HONR 210 - Medicine: E Meets W

Fall 1617-1618

Lab 3:  SEQ CHAPTER \h \r 1The Demise of the Four Element Theory?

HISTORICAL INTRODUCTION

The Aristotelian view of matter being composed of 4 Elements that can change or transmute into another is becoming increasing untenable.  But I, Anglus Sala (1571-1637) believe we should follow Paracelsus and his Theory of the Three Principles –sulfur (required for combustion and which represents the soul), mercury (allowing volatility and which represents intelligence) and salt, required for inertness which corresponds to the body and which is found in all solids.  Hence the body must also be made of these substances.  Much progress is also being made by the atomists, who believe in the discreteness of matter and the smallest particle – the atom -  into which is may be divided.  What information supports these ideas?  Consider the experiments in Hungary concerning blue vitriol (you now know as copper sulfate).  The Moores in Spain have shown in the early part of this century that when blue vitriol is passed over iron pieces, pure copper resulted. Why, has not Pliny the Elder also reported this in the year 49 AD?  The simple explanation for such a result is that iron can be transmuted from copper.  But is this simple explanation correct?  Did the iron really disappear in the blue vitriol solution only to become copper?   I believe this to be wrong!  The copper exists both in the blue vitriol and in the pure metal.  It is not destroyed or transmuted!  Blue vitriol must be a compound of copper.  Indeed, I have shown this to be true by experimentation, which I have published in my book Anatomia Vitrioli – The Anatomy of Vitriol.  In this I describe a list of reactions that can be used to confirm this hypothesis.  In my original experiment, I took copper and reacted it with vitriol water (you know this as sulfuric acid) to produce blue vitriol, which I have rigorously shown to be identical to natural forms of blue vitriol.  Next, heat was applied and a black material formed.  In a final step, carbon was added and to the amazement of all pure copper was reformed.  This set of experiments clearly shows that the Four Element Theory should be rejected.  Copper did not transmute but was present in each of the steps, as demonstrated by its quantitative recovery.  Although my works seems inconsistent with the Three Principles espoused by Paracelus, I have not yet found a way to reconcile my results with his ideas.  Another defeat for the Greek’s old ideas comes from my proof that my synthesized blue vitriol is identical to natural blue vitriol.   Aristotle would have us believe that minerals grow and ripen in the ground and possess a soul.  If this were so, how could I synthesize it?   I am told that you will repeat my great set of experiments, but with some slight modifications.  I hope you relish in the delight I encountered when my experimental evidence supported my ideas and destroyed the old.    

You may ask, was pure copper known in my day?  I admit to strong feelings about people from the future who think only they are possessed of the intellectual prowess to understand their [image: image1.wmf]world.  Need I remind you of the Copper Age which began approximately 6500 BCE?  People knew of blue rock, the color of which was similar to blue vitriol, and which was found abundantly in Western Jordan.  Extending the evidence of my work on copper, this rock must have contained an impure copper substance.  As when I added carbon to my blue vitriol after I had heated it to form pure copper, so can carbon be added to the blue rock, [image: image2.jpg]


which upon long and extensive heating, and ultimate cooling by water, leads to the formation of the familiar bead of pure copper from the ore.  These beads can be collected, melted, and poured into molds to form the most exquisite of statues and weapons.  The picture shows modern day archeologists who are trying to recreate this process.  The fire must be kept at 1981oF (1083oC).  Hence they are shown blowing air through bamboo stalks into the fire.  Could you, isolated from the materials and books of your era, have developed such a method?  I doubt so!  Please don’t show disdain for the wealth of knowledge that we have so arduously acquired.

INTRODUCTION TO LAB
In this experiment a weighed amount of copper will be put through a cycle of chemical changes in which the last conversion is back to pure copper.  If you are careful, you will “recover” a significant fraction (> 95%) of the original copper.  Take care to prevent major loss of sample during all operations.

Note:  I realize that we have not studied much chemistry, so the names and symbols for the reactants and products shown below probably have little meaning for you.   I have tried to include the names of the substances.  What is most important about this multi-part lab is that you can see the amazing transformations that different elements can undergo when they react chemically with other substances.  At the end you will regenerate pure copper (almost the same amount that you started with), helping to demonstate that the copper was not destroyed but merely combined with other elements to form new substances with completely different properties than pure copper.

Copper is a fairly unreactive metal which will not dissolve in water.  However, in a solution of a strong oxidizing acid, such as nitric acid (HNO3), copper metal will form the copper ion, which is soluble (dissolves in water).

