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In Activity 2, you completed a number of investigations exploring factors that affect the solubility of a substance. In this activity you will investigate the properties of pure substances and mixtures; you will also learn how their properties have resulted in the use of those substances and mixtures for specific purposes. 
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Now it is your turn to teach others. 
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Review 

In your first assignment of Activity 3 you will create a product (sculpture, drawing, song, poem, PowerPoint presentation, or a similar product.) to demonstrate what you have learned so far about pure substances, mixtures, and the particle theory in this unit. This product should both teach others and check their understanding of what they have learned (e.g., through an integral quiz). 
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	Go to the assignment area, and complete Assignment 1. Remember to return here when you are finished. 
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Solutions can be dilute or concentrated. 
	You have already investigated solutions in this unit. Sometimes the concentration of a solution is described qualitatively and sometimes it is described quantitatively. To describe concentrations qualitatively, terms such as “dilute” or “concentrated” are used. To describe concentrations quantitatively, terms such as “5 grams per litre” or “250 grams per litre” are used. In your experiments you used both qualitative and quantitative descriptions of your solutions. 
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Go to the assignment area, and complete Assignment 2. Remember to return here when you are finished. 




	Two terms you have not yet learned about are soluble and insoluble. You already know about solutes and solvents. Remember, solutes are substances that dissolve in solvents (e.g., salt in water). When a substance is able to dissolve in a solvent the term used to describe this relationship is soluble: so salt is soluble in water. Is there a substance that you know about that is not soluble in water? There aren't many, but oil is one of them. The term used to describe this relationship is insoluble: so we say that oil is insoluble in water. 
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Oil is not soluble in water or vinegar. 
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Oil and water do not mix. 
	Do you remember the oil spill that occurred in the Gulf of Mexico in the winter and spring of 2010? Part of the problem with oil spills is that because they don't mix with water they form a “slick” on top of the water. This slick spreads much further than it would if it mixed with water. This is why it is so dangerous. Birds that land on the surface of the water get the oil all over their feathers – after this, they can no longer fly. The oil at the surface also covers ocean mammals such as whales, dolphins, and otters when they come to the surface to breathe. 


Did you know?
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	Do you know why oil and vinegar salad dressing rests in layers and has to be shaken to be used? It is because the oil is insoluble in vinegar (which is water-based). Insoluble means not soluble. 


Solubility is a property, or characteristic, of pure substances and mixtures. Properties are characteristics you can use to describe a substance, and to distinguish it from other pure substances and mixtures. 

Other properties you have already investigated are: 

· the amount of solute needed to form a saturated solution;

· how temperature affects the saturation point of a solution;

· magnetism;

· particle size.

Characteristics or properties you have not investigated and which can also be used to distinguish substances from one another include: 

· the melting point;

· the boiling point;

· colour (e.g. blue or colourless);

· transparency (e.g. transparent, translucent, opaque);

· state (solid, liquid or gas) at room temperature;

· density.

In Assignment 2, you will investigate the properties of a pure substance or mixture and create an information card as a reference to be posted in your classroom. 
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Stained glass windows are translucent. 
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	Go to the assignment area, and complete Assignment 3. Remember to return here when you are finished. 
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The properties of substances determine how they are used. 
The Properties of Substances Determine their Use
The properties of substances lead them to be used for specific purposes. Both steel and stainless steel are solutions. They are made while they are in liquid form using high heat and then allowed to cool to form solid sheets or blocks from which many things are made. 
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Example 

Steel is a solution of iron, carbon, and other substances. Steel is used for the posts that hold up buildings, car wheel rims, nails, bolts, and many other things. Steel is strong, but will corrode (rust) and stain. 

Stainless steel was invented for uses where protection from corrosion and staining are more important than brute strength. Nickel and chromium are the most important additional substances in stainless steel. Neither nickel nor chromium corrodes and so their properties contribute to the final product's resistance to corrosion. The food processing industry (juices, milk, vegetables, meats, and other foods), food preparation areas in restaurants, water purification systems, drums in washing machines, water bottles, cooking pots, car mufflers, your kitchen sink, and cutlery are all made from stainless steel. 

