

introduction


The rate of a reaction is a method used to measure and describe the speed at which a chemical reaction occurs. If a reaction has a slow rate, it means that the chemicals combine at a slower rate, and thus produce products at a rate much less than one with a high reaction rate. These reactions can vary dramatically. Some reaction can take a little as a few micro seconds to complete (nitrocellulose in gunpowder), whereas others can take millions of years (the formation of natural diamonds). The understanding of reaction rates and the subsequent application of their associated chemical reactions is a critical part of today’s society. 
In this lab, we will look at three different reactions that each involve rate of reaction. They are all variations of the same, EDTA and Cr(III) reaction, but, at different pH levels. Through the usage of a spectrophotometer, we will be able to measure the absorbance of our three solutions, and knowing that it is proportional to the concentration of Cr(III) ions in the solution, graph and analyze the subsequent rates of reactions, Through these three experiments, we will examine instantaneous reaction rates, order of the reaction, and absorbance. 
The appropriate application of formulae will be crucial to the success of this lab. 

					
 

In this lab, you will use several formulas to interpret the data and determine the absorbance of both the solutions and the Cr(III) ions in the solution. Also, we will be able to interpret our graphs and prove that these reactions follows a pseudo-first-order law.

Web Source: http://www.chm.davidson.edu/vce/kinetics/RateOfReaction. David N. Blauch. Chemical Kinetics. 


procedure


As described in the lab manual:
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data, Observations and results


Given Data

Note: 	The following abbreviations will be made.
· EDTA (sodium EDTA, Na2C10H14N2O8)
· Cr(III) (chromium nitrate, Cr(NO3)3)


Table 1. Number of Drops of Cr(III) Ion Solution

	pH
	4.0-4.2
	4.5-4.7
	5.0-5.2

	Drops of Cr(III) Ion Solution
	7
	6
	5

	
	
	
	



Main experiment – chemical kinetics 


Table 2. Data from Main Experiment– Measured Data

	
	SOLUTION 1
	SOLUTION 2
	SOLUTION 3

	Temperature (°C)
	23.0
	23.0
	23.0

	Concentration of ETDA (m/L)
	0.1
	0.1
	0.1

	pH of EDTA (pH)
	4.0
	4.5
	5.0

	Volume of EDTA (mL)
	50.0
	50.0
	50.0

	Drops of Cr(III) Ion Solution
	7
	6
	5




Table 3. Data from Main Experiment – Reaction Data

	NOTES
	TIME (minutes)
	PERCENT TRANSMITTANCE OF SOLUTION 1 (%)
	PERCENT TRANSMITTANCE OF SOLUTION 2 (%)
	PERCENT TRANSMITTANCE OF SOLUTION 2 (%)

	Time of Mixing
	0
	
	
	

	Solution of EDTA and Cr(III)
	5
	83.5
	84.5
	83.0

	
	10
	84.0
	83.0
	72.5

	
	15
	82.0
	79.0
	60.0

	
	20
	81.5
	75.5
	59.5

	
	25
	80.5
	72.0
	53.5

	
	30
	79.5
	68.5
	48.5

	
	35
	78.0
	65.0
	44.5

	
	40
	77.0
	62.0
	41.0

	
	45
	75.0
	60.0
	38.0

	
	50
	74.0
	57.5
	35.5

	
	55
	73.0
	54.5
	33.0

	
	60
	71.0
	53.0
	31.0

	
	65
	70.5
	51.5
	30.0

	
	70
	69.0
	50.0
	29.0

	
	75
	68.5
	48.0
	27.5

	
	80
	67.0
	46.5
	26.0

	
	85
	65.5
	45.0
	25.0

	Time of Heating
	90
	64.0
	43.5
	24.5

	
	95
	
	
	

	Final Reading (EQ)
	100
	6.5
	9.0
	14.5




Figures – Graph

Please see appendices. 


Table 4. Observations from Main Experiment

	SOLUTION NUMBER
	OBSERVATIONS

	Solution 1
	After the time of mixing, the solution appeared to have a grayish-green tinge to it, but was ultimately quite clear. However, as time proceeded, the solution gradually turned to a light purple (translucent) colour. After heating the solution for approximately 10 minutes, it turned a much deeper shade of purple and was quite evidently that equilibrium had been reached, No other observations were made.

