Lab:  Quantitative Separation of a Mixture                                                      4

Objectives
1. Examine the definition of a mixture

2. Use the technique of filtration to separate components of a mixture
3. Use the technique of evaporation to separate components of a mixture

4. Calculate percentage, by mass, of components in a mixture 

5. Evaluate precision of multiple measurements by sorting data into categories and calculating an average value for each category

6. Use of average values and error analysis in evaluating measurements.

Introduction:  Mixtures are combinations of two or more substances and fall into two broad categories, homogeneous and heterogeneous. In homogeneous mixtures the components are uniformly distributes.  An example might be a glass of ice tea. A homogeneous mixture is also called a solution.  The major component is called the solvent and all other components are called solutes. In heterogeneous mixtures the components are not uniformly distributed. An example might be a bucket of sand in water.
Whether a mixture is homogeneous or heterogeneous it can be separated into its component substances using physical – not chemical – changes.  In this investigation we will determine the percentages of table salt and sand in a mixture of these two substances.
The components of a mixture are not chemically bonded to one another, so they can be separated from one another by physical processes such as filtration and/or evaporation.   
Filtration is a method for separating the solid components from the liquid components of a mixture. For example, in a heterogeneous mixture of sand and water, pour the mixture through filter paper.  The sand remains trapped on the filter paper while the water passes through the filter paper and is collected in a separate container. The liquid component is called the filtrate. Actually, the collected sand, since it is wet, is still a mixture of sand and water.  To complete the separation, dry the wet sand by evaporating the water.  This will leave just the sand.
Evaporation is a process in which a liquid is turned into a gas. You’ve probably noticed that if you leave a glass of water sitting out that over time (a few days) the volume of water in the glass decreases. The water has evaporated. You can generally speed up this process by heating the water. 

As just mentioned, evaporation can be used to separate a solid from a liquid in a heterogeneous mixture. It can also be used to separate a nonvolatile solute from a solvent in a homogeneous mixture. For example, table salt, sodium chloride (NaCl), dissolves in water to form a saline solution.  We can recover the solid salt from the mixture by evaporating off the water.

NOTE: This laboratory experience consists of three parts
In this experiment you will be given a mixture of two solids: table salt (sodium chloride), NaCl, and sand (silicone dioxide), SiO2.  
In Part I you will initially separate the salt from the sand by adding distilled water. Salt is soluble in water, sand is not.  The resulting heterogeneous mixture of saltwater solution and sand will be separated by filtration.  After separation you will dry and weigh the sand component.

In Part II you will separate the salt from the water by evaporating out the water and weighing the salt component that remains.

After evaporating the samples to dryness, the dried salt and sand will be weighed and percentages will be calculated. In an ideal experiment the mass of the sand component (Part I) and the mass of the salt component (Part II) should add up to the mass of your original mixture.  Generally speaking, nothing is ever ideal.  Sometimes, however, you can improve the quality of your results by looking at a larger number of measurements of the same thing.

In Part III you and your fellow students will record all data from Parts I and II on a single table. Sort the data and find average values for the percent of sand and the percent of salt.  Assume that average values are more accurate than individual values. Compare your individual values to the average value for your unknown and calculate a percent error for your measurements.
Equipment:
· Unknown mixtures of sand and salt

· Weigh boat

· 150 mL beaker

· 250 mL beaker

· 10.0 mL graduated cylinder

· Porcelain evaporating dish

· Funnel

· Filter paper

· Hot plate
· Digital balance

Part I: Filtration: Separation of sand from salt:
Filtration is a method for separation of mixtures of solids and liquids.
Record data on Table 1
· Select a sample of a salt/sand.
· Weigh a clean, dry 150mL beaker to the nearest 0.01 grams and record this mass on the data sheet.
· Then, pour the entire sample (3 to 5 grams) into the beaker and reweigh the beaker with the sample.  Record this mass.  
· By subtracting, you can precisely determine the mass of your sample.
· Use a graduated cylinder to measure out 10.0mL of distilled water.  Pour the distilled water into the beaker containing the sand/salt mixture.  
· Place the beaker on a hot plate and warm the beaker and its contents. DO NOT let the mixture come to a boil.
· While the beaker and sample are heating gently, obtain a piece of filter paper that has a diameter of about 13 cm.  Fold it over twice )to make a ¼ pie shaped circle), weigh it, and put it in a funnel that is supported by a small ring on your ring stand (or use a larger ring with a triangle) over a 250mL beaker to collect the filtrate (the liquid that goes through the filter paper).
· When the contents of the beaker have become quite warm – but not boiling – stir the sample with a stirring rod to make sure all of the salt has dissolved.  Remove the beaker from the hot plate.
CAUTION: Hold the beaker only by the upper rim which should not be hot.
· Pour the contents of the beaker through the filter paper cone and collect the filtrate.  
· To make sure no sand or salt is left in the 150 mL beaker:

· Hold the warm beaker held at an angle so liquid will run out of it

· Use a wash bottle to spray a minimal amount of distilled water (2 to 3mL) up into the beaker to rinse out any remaining salt and sand.
· Let this wash drain through the filter paper into the 250 mL beaker  
· To make sure no salt is left on the sand in the filter:

· Pour two approximately 5 mL  portions of distilled water through the filter paper to wash  sand remaining sand from the funnel 
· Let the washes drain through the filter paper into the 250 mL beaker.
REMEMBER: The filtrate is in the 250 mL beaker. Save the filtrate for Part II.
· Remove the filter paper and sand from the funnel and place the filter paper and sand on a watch glass. 

