Precipitation Predictions

Developed by Jon Barber

Equipment and supplies

1. NaCl(s)
2. Concentrated (higher the better) solution of AgNO3(aq)
3. Balance

4. Large Erlenmeyer flask and other flasks for mixing as needed

5. Buret or other dropping device

6. Magnetic stirring device

7. Volumetric flasks

Set Up

In front of the class weigh out 0.584 grams of NaCl(s), dissolve this sample in a small amount of distilled water and expand to 500 ml. In the same manner weigh out 0.194 grams of K2CrO4(s) dissolve and dilute to 500 ml in a second volumetric flask. Take the two solutions and thoroughly mix them together to produce one liter of solution containing all four ions. Place the solution, or any part of it, in the large Erlenmeyer flask and position it on the magnetic stirring device. Mount the dropping mechanism containing the highly concentrated AgNO3(aq) solution above the Erlenmeyer flask. In separate containers prepare small amounts of a second NaCl(aq) solution and K2CrO4(aq) solution (the concentrations are not important) and use these to demonstrate the low solubility of Ag2CrO4(s) and of AgCl(s). This can be done by adding just a drop or two of the AgNO3(aq) solution to each. Take a moment to observe the precipitates formed and their respective colors of blood red and white.  

The problem posed

If drops of the AgNO3(aq) solution are added to the solution on the mixer one drop at a time (bring the concentration of [Ag+(aq)] ions steadily up from “0” will we get a permanent white or red precipitate first?

Measurements needed

You may need to state the Ksp values for AgCl(s)  (1.7 X 10-10) and of Ag2CrO4(s) 

(9.0 X 10-12) if they have not been used in class previously.

Additional Comments

The concentrations in this practicum can be altered, but it is important that the white precipitate is the first to form. Students may mistakenly feel that they can predict the answer on the basis of the smaller Ksp value which would only be proper if both reactions were first order reactions. Also, the red precipitate will mask the formation of the white precipitate making the additional experiments hard to observe.

You can make this practicum cover dilution factors in a more sophisticated way by mixing the two original solutions of K2CrO4 and NaCl in two unequal volumes and then add water up to one liter or some other total volume. You can also change the weights of each chemical that you measured out at the start to make the problem different for each class.

Additional experiments

Three possible additions can be included. First, will we ever get the red precipitate if we continue to add more AgNO3(aq) to the mix? This question can produce a long and productive debate. In some cases the whole concept of equilibrium is carefully reviewed.  Of course after the class makes it’s prediction go ahead and demonstrate the true result. Second, at the first moment that we see a permanent red precipitate what must be the concentration of the [Cl-(aq)] still in solution? This second question can be calculated, but the correctness of the result cannot be easily demonstrated to the class. This does not follow the philosophy of a good practicum question. Last, what will happen if we add NaCl(s) to the now red solution. Watching the color change back to white you can almost see the two equilibriums balancing off against each other as small amounts of NaCl(s) are added. 

Sample student calculation based on the values given:

Moles of chemicals 

(.584 g) 
[image: image1.wmf]= 0.00100 Moles of NaCl ;   (.194 g) 
[image: image2.wmf]= 0.00100 moles of K2CrO4

Concentrations of CrO4-2(aq) ions and Cl-(aq) ions in the final mix including the dilution factor.

[Cl-] = 
[image: image3.wmf] = 0.00100 = 1.00x10-3
[CrO4-2] = 
[image: image4.wmf] = 0.00100 = 1.00x10-3
Reactions for red and white precipitates

White  AgCl(s) = Ag+(aq) + Cl-(aq) Ksp = 1.7x10-10

Red  Ag2CrO4(s) = 2Ag+(aq) + CrO4-2(aq) 9.0x10-12
Maximum [Ag+] that each equilibrium will tolerate before the formation of a precipitate.

[Ag+][Cl-] = 1.7x10-10;   [Ag+] =
[image: image5.wmf] = 1.7x10-7 white 

[Ag+]2[CrO4-2] = 9.0x10-12;  [Ag+] = 
[image: image6.wmf] = 9.5x10-5  red

Therefore the [Ag+] will exceed the concentration of 1.7x10-7 first which equals a white precipitate.

Additional Questions

Yes, the red precipitate will eventually show up and remain. At this moment the [Ag+] will have just exceeded 9.5x10-5. Therefore 

[Cl-][9.5x10-5] = 1.7x10-10;   [Cl-] =  
[image: image7.wmf] = 1.8x10-6
If you now add NaCl to the red solution it will turn back to white due to the lowering of the [Ag+] causing the Ag2CrO4(s) to dissolve.

_1112772795.unknown

_1112774306.unknown

_1112777040.unknown

_1112777041.unknown

_1112775866.unknown

_1112773190.unknown

_1112772680.unknown

