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Electrolysis Lab 

Part One: Splitting Water

Students will split water using aluminum foil, water, salt and a power source.  Students collect data about how much hydrogen gas is formed in the set amount of time. 

Teacher Background Information 

Hydrogen can be a cation (i.e. positively charged as H+) or, less commonly, an anion(i.e., negatively charged H- known as a "hydride").  Oxygen can be a doubly charged anion called an "oxide" (i.e., O2-). In addition, oxygen is often paired with a single hydrogen ion to form a "hydroxide" anion (i.e., OH-).  Water can be split into its constituent elements by passing an electrical current between the positive and negative poles of a battery that is immersed in water. This process is called "electrolysis"; however, rather than splitting water into pure hydrogen and pure oxygen, water molecules naturally split into H+ and OH- ions.
We are observing a chemical reaction between water, aluminum and salt.
 At the negative electrode (cathode) we know hydrogen is being formed because if it was chlorine we would smell a burning smell.  Oxygen can only form at the anode because oxygen is the oxidation product of water. At the anode we see a partial dissolution of the aluminum.  Metals do not dissolve easily in water and certainly not in unchanged form. Aluminum can fairly easily oxidize and thus the aluminum ions are easily dissolved in water. These ions are extremely small but you may see small crumbles of aluminum foil floating in the water. These are metallic aluminum that break away from the electrode because aluminum ions were formed in deeper layers, dissolved into the water and thus disturbed the integrity of the metal compound. 

Teacher Notes

· If using a 250 ml beaker you may have trouble completely submerging the test tube. You can always use a larger beaker or container and fill with the appropriate proportions of water and salt. Make sure the container you do use is glass, ceramic, or plastic. 
· I prefer to use the falcon tubes because they are easy to measure the gas formation but a test tube works just fine. 
· If a student is working alone it will be hard for them to hold all the materials but it is not impossible. Have them tape the aluminum foil to the side of the container. 
· Optionally, you can have the students light the hydrogen gas in the test tube on fire. Have them hold the test tube upside down and make sure the test tube is completely full. Have them place the upside down (opening facing down) test tube over a lit candle. Make sure they are wearing goggles and not aiming the test tube at anyone. Have them take the test tube out of the flame once they hear a puff. Then return the test tube back to the flame and they will not hear anything. Ask them why? 
· Not all solar panels work so test it out before you start to confirm you have a powerful enough solar panel. A 9V battery will decrease the time it takes to fill the flacon tube so you may opt to have kids record volume measurements until they see a big bubble come out of the flacon tube when it is full. 

· Remind students to make sure the alligator clips on the wires coming from the power source are dry and that where they place the electrodes should be dry. 

Where to purchase materials: 

· Extreme Solar Panel from Pitsco $10.95 http://shop.pitsco.com/store/detail.aspx?CategoryID=69&by=9&ID=5967&c=1&t=0&l=0&bhcp=1
· Only need this if you are using a 9V battery

Molded 9 volt Battery Snap with 9" leads and Red / Black Alligator clips from Hobby mods $2.49
 https://www.hobbymods.com/store/index.php/molded-9-volt-battery-snap-with-leads-red-black-insulated-alligator-clips.html
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Part Two: Exploring Electrolysis

Students will pour liquids or make solutions of their choice and see how that affects the production of hydrogen gas. 

Possible things students can do: 

See how the amount of salt impacts the production of hydrogen gas

See if a sports drink will impact the production of hydrogen gas

Dissolve sugar or baking soda instead of salt in the water

Additional Background Information:

You may choose to make a connection to sports drinks. Here is some information about electrolytes that may be helpful. 