Cu(s) + 4HNO3(aq) ( Cu(NO3)2(aq) + 2NO2(g) + 2H2O()
(1)

The brown poisonous nitrogen dioxide (2NO2) gas escapes (up the fume hood) leaving an aqueous solution of copper nitrate (Cu(NO3)2) along with excess nitric acid.  If this solution is made basic  with sodium hydroxide (2NaOH), blue copper hydroxide (Cu(OH)2) will precipitate, leaving aqueous sodium nitrate (2NaNO3) with excess sodium hydroxide: 

Cu(NO3)2 (aq) + 2NaOH(aq) (  Cu(OH)2(s) + 2NaNO3(aq)  (2)

Heating the copper hydroxide causes it to decompose to black copper oxide (CuO) and water:


Cu(OH)2(s) ( CuO(s) + H2O()  (3)

The copper oxide can be collected on a filter, then dissolved in a solution of sulfuric acid (H2SO4) to make aqueous copper sulfate (CuSO4) – called blue vitriol by Sala.:

CuO(s) + H2SO4(aq) ( CuSO4(aq) + H2O()  (4)

Metallic zinc (Zn) will reduce the copper ion back to copper metal, leaving an aqueous solution of zinc sulfate (ZnSO4):

CuSO4(aq) + Zn(s) ( ZnSO4(aq) + Cu(s) (5)

Before trying to collect the copper metal, the excess zinc metal must be dissolved using aqueous hydrochloric acid.  The less-reactive copper does not react with hydrochloric acid (HCl):

 Zn(s) + 2HCl(aq)  ( ZnCl2(aq) + H2(g)  (6)

The hydrogen gas bubbles off leaving aqueous zinc chloride along with the undissolved copper.  The copper metal can then be collected on a filter.

PROCEDURE  (WEAR YOUR GOGGLES!)
1. 
Obtain a sample of copper and weigh it to the nearest 0.001 g.  Its mass should be approximately 1 gram.  Record this weight in your notebook.  Wrap the wire into a coil, and place it in a 125 mL Erlenmeyer flask.  Mark your flask with your drawer # or initials so that you can identify it later.

As you work through the rest of the procedure, be sure to record your observations in your notebook.  Note especially color changes, changes in state (e.g. solid to liquid) and any other pertinent observations.

2.
Using the pump dispenser add 25 mL of 6 M nitric acid, HNO3 , to the flask.  Be sure to wear gloves and to use the hood sash as a face shield.   (CAUTION:  Concentrated HNO3  causes painful skin burns.  Wash thoroughly with large amounts of water if skin contact occurs.   Allow fumes to escape up the hood vent.  After most of the fumes have escaped, cool the flask in a pan of ice water, then quantitatively transfer the liquid from the flask to a 250 mL beaker.  Be careful not to spill this solution on your skin.  Also avoid getting any remaining fumes on your hands.  In a quantitative transfer, the solution is carefully poured into the beaker, then the flask is rinsed three times with 25 ml portions of water.  These washings are added to the solution in the beaker.  Add ~ 15 mL of 6 M NaOH slowly and with stirring to the beaker.

3.  
Add an additional 15 mL of 6 M NaOH slowly (in portions) and with stirring until the contents of the beaker are basic to litmus paper.  Never place the litmus paper in the solution to be tested, but use the following procedure:

Place a small piece (about half of a strip) of red or blue litmus paper on a watch glass.  Using a stirring rod transfer a small drop of the solution to be tested to the litmus paper.  If red litmus turns blue, then the solution is basic.  If blue litmus turns red, then the solution is acidic.  If you get no color change for one color of litmus, try the other color - be sure you see the change.
4. 
Heat the beaker on a hot plate until the contents just begin to boil gently and the blue precipitate has changed completely to a black precipitate.  Heat slowly and continually stir the solution.  Basic solutions tend to splatter when heated.   (If a black precipitate does not form, the solution was not made basic enough in step 2.  Add more 6 M NaOH,  slowly and with stirring, until the precipitate is black.  Heat again for a few minutes.) Let the contents of the beaker cool.  Cover the beaker with parafilm, as described by your lab TA, and label the outside with tape. We will finish the lab during the next cycle.
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Figure 3.1
Filter Paper

   (inside funnel)
to vacuum
5.
START CYCLE TWO:  
Decant the clear liquid above the black precipitate into a beaker.  Next vacuum the remaining material in the flask   The apparatus for vacuum filtration is shown in Figure 3.1. (A demonstration of vacuum filtration technique will be given by the instructor.)  Be sure to clamp the filter flask to a ring-stand so it won't tip over.  Quantitatively rinse the solid onto the filter with distilled water from your wash bottle.  Use as little water as possible.  Disconnect the vacuum and set aside the filtrate by pouring it into the largest beaker you have.  Clean and rinse the filter flask.  Measure 25 mL of 3 M H2SO4  in a graduated cylinder.  Pour about one-third of it over the solid in the filter funnel, and allow it to run through by gravity into the filter flask.  You may stir up the solid with your stirring rod to help the dissolution process, but be careful not to break the filter paper.  Repeat twice more with the remaining one-third portions of the 3 M H2SO4 .  When all of the solid has dissolved, draw the remaining solution and three 10 mL portions of distilled water through the filter paper into the filter flask using the vacuum.

