Lab: Case of the Purloined Pennies

A tan, leather, felt-lined briefcase containing a valuable coin collection has been stolen from the backseat of a car.  Aston Albright is terribly distraught.  He was going to sell his collection and retire from teaching.  Investigators found no clues at the scene of the theft.  Police alerted pawnshops and coin dealers throughout the region.

A week later, a short, swarthy man named Boscoe Balmer visited a coin dealer saying that a friend of his was going to pay off an outstanding debt by giving him some rare coins.  He wanted to know their value.  The coins were in a cloth sack; when Balmer dumped them on the counter, some white powder also fell out.

The coin dealer immediately recognized several pieces that were on the list of stolen coins.  He discreetly called the police, who nabbed the man as he was leaving the store.  When arrested on suspicion of grand larceny, Balmer claimed that the coins were not his.  He promptly named Durston Dalrymple, a car salesman, as the owner of the coins.  Dalrymple denied everything.

The police investigator collected the white powder from the counter and sack and sent it to our crime lab for analysis.  The police report says that Balmer is a construction worker who, because of a sprained wrist and stomach problems, has recently been doing residential drywalling.  Dalrymple fancies himself to be gourmet cook, but his favorite foods are scrapple and scone.

Analysis of White Powders 
You have 10 numbered samples of unidentified white powders, listed below.  You will observe their chemical and physical properties to identify them.  Record your observations in table 1A.  Your goal is to identify each of the numbered samples by its chemical properties.  Then, identify the unknown powder(s) found in the satchel.
MATERIALS:

Unknown white powders (#1-10)

Test tube rack

Test tubes

Stereomicroscope

Iodine Solution

Distilled water

Phenolphthalein

Spatula

Weigh boats

Isopropyl alcohol

Acetic acid

0.3M NaOH

Glass stir rod

All of the powders will be from the list below:

Sodium chloride (NaCl); salt

Sodium carbonate (Na2CO3); baking powder

Sodium bicarbonate (NaHCO3); baking soda

Sodium hydroxide (NaOH); lye

Boric acid (H3BO3)

Calcium sulfate (CaSO4); gypsum

Calcium carbonate (CaCO3); chalk

Starch (cornstarch)

Sucrose (sugar)

Magnesium sulfate (MgSO4); Epsom salts

PROCEDURE:

1. Using a stereomicroscope, examine each of the samples to be tested and note any differences.  Do NOT touch them.  Use a scopula to place a very small amount in a weigh boat that can be used for observational data and chemical testing.  When you are finished with the powder, dump it down the sink; all reagents and samples are environmentally benign and can be flushed down the sink with plenty of water.  Record your observations in Table 1A.

2. Test for solubility by placing a small amount of each sample (about the size of a pea) in a test tube.  Add half a test tube worth of distilled water.  Mix by flicking the test tube or using a glass stir rod.  If you use the stir rod, be sure to wash it before using it in another test tube; otherwise you may contaminate one substance with another.  

Imagine if this were to happen in a crime lab; you might produce false positive results that could send an innocent person to jail!
3. Indicate in Table 1B next to the appropriate powder number whether the sample was soluble (S), slightly soluble (SS) or insoluble (I).

4. Three of the samples will not dissolve readily and will appear to be the cloudiest; starch, CaSO4, and CaCO3.  If starch is present, a drop of iodine solution added to the test tube will form a deep blue starch-iodine complex.  Indicate the results of this starch test in table 1B and the identity of the cornstarch powder.

5. If the iodine test is negative, carefully pour the liquid out of the test tube, leaving the solid at the bottom.  This process is called decanting.  Add 1 cm worth of acetic acid.  The appearance of carbon dioxide gas bubbles (CO2) indicates that the sample is CaCO3.  If there is no gas, the sample must be CaSO4.  You have now identified two more of ten powders; label them and record your test results in table 1B and dispose of the powders.

6. The remaining solids are water soluble.  Two of them, NaOH and Na2CO3 produce strongly alkaline solutions (basic, the opposite of acidic) that will turn bright pink with the addition of the phenolphthalein indicator.  Choose the two that have the most vibrant pink color.  One is NaOH, the other is Na2CO3.  Record results in table 1B.

7. Add 1 cm worth of acetic acid to each sample that turned bright pink.  The vigorous evolution of CO2 indicates the presence of Na2CO3.  If there is no gas, or only a small amount, the sample must be NaOH.  Identify and label these in table 1B along with recording the results of this test and dispose of the powders.

8. Add 1ml of 0.3M NaOH to each of the remaining five unknowns.  They will turn violet if phenolphthalein has already been added.  Identify the sample that becomes cloudy; this means that a precipitate is being formed.  This sample is MgSO4.  Identify and label this in table 1B along with recording the results of this test and dispose of the powder.
9. Prepare new samples of the four remaining solids.  Adding acetic acid will produce CO2 gas and identify the NaHCO3. Identify and label this in table 1B along with recording the results of this test and dispose of the powder.

10. Of the three solids left, only H3BO3 is soluble in alcohol.  Add half a test tube worth of isopropyl alcohol to fresh samples of the three remaining powders.  Identify and label H3BO3 in table 1B along with recording the results of this test and dispose of the powders.

11. Sucrose and NaCl are the only remaining solids.  Sucrose is more soluble in water than NaCl.  Add a small amount of each solid to a clean test tube.  Fill halfway with distilled water.  Stir or hold the test tubes under hot tap water or in a hot water bath.  Identify the more soluble sample.  Record your identifications and results in table 1B.

Check your data to make sure that it is complete.  

Table 1A – Stereoscopic observations

	Powder #
	Observations
	Picture

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	

	Unk.
	
	


Table 1B – Chemical Testing (shade in boxes that were not used to test the powder)
	Powder #
	Water Sol.
	Iodine Test
	Acetic Acid
	Phenol-phthalein
	NaOH
	Alcohol Sol.
	Hot water sol.
	Identity

	1
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	10
	
	
	
	
	
	
	
	

	Unk.
	
	
	
	
	
	
	
	


