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Using Physical and Chemical Properties to Identify an Unknown Substance

PURPOSE

The purpose of this experiment is to determine the physical and chemical properties of an unknown substance and then to use these properties to identify that substance from the list of possible unknowns.

BACKGROUND


A. EFFECT OF HEATING AND POTENTIAL OXIDATION
Organic compounds, particularly those that contain carbon and hydrogen and possibly oxygen (such as sugars), usually burn, but inorganic salts do not. If carbon black is a product of the reaction, then the solid is likely to be an organic compound.

Ionic compounds tend to have high melting points; polar compounds tend to have lower melting points; and non-polar compounds tend to have even lower melting points.  Note: The flame temperature is between 600 (C and 800 (C.
B. SOLUBILITY



Solubility in water
Most sodium and potassium salts are soluble in water (a very polar 

solvent):

            

     NaC2H3O2 (s) + H2O (l) ( Na+ (aq) + C2H3O2( (aq) 

     (sodium acetate)

     NaCl (s) + H2O (l) ( Na+ (aq) + Cl( (aq)



     (sodium chloride)

Salts of organic acids are also soluble:

     NaC7H5O2 (s) + H2O (l) (  Na+ (aq) + C7H5O2( (aq )




     (sodium benzoate)

Organic compounds with about as many OH groups as carbons 

(such as the sugars dextrose and sucrose) are generally soluble 

as well. 

Solubility in acid



Attempting to dissolve in acid

There can be very visible evidence of a chemical reaction when we attempt to dissolve some substances in dilute acid.  

Carbonate and bicarbonate salts bubble and release carbon dioxide gas:

          
 
                          Na2CO3 (s) + 2 H+ (aq) ( 2 Na+ (aq) + H2O (l) + CO2 (g) 

                                                 (sodium carbonate)                                          
Adding acid to an aqueous solution
Salts of organic acids form the acid by the equation:


     C2H3O2- (aq) + H+ (aq) ( HC2H3O2 (aq)  

 

     (acetate ion) 
      (acetic acid – smells like vinegar)

Many organic acids are insoluble in water so if we add 

acid to a solution of the corresponding salts, an insoluble material (a precipitate) forms:

     NaC7H5O2  (aq ) + H+ (aq) ( HC7H5O2 (s) + Na+ (aq)

    (sodium benzoate)

Solubility in base




Attempting to dissolve in base

Adding base to a sample of an organic acid that is insoluble in water removes the H+ and forms the soluble salt again:

     HC7H5O2  (s ) + OH( (aq) ( C7H5O2( (aq) + H2O (l)  


     (benzoic acid)

Ammonium compounds will react with base to generate ammonia gas.

     NH4C2H3O2 (aq) + OH ( (aq) ( NH3 (g) + H2 O (l)   

     (ammonium acetate)
        + C2H3O2( (aq)

C. REACTIONS WITH ACID AND BASE



Reaction with acid (hydronium ion)
Carbonate and bicarbonate salts will react with acid bubbling and releasing carbon dioxide gas:

          
 

     Na2CO3 (s) + 2 H+ (aq) ( 2 Na+ (aq) + H2O (l) + CO2 (g)



     (sodium carbonate)

Reaction with base (hydroxide ion)

Ammonium compounds will react with base to generate 

ammonia gas.

     NH4C2H3O2 (aq) + OH( (aq) ( NH3 (g) + H2 O (l)  

     (ammonium acetate)
         + C2H3O2( (aq) 


D. pH OF SOLUTIONS OF THE SOLID

Like all acids, soluble solid acids will form a solution with a pH less 

than 7.  

Like all bases, salts like the carbonate and bicarbonates, if soluble, will form a solution with a pH greater than 7.  Solutions of sodium carbonate will have higher pH’s than solutions with an equal concentration of sodium bicarbonate. 

Salts of a weak acid and a strong base, like sodium acetate and sodium benzoate will form a solution that is basic and has a pH greater than 7.

Neutral compounds like dextrose and sodium chloride form a solution in deionized water whose pH is the same as that of the deionized water, which may not be exactly neutral. 

