Experiment 2 - Separation of a Ternary Mixture

PRE-LABORATORY ASSIGNMENT

Name________________________________________      Section _________

1.  Identify the following changes as chemical or physical:


a.  The steak dinner you ate is being digested and used for energy,

b.  Iron rusts when left in a moist environment,

c.  Dry ice (solid carbon dioxide) sublimes to form carbon dioxide gas,

d.  A student drops a 150 mL beaker that breaks into 17 pieces,

e.  A battery terminal corrodes when battery acid is spilled on the terminal,
2.  Why should you use a cool flame when you are heating the mixture after pouring off the water?

3.  The mass of an evaporating dish and a mixture of sand, NaCl, and CaCO3 is 26.817 g.  Water is added to the mixture, and poured off.  After the mixture is dried, the mass of the remaining mixture is 25.332 g.  Then 50 mL of 1.1 M HCl is added to the mixture, which fizzes.  After the remaining residue is dried, the mass of the mixture is 24.007 g.  The mass of the evaporating dish is 22.437 g.  Calculate the % of sand, % of NaCl, and the % of CaCO3 in the mixture (show all calculations).

Experiment 2 - Separation of a Ternary Mixture

Introduction
Mixtures are defined as physical combinations of two or more substances where each substance retains its own chemical identity.  For example, in muddy water (a mixture of dirt and water), both the dirt and the water maintain their chemical identity.  Mixtures can be classified as either homogeneous or heterogeneous.  Homogeneous mixtures have the same composition throughout the mixture.  Homogeneous mixtures are often called solutions.  Vinegar and household ammonia are examples of homogeneous mixtures.  Heterogeneous mixtures have varying composition throughout the mixture.  Muddy water and rocks are examples of heterogeneous mixtures.

Chemists often need to separate a mixture into its components.  They use physical and chemical properties to separate a mixture.  Solubility is an example of a physical property used to separate mixtures.  When water is added to a mixture of salt and sand, the salt dissolves, but the sand does not.  The mixture can then be separated by a simple filtration.  The salt leaves with the water and the sand is trapped on the filter.  Neither the salt nor the sand has been chemically changed.  
In this laboratory, you will be using physical and chemical properties to separate the components of a ternary (three substances) mixture.  You will also determine the percentage of each substance in the mixture.

When distilled water is added to a mixture of NaCl (sodium chloride), CaCO3 (calcium carbonate) and SiO2 (silicon dioxide or sand), the water dissolves the NaCl (a physical change), leaving the CaCO3 and sand.  
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The mass lost after the residue is dried is the mass of NaCl in the mixture.  The CaCO3 is removed by adding HCl to the residue (chemical change).  
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The HCl reacts with the CaCO3 producing water, carbon dioxide (a gas) and NaCl (which is dissolved in the water).  The mass lost after the residue has been dried is the mass of the CaCO3 in the mixture.  Since the sand does not dissolve in water or react with the acid, its mass can be determined by weighing the material left in the evaporating dish.  The mass of the sand can then be calculated by subtracting the mass of the evaporating dish from the mass of the evaporating dish and sand combined.

To use actual numbers:  Let's say the mass of an evaporating dish is 25.345 grams. When you add the unknown (which is a mixture of NaCl, CaCO3 and sand), the mass of the dish and the unknown is 31.042 grams.
1.  Mass of evaporating dish

  


_25.345 grams__

2. Mass of evaporating dish and unknown  


_31.042_grams_

The mass of the unknown is simply the difference between these two numbers is:

mass of unknown = 31.042g - 25.345g = 5.697g of unknown

3.  Mass of unknown


 

 
__5.697 grams__

At this point, the unknown (in the dish) is washed three times with water, and then dried to a constant mass.  The mass of the dish and dry residue (final mass) is 29.975 grams.  Remember that the mass difference of this mass, and the mass of the dish and unknown at the beginning is the mass of NaCl (at this point the dry residue consists of sand and CaCO3.
4.  Mass of evaporating dish and dry residue (after each heating)

1st mass
__29.970 grams__

2nd mass
__29.977 grams__

3rd mass
__29.975 grams__

By taking the difference of the mass after heating and the initial mass, the mass of NaCl is obtained.
mass of NaCl = 31.042g - 29.975g = 1.067g NaCl

5.  Mass of NaCl (grams)




__1.067 grams__

The percentage of NaCl can be calculated by dividing the mass of NaCl (1.067g) by the mass of the sample (5.697g) and multiplying the result by 100.
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6.  Percent sodium chloride in unknown


__18.73%__

The next step in the procedure is to add the HCl.  The acid reacts with the CaCO3, forming carbon dioxide (CO2), water and a salt (CaCl2).  The gas bubbles off and leaves the dish while the salt and water are removed from the dish when the liquid is poured off.  The final mass of the dry residue after the acid washings is 28.333 grams.  

