


NAME _____________________________  EVERYDAY CHEMISTRY:  UNIT 2: ATOMIC  STRUCTURE
 											    & REDOX
						 			     
I)  Learning Goals for the Structure of the Atom

If you wish for some added support during this portion of the unit, these links may help.  Of course, you are always (ALWAYS!) welcome to drop me an email to ask questions or to speak with me.

 http://www.chemguide.co.uk/atoms/properties/gcse.html#top (very good) 

 https://www.youtube.com/watch?v=h6LPAwAmnCQ  (not bad!)

 https://www.youtube.com/watch?v=P-wDdFyeLpM    (not bad)

 https://www.youtube.com/watch?v=EMDrb2LqL7E&t=596s  (Introduces Bohr electron configuration)

 https://opentextbc.ca/chemistry/chapter/2-3-atomic-structure-and-symbolism/ (very good)
 
Learning Goals: For this section of Unit 1, you want to know each term's definition.  We will fill in these definitions as we go along.   Of course, the presence of the * tells you that you can fill them in online, now if your wish. 

Goal 1) You must be able to define / compare / contrast / interpret the vocabulary terms:

atom  * the smallest representative, neutral unit of an element (in which the number of protons equals the
             number of electrons) capable of participating in chemical reactions


isotope *a representative atom (species) of an element, having the same atomic number as all other atoms of
   the element, but having a different mass number, due to a different number of neutrons.


subatomic particle  *any species that comprises the nucleus or electron cloud of an atom or ion.


mass number * the unitless, whole number sum of the protons and neturons of a nucleus.  The number of                        nucleons (mass number) of a specific isotope  

nucleons  * subatomic particles comprising the nucleus (generally the protons and neutrons)

atomic number  * The number of protons of a nucleus
nuclear charge  *a positive value equivalent to the total number of protons (the atomic number) of a nucleus
ion  * any species in which the number of protons does not equal the number of electrons
Goal 2)  explain: why all atoms may be said to be neutral particles (or 0) in overall charge,
			        and how an atom of an element compares/contrasts to (an) ion(s) of that element.

	*Atoms are neutral, because the  number of positive protons are equal to the number of the negative 

       electrons. The ion of an atom has lost or gained electron(s), and thus the proton number does not equal the 
 
       electron number.


Goal 3) list facts of an atom's 3 major subatomic particles with respect to the :

· name
· physical characteristics (mass, charge)
· location within the atom

Goal 4) interpret an isotopic notation:  Note: There is no “official” system of isotopic notation. (I know! …odd!) Different websites/texts may use slightly different formats to impart the exact same information, regarding atomic number, mass number etc.  You must rise above this issue and learn how to integrate other formats with the format in this packet.  I find the following, however, quite valuable for learning.







		The four corners of an element’s symbol may be used to designate different information.  
Mass Number
Oxidation State
Atomic Number
Subscript

X

Goal 4 focuses only upon the interpretation of the information found in the upper left and lower left
 	      corners of a symbol.


			  ( #p +  #n) = Mass number or # of nucleons (the upper left corner)
			 Atomic number = # p = nuclear charge ∴# e-           X
                                                                                                                                  (the lower left corner)
	

                                     For example:
			             Given the isotopic notation for an atom of:           you will need to identify:
									
                      the # of nucleons is 63 or rather,  the atom has a mass # of 63 ...  due to 30 protons  +  33 neutrons
                                                                                                       
                    the atomic # = 30 which means there are 30 protons and thus a nuclear charge of +30 
                    and since this is an atom, one may infer that there are also 30 electrons

		                And, using the periodic table you can tell that the above represents an atom of
                            zinc and its specific name is zinc-63  (pronounced as:  zinc sixty three)


Goal 5) write the isotopic notation (as in Goal 4) for any atom or ion using information provided in a
                   a question and/or information.



Goal 6) interpret the charge of simple positive ions (cations) and negative ions (anions) relative to the
                            ion's atom (or neutral, in charge, form).

		e.g)  Ca2+ is an ion.  It has an unequal number of protons and electrons.  The charge of +2 indicates
                                          that it has 2 more protons (or 2 more + charges) relative to its atom (Ca0) because 2 electrons
                                          (or 2 negative charges) have been removed/lost [Ca2+ is the oxidized form of the element
                                          calcium]

******************************

I would like to offer you a metaphor for the structure of an atom, considering our work on reaction chemistry. Note, most metaphors are limited in some way – but look for the connections and it may help.   I would like you to consider an atom, like a feudal kingdom.  Think of a castle on a hill, surrounded by a village.