	Solution 2
	After the time of mixing, the solution appeared to have a grayish-green tinge to it, but was ultimately quite clear. However, as time proceeded, the solution gradually turned to a purple (translucent) colour. After heating the solution for approximately 10 minutes, it turned a much deeper shade of purple and was quite evidently that equilibrium had been reached, No other observations were made.

	Solution 3
	After the time of mixing, the solution appeared to have a grayish-green tinge to it, but was ultimately quite clear. However, as time proceeded, the solution gradually turned to a dark purple (translucent) colour. After heating the solution for approximately 10 minutes, it turned a much deeper shade of purple and was quite evidently that equilibrium had been reached, No other observations were made.








Calculations



main experiment

Equations Used:

					
 

Example Calculations:

1. Conversion of %T to A (using Solution 1 @ T+5mins).
				








2. Calculating ACr(III) for all values  (using Solution 1 @ T+5mins).







3. Calculating approximate instantaneous rate of reaction (using Solution 1 and Solution 2).

For Solution 1:
  =  =  = 0.56

For Solution 2:
 =  =  = 0.49

4. Calculating the Partial Order (using Solution 1 and Solution 2).
For Solution 1:
 =  =  = 0.10
For Solution 2:
 =  =  = 0.58

Table 5. Calculated Values for Solution 1 (Using Excel Functions).
	TIME (min)
	A VALUE
	ACr(III) VALUE
	RATE 

	0
	
	
	

	5
	0.08
	1.11
	0.56

	10
	0.08
	1.11
	0.56

	15
	0.09
	1.10
	0.55

	20
	0.09
	1.10
	0.55

	25
	0.09
	1.10
	0.55

	30
	0.10
	1.09
	0.55

	35
	0.11
	1.08
	0.54

	40
	0.11
	1.08
	0.54

	45
	0.12
	1.07
	0.53

	50
	0.13
	1.06
	0.53

	55
	0.14
	1.05
	0.53

	60
	0.15
	1.04
	0.52

	65
	0.15
	1.04
	0.52

	70
	0.16
	1.03
	0.51

	75
	0.16
	1.03
	0.51

	80
	0.17
	1.02
	0.51

	85
	0.18
	1.01
	0.50

	90
	0.19
	1.00
	0.50

	95
	
	
	

	100
	1.19
	0.00
	0.00




Table 6. Calculated Values for Solution 2 (Using Excel Functions).
	TIME (min)
	A VALUE
	ACr(III) VALUE
	RATE

	0
	
	
	

	5
	0.07
	0.98
	0.49

	10
	0.08
	0.97
	0.48

	15
	0.10
	0.95
	0.47

	20
	0.12
	0.93
	0.46

	25
	0.14
	0.91
	0.45

	30
	0.16
	0.89
	0.44

	35
	0.19
	0.86
	0.43

	40
	0.21
	0.84
	0.42

	45
	0.22
	0.83
	0.41

	50
	0.24
	0.81
	0.40

	55
	0.26
	0.79
	0.39

	60
	0.28
	0.77
	0.39

	65
	0.29
	0.76
	0.38

	70
	0.30
	0.75
	0.37

	75
	0.32
	0.73
	0.37

	80
	0.33
	0.72
	0.36

	85
	0.35
	0.70
	0.35

	90
	0.36
	0.69
	0.34

	95
	
	
	

	100
	1.05
	0.00
	0.00



	
Table 7. Calculated Values for Solution 3 (Using Excel Functions).
	TIME (min)
	A VALUE
	ACr(III) VALUE

	0
	
	

	5
	0.08
	0.76

	10
	0.14
	0.70

	15
	0.22
	0.62

	20
	0.23
	0.61

	25
	0.27
	0.57

	30
	0.31
	0.53

	35
	0.35
	0.49

	40
	0.39
	0.45

	45
	0.42
	0.42

	50
	0.45
	0.39

	55
	0.48
	0.36

	60
	0.51
	0.33

	65
	0.52
	0.32

	70
	0.54
	0.30

	75
	0.56
	0.28

	80
	0.59
	0.25

	85
	0.60
	0.24

	90
	0.61
	0.23

	95
	
	

