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The Acid in Water Puzzle

Source:  L. R. Summerlin, C. L. Borgford, and J. B. Ealy  (1988)  Chemical Demonstrations: A Source book for Teachers, Vol. 2, Second Edition,  p. 103.

Description:  Sulfuric acid is added to 0 oC water in one beaker and 0 oC ice in another.  The temperature in the beaker of water increases and the temperature in the beaker of ice decreases. 

Concept:  Heat is released when acid reacts with water causing the temperature of the water to increase.  However if the water is frozen initially the heat from this reaction is absorbed by the phase change of the ice molecules to liquid water.  Additionally, the temperature of this water will decrease due to the freezing point depression effect of the solute (the acid).

Materials:
· A large cooler of ice (from Frosh Labs)

· Ice from the ice machine in the service hallway near the Frosh Prep Lab

· 2 small coolers with lids

· 2  large Styrofoam coffee cups

· 2, 100 mL portions of 9 M Sulfuric Acid in 100 mL Erlenmeyer Flasks

· Temperature meter with Overhead Projector Display

Safety:  
Sulfuric Acid is corrosive.  Concentrated H2SO4 is 18 M.  Wear safety goggles and gloves.

Procedure:  

At least one DAY before class:  Dilute Sulfuric acid to 9 M.  The resulting diluted acid will be hot.  It will take some time for it to cool.  Cannot be done at the last minute.

Before Class:


Fill one coffee cup with ice and store in a small, covered, ice-filled cooler .

Fill another coffee cup with ice water and store in another small, covered, ice-filled cooler.  The water needs to be at 0oC before the demonstration.


Put flasks of H2SO4 into ice also.  This should be at 0oC before the demonstration.  


In Class:


Show that the cup full of ice water is full of ice water.  Remove all of the ice from the water.  Display the temperature of this water on the overhead projector.  It should be 0 oC.  

Add 100 mL of 0oC 9 M Sulfuric Acid to the water and watch the temperature change on the overhead.


Rinse the temperature probe with water immediately to protect it from the acid.


Show that the cup of ice is a cup of ice.  Drain any water that may be in the cup.


Display the temperature of the ice on the overhead projector.  It should be 0 oC.

Add 100 mL of 9 M Sulfuric Acid to the ice and watch the temperature change on the overhead.


Activity Idea:  Ask students to observe the demo.  Then have the students pair up for a couple minutes (time them) to write an explanation for what they observed.  Ask a few students to share their and their partner’s explanations.  Then for clarification go through the whole explanation using the students’ words whenever possible.


Rinse the temperature probe with water as soon as you are finished.

Clean-up:  
Neutralize the acid with NaHCO3 or 6 M NaOH solution and rinse down the drain with lots of water.  Rinse the temperature probe with water.

Notes:  This demonstration was done for the first time by Prof. Zwanziger for his C106 class, Spring '94.  It was a success.  
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