


CHEMICAL KINETICS
Experiement No: 
2
Name of Experiment:
Rate of chemical reaction
The determination of the reaction rate constant by examining the change
Objective:

of reaction rate over time.
Chemicals:
   0,06 M saturated potassium persulfate (K2S2O8) solution
· 0,4 M potassium iodide (KI) solution
· 0,05 M sodium thiosulfate ( Na2S2O3) solution
· 1% freshly prepared starch solution (1 g of starch in 100 mL)
Experimental Procedure
The ionic reaction between the iodide and the persulfate in the neutral medium to be examined in this experiment is given below.
2𝐼− + 𝑆2 𝑂−2 →     2 𝑆𝑂−2 + 𝐼2
(2.1)
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20  mL  of  saturated  persulfate  solution  is  diluted  to  100  mL.  50  mL  of  this  diluted  solution  is discharged into an Erlenmeyer flask.
The same volume (50 mL) of 0.4 M KI solution is added to another Erlenmeyer flask.
Mouths of both flasks are sealed and held in a water bath set to 25°C until a temperature equilibrium is established (15-20 minutes).
Before starting the experiment, 0,05 M thiosulphate solution is diluted to 0.005 M (from 20 mL to 200 mL). The diluted solution is filled into the burette.
Then, Erlenmeyers containing 200 mL of pure water are prepared (Why?).
After these preparations are completed, the iodide solution is added to the persulfate solution – the solutions in the water bath are used – and the time of mixing is recorded with the stopwatch. Simultaneously, the same amount of 0.4 M KI and diluted K2S2O8  is mixed in another flask in a separate place, and the flask is closed with a glass-lid. This solution is immersed in a water bath previously heated to 50 ° C and allowed to stand at 50 ° C for the duration of the experiment. This experiment should be started at the same time with the other one (Why such an experiment is done?).
After 5 minutes of mixing, 10 mL of sample is taken from the reaction mixture using a pipette. The solution in the pipette is poured into the flask containing 200 mL of distilled water (Why?).
The same procedure is repeated at previously determined time intervals.
A few drops of 1% starch solution is added to diluted solutions as an indicator and titrated with the thiosulphate solution according to the following equation.
I2 + 2 S2O−2 →           S4O−2 + 2 I−
(2.2)
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The time interval between samples should be increased as the rate of reaction will decrease over time depending on the concentration of the substance remaining in the environment. After 1 hour, the reaction ends, ie the whole persulfate is reduced.
After these experiments are completed, the solution in the glass-lid flask is cooled. 10 mL of the sample taken from this solution is diluted and titrated with thiosulfate solution. This experiment must be done. Thus, the total amount of persulfate in the reaction is found.
Evaluation of Results
The concentration of I2 produced in reaction (2.1) and whose molar amount equals to the molar amount of the consumed persulfate (x) can be calculated by using the following equation.
[𝐼 ] = 𝑀

𝑣(𝑆2𝑂−2)
−2
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= 0,005𝑣
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= 0,0005𝑣 = 𝑥
(2.3)
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(𝑆2𝑂3 )
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During the reaction (2.1) carried out in the glass-lid flask at 50 ° C, all of the persulfate ions in the mixture were consumed. Therefore, the molarity of I2 in the 10 mL sample taken from the mixture in this flask is equal to the initial concentration of persulfate ions. When the volume of Na2S2O3  solution used in the titration of 10 mL sample taken from the glass-lid flask where the reaction is completed is v0, the molarity of I2 equal to the initial concentration of persulfate ions is calculated by using the following equation.
[𝐼2] = [𝑆2𝑂−2]0 = 0,0005𝑣𝑜
(2.4)
The initial concentration of persulfate and the concentration of consumed persulfate in the reaction (2.1) can  be  determined  from  the  titration  with  the  thiosulfate  solution.  The  persulfate  concentration, remaining in the reaction (2.1) can be calculated by the following equation.
[𝑆2𝑂−2] = [𝑆2𝑂−2]0 − [𝐼2] = [𝑆20−2]0 − 𝑥 = 0,0005(𝑣0 − 𝑣)
(2.5)
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The equation of the first order reaction can be written as follows.
ln( [𝑆2𝑂−2]0/[𝑆2𝑂−2]) = ln[ 𝑣0/(𝑣0 − 𝑣)) = 𝑘𝑡
(2.6)
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Hence, the kinetic examination is performed using the volumes of thiosulfate solutions spent during titrations.
To obtain better graphics, it is recommended that the time intervals between the samples are as follows.
	t/min
	0
	5
	10
	15
	20
	30
	45
	60
	…
	ꚙ

	Δt/min
	0
	5
	5
	5
	5
	10
	15
	15
	…
	ꚙ

	v/mL
	0
	-
	-
	-
	-
	-
	-
	-
	…
	v0

	(v0 - v)/ mL
	v0
	-
	-
	-
	-
	-
	-
	-
	…
	0


Using the values in this table, [S2O8]-2-t ve ln ([S2O8-2]0/[S2O8]-2)-t graphs are plotted.
The rate constant for the reaction (2.1) is separately calculated via the graphical method, the differential method and the half-life method and compared with each other. Then, it is discussed why the reaction is first order.
QUESTIONS
1) What is the difference between chemical thermodynamics and chemical kinetics?
2) Explain thetotal conversion rate, conversion rate per unit volume, reaction rate, molar conversion rate and molar formation rate.
3) According to N2 + 3H2→ 2NH3 reaction under certain conditions, the rate of formation of ammonia from its elements was determined as 0.10 mol dm-3 s-1. a) Find the reaction rate. b) Find the rate of molar consumption of nitrogen per unit volume. c) Find the rate of molar consumption of hydrogen per unit volume.
4) Explain rate law, reaction rate constant, order of the reaction, and molecularity.
5) What is the difference between molecularity and order of reaction?
6) Which methods used to determining reaction order? Explain.
7) Write the rate laws, the integrated rate laws and half-lives of zero, first, second and third-order simple reactions.
8) Explain reaction rate and the temperature dependence of reaction rate.
9) For the first-order thermal decomposition of the ethylene oxide at 378.5 ° C, the half-life and the activation energy is given as 363 minutes and 217 000 J mol-1, respectively. Find the required time for the decomposition of 75% of ethylene oxide at 450 ° C.
10) Which methods used to determining rate laws of complex reactions? Explain.
11) Explain the factors affecting the rate of reaction.
12) Explain the phenomenon of catalysis.
13) Describe catalyst selectivity and catalyst activity.
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