QUALITATIVE ANALYSIS 

OF HOUSEHOLD CHEMICALS


Many years ago, the American Chemical Society offered a prize to anyone who could find a substance that was not a chemical.  The point, of course, was that all matter, whether “artificial” or “natural,” is composed of atoms and molecules.  Although most students readily accept this truism, they often view the chemicals they work with in the laboratory as something different from the materials that abound in the “real world.”  This experiment, in which the ‘active ingredient” in many household products will be identified, is an attempt to bridge the gap between the chemistry lab and the household environment.


You will be provided with a number of white solids, identified only by an alphabetical code.  Your job will be to identify each of these unknowns correctly.  The possibilities are table salt, sugar, Epsom salt, alum, photographic fixer, corn starch, aquarium sand, chalk, baking soda, and washing soda.  Many of these materials are likely to be found in the typical home.  Others, while not as common, are readily available in pharmacies, building supply stores, or camera shops, and may be purchased without a special license or prescription.


Suggestions for identifying the unknowns using chemical tests are made below.  Note that many of the test reagents are themselves in products commonly used in the home.  For instance, anthocyanin is an extract from red cabbage.  It acts as an acid-base indicator in the pH range of 3-10.  Acetic acid (HC2H3O2) is a weak acid, with a characteristic sour taste; vinegar is essentially a 1 M solution of acetic acid.  Ammonia is usually in a gaseous form; its aqueous solutions are alkaline and are commonly used as household cleaners.  Pure iodine is a solid that sublimes at slightly elevated temperatures.  Alcoholic solutions of iodine (tinctures of iodine) are often used as disinfectants.


The information given below should enable you to devise a plan for identifying the unknowns.  The formulas given are those of the main ingredient in each household item (of course, the materials used in the home are generally not pure and there is no single formula for the complete mixture.)

Solubility in Water


Chalk, (main ingredient: CaCO3, calcium carbonate), cornstarch (main ingredient: a polymer of glucose (C6H10O5), and aquarium sand (main ingredient: SiO2, silicon dioxide) are insoluble in water.  Epsom salt (main ingredient: MgSO4 ( 7H2O, magnesium sulfate heptahydrate) dissolves with a noticeable cooling effect.   
Reaction with Ammonia


Addition of aqueous ammonia to a solution of Epsom salt produces “milk of magnesia”, a suspension of magnesium hydroxide that has a milky appearance.


Alum (main ingredient:  NH4Al(SO4)2 ( 5H2O, ammonium aluminum sulfate pentahydrate) is used as an astringent and as a pickling agent.  Addition of aqueous ammonia to a solution of alum produces a gelatinous precipitate of aluminum hydroxide.  The other water-soluble unknowns do not react with ammonia.

Reaction with Acetic Acid

Like all carbonates, chalk will fizz when treated when acid.  Washing soda (main ingredient: Na2CO3, sodium carbonate) and baking soda (main ingredient: NaHCO3, sodium hydrogen carbonate or sodium bicarbonate) will fizz when treated with acetic acid.

Reaction with Iodine


Photographic fixer (main ingredient: Na2S2O3 . 5H2O, sodium thiosulfate pentahydrate) is soluble in water and is capable of reducing I2 molecules to I- ions.  It will decolorize brown iodine solutions and also remove the blue color of the iodine-starch complex.  Starch will turn blue when treated with iodine.  
Reaction with Anthocyanin


Red cabbage juice is a natural indicator that works in a pH range of 3-10.  Washing soda turns a yellowish/green, baking soda turns blue, and table salt, sugar (sucrose, C12H22O11), photographic fixer, and Epsom salts turn violet.

Conductivity of Electricity

Table salt (main ingredient NaCl, sodium chloride), like Epsom salt, alum, fixer, washing soda, and baking soda, produces ions when dissolved in water.  Thus, solutions of table salt will conduct electricity.  

PROCEDURE


Devise a scheme for separating unknowns into groups and then identifying the members of each group.  You should base your procedure on the groups discussed before this.  No matter where you start, you will find it helpful to follow the suggestions given below.