· Carefully open the filter paper and spread the wet sand even over the paper. Do not let any of the sand get onto the glass.

· Place the watch glass with the filter paper and sand into your lab drawer overnight.
· Proceed to Part II while the sand is drying.

· When sand is completely dry, weigh the filter paper and sand.  Record this mass.
· Determine the mass of sand and the percent by mass of sand in your original unknown

Part II: Evaporation: Separation of salt from water: Do this part while the sand is drying.
Evaporation is a method for separating a solute from the liquid solution it is dissolved in.
Record data.
· Weigh a clean, dry porcelain evaporating dish and record its mass.
· Pour a portion of the filtrate into the pre-weighed evaporating dish and place it on the wire gauze over a moderate flame.  
· Heat – but DO NOT BOIL – the liquid to evaporate water from the dish.  Remove the flame completely from under the evaporating dish if the solution begins to boil or spatter.  
· Add any remaining filtrate from the beaker and continue to evaporate the liquid to dryness.  
· Allow the evaporating dish to cool for a few minutes before weighing the evaporating dish containing the salt.  Record this mass.
· Determine the mass of salt and the percent by mass of salt in your original unknown.

Part III: Average Values and Percent Error
Record data on smart board so we can calculate the class average.  
Remember:

1. To find an average value add up all values in the group and divide by the number of items in the group:





xAve = Σxi/n

· xAve is the average value

· Σ is the Greek uppercase letter, sigma. It is equivalent to the letter S.  It is used as a symbol that tells you to add up a series of values.

· xi represents the individual values you will add together.
· n is the total number of values you added together

Record of Results/Observations: 
1. Sample number


2. Mass of the beaker with the salt and sand sample

g

3. Mass of beaker alone

g

4. Mass of the salt and sand sample 

g

Part I: Separation of sand

5. Mass of filter paper and dried sand

g

6. Mass of the filter paper alone

g

7. Mass of the dried sand

g

Part II: Separation of salt

1. Mass of the evaporating dish and the dried salt

g

2. Mass of the evaporating dish alone

g

3. Mass of the dried salt

g

Part III: Calculations

1.  Total masses of recovered salt and sand

g

2.  Percent by mass of salt and sand recovered from sample


  Total masses of recovered salt and sand  x 100%

%
            Mass of the original sample

Show calculation here:

3. Percent by mass of sand in sample 

    Mass of the dried sand     x  100%

% sand

Mass of the original sample

Show calculation here:

4.  Percent by mass of salt in sample 

    Mass of the dried salt     x  100%

% salt

Mass of the original sample

Show calculation here

Table 1: Group Sand – Salt Mixture Data Sheet

	Col. 1

Initials
	Col. 2

Unkown
	Col. 3

mmix (g)
	Col. 4

msand (g)
	Col. 5

msalt (g)
	Col. 6

% sand
	Col.7

% salt 
	Col.8*

Mmix (g)  
	Col.9**

% error
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  *Column 8  = Col. 4 + Col.5: 
Mmix (g)    =    msand (g)   +   msalt (g)
**Column 9: % error = [ |(mmix) - (Mmix)| /( mmix)] x100%

Looking at the data submitted:

a) Which of the four unknowns had the most similar sets of individual data? Explain.

b)   Which of the four unknowns had the least similar sets of individual date? Explain.

c) Looking at the results from columns 8 and 9 how does Mmix that is based on the amount of sand and salt you recovered compare to the amount of the original sand-salt sample, m​mix, you weighed out?  Discuss the most likely sources of error.

ANSWER the following:

1. One student doesn’t enter any data? How might this affect the group results for this sample?

2. One student doesn’t enter all the required data? How might this affect the group results for this sample?

3. The electronic balances weigh samples to the nearest milligram (3 places to the right of the decimal  

        point).  Comment on the precision that these values represent.  Why might this be significant?

4. Multiple choice; circle your answer.  Separating salt from sand involves

a. a physical change

b. a chemical change

c. both physical and chemical changes
5. What is a filtrate? 

Sample Calculations
6. If a chemist analyzes a 3.84g sample containing sand and table sugar, and recovers 1.43 g of sand, what percent by mass of table sugar should the chemist report for this sample?
7.  If 3.64g of sand is separated from 5.25g of a mixture of salt and sand, what is the percentage of sand in the sample?
8. What is the percentage of salt in the sample described in question 10? 
