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Name:__________________________________________ 

Chemistry can be thought of as the study of electrons and how they are rearranged in reactions. One type of chemical reaction we talked about in the first semester was oxidation-reduction. Oxidation is defined as the loss of electrons, and reduction is the gain of electrons.  One cannot happen without the other.

Model I:  Metallic iron reacts with oxygen to form rust (iron III oxide).  The unbalanced chemical reaction is:

	_____4___Fe (s)   + ____3____  O2 (g)   ___2________Fe2O3 (s)
Balance the reaction.  
1. What is the charge on iron metal?  Iron has no charge


2. What is the charge on oxygen gas?oxygen has no charge 

3. What are the charges of iron and oxygen in iron III oxide?charge of iron is (3+) while that of oxygen is (2-) in iron (iii) oxide

4. What has to happen to iron’s electrons as it goes from iron metal to rust?

The eletron of iron metal are lost to form rust

You can also think of this reaction happening in two separate half-reactions; the one that losses electrons and the one that gains electrons.

Oxidation	Fe  Fe+3 + 3 e-

Reduction 	4e- +    O2  2O-2

Since the two half-reactions happen simultaneously, the number of electrons lost by iron have to be gained by oxygen. Once the electrons lost and gained are equal, you can add the two half-reactions back together.


		4Fe  4Fe+3   + 12e-
		12e-  +  3O2  6O-2     
		4Fe   + 3O2  2Fe2O3





NOTE: All reactions (full or half) must be balanced with respect to atoms and charges. Consider the potential result when you add zinc metal to copper II nitrate solution vs. the possible reaction when you add copper metal to zinc nitrate.  Only one of these reactions is spontaneous (product favored).  Write both potential reactions. 


Cu2+(aq)+2e-   ͢   cu(s)

Zn(s)  ͢   zn2+(aq)+2e-


Cu2+(aq) + Zn(s)  ͢   cu(s)+ zn2+(aq)



Procedure: On your workbench at http://chemcollective.org/vlab/106
We will not complete the redox lab. Instead, fill a beaker with 25mL with a zinc nitrate solution and add 20g copper metal to it.  Fill another beaker with a 25mL copper II nitrate solution and add 20g zinc metal to it.  (Use the information feature to see what is in the beaker after you mix the reactants.)

5. What do you observe?on addition to copper metal to zinc nitrate there was  no observable change
On addition of zn metal to cu(no3)2 solution the blue of  cu(no3)2 fades as a brown solid is formed


6. Which reaction occurs?
The one which zn metal was added to cu(no3)2  solution



7. In the reaction that occurred, identify the species oxidized, reduced, and which substance is a spectator?

Zn is oxidized to zn2+
Cu2+ is reduced to cu metal
N03-  is a spectator ion



This reaction involves the transfer of electrons right at the interface where the metal touches the solution, which is interesting but not useful. To make this transfer of electrons useful, we need to force the electrons to travel through a wire, creating a current.  Using spontaneous chemical reaction to create a flow of electrical current is exactly what voltaic cells (batteries) are all about.  





Model II Connect to the web site:

 http://pages.uoregon.edu/tgreenbo/voltaicCellEMF.html 

You are going to use the simulation above to explore voltaic cells.  Select the metals and solutions for the cell to set up the simulation for each voltaic cell described below. Once you have the electrodes and solutions selected for the cell, press the switch “on” to start the flow of electrons.  Record what happens to the electrons shown in the model and record the voltage produced by each cell. We would like for the value of the voltage to be positive, so if it comes up negative reverse the position of the metal electrodes (and their solutions).   (Be sure to look at the molecular level reaction movie by clicking on the electrodes so you can observe the electron exchange.)

	Cell
	Electrode
	Solution (1M)
	Electrode
	Solution (1M)
	Cell Potential

	
  A

	
    Ag
	
   AgNO3
	
   Cu
	
   Cu (NO3)2
	+1.14v


Electrons flow from _cu/cu2+___________ half cell to the ____ Ag/ag+
_________ half cell. 

8. Why do you think we put metals in solutions with ions of the same element (in other words, why do we put copper metal in copper nitrate instead of silver nitrate)? If you are unsure, try putting the metals in the other solution. 

Inorder to ionize the atoms on the surface atoms lose electrons and go into solution as ions



	Cell
	Electrode
	Solution (1M)
	Electrode
	Solution (1M)
	Cell Potential

	
  B

	
    Cu
	
   Cu(NO3)2
	
   Zn
	
   Zn(NO3)2
	
+1.10 v



Electrons flow from __zn/zn2+__________ half cell to the __cu/cu2+___________ half cell. 

	Cell
	Electrode
	Solution (1M)
	Electrode
	Solution (1M)
	Cell Potential

	
  C

	
    Ag
	
   AgNO3
	
   Zn
	
   Zn(NO3)2
	
+1.55 v



Electrons flow from __zn/zn2+__________ half cell to the ____ag/ag+_________ half cell. 