MATERIALS


1 metal spatula per group


3 small test tubes and 3 stoppers to fit the test tubes per group

20 mL 0.25 M HCl per group

20 mL 0.25 M NaOH per group


several beral pipets per group


5 mL 6 M HCl per group

5 mL 6 M NaOH per group

1 stirring rod per group

several pH paper dispensers with chart for class

deionized water 

Samples of and unknowns drawn from

ammonium carbonate

sodium carbonate

sodium bicarbonate

sodium acetate

ammonium acetate

benzoic acid

citric acid

dextrose (glucose)

sodium chloride

sodium benzoate

sand

PROCEDURES


APPROACH

Use these tests of physical and chemical properties to narrow the list of possible unknowns down to only one.  It is very important that you confirm your identification of your unknown by comparing its properties to the properties of known samples. This is best done by carrying out simultaneous tests on your unknown, and on the compound you believe to be your unknown, at the same time and side by side if possible.
A. EFFECT OF HEATING AND POTENTIAL OXIDATION



1. Set up a Bunsen burner in one of the hoods.

2. Light the burner and adjust air and gas until you have a cool 

    non-luminous flame.
3. Place a very small amount of the solid on a spatula tip and place in a 

    small, cool, non-luminous Bunsen burner flame in the hood.  

4. Note how quickly the solid melts, if it does melt.  

5. Note whether the solid oxidizes to form black carbon deposits.

6. Record your observations on your report sheet, analyze these 

    observations, and record any conclusions that can be reached about 

    compounds eliminated by the results or suggested by the results. 

B. SOLUBILITY


1. Test for solubility by placing 0.2 - 0.3 g of the solid in a small test tube. 

2. Add 5 mL of deionized water.

3. Note whether a gas is obviously given off.  

4. If no gas is being given off, or when the formation of gas has stopped, 

    stopper and vigorously shake the test tube for 30 seconds.  

5. Allow any of the solid to settle and compare the amount of the solid 

    that settles with the amount in the dry test tube to determine whether 

    any dissolved.

6. Using clean tests tubes, repeat steps 1-5 using dilute acid (0.25 M HCl) 

    and then repeat steps 1-5 using dilute base (0.25 M NaOH).

7. Record your observations on your report sheet, analyze these 

    observations, and record any conclusions that can be reached about 

    compounds eliminated by the results or suggested by the results.

8. If you are not sure that any appreciable amount has dissolved after 

    vigorous shaking, use a beral pipet to remove some of the supernatant 

    liquid and put it into a watchglass.  Be very careful not to let any of the 

    solid get into the pipet. Put the watchglass over a beaker of boiling 

    water and allow the liquid to evaporate. Any solid found in the 

    watchglass must have been dissolved in the water.

9. Record your observations on your report sheet, analyze these 

    observations, and record any conclusions that can be reached about 

    compounds eliminated by the results or suggested by the results.


C. REACTIONS WITH ACID AND BASE


1. Place an English pea-sized amount of the solid into a small test tube.



2. Add 20 drops of 6 M HCl to the test tube and note whether a gas 

     is released. Gently waft the air near the mouth of the test tube toward 

     you and note the odor, if any.

3. Record your observations on your report sheet, analyze these 

    observations, and record any conclusions that can be reached about 

    compounds eliminated by the results or suggested by the results.



4. Place an English pea-sized amount of the solid into another small 

     test tube.

5. Add 20 drops of 6 M NaOH to the test tube.  Gently waft the air near  

    the mouth of the test tube toward you and note the odor, if any.

6. Record your observations on your report sheet, analyze these 

    observations, and record any conclusions that can be reached about 

    compounds eliminated by the results or suggested by the results.


D. pH OF SOLUTIONS OF THE SOLID

1. Place 0.2 - 0.3 g of the solid in a small test tube. 

2. Add 5 mL of deionized water.

3. Thump the test tube until no more of the solid will dissolve.

4.  Measure the pH of the solution of your unknown by dipping a clean 

     stirring rod into the solution and touching the drop that clings to the tip 

     to a small piece of pH paper.  Compare the new color of the pH paper 

     with the color chart on the dispenser to determine its approximate pH.

5. Record your observations on your report sheet, analyze these 

    observations, and record any conclusions that can be reached about 

    compounds eliminated by the results or suggested by the results.

