Educational Objectives:

The purpose of this demonstration is to illustrate two important principles in solution chemistry: The solubility product constant, and the formation of complex ions in order to dissolve otherwise insoluble salts.

Every ionic compound dissociates somewhat when it is placed in water. Some, however, dissociate more than others. The solubility product constant (Ksp) is a measure of the degree to which an ionic compound dissolves in water. 

Many precipitates, like Mercuric Iodide, are brightly colored. Therefore, the formation and dissolution of Mercuric Iodide in an aqueous solution will easily demonstrate the effect the variation of Q has on the solubility of a compound.

In the demonstration, Mercuric Iodide, a relatively insoluble ionic compound, undergoes a reaction with excess iodide ions in solution to form the complex [HgI4]2- ion, which is soluble in water. The disappearance of the orange HgI2 precipitate demonstrates the formation of the soluble complex ion.

Supplies:

2L beaker

Magnetic stir plate

Magnetic stirrer

Deionized water

Solid Hg(NO3)2

Solid KI 

Solid Na2S

10mL Graduated cylinders

Plastic pipets

Goggles

Aprons

Latex Gloves

Preparation:

-Prepare a .1M Hg(NO3)​2 solution by dissolving 5.681 grams of salt in 17.5 mL of water. 

-Prepare a 1M KI solution by dissolving 2.075 grams of salt in 12.5 mL of water. 

-Prepare a 1M Na2S solution by dissolving .0786 grams of salt in 1 mL of water. 

Procedure:

1. Fill a 2 L beaker with 1.75 L of deionized water. Place a magnetic stirrer into the beaker and place the beaker onto a magnetic stir plate. 

2. Add 17.5 ml of a 0.1M Hg(NO3)2 solution to the beaker (Be careful not to spill the Hg(NO3)2). 

3. Set the magnetic stir plate to a speed such that the nadir of the vortex reaches approximately three fourths of the way to the bottom of the beaker. 

4. Use a dropper to add ~2.5 mL of a 1M KI solution into the center of the vortex. 

5. When the solution turns completely orange and a precipitate is observed, pour ~10mL of the 1M KI solution into the beaker, or enough so that the solution becomes colorless. 

6. Add .5mL of a 1M Na2S solution into the beaker, or enough so that a black precipitate is observed. 

Hazards:

Na2S and its hydrates are dangerous and should only be handled by experts. Like lye, it is strongly alkaline and will cause skin burns. 

Hg(NO3)2 - Highly toxic. Inhalation, ingestion or skin absorption may be fatal. Neurological hazard. Readily absorbed through the skin. May cause delayed cyanosis through the formation of methemoglobin. Causes burns.

KI - Mild irritant, wear gloves. Chronic overexposure can have adverse effects on the thyroid.

HgS - DANGER! MAY BE FATAL IF SWALLOWED. HARMFUL IF INHALED OR ABSORBED THROUGH SKIN. CAUSES SEVERE IRRITATION TO EYES, SKIN AND RESPIRATORY TRACT; MAY CAUSE BURNS. MAY CAUSE ALLERGIC SKIN REACTION. MERCURY COMPOUNDS AFFECT THE KIDNEYS AND CENTRAL NERVOUS SYSTEM.
Disposal:

Mercury compounds must be disposed of by secure bagging and will be disposed of using a licensed hazardous waste disposal company. All of the other substances in the experiment are very dilute, and can be flushed with water down the sink.

Theory:

The main principle behind this particular demonstration is that of the solubility product constant (Ksp). Although both Mercuric Nitrate and Potassium Iodide are very soluble in water, when both are in solution together, they react to form Mercuric Iodide, which is only slightly soluble, with a Ksp value of 4.0 * 10-29. 

Hg2+ + 2I- → HgI2(s)
Therefore, as small amounts of Potassium Iodide are added to the Mercuric Nitrate solution, a Mercuric Iodide precipitate is formed at the vortex, creating an orange tornado effect. The precipitate is visible because the concentration of Mercuric Iodide is much greater at the vortex than it is at any other place in the solution. The precipitate quickly dissolves due to the stirring caused by the vortex. 


As more and more Potassium Iodide is added to the solution, the Q value (the product of the concentrations of the ions in solution) approaches the Ksp (the maximum soluble concentrations of ions in a solution of a given substance). When Q exceeds Ksp, the precipitate no longer re-dissolves. 

When a large excess of Potassium Iodide is added to the solution, however, the excess Iodide ions react with the Mercuric Iodide to form a clear complex ion, [HgI4]2-. This is a Lewis Acid-Base reaction, in which the I- anions (Lewis bases), form coordinate covalent bonds with the Hg2+ cations (Lewis acids) to form the complex ion [HgI4]2-. [HgI4]2- is quite soluble in water, and so dissolves again.

HgI2 (s) + 2I- → [HgI4]2-(aq)

To remove the Mercury from the solution for safe disposal, we must react it with Sulfide ions to form Mercury (II) Sulfide. Mercury (II) Sulfide is quite insoluble, with a Ksp value of 3 * 10-53.

[HgI4]2-(aq) + S2- → HgS(s) + 4I-

Lyrics: THE ORANGE TORNADO

Mercury nitrate, potassium iodide (x3)


Sung to the tune of Figaro

Soluble soluble soluble salts

Mercuric cation, iodide anion (x2)

What an attraction

Incredible passion

Form an insoluble precipitate

Refrain: Orange, orange mercuric iodide (x2)
If Q exceeds the Ksp (x2)

Orange orange solid

Orange solid we shall see

But why it disappeared, it disappeared now

I do not know, I do not know,

Just added excess iodide ions,

I told you No! I told you no!

A complex ion formed in the solution,

and it dissolves (x2)

A tetrahedral  complex,  we all so love(x2)

Tetraiodomercuric -2 (x2)

It is so neat, it can’t be beat,

Oh such delight, transmits all light,

Now I know what happened to Mercuric Iodide  
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