22-3

The Reaction in a Breathalyzer Test
Source:  Adapted from the Indiana University, Chemistry Department, C117 lab experiment, Forensic Chemistry: Determination of Blood Alcohol Level.
Description:  An acidic chromium (VI) solution is shown to be yellow.  After gargling with mouthwash containing alcohol, the demonstrator blows air through a straw into the solution.  The alcohol from their breath reacts with dichromate, changing the solution from medium yellow to light green.
Concept:  Transition metal compounds are often colored and a change in oxidation state of the metal often accompanies the color change.  The alcohol on the demonstrator’s breath reduces Cr6+ to Cr3+, changing the solution color from yellow to green, while at the same time oxidizing the primary alcohol to a carboxylic acid.  This demo can be shown to demonstrate the reduction of metals and the oxidation of organic compounds.
Materials:
· 0.025 grams potassium dichromate
· 0.050 grams silver nitrate
· 50 mL diH2O
· 50 mL H2SO4
· 250 mL Florence Flask

· Small bottle or flask in which to make chromate solution

· Ice bath

· Straw

· Commercial mouthwash with alcohol

Safety:  Certain chromium compounds are listed as carcinogenic and teratogenic (harmful to fetuses).  Concentrated sulfuric acid is extremely corrosive.  Wear safety goggles and gloves.  Dissolution of acid in water is extremely exothermic.  Chromate solution should be made in a hood.
Procedure:

Before class:  Weigh out both solids, using a little diH2O from a squirt bottle to get the entire solid transferred into a bottle.  Add 50 mL of diH2O to bottle, swirl to dissolve solids.  Slowly and carefully add H2SO4 in ~5 mL increments.  Swirl bottle to disperse heat and use an ice bath to facilitate cooling.  Feel bottle before adding more acid.  This solution must be made the day of the demo, preferably just enough time to let the solution cool after the final addition of sulfuric acid.

In class:  Pour some of the dichromate solution into the Florence flask.  The demonstrator then gargles with mouthwash and blows bubbles into the flask.  The solution should change color from yellow to green over a period of about four relatively long breaths. 
Clean-up: Collect leftover chemicals as hazardous chemical waste for EH&S.

Background:
Cr6+ = yellow
Cr3+ = green.  Chemical reaction for the Breathalyzer test:

2K2Cr2O7 + 8H2SO4 + 3 ROH →   2Cr(SO4)3 + 2K2SO4 + 3ROH + 11H2O
Notes:  This demo was suggested by Professor Reck for use in C341.
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