Mass-Volume Relationships in a Reaction with

Copper II Carbonate Basic
Introduction


Many chemical reactions involve the production of a gas from a solid reactant.  Given a balanced equation for such a reaction and the mass of any of the substances involved, we can use the molar relationship between mass and volume to find the volume of the gas produced.  Such calculations are known as mass-volume problems.

This experiment is based on the decomposition of copper II carbonate basic.  The balanced equation for the reaction is:  



   (
CuCO3*Cu(OH)2(s) ( 2CuO(s)   +   CO2(g)   +   H2O(g)

The CO2 gas is collected by the water displacement method.  This CO2 is saturated with water vapor and is collected at room conditions.  Thus, certain corrections must be made in order to determine its dry volume at STP.  These corrections involve the use of Dalton’s law of partial pressures and the combined gas laws of Boyle and Charles.

This experiment should help students understand the molar relationship between mass and volume and to solve mass-volume problems

Purpose

Compare the volume of CO2 gas (corrected to STP) attained experimentally to the theoretical volume predicted by mass-volume calculations.

Materials

copper II carbonate basic, CuCO3*Cu(OH)2
electronic balance
ring stand

burner
utility clamp
test tube, 18 x 150 mm


spatula
rubber stopper, one hole
glass square

glass tubing
graduated cylinder, 100 mL
tubing

thermometer
pneumatic trough
collecting bottles, 250 mL

striker
safety goggles

Procedure

1. Find the total volume of the collecting bottles by filling them with tap water and carefully measuring the water in a graduated cylinder.  Recorded this volume in your data table.

2. Measure out exactly 2.21 g of copper II carbonate basic, CuCO3*Cu(OH)2 and add it to a clean, dry test tube.  Record this mass in your data table.

3. Clamp the test tube to a ring stand.  The test tube should be set an angle and the CuCO3*Cu(OH)2 should be spread along the lower half of the tube.

4. Half fill a pneumatic trough with water.  Completely fill the collecting bottle with tap water and place a glass square over the mouth of the bottle.  Invert the bottle and place it in the pneumatic trough.  Do not allow any water to leak out of these bottles.

5. Assemble the glass tubing, stopper, and tubing.  Set up the apparatus as shown in the picture to the right.

6. Holding the burner in your hand, heat the CuCO3*Cu(OH)2 gently at first, moving the burner up and down the test tube.  Record your observations.

7. Once the bubbling slows down, heat the tube strongly until no more gas is produce.  Stop heating and take the delivery tube out of the trough at once.  Cover the mouth of the bottle with a glass square and remove it from the trough.

8. Measure the temperature of the water in the bottle and record this temperature in your data table.  

9. Using the temperature of the water plus the table on the back of the lab, find the pressure of the water vapor and record it in your data table.

10. Using a graduated cylinder, measure the volume of water remaining in the collecting bottle.  Record this volume in your data table.

11. Record the barometric pressure in your data table.
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Calculations

1) Write a balanced equation for the decomposition of copper II carbonate basic.

2) What is the theoretical yield of carbon dioxide in liters at STP?

3) What is the volume of the wet gas (CO2 and H2O) collected in your lab, the actual yield? 


mL.  This is V1.
4)   What is the temperature of the water? 

oC.  This is T1.

Look at the vapor pressure of water chart on the back of the lab to find the amount of pressure of the water vapor collected in the gas-collecting bottle?

 

torr.  This is Pwater vapor.

 
What is the barometric pressure? 

torr  This is Pwet gas.

What is the amount of pressure of your dry gas, CO2?  

torr. (Pwet gas = Pwater vapor +  Pcarbon dioxide)

This is P1.

5) Convert the actual yield, V1, to STP.

6) What is your percent yield?

7) If your percent yield is not 100%, explain why.

Conclusion

Write a descriptive explanation of the decomposition of copper II carbonate basic.  Include your observations plus your calculations.

Vapor Pressure of Water

	Temperature (oC)
	Pressure (torr)

	17o
	14.5

	18o
	15.5

	19o
	16.5

	20o
	17.5

	21o
	18.7

	22o
	19.8

	23o
	21.1

	24o
	22.4

	25o
	23.8

	26o
	25.2

	27o
	26.7

	28o
	28.4

	29o
	30.0

	30o
	31.8

	31o
	33.6

	35o
	42.2


