EXPERIMENT 4
CHEMICAL KINETICS
Introduction
	Chemical kinetics studies how fast reactants change into products in a chemical reaction. It focuses on the reaction rate of an equation, the change in the amount of reactants or products over time. The rate varies between reactions and is determined from the nature of the reactants. Reactions such as explosions and the ripening of fruit occur over a different range of time. Since the reaction rate is given by the change in amount of reactants or products over time, we can derive the equation
Rate = change in concentration / change in time
	If the concentration of the reactant decreases as the reaction occurs, then we put a negative sign around the rate equation to ensure it is positive. For the rate of an entire reaction with multiple reactants, the rate can be expressed as
Rate = k[A]m[B]n
Where A + B  Product
	This is called the rate law, and it expresses the rate as a function of the reactant (or product) concentrations. K is a proportionality constant called the rate constant and it is specific for a given reaction at a given temperature. The square brackets around A and B indicate that it is the concentration of the reactants we are multiplying. The exponents m and n are the reaction orders and depending on what the value of the exponent is, they determine how the rate is affected by the reactant concentration. The reaction orders have to be found experimentally and are not related to the balancing coefficients in the chemical equation.
	One method to finding the reaction orders is through the emergence of a colored species over time. For this, we use a spectrophotometer to find the transmittance and absorbance of light in the solution that becomes colored over time. Transmittance is the ratio of the intensity of light after it passes through a medium to the intensity of light before it passes through that medium.
T = I / IO
Absorbance is the capacity of a substance to absorb light of a certain wavelength (in this experiment it is 545 nm), and it can be found through the following equation,
A = -logT
Absorbance needs to be found because it is related to the concentration as shown in this equation,
A = εbc
	The symbol ε is the molar absorptivity coefficient. B is the path length and c is the concentration of the absorbing species in the solution. In this experiment, the path length is constant so the only changing variable is the concentration. Graphing the concentration over time and graphing the absorbance over yields no difference and so we form a graph to show the change in [Cr(III)] over time.
	In order to make the last graph, the rate needs to be found. The rate for the reaction in this experiment can be expressed as,
Rate = -d[Cr(III]/dt = + d[Cr(III) – EDTA]/dt = k[Cr(III)]a[H+]b
	The concentration of the EDTA is neglected in the equation because it is in excess and so its concentration did not change. H+ is a reactant that we include because there is an excess of it because of the acidic pH of the EDTA, but it is also constant because the solutions were buffered to prevent the concentration of H+ from changing. The reaction then gets rewritten as,
Rate = k[Cr(III)]a
	We can find the rate by taking the logarithm of both sides,
Log Rate = a log[Cr(III)] + logk
	Graphing the log rate over log ACr(III) can give us the partial order with respect to the Cr(III) ion. The partial order is the value a which is also the slope of the graph.
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Procedure
Refer to lab manual (What in the World Isn’t Chemistry, Dr. Rashmi Venkateswaran, 2013, Exp. 4, p. 52-54).
Observations
	The first thing to note is that it is very easy for the spectrophotometers to become uncalibrated because it is easy to shift the knobs on the machine and the TA’s needed to recalibrate it a few times during the experiment. Another thing to note was that all the solutions eventually turned a purple color, but some had a more concentrated color than others. The solution with the 5.0 pH of EDTA in solution had the darkest purple color, while the solutions with the 4.5 pH and the 4.0 pH EDTA were a lighter purple and achieved this color more slowly than the solution with the 5.0 pH EDTA in solution. Lastly, the water bath temperature was higher than the recommended temperature and so the temperature had a tendency to drop in order to become closer to the recommended temperature.
Data and Results
Table 1 – General Data
	pH of EDTA
	4.0
	4.5
	5.0

	Volume of EDTA (mL)
	49.5
	50.0
	50.0

	Temperature of Water Bath (°C)
	22.1
	22.1
	22.1



Table 2 – Data for Run with EDTA of pH 4.0
	Time (min:sec)
	Percent Transmit-tance (%)
	Transmit-tance
	Absorbance of Solution
	Absorbance of Cr(III) Ion
	Absorbance of Cr(III) Ion (Graphical)
	Log(ACr(III) Graphical)
	Rate
	Log(Rate)

