
Introduction:

A dilute solution is a solution containing a relatively small quantity of solute as compared with the amount of solvent.  A concentrated solution is a solution containing a relatively large quantity of solute as compared with the amount of solvent.  Consider a solution of orange drink crystals in water.  A large amount of orange drink crystals in a glass of water will appear dark orange (as shown in the first glass below).  This is a concentrated solution.  If you take some of this dark orange solution and dilute it with water, what would happen to the color of the solution?  What is happening to the concentration of the solution at the molecular level?  As water is added to the concentrated orange drink solution, the solution becomes more dilute (see the second and third glasses below).  Thus, the amount of solute molecules are decreasing relative to the amount of solvent molecules.  Concentration, or Molarity refers to the amount of a solute present in a solution per litre of solvent.


Molarity (M) – the unit of concentration that relates the moles of solute per litre of solution. 

Molarity =     moles of solute

  L of solution

In chemistry we often prepare a Stock Solution which is a concentrate, or a solution to be diluted to some lower concentration for actual use. For example, a stock HCl solution is 12 mol/L.  This solution is often diluted for use in lab situations to 6 mol/L, 3 mol/L, 1 mol/L, 0.1 mol/L etc.
In this experiment, you will make a standard solution of orange drink by dissolving solid orange drink mix in water.  You will then “dilute” the standard orange drink solution by adding water.  You will observe these solutions visually and by taste.  This is one of the few times that you may taste your lab results!

Materials: (for 24 students working individually)
Orange drink mix (approx. 450 g)
Drinkable water

Several plastic pitchers

Balance (make sure it is clean/chemical free)
24 8-oz. plastic cups and 72 5-oz. plastic cups (1 8-oz and 3 5-oz. cups per person)
24 Spoons
Procedure:
*Note: It is advisable to do this experiment in a regular classroom and not an actual chemistry lab.  

1.  Label the 8-oz plastic cup “standard solution” and add approximately 10-12 g of orange drink mix to the cup.  Record the actual amount used: ________ g.

2. Dissolve the solid mix in enough water to make 250 mL of orange drink solution.
3. Label the other 3 plastic cups “A”, “B”, and “C”.  Put some of the standard orange drink solution into cup “A” and dilute it with water to about one-half of the original concentration.

4. Put some of solution “A” into cup “B” and dilute with water to about one-half of the “A” concentration.
5. Put some of solution “B” into cup “C” and dilute it with water to about one-half of the “B” concentration.

6. Investigate the concentrations of the solutions by making visual and taste observations of the four solutions.  Record your observations.

Optional:

When looking straight down through the solutions in the cups, is it possible for the solutions to have different concentrations, but still appear to have the same color intensity?  Try setting up this situation yourself.

Data Analysis:

1. Suppose the molecular formula of the orange drink mix is ORaNGe, representing the elements Oxygen, Radium, Nitrogen and Germanium.  Using the periodic table, calculate the molar mass of ORaNGe.  (Interestingly, the molar mass of sucrose is close at 342 g/mol so the calculated value is somewhat realistic!)
2. Using the molar mass, calculate the number of moles of ORaNGe that you used to make your standard solution.  Refer to the mass of the solute used. 

3. How many ORaNGe molecules does this represent?
4. You dissolved the solid ORaNGe in water to make a standard solution.  Convert the volume of standard ORaNGe solution from millilitres to litres.
5. For the standard ORaNGe solution, calculate the number of moles of dissolved ORaNGe per litre of ORaNGe solution.  This is the Concentration, or Molarity of the solution in moles/L.  Again this value is somewhat realistic due to the molar mass of sucrose and ORaNGe being so similar.
6. What would a spoonful of ORaNGe concentrate taste like compared to a spoonful of the diluted drink?  Taste each drink to confirm your prediction.
7. Explain why the ORaNGe concentrate would taste different from the diluted drink.   Provide a molecular drawing to assist in your explanation. 
8. How would you lower the concentration of the ORaNGe drink even more? What would it look and taste like? Why?

9.  What is happening at the molecular level as this ORaNGe drink solution becomes more dilute? 

Additional Questions:
1. Explain the meaning of the terms concentrated and dilute in terms of solute and solvent.

2. Describe 3 situations where dilution of a solution is important before use. 

3. What are the advantages of diluting a stock solution rather than making up solutions from scratch each time?
4. How many grams of barium hydroxide will be needed if a lab requires 2.0 L of a 2.5 mol/L solution of barium hydroxide?
5. If I have a 12.0 mol/L stock solution of hydrochloric acid, and I need 500 mL of a 3.0 mol/L hydrochloric acid solution, how much of the stock solution will I need, and approximately how much water will I have to add to it?  (Hint:  Use C1V1 = C2V2 and Vadded = V2-V1))
**Try the Challenge Problem below (without looking at the answer first!
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Challenge Problem:  





An advertisement for an orange drink claims that the drink contains 10% orange juice. How much pure orange juice would have to be added to 5 litres of the drink to obtain a mixture containing 40% 


orange juice?  





Answer:


You have 5 litres of "drink" that is 10% orange juice. Thus the 5 litres of drink contain 5 x 10% = 5 x 0.1 = 0 .5 litres of orange juice, and hence must contain 4.5 litres of other stuff. Now we're going to add 


100% orange juice and we want to know how much to add so that the new mixture will be 40% orange juice.





If we add x litres of pure orange juice to the original mixture that contains .5 litres of OJ and 4.5 litres of something else, then what we have is a mixture of 5+x litres that contains .5+x litres of OJ.





So after we have added x litres of pure OJ, the concentration of OJ will be (.5+x) / (5+x)





We want to know when this will be equal to 0.4





So solve for x:


   (0.5+x)/(5+x) = 0.4


          0.5+x = 2 + 0.4x


            0.6x = 1.5


              x = 1.5/.6 = 2.5





Thus you should add 2.5 litres of pure OJ to make the concentration of the new mixture 40% OJ.














