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Introduction:  
Would you still eat shark if you knew it could kill you?

Solutions are of extreme importance in everyday life.  In all cases, we are concerned with the concentrations of these solutions.  For example, the methylmercury concentrations are high in many lakes and oceans which cause the toxic substance to bio-accumulate in fish.  Some fish, like shark and swordfish, have higher concentrations of methylmercury than cod or shrimp. Which type of fish would you eat?  Would you have thought to investigate the levels of this toxic substance in your favourite fish?  Solution concentrations are also important in many other areas of life such as medications, household cleaners, swimming pool disinfectants, vehicle fluids etc.  Thankfully a lot of research has been done on safe concentrations for many of the solutions we use in everyday life.

First, let’s distinguish between the terms ‘dilute’ and ‘concentrated’.  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 food coloring in water.  A small drop of liquid red food coloring in a large glass of water will appear light pink as shown in the diagram below.  As the amount of red food coloring (the solute)  in each glass increases, while keeping the amount of water (the solvent) the same, the solution becomes more concentrated.  You should think about how these changes in concentration would appear at the molecular level. Remember, in this case the amount of solute molecules are increasing relative to the amount of solvent molecules.
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Some essential terms:

Solution -- a homogeneous mixture consisting of a solute and a solvent.
Solute -- component of a solution present in the lesser amount.
Solvent -- component of a solution present in the greater amount.
Concentration -- amount of a solute present in a solution per standard amount 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 start with preparing a Stock Solution -- a concentrate; 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.
Purpose:

The purpose of this manipulative activity is to provide you with an opportunity to make “solutions” of various concentrations using beans/L to represent moles/L.  In Part 1 of this exercise, you will use beans to represent solid solutes used to make a solution.  You will then vary the “concentration” and perform calculations to find the # beans/L for each solution.  In Part 2, you will prepare a stock solution and dilute it to a new concentration.  Remember that this is only a model used to help you understand a concept and that it does come with limitations.  Think about what some of the limitations are as you perform the experiment.
There are a number of websites that show solution preparation and dilution procedures for students who are unfamiliar with the techniques.
Materials:

· Lots of beans (or other small objects)
· Paper volumetric flasks and beakers (included)
· Calculator
Procedure:
Part 1:   Preparation of several “solutions” with varying amounts of solute and solvent.
Instructions:  Add the appropriate number of beans to the paper volumetric flasks provided and imagine it is filled to the mark with water.  For each “solution”, calculate the concentration in #beans/L.  Sketch a small diagram of each solution beside your calculation.  
1. Solution 1:  5 beans in 100 mL

#beans/L = 
2. Solution 2:  10 beans in 100 mL

#beans/L =
3. Solution 3:  5 beans in 200 mL

#beans/L =
4. Solution 4:  10 beans in 200 mL

#beans/L =
5. Solution 5:  5 beans in 500 mL

#beans/L =
6. Solution 6:  10 beans in 500 mL

#beans/L =
7. If one bean = one mole, calculate the number of bean molecules in each of solutions 1-6.  For example, in solution 1 there are 5 beans which equals 5 moles.

# molecules = 5 moles x 6.02 x 1023


= 3.01 x 1024 molecules

Does the number of bean molecules in solution vary with the amount of water in the solution?  Explain. 
8. Which of the above solutions, if any, have the same “concentration”: relative proportions of solute to solvent?
Part 2:   Preparation of a stock “solution” and dilution.
1.  Prepare a 500 mL stock “solution” of 40 beans/L.  Calculate how many beans you will require if you are preparing a 500 mL solution.
# beans required

_________   

Solution volume

500mL  

Solution concentration
40 beans/L
2. Add the number of beans calculated in #1 to the paper volumetric flask (Stock Solution) and imagine it is filled to the 500 mL mark with water.  You can check your stock solution concentration as follows:
Concentration =  # beans
=
X
=  40 beans/L
             Volume (L)
        0.500 L

3. Now that you have a stock solution of 40 beans/L, you will “prepare” a diluted solution from this solution.  You will need to create 200 mL of a 25 beans/L solution using your stock solution.  Try to solve your answer as a proportion rather than using the dilution equation C1V1 = C2V2. 
Amount of Stock Solution Needed:____________L
Withdraw the appropriate # of beans from your stock solution and add it to the paper 200 mL volumetric flask provided.
4. Calculate the approximate amount of “water” that you need to add to create the desired solution.  (Why is the amount approximate?) 