	0:0
	
	
	
	
	
	
	
	

	5:33
	80.0
	0.800
	0.0969
	1.20
	1.25
	0.097
	0.625
	-0.204

	10:15
	82.0
	0.820
	0.0862
	1.21
	1.24
	0.092
	0.618
	-0.209

	15:15
	80.0
	0.800
	0.0969
	1.20
	1.22
	0.086
	0.610
	-0.215

	20:05
	82.0
	0.820
	0.0862
	1.21
	1.21
	0.084
	0.607
	-0.217

	25:10
	82.0
	0.820
	0.0862
	1.21
	1.20
	0.077
	0.598
	-0.224

	30:05
	79.5
	0.795
	0.0996
	1.20
	1.18
	0.072
	0.590
	-0.229

	35:10
	77.0
	0.770
	0.114
	1.19
	1.17
	0.068
	0.585
	-0.233

	40:15
	79.0
	0.790
	0.102
	1.20
	1.16
	0.063
	0.578
	-0.238

	45:10
	69.0
	0.690
	0.161
	1.14
	1.14
	0.056
	0.569
	-0.245

	50:20
	73.0
	0.730
	0.137
	1.16
	1.13
	0.053
	0.565
	-0.248

	54:55
	74.0
	0.740
	0.131
	1.17
	1.12
	0.047
	0.558
	-0.254

	60:10
	74.0
	0.740
	0.131
	1.17
	1.10
	0.041
	0.550
	-0.260

	65:12
	73.0
	0.730
	0.137
	1.16
	1.09
	0.037
	0.545
	-0.264

	70:15
	72.0
	0.720
	0.143
	1.16
	1.07
	0.029
	0.535
	-0.272

	75:15
	56.0
	0.560
	0.252
	1.05
	1.06
	0.025
	0.530
	-0.276

	80:15
	50.0
	0.500
	0.301
	0.999
	1.05
	0.019
	0.523
	-0.282

	85:25
	48.8
	0.488
	0.312
	0.988
	1.03
	0.013
	0.515
	-0.288

	90:15
	48.5
	0.485
	0.314
	0.986
	1.02
	0.009
	0.510
	-0.292

	95:15
	44.0
	0.440
	0.357
	0.943
	1.01
	0.002
	0.503
	-0.299

	100:10
	46.0
	0.460
	0.337
	0.963
	0.990
	-0.004
	0.495
	-0.305

	Infinity
	4.5
	0.045
	1.3
	
	
	
	
	



Table 3 – Data for Run with EDTA of pH 4.5 
	Time (min:sec)
	Percent Transmit-tance (%)
	Transmit-tance
	Absorbance of Solution
	Absorbance of Cr(III) Ion
	Absorbance of Cr(III) Ion (Graphical)
	Log(ACr(III) Graphical)
	Rate
	Log(Rate)

	3:30
	
	
	
	
	
	
	
	