           

              [image: ]Give me a metaphor!
   			 An atom is like a feudal kingdom.
                                                   

[image: Diagram
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The protons & neutrons of the nucleus are like a feudal castle ... the last to be attacked.  The electrons (the farms and outlying town) are the first to be lost and the first to experience growth in times of prosperity. This metaphor implies that the nucleus is stable or unchanged (in reaction chemistry) while all the chemical activity is happening in or to the e- cloud.   










In case of attack or of expansion, the village is affected FIRST!  The arrangement of the castle walls doesn’t change.   (So, in the case of a chemical reaction, outer electrons (the village) get lost).   OR…. In case of serious economic growth, the village is what grows… The castle walls stay the same.  (So, in the case of some chemical reactions, the electron cloud can “grow” by having electrons from another source, added on) … The castle (the protons of the nucleus), stay(s) the same no matter what.  I mean, once you build a castle wall, you don’t go around, changing it! Right?  

TAKE HOME MESSAGE:  CHEMICAL change (chemistry) happening to atoms occurs 
· *in the electron cloud (the village). 

· During most chemical reactions, to some extent; *electrons (negative charge) are lost / gained or shared (equally or unequally).  


· During what we term a chemical reaction, the *nucleus (the castle) remains untouched.    


· Thus, during a chemical reaction (as opposed to a nuclear reaction), the reacting species *change in terms of their electrons.


This Photo by Unknown Author is licensed under CC BY-NC


Electron levels represent the “village”  Only the number of electrons change during a chemical reaction. 






The nucleus is like a castle on the hill that does not really change during reaction chemistry.  No protons or neutrons are lost/gained.






II)   Elements vs Atoms    

A)  An atom of an element is the smallest, neutral (in charge) unit of that element capable of
      participating in a chemical reaction.

	B) An atom represents a specific element.

		1)  the term atom is slightly different from the use of the term, element.

		2)  Elements have chemical and physical properties.

		      a)  the chemical properties depend upon the *electrons of each atom
		
		      b)  the physical properties refer to the interactions of multiple atoms of the element.


	C) Thus, a single atom is the smallest unit of that element which represents that element in terms of
      chemical possibilities.    

1)  A single atom cannot represent the physical attributes of an element.  That is: a single atom
      cannot represent the melting point, specific heat, density etc. of the element.   These 
      attributes are a result of multiple atoms of an element affecting other atoms of that element.
	 
	D)  An element is a *substance, made up of atoms with identical atomic number

s		1)  So, you can think of an element as an aggregation of only one type of atom.  The key is that
     all the atoms have the same # of protons (atomic number). 
   
    There may be millions of these atoms all bonded to each other ... but because every atom is of
     identical atomic number, the whole mass is classified as an element! 

										               atom                element 
											              (a group of atoms of the
 											               same atomic number)

Try using the analogy:   atom  is to element     as a     brick    is to   brick wall. 
 
										1 atom represents the element, like 1 brick, 
describes the basic properties of a brick wall
[image: j0233413]



        GIMME’ A METAPHOR  

                                            Question:  How is a string of pearls like atoms and elements?
			                        
	   			   *The entire string of pearls is like the term, element, while each individual pearl		            


		2)  every atom of a specific element has the same number of protons in its nucleus.  
a)  For instance, if we sent robots to the asteroid belt and their analysis found that a
    sample of rock was made of atoms with only 29 protons, then the matter would be
[image: ]    classified as the element copper. Every atom of copper has only 29 protons. No other
    element has only 29 protons making up the nucleus ...except for copper atoms 

		3)  118 elements are represented on the Periodic Table, and they are divided into:

                       18 vertical columns (called families or groups),  
                        7 horizontal periods and 
                        2 related series.

		4)  Every element is represented by a one or two letter symbol, at the time of publication of 
      these notes.

		     The first letter is capitalized.  Any other letter of the symbol, is written in the small case

	
5)  Per earlier conversations, the atoms of an element cannot be broken down into any simpler
      substances (atoms of other elements or compounds), by ordinary chemical means.
https://www.thoughtco.com/printable-periodic-table-valence-charges-608880


























III)  General Atomic Structure:  Atoms are made up of many, many subatomic (smaller than the atom) particles.  
               We focus primarily on protons, neutrons and electrons.
[image: Cartoon checklist and pencil]
        Check Out:  https://www.youtube.com/watch?v=WPL3pUFtpJk   Begin at 5 minutes 
                                         Bohr Model vs. Quantum Lies told in school:  SciShow

A)  In 1911, Ernest Rutherford published his model of the atom, based upon the results of the gold foil 
experiment.  Quick Review:  https://flexbooks.ck12.org/cbook/ck-12-chemistry-flexbook-2.0/section/4.14/primary/lesson/rutherfords-atomic-model-chem/

	1) Three conclusions came from his work, which hold true in our current model.

		a)  most of the mass of the atom was found in a dense, positively charged area, he
		     termed, *the nucleus

		b)  the electrons were *beyond or outside of the nucleus

		c)  Every atom is mostly empty space. 
		
