	
PH value of EDTA solution

	4.0

	
Temperature of H2O bath (o C) used from 0 – 110 min

	25.0

	Temperature of H2O bath (o C) used for t = ∞

	100.0

	
Concentration of EDTA solution (M)

	0.1

	Complete absorbance of Cr(III)
[A∞] 
	0.569



*Complete absorbance (A∞) = - log (% transmittance at time ∞ /100 ) 
                                              = - log (0.27)
                                              = 0.569
Table 1(b). % Transmittance of solution in H2O kept at room temperature
	Time (minutes)
	% Transmittance
	Transmittance

	0:00
	---
	---

	5:00
	80.0
	0.80

	10:00
	82.0
	0.82

	15:00
	81.0
	0.81

	20:00
	76.0
	0.76

	25:00
	78.0
	0.78

	30:00
	75.0
	0.75

	35:00
	74.0
	0.74

	40:00
	73.0
	0.73

	45:00
	73.0
	0.73

	50:00
	72.0
	0.72

	55:00
	71.0
	0.71

	60:00
	69.0
	0.69

	65:00
	67.0
	0.67

	70:00
	64.0
	0.64

	75:00
	60.0
	0.60

	80:00
	59.0
	0.59

	85:00
	57.0
	0.57

	90:00
	57.0
	0.57

	95:00
	55.0
	0.55

	100:00
	54.0
	0.54

	105:00
	52.0
	0.52

	110:00
	51.0
	0.51



Table 1(c). % Transmittance of solution in heated H2O bath
	% Transmittance recording once solution has cooled after 10 min submersion in heated H2O

	Time (minutes)
	Transmittance
	% Transmittance

	∞
	27.0
	0.27



Observations (Part 1): 
EDTA solution: 
Solution appeared to be clear, transparent, colorless, odorless, mixed well with the Cr(III) ion, mixed throughout solution homogenously and gave at first a slight grey, green tinted solution, which slowly turned light purplish hue, and over time became darker and darker purple.
Cr(III) ion solution:
Deep blue-purple color, almost opaque, non viscous and mixed very well and easily in EDTA, soluble.
solution in water bath:
Initially, the solution began to turn light green-greyish hue, then progressed to a very light purple color when the 7 drops of Cr(III) ion were added to the clear EDTA solution. Over time, and with continuous swirling and mixing of solution, the color intensified to a more vibrant, deep, purple, however the solution remained transparent.
solution placed in hot water bath:
The solution colour changes faster when placed in the hot water bath. After submerging the solution in hot water bath for 10 minutes, color is more intense and very dark purple. Liquid, still not very viscous. When the cuvet was placed in the spectrophotometer, the percent transmittance was observed to have dropped slightly.
PART 2 – EDTA solution First PH level ~ 4.5
Table 2(a). EDTA solution First PH Level ~ 4.5
	Data
	Trial

	
Volume of EDTA solution using graduated cylinder (mL)

	50.0

	
PH value of EDTA solution

	4.5

	
Temperature of H2O bath (o C) used from 0 – 110 min

	25.0

	Temperature of H2O bath (o C) used for t = ∞

	100.0

	
Concentration of EDTA solution (M)

	0.1

	Complete absorbance of Cr(III)
[A∞] 
	0.769



*Complete absorbance (A∞) = - log (% transmittance at time ∞ /100) 
                                              = - log (0.17)
                                              = 0.769

Table 2(b). % Transmittance of solution in H2O kept at room temperature
	Time (minutes)
	% Transmittance
	Transmittance

	0:00
	---
	---

	5:00
	78.0
	0.78

	10:00
	74.0
	0.74

	15:00
	72.0
	0.72

	20:00
	66.0
	0.66

	25:00
	61.0
	0.61

	30:00
	56.0
	0.56

	35:00
	53.0
	0.53

	40:00
	51.0
	0.51

	45:00
	49.0
	0.49

	50:00
	48.0
	0.48

	55:00
	45.0
	0.45

	60:00
	44.0
	0.44

	65:00
	42.0
	0.42

	70:00
	38.0
	0.38

	75:00
	36.0
	0.36

	80:00
	35.0
	0.35

	85:00
	34.0
	0.34

	90:00
	33.0
	0.33

	95:00
	32.0
	0.32

	100:00
	31.0
	0.31

	105:00
	30.0
	0.30

	110:00
	30.0
	0.30


Table 2(c). % Transmittance of solution in heated H2O bath
	% Transmittance recording once solution has cooled after 10 min submersion in heated H2O

	Time (minutes)
	Transmittance
	% Transmittance

	∞
	17.0
	0.17



Observations (Part 2): 
EDTA solution: 
Solution appeared to be clear, transparent, colorless, odorless, mixed well with the Cr(III) ion, mixed throughout solution homogenously and gave at first a slight grey, green tinted solution, which slowly turned light purplish hue, and over time became darker and darker purple.
Cr(III) ion solution:
Deep blue-purple color, almost opaque, non viscous and mixed very well and easily in EDTA, soluble.
solution in water bath:
Initially, the solution began to turn light green-greyish hue, then progressed to a very light purple color when the 7 drops of Cr(III) ion were added to the clear EDTA solution. Over time, and with continuous swirling and mixing of solution, the color intensified to a more vibrant, deep, purple, however the solution remained transparent.
solution placed in hot water bath:
The solution colour changes faster when placed in the hot water bath. After submerging the solution in hot water bath for 10 minutes, color is more intense and very dark purple. Liquid, still not very viscous. When the cuvet was placed in the spectrophotometer, the percent transmittance was observed to have dropped slightly.
PART 3 – EDTA solution First PH level ~ 5.0
Table 3(a). EDTA solution First PH Level ~ 5.0
	Data
	Trial

