THE MAKING OF A BRASS ALLOY

APPLIED CHEMISTRY

The objectives of this exercise are to:

a) produce a complicated mixture, such as a metallic alloy

b) identify the advantages of metallic alloys in our lives

c) identify the solvents and solutes of various common alloys

d) to distinguish between a physical change and a chemical reaction

e) to integrate the concepts of the Law of the Conservation of Matter

f) to integrate the concepts of loss of electrons/gain of electrons and ions into lab

THEORY:  

Hey, in a way this lab should speak to all of our Harry Potter fans, because an interesting sidebar to the chemistry of this lab is the connection of this to alchemy.  

Alchemy dealt with multiple, loosely connected ideas of science, magic and philosophy, dedicated to finding the Philosopher’s Stone and the means of turning cheap metals like lead into the more expensive metal, gold.  These ideas had a tremendous lifespan from ancient Egypt to its last gasp in the earliest years of the 20th century.   

While it is not possible to chemically convert lead into gold, the work that went into trying to perform the conversion loosely correlated ideas that eventually gave way to the mathematical and experimental fitness of modern day chemistry!  

Many alchemists ended up working with materials we call alloys.  An alloy is a physical mixture (or a solution),of two or more elements.  There are ceramic alloys and metallic alloys.  We’ll focus on the metallic alloys, made by mixing two or more different metals.  Alloys are distinguished from compounds in that, as with most mixtures, the ratios between the components can be varied.  (In a compound the ratios are fixed.)   

Thus in today’s lab we will make brass.  The fact that the components can be varied means that some mixtures lead to a better quality of brass, than other mixtures. 

Metallic alloys have properties that yield real advantages over the properties of the pure metals.  By mixing certain metals, you may get the luster (shine) of one metal, and the resistance to corrosion (rusting / oxidation) of the other.  In another case, by mixing different metals, you may get the tenacity (resistance to being pulled apart) of one metal, but the lower density or superior malleability of a second metal.

Examples of metallic alloys are: brass, bronze, stainless steel, dental amalgam, sterling silver, solder, pewter, tungsten steel, various mixtures of gold (rose gold, 14K gold, white gold), hydroxyapatite ceramic alloys (to coat joint implants).
As written, alloys are solutions.  Not all solutions have water, but all solutions are made of solvents and solutes.

The solvent is the material in greater quantity and the solute is the material that is technically dissolved.

For instance, in saltwater (NaCl(aq)), the solvent is water (the aqua … the (aq)) and the NaCl is the solute. In a bottle of soda, the solvent is again water and the solute is sugar, and some sorts of colorings, flavorings etc…

In the USA, the “solvent” in pre-packaged food is the first listed ingredient on the label. 

This holds true for alloys, even though they don’t have a label.  Generally, the metal in the highest percentage of the mixture is considered to be the solvent while all of the other elements are considered to be solutes.   Below is a table of common metallic alloys.  Using the data found in this table, you can determine the solvent metals and the solutes of each alloy.  In this laboratory you will be making a yellow brass alloy.  By combining copper and zinc, a golden-colored brass material is produced.  

                                                              Examples Of Metallic Alloys

	Alloy
	Composition by Mass (%)

Because alloys are mixtures, we can vary the “recipe” for them, and produce varying qualities of the alloy … some are superior to other combinations.
	Uses

	Yellow Brass
	70  to 85  Cu 
15  to 30  Zn
	hardware,

plumbing

	Stainless Steel
“stainless” is a bit of a misnomer – but the resistance to rusting[image: image1.bmp] is due to the nickel metal & to a lesser extent, the chromium.  Stainless steel can come in a number of proportions the best appears to be 18/10 which is 18% chromium and 10% nickel.
	65  to 85  Fe ,    

0.1  to 1   C,    

12  to 20  Cr ,

2  to 15    Ni,    

1  to 2      Mn ,    

0.5  to 1   Si 
	table utensils, razor blades,

construction materials

	Sterling Silver 

sterling silver is marked with .925 which is a reference to the 92.5% silver
	92.5   Ag     

7.5     Cu
	tableware, jewelry

	Wood’s Metal
	50     Bi,  

25     Pb ,   

12.5  Sn,   

12.5  Cd 
	fuses, automatic sprinklers

	Gold (Yellow 18K)
	75    Au,    

10  to 20  Ag ,    

5  to 15    Cu 
	jewelry, electronic equipment

	Gold (White 18K)

(European)
	75   Au,   

4     Ag,   

4     Cu,   

17   Pd  [in USA the Pd is

                    replaced with 17  Ni ]
	jewelry


CHEMICAL IDEA:
The main thrust of this experience is to plate or to galvanize copper metal with a fairly thin layer of metallic zinc We will then melt the layer of plated zinc with the underlying substrate of copper metal to make brass.

The copper in this experiment will  be a copper penny.  Whenever any metal is dipped into or plated with zinc metal, the process is called galvanizing.

