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PART A: Introduction
RATE is a measurement of how quickly something happens PER UNIT OF TIME. 
The rate at which you might drive down the road is determined by these signs:
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Speed is a specific type of rate that measures distance traveled per unit of time. The speeds above have one thing in common. They both represent how much something happens (a variable) in a specific amount of time; that is what distance we travel per unit of time. Rates can be expressed in different units. In the above example the distance traveled can be measured either in miles or kilometers but both rates are expressed per unit of time, in this case per hour.
PART B: Rate Measurement Activities
You will need to use the stopwatches provided or a wall clock with a second hand for the following activity. With your partner(s) follow the instructions for each rate determination for each variable, record your results and answer the questions. 
1:  Breathing Rate
Position yourself so that you cannot see the clock. When your partner tells you to begin, start counting your inhalations. After 30 seconds your partner will tell you to stop. Record the rate of your breathing as a fraction:



            inhalations

       
          30 sec


Using the notations illustrated by the speed limit signs, express this rate another way:

30 sec is not a usual measure of time. How would you determine your rate per minute (60 sec)? 
There are a variety of ways of determining rate per minute. One formal procedure is to set up a proportion as an equation and isolate the “x”. Let’s assume I had a breathing rate of 20 inhalations/30 sec:

60 sec *  20 inhalations   =    x inhalations  * 60 sec

      
    30 sec                    60 sec
60 sec * 20 inhalations = x inhalations




      30 sec 
40 inhalations = x inhalations

So my breathing rate per 60 seconds, or 1 minute, would be 40 inhalations/min. 

A second procedure involves unit analysis and requires more logic in usage.

We know there are 20 inhalations
 and that there are 60 sec
       
         



      30 sec                                          min

Since our minutes cancel we can calculate we to get 40 inhalations/min.

2: Pulse Rate
Find your pulse either on your wrist or on your neck and have your partner time you for 20 seconds while you count the beats. Express your heart rate in beats/min using the three different notations. In other words our pulse rate corresponds to the number of times our heart beats per minute.
When our pulse rate increases, the number of times our heart is beating per minute also increases.

Do an activity to increase your heart rate.

Determine your heart rate after performing this activity.

When we say ‘the rate has increased’ what do we mean?

3: Crackers

In this activity your partner will time how long it takes you to eat three saltines using either a stopwatch or the wall clock with a second hand. Before you begin set up the rate fraction and identify what you are measuring. 

 If you maintained the same rate for a whole minute how many crackers could you eat? Set this calculation up using unit analysis.
Try eating as many crackers as you can, one at a time. As you eat more crackers is the rate of consumption staying constant? Explain.
4: Opening and closing your hand
Count the number of times you can open and close your hand in 10 s. Record this answer. Repeat immediately for another 10 s. Again record this answer. Again repeat immediately for another 10 s. Continue to do this until there is an obvious change in the rate of hand closures.

Trial 1 (first 10  s)                                                           

Trial 2 (second 10 s)



   
Trial 3 (third 10 s)




     
Trial 4 (forth 10 s)                                                        
Trial 5 (fifth 10 s)                                                                       
Trial 6
Trial 7
What is happening in terms of rate of closure? Explain.
Again, what is meant by rate?

Can you think of three examples of other things that are measured per unit of time?
PART C: Extending the Rate Concept

Constant Rates

Rates can also be shown graphically as in the Jellybean per Second graph shown on the next page. 
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The line itself describes Stella’s eating rate, it shows how quickly she ate the jellybeans at each second over a period of 10 seconds. 

To determine the average rate that Stella ate the jellybeans from a graph you must look at the first and last points and use the average rate equation:

average eating rate = jellybeans eaten at the end point t2 – jellybeans eaten at the first point t1
                                                              time at the end point t2 – time at the first point t1
an easier way to express this equation is:

average reaction rate = Δ quantity               (where Δ means “change in”)



          Δ time
So to determine Stella’s rate we’ll complete the equation:
average eating rate = 20 jellybeans – 2 jellybeans = 18 jellybeans = 2 jellybeans/second


              10 seconds – 1 second           9 seconds
Korena eats jellybeans at a rate of 3 jellybeans/second. How many does she eat in 1 sec, 2 sec, 3 sec, etc. Graph this rate and put the type of dot you use by her name in the legend.