		A metaphor which may have some meaning for you is, that an atom is like a giant 
		cathedral (or any large building), in which the nucleus was a fly in that building.
		

2)  For our class, we shall generally interpret the term, atom, as referring to a singular 
     elemental species which is neutral in overall charge.  Atoms have an overall charge *of zero 

     (0), because the number of protons (positive (+) charges) are offset by or equal to the 

      number of electrons (negative (-) charges).

		3)  So, atoms have two main sections:  the nucleus and the electron cloud beyond the nucleus.
[image: Diagram
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An atom is like a feudal kingdom.
                                                   


	B)   The Concept of Charge (Big Idea #3)  

		1) Generally, the concept of charge attempts to explain what chemists mean by certain
 		    symbolism and how the assignment of positive charge to protons and negative charge
    to electrons affects that symbolism.

	In truth, so many of us had issues is prior chemistry courses, because we really 
	did not understand what the symbols; Mg0 , Na+1 or P-3 really meant.

There was also some confusion as to the writing of the symbols.  For instance, is there a
difference between the symbols;  H+,  H+1, and  H1+ ? 

			This section will attempt to eradicate any sense of confusion.
		2)  The important parts of  the concept of charge, (Big Idea #3) are:

			a)  the isotopic signatures and symbols used for atoms and ions carry a lot of information.

			b)  the chemistry (the reactions) of an atom are *different from those of the ion of the 
 
     element.
i)  For instance, the chemical reactions of Na0  are different from those of Na+1.

			c)  like charges *repel, while opposite charges attract.


			d)  Charge (full or partial) may evolve from a complete transfer of electrons or develop 
			      from an unequal sharing of electrons. Partial charges are designated with δ+ or δ-


	C) Protons, Neutrons and Electrons:


Fact1: Protons:  Atoms of the same element must have the same number of protons (*atomic
                          number)

· This fact coordinates with Goal 4.

· Protons are found clustered at the center of each atom, in a location called the nucleus.

· The total number of protons in an atom is called the *atomic number.                       

· On a periodic table, this whole-number value is often (not always) found in the lower left-hand corner of the symbol or above the symbol.   (There is no standard format)


13Al

	



			Every atom of aluminum has 13 protons. Thus, we can say that every aluminum atom has
 			an atomic number equal to 13.  This atomic number is unique to atoms of aluminum.

92
U





			Every atom of uranium has 92 protons. Hence, the atomic number of uranium is 92.  
This number of protons is unique to atoms of uranium.
  
· Every proton has a mass of approximately 1 atomic mass unit (μ) or 1.66 x 10-24 grams.
· Protons are one type of NUCLEON  A nucleon is any subatomic particle found in the nucleus.

· Protons are the only charged type of nucleon.  Each proton is assigned a *single POSITIVE charge.     or +1

	

· Because of this positive charge, the NUCLEUS OF EVERY ATOM has a positive charge, called the *nuclear charge.

· Thus, every atom of aluminum (Al) has an atomic number of 13, and a nuclear charge of +13
· Every atom of uranium (U) has an atomic number of 92, and a nuclear charge of +92

· The nuclear charge due to the protons of the nucleus, is *offset by the negative charge due to the electrons of the atom.  



Write down TWO critical ideas about protons you want to remember.

	1)



	2)



Fact2: Neutrons:  Neutrons are also found in the nucleus.  Neutrons are ALSO some type of nucleon.  

· Each neutron is assigned a charge of 0.   A neutron is a subatomic particle, which is  neutral in charge.  (Is there anybody here who wants to know why???? HMMM?)

· Neutrons also have a mass of approximately 1 μ.  They are slightly more massive than a proton, but for our class, we are going to treat the mass of a proton and neutron to be similar.

· When you add the number of  neutrons and protons, we get the MASS NUMBER.  


· The mass number is a whole-number value.  The mass number has no unit.  It is not really a dimension of matter.  It is simply the sum of the nucleons (#p +#n) in the nucleus.

