Lesson:  Reaction Rates

In general the rate (or speed) of any chemical reaction can be expressed as a ratio of the change in “something” over the change in time.

Q:  what are some of the “somethings”

A:  A change in reactant or product:

i. concentration

ii. mass of a solid or gas leaving an open container.

iii. gas pressure/gas volume (providing the container is closed)

iv. color (if an absorbance instrument is available)

v. density

e.g.,  

rate = ∆mass/∆time     or    r =∆mass/∆t

e.g., 

rate =  ∆concentration/∆time     or    r =∆conc./∆t

As a general rule, the rate of a reaction is measured by looking at the species whose concentration (or “something”) is easiest to follow.
Exercise:  Describe how the rate of the following reaction might be measured.

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

Possible solutions:

r = ∆mass Cu(s)/ ∆time  
r = ∆moles Cu(s)/ ∆time

r = ∆[Cu+2]/ ∆time
r = ∆[NO2]/ ∆time  ** Accomplished by monitoring       

changes in colour or pressure     providing the system is closed.

r = ∆mass of the system/ ∆time   * providing the system is open for NO2 to escape.

r = ∆ temp/ ∆time.

Problems:  

1.  Calculate the average rate of a reaction if a 7.5g sample of Cu(s) was consumed in the  

     above reaction in 47.0s

Solution:  r = ∆ mass Cu(s)/ ∆time    r = 7.5g/47.0s  =  0.16g/s

2. Calculate the rate of the reaction above as a function of the mass of the system over time.  Assume that the reaction flask is open and that the data from question #1 still applies.
Question:  Why is the mass of the system changing?

Solution:  b/c NO2(g) is escaping from the open container.  Therefore if we can calculate the rate of NO2 production, we will know the rate for the system mass change.

Step #1:  Convert mass of Cu into moles

63.5g/mol  =  0.16g/x

x = 2.51968 x 10-3 mol of Cu

Step #2:  Mole ratio

Cu/NO2  =  1/2 = 2.51968 x 10-3 mol/x
x = 5.03937 x 10-3 mol of NO2
Step #3:  Convert moles to mass

46.0g/mol = x/5.03937 x 10-3 mol

x = 2.3 x 10-1g of NO2
Since the mass of Copper used was per second, our answer has to be over the same time period.  Hence the rate as a function of the mass of system is 2.3 x 10-1g/s.
Orally:  Other questions such as: “determine the mass change of the system over 3s” may be asked.
Activity:  Hand out two copies of rate calculation worksheets and have students try these in class.  Review the answers on the overhead.
Assign:  Hebden pg.2 #1-5, 7-9