You now know that strength and corrosion resistance are two other important properties of pure substances and mixtures. Hardness and conductivity are two more. 
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Gold-plating electronics protects the copper underneath from corrosion. 
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Example 

Most wiring is made from copper because of its properties. Copper is a soft metal that can easily be pulled into thin strands (wire) and is a great conductor of electricity. Copper is also inexpensive. However, copper corrodes. 

Gold is also a soft metal, is a good conductor of electricity, and does not corrode. It is also much more expensive than copper. In high-end electronics, connectors and other parts are often gold-plated to protect the copper underneath from corroding and still provide excellent conduction of electricity. Plating a connector means covering it with a very thin layer of gold. This is commonly achieved through a process called electroplating. 




Enrichment
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	If you would like to learn more about electroplating visit this website or enter “electroplating” into your web browser. 
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	Go to the assignment area, and complete Assignment 4. 
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Electroplating -- How It Works

by Ted Mooney < [image: image28.png]


mooney@finishing.com>
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An introduction for students, explaining the principles and offering demonstrations

	
	<> 
	<> 
	<> 
	

	
	What is electroplating?
Electroplating (often just called "plating") is the deposition of a metal coating onto an object by putting a negative charge on it and putting it into a solution which contains a metal salt. The metal salt contains positively charged metal ions which are attracted to the negatively charged object and are "reduced" to metallic form upon it. 

How does plating work?
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Look at the figure above: We have a metal object that we want to plate with another metal. First we fill a "cell" (a tank, vat, or bowl) with a solution of a salt of the metal to be plated. Most of the time the salt (nickel chloride in our example) is simply dissolved in water and maybe a little acid.

In this example, the NiCl2 salt ionizes in the water into Ni++ ions and two parts of Cl- ions.

A wire is attached to the object, and the other end of the wire is attached to the negative pole of a battery (with the blue wire in this picture) and the object is immersed in the cell. A rod made of nickel is connected to the positive pole of the battery with the red wire and immersed in the cell. The battery is pulling electrons away from the nickel anode (through the red wire) and pumping them over to the object to be plated (through the blue wire)

Because the object to be plated is negatively charged (by being connected to the negative pole of the battery and having electrons pumped to it), it attracts the positively charged Ni++ ions that are floating around in the solution. These Ni++ ions reach the object, and electrons flow from the object to the Ni++ ions. For each ion of Ni++, 2 electrons are required to neutralize its positive charge and "reduce" it to an atom of Ni0 metal. Thus, the amount of metal that deposits is directly proportional to the number of electrons that the battery provides.

Note: This proportional relationship is a reflection of Faraday's Law of Electrolysis. If you are advanced enough in chemistry (a high school student), that you've heard terms like gram molecular weight, mole, valence and Avagadro's number, but it's all a hodgepodge to you instead of a cohesive whole, don't despair! Study Faraday's Law for a while, which says that 96,500 coulombs of electricity will deposit one gram equivalent weight of metal, and all of these disparate wacky terms will come together in a moment of enlightenment.

	

Is this a little too advanced for your grade? Maybe "What juice cleans pennies best?" would be a better project? 




	
	Meanwhile back at the anode, electrons are being removed from the Nickel metal, "oxidizing" it to the Ni++ state. Thus the nickel anode metal dissolves as Ni++ into the solution, supplying replacement nickel for that which has been plated out, and we retain a solution of nickel chloride in the cell.   

As long as the battery doesn't go dead, nickel continues to dissolve from the anode and plate out onto the cathode. As we move the electrons from the anode to the cathode, through the wires, and powered by the battery, the rest of the nickel follows, dissolving into solution at the anode, migrating through the solution, and plating out at the cathode.

