
Teacher Information:

Introduction:

In the lab that follows choose only to include those stations that you want. Some are much simpler to organize than others.

A chemical reaction is the process in which chemical species react to form new substances, that is, reacting molecules are changing into product molecules.  Not all chemical reactions take place at the same rate.  Some reactions are very fast (eg. explosions), while others are very slow (eg. the rusting of iron). These changes need to be understood at the molecular level. The Collision Theory helps to understand these changes and states that:

· Chemical reactions involve collisions of reactant particles.

· Not all collisions lead to a chemical reaction. 

· For molecules to react (effective collisions), they must: 



  i)    Collide with each other

              
 ii)    Collide with correct orientation/geometry

iii)    Collide with sufficient Kinetic Energy         
· Ineffective collisions involve particles that rebound essentially unchanged.

· The rate of reaction depends upon the frequency of collisions and the fractions of those collisions that are effective.

The idea of Reaction Rate is a complex one. Essentially it is a measure of how frequently the particles are changing from reactant to product. Thus, Reaction Rate is measured as a decrease in the concentration of reactants per unit time or an increase in the concentration of products per unit time.  The units for reaction rate are mol/L/s, however other units are possible if properties other than concentration are measured. As could be expected since reactants are different than products, any property that differs between the reactants and products can be used to measure reaction rate.  Some examples are:

·  Volume, mass, pressure of a gas (e.g., if a gas is being produced)

· pH (e.g., if an acid is being formed or consumed)

·  Electrical conductivity (e.g., it ions are being formed from atoms)

In all cases, a graphical plot of the measured property vs. time will allow determination of the slope of the graph, which will be equal to the reaction rate. That is, the graph is representing the pace at which these changes are occurring.

Let’s look at an example between copper metal and nitric acid. Your teacher will demonstrate this in a fume hood.

Example:  

    Cu(s)  +     4HNO3(aq)  (  Cu(NO3)2(aq)  +  2H2O(l)  +  2NO2(g)  + heat

red-brown     colorless
          blue                                    brown    








The rate of the above reaction can be found by measuring several different properties:

1.  Color change (as there is a change in color of the liquid):         



Rate =                (Color Intensity  


           
                                   (time

2. Temperature change (as it is an exothermic reaction):   



Rate =          (Temperature 

 


       (time

3.  Volume change (as there is a gas produced):

Rate =               (Volume  


                    
       (time

4.  Mass change ( as the solid copper dissolves):        

Rate =      
  (Mass  

   


   (time

Sample graphs are shown below for the change in volume and mass for the above reaction:



       Volume




     Mass

NO2





       Cu


              Time


                                 Time

In the first graph, NO2 gas is being produced so its volume is increasing.  It increases rapidly at first and then tapers off due to a greater number of collisions of reactant molecules at the beginning of the reaction than at the end.

In the second graph, the mass of copper decreases quickly initially as the reaction rate is greater at the beginning of the reaction than at the end due to a greater number of collisions of reactant molecules when the reaction is beginning.  As the reactant molecules are used up, the reaction rate decreases and less copper is used up over time. 

Teacher Instructions:

Materials required for each station:

Station 1: 100 mL Erlenmeyer flask (equipped with a stopper, glass tube and rubber tube assembly), 50 mL, 3% H2O2, 1 scoop MnO2, 50 mL gas-collecting tube (inverted into a 1000 mL beaker of water with rubber tube inserted).  See diagram below.
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Station 2:  4L balloon containing helium gas, large graduated bucket to measure water displacement.

Station 3:  electronic scale, 5 g piece of Zn, two 2.5 g pieces of zinc, 5 g granulated chunks of Zn, 5 g zinc powder, 4-100 mL Erlenmeyer flasks (equipped with a stopper, glass tube and rubber tube assembly), 4-50 mL portions of 3.0 mol/L H2SO4, 50 mL gas-collecting tube (inverted into a 1000 mL beaker of water with rubber tube inserted).  See diagram in station #1 above.

Station 4:  approx. 250 mL milk, glass, digital pH meter

Station 5:  piece of bread, electronic scale

Station 6:  2 Alka Seltzer™ tablets, approx. 250 mL water, glass, jewelry, electronic scale

Station 7:  rectangular dish, 50 mL water, 50 mL graduated cylinder, electronic scale

Station 8:  iron nail, electronic scale, humid environment (prepare by boiling water in a beaker and then placing it under a large see-through plastic container with the nail)

Station 9:  500 mL bottle Pepsi™, glass, digital pH meter

Station 10:  candle, electronic scale, matches

Station 11:  500 mL bottle Club Soda™, electronic scale

Station 12:  1 tsp. yeast, 47 mL water, 100 mL graduated cylinder
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In the first graph, NO2 gas is being produced so its volume is increasing.  It increases rapidly at first and then tapers off due to a greater number of collisions of reactant molecules at the beginning of the reaction than at the end.

In the second graph, the mass of copper decreases quickly initially as the reaction rate is greater at the beginning of the reaction than at the end due to a greater number of collisions of reactant molecules when the reaction is beginning.  As the reactant molecules are used up, the reaction rate decreases and less copper is used up over time. 

Student Instructions:

For each “station”, determine the appropriate graph and the appropriate units for reaction rate when given examples of rate changes observed in everyday life.

Station 1:

Hydrogen peroxide, a common disinfectant, decomposes according to the equation:  
H2O2(l)     →   H2O(l)  +   O2(g)

The process is usually very slow (a couple of years) but can be sped up with the addition of an MnO2 catalyst (to a few minutes).  If oxygen gas was collected in a 50 mL gas collecting tube over a period of 300 s,

(a) Which graph below would best represent the volume of oxygen gas produced per unit of time?

