Investigating Mixtures 
and Pure Substances:

Part I:  Foul Water (separating a mixture)
Objective: Purify a sample of “foul water”, producing as much “clean water” as possible.  Do not test the purity of the water sample by drinking or tasting them.  You will use three water purification procedures: (1) oil-water separation, (2) sand filtration, and (3) charcoal adsorption and filtration.  In filtration, solid particles are separated from a liquid by passing the mixture through a material that retains the solid particles.  The liquid collected is called the filtrate.  

Procedure:

1. Using a beaker, obtain approximately 100 mL of foul water from your teacher.  Measure its volume precisely with a graduated cylinder.  Record the actual volume of the water sample in your data table.

2. Examine the properties of your sample: color, clarity, odor, presence of oily or solid regions, and conductivity.  Record your observations in the “before treatment” row of your data table.

Oil -Water Separation:
As you probably know, if oil and water are mixed 

and left undisturbed, the oil and water do not noticeably 

dissolve in each other.  Instead, two layers form.  Which 

layer floats on top of the other?  Make careful observations 

in the following procedure to check your answer.

3. Place a funnel in a clay triangle supported by a ring stand.  

Attach a rubber tube to the funnel tip as shown.

4. Close the rubber tube by tightly pinching it with your 

fingers (or by using a metal pinch clamp).  Gently swirl 

the foul-water sample for several seconds.  Then 

immediately pour about half the sample into the funnel.  

Let it stand for a few seconds until the liquid layers 

separate.

5. Carefully open the tube, slowly releasing the lower liquid layer 

into an empty 150 mL beaker.  Just as the lower layer has drained out, quickly close the rubber tube.

6. Drain the remaining layer into another 150 mL beaker.  

7. Repeat steps 5 and 6 for the other half of your original sample, adding each liquid layer to the correct beaker.  Which beaker contains the oily layer?

8. Dispose of the oily layer as instructed by your teacher.  Observe the properties of the remaining layer and measure its volume.  Record your results in the “after oil-water separation” row of your data table.

Sand Filtration:
A sand filter traps and removes solid impurities – at least those particles too large to fit between sand grains – from a liquid.

9. Using a straightened paper clip, poke small holes in the bottom of a disposable cup.

10. Add pre-moistened gravel and sand to the cup as shown in the figure below.  The bottom layer of gravel prevents the sand from washing through the holes.  The top layer of gravel keeps the sand from churning up when the water sample is poured into the cup.

11. Gently pour the sample to be filtered into the cup.  Catch the filtrate (filtered water) in a beaker as it drains through.

12. Dispose of the used sand and gravel according to your teacher’s instructions.  Do not pour any sand or gravel into the sink.
13. Observe the properties of the filtered water and measure its volume.  Record your results in the “after sand filtration” row of your data table.

14. Wash the funnel with soap and water.

Charcoal Adsorption and Filtration:
Charcoal adsorbs, which means attracts and holds on its surface, many substances that could give water a bad taste, an odor, or a cloudy appearance.  The pump system in a fish aquarium often includes a charcoal filter for this same purpose.

15. Fold a piece of filter paper as shown.

16. Place the folded filter paper in a funnel.  Hold the filter paper in position and wet it slightly so that it rests firmly against the base and sides of the funnel.

17. Place the funnel in a clay triangle supported by a ring.  Lower the ring so that the funnel stem extends 2 to 3 cm inside a 150 mL beaker.

18. Place one teaspoon of charcoal in a 125 or 250 mL Erlenmeyer flask.

19. Pour the water sample into the flask with the charcoal.  Swirl the flask vigorously for several seconds.  Then gently pour the liquid through the filter paper.  Keep the liquid level below the top of the filter paper – liquid should not flow through the space between the filter paper and the funnel.

20. If the filtrate is darkened by small charcoal particles, refilter the liquid through a clean piece of moistened filter paper.

21. When you are satisfied with the appearance and odor of your charcoal-filtered water sample, pour it into a graduated cylinder.  Record the final volume and properties of the purified sample in the “after charcoal adsorption and filtration” row of the data table.

22. Wash your hands thoroughly before leaving the lab.
Data Table:
	
	Volume
	Color
	Clarity
	Odor
	Oils
	Solids
	Conductivity

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Analysis:

Calculations:

1. What percent of your original foul water sample did you recover as purified water?

Percent water purified  =      Volume of water purified        x 100





          Volume of foul water sample

2. What volume of liquid did you lose during purification?

3. What percent of your original foul water sample was lost during purification?

Questions:

1. Is your “purified water” sample pure water?  How do you know? (Did it conduct?)

2. Suggest how you might compare the quality of your water sample with that of other laboratory groups.  How could the relative success of each group be judged?

3. How would you improve the water purification procedures used so that a higher percent of purified water could be recovered?

