
Lab #9 - Reaction Rates

Collision theory is the theory used to predict the rates of chemical reactions.  It is based on the assumption that for a reaction to occur it is necessary for the reacting species to "collide" with one another.  Not all collisions, however, bring about chemical change. Effective collisions are necessary to produce chemical changes.  In order for collisions to be effective in a reaction,  the species brought together must possess a certain minimum activation energy to start the reaction process.  Furthermore, the colliding species must be in a correct orientation that is favorable to the necessary rearrangement of atoms and electrons.  Thus, according to the collision theory, the rate at which a chemical reaction proceeds is equal to the frequency of effective collisions.  Factors that can affect the rate of a reaction include temperature, concentration of reactants and the presence of a catalyst.  In this experiment, you will conduct some simple reactions to investigate, quantitatively, how these factors can influence the outcome of a reaction.


In Part One, the reaction examined is that between sodium thiosulfate and hydrochloric acid:




Na2S2O3 + 2 HCl          2 NaCl + H2O + S + SO2
The concentration of the sodium thiosulfate will be changed by adding water and the appearance of the colloidal sulfur will be used to determine the rate of the reaction.


In Part Two, the reaction examined is the iodination of acetone:
CH3-C(=O)-CH3 (aq)   +  I2(aq)   +  H+(aq)  (  CH3-C(=O)-CH2I (aq)  +  HI(aq)


Acetone                     +  iodine  +  acid    (   iodo-propanone           +  acid

The reaction rate is determined by timing how long it takes for the amber color of the iodine to disappear at different temperatures.


In Part Three, the reaction is between sodium thiosulfate and iron(III) nitrate:


Fe+3  + 2 S2O3-2  + 2 H2O  <--(Catalyst)-->   [Fe(S2O3)2(H2O)2]-
      

The rate of the reaction is measured by timing how long it takes for the mixture to become amber again or clear.  The original color change that you will observe is instant, however,  this reaction then goes backward to its original reactants.  This is actually what you will be timing.  A catalyst will then be added to see if the reaction rate has changed.
Objective


What factors affect the rate of a reaction?
Safety
1. Always wear safety goggles when working in the lab.  

Materials



50-mL beakers    
 
safety goggles

      
disposable pipettes    



stir rod



25-mL graduated cylinders
0.1 M HCl solution
 

0.10 M Na2S2O3          

0.1 M copper(II) sulfate
white paper


100-mL graduated cylinder
digital thermometer

hot plate


0.1 M Fe(NO3)3

50-mL Erlenmeyer flask 
distilled water


4.0 M acetone solution
10 mL graduated cylinders  
stopwatch


250-mL beaker

0.0050 M iodine solution in ethanol
Procedure





Part I
1.  Obtain two 50-mL beakers.  Label the beakers, 1 and 2.  Add the appropriate amounts of sodium thiosulfate solution (Na2S2O3(aq)) and distilled water to each beaker as indicated in your data table.

2.  Make a small "x" on a sheet of white paper with a pencil. Place beaker #1 containing 
the sodium thiosulfate solution over this "x." Add 20 mL HCl solution and begin 
timing the reaction as soon as the acid touches the sodium thiosulfate solution. 

3.  Stir the reaction mixture once and place back on the paper with the "x".
4.  Stop timing when the "x" under the beaker is no longer visible.

5.  Repeat steps 2,3 and 4 with beaker #2.  Record all of your data. 




Part II
6.  In a 50 mL Erlenmeyer flask, place 10 mL of Acetone solution.
7.  Add exactly 10 mL of HCl solution to the same 50 mL Erlenmeyer flask. 
8.  Warm a 250-ml beaker, half filled with water, on a hotplate until the temperature of 
the water is about 60 oC.

9. Place your Erlenmeyer flask with your solutions into the beaker of hot water and 
let it sit for no less than one minute. 
10. While you are waiting, measure out exactly10 mL of Iodine solution.

