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In this lab experiment, 7,6, and 5 drops of Cr(III) were added to solutions of EDTA with pH levels at 4.0, 4.5, and 5.0 respectively. The reaction observed was between the EDTA solution and the Cr(III). These were then set in a room-temperature water bath (22 °C) and the reaction was allowed to progress over an interval of 100 minutes with %transmittance readings taken every 5 minutes for each of the samples using a spectrophotometer. 

What is kinetics?
Chemical kinetics, which is the study of how fast a chemical reaction occurs, focuses on the reaction rate, the change in the concentration of reactants (or products) as a function of time. Under a given set of conditions, each reaction has its own rate.

How do we quantitatively describe the rate?
We can quantitatively describe the rate of the reaction as the change concentration of products or reactants divided by the change in time for any given reaction. The instantaneous rate at time t is the slope of the tangent to a curve that plots concentration versus time. The average reaction rate is the change in reactant or product concentration over a change in time ∆t. the rate slows as the reaction proceeds because the reactants are being used up. The initial rate, the instantaneous rate at t=0, occurs when the reactants have just been mixed and before any product accumulates.

What is the reaction order?
A reaction has an individual order with respect to or “in” each reactant, as well as an overall order, the sum of the individual orders. Consider a simple reaction with only one reactant, A. If the rate doubles when A doubles, the rate depends on A raised to the first power. Thus, the reaction is first order with respect to A. If the rate quadruples when A doubles, the rate depends on A squared. In this case, the reaction is second order. A reaction can also be second order if it is first order in two different reactants, A and B. Then the reaction would be pseudo first order.

What is spectrophotometry?
Spectrophotometry is a method to measure how much a chemical substance absorbs light by measuring the intensity of light as a beam of light passes through sample solution using a spectrophotometer. The basic principle is that each compound absorbs or transmits light over a certain range of wavelength. This measurement can also be used to measure the amount of a known chemical substance.

In order to calculate the absorbance (A(t)), the percent transmittance is divided by 100, to give way to the Transmittance (T)  value, which is then substituted into the following equation:
1. A(t) = -logT

The amount of unreacted Cr(III) can be calculated using the following equation:
2. ACr(III) = A∞ + At
Where, A∞, represents the value of A(t) after the hot water bath, which would be after 103 minutes as shown in Tables 1.1, 1.2 and 1.3. The rate of the reaction at any point can be determined using the following equation:
3. Rate = y/∆x
Where y represents the value of ACr(III)  at any point on the curve and, ∆x represents a change in time of 2 minutes. Graphically, the rate of the reaction is the instantaneous rate of change o the slope of the curve found in Graph 3.

Procedure

As described in the lab manual (“What in the world isn’t chemistry? General Chemistry Lab Manual”, Dr. Rashmi Venkateswaran, Exp. 4).

Observations

All of the solutions in the cuvettes started out transparent, however, as the time progressed, the cuvette for trial 3, which contained the sample of EDTA at pH 5.0, started to turn purple, the cuvette for trial 2, which contained the sample of EDTA at pH at 4.5, gained a purplish tinge, whilst the cuvette for trial 1 which contained the sample of EDTA at pH at 4.0 remained transparent. However, after being in the hot water bath for 10 minutes, all of the samples in the cuvettes turned dark purple.










Data Tables

%Transmittance for 3 trials (4.0,4.5,5.0pH) – 5 minute intervals
	Trial 1
	Trial 2
	Trial 3

	pH=4.0
	pH=4.5
	pH=5.0

	Water temperature=22.00C
	Water temperature=22.00C
	Water temperature=22.00C

	Volume of EDTA=50mL
	Volume of EDTA=50mL
	Volume of EDTA=50mL

	Time(min)
	%T
	Time(min)
	%T
	Time(min) 
	%T

	5
	84
	5
	86
	5
	79

	10
	83
	10
	78
	10
	63

	15
	81
	15
	69
	15
	51

	20
	80
	20
	60
	20
	42

	25
	79
	25
	55
	25
	37

	30
	78
	30
	50
	30
	35

	35
	77
	35
	46
	35
	35

	40
	77
	40
	43
	40
	33

	45
	75
	45
	40
	45
	27

	50
	74
	50
	37
	50
	24

	55
	72
	55
	35
	55
	24

	60
	71
	60
	34
	60
	22

	65
	69
	65
	33
	65
	22

	70
	68
	70
	31
	70
	19

	75
	66
	75
	30
	75
	19

	80
	64
	80
	29
	80
	19

	85
	64
	85
	28
	85
	19

	90
	63
	90
	27
	90
	16

	95
	62
	95
	26
	95
	16

	100
	61
	100
	25
	100
	16

	Completion
	8
	Completion
	14
	Completion
	5


	




