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TITLE: CHEMICAL KINETICS

INTRODUCTION:

From the name “chemical kinetics”, it is clear that chemicals reactions also have
some sorts of movement within them during a given reaction. This eventually bags the question
“how fast”. Chemical kinetics is defined as the study of factor that control the rate of reaction
and how the reactions occur. Knowing that this has to do with the ratio of two media, we use
the rate law equation is undoubtedly the working formula. So in any chemical equation given as

We can say that the rate is shown as

Rate a [C]™ [D]"
Where [C] & [D] are the concentrations of the reactants C & D respectively, and m & n
exponents are the reaction orders which show how the rate of the reaction is affected by each
reactant concentration. The sum of m and n gives the total order of the whole reaction. The
rate expression can be turned into the equation

Rate =k [C]™ [D]"
Where k, is the proportionality constant (rate constant) which is specific by reaction and does
not change when the reaction does but changes with temperature.

The rate of reaction can also be determined through graph method, it is called the
“instantaneous rate of change” which is a common name. It is gotten from the slope of the
graph.

EXAMPLE: For a graph which plots temperature (T) as a function of time (t), the slope is gotten
from the equation

DT/Dt
Where DT is the change in temperature gotten by dividing the difference between any two
points on the y-axis (temperature) by the difference between any two points on the x-axis
(time).

PROCEDURE: As described in the lab manual “chemical kinetics” by Dr. Rashmi Venkateswaran.

OBSERVATIONS:

The reaction had a transparent greenish gray colour when Cr(lll) ion was originally
added but turned dark purple during the process of heating it for all 3 runs

The colour change of the last run was not as severe as the first two.

CALCULATIONS:

Rate = [Cr(Ill)]™[EDTA]"[H*]P

Where; EDTA and H* are kept constant

Rate =k’ [Cr (1II)]™

Where k’= [EDTA]" [H*]P

Using the log rule, we have

Log[Rate] = Logk’+ m Log [Cr(lll)]

The equation takes the linear form of equation



Y=b+mx

Plotting Log [Rate] as a function of Log [Cr (lII)]

The slope gotten from the plot will give the rate order
For the first run, the slope was gotten as 4.078 approx., 4
The order with respect to [Cr (lll)] is 4 from pH EDTA 4
The second run gave a slope of 8.431 approx. 8

The order with respect to [Cr (IIl)] is 8 from pH EDTA 4.5
The third run gave a slope of 0.9881 approx. 1

The order with respect to [Cr (Ill)] is 1 from pH EDTA 5

DISCUSSION:

The purpose the whole reaction was to achieve the rate order with respect to Cr(lll) in the
long run. For the second run we did not run the standard 40minute time plus 2minutes we
were asked to but rather, because of time factor we were instructed to run somewhere
between 20-30minutes and then 2minutes, so this might be a source of error. The curve of the
first run of the first graph was not exactly a drop because it took time for the reaction to get
started so this might be another source of error. The normal waiting time for the experiment is
about 6 hours at room temperature because it is temperature based but time was not in our
favour, so the reaction was sped up by heating and then cooling. This is another likely source of
error. This is assumed to be the result after 6 hours. For the graph plots, the values in the
original table were not used but rather modified to get the values for the plots. For the first
graph which was a plot of the chromium ion absorbance (A Cr (lll)) as a function of time, we
subtracted the absorbance at any time (t) from the absorbance at the final time (A-). For the
second graph, we plotted the log of chromium ion absorbance (log [A Cr(Il)]) as a function of
time (t). We then got the rate which was gotten for negative derivative of the chromium ion
absorbance and then found the log of the rate of each value (log rate). This brought rise to the
third graph which was a plot of (log rate) as a function of (log[A Cr(lll)]). To get the order with
respect to Cr(lll), we need the concentration, but we were given the absorbance. Therefore the
formula

A=¢gbc
Where A is the absorption, b is the path length, g represents the molar absorptivity and c is the
concentration. The path length and molar absorptivity are relatively constant so the absorption
and concentration are proportional. The assigning of the runs with the pH values are as follows
Run 1-EDTA 4
Run 2-EDTA 4.5
Run 3-EDTA 5

CONCLUSION:

The partial order with respect to Cr (lll) is:
4 from pH EDTA 4

8 from pH EDTA 4.5

1 from pH EDTA 5
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Time |s@ 541 1jbsorbancy ACr ACrlly | Thinal jog ACr(lllf Rate log Rate

(min) (%)
i 0 82299 0084605 1.079 1 2 0.0200 0.02104 -1.677) ||
R 2 76364 011711 1.046 1 4 0002 002174 -1.663
_ 3 4 69513 015793 1.005 0 6 0018 002233 -1.651
4 6 62617 020330 0.960 0 8 -0.039 002235 -1.651
3 | 8 56421 024856 0915 0 10 -0.060 0.02217 -1.654
_ 6 | 100 50.936] 029298 0.870 0 12 -0.083 0.02180 -1.662
7 120 45984 033739 0626 0 14 0107, 002110 -1.676
N 14 41609 038081 0.782 0 16 0130, 0.02030 -1.692
9 | 160 37.853 042190 0741 0 18 -0.154) 0.01943 -1.711
10 | 18 34509 046206 0701 0 20 0178 0.01834 -1.737
E'L 200 31615 050011 0.663 0 22 -0.202] 0.01724 -1.763
12 22 29148 053540 0628 0 24 -0.226) 0.01617 -1.791
13 24 26976 056903 0.594 0 26 -0.249) 001526 -1.817
14 200 25122 059994 0.563 0 28 0273 0.01459 -1.836
15 | 28 23467 062955 0.534 0 30 -0.296) 001412 -1.850
16 | 30 22021 065716 0.506

