Discrepant Event

Nitric acid reactivity with carbon steel
2. Materials –

                  Fume hood

                  2- 100 mL beakers 

                  2- 50 mL graduated cylinders

                  Concentrated nitric acid (38-42 Baume’) 

                  2 small pieces of carbon steel, not stainless steel. 
                  Stirring rod

         Safety considerations: A fume hood must be used when presenting this event because toxic fumes will be emitted. When handling concentrated Nitric acid, nitrile gloves or equivalent, lab coat and safety glasses must be worn.
3. Identification- 
                       Senior 2, cluster 2 – Chemistry in action

                                      S2-2-08 – Experiments to classify acids and bases using their characteristic properties.

· Reactivity with metals.
4. Detailed description- A comparison of concentrated nitric acid and less concentrated nitric acid and how they will react with a small piece of carbon steel.

· Take 2 - 100 mL beakers and place them in a fume hood. It is very important that the fume hood be turned on as toxic gases will be emitted.
· Add 50 mL of concentrated nitric acid in one of the beakers.

· Add 25 mL of water to the other beaker, and then add 25 ml of concentrated nitric acid. Stir well with stirring rod.   Warning - Always add acids to water, never water to acids. Ask the students at this point, which acid will readily dissolve the small piece of carbon steel. What do you think is going to happen?
· Add a small piece of carbon steel to the beaker with the concentrated nitric acid. No reaction will occur. Ask the students if they have an idea why.
· To the other beaker of less concentrated nitric acid add a small piece of carbon steel. A reaction will take place where the steel is readily dissolved with orange gases emitted. Ask the students if they have any ideas on why this occurred.
5. Theoretical Background- Concentrated nitric acid is a strong oxidizing agent, so therefore with carbon steel it oxidizes the surface and no reaction occurs or a stable state is achieved.
     The less concentrated nitric acid the water that is added is the key, which does a few interesting things. A) The pH of the acid rises to approximately 2

                              B) The electro potential rises from -2.0 to -0.5. 

                              C) Most importantly the nitric acid changes its characteristic from a proton donor to an electron acceptor. In other words the acid begins to pull away electrons from the iron and begins to dissolve the steel (corrosion occurs). Once the reaction builds the nitrate ion combines with the iron to form an iron nitrate compound.  The iron nitrate then breaks down to form a nitrous oxide gas (orange- brown fumes) that are given off.
6. Explanation of disequilibrium for students-Most students would predict from this event that the concentrated nitric acid would dissolve the carbon steel more readily than the less concentrated nitric acid. This would make sense and is logical. But in observation the less concentrated nitric acid reacts instead. This would confuse the students to no end because it does not follow logical reasoning. They would probably say “I don’t get it”.
As a teacher I would not get bogged down with the logical part of an explanation because the chemistry is complex for a senior 2 student. Rather I would try to focus on the psychological part of the explanation by giving real life examples. From my experience as an employee of Standard Aero limited I would give an example of how aircraft engine components would suddenly react in a nitric acid tank and the parts would be destroyed with thousands of dollars lost in profit. By giving examples it would help the students understand this event better. 
7. Equipment and safety considerations - this event has samples that contain concentrated Nitric acid and the following handling procedure must be followed: nitrile gloves or equivalent, lab coat and safety glasses must be worn when handling the samples. The following first aid measures must be followed in the cases of eye contact, skin contact, or ingestion:

                         Eye contact: Flush eyes with water for at least 15 minutes, holding lids apart to ensure flushing of entire surface. Seek immediate medical attention.
                         Skin contact: Immediately wash contaminated skin with plenty of water for 15 minutes. Remove all contaminated clothing and footwear. Seek immediate medical attention. 
                         Ingestion :DO NOT INDUCE VOMITING!! Give large amounts of water and seek medical attention.
8. References -  

Chemtutor Acids and bases (2005). Accessed October 10, 2005 from http://chemtutor.com/acid.htm
Kotz, John.C, Treichel Paul. Chemistry and Chemical Reactivity Third edition. Saunders College Publishing, USA. 1996.
Consultation with Marjorie Turton, Chemical Technologist, Standard Aero Limited.
David Greskiw

