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Checklist:

· Raw Data Sheet copy attached

· 9 curves [3 for A vs t; 3 for log A vs t; 3 for log Rate vs log A] attached
· Completed formal report typed and attached

Student’s Initials MM
Introduction

The speeds of chemical reactions vary at different rates tremendously. Some reactions may have a high rate of change, whereas, some reactions have a very slow rate of change. Chemical kinetics is the study of the factors that affect and control the rates at which reactions progress and how they affect chemical mechanisms that allow the progress of a reaction. The order of a reaction is defined as the rate of a reaction that is dependent on the concentration of the reactants. The order of a reaction must be determined experimentally. 

The rate is proportional to the product of the concentrations of the reactants and each of the concentrations are raised to a power. Rate of a chemical reaction can be described by this equation:

Rate = k [A]n[B]m

Where ‘n’ and ‘m’ refer to the order of the reaction with respect to the reactants A and B

In this experiment the formation of the chromium (III) –EDTA complex is a multiple step process, and involves a number of slow steps, the colour perceived is actually a mix of many different transitional colours. Chromium (III) is inversely proportional to the concentration of hydrogen ions. This reaction has a slow rate. The wavelength of the sample that is being studied has the highest absorbance. Changes in the pH of the chromium (III) –EDTA complex or the wavelength of the sample that is being studied will have a significant effect on the final result.

The experiment is conducted with three different pH levels (4, 4.5, 5) The rate equation for this specific experiment is:

Rate = k[Cr(III)]a [H+ ]b

Spectroscopy is the study of the interaction of electromagnetic radiation with matter. Two important terms in spectroscopy are transmittance and absorbance. Transmittance is defined as the ratio of the intensity of light after it passes through the intermediate being studied (I) to the intensity of light before it passes through the medium (IO). Transmittance is given by the equation:

T = I/Io

Absorbance is the measure of the capacity of a substance to absorb light of a specified wavelength. Absorbance is related to transmittance as follows:

   
 A= -log T

Absorbance follows a logarithmic scale. This makes it more difficult to read the absorbance accurately on the spectrophotometer. The relationship between absorbance and concentration is called the Beer- Lambert law, the relationship is shown as: 

A=ε bc 

Where ε is the molar absorptivity coefficient, b is the path length, and c represents concentration of the absorbing species in the solution. Since the ε stays constant for the same substance, the equation above states that absorbance is directly proportional to the concentration of the substance. 

At the end of the experiment, the solution must be  heated to 100(C to ensure all of the chromium ion has been transformed into the Cr (III) – EDTA complex. The value for absorbance at an infinite time is shown as A(. This reading represents absence of Cr (III) from the solution. This Value is be used to find the amount of unreacted Cr(III) at any time. The equation of this reading is given as:

A Cr(III) = A∞ - At 

Partial order can be obtained when the values of A Cr(III) are plotted as a function of time for different pH values, and a group of rate curves are obtained. Instantaneous rate can be determined by taking the slope of the tangent. 

Pseudo first order kinetics occurs only when the concentration of the Cr(III) ion is changed. If pH and the concentration of Cr(III) ions is changed at the same time, it is impossible to tell which change is causing the effect on the rate of the reaction. In order to determine the effect of Cr(III) on the rate, the pH is held constant while the concentration of Cr(III) changes. If rate is directly proportional to the concentration of Cr(III), then the order is 1 and the reaction shows pseudo first order behaviour. 

Procedure

Refer to the experiment 3 lab manual 

Raw Data
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Data & Observations

Beginning

[C] of EDTA= 0.1 M

Volume of EDTA= 15 mL

Min %T Value= Trans @ 544.8 

Trial 1:

pH EDTA = 4.0

[C] EDTA =0.1 M 

Volume of EDTA= 10 ml 

%T @ 20 min = 67.818 %

%T @ 22 min = 0.892

Trial 2:

pH EDTA = 4.0

[C] EDTA =0.1 M 

Volume of EDTA= 10 ml 

%T @ 20 min = 62.333%

%T @ 22 min = 0.971%

Trial 3:

pH EDTA = 4.0

[C] EDTA =0.1 M 

Volume of EDTA= 10 ml 

%T @ 20 min = 22.552%

%T @ 22 min = 0.952 %

Observations:

