Laboratory Report Cover Page

Experiment 4: Chemical Kinetics

Checklist:
Raw Data Sheet written in pen, signed by TA and attached
Report Form typed and attached

Introduction

“Chemical kinetics is the study and discussion of chemical reactions with respect to reaction

. . . . . 1
rates, effect of various variables, re-arrangement of atoms, formation of intermediates etc” . The

purpose this experiment serves is to investigate the rate of chemical reactions, and enhance our
knowledge of chemical kinetics. There are many factors that can affect the rate at which a
reaction takes place, a relevant example being the effect concentration has on a chemical
reaction. The Chemical Kinetics experiment helps us investigate this relationship. It should be
noted that the concentration of the reactants is often referred to as the order of the reaction. One
of the main goals of this experiment is to determine the partial order of the reaction between
chromium (IIT) and EDTA solution. Prior to being able to understand the results of the
experiment however; there are a couple key concepts that must first be understood:

J Rate of reaction

The rate of reaction is expressed as:

Rate = k [A]" [B™

Where ‘[A]” and ‘[B]’ are the concentrations of the reactants (mol/L), raised to a power ‘n’ and
‘m’, and ‘k’ being the rate constant. During the experiment we are asked to determine the
instantaneous rate. This can be determined using the graph of concentration vs. time, by
determining the slope of a tangent line at the desired point.



. Order

The order of the reaction refers to the exponent values ‘n” or ‘m’ in the above equation. The total
order of reaction refers to the sum of the individual orders (n+m). It is important to know that the
order of reaction can only be determined experimentally, in this experiment it will be calculated
using the graph of absorbance over time.

Procedure

As described in the lab manual2
No changes were made.

Observations

e Chromium nitrate solution was a dark blue/purple colour

e Initial solution is a light grey-ish purple transparent colour. This is the same for all pH
values.

*  The solutions appeared to be odourless

e The heated solutions rapidly changed to a dark purple/blue colour at 100 degrees.

Results

Chromium (IIT) complex at pH 4

. . Log A

Time (min) % Trans A(t) A (CrIII) Cr(IIl) Rate Log Rate

0 83.504 0.07829 1.887709537 @ 0.27593517 (2)5027369021 _31 26274073

) 70213 0.15358 1812416531 0.258258014 ' 0.015590697 @ -1.80713444
6 83 6

4 70.035 0.15469 1.811314109  0.25799377 (7)4?605 147896 _32'28837017

6 69.702 0.15675 1.809248113 2'257498128 (6)5020 2080075 -2.68192087

3 69336 0.15904 1 806959073 0256948316 = 0.001227912 @ -2.91083245
2 849 6

10 68.941 016152 1.804475022 0.256350874 | 0.001445335 @ -2.84003125
7 742 8

12 68.385 016504 1 800963936 ;).255505016 (7);8301565469 -12.80535532
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Chromium (IIT) complex at pH 4.5

Time (min)

0

10

% Trans

83.36909674

75.09430644

74.35073816

73.59711362

72.69807467

71.6468431

A

0.078994903
81

0.124392989
4

0.128714715
4
0.133139217
8
0.138477090
8
0.144802940

1.798015149

1.794905065

1.790835172

1.786656732

1.783122559

1.778572995

1.77415971

1.769544174

1.765524143

1.760310695

1.755661328

1.751345118

1.74624041

1.741085119

-4.54E-05

A (CrIID)

1.484105096

1.438707011

1.434385285

1.429960782

1.424622909

1.418297059

0.254793346
5
0.254041483
2
0253055615
4
0.252041120
1
0251181194
5
0250071693
8
0.248992712
4
0247861408
5
0.246873660
9
0.245589327
6
0.244440743
1
0243371736
1
0.242104034
1
0.240820003
6

Log A
Cr(I1I)
0.171464656
4
0.157972359
9
0.156665821
1
0.155324126
8
0.153699923
9
0.151767202
4

0.001607662
874
0.001790192
555
0.001962551
544
0.001975905
137
0.002057512
716
0.002184921
487
0.002227787
111
0.002221780
931
0.002303115
694
0.002378913
926
0.002319450
606
0.026500479
48
0.103776214
6

0.352162421

0.629456180
2

Rate

0.005054658
45
0.003116649
09
0.001399517
221
0.000928071
8619
0.000866455
6113
0.000937048
0173

-2.79380501
7
-2.74710025
3
-2.70717892
8

-2.70423391

-2.68665747
2
-2.66056416
4
265212631
3
265329876
5
263768424
5
262362127
1
-2.63461487
2
-1.57674626
8
-0.98390217
5
-0.45325698
92
-0.20103449
8

Log Rate

229630818
5
-2.50631209
3
-2.85402175
3
-3.03241839
4
-3.06225368
1
-3.02823815
4
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66.01286655

64.88192004

63.68844216

62.53109267

61.39287095

60.28285781

59.15820528

58.11566215

57.23896287

56.10296464

55.20411073

2.734597527

0.150718469
6

0.157889943
2
0.164549849
8
0.172374713
8

0.180371408

0.187876306
6
0.195939373
9
0.203903982
3

0.211882057

0.219806167
4
0.227985009
9
0.235706809
6

0.242308244

0.251014188
8
0.258028581
7

1.563106583

Chromium (IIT) complex at pH 5.0

Time (min)

0

10

% Trans

83.35356425

75.55343706

7487430062

73.70759741

72.33662866

70.69583794

A ()
0.079075824
71

0.121745774

0.125667221
2
0.132487744
9

0.140641736

0.150606153
6

1.41238153

1.405210057

1.39855015

1.390725286

1.382728592

1.375223693

1.367160626

1.359196018

1.351217943

1.343293833

1.33511499

1.32739319

1.320791756

1.312085811

1.305071418

-6.58E-06

A (CrIII)

