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Changing Coordination Numbers: Nickel Complexes

Source:  L. R. Summerlin, C. L. Borgford, and J. B. Ealy, 1987, Chemical Demonstrations: A Source Book for Teachers, vol. 2,  pp 73-74.

Description: Four beakers containing a green solution of nickel (II) solution are displayed.  When successively more drops of ethylenediamine are added to the beakers, the solutions display colors from light blue to violet characteristic of various nickel complexes.

Concept:  Ions of the transition elements exist in aqueous solution as complex ions.  Transition-metal compounds are often colored.  The color results from the transition of electrons between the two closely spaced d orbitals.   The transitions are due to the electric field of the compound's ligands.

Materials:  
· 100 mL of 1 M Nickel Nitrate solution

· Four 400 mL beakers

· 30 mL of  25% Ethylenediamine

· Three 20 mL beakers

· glass stirring rods

· Elmo projector or overhead or while cardboard backround

Safety:  Ethylenediamine is a corrosive, toxic, flammable liquid.  Inhalation may be fatal as a result of spasm, inflammation, and swelling of air passages.  Can cause damage to kidneys and liver and stomach pains, vomiting, and diarrhea.  Wear safety goggles and disposable gloves.  If you prepare the chemicals for this demo, work in a hood when pouring ethylenediamine into 10 mL beaker.   

Procedure:

Add 20 mL of nickel chloride solution to each of four 400 mL beakers.  Dilute each with distilled water to 300 mL.


To second beaker of nickel chloride, add 5 mL of 25% ethylenediamine. A light blue color should appear. Stir the mixture.

To third beaker, add 10 mL of 25% ethylenediamine  and stir.  A royal blue color should appear.

To fourth beaker, add 15 mL of 25% ethylenediamine and stir.  A violet color should appear.



Group beakers together to contrast the four colors.

Clean Up:


Collect all leftover chemicals in a waste bottle and take to EH&S for disposal.

Background: 

A complex ion is a metal ion with Lewis bases attached to it through coordinate covalent bonds.

A complex or coordination compound is a compound consisting either of complex ions with other ions of opposite charge or of a neutral complex species.

Ligands are the Lewis bases attached to the metal atom in a complex.

A bidentate ligand is a ligand that bonds to a metal atom through two atoms of the ligand. (Ethylenediamine is a bidentate ligand.)  Bidentate ligands are often called chelating agents.

Beaker 1 contains a green solution of hydrated Ni 2+ ions, Ni(H2O)6 2+.

Beaker 2 contains a light blue solution of the complex ion in which two water molecules have been replaced by one ethylenediamine (en), Ni(H2O)4 2+en.

Beaker 3 contains the royal blue color characteristic of the nickel complex consisting of two water molecules and two en's, Ni(H2O)2 (en)2 2+.

Beaker 4 has a violet solution of the nickel complex consisting of three en's, Ni(en)32+. 
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