· When the solution in the test tube was placed into the boiling water bath the solution changed colour in less than one minute from a light blue to a deep purple colour

· The sample that was heated in all trails changes colour quickly

· The sample that was placed in the spectrometer changes colour slowly throughout the experiment

pH 4.0

	Time (min)


	% Transmittance
	Absorbance

	0


	82.1051372689
	0.0856296684867

	1


	81.5257141794
	0.0887053880103

	2


	81.113189736
	0.090908519848

	3


	80.5631901162
	0.0938633450558

	4


	79.9619620984
	0.0971165577499

	5


	79.2899060658
	0.100782096654

	6


	78.628246873
	0.10442140743

	7


	77.7783778464
	0.109141118783

	8


	76.9925652373
	0.113551210312

	9


	76.2365686559
	0.117836659161

	10


	75.5504320126
	0.121763047934

	11


	74.8341325045
	0.125900271423

	12


	74.0738344019
	0.130335173689

	13


	73.2658990227
	0.135098116932

	14


	72.5702873101
	0.139241157517

	15


	71.7930276434
	0.143917731287

	16


	70.8982192367
	0.149364672932

	17


	70.1347534483
	0.15406672539

	18


	69.4027331468
	0.158623426271

	19


	68.5006805324
	0.164305113909

	20


	67.8175289806
	0.168658038351

	21


	0.902575946302
	2.04451624463

	22


	0.892296405175
	2.04949085667


pH 4.5

	Time (min)
	% Transmittance
	Absorbance

	0


	86.18246393
	0.0645810937252

	1


	85.7010344576
	0.0670139358771

	2


	85.4859963015
	0.0681050224308

	3


	84.7058757298
	0.0720864632405

	4


	83.9002171292
	0.0762369152393

	5


	82.863663954
	0.0816358675641

	6


	81.7468002247
	0.087529237713

	7


	80.515911137
	0.0941182881267

	8


	79.0877984575
	0.101890513611

	9


	77.7506925364
	0.109295733962

	10


	76.325681935
	0.117329306789

	11


	74.9897171945
	0.124998284233

	12


	73.6419700289
	0.132874602009

	13


	72.1783808809
	0.141592864343

	14


	70.9525272071
	0.149032131108

	15


	69.424116295
	0.158489639711

	16


	68.0267556512
	0.167320241025

	17


	66.7291826488
	0.175684194695

	18


	65.4110046666
	0.184349180362

	19


	64.0795265129
	0.193280705937

	20


	62.8333406719
	0.201809849455

	21


	0.96560237846
	2.01520167316

	22


	0.970522913176
	2.01299420685


pH 5.0

	Time (min)
	%T
	Absorbance

	0
	74.092538506
	0.130225525473

	1
	71.6757198509
	0.14462793667

	2
	68.5918604112
	0.163727417649

	3
	64.9360158462
	0.187514361061

	4
	61.018700342

	0.214537046781

	5
	57.2465917474
	0.242250364523

	6
	53.2940160375
	0.27332155172

	7
	49.369919462

	0.306537581252

	8
	45.9232791375
	0.33796710884

	9
	42.4176969421
	0.372452915086

	10
	39.616877481
	0.402119757627

	11
	36.9848351296
	0.431976312949

	12
	34.3627892144
	0.463911591894

	13
	32.2856330494
	0.490990693627

	14
	29.912068708

	0.524153550279

	15
	28.3679433824
	0.54717214852

	16
	26.565789032
	0.575677280558

	17
	24.9836265911

	0.602344519758

	18
	23.6909213354
	0.625418049319

	19
	22.4747910336
	0.648304337565

	20
	22.5523820507
	0.646807579869

	21
	51.4473145737
	0.288637289439


	22
	0.952036829603
	2.02134625058


 



Comparison of A Cr (III) Vs. Time for all Runs
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Comparison of log A Cr (III) Vs. Time for all Runs
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log Rate Vs. log A Cr (III) for Run 1
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log Rate Vs. log A Cr (III) for Run 2
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log Rate Vs. log A Cr (III) for Run 3
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Calculations 

1.  A∞ pH 4.0= 2.04949085667
 A∞ pH 4.5= 2.01299420685 

A∞ pH 5.0= 2.02134625058

2.