· Again, the mass number is NOT a mass, but really it is the number of nucleons of an atom.

· Often, the mass number is recorded in the upper-left hand corner of the element symbol.



· Between the recording of the atomic number and the mass number, we have the isotopic signature.

                                             
	
         or          C – 14 			  F – 18		      Ca – 42			  H – 1 







· The atoms of most elements have both protons and neutrons in their nuclei.  

·  However, the number of neutrons may be different from atom to atom of a specific element.   This difference leads us to the idea of * ISOTOPES.


· O-16 and O-18 are isotopes of each other or rather, they are isotopes of the element, oxygen.   Isotopes are ATOMS of a specific element:

· which have the same number of protons (atomic number).  Isotopes of a specific element are atoms of the same element.

· but isotopes of an element have a different number of neutrons, thus, a different mass number

· have the same number of electrons, thus they undergo the exact same chemical reactions, since chemical reactions are primarily concerned with electrons.

[image: Diagram, schematic

Description automatically generated]






			
						         vs.            
				p =*8                                                  	p =*8
				n = *8					n =*10
				mass# = *16				mass # =18
			but!	e- = *8					e- = *8						

				written as:  O-16			written as O-18

Write down one critical idea about neutrons you want to remember.

	1)

Write down one critical idea about isotopes you want to remember.

	1)

Write down one critical idea about MASS NUMBER you want to remember.

	1)



Fact3:  For our class, for an atom:   the number of protons = the number of electrons.

		Thus, every atom of an element is 0 in overall charge.  The nuclear charge is offset by negative
   	   	electrons.

		Al or Al0 is a way to write the symbol for an ATOM of aluminum.  This means that 
		there are an equal number of protons and electrons.

			Al0 has 13 positive protons and 13 negative electrons      13 + (-13) = 0 

		U or U0  is a way to write the symbol for an ATOM of uranium.  This means that there are 
		an equal number of protons and electrons!

			U0 has 92 protons and 92 electrons.    For every 1 proton, there is one negative electron.

29Cu

		An atom of copper has 29 protons.    



		How many electrons MUST an atom of copper have?  *29





· Fact3 is related directly to Big Idea #3, The Concept of Charge.  For our class, atoms have an overall charge of 0 because the number of positive protons must be balanced
by the number of negative electrons – for us to use the term ATOM!

When we see the symbol  Na0 , that 0 informs us that we are dealing with an atom.
We may assume that the overall charge is equal to 0, because the number of protons is
equal to the number of electrons.

Fact4: Under normal chemical circumstances the ONLY subatomic particle that can change 
in quantity is the electron!!!!    The *atomic number                                         
of an element (the number of protons) does NOT change under normal chemical circumstances.  Thus, a species takes on a charge (becomes an ion) , because   *electrons were lost   or electrons were gained. 


		One way you may help yourself learn the above is to consider the letter symbol of an element.
		If there is no change in the letter symbol, then chemists are trying to imply that then the
 		number of protons is the same ... so just electrons changed in number.
					                    +1    -1
		Consider:    2 Na0 + Cl20→ 2 NaCl    Notice the Na on the reactant side and the Na on the 
							product side.   We may assume that each symbol
							represents a species with only 11 protons, as they are
							the same symbol.  Granted, the product side seems to 
							be made of charged species, but that is due to a difference
							in the number of electrons, not protons.

· Ions, in turn, may convert BACK into atoms, by gaining or losing electrons.
· Students must understand that chemistry is dependent upon electrons.
· The atom and its ion cannot have the same number of electrons; thus, their chemistries must be different from each other!



Fact5:  Most students get confused with the terms;  atom and ion.    The difference between
 	the two is the number of electrons and thus, charge.

The charge tells you which subatomic particle (proton or electron) is *in EXCESS and by how
many.  
· positive ions have protons in excess, due to a loss of electrons
· negative ions have electrons in excess, due to a gain of electrons.


		   Recall that  Atoms have a charge of 0 and to understand that IONS have + or - charges



Fact6:  When the charge is "+" there are more protons than electrons, BECAUSE *electrons (or
   	negative charges) have been lost by a neutrally charged atom


Fact7: When the charge is "- " there are more electrons than protons, BECAUSE *electrons (or negative
          charge) has been GAINED by a species.

		eg)    Na or Na0 can assumed to be an atom, because it is an atom with an overall charge of 0

 			Na+1  means there is 1 more proton than electron.  Thus 1 ELECTRON was lost
			from Na0  during a chemical reaction.


