AP Chemistry Lab #2  Stoichiometry and Percent of a Hydrate


Given a balanced equation, and the mass of one of the substances, the mass of any

other substance in an equation can be determined.  In this experiment, a double replacement reaction, or metathesis reaction, will occur when two aqueous “hydrated” solutions are mixed.  Three products will be formed: water, a soluble salt, and an insoluble salt.  The insoluble salt will be filtered from the rest of the products, then dried and massed.  The value of this mass will be compared to the theoretical mass of this product, and a percent yield will be determined.


Lastly, the final product of this experiment is also a hydrate.  You will convert the hydrated salt into an anhydrous salt (dehydrated) by heating it to remove all of the water.  Using the masses of the hydrated and anhydrous salt, you will calculate the number of moles of salt and water in that substance.  From those calculations, you will be able to determine the percent of water in that hydrate, and confirm the molar ratio of salt to water in that substance, or the empirical formula of that hydrate.

Science Practices: [1.B, 2.A, 2.B, 2.C, 4.D, 5.A, 5.B, 5.C, 5.E, 5.F, 6.G]  
Objective

 How can the percent and molar ratio of water in a hydrated salt be determined from a reaction in which a hydrated salt is produced?
Safety
Wear protective goggles and an apron throughout the laboratory activity.


Materials



zinc acetate dihydrate [Zn(C2H3O2) 2 . 2H2O]



sodium phosphate tribasic hydrate (Na3PO4 . 12H2O)



distilled water


weighing boats 
250-mL beaker



100-mL graduated cylinder
evaporating dish
labels







watch glass


utility clamp 

100-mL beaker


glass stirring rod

balance

safety glasses



Buchner funnel

filter paper

scoopula




Erlenmeyer vacuum flask with hose


Procedure

DAY 1
1. Measure exactly 2.19 grams of zinc acetate dihydrate.  Record this mass in your data table.  Place the zinc acetate dihydrate into a clean 250-mL beaker and add 50 mL of distilled water to it.  Stir thoroughly to make sure all of the crystals are dissolved.  Rinse off the stirring rod when done. 
2. Measure exactly 2.60 grams of sodium phosphate tribasic hydrate.  Record this mass in your data table.  Place the sodium phosphate tribasic hydrate into a clean 100-mL beaker and add 50 mL of distilled water to it.  Stir thoroughly to make sure all of the crystals are dissolved.  Pour the sodium phosphate tribasic hydrate solution into the 250-mL beaker containing the zinc acetate dihydrate solution.  Record your observations.
3. Collect the precipitate that is formed by filtering the solution through a Buchner funnel using suction.  Note you will not be able to do this in one pouring.  Pour carefully so not to spill the solution.

4. Turn off the suction and pour about 20 mL of distilled water over the crystals.  After about 15 seconds, turn on the suction again to remove the liquid and most of the impurities.  Repeat this process again with another 10 mL of distilled water.  Then draw air through the funnel for a few minutes to help dry the crystals.  

5. Remove the top of your funnel with your sample and label it with your name. Let the precipitate dry in an oven overnight at around 60oC.

DAY 2

6. Find the mass of your dry precipitate, and record in your data table.  (Note even though these crystals are dry they are still hydrated).

7. Set up a hot plate
8. Dry an evaporating dish for five minutes.  Let the evaporating dish cool for three minutes.   USING HOT HANDS, mass the evaporating dish.  Record this in your data table.

9. Add your sample to the evaporating dish.  Once again record the mass of your precipitate (Note, the mass of the precipitate should not have changed unless some spillage has occurred).

10. Carefully place the evaporating dish back on the hot plate and cover with a watch glass.  Slowly heat the evaporating dish.
11. Heat the evaporating dish and compound for 10 minutes, then remove the watch glass.  Note also if the product turns brown, stop heating it or you will decompose your compound.  Heat for an additional 10 minutes.
12. Let the evaporating dish cool for three minutes, then immediately mass the evaporating dish with your final anhydrous product. 

13. Return the evaporating dish to the hot plate and heat for another 5 minutes.  

14. Let the evaporating dish cool again for three minutes, then immediately mass the evaporating dish with your final anhydrous product a second time.
Observations


Record all observations related to this lab. 
Data -  Mass Data for Double Replacement Reaction


1.  Mass of Zn(C2H3O2) 2 . 2H2O used:


___________  grams


2.  Mass of Na3PO4 . 12H2O used:



___________  grams


3.  Mass of hydrated salt:




___________  grams


4.  Mass of evaporating dish:




___________  grams


5.  Mass of evaporating dish and anhydrous salt:

___________  grams


6.  Mass of evaporating dish and anhydrous salt (2nd time):
___________  grams

Calculations   (Make sure to show all of your work)

1   Using your data, calculate the moles of anhydrous zinc phosphate produced 

from this experiment.  Then calculate the moles of water lost from the dehydration of the hydrated zinc phosphate.



2.  Using calculation #1, estimate the value of “X” for the hydrated salt, 

Zn3(PO4)2  . XH2O


3.  Write out the balanced equation for the double replacement reaction from the 


given information: (Make sure you plug in your value for “X.”


__[Zn(C2H3O2)2  . 2H2O](aq)  +  __(Na3PO4 . 12H2O)(aq)   ( 

 

__Na C2H3O2(aq)    + __(Zn3(PO4)2  . XH2O) (s)      +   __H2O(l)  


4.  Show why the zinc acetate dihydrate is the limiting reactant in this reaction.


5.  Determine the theoretical yield mass of Zn3(PO4)2  . XH2O.



6. Find your % yield for Zn3(PO4)2  . XH2O.






7. Determine the % of water in the hydrated salt based on your experimental 

        calculations.

8. Determine the % of water in the hydrated salt based on the actual empirical

formula.

9. Determine the % error from calculations 7 and 8. 
Discussion. 
· What was the balanced equation for this reaction?

· Include all final numerical results, such as % yield, % error
· What was the molecular formula of your final hydrate product? 
· Explain how the % and molar ratio of water in this hydrate was determined.

· Discuss your sources of error and how they could be lessened in future labs.

Additional Discussion Questions
NOTE: you must write down the questions as well as the answers.  They must 
ALWAYS be in complete sentences.

1.  What is another name for a double replacement reaction?

2.  Define the terms hydrated and anhydrous salt.  How can you turn a hydrated salt into an anhydrous salt?  How can you turn an anhydrous salt into a hydrated salt?

3.  Based on the solubility rules, why was zinc phosphate insoluble, but sodium acetate was soluble.

4.  Suggest some sources of error in this experiment that would explain why you would got less than 100% yield.

5.  Suggest some sources of error in this experiment that would explain why you would get more than 100% yield.
6.  Why must you immediately mass your anhydrous salt after heating?

7.  How well did your empirical formula agree with that of the hydrated salt?  Explain any inconsistencies.

8.  How would you name your hydrated salt, Zn3(PO4)2  . XH2O? (where X is the number you calculated).
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