4. Estimate the total time you expended in purifying your sample.

In your view, did that time investment result in a large enough sample of sufficiently pure water?

If you spent twice as much time in purifying your sample would that exra investment in time “pay off” or be worth it?  What about 10 times as long?

5. Write a description of the steps in distillation. 

Municiple water treatment plants do not use distillation to purify water.  Why?

Part II:  Tap Water, mixture or pure?

Chemists use a variety of methods for detecting and identifying ions (charged particles) in aqueous solutions.  Positively charged ions are called cations and negatively charged ions are called anions.

The tests you will perform are confirming tests.  In each test, you will look for a change in the solutions color, or the appearance of an insoluble material called a precipitate.  If the test is positive, you can be sure the ion in question is

present.  However, a negative test (no color or precipitate) does not mean the ion in question is not present.  The ion may be present in such a small amount that the color or the 

precipitate cannot be seen.  In the investigation, you will perform the test for each ion on three different solutions:



A reference solutions (known to contain the ion)


Tap water (that may or may not contain the ion)



Distilled water (that is known not to contain the ion)
Objective:  You will investigate for the following ions in tap water:




Iron(III) cation
Fe+3



Calcium cation
Ca+2



Chloride anion

Cl-1



Sulfate anion

SO4-2
Hypothesis:  Which of the ions to you think is in our tap water and why?
Procedure:

1. Rinse three test tubes with distilled water.  

2. Label on test tube “reference”, one test tube “control”, and one test tube “tap”.

3. Carry out the following four tests on the reference solution, the control, and tap water.

Iron(III) Ion Test:  (Fe+3)

1. Pour 2 mL of iron(III) reference solution into the clean test tube labeled reference.

2. Pour 2 mL of distilled water in the clean test tube labeled control.

3. Pour 2 mL of tap water in the clean test tube labeled tap water.

4. Add three drops of potassium thiocyanate (KSCN) solution to each of the three test tubes.

5. Mix the contents thoroughly.  

6. Record observations in the data table.

7. Discard the solutions in your test tubes.  Wash the tubes thoroughly with tap water and rinse with distilled water before going on to the next test.

Calcium Ion Test:  (Ca+2)

1.  Pour 2 mL of calcium ion reference solution into the clean test tube labeled reference.

2. Pour 2 mL of distilled water in the clean test tube labeled control.

3. Pour 2 mL of tap water in the clean test tube labeled tap water.

4. Add three drops of dilute acetic acid solution to each of the three test tubes.

5. Add three drops of sodium oxalate (Na2C2O4) solution to each of the three test tubes.

6. Mix the contents thoroughly.  

7. Record observations in the data table.

8. Discard the solutions in your test tubes.  Wash the tubes thoroughly with tap water and rinse with distilled water before going on to the next test.

Chloride Ion Test:  (Cl-1)

1. Pour 2 mL of chloride reference solution into the clean test tube labeled reference.
2.  Pour 2 mL of distilled water in the clean test tube labeled control.

3. Pour 2 mL of tap water in the clean test tube labeled tap water.

4. Add three drops of silver nitrate (AgNO3) solution to each of the three test tubes.

5. Mix the contents thoroughly.  

6. Record observations in the data table.

7. Discard the solutions in your test tubes.  Wash the tubes thoroughly with tap water and rinse with distilled water before going on to the next test.

Sulfate Ion Test:  (SO4-2)

1. Pour 2 mL of sulfate ion reference solution into the clean test tube labeled reference.

2.  Pour 2 mL of distilled water in the clean test tube labeled control.

3. Pour 2 mL of tap water in the clean test tube labeled tap water.

4. Add three drops of barium chloride (BaCl) solution to each of the three test tubes.

5. Mix the contents thoroughly.  

6. Record observations in the data table.

7. Discard the solutions in your test tubes.  Wash the tubes thoroughly with tap water and rinse with distilled water

Data:

	Ion
	Solution
	Color
	Precipitate
	Ion Present?
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Questions:
1.  Define:  ion

   

       cation

   

       anion

  

       precipitate

2. What ions are being tested for in this experiment?

3. Why is a reference tube made for each test?  Why is a control used for each test?

4. What type of matter is:
       
Tap water



Distilled water

  

A precipitate formed

5. What is the difference between an atom and an ion?

6. What is the difference between Iron and a compound of Iron? 

7. What would elemental iron look like?  Is that the iron that we are testing for in this lab?  Why or why not?

8. What does pure water look like at a molecular level?  (a diagram similar to the web 

reading on types of matter and separation techniques)  What does MPA tap water 

look like?

9. Sodium Sulfate, Calcium chloride, and iron(III) chloride are the compounds that were used to make the reference solutions.  Write the formulas for these compounds.

10. Should we add essential minerals to drinking water?  Do we now?

11. These tests cannot absolutely confirm the absence of an ion.  Why?