	
Volume of EDTA solution using graduated cylinder (mL)

	50.0

	
PH value of EDTA solution

	4.0

	
Temperature of H2O bath (o C) used from 0 – 110 min

	25.0

	Temperature of H2O bath (o C) used for t = ∞

	100.0

	
Concentration of EDTA solution (M)

	0.1

	Complete absorbance of Cr(III)
[A∞] 
	0.824



*Complete absorbance (A∞) = - log (% transmittance at time ∞ /100) 
                                              = - log (0.15)
                                              = 0.824
Table 3(b). % Transmittance of solution in H2O kept at room temperature
	Time (minutes)
	% Transmittance
	Transmittance

	0:00
	---
	---

	5:00
	75.0
	0.75

	10:00
	65.0
	0.65

	15:00
	60.0
	0.60

	20:00
	57.0
	0.57

	25:00
	52.0
	0.52

	30:00
	46.0
	0.46

	35:00
	44.0
	0.44

	40:00
	43.0
	0.43

	45:00
	42.0
	0.42

	50:00
	41.0
	0.41

	55:00
	39.0
	0.39

	60:00
	37.0
	0.37

	65:00
	36.0
	0.36

	70:00
	34.0
	0.34

	75:00
	32.0
	0.32

	80:00
	31.0
	0.31

	85:00
	31.0
	0.31

	90:00
	30.0
	0.30

	95:00
	30.0
	0.30

	100:00
	29.0
	0.29

	105:00
	29.0
	0.29

	110:00
	29.0
	0.29


Table 3(c). % Transmittance of solution in heated H2O bath
	% Transmittance recording once solution has cooled after 10 min submersion in heated H2O

	Time (minutes)
	Transmittance
	% Transmittance

	∞
	15.0
	0.15



Observations (Part 3): 
EDTA solution: 
Solution appeared to be clear, transparent, colorless, odorless, mixed well with the Cr(III) ion, mixed throughout solution homogenously and gave at first a slight grey, green tinted solution, which slowly turned light purplish hue, and over time became darker and darker purple.
Cr(III) ion solution:
Deep blue-purple color, almost opaque, non viscous and mixed very well and easily in EDTA, soluble.
solution in water bath:
Initially, the solution began to turn light green-greyish hue, then progressed to a very light purple color when the 7 drops of Cr(III) ion were added to the clear EDTA solution. Over time, and with continuous swirling and mixing of solution, the color intensified to a more vibrant, deep, purple, however the solution remained transparent.
solution placed in hot water bath:
The solution colour changes faster when placed in the hot water bath. After submerging the solution in hot water bath for 10 minutes, color is more intense and very dark purple. Liquid, still not very viscous. When the cuvet was placed in the spectrophotometer, the percent transmittance was observed to have dropped slightly.
Discussion:
As reaction proceeds more and more of the Chromium EDTA complex is formed and the gradual development of a purple colour is apparent. The first graph is consistent with the theory that as the reactant (Cr (III)) is used up by the EDTA solution, the concentration of the Cr (III) slowly decrease and eventually after heating for 10 minutes to speed up the reaction to completion there is no Cr (III) left. This is shown by the curve of the graph. The logarithmic scale uses the logarithm of the physical quantity instead of using the actual value. This is helpful because due to the fact that the data covers a large range, using the logarithm organises the data to a more manageable size. This is shown nicely in the second graph that shows the relationship of the logarithm of the absorbance of Cr (III) or the concentration over a period of time. 
This experiment seems to be reproducible as all the laws involved proved to hold true in the experiment. We are trying to determine the order of this reaction. In graph 3, by plotting the logarithm of the rate as a function of the logarithm of the absorbance of Cr (III) or the concentration, we can calculate the slope. The slope represents the order of the reaction with regard to Cr (III).  This reveals the relationship between the log Rate and the log Absorbance of Cr (III), which is consistent with the fact that the reaction is a first order reaction, appearing as a straight line on the graphs with a slope of 1. The partial pressure of hydrogen can be assumed to be 0 due to the fact that the slope and therefore order was found to be 1, this can be explained by the law that the sum of the partial orders determines the order.
The reaction is heat sensitive and therefore changing the temperature of the water bath would alter the results of the experiment, therefore keeping the beakers and cuvettes in the same temperature throughout the experiment it crucial. Therefore, a source of error could be the changing temperature of the water bath, if the temperature increased, the rate of the reaction would increase simultaneously and vice versa, if the temperature was decreased, the rate of the reaction would decrease as well. Therefore the concentration of Cr (III) would decrease as temperature is increased. This would then affect the k value and alter results of the rate of the reaction. The spectrometer is also a huge source of error, problems with keeping the machine calibrated properly may have skewed some of the results. The reading of % transmittance should slowly decrease as the reaction proceeds and the concentration of Cr (III) decreases, however this was not always the case. Dirt and oil from finger smudges on the cuvettes can also alter the % transmittance value by absorbing some light, which could have been another source of error. The pH (wavelength) at which the measurements are made will change the final result of the experiment and therefore the pH is kept constant as the concentration changes. The effect of the concentration on the rate of the reaction can also be seen as we used different pH’s for each trial, therefore the concentration is also important in this experiment.
Conclusion:
The reaction of Chromic (III) Nitrate with a EDTA solution is a first order reaction. The slope of both pH graphs included in graph 3 were determined to be 1, which concludes that the this is a first order reaction, which is consistent with the literature. All laws exhibited by this experiment were held true.
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