1. In determining solubility, use only a pea-sized (or smaller – like the size of an earring stud) quantity of solid placed in a test tube.  Add roughly 10 mL of water and mix well.  You need just enough solid to be easily seen if it does not dissolve but not enough to form a saturated solution if it is moderately soluble.  A slight cloudiness may be due to a trace of insoluble filler and should not lead to a conclusion of “insoluble” if major portions of the sample dissolves.

2. To determine if an unknown will fizz when treated with acid, place a pea-sized quantity of solid in a test tube and add a few drops of acetic acid.

3. When testing materials with anthocyanin, ammonia, or iodine, dissolve the unknown in water and add only two or three drops of reagent.  

4. Remember that reagents may interfere with one another.  For instance, if you have several solutions and add iodine to each, all of the solutions, except the one containing the photographic fixer, will turn brown.  Adding anthocyanin (in an effort to determine pH) would then be futile; the brown color would mask any other colors that might develop.  Use fresh samples whenever it seems necessary.

5. To test for conductivity, use your 100mL beaker.  Add a pea-sized amount of solid and 10-20mL of deionized water (no tap water).  When using the conductivity tester, make sure that you have dipped the prongs in water and wiped them off.  Be sure to clean the prongs between each test.  ONLY THE PRONGS GET WET – NOTHING GREEN SHOULD GET WET!!!!!

6. Do not add anything to the containers of unknowns or test reagents.  Do not move spatulas from one container to another.  DO NOT CONTAMINATE!!!!

Writing Your Lab Report


When writing up this lab report, please include the following sections: 

Title page

Safety precautions

Materials (all that you used)

Procedure (tests for each unknown performed)

Data (observations noted)

Conclusion (state the name and formula of each unknown 

and reason why it is correct)

For example, after writing the title page, start a new page with the safety precautions and materials.  One way to write the report would be to then have a section for each unknown.  State the letter of the unknown chemical, the tests performed and the observations noted.  That is technically the procedure and data section together.  Then in your conclusion, list each unknown’s letter, formula, and what chemical you determined it to be, and reasons for your choice.  When writing the tests performed, there is no need to write out the step by step for the test unless it is one that was not listed for you above.  Just say something like “Chemicals A-J were tested for solubility in water”.  I would like to know the order in which the tests were done.
Or, you can write each procedure and tell on which compound(s) it was performed.  Then have a data section where you list your observations for each.  Either way, make it easy to read and follow...

This is an individual lab report and your conclusions should be based on your own scientific judgment, not that of others.  You will be working with your partner at your lab desk, but drawing your own conclusions.  As a result, you and your lab partner can draw different conclusions based on the same data.

Follow all the instructions for writing regular lab reports  - a copy is posted in the classroom if you have forgotten.  Remember to use only third person.

This lab report is due on ____________________

LEGIBILITY IS VERY IMPORTANT !!

(If I cannot read it, I will not grade it!)

HOUSEHOLD CHEMICALS LAB

GRADING RUBRIC

Getting the Correct Answer  -  25%


9-10
correct
25 pts



7-8
correct
19 pts


5-6
correct
14 pts


<5
correct
10 pts

Lab Report  -  50%



Title page


5    3    0


(5 pts if all parts are evident, 3 pts is information is missing, 0 pt if missing)


Safety


5    3    0


(5 pts if sufficient safety rules are listed, 3 pts for a partial list, 0 pts if section missing)

Materials


5    3    0


(5 pts if all materials are listed, 3 pts for a partial list, 0 pts if section missing)


Procedure


5    3
0


(10 pts for all procedures listed or explained, 5 pts for a partial list, 0 pts if missing)


Data, Observations, Analysis
15   10
   5     0


(20 pts if all data, observations and analyses are listed and I follow your deductive reasoning; 13 pts if most of the data and analyses are there, 6 pts if most of the data and analyses are missing, 0 pts if missing entirely)


Conclusion


15   10
   5     0
(10 pts for  all chemicals identified with formula and reason , 7 pts for two of three parts, 4 pts for one of three parts, 0 pts if missing)

Classification -  25 %



Performed tests




15    10    5    0


(15 pts if all tests were performed on all chemicals, 10 points if some tests were performed, 5 pts if  very few tests were performed, and 0 pts if no tests were performed)


Presented Data 




10    5    0


(10 pts if data is presented in an organized and logical way, 5 pts if the data is somewhat confusing, 0 pts if data makes no sense at all)