11.  Remove the flask from its hot water bath and record its exact temperature. Then add 
the iodine solution to the flask and begin timing the reaction.  Stir the solution 
once with a stir rod.
12.  Record the time it takes for the amber solution to turn clear.

13.  Repeat steps 6 through 12, except heat the beaker to a temperature of only about 
50oC.




Part III

14.  Place 5 mL of 0.10 M iron(III) nitrate in a 50-mL Erlenmeyer flask. Put the flask 
on a sheet of white paper.

15. Add 20 mL of 0.10 M sodium thiosulfate and start timing the reaction. Swirl to mix, 
and record the time it takes for the liquid to become a clear amber color again. 
Clean and drain the flask well. 
16. Repeat steps 14 and 15, then add 5 drops of 0.10 M copper(II) sulfate to the flask. 
Start timing the reaction immediately after you add the copper(II) sulfate.
17.  Record the time it takes for the liquid to become clear amber again.
Observations 


Make several separate observations (three parts) based on the lab.
Data 



Part I - Concentration Effects on Rate of Thiosulfate Reaction 
	Beaker #
	Volume of Na2S2O3 

(mL)
	Volume of Distilled 

Water (mL)
	Time to complete reaction (sec)

	1
	5
	0
	

	2
	4
	1
	




Part II -           Temperature Effects on Rate of Iodine Reaction

	Experiment  #
	Temperature (oC)
	Time (sec)

	1
	
	

	2
	
	




Part III - Effects of Catalyst on Rate of Iron(III) nitrate Reaction

	Experiment  #
	Time (sec)

	     1      (without catalyst)
	

	     2          (with catalyst)
	


Calculations - N/A
Discussion

Part I 

· Write out the reaction that occurred in Part I of this lab.
· What caused the solution to become cloudy?  

· What was the precipitate that formed?

· Why was the reaction that occurred in the 1st beaker faster than in the second?

· How does collision theory explain this faster rate of reaction for Part I?

Part II 

· Write out the reaction that occurred in Part II of this lab.

· Based on the results of this part of the lab, does iodo-propanone have a color?  How do you know?  

· Why was the reaction that occurred in the1st flask faster than in the second?

· How does collision theory explain this faster rate of reaction for Part II?

Part III 

· Write out the reaction that occurred in Part III of this lab.

· Explain why iron(III) nitrate is a colored solution.

· What physical effect (color change) does adding thiosulfate ions have when added to the iron (III) nitrate solution?
· The original color change is instant, but this reaction then goes back to its original reactants.  Would you call this a reversible reaction?
· What was the catalyst in this reaction?
· What does a catalyst do to the rate of a reaction?

· How does a catalyst change the rate of a reaction?
Additional Discussion Questions 

NOTE: when handing in the formal lab, you must write down the questions as well as the answers.  They must ALWAYS be in complete sentences.


Part I

1. In Part I, why did we keep the total volume constant at 5 mL? 
2. As the volume of Na2S2O3 solution used was decreased, how did the concentration of 
Na2S2O3 change?

2. What relationship exists between the volume of sodium thiosulfate solution used and 
the time it takes for the reaction?

3.  What is the relationship between concentration of reactants and the time it takes to 
complete a reaction?  
4.  What is the relationship between concentration of reactants and rate of a reaction? 

Part II 
5.  In Part II, what can be concluded about the rate of a reaction as temperature 
decreases? 
6.  How do you know a reaction took place in this part of the lab?

Part III 
7.  In Part III, how does a catalyst effect the rate of a reaction?
8.  Draw a Potential Energy Diagram showing how a catalyst changes the rate of a 
reaction.
9.  In addition to the three ways that we demonstrated increasing the rate of a reaction in 
this lab, what other ways are there to increase the rate of a reaction?  
10. Explain why these other ways would speed up a reaction using collision theory.  
11. Would changing the pressure affect both the rate of a liquid and a gas solution? 
Explain why or why not?
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