	
                    		Mg or Mg0 can assumed to be an atom, because it is an atom with an overall charge of 0

		       	Mg+2   means there are 2 more protons than electrons.  Thus 2 ELECTRONs were lost
			from Mg0 during some type of chemical reaction.


                    		S or S0 can assumed to be an atom, because it is an atom with an overall charge of 0

		       	S-2   means there are 2 more ELECTRONS than protons (the charge tells you what
				is in EXCESS!)   Since the charge is negative, there are more electrons!

Thus 2 ELECTRONs were GAINED BY S0 during some type of chemical reaction.


TAKE HOME MESSAGE: Only the number of *electrons may change.  Thus a positive charge tells us that 
			           electrons were lost and a negative charge indicates that electrons were gained.







IV) IONS   As a rule, during reaction chemistry (chemical) reactions the number of protons does not change.
 	         In most chemical reactions, only the number of electrons changes, from species to species – but
 	         that number is conserved, overall. (recall:  Big Idea # 1 and Fact2).

		Free moving ions (often found in water) are called:*electrolytes
[image: A diagram of a test tube with light bulbs and a light bulb attached to it
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https://courses.lumenlearning.com/chemistryformajors/chapter/electrolytes/
A)  Any species with an UNEQUAL number of protons and electrons is called an *ion

		1)  *Cation           = positive ion … Such an ion has more protons than electrons, due to a loss of
 				        electrons



		2)  *Anion           = negative ion …Such an ion has more electrons than protons, due to a gain of
 				       electrons.


		3)  Ions may be monatomic (a single species with a charge) OR polyatomic (multiple species in 
		      which the charge represents an overall charge.   e.g.)  (PO4)-3   (the charge is delocalized) 


		4)  So, compare an atom of Na0 with an ion of Na+1    
	 
			Each has the same number of protons (the letter symbol is the same!!!!)

			Na+1 however has one MORE proton.  BUT since the number of protons did not change,
                                	the number of electrons must have changed. It must be that an electron was lost.
	
		        	Na0 has 11 protons and 11 electrons
					
		        	Na+1 has 11 protons but only 10 electrons (so there is one more proton than electron)
Notice that the number of protons =11, but the
number of electrons is only 10.   There is one more proton than electron, so the ion as a +1 charge

				+ + + + + + + + + + +		
				-  -  -  -  -  -  -  -  -  -



5)  Compare an atom of S0 with the ion S-2
	 
			Each has the same number of protons (the letter symbol is the same:  S vs. S) You may 
infer that they have the same number of protons or atomic number, when the letter symbol is the same)

			S-2 however has two MORE electrons ... since the number of protons did not change,
            	            thus, the number of electrons must have changed. It seems two electrons were gained
	
		        	S0 has 16 protons and 16 electrons
					
		        	S-2 anion has 16 protons and 2 extra electrons making 18 electrons 
Notice that the number of protons =16, but the
number of electrons is 18.   There are more electrons than protons, so the ion as a -2 charge

			+ + + + + + + + + + + + + + + + 
			-  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  

			
				 Don't worry yet, from where the extra 2 electrons came.  Just concern yourself
 				 with being able to interpret the meaning of the symbolism.

	B)  As previously iterated, the development of a charge is due to *a loss or gain of electrons.


		1)  Ground State Electron Configuration:  The order of the electrons around their nucleus, with 
			the lowest energy levels closest to the nucleus and those of greater energy further away.

		2)  You do not need to WRITE an electron configuration.  In fact, I have put the vast majority of
		       ground state configurations on your copy of the Periodic Table.

			a)  You need only interpret a configuration AND to use this work to grasp the origin of 
			       the charge found on an ion.

       
3)  So, we have classically interpreted Bohr’s work on the electrons as looking like:
[image: Picture]











http://thehistoryoftheatom.weebly.com/niels-bohr.html

           Check Out:  https://www.youtube.com/watch?v=EMDrb2LqL7E&t=596s   (older – but pretty good!)


			a) Bohr suggested a minimum of seven areas in which we are most likely to find an 
			    electron.     They are often seen as ringed areas (shells or levels) in the Bohr Model.

			b)  We call these general areas:  Principal Energy Levels (or Shells or just Energy Levels)
			       Metaphorically they are like rungs on a ladder.





			c)  A principal energy level may have 0 electrons all the way up to some maximum
 			     number of electrons, which is calculated for that level.


d)  The maximum number of electrons in any principal energy = 2n2 where n = the
      number of the energy level (1-7)    

The first principal energy level could only hold a maximum of 2 electrons or  2 (1)2 … it may have 0, 1 or 2e- but NOT 3 e-.    