Calculation Tables
	Trial 1

	t
	%T
	T
	A(t)
	A(Cr3)
	log A(Cr3)
	Rate
	log Rate

	5
	84
	0.84
	0.075720714
	1.021189286
	0.00910625
	0.510594643
	-0.291923746

	10
	83
	0.83
	0.080921908
	1.015988092
	0.006888618
	0.507994046
	-0.294141378

	15
	81
	0.81
	0.091514981
	1.005395019
	0.002336729
	0.502697509
	-0.298693266

	20
	80
	0.8
	0.096910013
	0.999999987
	-5.64933E-09
	0.499999993
	-0.301030001

	25
	79
	0.79
	0.102372909
	0.994537091
	-0.002379015
	0.497268546
	-0.303409011

	30
	78
	0.78
	0.107905397
	0.989004603
	-0.004801687
	0.494502301
	-0.305831683

	35
	77
	0.77
	0.113509275
	0.983400725
	-0.007269476
	0.491700363
	-0.308299471

	40
	77
	0.77
	0.113509275
	0.983400725
	-0.007269476
	0.491700363
	-0.308299471

	45
	75
	0.75
	0.124938737
	0.971971263
	-0.012346575
	0.485985632
	-0.313376571

	50
	74
	0.74
	0.13076828
	0.96614172
	-0.014959164
	0.48307086
	-0.31598916

	55
	72
	0.72
	0.142667504
	0.954242496
	-0.020341246
	0.477121248
	-0.321371242

	60
	71
	0.71
	0.148741651
	0.948168349
	-0.023114546
	0.474084174
	-0.324144542

	65
	69
	0.69
	0.161150909
	0.935759091
	-0.028835945
	0.467879545
	-0.329865941

	70
	68
	0.68
	0.167491087
	0.929418913
	-0.031788494
	0.464709456
	-0.33281849

	75
	66
	0.66
	0.180456064
	0.916453936
	-0.037889359
	0.458226968
	-0.338919355

	80
	64
	0.64
	0.193820026
	0.903089974
	-0.044268979
	0.451544987
	-0.345298975

	85
	64
	0.64
	0.193820026
	0.903089974
	-0.044268979
	0.451544987
	-0.345298975

	90
	63
	0.63
	0.200659451
	0.896250549
	-0.047570565
	0.448125275
	-0.348600561

	95
	62
	0.62
	0.207608311
	0.889301689
	-0.050950883
	0.444650845
	-0.351980878

	100
	61
	0.61
	0.214670165
	0.882239835
	-0.054413337
	0.441119918
	-0.355443332

	Complete
	8
	0.08
	1.096910013
	
	
	
	





	Trial 2

	t
	%T
	T
	A(t)
	A(Cr3)
	logA(Cr3)
	Rate
	log Rate

	5
	86
	0.86
	0.065501549
	0.788325451
	8
	0.394162726
	-0.404324448

	10
	78
	0.78
	0.107905397
	0.745921603
	-0.127306815
	0.372960801
	-0.428336811

	15
	69
	0.69
	0.161150909
	0.692676091
	-0.159469803
	0.346338045
	-0.460499798

	20
	60
	0.6
	0.22184875
	0.78692525
	-0.104066519
	0.393462625
	-0.405096515

	25
	55
	0.55
	0.259637311
	0.594189689
	-0.226074888
	0.297094845
	-0.527104884

	30
	50
	0.5
	0.301029996
	0.552797004
	-0.257434319
	0.276398502
	-0.558464315

	35
	46
	0.46
	0.337242168
	0.516584832
	-0.28685835
	0.258292416
	-0.587888346

	40
	43
	0.43
	0.366531544
	0.487295456
	-0.312207639
	0.243647728
	-0.613237634

	45
	40
	0.4
	0.397940009
	0.455886991
	-0.3411428
	0.227943496
	-0.642172796

	50
	37
	0.37
	0.431798276
	0.422028724
	-0.374657989
	0.211014362
	-0.675687985

	55
	35
	0.35
	0.455931956
	0.397895044
	-0.40023147
	0.198947522
	-0.701261465

	60
	34
	0.34
	0.468521083
	0.385305917
	-0.414194322
	0.192652959
	-0.715224317

	65
	33
	0.33
	0.48148606
	0.37234094
	-0.429059209
	0.18617047
	-0.730089205

	70
	31
	0.31
	0.508638306
	0.345188694
	-0.461943437
	0.172594347
	-0.762973433

	75
	30
	0.3
	0.522878745
	0.330948255
	-0.480239905
	0.165474127
	-0.781269901

	80
	29
	0.29
	0.537602002
	0.316224998
	-0.500003802
	0.158112499
	-0.801033797

	85
	28
	0.28
	0.552841969
	0.455932031
	-0.341099896
	0.227966016
	-0.642129891

	90
	27
	0.27
	0.568636236
	0.285190764
	-0.544864543
	0.142595382
	-0.845894539

	95
	26
	0.26
	0.585026652
	0.268800348
	-0.570570173
	0.134400174
	-0.871600169

	100
	25
	0.25
	0.602059991
	0.251767009
	-0.59900118
	0.125883504
	-0.900031176

	Complete
	14
	0.14
	0.853871964
	
	
	
	