7.  Mass of dish plus residue (after HCl - after each heating)

1st mass
__28.335 grams_

2nd mass
__28.331 grams_

3rd mass
__28.333 grams_

The mass of the CaCO3, is determined by taking the difference of the mass right before adding the acid, and the mass after the acid.
mass of CaCO3 = 29.975g - 28.333g = 1.642g CaCO3
8.  Mass of CaCO3 (grams)




__1.662 grams__

The percent calcium carbonate is determined as before, the mass of CaCO3 is divided by the mass of the sample and the result is multiplied by 100.
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9.  Percent calcium carbonate in unknown


__28.82%__
At this point, only the sand is left.  So, the mass of the sand (SiO2) is determined by taking the difference of the mass after the acid washings and the mass of the dish alone.
mass of sand = 28.333g - 25.345g = 2.988g of sand

10.  Mass of SiO2 (grams)




__2.988 grams__

The percent calcium carbonate is determined as before, the mass of sand is divided by the mass of the sample and the result is multiplied by 100.
[image: image1.wmf]Sand

CaCO

Dish

g

Evaporatin

Sand

CaCO

NaCl

Dish

g

Evaporatin

Water

,

,

,

,

,

3

3

¾

¾

®

¾


11.  Percent silicon dioxide in unknown


__52.45%__

Procedure
1.   Weigh ((0.001 g) a clean, dry, evaporating dish.  
2.   Obtain an unknown and accurately weigh ((0.001 g) out between 2.5 g and 3.5 g in the dish.
3.  Add 25 mL water to the mixture and stir.  After the solid residue settles, pour off the water (or use a medicine dropper to carefully remove the water), making sure not to pour any of the solids out.  
4.   Wash the solid two more times using 25 mL of water each time.  
5.   Using a tripod, heat the dish carefully over a cool flame for 10 minutes making sure the residue is dry (see Figure 3.1 for how to set up the dish supported by a wire gauze).   If the residue does not "appear" dry, keep heating.  It is very important to use a cool flame to ensure that the solid does not splatter.  
6.   Allow the dish to cool, and then weigh the dish and residue.  
7.   Heat the dish again for two minutes, let it cool, and reweigh it.  If the masses differ by more than 0.002 g, heat the dish for another the two minutes followed by cooling, and weighing.  Remember, the last weighing is the number you will use in your calculations.
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Figure 3.1

8.   Slowly and carefully add 25 mL of 1.1 M HCl to the dish and stir for about two minutes.  
9.   Pour off the liquid while not losing any of the solids.  
10. Wash the solid two more times, using 10 mL of 1.1M HCl each time.  
11. Add 10 mL of deionized water to the solid, stir and pour off the water.  Repeat the water wash one additional time. 
12. Dry the solids by heating as before, checking for constant mass (your last two masses differing by 0.002 g or less).

WASTE DISPOSAL
Put any leftover sand in the container marked "Recovered Sand".  All other substances can be flushed down the drain with plenty of water,

SAFETY
The 1.1 M HCl can cause burns.  If you spill any on you, wash it immediately with plenty of water.  Also, be sure to handle the hot evaporating dish with tongs.
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Experiment 2 - Separation of a Ternary Mixture
REPORT

Name________________________________________      Section _________

Unknown Code  ______________

(Show calculations in the provided space)

1.  Mass of evaporating dish





______________

2.  Mass of evaporating dish and unknown



______________

3.  Mass of unknown






______________

4.  Mass of evaporating dish and dry residue (after each heating)

1st mass
______________

2nd mass
______________

3rd mass
______________

5.  Mass of NaCl (grams)





______________

6.  Percent sodium chloride in unknown



______________

7.  Mass of dish plus residue (after HCl - after each heating)

1st mass
______________

2nd mass
______________

3rd mass
______________

8.  Mass of CaCO3 (grams)





______________

9.  Percent calcium carbonate in unknown



______________

10.  Mass of SiO2 (grams)





______________

11.  Percent silicon dioxide in unknown



______________

12.  Total of percents






______________

POST-LABORATORY QUESTIONS

1.
When water was added to the unknown in step 3 (page 14), did you observe a physical or a chemical change?  Explain.

2.  
When rinsing with water, the student accidentally poured off some of the fine particles of CaCO3.  How would her percents of NaCl, CaCO3, and sand be affected (i.e. too high, too low, or unchanged)?  Explain your answer for each substance.

3.
In her experiment, a student weighed out 2.510 grams of unknown but recorded the mass as 5.210 grams in her laboratory notebook. How would her percents of NaCl, CaCO3, and sand be affected (i.e. too high, too low, or unchanged)?  Explain your answer for each substance.
� EMBED Equation.3  ���
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