Note: We picked nickel chloride in the example chiefly for simplicity of explanation. First, because nickel always dissolves in the "+2" oxidation state (Ni++), whereas many other metals like copper and zinc can dissolve in either the "+1" or "+2" state and add some confusion; secondly because chloride is a simple one-atom anion whereas many anions like sulphate or acetate are more complex. But we do not actually recommend that nickel be used for your first school science demonstration because -- while the explaining is simple -- the plating is difficult :-)
For school demonstrations, we suggest plating copper pennies with zinc, or plating quarters or brass keys with copper because both are easy and can be done without the need for any dangerous or toxic chemicals.
	


Electroplating Engineering Handbook 

, 

Lawrence Durney

	


	
	The first demonstration -- Plating a copper penny with Zinc

For the first demonstration, the cathode will be copper (pennies), the anode will be zinc, and the "electrolyte" (the solution) will be zinc dissolved in vinegar and water. 

Zinc anodes are available from boating stores [image: image33.png]



With a hacksaw a teacher or the group can cut many slices from one anode.

A second option to obtain zinc is to sand down a modern U.S. penny (1983 or later) until the copper surface is removed and the underlying zinc core is exposed. This source of zinc lacks some elegance, though, because it removes a little bit of the magic by showing that the penny was already electroplated, and it tends to be confusing, with some pennies zinc colored because of sanding before you even start the electroplating.

Note: A third possible source of zinc is the shell of conventional carbon-zinc batteries (make sure not to use alkaline batteries like Duracell or Eveready Energizers, nor rechargeable nickel-cadmium batteries -- just the cheapest 1-1/2 volt AA, C, or D plain carbon-zinc batteries). The science teacher can cut up such batteries and remove the black glop, and give the student the cleaned zinc strip. 
For the pennies that you wish to plate onto, although any pennies will do, if you start with a dull brown penny, you'll end up with a dull zinc plated penny. Try to find shiny new pennies for best results! Immediately before plating, clean the penny with toothbrush and toothpaste; an even better cleaner, if you have it, would be Bon-Ami [link is to product info at Amazon]. Rinse well after cleaning. Your hands are oily, so wear plastic gloves so you do not get fingerprints or other soils on the penny after you clean it.

A transparent plating container is best, a Pyrex beaker is excellent, but a glass dessert bowl can serve well.

A recipe for the solution, suggested by Tom Pullizzi, and found to work is:

1). Fill the container about half way with vinegar (vinegar is mild acetic acid).

2). Put the zinc anode into vinegar and let it sit for several hours, allowing some of the zinc to dissolve.

3) Add 100 g/l of Epsom Salt [link is to product info at Amazon] (this makes the solution conductive; table salt will work fine, too, but is a little less safe because if students get carried away and start using really high voltages, table salt can generate chlorine gas, whereas Epsom Salt, magnesium sulphate, can't).

4) Add 120 g/l of table sugar. This is called a "brightener", and it's function is to sort of interfere with crystal growth, causing more and smaller crystals for a brighter, harder, plating.

5). Connect one flashlight battery (1-1/2 volts) to the penny and the zinc anode, and place them into the solution. Don't let them touch each other.

With luck, within a few minutes you'll begin to get a bright silvery coating. Ted Mooney didn't have quite that much luck when he tried it, but did find that a reapplication of the toothbrush and Bon-Ami quickly polished the thin greyish coating he got to a fairly bright shine. 
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Eastwood Electroplating System - Tin Zin ... 
$71.94 
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	A second demonstration -- Copper plating a key or a quarter

Another slightly harder demonstration is plating a quarter or a brass key with copper. The key on the left was copper plated from a solution of vinegar with a pinch of table salt and a pinch of sugar, again using a 1-1/2 volt flashlight battery for power.
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Understanding why this experiment is a little harder to do than the first one is a good science lesson: You can't plate a metal out of a solution until you can get that metal dissolved into the solution as ions (actually, this is why we didn't do a student demo of nickel, silver, gold, or chrome plating; you won't be able to dissolve these metals in vinegar, you would need a stronger and more dangerous acid),. 