The second principal energy level could only hold a maximum of 8 electrons or 2(2)2 …. It may have 0-8 electrons …but not 9.   


The third principal energy level could only hold a maximum of 18 electrons.
				Note:  It does NOT have to have 18 electrons, that is just its maximum.


				As a metaphor, consider how many logs you can carry into the house, for a 
				cozy fireplace…

					Let’s say you can carry a maximum of 7 logs in any one trip.  Every time
 					you go out to grab logs, MUST you bring in 7 logs?

					Is it conceivable that you might bring in only 4 logs?  Maybe 5?

					Can you bring in 9 logs?


			e)  As a rule; the valence level of an atom may hold 1 to 8 electrons only, regardless
 			     of the calculation of 2n2.  Generally, a valence level of electrons will have a 
 			     maximum of 8 electrons.

f)  It was G. N. Lewis who used Bohr’s work, to give us the classic (yet imprecise)
      electron configurations of the Bohr Model.  



g)  G.N. Lewis also proposed the Valence Electron Theory which includes the idea that a
     valence level (the outermost level) will not hold MORE than 8 valence e- regardless
     of the maximum number.  This is known as the OCTET RULE.

				You want to know the term:  valence level

				i)  Valence electrons are farthest from the nucleus, and in the outermost level of e-

				ii) The electrons of the valence level tend to be higher in energy than the other
[image: Bristol Motor Speedway - Wikipedia]      electrons of the atom.







                  https://en.wikipedia.org/wiki/Bristol_Motor_Speedway

iii) Chemistry is really a study of how electrons (often – but not only valence) are
      exchanged or shared.

[image: A window with curtains and drapes
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4)  For instance, sodium atom with its 11 protons (and 11 electrons) has an electron
      		     configuration of 

	Na   2-8-1        In the ground state, an atom of Na has 3 distinct energy levels holding electrons.    

The first energy level is closest to the nucleus.  The electrons are at the lowest energy
The first energy level is “full”

The second energy level has electrons of greater potential and kinetic energy, relative
to those of the first energy level.  The second level is full.

The third principal energy level is farthest from the nucleus.  This electron most likely 
has the greatest energy.  There is only one.   Hence there is only 1 valence electron.







	Ca  2-8-8-2	In the ground state, an atom of Ca has 4 distinct energy levels holding electrons.

			The first energy level is closest to the nucleus and has 2 electrons.  It is full.

			The second energy level has 8 electrons of greater potential energy relative to those of the
			first level.  The second level is also full according to 2n2

			The third level has electrons of greater potential energy (than levels 1 and 2) and has 8
			electrons.  This level is NOT full.   Levels do NOT NEED to be “filled” to max.

			Now we come to the fourth energy level and find 2 valence electrons.





	Br   2-8-18-7   In the ground state, an atom of Br has 4 energy levels holding electrons (just like Ca).

			The first energy level is closest to the nucleus and has 2 electrons.  It is full.

			The second energy level has 8 electrons of greater potential energy relative to those of the
			first level.  The second level is also full according to 2n2

			The third level has electrons of greater potential energy (than levels 1 and 2) and has 18
			electrons and it is a filled energy level.

			The fourth energy level and find 7 valence electrons.


		5)  So, from where does a charge on an ion originate?

			To answer this question, I am going to use the Octet Rule.  It really is a poor
 			approximation of what can happen – but it is “good enough” for what we need. It really
 			isn’t a rule, as much as it is a “reasonable guideline”.

			Essentially, the Octet Rule states that valence electrons will be lost/gained or shared, so 
			that the species involved in a chemical reaction end up with a valence level of electrons
			with 8 electrons or as close to 8 as is possible or as close to 2 if the valence level ends
 			up being the first principal energy level.

			As electrons are lost or gained by a species, the overall charge of the species changes.


			Generally, we can begin with this idea, that when a metal reacts with a nonmetal,
			 the atom with fewer than 4 valence electrons, will lose those electrons
			 the atom with more than 4, electrons will gain electrons, trying to get to 8
			 Note:  Bismuth and Polonium are exceptions to this 

			   Note:  The loss of an electron = *oxidation … a species becomes more positive


				  The gain of an electron = *reduction …a species becomes more negative



			0
				11 protons
				11 electrons
				electron configuration:  2- 8- 1   thus there is only 1 valence electron

				Based upon the Octet rule, will Na0 tend to lose or gain an electron?
				That is:  Will Na0 tend to be oxidized or reduced?

