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Golden Snow Globe
II. Concepts
· Solubility of Solution
· Formation of crystals from solution
· Double Displacement Reaction
· Saturation Vocabulary (Review)
III. Learning Objects
· Students will be able to identify and explain what type of reaction is occurring between lead (II) nitrate and potassium iodide and write the balanced equation.
· Students will be able to explain, in terms of solubility, why the lead iodide is fully dissolved when heated but is recrystallized when cooled.
· Students will be able to identify when the combined Pb(NO3)2 and 2KI solution is saturated and supersaturated.
IV. Demonstration Description
The golden snow globe involves the synthesis and recrystallization of lead (II) iodide. It features a double replacement reaction between potassium iodide and lead (II) nitrate, both of which reacts and then are completely dissolved into the heating solution.  The demonstration is great for illustrating the recrystallization process and to also demonstrate differences in solubility’s and the affect that temperature has on solubility. Here is the chemical equation:

KI + Pb(NO3)2        PbI2 + 2KNO3

This demonstration is initiated with two soluble ionic compounds: potassium iodide and lead (II) nitrate.  These compounds are completely dissolved in separate 250 mL flasks of 125 mL of deionized water. When dissolved, these solutions are completely colorless. The potassium iodide is then added to the lead (II) nitrate solution with a transfer pipette.  Here, there is a double replacement reaction occurring, essentially resulting in the metals “swapping” their places in the two compounds producing lead (II) iodide and potassium nitrate. When the potassium iodide solution is initially added to the lead (II) nitrate solution with a transfer pipette, a bright yellow cloud forms but is then dissolved into the solution. This yellow coloration is the lead (II) iodide, and it dissolved due to its low concentration in the solution. However, when then rest of the potassium iodide is added, the 250 mL of solution turns into a bright yellow precipitate of lead (II) iodide.  It turns out that lead (II) iodide is very insoluble in water at room temperature. 

Although the lead (II) iodide is insoluble at room temperature, its solubility will increase with temperature.  When ionic compounds dissociate in water, they separate into their component ions.  This dissociation can either require or give off energy, and in the case of lead (II) iodide, separating the compound into Pb2+ and I- requires energy.  Therefore, heating the solution will promote the disassociation of the lead (II) iodide. 

The lead (II) iodide dissolving allows the solution to become clear once again. At this point, the solution is supersaturated and upon cooling will form crystals of lead iodide. The flask is removed from the hot plate and allowed to cool. The dropping temperature forces pure crystals of lead iodide to precipitate out of the solution.  The crystals are a beautiful gold color, and they take a substantial amount of time to meander to the bottom of the flask. This phenomenon is commonly referred to as a ‘golden globe’ or ‘golden rain.’

V. Demonstration Script

Today’s demonstration will allow you to visually experience crystal formation from a supersaturated solution. Do we all remember what a supersaturated solution is? Correct, a supersaturated solution is a solution with more dissolved solute than the solvent would normally dissolve in its current conditions.  First, though, we need to make two solutions, each containing ionic compounds. Here we have 0.4 grams of Pb(NO3)2. This will be dissolved in this flask which contains 125 mL of deionized water. On this side, we have 0.5 g of potassium iodide. This will also be dissolved in a flask with 125 mL of deionized water. Now, I will take the transfer pipette and put a few drops of potassium iodide into the flask of lead (II) nitrate.  Notice the color? When the two solutions are mixed, a double replacement reaction occurs. Now who can tell me what a double replacement reaction is?  A double replacement reaction occurs between two ionic compounds that exchange either their positively charged cations or the negatively charged anions.  Obviously they can’t swap both because you would end up with the same compound. So, let’s take a look at this on the board.

KI + Pb(NO3)2        PbI2 + 2KNO3

So now we have two new compounds formed, but the solubility of the lead (II) iodide made the yellow color disappear. At this point, is the solution unsaturated, saturated, or supersaturated with lead (II) iodide?  Correct, it is unsaturated.  So, now I will add the rest of the potassium iodide into the lead (II) nitrate flask.  Notice the strong yellow color. (Give it a swirl).  It does not seem as though the solution is going to become clear.  Is it now unsaturated, saturated, or supersaturated? Correct, supersaturated.  It turns out that lead (II) iodide is not very soluble at room temperature.  What would you suggest we do now? Correct, the solution needs to be heated.  This will promote disassociation of the lead (II) iodide solution. The solubility of the lead (II) iodide solution increases marginally when the solution is heated.

