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Experiment T
Synthesis of “Copper Carbonate”:
What is it?

Chemistry 132
Spring 2013

Background

A careful reading of an advanced inorganic chemistry text will convince you that
CuCOs can only be made under a high pressure of CO>. What we call copper carbonate is
a complex salt referred to as a basic copper carbonate, basic because the material has
hydroxide groups as well as carbonate groups. There is more than one basic copper
carbonate and several have been known since ancient times. These include the following:

name color formula

malachite green Cu(OH)>Cu(CO3)
azurite  blue  Cu(OH)2Cu2(CO:3)2

Synthesis
Your synthesis is on the surface a straightforward metathesis (double displacement)
reaction:
CuSOu4(agq) + NaxCOs(aq) — CuCOs(s) + Na2SO4(aq)

The isolation step succeeds because only the desired product “CuCOs3” is insoluble and
can be isolated by filtration.

Chemical Analysis

As you will discover when you complete the Preparation page for this experiment,
“CuCO0Os3”, malachite and azurite all have different mass percent Cu. This difference is the basis
for your analysis of the material you make in the lab. Copper carbonates, hydroxides, and oxides
can all be converted to metallic copper by treatment with Hz(g) or CHa(g) at elevated
temperatures. The laboratory gas tap serves as a convenient source of natural gas, which is
chiefly CHa. You will construct an apparatus for the reduction of copper salts. By weighing the
material put in the reactor and weighing the copper present after reduction, you will be able to
determine the mass percent copper of the original sample.


http://commons.wikimedia.org/wiki/User:Ra%27ike
http://commons.wikimedia.org/wiki/User:Ra%27ike
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Statistical Analysis

How accurate is the value you obtain for % Cu? This is a difficult question to answer
with just your data alone, but statistical treatment of the class data will allow you to make a good
estimate of the accuracy of the average of the class data.
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Experimental Procedure

Weigh all reactants and products accurately on the analytical balances! Always record all the
digits of the mass reading from the balance.

Synthesis of “CuCQs.” Prepare a solution of copper sulfate by adding 3.8 g (0.015 mol)
CuS04:5H,0 to 40 mL of H2O. Prepare a solution of Na,COs3 (2.0 g, 0.019 mol) in 60 mL H>O.
Slowly add the copper solution to the sodium carbonate solution. Note any observations.

Warm the resulting mixture to 55-60 °C on a hot plate. Stir gently. Note any color change
or other observations. Cool the reaction mixture by immersing the beaker in a room temperature
water bath.

Once the mixture has reached room temperature, collect the product by filtration with a
Biichner funnel. When the product looks dry, carefully disconnect the vacuum hose. The product
has the consistency of modeling clay at this point and is difficult to get off of the filter paper.
Slowly, pour 20 mL acetone onto the precipitate, disturbing the precipitate as little as possible.
Wait about 30 seconds, then reconnect the aspirator hose and allow all the acetone to be pulled
through the product. Repeat with another 20 mL portion of acetone. Continue to apply suction.
The layer of product should begin to crack irregularly, like a dry lake bed. After a minute or so,
disconnect vacuum and collect your product. Pulverize any clumps in your product and dry
under a heat lamp for 5 minutes. Weigh your product. Assuming the product to be CuCOs3, what
is your percent yield?

Caution: Acetone is highly flammable. Keep it well away from open flames.

Analysis of “CuCQs.” Construct an apparatus for reduction of the product similar to the
diagram below. Determine the weight of a clean dry 18 X 150 mm test tube. To this tube, add
approximately 0.4 g of product, weighed with milligram precision. Take care to concentrate the
material at the bottom of the tube—keep the walls of the tube clean! Weigh the tube and copper
carbonate together to determine the exact mass of copper carbonate. Once the copper carbonate



has been reduced to metallic copper some of the copper will adhere to the test tube walls, which
makes it necessary to weigh by difference.

split stopper
clamped to ring
stand

] test tube. rests carefully

on gas delivery tube.

glass tubing gas
delivery tube

to gas outlet

Once the test tube is loaded with material, reassemble the reduction apparatus. Begin a
gentle flow of gas through the test tube, being careful not to disturb the solid with the flow of
gas. Attempt to light the gas exiting the test tube. If it does not light, slowly increase the gas
flow. When it does light, adjust the gas flow so that the flame height is 5—7 cm tall. This flame
serves to burn off the excess methane not used to reduce the copper carbonate and will also
oxidize any carbon monoxide formed in the reduction to carbon dioxide.

Now, light a Bunsen burner and, using the hottest part of the flame, heat the area of the
test tube that contains the copper carbonate. Heat for at least 5 minutes and be sure to note any
color changes or other changes that occur during the reduction. After reduction is complete
remove the Bunsen burner but allow the flame to burn from the mouth of the test tube for 5
minutes or until the copper in the test tube is cool. Next, turn off the burner gas to extinguish the
flame and, once the entire test tube is at room temperature, disassemble the apparatus. Weigh the
tube to determine how much copper it contains. Tap the tube and scrape the inside with a spatula
to remove some copper. Does it have metallic properties?

Chemical Analysis
Report your results as directed by the lab instructor. You might write them on an erasable

marker board or enter them into a spreadsheet program on a computer in the laboratory. The
instructor will inform you how to retrieve the class data.

From the class data, obtain an average, a standard deviation (SD), and a 95 % confidence
interval. Use the Q-test to discard outliers (see Appendix).



Use Student's #-test (Appendix) to decide, at the 95 % confidence level, whether or not
the formulation CuCOs can be ruled out. Can one of the formulas for basic copper carbonate also
be ruled out?



Laboratory Report Instructions

1.
2.

Write your name and Slayter box number at the top of the first page of your report.

Write a balanced equation for the reaction of CuSO4 and Na,CO3 based upon the
knowledge you gained from this experiment. Your equation should have water as a reactant
(both reactants are aqueous after all!).

(a) Write a balanced equation for the reaction of basic copper carbonate to give copper
oxide (CuO). (b) Write a balanced equation for the reaction of CuO with methane to give
Cu. Assume for reactions (a) and (b) that the only carbon containing product formed is
COo.

Do you have any experimental observations to suggest that the reduction you performed
occurred in two steps as described in question (2)? If so, state them.

Report your percent yield for the synthesis of “CuCQO3” (assume product is malachite or
azurite based on your % Cu data)

Your observed mass % Cu in basic copper carbonate and the class average mass % Cu in
basic copper carbonate (with standard deviation and 95% CI)

Apply Student’s #-test to the class data and judge which (if any) of the formulae for (basic)
copper carbonate can be ruled out based on the #-value and the 95% confidence level.
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