	Trial 3

	t
	%T
	T
	A(t)
	A(Cr3)
	logA(Cr3)
	Rate
	log Rate

	5
	79
	0.79
	0.102372909
	1.198657087
	0.078694958
	0.599328544
	-0.222335038

	10
	63
	0.63
	0.200659451
	1.100370545
	0.041538957
	0.550185273
	-0.259491039

	15
	51
	0.51
	0.292429824
	1.008600172
	0.003719038
	0.504300086
	-0.297310958

	20
	42
	0.42
	0.37675071
	0.924279286
	-0.03419678
	0.462139643
	-0.335226775

	25
	37
	0.37
	0.431798276
	0.86923172
	-0.060864434
	0.43461586
	-0.361894429

	30
	35
	0.35
	0.455931956
	0.84509804
	-0.073092905
	0.42254902
	-0.374122901

	35
	35
	0.35
	0.455931956
	0.84509804
	-0.073092905
	0.42254902
	-0.374122901

	40
	33
	0.33
	0.48148606
	0.819543936
	-0.086427759
	0.409771968
	-0.387457755

	45
	27
	0.27
	0.568636236
	0.73239376
	-0.135255364
	0.36619688
	-0.43628536

	50
	24
	0.24
	0.619788758
	0.681241238
	-0.166699071
	0.340620619
	-0.467729066

	55
	24
	0.24
	0.619788758
	0.681241238
	-0.166699071
	0.340620619
	-0.467729066

	60
	22
	0.22
	0.657577319
	0.643452677
	-0.191483388
	0.321726338
	-0.492513384

	65
	22
	0.22
	0.657577319
	0.643452677
	-0.191483388
	0.321726338
	-0.492513384

	70
	19
	0.19
	0.721246399
	0.579783597
	-0.236734076
	0.289891798
	-0.537764071

	75
	19
	0.19
	0.721246399
	0.579783597
	-0.236734076
	0.289891798
	-0.537764071

	80
	19
	0.19
	0.721246399
	0.579783597
	-0.236734076
	0.289891798
	-0.537764071

	85
	19
	0.19
	0.721246399
	0.579783597
	-0.236734076
	0.289891798
	-0.537764071

	90
	16
	0.16
	0.795880017
	0.505149979
	-0.296579661
	0.252574989
	-0.597609657

	95
	16
	0.16
	0.795880017
	0.505149979
	-0.296579661
	0.252574989
	-0.597609657

	100
	16
	0.16
	0.795880017
	0.505149979
	-0.296579661
	0.252574989
	-0.597609657

	Complete
	5
	0.05
	1.301029996
	
	
	
	



Sample Calculations

1. Convert all measurements of %T to A
A(t)	 =-logT
A(5)	=-log(0.84)
	=0.0757

2. Calculate ACr(III) for all values 
ACr(III) 	= A∞ + At
	=1.096910013- 0.075720714
	=1.021189299

Calculating the rate order:
Log Rate = a log[Cr(III)] + log k
a 	= ∆y/∆x
a	= (y2-y1)/(x2-x1)
	=(-0.900031176+0.801033797)/( -0.59900118+0.500003802)
	= 1
Discussion

Temperature played a very important role in this experiment. After recording data for 90 minutes, the cuvettes with the samples were placed in a hot water bath which pushed the reaction to completion. Increasing the temperature, also increases the reaction rate for this experiment, which also resulted in a higher change in percent transmittance recorded due to this.

There are many possible sources of error in this experiment. One of the main sources of error would occur when the cuvettes were placed in the hot water bath. If the covers of the cuvettes were not loosened before being placed in the hot water, it would result in a pressure increase in the cuvette which would affect the rate of the reaction and skew the data recorded. Another potential source of error would be from the spectrophotometer itself. If the cuvette had not been wiped dry and cleaned of fingerprints, the spectrophotometer would give a false reading for the percent transmittance. Error could also occur if the cuvette wasn’t aligned properly when it was placed in the spectrophotometer itself. If the marker on the cuvette wasn’t aligned with the marker on the spectrophotometer when it was placed in it, it would also affect the percent transmittance recorded and skew the data for the experiment. 

The y/∆x approximation was used to calculate the rate at different points in time during the experiment. With y representing the absorbance of Cr(III), and ∆x representing the change in time, which provided the instantaneous rate for the interval selected. This approximation was used as the Rate Law equation could not be used as there were variables missing. This approximation is valid, as it provides a way to determine the rate of a reaction without knowing the order of the reaction.

I expected the absorbance of the Cr(III) to have decreased with time as the reaction would have consumed more Cr(III) as the experiment progressed which would thereby lower the rate of the reaction. This prediction was validated by the experiment which produced exactly those same results as described.

The rate of the reaction was also affected by the pH of the solution used in the experiment. Trials with a higher pH had a faster reaction rate than those with a lower reaction rate.  Trial 3, which had the highest pH was also the fastest to react. Furthermore, the same trial displayed the lowest percent transmittance after the hot water bath.




Conclusion

It was found that the reaction observed in the experiment was a first order reaction in correlation to Cr(III) and pseudo first order overall.
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