	8:30
	83.0
	0.830
	0.0809
	1.42
	1.47
	0.166
	0.733
	-0.135

	13:30
	80.5
	0.805
	0.0942
	1.41
	1.43
	0.155
	0.715
	-0.146

	18:30
	74.0
	0.740
	0.131
	1.37
	1.40
	0.146
	0.700
	-0.155

	23:30
	71.0
	0.710
	0.149
	1.35
	1.35
	0.131
	0.676
	-0.170

	28:30
	64.0
	0.640
	0.194
	1.31
	1.31
	0.116
	0.653
	-0.185

	33:30
	62.0
	0.620
	0.208
	1.29
	1.29
	0.111
	0.646
	-0.190

	38:30
	57.5
	0.575
	0.240
	1.26
	1.26
	0.100
	0.630
	-0.201

	43:30
	59.0
	0.590
	0.229
	1.27
	1.23
	0.090
	0.615
	-0.211

	48:30
	54.0
	0.540
	0.268
	1.23
	1.19
	0.076
	0.595
	-0.225

	53:30
	50.5
	0.505
	0.297
	1.20
	1.16
	0.064
	0.580
	-0.237

	58:30
	48.0
	0.480
	0.319
	1.18
	1.13
	0.053
	0.565
	-0.248

	63:30
	47.5
	0.475
	0.323
	1.18
	1.10
	0.039
	0.548
	-0.262

	68:30
	48.0
	0.480
	0.319
	1.18
	1.06
	0.025
	0.530
	-0.276

	73:30
	36.0
	0.360
	0.444
	1.06
	1.03
	0.013
	0.515
	-0.288

	78:30
	30.0
	0.300
	0.523
	0.977
	0.990
	-0.004
	0.495
	-0.305

	83:30
	28.0
	0.280
	0.553
	0.947
	0.960
	-0.018
	0.480
	-0.319

	88:30
	27.0
	0.270
	0.569
	0.931
	0.931
	-0.031
	0.466
	-0.332

	93:30
	26.0
	0.260
	0.585
	0.915
	0.890
	-0.051
	0.445
	-0.352

	98:30
	27.0
	0.270
	0.569
	0.931
	0.860
	-0.066
	0.430
	-0.367

	103:30
	24.5
	0.245
	0.611
	0.889
	0.825
	-0.084
	0.413
	-0.385

	Infinity
	3.0
	0.030
	1.5
	
	
	
	
	





Table 4 – Data for Run with EDTA of pH 5.0 
	Time (min:sec)
	Percent Transmit-tance (%)
	Transmit-tance
	Absorbance of Solution
	Absorbance of Cr(III) Ion
	Absorbance of Cr(III) Ion (Graphical)
	Log(ACr(III) Graphical)
	Rate
	Log(Rate)

	0:0
	
	
	
	
	
	
	
	

	5:00
	59.0
	0.590
	0.229
	0.595
	0.595
	-0.226
	0.297
	-0.527

	10:00
	52.0
	0.520
	0.284
	0.540
	0.580
	-0.237
	0.290
	-0.538

	15:00
	50.5
	0.505
	0.297
	0.527
	0.550
	-0.260
	0.275
	-0.561

	20:00
	50.0
	0.500
	0.301
	0.523
	0.523
	-0.282
	0.261
	-0.583

	25:00
	50.0
	0.500
	0.301
	0.523
	0.490
	-0.310
	0.245
	-0.611

	30:00
	44.0
	0.440
	0.357
	0.467
	0.467
	-0.330
	0.234
	-0.631

	35:00
	38.0
	0.380
	0.420
	0.404
	0.430
	-0.367
	0.215
	-0.668

	40:00
	36.0
	0.360
	0.444
	0.380
	0.380
	-0.420
	0.190
	-0.721

	45:00
	38.0
	0.380
	0.420
	0.404
	0.370
	-0.432
	0.185
	-0.733

	50:10
	36.0
	0.360
	0.444
	0.380
	0.340
	-0.469
	0.170
	-0.770

	55:03
	21.0
	0.210
	0.678
	0.146
	0.305
	-0.516
	0.153
	-0.817

	60:00
	39.0
	0.390
	0.409
	0.415
	0.275
	-0.561
	0.138
	-0.862

	65:00
	39.0
	0.390
	0.409
	0.415
	0.245
	-0.611
	0.123
	-0.912

	70:03
	28.0
	0.280
	0.553
	0.271
	0.215
	-0.668
	0.108
	-0.969

	75:05
	23.0
	0.230
	0.638
	0.186
	0.186
	-0.731
	0.093
	-1.032

	80:00
	18.5
	0.185
	0.733
	0.091
	0.150
	-0.824
	0.075
	-1.125

	85:10
	20.0
	0.200
	0.699
	0.125
	0.125
	-0.903
	0.063
	-1.204

	90:00
	13.0
	0.130
	0.886
	-0.062
	0.090
	-1.05
	0.045
	-1.347

	95:00
	15.0
	0.150
	0.824
	0.000
	0.060
	-1.22
	0.030
	-1.523

	100:00
	13.0
	0.130
	0.886
	-0.062
	0.030
	-1.52
	0.015
	-1.824

	Infinity
	15.0
	0.150
	0.824
	
	
	