Amount of Water Needed: __________
5. Using the 200 mL paper volumetric flask provided, draw a sketch of the contents of the volumetric flask.  Also calculate the number of bean molecules in this solution.



Volumetric Flasks – Part 1  (Solutions)
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          200 mL
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500 mL

Volumetric Flasks - Part 2  (Stock Solution and Dilutions)
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500 mL
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200 mL
 Analysis Questions:

1. Again explain the meaning of the terms concentrated and dilute in terms of solute and solvent.

2. What is the usual way of diluting a concentrated solution? What is happening at the molecular level when a solution is being diluted?

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

4. What are the advantages for diluting a stock solution rather than making up solutions from scratch each time?
5. 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?
6. 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?

Concentration and Dilution: 


A Manipulative Activity


C11-4-14 to 17





Preparation of a solution by dilution:





� HYPERLINK "http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::525::530::/sites/dl/free/0072857684/322633/10_prep_solu_dilution.swf" �http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::525::530::/sites/dl/free/0072857684/322633/10_prep_solu_dilution.swf�::











Preparation of stock CuSO4:





� HYPERLINK "http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/013_SOLUTFROMSOL.MOV" �http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/013_SOLUTFROMSOL.MOV�








Dilution of Stock CuSO4 solution:


� HYPERLINK "http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/014_SOLUTBYDILUT.MOV" �http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/014_SOLUTBYDILUT.MOV�





Visualizing the dilution of a solution. The final solution is prepared by extracting 1/8th of the initial solution-1 cm3-and diluting it with water to a volume of 8 cm3. The number of dots in the 8 cm3 of final solution, representing the number of solute particles, is the same as in the 1 cm3 of initial solution.





� HYPERLINK "http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/FG04_07.JPG" �http://cwx.prenhall.com/petrucci/medialib/media_portfolio/text_images/FG04_07.JPG�





Dye Dilution:





� HYPERLINK "http://sasked.gov.sk.ca/branches/elearning/tsl/resources/subject_area/science/chem_30_resources/lesson_4/dilution.shtml" �http://sasked.gov.sk.ca/branches/elearning/tsl/resources/subject_area/science/chem_30_resources/lesson_4/dilution.shtml�














For example if we want to prepare 500.0 mL of a 0.0540 mol/L NaOH solution:





Begin by thinking what the number means. That is in one L there are 0.0540 moles of NaOH. NaOH has a molar mass of 40.0 g/mol so 0.0540 moles is a very small mass.





So we need to begin by calculating how much NaOH is required:





Step 1: Convert 500.0 mL to litres.  (= 0.500 L)�


Step 2: Convert litres to moles using molarity as the conversion factor.  


(0.500 L x 0.0540 mol/L = 0.027 mol)�


Step 3: Convert moles of NaOH to mass of NaOH (in grams) using molar mass as the conversion factor. 


(0.027 mol x 40.01 g/mol = 1.08 g)





Thus, we need to weigh out 1.08 grams of NaOH on an electronic balance, add it to a 500 mL volumetric flask, add approximately 300 mL of distilled water, swirl to dissolve the solid NaOH and add more distilled water until the 500 mL mark is reached on the volumetric flask (see diagram below).





� INCLUDEPICTURE "http://nobel.scas.bcit.ca/chem0010/unit9/images/500ml.gif" \* MERGEFORMATINET ���
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