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Solids in Liquids

Description:   Water, heavy water (D2O), cyclohexane, and benzyl alcohol are frozen.  The solid form of each substance is put into the liquid form of each (the D2O is put in liquid H2O).  Solid water (ice) is the only solid that floats.

Concept:  When water freezes the structure expands so that the solid water is less dense than the liquid form.  This is not the case for mostly all other substances.


Materials:  

· Benzyl alcohol

· Cylcohexane

· Heavy (deuterated) water (D2O)

· Distilled water


· A freezer

· Ice cube trays

· 50-mL beakers

· 150 or 250-mL beakers

· Acetone and dry ice bath in dewar

· Ice and salt bath in dewar (rock salt is available in Chem Stores) 

· Cooler of ice

· Dewars

· Vacuum pump (see Tom Hacker in the Freshman Labs)

· Three Large 1 L beakers

· Tongs

· Aluminum foil

· Elmo or Vizcam 2000 (cameras to project the image onto the big screen)

· Custom made glassware for freezing cyclohexane under a vacuum. 

See accompanying figure.  There are two of these that were made here by

Don Garvin in the glass shop.  The glass is heavy walled.

Safety:
 Work in the hood with the benzyl alcohol, cyclohexane, and acetone.  Wear gloves.

Avoid contact with the above solutions.  Avoid contact with the deuterated

water also.  Do not over vacuum.

Procedure:

Before the class: 
The water and heavy water should be put in the ice cube trays and into the freezer the day before.  I put the trays in labeled zip lock bags before putting them into the freezer.  The cyclohexane and benzyl alcohol solid can also be made the day before and left in the dry-ice acetone bath.  Make sure there is plenty of dry ice and acetone in the Dewar to last overnight.

To freeze the Benzyl alcohol:  Pour benzyl alcohol in to a 50-mL beaker so that is about half to two-thirds full.  Using tongs to hold the beaker, dunk the bottom portion of the beaker into the acetone-dry ice bath.  Hold it there until the liquid is become solid.  Remove the solid benzyl alcohol by warming the bottom of the beaker with you hand (wear gloves).  Repeat until you have about 6-8 pieces Put the solid pieces of benzyl alcohol into a larger 150 or 250-mL beaker and store them in the acetone-dry ice bath.

To freeze the cylcohexane:  Pour cyclohexane into the bottom 2 inches of the tube of the custom glassware.  Attach the top, you may have to apply some vacuum grease on the glass joint.  Close the stopcock and put the bottom of the glassware into the ice-salt bath until the cylcohexane is frozen.  Attach the tubing from the vacuum pump to the glassware, open the stopcock, and turn the pump on.  Pump until no air is heard going through the pump.  Then close the stopcock and turn the pump off.  Allow the cyclohexane to melt.  Attach the vacuum pump, open the stopcock, and turn the pump on and pump until no air is heard.  Refreeze the cylclohexane.  Open the stopcock and remove the top portion of the glassware.  Remove the cylcohexane solid by warming the bottom of the glassware with your hand.  Repeat until you have about 6-8 pieces.  Store the pieces of solid cylcohexane in a beaker in the acetone-dry ice bath.

Note: use tongs that have been chilled in an ice bath to handle the frozen solid pieces of benzyl alcohol and cyclohexane.  These substances will melt quickly. 

Remove the H2O and D2O “ice” cubes from the ice cube trays and store them in separate labeled beakers in the cooler of ice.  You may try warming the bottom of the trays a little so that the cubes slide out intact instead of breaking into pieces.

For the demo supply:

· The cooler with the H2O and D2O “ice” cubes, 

· The acetone-dry ice bath with the benzyl alcohol and cyclohexane pieces (cover the dewar with foil to minimize acetone fumes and keep in the cool), 

· Tongs on ice, 

· 1 Liter beakers filled at least half way with liquid H2O, cylcohexane, and benzyl alcohol.  Do not overfill or the Professor may not be able to fish out the solid pieces from the bottom of the beakers without the beaker spilling over and dunking a hand into the liquid.

During Class:

Using the cold tongs drop a few pieces of solid benzyl alcohol into the beaker of liquid benzyl alcohol.  If you do not need to use the pieces again you can just let the solid melt in the beaker of liquid (this will happen relatively quickly). If you do need to re-use then quickly put them back into the beaker in the acetone-dry ice bath.

Using the cold tongs drop a few pieces of solid cylcohexane into the beaker of the liquid cyclohexane.  If you do not need to use the pieces again you can just let the solid melt in the beaker of liquid (this will also happen relatively quickly).  If you do need to re-use then quickly put them back into the beaker in the acetone-dry ice bath.

Use the tongs or your hands to put a few H2O ice cubes into the beaker of liquid H2O. Use the tongs to put a few D2O “ice” cubes into the same beaker of H2O.  It is okay to let the H2O cubes melt, but please rescue and save the D2O cubes (D2O is rather expensive and we have a limited readily available supply).

Clean-Up: 
 Save the D2O, cyclohexane, and benzyl alcohol in its liquid state.  Dump the salt-ice bath down the drain.  Dump the liquid H2O down the drain.  Allow the acetone-dry ice bath set until it has evaporated.

Notes:

	Substance
	Melting  Point  ((C)

	Benzyl alcohol
	-15.19

	Cyclohexane
	6.47

	H2O
	0

	D2O
	3.81


This demo was suggested by Dr. Reilly for C105.

Top half is removed to get the solid out





Opening to connect to vacuum pump





Stopcock screws to open/close opening to vacuum pump





Button half where solid is formed





Ground glass joints at openings








11-4