Table of Possible Unknowns

	Name
	Formula
	Melting Point

in (C
	Solubility

in Water        (g/100 ml)

	ammonium carbonate
	 (NH4)2CO3
	d58*
	100

	sodium 

carbonate
	Na2CO3
	851, ( H2O at 32  
	17

	sodium 

bicarbonate
	NaHCO3
	( CO2 at 270
	7

	sodium 

acetate
	NaC2H3O2
	324, ( 3 H2O at 58
	130

	ammonium 

acetate
	NH4C2H3O2
	114
	150

	benzoic 

acid
	HC7H5O2
	122
	0.27

	citric 

acid
	H3C6H5O7
	153, ( H2O at 70
	133

	dextrose 

(glucose)
	C6H12O6
	146
	84

	sodium 

chloride
	NaCl
	801
	209

	sodium 

benzoate
	NaC7H5O2
	d198
	20

	sand
	SiO2
	(
	(


 * d = decompose -- note: For the table "-CO2 , 270" means that at 270 (C  the molecule reacts and 

                                        produces a molecule of CO2.

 Using Physical and Chemical Properties to Identify   

 an Unknown Substance Lab                               Report Sheet

Date __________
Period __________
Name _________________________________ 

Unknown Number:__________

Summary of Results:

A. EFFECT OF HEATING AND POTENTIAL OXIDATION

Description of your results:

My results suggest that the following compounds from the Table of Possible Unknowns  PROBABLY are NOT my unknown:

My results suggest that the following compounds from the Table of Possible Unknowns  POSSIBLY ARE my unknown:

B. SOLUBILITY- deionized water, dilute acid and dilute base


Attempting to dissolve in deionized water

Description of your results:

My results suggest that the following compounds from the Table of Possible Unknowns  PROBABLY are NOT my unknown:

My results suggest that the following compounds from the Table of Possible Unknowns  POSSIBLY ARE my unknown:

Using Physical and Chemical Properties Lab Report Sheet – page two


Attempting to dissolve in acid

Description of your results:

My results suggest that the following compounds from the Table of Possible Unknowns  PROBABLY are NOT my unknown:

My results suggest that the following compounds from the Table of Possible Unknowns  POSSIBLY ARE my unknown:

If soluble in water, adding acid to an aqueous solution

Description of your results:

My results suggest that the following compounds from the Table of Possible Unknowns  PROBABLY are NOT my unknown:

My results suggest that the following compounds from the Table of Possible Unknowns  POSSIBLY ARE my unknown:

Attempting to dissolve in base

Description of your results:

My results suggest that the following compounds from the Table of Possible Unknowns  PROBABLY are NOT my unknown:

My results suggest that the following compounds from the Table of Possible Unknowns  POSSIBLY ARE my unknown:

Using Physical and Chemical Properties Lab Report Sheet – page three
C. REACTIONS WITH ACID AND BASE


Reaction with acid 

Description of your results:

My results suggest that the following compounds from the Table of Possible Unknowns  PROBABLY are NOT my unknown:

My results suggest that the following compounds from the Table of Possible Unknowns  POSSIBLY ARE my unknown:

Reaction with base

Description of your results:

My results suggest that the following compounds from the Table of Possible Unknowns  PROBABLY are NOT my unknown:

My results suggest that the following compounds from the Table of Possible Unknowns  POSSIBLY ARE my unknown:
D. pH OF DEIONIZED WATER SOLUTIONS OF THE SOLID

Description of your results:

My results suggest that the following compounds from the Table of Possible Unknowns  PROBABLY are NOT my unknown:

My results suggest that the following compounds from the Table of Possible Unknowns  POSSIBLY ARE my unknown:

Using Physical and Chemical Properties Lab Report Sheet – page four

Identification of Unknown:
Most Likely Identification

Based on my results, the most likely identity of my unknown (Unknown Number ___________) 

is the compound:

Support your conclusion by discussing your results. Try to convince the reader that your identification is correct.

Second Most Likely Identification

If my MOST LIKELY identification of my compound is NOT correct, then, based on my results, the next most likely identity of my unknown is the compound: 

Third Most Likely Identification

If my MOST LIKELY and my SECOND MOST LIKELY identification of my compound is NOT correct, then, based on my results, the next most likely identity of my unknown is the compound:
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