17 32 6.867 1.1632 0.000
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Time |s @ 541 fjbsorbancy A Cr A Cr(l) Tfinal jog ACr(lll)| Rate log Rate

(min) (%)
1] 0 57.383 024122 1572 1.554 2 0192 000729 2137 [|1=l
2 | 2 55057 025919 1554 1.540 4 0.187 0.00736 -2.133
3 | 4 53271 027351 1.540 1.524 ] 0.183 0.00720 -2.142
4 | 6 51409 028896 1524 1.510 8 0179 000678 -2.168
ol 8 49731 030337 1510 1.497 10 0175 000643 -2.192
_6 | 10 48292 031613 1497 1.488 12 0173 0.00770 -2.114
i 12 47297 032516 1488 1.465 14 0.166 0.00839 -2.076
_8 | 14 44846 034828 1465 1.451 16 0.162 000748 -2.126
9 | 16 43406 036245 1.451 1.437 18 0157 0.00711 -2.148
10 | 18 42.010 0.37664 1437 1.423 20 0.153  0.00679 -2.168
011 20 40739 038999 1423 '

22 1537 18134 0.000
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Time |5 @ 541 fjbsorbancy A Cr ACr(llly | Tfinal |og A Cr(lll} Rate log Rate L

(min) (%) B

1 0 97203 0012321 1.701 1.699 2 0230 0.00131 -2 882 |l

2 2 96935 0013520 1.699 1.697 4 0230 000130 -2.886
3 4 96.344 0.016174 1.697 1.694 3] 0.229 0.00130 -2.887
4 6l 95784 0018708 1.694 1.692 8 0228 000135 -2.870
b 8 95224 0021256 1.692 1.689 10 0228 000139 -2.857
[} 100 94587 0.024169 1.689 1.686 12 0.227 0.00151 -2.822
7 120 94.056 0.026616 1.686 1.683 14 0.226 0.00159 -2.800
8 14 93.266 0.030278 1.683 1.680 16 0.225 0.00155 -2.809
a 160 92.640 0.033201 1.680 1.676 18 0.224)  0.00151 -2.821
10 180 91.942 0.036485 1.676 1.674 20 0.224)  0.00147 -2.833

11 200 91.360/ 0.039243 1.674 1.671 22 0.223 0.00154 2.812|| H
12 220 90,759/ 0.042110 1.671 1.667 24 0.222 0.00157 -2.803
13 24/ 90.054] 0.045499 1667 1.664 26 0221 000153 -2814
14 260 89417 0.048579 1.664 1.661 28 0.2200  0.00153 -2.815
15 28 88.813/0.051523 1.661 1.658 30 0.2200  0.00153 -2.816
16 30, 88165/ 0054703 1.658 1.655 32 0219 0.00149 -2.826
17 32| 87562/ 0057683 1.655 1.652 34 0218 0.00145 -2.837

18 34 86.957| 0.060694 1652 1.649 36 0217 000138 -2.859 E

19 360 86.379 0.063594 1.649 1.647 38 0217 0.00141 -2.852 ||«

20 38 85901 0066001 1647 1.644 40 0216 000149 -2.827||| |

21 40, 85278/ 0.069163 1.644 b

22 42 1937 17129 0.000 E

23 fr

] 1 r =l A




Raw data sheet for the 3 runs

T Run 1 Run 7 Run 3
Time |s @ 541 ibsorbancy Time s @ 541 fibsorbancy Time s @ 541 fibsorbanc
{min) (%) (min}) (%) (min) (%)
1 0 97.203 0.012321 0 57383 024122 0 82.299 0.084605
2 2 96.935 0.013520 2/ 55.057 025919 2 76.364 011711
3] 4 96.344 0.016174 4 53271 027351 4 69513 015793
4 6 95784 0018708 6 51409 028896 B 62617 020330
5 | 8 95224 0021256 8 49731 030337 8 56421 024856
6 10 94 587 0024169 10 48292 031613 10 50936 029298
T ] 12 94 056 0026616 12 47297 032516 12 45984 033739
8 14 93266 0030278 14 44 846 034828 14 41609 038081
_9 ] 16 92640 0.033201 16 43406 036245 16 37.853 042190
10 18 91.942 0.036485 18 42010 037664 18 34509 046206
DL 200 91.360 0.039243 20 40739 038999 20 31.615 050011
12 22 90759 0.042110 22 1537 16134 22 29148 053540
13 | 24 90.054 0.045499 24 26976 056903
14 | 26 89417 0048579 26 251220 059994
215 | 28 88813 0051523 28 23467 062955
16 | 300 88165 0054703 30 22021 065716
A7 32 87562 0057683 32 6867 11632
18 | 34 86957 0060694
19 | 36 86.379 0.063594
20 | 36 85901 0.066001
21 ] 400 85278 0.069163
22 42 1937 17129