The challenge is that zinc metal does not “just stick” to copper metal.  The problem then is how do we get these two metals together?  To accomplish this coating, two important chemical reactions must occur.  The zinc metal will be oxidized to zinc cation and then zinc cation will be reduced back to zinc metal, on the copper penny.   First we turn   Zn0  into Zn+2 by having it lose 2 e-.  Then other Zn+2 ions gain electrons and revert  into Zn0.   Think of it as a relay race. Someone loses the baton, while someone else becomes the holder of the baton. The baton is analogous to electrons.
1)  Copper is a metal, and as such, it does not “GAIN” electrons to become an anion.  However, a supply of
     electrons (negative subatomic particles) can accumulate on the copper surface of a penny.. for the copper

     metal is conductive.  We will encourage the electrons of zinc metal atoms to move from the granular zinc 

     metal to the copper metal.  Why this happens will be addressed in our unit on electrochemistry later in the
     year....but we are essentially creating a mini-voltaic cell.

2)  Electrons leave (are lost by) the zinc metal atoms.  This produces a supply of Zn+2 ions and increases the

      Zn+2  cation concentration already in solution.  The lost electrons begin to accumulate on the copper metal.

      This makes the copper metal (temporarily) quite negative in overall charge.  In essence, the copper metal is

      “conducting” the electrons to the Zn2+.  Another way to look at this is that the large concentration of Zn2+ 

       cations in solution will then be attracted to the copper metal holding onto all of  those electrons.  As the Zn+2 

       ions get electrons back, the cations turn back into zinc metal atoms … BUT these zinc metal atoms are now

      stuck on (coating or plating) the copper metal surface of the penny. 

How about a picture for the Visual Learner in you???
                                                                                                                                       Evaporating dish [image: image2.bmp]filled

[image: image3.bmp]                                                                                                                                        with Zn+2 solution

                              
            Zinc metal                                                                                                         Copper metal (penny)


                            Diagram 1                                                                             Diagram 2

                 







There is a third piece. It involves a physical change with formation of the brass alloy.  The zinc coating (plate) and the copper beneath (the substrate) are melted together.  This creates the alloy and gives the penny a golden color.  Zinc metal "diffuses" among the copper atoms and forms a layer of brass.
           Deposited zinc  layer 

               Copper Penny substrate


                          Brass Alloy             {
PROCEDURE:

1)  Put on your goggles.
2) Gather : (1) Meeker burner, (1) 100 or 150 mL beaker to hold cold water, crucible tongs, (1) 100 mL graduated cylinder, (1) hot plate, (1) evaporating dish and a striker

3)  Plug in the hot plate and set it to a level of 5 or into the 300 degree range.  Hot plates will 

     need to be shared between groups so position them on the table, so everyone can access the

     hot plate.

4)  Pour about 50 mL of distilled water into the 150 mL beaker and put it aside. 

5)  Clean a penny with steel wool.  Clean off those oxides and nitrides!  There is an art to this.

     You judge as to when the penny is clean enough of those oxides.  Dab the clean penny with a

     moist towel to remove any fragments of steel wool (Fe). The goal is to reveal or lay bare the 

     Cu0 metal.

                                         Mass the clean penny and record the value .  ____________ grams.

6)  Mass approximately 1.000 gram of Zn(s) mesh.  Add the Zn(s) to the evaporating dish.

7)  Using the graduated cylinder, measure 20.0 mL of the 3.0 M zinc chloride solution and pour it 

     into the evaporating dish     
        Warning: If you get any of the zinc chloride solution on you, be sure to wash it off with

                         cool running water.  Report the spill to me.  This is very acidic.

8)  Heat the mixture to near boiling. If it should boil, turn down the hot plate temperature.  (A small
                          bit of boiling or a slow boiling is okay … don’t let the solution get to a rolling boil.) So, once you have this hot acidic 

                 solution, use the crucible tongs and CAREFULLY place the penny into the mixture. (Don’t 
      cause a splash.  If there is a splash on the desk or on you…call me over. Okay?)
9)  Allow the penny to sit in the mixture until the surface of the penny is coated in a silver-like

     metal.  At this point, it is now coated (plated) in zinc metal! (I can help here…)
10)  Using the crucible tongs remove the penny and rinse it gently with tap water.

11)  Using some toweling, gently blot the penny to remove any granular zinc clinging to the

       penny.  Do not scratch off the shiny layer of plated zinc though.  The zinc plate coating is

       very thin (only a few hundred atoms in thickness & the layer (the patina) can rub off.)

12)  Light the Meeker burner, and using the crucible tongs, hold the penny at the tip of the inner 

       blue flame – as demonstrated by your instructor.  Hold it for 2 seconds, take it out,  and then

       flip it over, as demonstrated by your instructor.  Repeat until it turns a "golden color".
13)  Quickly remove the coin from the flame and drop it into the beaker of cold water. Remove

       and dry the coin.  

Mass the brass penny and record its mass.    ____________ grams 


14)  For clean up, please pour the aqueous solution into the sink.  Use your rubber policeman to dispose

       of the unreacted zinc metal into the correct storage beaker.  Rinse the evaporating dish well.  Wash

       everything else, very well, in cool running water. Be sure your hot plate is turned off and the 

       Meeker burner flame is extinguished, as taught to you.