Electrolyte is a "medical/scientific" term for salts, specifically ions.
 The term electrolyte means that this ion is electrically-charged and moves to either a negative (cathode) or positive (anode) electrode: 

· ions that move to the cathode (cations) are positively charged 

· ions that move to the anode (anions) are negatively charged 

For example, your body fluids -- blood, plasma, interstitial fluid (fluid between cells) -- are like seawater and have a high concentration of sodium chloride (table salt, or NaCl). The electrolytes in sodium chloride are: 

· sodium ion (Na+) - cation 

· chloride ion (Cl-) - anion 

As for your body, the major electrolytes are as follows: 

· sodium (Na+) 

· potassium (K+) 

· chloride (Cl-) 

· calcium (Ca2+) 

· magnesium (Mg2+) 

· bicarbonate (HCO3-) 

· phosphate (PO42-) 

· sulfate (SO42-) 
Electrolytes are important because they are what your cells (especially nerve, heart, muscle) use to maintain voltages across their cell membranes and to carry electrical impulses (nerve impulses, muscle contractions) across themselves and to other cells. Your kidneys work to keep the electrolyte concentrations in your blood constant despite changes in your body. For example, when you exercise heavily, you lose electrolytes in your sweat, particularly sodium and potassium. These electrolytes must be replaced to keep the electrolyte concentrations of your body fluids constant. So, many sports drinks have sodium chloride or potassium chloride added to them.

California State Standards

3.Each of the more than 100 elements of matter has distinct properties and a distinct atomic structure. All forms of matter are composed of one or more of the elements. As a basis for understanding this concept:

a.Students know the structure of the atom and know it is composed of protons, neutrons, and electrons.

b. Students know that compounds are formed by combining two or more different elements and that compounds have properties that are different from their constituent elements.

f.Students know how to use the periodic table to identify elements in simple compounds.

Investigation and Experimentation

9. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept and addressing the content in the other three strands, students should develop their own questions and perform investigations. Students will:

a.
Plan and conduct a scientific investigation to test a hypothesis.

b.
Evaluate the accuracy and reproducibility of data.

c.
Distinguish between variable and controlled parameters in a test.

Chemistry
Atomic and Molecular Structure

1. The periodic table displays the elements in increasing atomic number and shows how periodicity of the physical and chemical properties of the elements relates to atomic structure. As a basis for understanding this concept:

d. Students know how to use the periodic table to determine the number of electrons available for bonding.

Chemical Bonds

2. Biological, chemical, and physical properties of matter result from the ability of atoms to form bonds from electrostatic forces between electrons and protons and between atoms and molecules. As a basis for understanding this concept:

a. Students know atoms combine to form molecules by sharing electrons to form covalent or metallic bonds or by exchanging electrons to form ionic bonds.

Solutions

6. Solutions are homogeneous mixtures of two or more substances. As a basis for understanding this concept:

a.
Students know the definitions of solute and solvent.
�http://www.google.com/imgres?imgurl=http://www.clevelandhs.org/ourpages/client/library/curric_areas/cool_science_disc2.gif&imgrefurl=http://www.clevelandhs.org/ourpages/client/library/curric_areas/index.html&usg=__dMZodJXz4DFCU-GYdzTyOeZwK0=&h=504&w=416&sz=21&hl=en&start=21&sig2=9G1VHGL64crnOVrXpmoxEQ&zoom=1&tbnid=vlQhcjH27LxDbM:&tbnh=139&tbnw=115&ei=LZocTpnLIKqsAPUmfiSBQ&prev=/search%3Fq%3Dscience%2Blab%2Bcartoon%26hl%3Den%26client%3Dfirefox-a%26rls%3Dorg.mozilla:en-US:official%26biw%3D1280%26bih%3D595%26tbm%3Disch&itbs=1&iact=hc&vpx=309&vpy=239&dur=5946&hovh=247&hovw=204&tx=72&ty=168&page=2&ndsp=21&ved=1t:429,r:1,s:21


� Adapted from Thames and Kosmos Fuel Cell Car and Experiment Kit


�http://health.howstuffworks.com/wellness/dietfitness/information/question565.htm