Key Questions

1. As each cell in the simulation reacts, which half-cell shows the metal getting smaller? (write the appropriate half-reaction for each cell- you can leave out the spectator ions)

	
Cell A
	Cu(s) ͢   cu2+(aq)+2e-

	
Cell B
	Zn(s)  ͢   zn2+(aq)+2e-


	
Cell C
	Zn(s)  ͢   zn2+(aq)+2e-




2. As each cell in the model reacts, which half-cells show an increase in the size of the metal electrode? (write the appropriate half-reaction for each cell- you can leave out the spectator ions)

	
Cell A
	Ag+(aq)+e-  ͢  ag(s)

	
Cell B
	
Cu2+(aq)+2e-   ͢   cu(s)


	
Cell C
	Ag+(aq)+e-  ͢  ag(s)




3. Which set of half-reactions above represent oxidation occurring in the half cell?

The first represent set oxidation in half cell

4. What is occurring in the other set of half-reactions not chosen to answer question 3?
reduction


5. Which of the three cells you built produced the most substantial positive voltage? Which produced the lowest positive voltage?
Cell c with +1.56 produced highest voltage while cell b with +1.10 v produced the lowest voltage

In a voltaic cell, the electrode where oxidation occurs is called in the anode, and the electrode where reduction occurs is called the cathode.  Electrons lost by the anode travel through an external circuit to the cathode. (Again the molecular level movie  helps illustrate this.)

Model III: Building a Cell of your own
At the following link, you can build a Daniell Cell: http://chemcollective.org/chem/electrochem/step3_measurecell.php

Scroll to the bottom to use the simulated spot plate. Fill one spot with zinc sulfate and another with copper II nitrate. Place the copper metal in the copper solution and the zinc metal in the zinc solution. Connect the multimeter to the cell, one clip to each metal, and read the voltage. 

6. How many volts did you measure? No voltage recorded


7. What is missing in this cell that was in all of the simulated cells? Salt bridge


Place a piece of paper from the center salt solution to each spot so that the paper and solution connect the two places.  Re-check the voltage.

8. What is the voltage now? +1.10 v


9. What do you notice if you switch the wires on the electrodes?
There is areading recorded on the multimeter


The pieces of paper function as a salt bridge, which keeps the two half-cells neutralized.  Cations and anions move through the salt bridge to keep the two half-cells neutral. (Electrons do not move through the salt bridge.)

Sketch and label the cell just constructed (you may use the cells you played with earlier as a model):



v


	cathode
	anode
	copper electrode
	zinc rod	Kn03 salt bridge



	1m	1m
	Zn(no3)2	cu(no3)2


Model IV: Ranking relative reactivity:
Look at the reaction of zinc, copper, and silver so far in this activity. You can use Experiment 11 (the link below) to help compare these metals by allowing you to place the metals in the solutions and “see” what happens via pictures.  Use the table of RedOx reactions to see multiple reactions and observe the reactivity of the various metals. 

http://chemcollective.org/chem/electrochem/step1_investigate.php


10.  Rank tin, copper, and silver metals from most reactive to least reactive and explain how you decided on the relative ranking of the metals.
	Most reactive
Tin 
Copper
silver	least reactive
they have different tendancy of loosing electrons where tin has higher tendancy of loosing electrons while silver has the lower tendancy of loosing electrons





11. The metals are also found on the Reduction potential table on the last page of this handout.  Compare your rankings to the position of these metals on the table. Where to the most reactive metals lie on the reduction potential table?
Hydrogen is used as reference electrode with apontentila of 0.00v metals below the hydrogen in reduction potential table  are more reactive and have negative values while those above are less reactive and have positive values 








Investigate how concentration impacts the cell voltage.   You can return to one of the simulations (either the one in Model II or the one in Model III)  to investigate how concentration can be changed to increase the voltage produced.  Hint:  You can look at this reaction as an equilibrium where voltage is a product.

12. Which concentration should be increased in order to increase the voltage?

The concentration of the solution at the anode


13.  Explain what you observe regarding changes in concentration and voltage.

Increase in concentratration increases voltage
	
	Standard Reduction Potentials
	F 2(g)   + 2e ------> 2F-(aq)			+2.87
	Au(aq)+3  + 3e   Au(s)				+1.50
	Cl 2(g)   + 2e-----> 2Cl-(aq)			+1.360
	O 2(g)   + 4H+ (aq) + 4e---> 2H2O(l)		+1.229
	Br 2(l)	+  2e ------>  2Br-(aq)			+1.07
	Ag+(aq) + 1e ----> Ag(s)				+ 0.80
	I 2 (s)  + 2e ------> 2I-(aq)			+0.53
	O 2(g) + 2H2O (l)  + 4e----> 4OH- (aq) 		+.40
	Cu+2(aq)   + 2e ---> Cu (s)			+0.34
	2H+(aq)   + 2e------> H2(g)			  0.00
	Sn+2 (aq)  + 2e --->  Sn(s)			-0.14
	Ni+2(aq) + 2e   Ni(s)				-0.28
	Cd+2 (aq)   + 2e  Cd (s)			-0.40
	Fe+2(aq)  +  2e ------> Fe (s)			-0.44
	Cr+3 (aq)  +3e --->  Cr(s)			-0.74
	Zn+2(aq) + 2e---> Zn(s)				-0.76
	2H2O(l)   +  2e----> H2(g)  + 2OH-(aq)	 	-0.83
	Al+3(aq)  +  3e ---> Al (s)			-1.66
	Na+(aq)   +   1e --->  Na (s)			-2.71
	Ca+2(aq)  + 2e --->  Ca (s)			-2.76
	K+ (aq) + 1e   K (s)				-2.93
 