	
	Copper will not dissolve in vinegar without electricity to help it along, so it's best to get started with a small piece of scrap as your cathode and a large coil of copper wire as the anode. I stripped and scrunched together about 2 foot of 14 gauge wire to use as the anode (wire is very pure copper) and used a 1/2 inch length of stripped copper wire as the scrap cathode. After I ran it this way for a couple of hours the solution acquired a faint blue tinge to it -- indicating that a little copper was dissolved in it. Then I cut off the scrap length of cathode wire, attached the key and plated it for several hours. Vinegar is too weak an acid to hold much copper in solution, so there is no rushing it, you have to plate slow and for a long time so copper can slowly dissolve into solution to replace what you plate out. I found that just a pinch of table salt (maybe two shakes) was enough. If you use more, what happens is you make a more conductive solution, so more electricity flows, but since there is not enough copper dissolved in the solution to support that current flow, you generate a lot of hydrogen gas and deposit a lot of black "smut" -- you can't plate copper out of solution faster than it goes into solution! 

What happens if your solution is too conductive due to too much table salt? The electricity is flowing through the solution, so electrons are flowing into it from the cathode. But if there are no copper ions there to pull out of solution, the electricity will pull hydrogen ions out of the water per this equation:
2H20 --> H2++ + 2OH-
This will cause bubbles of hydrogen gas to accumulate on your key or quarter, and the OH, the hydroxide, will neutralize your vinegar so you'll have no acid left. 
What is "smut", or as some students call it, "black glop that coats the coin"? When you have too much current flow, what also happens is the moment that an ion of copper gets to the cathode, it is "reduced" instantaneously with no opportunity for proper crystal growth, and it forms a powder of tiny, non adherent individual specs of metal which appear black because they scatter all the light, reflecting none. So use 1-1/2 volts maximum, very little salt, and take your time!
The Experiment is done: now, Waste Disposal!

In the "real world" waste disposal is a major headache for electroplating factories. But here you have only used toothpaste, vinegar, salt and sugar. The very small amount of zinc or copper you have dissolved into it is really not a significant issue. But let's learn to practice environmental responsibility, rather than learning to talk ourselves out of it! So, with the wires disconnected, put a good size chunk of Steel Wool [link is to product info at Rockler] into your bowl of plating solution. Any copper, and some of the zinc, will "immersion deposit", plating out onto the steel wool, thereby removing the waste from the solution. Copper metal is not a pollutant, but dissolved copper is. Good luck!

Please ask specific questions on our Hotline-Letters page! Save time and lost motion by mentioning that you've already read this page. Good luck! 
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Rubric



Some of the Knowledge and Understanding criteria below relate to the project you will create; others relate to the projects of other students which you will perform. 

	Rubric for Pure Substances and Mixtures 

	Categories 
	Level 1
(50 - 59%)
	Level 2
(60 - 69%)
	Level 3
(70 - 79%)
	Level 4
(80 - 100%)

	Knowledge/Understanding: 

distinguish between pure substances and mixtures. 7s50. 
	Distinguishes between pure substances and mixtures with limited accuracy and effectiveness. 
	Distinguishes between pure substances and mixtures with some accuracy and effectiveness. 
	Distinguishes between pure substances and mixtures with considerable accuracy and effectiveness. 
	Distinguishes between pure substances and mixtures with a high degree of accuracy and effectiveness. 

	state the postulates of the particle theory of matter. 7s51. 
	States the postulates of the particle theory of matter with limited accuracy. 
	States the postulates of the particle theory of matter with some accuracy. 
	States the postulates of the particle theory of matter with considerable accuracy. 
	States the postulates of the particle theory of matter with a high degree of accuracy. 

	use the particle theory to describe the difference between pure substances and mixtures. 7s52. 
	Uses the particle theory to describe the difference between pure substances and mixtures with limited accuracy and effectiveness. 
	Uses the particle theory to describe the difference between pure substances and mixtures with some accuracy and effectiveness. 
	Uses the particle theory to describe the difference between pure substances and mixtures with considerable accuracy and effectiveness. 
	Uses the particle theory to describe the difference between pure substances and mixtures with a high degree of accuracy and effectiveness. 