				Notice the disruption in the number of protons vs. electrons due to a 
				change in the number of electrons. This disruption creates the charge.				
			
		     		16 protons
				16 electrons
				electron configuration:   2-8-6   thus there are 6 valence electrons

				Based upon the Octet rule, will S0 tend to lose or gain an electron?
				That is:  Will S0 tend to be oxidized or reduced?

				Again, note because of the tendency to go for 8 valence electrons, there is a
				disruption in the number of protons vs electrons.  This unequal value gives us
				the charge of the ion.

			     5 protons
				5 electrons
				electron configuration:  2-3  thus there are 3 valence electrons.

				Based upon the Octet rule, will B0 tend to lose or gain an electron?
				That is:  will an atom of B0 tend to be oxidized or reduced?

Notice that the first principal energy level ends up being the new valence level.  So, 2 is as far as the species can go.   Note that there is still a difference 
created between the number of protons and electrons.  Boron is one of those atoms which cannot get to 8 valence electrons.

…. Notice we are now going to loop back around and review Big Idea #3 Concept of Charge
C)  A key idea to remember is that the charge tells you which subatomic particle is in EXCESS. 


                  You must then realize that the proton number IS NOT CHANGING in a “reaction chemistry”
      reaction. Thus, the development of charge must be due solely to lost or gained electrons



Compare         F0     to        F-1     Check your periodic table.  You will note that fluorine has 9 protons.

		 9 protons    vs.    9 protons
                         9 electrons  vs.   10 electrons (The charge tells you that there is one more electron)
  


Compare   Cu0       to       Cu+2    Check your periodic table.  You will note that copper has 29 protons
                             
          29 protons     vs.     29 protons
        
  	29 electrons   vs.    27 electrons  (The charge tells you that there are two more protons
 					     than electrons and since the protons can't change in number,
 					     two electrons must have been lost)


	


So some students like to think of it this way....  
When the ion is negative, you must add the number to the number of electrons.  

When the ion is positive you must subtract the number from the number of electrons.


Take out your periodic table. The periodic table only lists ATOMS. This is a good starting point.

1)  Here’s a challenge:  Determine the number of protons and electrons in the ion, Ca+2.

Consider  Ca atom compared to  Ca+2 ion.     How many protons and electrons does the ion have?
	
	step 1:  Look up Ca on the Periodic Table.  Do you understand that the periodic table lists ONLY 
                         atoms?    Thus Ca0 or rather, an ATOM of calcium has *20 p and (thus) 20 e-



	step 2:  Now, look at the charge of the calcium ion, Ca+2.  Do you see that it is a +2?   

This means there are *2 more protons than electrons  

Remember, that + is a symbol for protons, so +2 literally translates into “ 2 more protons (+) vs.
electrons”.   

Remember: protons numbers don't change you can assume that: *2 of the 20 original electrons
were lost by the original Ca0.  

So if the atom had 20 protons, and the ion STILL has 20 protons, but is a +2, then that means, 
two electrons were lost…..

 Thus Ca+2  has  20 protons & only 18 e- ….  The +2 means there are two more protons than
                                                                            electrons, because 2 electrons were lost from Ca0


2)  Consider  the aluminum ion,  Al+3   How many protons and electrons doe the ion have?

	Step 1:  How many protons does and atom of Al0 have?      How many electrons then?                  (13 and 13)     

	Step 2:  Notice the charge is +3 which means that _________________                                     there are 3 fewer electrons
                                                                                                                                                                                                                                        or 3 electrons were lost
	So... Al+3   has  13 protons and 10 electrons



3)  Consider the iodide ion ,  I-1      How many protons and electrons does it have?

	Step 1:  How many protons does and atom of I0   have?      How many electrons then?                  (53 and 53)     

	Step 2:  Notice the charge is -1 which means that _________________                                         there is 1 more electron

	So... I-1   has  53 protons and 54 electrons

FRAYER DIAGRAMS:  ATOM AND ION

Essential (critical: definition/recognition skill)         Nonessential  (true/accurate but not critical)







                                                                  ATOM

Exemplars					   Non-exemplars




















Essential (critical: definition/recognition skill)         Nonessential  (true/accurate but not critical)







                                                                   ION

Exemplars					   Non-exemplars



















Check your understanding:

 	1) When an atom has an atomic number of 10, how many electrons must the atom have in the electron cloud?