NAME ___________________________________    BRASS & ALCHEMY REPORT

· Your lab report is to be word processed.

· For the questions please type out the each question and then include your answer immediately below the question.  You can download a copy 
     of this page, off of the website and just cut and paste the questions into your report, to make it easier.  Be sure you have cited properly any 
     researched answers.
Questions:

1)a) Given the reactants of this laboratory: zinc metal, copper metal and zinc chloride solution, do you believe

       that you made silver and then gold … or something that looked like silver and gold?  Use the Law of
       the Conservation of Matter in your answer, to explain why you believe, what you believe.  Be sure to

       support your reasoning.  It may help to mention the reactants with which you started, and the products with

       which you ended up.

  b) Now consider that conversion (or lack of conversion), from another point of view:  You have the mass of

      the penny and using your reference tables, you can look up the density of copper.  Assuming the penny

      were 100% copper metal calculate the volume of the original penny.  Show the equation for density, your

      substituted values into that formula,  and your answer for the volume of the penny in cubic centimeters.

  c) Now, assume that the entire penny were turned to gold.  Find the density of gold and calculate the volume

      of the penny. Show the equation for density, your substituted values into that formula, and your answer for

      the volume of the penny in cubic centimeters.

 d)  So, here is the big question… Based upon your calculations for volume, did you see a change equal to the

      above calculations occur in your penny?    Yes  /  No          

 e)  Now, make a conclusion:  Did you turn the penny to gold?  Defend your reasoning.  Use the informational

      writing checklist to help you cite data, your calculations, or some sort of theory/idea in your answer.


2)  The theory reading defines many physical characteristics of metals. It mentions malleability, but does not 

     define the term.  What does malleability mean? (cite your research / definition source)

3)  According to the Theory reading for this lab, what would be considered the solvent in the alloy stainless 
      steel?  Defend your reasoning, by using data or citing the reading.

4)  Research the term:  oxidation or oxidized in terms of electrons (not combustion).

a)  Define the term oxidation, in terms of electrons.  Cite your source.

b)  Based upon the Theory reading for this lab, which reactant was oxidized in this reaction?  


5)  Find a book or a web site that tells the story of Archimedes.  In four or five lines summarize his story

      and the gold crown of  King Hiero II of Syracuse.  Be sure to include a citation. 

6) Write the procedure for an experiment you can use to prove the final penny product of this lab was or was not

     turned into gold. 


7) Using a book or website, identify a prominent alchemist.  In a paragraph or two, discuss his/her life / work. 

      Be sure to cite your work. 

8) Write a reflection, using at least three of the reflection stems.  Ideas to include might be: what you felt

    made successful, what gave you a problem, what you liked/disliked, what you learned, questions you may

    still have, etc.
NAME ___________________________________   CONTRACT:  BRASS & ALCHEMY REPORT

This lab report is worth 30 points.  You can contract for the grade you earn.  As a rule, you are in a good deal of control in terms of your effort, and quality of response.  Ms. M. and Mr. D. thought it would be interesting to put you in control of “how much”.  Select from the following choices the level of grade and questions to be answered.  Appropriate and total completion of the contract in terms of quality, use of the Informational Checklist, citations etc. will earn you the number of contracted points.






     Due at the start of class on:  ___________________________

	Questions
	Greatest Number of Points = (%)(30)
	Student Signature & Agreement:  I agree, with my signature, that I will fulfill ALL of the requirements, with a properly written report, handed in on time.

	1 a)- e)  This is the minimum level, and expectation.
	19.5 = (65%)
	

	1 & 2   or

1 & 3


	21 = (70%)

a total of 2 different questions
	

	1 & 4   or

1 & 5   or

1 & 6
	22.5 = (75%)

a total of 2 different questions
	

	1 & 7   or

1 & 8
	23.5 = (78%)

a total of 2 different questions
	

	1 

& 2 or 3

& 4 or 5 or 6
	24 = (80%)

a total of 3 different questions
	

	1 

& 2 or 3

& 4 or 5 or 6

& 7 or 8
	26 = (87%)

a total of 4 different questions
	

	1 

& 2 or 3

& 4 or 5 or 6

& both 7 and 8
	28 = (93%)

a total of 5 different questions
	

	1 – 8
	30  = (100%)

a total of 8 different questions
	


     It is agreed, that the level of work will receive full consideration, for full points, given the

     parameters of the instructions, rubric etc….

     Teacher’s Signature:  ____________________________________
Sources:  


1)  Brown, LeMay & Bursten,  


     Chemistry The Central Science 


     6th ed., Prentice Hall  1994 p.905





2) Chard � HYPERLINK "http://www.24carat.co.uk/index.html" ��http://www.24carat.co.uk/index.html�








3) Ryaner-Canham & Overton, 


    Descriptive Inorganic Chemistry  


    WH Freeman 2006 p 88
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Zinc atoms lose electrons and the atoms turn into Zn+2 ions. (see the 2nd diagram)


The electrons move to the Cu0








The Zn+2 ions get their electrons back, because the ions are attracted to the Cu0.  The zinc ions attracted to the copper penny could come from the solution or be the zinc ions produced by oxidation of zinc atoms














