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Introduction:

Chemical Kinetics is the study of the rate at which the concentration of reactants and products change in a reaction and the factors such as concentration or temperature that affect this rate. The dependency of a reaction on the concentration of its reactants is also known as the order of the reaction. In experiment 4, we will determine how the concentration of a certain solution can affect the rate and the order of a reaction. In a reaction, we can determine the rate using two different methods: in the first method, the rate can be calculated using the following equation: 
                                                        Rate = k[A]n[B]m                                                                                       A and B are reactant of the reaction, k is the rate constant, n and m are partial order of the reaction and are determined experimentally. The second method consists of graphing the concentration as a function of time. The graph will help in finding the instantaneous rate by calculating the slope of the tangent of the graph at specific instants. In our experiment we will use the graphical method to determine the rate of the reaction. Drops of Chromium(III) Nitrate are added to specific volumes of EDTA solutions of three different pH. For the pH of EDTA to remain constant, a buffer is introduced in the solution. Usually the reaction would take 6 hours to be completed, and when complete the Chromium ions should completely react and give a Chromium-EDTA complex. The rate for our experiment reaction will be determined by the equation that follows:
Rate of reaction=k[Cr3+]a[H+]b[EDTA]c
The concentration of H+ remains constant because the pH is constant through out the reaction and the concentration of EDTA is extremely high, which means that after Chromium is consumed we still have almost the same concentration for EDTA, hence [H+] and [EDTA] are constant throughout the reaction. That’s why we use the following equation to get the rate.
Rate of reaction=k’[Cr3+]a  (k’=k[H+]b[EDTA]c)
Spectrophotometry is essential and will be used in our experiment. It is described as the study of the interactions of electromagnetic radiations with matter. When dealing with spectrophotometry, two key terms are used:
1. Transmittance can be solved through the use of a spectrophotometer and is the ratio of the intensity of the light after the light passes through the medium (I) compared to the intensity of light after it passes through the medium (I0).
T=I/ I0
2. Absorbance is related to the transmittance as follows:
A=-log T
The absorbance value will be helpful in calculating the Absorbance of the solution every five minutes. Note that we use the absorbance instead of the concentration because these two are proportional to each other according to the Beer-Lambert law.
 At the end, the solution will be heated so that we can accelerate the reaction and consume all the reactants. Then the final absorbance after heating the solution will determine the absorbance at every five minute using the following equation:
ACr(III)=A -At
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Data and observation/results
	t
	%T
	T
	A
	ACr(III)
	Graphical ACr(III)
	log ACr(III)
	Rate
	log rate

	pH4
	 
	 
	 
	 
	 
	 
	 
	 

	0
	 
	 
	 
	 
	 
	 
	 
	 

	5
	81.0
	0.81
	0.0915
	1.32
	 
	0.120
	0.659
	-0.181

	10
	80.9
	0.809
	0.0921
	1.32
	 
	0.120
	0.658
	-0.181

	15
	79.9
	0.799
	0.0975
	1.31
	 
	0.118
	0.656
	-0.183

	20
	80.1
	0.801
	0.0964
	1.31
	 
	0.118
	0.656
	-0.183

	25
	80.5
	0.805
	0.0942
	1.31
	 
	0.119
	0.657
	-0.182

	30
	78.2
	0.782
	0.107
	1.30
	 
	0.115
	0.651
	-0.186

	35
	77.0
	0.77
	0.114
	1.30
	 
	0.112
	0.648
	-0.189

	40
	76.5
	0.765
	0.116
	1.29
	 
	0.111
	0.646
	-0.190

	45
	75.5
	0.755
	0.122
	1.29
	 
	0.110
	0.643
	-0.191

	50
	74.0
	0.74
	0.131
	1.28
	 
	0.107
	0.639
	-0.194

	55
	73.2
	0.732
	0.135
	1.27
	 
	0.105
	0.637
	-0.196

	60
	72.1
	0.721
	0.142
	1.27
	 
	0.103
	0.633
	-0.198

	65
	71.9
	0.719
	0.143
	1.27
	 
	0.102
	0.633
	-0.199

	70
	71.0
	0.71
	0.149
	1.26
	 
	0.100
	0.630
	-0.201

	75
	68.9
	0.689
	0.162
	1.25
	 
	0.0959
	0.624
	-0.205

	80
	68.0
	0.68
	0.167
	1.24
	 
	0.0939
	0.621
	-0.207

	85
	67.1
	0.671
	0.173
	1.24
	 
	0.0919
	0.618
	-0.209

	90
	66.0
	0.66
	0.180
	1.23
	 
	0.0894
	0.614
	-0.212

	infinity
	3.90
	0.039
	1.41
	 
	 
	 
	 
	 

	pH4.5
	 
	 
	 
	 
	 
	 
	 
	 

	0
	 
	 
	 
	 
	 
	 
	 