6. 
Quantitatively transfer the solution from the filter flask to a 400 ml beaker.  Add about two grams of granulated zinc to this solution, and stir until the solution is colorless.  If it does not become colorless, ask your instructor for help.  You may need to add more zinc.  When you are certain the copper has been reduced, which is indicated by a colorless solution, decant most of the liquid away from the solid and dispose of in the waste container labeled "ZnSO4(aq) and Acetone".   Add 10 mL of 6 M HCl to the solid, and stir to dissolve any excess zinc.  Warm the solution on a hot plate to speed up the reaction, but do not boil it.  Complete dissolution of the zinc is indicated when hydrogen bubbles no longer are being evolved.  All of the zinc must be dissolved.

7.
Place a clean filter paper on the funnel of the vacuum filtration apparatus.  Turn on the vacuum and quantitatively transfer the solid copper to the filter, using your wash bottle to rinse.  Continue to draw air through the copper and the paper until they both appear dry.  Turn off the vacuum.  Pour 5 mL of acetone over the solid and allow it to drain through by gravity.  (CAUTION:  Acetone is extremely flammable!)  Repeat the acetone rinse to remove the last traces of water.  To evaporate the remaining acetone, use the vacuum to draw air through the filter until there is no detectable odor of acetone on the copper (about 5 minutes).  Dispose of the filtrate in the waste container labelled "ZnSO4  and Acetone".

8.
Put a piece of tape, with your name on it, on the outside of a clean evaporating dish and weigh it.  Carefully transfer all of the copper from the filter paper to the evaporating dish.  Spread the copper out on the bottom of the dish.  Weigh the dish plus the copper (weighing 1).  Record the weight in your notebook.  Be sure to record all additional weighings.  Then put the dish with the copper in the drying oven (75-100o C) for about 15 minutes.  Using a pair of tongs, carefully remove the dish from the oven and set it  aside to cool to about room temperature.  After it has cooled, weigh it again (weighing 2).  If the weight has decreased, water and/or acetone has evaporated.  Place the dish in the oven for 5 more minutes, allow it to cool, and reweigh it (weighing 3).  If this weight is within 0.005 g of the previous one, the sample has reached constant weight and may be presumed to be dry.  If this has not happened, consult your instructor.

9.
Label a small test tube and place your recovered sample of copper in it.  Turn this in to your instructor.  The label on the test tube should contain the following information:





Name  _______________________________





Lab Day  _____________________________





Percent Yield  _________________________





Name of Product  ______________________

MATERIAL SAFETY DATA FOR EXPERIMENT 3:
HNO3  - Nitric Acid

H2 SO4 - Sulfuric Acid




All strong acids.  These all cause severe







skin burns.  Avoid all contact.








Avoid breathing fumes.



HCl - Hydrochloric Acid

NaOH - Sodium Hydroxide - strong base.  Avoid skin contact.

Acetone - FLAMMABLE.  Do not use near open flame or source of heat or near HNO3 .

WHAT IF ...

IF YOU COME IN CONTACT with acids or bases, wash immediately with large amounts of water for 15 minutes!  (This is a long time, but it's necessary!)  Notify your lab instructor.


Neutralize acid or base spills by covering the spill with NaHCO3 , sodium bicarbonate (baking soda).  Then wipe up with a wet sponge.  Wash the area until all the bicarbonate is removed.  Rinse the sponge thoroughly with water.  Keep bottles and caps free of drips and spills.

DISPOSAL PROCEDURES
  
The filtrate from step 5 should be neutralized and then disposed of by pouring down the drain with lots of water.  The other filtrates contain, HNO3 , acetone and/or Zn+2  and therefore must be collected into the waste containers provided.

Name  _______________________________                                      
Lab Day      ___________

Lab Instructor  ________________________                                   
Drawer Number  _______

LABORATORY REPORT

Experiment 3:   A Series of Chemical Changes
DATA
Starting Material
Mass of copper wire




       
__________________________


Dried Product
Mass of evaporating dish




____________________________

Mass of copper powder + evaporating dish  
  (1)
_____________________________



(Do as many weighings as needed 
  (2)
_____________________________



 to reach constant weight.)







 
  (3)
_____________________________








  (4)
_____________________________








  (5)
_____________________________

Mass of copper powder




_____________________________

CALCULATION  (Observe significant figures.)

1.  Calculate the percent yield of copper powder.

QUESTIONS
1.
Explain why your percent yield is greater than, or less than, 100 percent.  If, perchance, your yield is equal to 100 percent, explain that result also.

2. 
Explain how you know if your product is dry.

4. 
After adding the zinc metal in step 5 of the experiment, why is it necessary to wait for the solution to become absolutely colorless?

5.
Why must all of the zinc be dissolved by the HCl in step 5 of the experiment?
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