	
	



Sample Calculations
Run with EDTA of pH 4.0
Time (m:s) = 5:33
Percent Transmittance = 80.0
Transmittance = Percent Transmittance / 100 = 80.0 / 100 = 0.800
Absorbance (A) = -log10(Transmittance) = -log10(0.800) = 0.0969
AInfinity = 1.3
Absorbance of Cr(III) = AInfinity – At = 1.3 – 0.0969 = 1.20
ACr(III) Graphical = 1.25
Rate = y/Δx = ACr(III) Graphical / Δ Time = 1.25 / 2 minutes = 0.625
Log Rate = log10(0.625) = -0.204
Run with EDTA of pH 4.5
[bookmark: _GoBack]Time (m:s) = 8:30
Percent Transmittance = 83.0
Transmittance = Percent Transmittance / 100 = 83.0 / 100 = 0.0830
Absorbance (A) = -log10(Transmittance) = -log10(0.830) = 0.0809
AInfinity = 1.5
Absorbance of Cr(III) = AInfinity – At = 1.5 – 0.0809 = 1.42
ACr(III) Graphical = 0.166
Rate = y/Δx = ACr(III) Graphical / Δ Time = 0.166 / 2 minutes = 0.733
Log Rate = log10(0.733) = -0.135

Run with EDTA of pH 5.0
Time (m:s) = 5:00
Percent Transmittance = 83.0
Transmittance = Percent Transmittance / 100 = 59.0 / 100 = 0.0590
Absorbance (A) = -log10(Transmittance) = -log10(0.590) = 0.229
AInfinity = 0.824
Absorbance of Cr(III) = AInfinity – At = 0.824 – 0.229 = 0.595
ACr(III) Graphical = 0.595
Rate = y/Δx = ACr(III) Graphical / Δ Time = 0.595 / 2 minutes = 0.297
Log Rate = log10(0.297) = -0.527

Discussion
	The most prominent source of error is found in the spectrophotometer. It was very easy to shift the knobs by accident after taking a sample, and the TA’s needed to recalibrate the machine a few times during the laboratory experiment. This explains why the first graph is not a perfect curve and also explains jumps in the range of data. Where the absorption of the Cr(III) ion dropped, that is most likely where the spectrophotometer was uncalibrated. This also explains the results for the run with the 5.0 pH EDTA and why the absorption for Cr(III) went into the negative range at the end, the machine was recalibrated right before the last percent transmittance was taken.
	As noted in the observations, it was difficult maintaining a constant temperature with the water bath because the water kept trying to adjust to room temperature. Therefore, during some parts of the experiment, the temperature was off almost by as much as 0.7 degrees Celsius. As a result, the data is not perfectly accurate.
	Recording the time at which the perfect transmittance could not be exact to the second (but within a reasonable range) because the time was measured right before or after the percent transmittance was read.
	The rate that was calculated from graph 1 used the formula y/Δx instead of Δy/Δx because two sets of reference points would need to be used for that. Since the experiment was done with errors, no point on the graph is sure to be exact, even if data was recorded at time 0.
	Graph 2 was made in order to see how the concentration for a reactant (in this case, Cr(III)) changes over time. If the decrease of Cr(III) ions does not change over time, we have a zero-order reaction, but if the decrease slows then we either have a first-order or a second order reaction. We can see from the curve that this is not a zero-order reaction we dealt with in the lab.
	According to graph 3, the rate seems to be directly proportional to the amount of Cr(III) ions for both the lines. The slope of the line should be the same for both because we are dealing with the same reactants in the same concentration. This graph tells us that the reaction is first order. 
Conclusion
	According to the slope, which is also the value for the partial order of the reaction according to the concentration of Cr(III) ions, of both lines in graph 3, we can conclude that we dealt with a first-order reaction in the lab.