	 

	5
	82.2
	0.822
	0.0851
	1.21
	1.21
	0.0818
	0.604
	-0.219

	10
	79.5
	0.795
	0.0996
	1.19
	1.19
	0.0766
	0.596
	-0.224

	15
	76.9
	0.769
	0.114
	1.18
	1.16
	0.0645
	0.580
	-0.237

	20
	72.9
	0.729
	0.137
	1.16
	1.14
	0.0569
	0.570
	-0.244

	25
	67.0
	0.67
	0.174
	1.12
	1.11
	0.0453
	0.555
	-0.256

	30
	62.5
	0.625
	0.204
	1.09
	1.07
	0.0294
	0.535
	-0.272

	35
	58.0
	0.58
	0.237
	1.06
	1.06
	0.0236
	0.528
	-0.277

	40
	54.5
	0.545
	0.264
	1.03
	1.03
	0.0123
	0.514
	-0.289

	40
	51.5
	0.515
	0.288
	1.00
	1.00
	0
	0.502
	-0.299

	50
	48.5
	0.485
	0.314
	0.978
	0.978
	-0.0096
	0.489
	-0.311

	55
	46.0
	0.46
	0.337
	0.955
	0.955
	-0.0199
	0.478
	-0.321

	60
	44.1
	0.441
	0.356
	0.937
	0.937
	-0.0283
	0.468
	-0.329

	65
	41.9
	0.419
	0.378
	0.915
	0.915
	-0.0387
	0.457
	-0.340

	70
	40.1
	0.401
	0.397
	0.896
	0.896
	-0.0479
	0.448
	-0.349

	75
	38.9
	0.389
	0.410
	0.882
	0.882
	-0.0543
	0.441
	-0.355

	80
	37.1
	0.371
	0.431
	0.862
	0.870
	-0.0605
	0.435
	-0.362

	85
	36.5
	0.365
	0.438
	0.855
	0.855
	-0.0682
	0.427
	-0.369

	90
	35.1
	0.351
	0.455
	0.838
	0.838
	-0.0769
	0.419
	-0.378

	95
	33.9
	0.339
	0.470
	0.823
	0.823
	-0.0848
	0.411
	-0.386

	100
	32.9
	0.329
	0.483
	0.810
	0.801
	-0.0964
	0.401
	-0.397

	infinity
	5.10
	0.051
	1.29
	 
	 
	 
	 
	 

	pH 5
	 
	 
	 
	 
	 
	 
	 
	 

	0
	 
	 
	 
	 
	 
	 
	 
	 

	5
	86.0
	0.860
	0.0655
	0.885
	0.885
	-0.053
	0.443
	-0.354

	10
	71.0
	0.710
	0.149
	0.802
	0.802
	-0.096
	0.401
	-0.397

	15
	57.8
	0.578
	0.238
	0.713
	0.713
	-0.147
	0.356
	-0.448

	20
	47.1
	0.471
	0.327
	0.624
	0.624
	-0.205
	0.312
	-0.506

	25
	40.5
	0.405
	0.393
	0.558
	0.558
	-0.253
	0.279
	-0.554

	30
	35.5
	0.355
	0.450
	0.501
	0.501
	-0.300
	0.251
	-0.601

	35
	32.0
	0.320
	0.495
	0.456
	0.456
	-0.341
	0.228
	-0.642

	40
	29.0
	0.290
	0.538
	0.413
	0.399
	-0.399
	0.200
	-0.700

	45
	21.0
	0.210
	0.678
	0.273
	0.365
	-0.438
	0.183
	-0.739

	50
	24.2
	0.242
	0.616
	0.335
	0.335
	-0.475
	0.167
	-0.777

	55
	22.5
	0.225
	0.648
	0.303
	0.303
	-0.519
	0.151
	-0.820

	60
	21.8
	0.218
	0.662
	0.289
	0.275
	-0.561
	0.138
	-0.862

	65
	20.0
	0.200
	0.699
	0.252
	0.252
	-0.599
	0.126
	-0.900

	70
	19.9
	0.199
	0.701
	0.250
	0.245
	-0.611
	0.123
	-0.912

	75
	19.0
	0.190
	0.721
	0.230
	0.223
	-0.652
	0.112
	-0.953

	80
	17.9
	0.179
	0.747
	0.204
	0.204
	-0.691
	0.102
	-0.992

	85
	17.3
	0.173
	0.762
	0.189
	0.199
	-0.701
	0.100
	-1.00

	90
	17.0
	0.170
	0.770
	0.181
	0.181
	-0.742
	0.091
	-1.04

	95
	16.5
	0.165
	0.783
	0.168
	0.168
	-0.774
	0.084
	-1.08

	100
	16.0
	0.160
	0.796
	0.155
	0.155
	-0.810
	0.077
	-1.11

	105
	15.2
	0.152
	0.818
	0.133
	0.133
	-0.877
	0.066
	-1.18

	infinity
	11.2
	0.112
	0.951
	 
	 
	 
	 
	 


 Observations:
For all: The initial solution is slightly green. Addition of drops of chromium changes slightly the color. At the end of the reaction, all the solution have a similar color purple.
For pH4: For this solution the change of color is very slow, we start to see the purple around time 50 minutes. The color will become purple after we heat the solution.
For pH4.5: For this solution the color change is pretty noticeable at the first few minutes of the experiment and it keeps becoming more and more purple throughout the experiment.
For pH5: For this solution the color change is pretty noticeable at the first few minutes of the experiment and it keeps becoming more and more purple throughout the experiment.