	100
	0.84
	0.00





discussion


Through the experiment, our lab partner and I exercised both accuracy and consistency with our experiment, and thus we did not encounter very much in the way of error. However, there were a few observations made that could have had an impact on the overall effectiveness of the experiment,
Firstly, we noticed that one of the cuvettes had some significant scratches on the side of its body. This could have imposed error on our data, by falsely decreasing the percent transmittance when we measured our samples using the spectrophotometer. However, this would have only cause a shift in the initial reading, because the scratch was present for the entire experiment. Therefore, I do not think this could have caused any significant error. 
Secondly, we noticed that the temperature of our water bath varied (1-2°C) throughout the experiment, despite our efforts to level it by adding stabilizing water (hot primarily). If the temperature of the tub was warmer for part of the experiment, it could have increased the rate of the reaction because the molecules in the solutions would have been slightly more active, and thus causing more collisions.
The results of our experiment match the theory of the reaction. We determined that our reactions followed pseudo-first-order kinetics.  We also determined that the reaction of the solution with the higher pH level, proceeded at a faster rate than the reactions of the solutions with the lower pH. 
I believe that our data could be reproducible, perhaps not exactly, but certainly within a reasonable margin of error. 



conclusion

In conclusion, the results of our experiment match the theory of the reaction. We determined that our reactions followed pseudo-first-order kinetics.  We also determined that the reaction of the solution with the higher pH level, proceeded at a faster rate than the reactions of the solutions with the lower pH. This matched the theory that if the reaction involves a proton, than a more acidic solution will have a faster rate because the lower the pH the higher the concentration of protons. 
In this lab, we are not able to calculate percent error due there not being a ‘textbook’ rate of reaction for the setting of this experiment. 


appendices



Instantaneous Rates of Change:
Please see above calculations and table above.

					




Calculating Partial Order from Slope:
Please see calculations above.
Figure 1 - ACr(III) as a Function of Time
Solution 1 (pH of 4.0)	0.0	5.0	10.0	15.0	20.0	25.0	30.0	35.0	40.0	45.0	50.0	55.0	60.0	65.0	70.0	75.0	80.0	85.0	90.0	95.0	100.0	1.111686475483602	1.114279286061882	1.103813852383717	1.101157608739977	1.095795880367868	1.09036712865647	1.08209460269048	1.076490725172482	1.0650612633917	1.059231719730976	1.053322860120456	1.041258348719075	1.038189116991399	1.028849090737255	1.025690571492426	1.016074802700826	1.006241299991783	0.996179973983887	0.00291335664285564	Solution 2 (pH of 4.5)	0.0	5.0	10.0	15.0	20.0	25.0	30.0	35.0	40.0	45.0	50.0	55.0	60.0	65.0	70.0	75.0	80.0	85.0	90.0	95.0	100.0	0.976856708949692	0.969078092376074	0.947627091290442	0.927946951629188	0.907332496431268	0.885690571492426	0.862913356642856	0.842391689498254	0.828151250383644	0.809667844689631	0.786396502276643	0.774275869600789	0.761807229041191	0.748970004336019	0.731241237375587	0.717452952889954	0.703212513775344	0.688489256954637	0.0042425094393248	Solution 3 (pH of 5.0)	0.0	5.0	10.0	15.0	20.0	25.0	30.0	35.0	40.0	45.0	50.0	55.0	60.0	65.0	70.0	75.0	80.0	85.0	90.0	95.0	100.0	0.759078092376074	0.700338006570994	0.618151250383644	0.614516965728549	0.568353782021228	0.525741738602264	0.488360010980932	0.452783856719735	0.41978359661681	0.390228353055094	0.358513939877888	0.331361693834273	0.317121254719662	0.302397997898956	0.279332693830263	0.254973347970818	0.237940008672038	0.229166084364532	0.0013680022349748	Time (minutes)

ACr(III)