Amber eats her jellybeans at a rate of 1 jellybean/second. Graph her rate and update the legend.

Who has the fastest rate, what does this line look like? 

Who has the slowest rate, what does this line look like?

PART D: Extending the Rate Concept to Chemistry

In chemistry we are concerned with how quickly reactants turn into products in a chemical reaction. This is called the rate of reaction. The faster the rate of reaction, the faster reactants are turning into products. In chemistry the rate of reaction, how fast the reactions proceeds from reactants to products, is a measure of how much the concentration (mol/L) changes over a period of time. At a particle level it is a measure of how many particles per unit of time are changing into products. A fast rate of reaction means more particles are changing to products per unit of time.
When iron and copper sulfate are mixed together a single displacement reaction takes place:
Fe + CuSO4 ( FeSO4 + Cu

If we have 1 L of solution that contains 3 mol of Fe and 3 mol of CuSO4 the reactants form products in the timeline illustrated below:
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What happens to the concentration of the reactants over the 3 seconds? Why?

What happens to the concentration of the products over the 3 seconds? Why?
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Below the concentration for iron, Fe, is graphed at each second of the reaction. 
To find the rate that iron was used up, or consumed, in this reaction we’ll use the same average reaction rate equation we used for the jellybeans:

Average rate of consumption = Δ concentration of Fe =  [Fe] at t2 – [Fe] at t1




        Δ time                           t2 – t1
Average rate of consumption = 0 mol/L – 3 mol/L = - 3 mol/L = - 1 mol/L = - 1 mol *  1     = - 1 mol




3 sec – 0 sec           3 sec          1 sec          1 L     1 sec       L*s

So . . . the average rate of consumption for Fe is -1 mol/(L*s)
Using the markers indicated in the legend graph the consumption of CuSO4 and the production of Cu and FeSO4.
Find the rate of consumption for CuSO4:

Find the rate of production of Cu:

Find the rate of production of FeSO4:

What do you notice about these four values? What conclusion can you make about the average rate of the overall reaction?

The average rate of reaction is always expressed as a positive value by scientists, so if you use the consumption rate of the reactants to determine the reaction rate, be sure to convert the value into a positive number for your final answer. 
Variable Rate Changes
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We’ve been discussing constant rate changes, but there is another scenario. Take for example this graph of a speeding car who just noticed the police unit behind her: 
How many seconds did it take her to slow down from 120 km/h to 50 km/h?

How much speed did she lose between second 1 and second 2?

How about between second 3 and second 4?
When did she lose the most amount of speed/second?
At what second did she reach equilibrium, a constant speed? How do you know?

Some chemical reactions also do not proceed according to a constant rate. Use the graph below to answer the following questions:

What was the overall change in concentration of the substance?

How long did it take the concentration to drop from 4 mol/L to 3 mol/L?

At what point did the concentration drop the greatest amount? 

When did the reaction reach equilibrium? How do you know?
What was the concentration of the substance at equilibrium?

Find the average rate of consumption using the initial concentration as t1 and the first second that the reaction reached equilibrium as t2 .
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Part D: Summary

In these activities we have developed a better understanding of the concept of rate. We have looked at several rates as examples including eating rates, pulse rates and breathing rates. Speed is a specific type of rate that measures distance traveled per unit of time. Rates can also be expressed in different units. They all have one thing in common. Rates represent how much something happens (a variable) in a specific amount of time; that is how fast we travel, how much we eat, how many times we breathe in a unit of time. In chemistry reaction rates indicate how fast reactants turn into products. Fast reactions such as explosions indicate that reactants are changing to products rapidly. Slow reactions such as rusting indicate that reactants are changing to products slowly.
AT 0 SECONDS:


[Fe] = 3 mol/L


[FeSO4] = 0 mol/L


[Cu] = 0 mol/L


[CuSO4] = 3 mol/L
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AT 1 SECOND:


[Fe] = 2 mol/L


[FeSO4] = 1 mol/L


[Cu] = 1 mol/L


[CuSO4] = 2 mol/L





AT 2 SECONDS:


[Fe] = 1 mol/L


[FeSO4] = 2 mol/L


[Cu] = 2 mol/L


[CuSO4] = 1 mol/L





AT 3 SECONDS:


[Fe] = 0 mol/L


[FeSO4] = 3 mol/L


[Cu] = 3 mol/L


[CuSO4] = 0 mol/L
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