Chemistry Honors
Stoiciometry Lab I

Stoiciometry and Mole Relationships

Objectives:

1. To obtain elemental copper by the single replacement reaction of iron metal and copper(II) sulfate solution.

2. To calculate grams of copper(II) sulfate and moles of iron used in the experiment.

3. To determine percent yield of copper produced.

Background:


Iron powder will react with copper(II) sulfate in a one-to-one ratio based on the balanced equation. This ratio represents the mole to mole relationship of the reactants in a manner that can be visualized. 
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     iron powder
     copper(II) sulfate

          iron(II) sulfate            copper metal


In the reaction, iron will be the limiting reactant because it will be completely used up in the reaction. Copper(II) sulfate will be in excess; not all of it will be used up in the reaction. The number of moles of iron that react will equal the number of moles of copper produced. The reaction indicates the 1:1 ratio between iron and copper.

The occurrence of the reaction will be obvious since the blue copper(II) sulfate solution turns green due to the iron going into the solution. Copper metal is noticeably forming on the bottom. If the copper(II) sulfate solution is warm, the reaction occurs almost instantaneously.


Calculations demonstrating the relationship between moles of reactants and products can be used to determine mass and moles of substances. The percent yield of the copper can be calculated based on the amount actually produced compared to the amount that could theoretically be produced if the reaction was not affected by environmental factors or human errors. A percent yield of 90% or higher is an optimal recovery.
Hypothesis:

Materials:


Copper(II) sulfate pentahydrate,  CuSO4·5H2O, 12.5g
Graduated cylinder, 50 or 100 mL

Iron powder, Fe, 2.24 g




Stirring rod


Distilled water, approximately 100 mL


Heating apparatus


Electronic balance





Weighing paper


Beaker, 100mL 





Plastic spoon

125mL Erlenmyer flask




Filter paper

Safety Precautions:


Copper(II) sulfate is a skin and respiratory irritant. It is toxic by ingestion and inhalation. Goggles must be worn and wash hands after use. Do not inhale any of the chemicals.
Procedures:


Day 1:

1. Obtain a clean, dry 100mL beaker.
2. Weigh out 12.5 g of copper(II) sulfate and record exact mass in data table. Place it into the beaker. 

3. Using a graduated cylinder, measure out 50.0 mL of distilled water, and then add the water to the 100mL beaker containing the copper(II) sulfate.

4. Weigh out 2.24 g of iron powder. Record exact mass in data table and set aside until Step 9.

5. Using a ring stand or hot plate, heat the beaker of copper(II) sulfate and water to about 50ºC. Do not boil the solution.

6. To help dissolve the copper(II) sulfate crystals, stir with a stirring rod.

7. When all the crystals are dissolved, stop heating and remove from heat source. (5-10 minutes)
8. While stirring, carefully add the iron powder to the hot copper(II) sulfate solution. When all the iron has been added, let the solution sit for ten minutes to allow it to react. Stir occasionally and record any observations.

9. Obtain a piece of filter paper and write your group number on it with a Sharpie marker. Fold and place into funnel. Use a little distilled water to get the paper to stick to the funnel.

10. When the ten minute reaction time is up, filter the copper product. Place funnel with filter paper into a 125mL flask to collect the liquid.
11. Use the wash bottle to obtain as much copper product from the stirring rod and beaker as possible.
12. Wash the product in the filter paper using distilled water. Do this two times.

*The filter process will take about 20-25 minutes so monitor your time closely.

13. Place the filter paper with the product in the place designated by teacher to dry.
14. Pour the decanted liquid in the 120mL flask down the drain with running water.

15. Thoroughly clean stirring rod, thermometer, beaker, and flask. Throw away any weighing paper and paper toweling.

16. Teacher will check all lab stations before any students may be excused.


Day 2:

17. Obtain labeled filter paper.

18. Weigh the filter paper and the dry copper metal. Record mass in the data table.

19. Throw filter paper and copper away in the trash.
20. Be seated and address lab questions.

Data Table:

	Mass of Copper(II) sulfate

	Mass of Iron powder

	Mass of Filter paper


	Mass of Filter paper and Copper

	Mass of Copper Recovered

	Observations of Fe  +  CuSO4



*No calculation section. Any calculations will occur in the question section.

Questions/Analysis:

1. Calculate the number of moles of iron consumed based on the actual number of grams you used.

2. Calculate the number of grams of Copper(II) sulfate consumed based on the actual number of grams of iron used.

3. Calculate the mass of copper that could be produced based on the number of grams of iron used. This provides you with the theoretical yield of copper that could be produced if the reaction went to 100% completion.

4. Determine the % yield of copper produced using the equation:



Actual copper produced in grams            x    100      =     % yield of copper

               Theoretical amount of copper in grams

5. Is your % yield optimal or is it low based on theoretical yield?
Conclusion:  Standard conclusion. Be sure to include % yield of product obtained and discuss if this yield is considered optimal. If it is provide procedures that went well with your copper recovery. If the % yield is low, discuss factors that influenced the low copper recovery.