Figure 2 - Log ACr(III) as a Function of Time
Solution 1 (pH of 4.0)	0.0	5.0	10.0	15.0	20.0	25.0	30.0	35.0	40.0	45.0	50.0	55.0	60.0	65.0	70.0	75.0	80.0	85.0	90.0	95.0	100.0	0.045982322168505	0.0469940572593849	0.0428958399702848	0.0418494840101821	0.0397296633766018	0.037572750330017	0.0342652308541356	0.0320102923817411	0.0273745895472742	0.0249909776638506	0.0225615097204125	0.0175584965642698	0.01627647199481	0.012351678099261	0.0110163633473653	0.00692568157423729	0.00270213846224045	-0.00166219305506154	-2.535606347317612	Solution 2 (pH of 4.5)	0.0	5.0	10.0	15.0	20.0	25.0	30.0	35.0	40.0	45.0	50.0	55.0	60.0	65.0	70.0	75.0	80.0	85.0	90.0	95.0	100.0	-0.0101691364617788	-0.0136412242686765	-0.023362531919551	-0.0324768505841923	-0.0422335344351345	-0.0527179785248742	-0.0640328087123107	-0.0744859262751496	-0.0818903380844356	-0.091693108039068	-0.104358426820544	-0.111104275364549	-0.118154910491294	-0.125535575107215	-0.13593932512478	-0.144206572601209	-0.152913409528107	-0.162102831996339	-2.372377182730472	Solution 3 (pH of 5.0)	0.0	5.0	10.0	15.0	20.0	25.0	30.0	35.0	40.0	45.0	50.0	55.0	60.0	65.0	70.0	75.0	80.0	85.0	90.0	95.0	100.0	-0.119713542492674	-0.154692304330049	-0.208905247936891	-0.211466122508074	-0.245381245715098	-0.279227543002343	-0.311259905172162	-0.344109065615101	-0.376974535829817	-0.408681179000895	-0.445493953261603	-0.479697698445197	-0.498774648865014	-0.519421088515785	-0.553878230360171	-0.593505213425398	-0.62353252692197	-0.639849655741399	-2.86391319308635	Time (minutes)

Log ACr(III) 



Figure 3 - Log Rate as a Function of Log ACr(III)  
Solution 1 (pH of 4.0)	0.045982322168505	0.0469940572593849	0.0428958399702848	0.0418494840101821	0.0397296633766018	0.037572750330017	0.0342652308541356	0.0320102923817411	0.0273745895472742	0.0249909776638506	0.0225615097204125	0.0175584965642698	0.01627647199481	0.012351678099261	0.0110163633473653	0.00692568157423729	0.00270213846224045	-0.00166219305506154	-2.535606347317612	-0.255047673495476	-0.254035938404596	-0.258134155693696	-0.259180511653799	-0.261300332287379	-0.263457245333964	-0.266764764809846	-0.26901970328224	-0.273655406116707	-0.276039018000131	-0.278468485943569	-0.283471499099711	-0.284753523669171	-0.28867831756472	-0.290013632316616	-0.294104314089744	-0.298327857201741	-0.302692188719043	-2.836636342981593	Log ACr(III)

Log Rate



Figure 4 - Log Rate as a Function of Log ACr(III)  
Solution 2 (pH of 4.5)	-0.0101691364617788	-0.0136412242686765	-0.023362531919551	-0.0324768505841923	-0.0422335344351345	-0.0527179785248742	-0.0640328087123107	-0.0744859262751496	-0.0818903380844356	-0.091693108039068	-0.104358426820544	-0.111104275364549	-0.118154910491294	-0.125535575107215	-0.13593932512478	-0.144206572601209	-0.152913409528107	-0.162102831996339	-2.372377182730472	-0.31119913212576	-0.314671219932658	-0.324392527583532	-0.333506846248174	-0.343263530099116	-0.353747974188855	-0.365062804376292	-0.375515921939131	-0.382920333748417	-0.392723103703049	-0.405388422484525	-0.41213427102853	-0.419184906155275	-0.426565570771196	-0.436969320788761	-0.44523656826519	-0.453943405192088	-0.463132827660321	-2.673407178394453	Log ACr(III)

Log Rate
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