Methodology
Materials:
Chemicals: -0.1M EDTA solution
                   -Cr(NO3)3 solution
Equipment: -150mL beaker(3)
	          -Cuvettes with lids(3)
                    -Thermometer
                    -Spectrophotometer
                    -Watch glasses(3)
                    -Water bath
                    -Sony Xperia timer
                    -Ruler, pencil graph paper
Procedure: 
Refer to Experiment 4: Chemical Kinetics, in the general chemistry laboratory manual for CHM1311 course in the fall session of 2014 at the University of Ottawa.
   Sample Calculations:
1. Converting %T to A:

%T = I/I0 *100
80,9= I/I0 *100
I/I0 =80.9%/100
I/I0 =0.809

A=-log(I/I0)
A=-log(0.809)
A=0.0921

2. Calculating the value of unreacted ACr(III)
ACr(III)= A -At
ACr(III)=1.41-0.0921
ACr(III)=1.32
           3. Calculating the value of log ACr(III)

log ACr(III)= log(1.32)
log ACr(III)= 0.121

  4.Calculating the instantaneous rate(IR) at a certain time

IR=y/xy/x
IR= ACr(III)/ time
IR=1,32/2minutes
IR=0.660M/min

5. Calculating the log of instantaneous rate

log (IR)= log(0,660)
log (IR)=-0.180




















Discussion:
In experiment 4, the main purpose was to determine the rate of a reaction between ethylene (dinitrilo) tetraacetate (EDTA) and chromium (III) nitrate. For that to be achieved, we reacted the two solution and collected data. From the data we were able to get the absorbance from the transmittance using the following equations: %T=Tx100% and A=-logT 
From the Absorbance we were able to get the absorbance of the Chromium using ACr(III)= A -At 
As expected, The Solution of EDTA with the highest pH value (5) had the smaller percentage transmittance and the one with the smallest pH value (4) had the biggest percentage transmittance (see data table). This is due to the concentration of hydrogen ion, which is higher in a low pH solution. With all the data, we were able to graph curves representing our data and from graph we were able to calculate the rate of the reaction. For the calculation of the instantaneous rate, we used IR=y/xy/x because this reaction is a reaction that normally takes more than 6 hours for the chromium to be completely consumed. But since we only did the reaction for only an hour and forty minutes, the graph that we got is more of a line instead of a curve. So if we use y/x the value will be equal to zero because the tangent at one point of the graph will be parallel to the X-axis. But if we approximate our Y values, which are the absorbance value in our case, we will be able to get values that can be helpful in determining the rate of the reaction. Note that the temperature is a key element in our experiment because the reaction is very slow at room temperature, that it is why we have to heat the solution so that we can accelerate the reaction and consume all the chromium and get the complex in less time. Graph 2 was made in order to see how the concentration of chromium changes over time. If the change of that concentration does not change over time, then the reaction would be of zero-order, but if it decreases over time then it is either a first or second-order reaction. Graph 2 shows that our reaction is not a zero-order reaction. In graph 3 the slope of the graphs are the same, and the rate seems to be directly proportional to the amount of chromium for both our lines. The slope of those graphs is one and that means that we have a first-order reaction. 
We have a number of source of errors inherent to this experiment. The first one is the temperature of the room, which kept decreasing until reaching 19.6 degrees. This made the temperature of the water bath go down and it decreased the rate of the reaction. The second error is the time interval at which we collected our data; because we were using one spectrophotometer as a group of more than 8, we were delayed on some of the data. So the time interval set at 5 minutes was not respected and hence may have modified some of our numbers. 
In conclusion the color of the solution for the three pHs was a stable purple, which means that the chromium was consumed completely and we had the chromium complex as expected.




Conclusion:
From graph 3, which is the log of the rate as a function of the log of the absorbance of the chromium we were able to conclude that our reaction was a first-order reaction. The slope of the equation was equal to 1. In brief the formation of the complex is first order with respect to chromium and is inversely proportional to hydrogen ion concentration.
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Experiment 4:
Chemical Kinetics

Name: Michel

Student No:

Partner's Name:

Student No:

Section: 9

Demonstrator:
Khalid Al-Zahrani



