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The Gallium Beating Heart
Source:  James L. Ealy, Jr (1993)  The Journal of Chemical Education, Volume 70.  pages 491-492.

Description:  Induced by the touch of an iron nail, gallium metal appears to take on a life of its own as it continuously oscillates between a dull flat puddle and a shiny sphere.
Concept:  Electrons from a corroding anode (iron nail) are transferred to Ga3+, forming gallium metal.  The gallium metal is spherical in shape due to its surface tension.  Dichromate oxides the surface of the gallium, creating Ga3+ and breaking the surface tension in the gallium metal.  This oscillation continues for about 30 minutes as the dichromate concentration gradually decreases.
The oxidation that occurs at the iron anode:
Fe(s)    +     2H+(aq)    (      Fe2+(aq)     +      H2(g)
The reaction between the surface gallium and the dichromate ion:
2Ga(s)   +   14H+(aq)  +  Cr2O72-(aq)   (       2Cr3+(aq)  +   2Ga3+(aq)  +  7H2O(l)
The reduction of gallium ions back to gallium metal:
Ga3+(aq)    +    Fe(s)   (      Fe3+(aq)    +    Ga(s)
The addition of potentials for the four principle reactions yields a positive value, showing why the reaction is spontaneous:

The Fe/Ga3+//Fe3+/Ga reaction is negative overall:
6e-  +   2Ga3+ (  2Ga                                -0.520 

2Fe (  2Fe2+  +  4e-                                    0.441

2Fe2+ (  2Fe3+  + 2e-                                 -0.770

Ga3+  +  2Fe  (   2Fe3+   +   2Ga             -0.849

The Ga/Cr6+//Ga3+/Cr3+ reaction is positive overall:

2Ga  (  2Ga3+   +   6e-                               0.520
2Cr6+   +    6e-    (    2Cr3+                         1.10
2Cr6+   +   2Ga   (   2Cr3+  +   2Ga3+       1.62

-0.849  +   1.62   =    0.771
Materials:  

· 125 x 65 crystallizing dish
· Beral or Pasteur pipet
· 5-7 grams of gallium metal
· 75 mL 6M H2SO4
· Iron nail that has been polished with steel wool
· Hot plate 
· Short, 100oC thermometer
· Small amount of 0.1M K2Cr2O7
Procedure:

The gallium metal will need to be heated in warm water so that it can be poured from the container.

About 5 -7 grams of the gallium (or enough to make a sphere of roughly 1 cm in diameter) is placed in the crystallizing dish on top of a hot plate set to low heat.  75mL’s of the H2SO4 is added and the heat is applied until the gallium remains in liquid form.  A few mL’s (2 or 3 pipets full) of the K2Cr2O7 solution is added and the crystallizing dish is removed from the heat.  The iron nail is then slowly brought close to the puddle of gallium.  The gallium will instantly move away from the nail and form a sphere.  The sphere will eventually flatten out into a puddle again, and continue to oscillate between the sphere and puddle formations.  This demonstration should be done on an overhead projector, or the students should be allowed to observe the reaction from close-up.
Clean-Up:


The gallium can be recovered for later use.  Decant the solution from the gallium into a waste beaker.  The dish can then be placed on top of an ice bath or allowed to cool to room temperature.  The gallium should solidify almost instantly in the ice bath.
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