Let’s do a vocabulary review quickly. A solution that is unsaturated does not have excess material or solute within the liquid. Unsaturated solutions have the potential to effectively dissolve more material before reaching the point of full saturation. A saturated solution is as saturated as it can possibly be under normal conditions. A saturated solution is unable to dissolve or absorb any further solute, and any solute that is added after this saturation point remains whole. Supersaturated solutions are not possible under normal, unmodified circumstances. In order to supersaturate a solution, temperature can be raised, which allows more solute to be dissolved into the solution than would be possible under normal conditions.

So while this is heating, we need to address how precipitate forms from solution. Who can tell me what a precipitate is?  Good, a precipitate is an amorphous solid that forms from solution. An amorphous solid is a noncrystalline solid in which the atoms and molecules are not organized in a definite lattice pattern. Now who can tell me the difference between a precipitation and crystallization? Well, the fact is that they are both similar processes. The end product is a solid.  Like I said in precipitation, the precipitates are solids that consist of particles in a solution, but there is no true order to the solids. Crystallization is the formation of a crystalline solid with an elaborate crystal structure. These, too, are formed from a supersaturated solution but one that undergoes change very slowly.  For instance, cooling a supersaturated solution very slowly allows the atoms to join in a structured manner to form crystals. 

The crystallization process consists of two major events, nucleation and crystal growth. Nucleation is the step in which the solute molecules or atoms that are dispersed throughout the solvent (due to the rising temperature, remember) begin to gather into clusters that become stable under the slowly changing conditions. These stable clusters are known as nuclei. The crystal growth, then, is the subsequent size increase of the nuclei. The nuclei continue to grow as the solute is deposited from the solution and add on to the existing nuclei. The slower the environment change, the larger the crystals can be. Nevertheless, during crystal growth, the solute being deposited from the solution is adding onto the nuclei in a structured manner. The faster the solution cools, though, the smaller the crystals will be.  I have removed the flask from the hot plate and the cooling process has begun.

See here now, the crystals beginning to form out of the cooling solution. We will continue to monitor the crystal formation out of the solution.  

VI. Reflection

I believe that my demonstration went well besides that fact that I did not get the crystallization by the time I got through my activities planned for the wait time.  I understood (through practice) that my experiment had a considerable amount of wait time from heating the solution and letting it cool.  I planned on filling this time with a review on saturation and a short description/mini lesson on crystallization and precipitation.  In reality (if I had a real classroom) I could have gotten through that planned lesson and moved on with the rest of the class time planned.  Throughout the rest of the class time I could continually revisit the golden globe throughout the rest of the class.  I could also have that has completed crystallization globe for observation at the end of the class period if the demo globe did not fully develop.  The globe that I worked on in my demonstration never developed like the ones that I had produced in my practice trials.  This would have been a great time to have had one completed. As far as my planned lesson in the wait time, I could have planned that a bit more meticulously (such as what I would write on the board and what would be more discussion based).  But, in reality, I would have multiple chances to refine it in a school on demonstration day and I could refine it throughout the day.
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Golden Snow Globe: Student Worksheet

1. The potassium iodide and the lead (II) nitrate are dissolved into the DI water to form a(n)
a. Mixture
b. Solution
c. Substance
d. Supersaturated Solution
2. The reaction taking place between the potassium iodide and the lead (II) nitrate is a 
a. Single displacement reaction
b. Double displacement reaction
3. In a double replacement reaction, both the cations or anions can be displaced in each compound.
a. True
b. False
4. Upon addition of the potassium iodide to the lead (II) nitrate solution, the resulting solution is
a. Unsaturated
b. Saturated
c. Supersaturated
5. The supersaturated solution contains ________ solute than possible at room temperature.
a. Less
b. Equal
c. More
6. Heating the solution up _________ the solubility of lead (II) iodide.
a. Increases
b. Does not change
c. Decreases
7. Precipitate forms from a(n) ________________ solution when it is cooling down.
a. Unsaturated
b. Saturated
c. Supersaturated
8. Crystallization forms solids that have an ______________ construction
a. Organized
b. Disorganized
c. Random
d. Messy
9. Crystals forming from solution will be _________ if the solution cools slower
a. Larger
b. Smaller