	distinguish between solutions and mechanical mixtures. 7s53. 
	Distinguishes between solutions and mechanical mixtures with limited accuracy. 
	Distinguishes between solutions and mechanical mixtures with some accuracy. 
	Distinguishes between solutions and mechanical mixtures with considerable accuracy. 
	Distinguishes between solutions and mechanical mixtures with a high degree of accuracy. 

	identify the components of a solution. 7s55. 
	Identifies the components of a solution with limited accuracy. 
	Identifies the components of a solution with some accuracy. 
	Identifies the components of a solution with considerable accuracy. 
	Identifies the components of a solution with a high degree of accuracy. 

	describe the concentration of a solution in qualitative terms and in quantitative terms. 7s57. 
	Describes the concentration of a solution in qualitative terms and in quantitative terms with limited effectiveness. 
	Describes the concentration of a solution in qualitative terms and in quantitative terms with some effectiveness. 
	Describes the concentration of a solution in qualitative terms and in quantitative terms with considerable effectiveness. 
	Describes the concentration of a solution in qualitative terms and in quantitative terms with a high degree of effectiveness. 

	describe the difference between saturated and unsaturated solutions. 7s58. 
	Describes the difference between saturated and unsaturated solutions with limited accuracy and effectiveness. 
	Describes the difference between saturated and unsaturated solutions with some accuracy and effectiveness. 
	Describes the difference between saturated and unsaturated solutions with considerable accuracy and effectiveness. 
	Describes the difference between saturated and unsaturated solutions with a high degree of accuracy and effectiveness. 

	explain why water is referred to as the universal solvent. 7s59. 
	Explains why water is referred to as the universal solvent with limited effectiveness. 
	Explains why water is referred to as the universal solvent with some effectiveness. 
	Explains why water is referred to as the universal solvent with considerable effectiveness. 
	Explains why water is referred to as the universal solvent with a high degree of effectiveness. 

	Thinking: 

This category is not assessed at this time. 
	
	
	
	

	Communication: 

use appropriate science and technology vocabulary in oral and written communication. 7s48. 
	Uses science and technology vocabulary in oral and written communication with limited effectiveness. 
	Uses science and technology vocabulary in oral and written communication with some effectiveness. 
	Uses science and technology vocabulary in oral and written communication with considerable effectiveness. 
	Uses science and technology vocabulary in oral and written communication with a high degree of effectiveness. 

	use a variety of forms to communicate with different audiences and for a variety of purposes. 7s49. 
	Uses a variety of forms to communicate with different audiences and for a variety of purposes with limited effectiveness. 
	Uses a variety of forms to communicate with different audiences and for a variety of purposes with some effectiveness. 
	Uses a variety of forms to communicate with different audiences and for a variety of purposes with considerable effectiveness. 
	Uses a variety of forms to communicate with different audiences and for a variety of purposes with a high degree of effectiveness. 

	Application: 

demonstrate an understanding of the properties of pure substances and mixtures. 7s52. 
	Demonstrates an understanding of the properties of pure substances and mixtures with limited effectiveness. 
	Demonstrates an understanding of the properties of pure substances and mixtures with some effectiveness. 
	Demonstrates an understanding of the properties of pure substances and mixtures with considerable effectiveness. 
	Demonstrates an understanding of the properties of pure substances and mixtures with a high degree of effectiveness. 

	describe the characteristics of pure substances and mixtures using the particle theory. 7s52. 
	Describes the characteristics of pure substances and mixtures using the particle theory with limited accuracy and effectiveness. 
	Describes the characteristics of pure substances and mixtures using the particle theory with some accuracy and effectiveness. 
	Describes the characteristics of pure substances and mixtures using the particle theory with considerable accuracy and effectiveness. 
	Describes the characteristics of pure substances and mixtures using the particle theory with a high degree of e accuracy and effectiveness. 


Note: A student whose achievement is below Level 1 (50%) has not met the expectations for this assignment or activity.

_1421996086.unknown

_1421996088.unknown

_1421996089.unknown

_1421996087.unknown

_1421996084.unknown

_1421996085.unknown

_1421996083.unknown

_1421996081.unknown