	                                                                     Run 1 PH 4.0

	Time
	A(
	At
	A Cr(III) = A∞ - At

	0
	2.04949085667
	0.0856296684867
	1.96386118

	1
	2.04949085667
	0.0887053880103
	1.162354686

	2
	2.04949085667
	0.090908519848
	1.958582337

	3
	2.04949085667
	0.0938633450558
	1.955627511

	4
	2.04949085667
	0.0971165577499
	1.952374298

	5
	2.04949085667
	0.100782096654
	1.948708759

	6
	2.04949085667
	0.10442140743
	1.945069448

	7
	2.04949085667
	0.109141118783
	1.940349737

	8
	2.04949085667
	0.113551210312
	1.935939645

	9
	2.04949085667
	0.117836659161
	2.049490856

	10
	2.04949085667
	0.121763047934
	1.927727808

	11
	2.04949085667
	0.125900271423
	1.9293590584

	12
	2.04949085667
	0.130335173689
	1.919155682

	13
	2.04949085667
	0.135098116932
	1.914392739

	14
	2.04949085667
	0.139241157517
	1.910249698

	15
	2.04949085667
	0.143917731287
	1.905573124

	16
	2.04949085667
	0.149364672932
	1.900126183

	17
	2.04949085667
	0.1540667253
	1.895341831

	18
	2.04949085667
	0.158623426271
	1.89078513

	19
	2.04949085667
	0.164305113909
	1.885185743

	20
	2.04949085667
	0.16865803835
	1.880832818

	21
	2.04949085667
	2.04451624463
	0.004974612

	22
	2.04949085667
	2.04949085667
	0.000000001


Discussion

Through the observation of the log A Cr(III) it is clearly shown that whether or not the reaction displays pseudo first order kinetics. If the log of absorbance of Cr(III) is linear, then the partial order for the reaction is 1. The line of best fit will help us determine how linear the line of best fit is, making it easier to determine whether the reaction shows a pseudo first order reaction or does not show a pseudo first order reaction. The rate of change of the absorbance of Cr(III) gives us the instantaneous rate of the reaction. 

Through the 3 trials for the first graph for the absorbance of Cr(III) trials 1 and 2 are less linear than trial 3. This represents the fact that during the trial of run 3, the At was lower than expected, which suggests the concentration of Cr(III) during that time has risen. For the second graph of Log A Cr(III) the results matched the expectation. The line of best fit allows not only for the reader but the experimenter as well to determine whether or not the reaction represents pseudo first order kinetics. 

The graph for log rate over log A Cr(III) for the runs one to three do not have a slope of 1, the reason behind this is due to the fact that there could be errors caused by the inaccurate measuring of Cr(III) when dropped into the EDTA to form the complex, this inaccurate measurement would significantly affect the rate of the reaction.

 
One of the main reasons for trouble when comparing the 3 runs occurs due to time constraints, the first run was allowed to run for 30 minutes, while the second and third runs were only run for 20 minutes. This was due to not having enough time to conduct all 3 of the runs for 40 minutes. Due to this reason, the graphs for runs one throughout three cannot be compared accurately as it is unknown what happens to the graphs of run 2 and 3 after 30 minutes. Since the concentration of the reactants have a difference on the rate of the reaction. the amount of chromium nitrate drops that were put into the solution can have an effect on the rate of the reaction. The volume of the chromium nitrate was not properly measured when dropping it in the EDTA solution. The amount recommended was 3 drops, however, depending on the pressure applied on the bottle when dropping the chromium nitrate in the volume of the Cr(III) would change. This would affect the rate of the reaction, as the concentration of reactants has an effect on the rate of the reaction. Therefore, affecting the log A Cr(III) and Log rate therefore not giving linear results when log rate is graphed over log A Cr(III).  
Conclusion
The partial rate of the reaction for run 1 is -5.9. The partial rate of reaction for run 2 is -2.07. The partial rate of the reaction is -1.36
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