1.619624175

1.576954226

1.573032779

1.566212255

1.558058264

1.548093846

0.149952029
7
0.147741249
3
0.145678044
2
0.143241351
1
0.140736943
3
0.138373346
1
0.135819542
3
0.133282093
4
0.130725403
7
0.128171020
8

0.125518672

0.122999585
4
0.120834349
5
0.117962239
1
0.115634278
5

Log A Cr(I1I)
0.209414250
6
0.197819087
3
0.196737772
5
0.194850617
8
0.192583694
2
0.189797284
3

0.001005305
457
0.001069533
386
0.001132474
993
0.001204251
469
0.001220093
146
0.001237319
752
0.001262864
212
0.001273229
095
0.001281611
461
0.001287406
972
0.001271332
44
0.001220505
173
0.001250463
716
0.001265117
453
0.001219921
25

Rate
0.016033768
15
0.010073876
61
0.005100164
815
0.004212786
165
0.004450188
515
0.005045658
901

-2.99770196

-2.97080565
4
294597137
9
291928281
5
291360701
3
-2.90751805
4
-2.89864334
4
-2.89509344
6
-2.89224361
8
2.89028414
3
-2.89574087
1
291346037
6
-2.90292890
6
-2.89786915
3
291366820
4

Log Rate
-1.79496440
1
-1.99680337
3
-2.29241578
9
-2.37543058
4
-2.35162159
1
-2.29708211
2
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69.01688326

67.14885907

65.47755861

63.56311607

61.78489051

59.91020999

58.20524473

56.49315283

54.91406523

53.5762829

2001206438

0.161044656
9

0.172961362

0.183907522

0.196794820
4
0209117718
6
0.222499158
2
0.235037880
4

0.248004187

0.260316404
8
0.271027420
8

1.698708109

** In each of the below graphs:

Pink represents a pH value of 4.0
Red represents a pH value of 4.5
Blue represents a pH value of 5.0

A Cr(III) as a function of time

Log A Cr(III) as a function of time

1.537655343

1.525738638

1.514792478

1.50190518

1.489582281

1.476200842

146366212

1.450695813

1.438383595

1.427672579

-8.11E-06

Log Rate and a function of Log A Cr(III)

0.186859001
7
0.183480144
5
0.180353139
9

0.176642515

0.173064497
7
0.169145448
6
0.165440833
2
0.161576357
6
0.157874721
3
0.154628618
2

0.005490295
967
0.005733441
235
0.005980740
485
0.006243033
07
0.006385735
28
0.006434978
312
0.006352415
531
0.025870581
91
0.088467646
24

0.290886755

0.517083478
4

226040424
3
224158463
4
222324504
2
220460436
5
-2.19478908
9
-2.19145291
3
2.19706110
1
-1.58719380
3
-1.05321552
7
-0.53627605
3
-0.28643933
84



Results

** The calculations are based off the data found in run 3 (pH 5.0) at time 22 (minutes) as shown
below.
Log A

Time (min) % Trans A(t) A (CrIID) Cr(IIn) Rate Log Rate
” 50.91020999 0.222499158 1 476200842 0.169145448 ' 0.006434978 @ -2.19145291
2 6 312 3
Transmittance:

The following is done for pH 5.0 at 22 minutes

Absorbance (AT):

Absorbance (CrIII):

Log A Cr(III):

Rate: 0.00643497

Log Rate:

Partial Order:



First Order Reaction

Discussion

Based on the information and calculations above, the reaction is found to be first order reaction. During this
experiment, three separate labs were performed, all with EDTA at a different pH level (4.0, 4.5, 5.0). Volume plays a
large role in this experiment. In this experiment, the Hydrogen concentration is negligible. Due to a smaller sample
size of 10 mL EDTA solution, and two drops of Cr(IIl), if any less solution was used then the hydrogen
concentration may need to be taken into consideration. Temperature also plays a crucial role in the experiment, due
to the reaction rate being heavily dependant on the temperature. When the solution of Cr(IIT) and EDTA (regardless
of pH) was placed in a boiling water bath, the reaction (observed by a colour change from light grey/purple to dark
purple) was almost immediate; whereas this reaction did not occur right away at room temperature. Therefore; as the
temperature increases or decreases, the reaction rates responds accordingly.

Based on the fact that each of experiments with differing pH levels all produced almost identical graphs, we can
conclude that the results are reproducible. As long as the same volumes and concentrations are used in the
experiment the same results should be obtained each time.

The graph of log A Cr(III) with respect to time has a downward linear slope, which indicates that the reaction being
observed is a first-order reaction. This slope was similar for each of the pH values, so from this we can conclude that
regardless of pH, the reaction is going to be first-order. The reason this graph was plotted as a function of time is so
the order of the reaction is visible.

The overall reaction rate is determined by the sum of the individual reactant orders. If we know based on our graphs
that the Cr(III) will produce a first order reaction, and the sum of that and the hydrogen is what determines the
overall reaction order (which we found to be 1) then it can be assumed that the Hydrogen component is a zeroth-
order reaction.

Two sources of error throughout this experiment occurred with the boiling water bath and the Cr(III) drops. The
water in the bath kept evaporating and we had to keep adding either turning down the temperature (while the
solution was not inside) or adding more water. This changes the temperature of the water as the whole bath is not at
100 degrees celsius. Another source of error was in regards to the Cr(IIT). While each solution contained two drops,
the drops were inevitably different sizes resulting in the concentration between the three varying slightly.

Conclusion:
In conclusion, the rate of reaction is directly proportional to the concentration of the reactants, and well as
temperature and volume. The results from the graphs throughout the experiment proved the reaction to be first order.
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