(b) Give appropriate labels/units for the axes.

(c)     What would be appropriate units for the reaction rate?


  A






B

  


        C






           D

Station 2:

A child gets a balloon from a birthday party containing approximately 4 L of helium gas.  Over a period of 10 days the balloon deflates to approximately 1 L.

If the volume of the balloon was measured daily by the method of water displacement (filling a graduated container with water and placing the balloon under the water and measuring how much water the balloon displaces), then:

(a) Which graph below best represents this change?

(b) Give appropriate labels/units for the axes
(c) What would be appropriate units for the reaction rate?










         A





B



       C






D

Station 3:

In margarine production, hydrogen gas is used to partially hydrogenate unsaturated fatty acids to make a smooth, spreadable consistency.  One way to produce hydrogen gas is in the reaction of zinc with sulfuric acid according to:
Zn(s)   +  H2SO4(aq)   →   H2(g)  +  ZnSO4(aq)

In one such experiment to produce H2 gas, a test was carried out to judge the effect of varying surface area of zinc on the rate of the reaction.  The volume of H2 produced was measured using a gas-collecting apparatus.  The results are plotted below. 

(a) Match the type of zinc to the curve on the graph:

i)   5 g piece of Zn


ii)  two 2.5 g pieces of zinc 

iii) 5 g granulated chunks of Zn 
iv) 5 g zinc powder



(b) Give appropriate labels/units for the axes

(c) What would be appropriate units for the reaction rate?


A

B

C

D

Station 4:

When milk is left open to air at room temperature, the lactose in the milk is converted to lactic acid. A glass of milk is left out for many days.  A digital pH meter is available to record pH.  

(a)  What change in pH might be observed over time?

(b)  Give appropriate labels/units for the axes

(c)  What would be appropriate units for the reaction rate?


      A   10




   
B   10

            7





       7

             4





        4

     C
 10 





D   10

            7  





       7

            4 





       4

Station 5:

A piece of bread is left to sit on an electronic scale for 2 days.  The mass of the bread is recorded every 4 hours for the duration.

(a) Which graph below best represents this change?

(b) Give appropriate labels/units for the axes

(c) What would be appropriate units for the reaction rate?

        A





    
B



        C





     
D

Station 6:

Alka Seltzer™ tablets, a drug often used to eliminate gas and bloating, is also a useful effervescent for cleaning jewelry.  A solution can be prepared by dropping two Alka Seltzer™ tablets in a 250 mL glass of water. Add the jewelry and let sit for two minutes.

Suppose you sat the glass of water on an electronic balance and added the two Alka Seltzer™ tablets and jewelry and recorded the initial mass.

(a) Which graph below best represents this change?

(b) Give appropriate labels/units for the axes

(c) What would be appropriate units for the reaction rate?


         A




        
   B


        C





              D


Station 7:

A rectangular dish containing 50 mL (50 g) of water sits on an electronic scale.  The mass is recorded every 6 hours for 3 days.  

(a) Which graph below best represents this change?

(b) Give appropriate labels/units for the axes.

(c) What would be appropriate units for the reaction rate?


           A





      B  



           C





       D

Station 8:

An iron nail sits on an electronic scale in a warm and moist environment.  A reddish-brown coating begins to form on the nail after several days.

(a) Which graph below best represents this change?

(b) Give appropriate labels/units for the axes.

(c) What would be appropriate units for the reaction rate?


           A





    B


           C





    D


Station 9:

A newly opened 500 mL bottle of Pepsi™ is poured into a glass and left to sit in the open air.  The pH is measured every 2 hours for 12 hours using a digital pH meter.

(a) Which graph below best represents the change in pH that might occur?

(b) Give appropriate labels/units for the axes.

(c) What would be appropriate units for the reaction rate?

           

    10





      10

      A




        

 B

            7





       7

            4




                 4

            10





      10

      C


 
                     

 D

             7





       7

             4





        4

Station 10:

Candle wax is a mixture of different alkanes (paraffins) which are saturated hydrocarbons with general formula CnH2n+2.  They are solids at room temperature. When a candle is burned, the candle wax combines with oxygen in the air to form carbon dioxide gas and water.  

A cylindrical candle sits atop an electronic scale and its mass is recorded.  The candle is then lit and is allowed to burn for several hours.  The mass of the candle is recorded every hour for 12 hours.

(a) Which graph below best represents this change?

(b) Give appropriate labels/units for the axes.

(c) What would be appropriate units for the reaction rate?

           A





   B


           C





    D

Station 11:

A 500 mL bottle of Club Soda™, or carbonated water, was massed on an electronic balance.  The bottle was then shaken vigorously 5 times.  The bottle cap was slowly opened to release the pressure and was then closed and massed again.  This process was repeated with shaking 10 times, 15 times and 20 times, and after each time, the cap was slowly opened, releasing the pressure, and then closed again.  
(a) Which graph below best represents the change in mass observed?

(b) Give appropriate labels/units for the axes.

(c) What would be appropriate units for the reaction rate?


          A





     B



          C





      D 

Station 12:
In brewing, alcoholic fermentation is the conversion of sugar into carbon dioxide gas (CO2) and ethyl alcohol using yeast enzymes.  One teaspoon of yeast is placed into a 100 mL graduated cylinder containing 47 mL of water to make a total volume of 50 mL.  As the fermentation process occurs, bubbles are seen rising to the surface of the solution. 

(a)   Which graph below best represents the change in volume observed on the  graduated cylinder?

(b)   Give appropriate labels/units for the axes.

(c)   What would be appropriate units for the reaction rate?


         A





       B



          C




                 D
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