 	2)  When an atom has a nuclear charge of +7, then how many electrons must the atom have?

 	3)  When an atom has 29 electrons, how many protons must the atom possess?

 	4)  What is the overall charge of any atom?


5) In what ways does an ion differ from an atom?  List at least two differences.

	1)


	2)




  Ans:  1. 10 e-    2. 7 e-  3.  29 p     4.  0 or neutral    5 Ions have a charge of + or -.  Ions have an unequal number of protons and electrons resulting in an overall charge.



V) Focus:  The chemistry of an atom is different from the chemistry of its ion.  (Part of Big Idea #3)


	A)  Chemistry appears to be associated with the number of valence electrons – with their loss, and the
	       gain.

		1)  It is reasonable to infer that chemical species with a different number of valence electrons
		      undergo different chemical reactions.

			a)  Consider   Ca0          and     Ca+2
					2-8-8-2            2-8-8    Are the number of valence electrons the same?
				

			    Calcium atoms will react vigorously with water.  Why?  Well, the atoms of calcium
			    are losing electrons.

			    Calcium ion tends to form compounds with other ions in water (not react with water)


	B)  The chemistry of an atom and/or ion really depends upon the number of electrons.

		1)  Thus, when we say milk has calcium – we really mean milk has calcium ION.


		2)  Na0 vs. Na+1         Check Out:  https://www.youtube.com/watch?v=NTFBXJ3Zd_4
                         metal        ion found in compounds





VI)  The Excited State of Electrons  (The Origin of Light and EMS:  An Application of Big Ideas 1 & 2)

A)  Excited State Electron Configuration:   This exists when an inner level electron absorbs
						          energy from an outside source and moves to a higher 
                      energy level.

			a)  This is a temporary state.   No electrons are lost during excitation.

			b)  When the electron returns to a lower energy level, the loss of potential energy is
			      converted to some form of electromagnetic spectrum energy. (radio waves,
 			      microwaves, infrared, visible light, ultraviolet, x-ray, or gamma ray)

			c)  The configuration is NOT found on the periodic table references

			d)  Example:   O:   2-6   			O:  2-5-1 
					ground state			one possible excited state

			e)  Everyday Chemistry:   Neon Light Sign
						      Sunlight
						      Flashlight
						     

	B) Metaphor:  Running up a hill … then tumbling down
          [image: ]
                                  Higher energy (Excited State)
	 
										      Energy is released with theLet there be light!

										        return to ground state

[image: ]                        





 Lower Energy (Ground State)











e
e

1









						                    An atom in the ground state
2

e
e


 








                                                                         An e- absorbs energy from
							an outside source
e
e
3




                                                                                       The absorbed energy pushes the e- away from the 
                                                                                        nucleus. The e- is pushed to a higher energy level.
                                                                                        The e- is “excited”. In other words, the potential 
                                                                                        energy of the electron increases, relative to its original
							    energy.


4
e
e




              The excited e- is unable to maintain its excited state.
              for a number of reasons. The e- returns to a lower  
              energy state, changing its potential energy, again.  
              (Big Idea 2) This return to a lower state means that
 	  the e- is closer to the nucleus. This difference in 
  potential energy cannot disappear (Big Idea 1). Often
              the energy difference between the excited state and ground
              state is released in a form we can see (visible (colored) light)

When an electron is so energized, that it is removed from the influence of its nucleus and probably attracted to another nucleus, we have an oxidation
e
e
 



















[image: ]
citation:  
McGowan, Terry: Scientific American: Halogen Lights  July 1996  p. 108  Scientific American Inc.

VII) The bonding of electrons is explained by a somewhat complex set of ideas. To understand some of the
        basics of reactions and the making of new bonds, we will depend upon the Octet Rule and the idea of
        Effective Nuclear Charge.


	A)  Effective Nuclear Charge is the *pull or the attraction                            an electron experiences
      for its own nucleus

		1)  A set of issues affects that “pull” an electron “experiences”. A greater number of protons does
 		     not translate into a greater pull. Potential energy (distance from the nucleus), the number
		     of electrons between the nucleus and the electron each affects ENC.

		2)  Let us simply summarize effective nuclear charge by writing that if an electron experiences a 

			a)  weak effective nuclear charge, then that electron is likely lost to the pull of another
 			     nucleus. The electron is lost or mostly lost.   The atom is oxidized. 
                         
			b) strong effective nuclear charge for its valence electrons, then the electrons tend to
 			    “stick around”. In fact, the atom has a chance to attract even more electrons. Hence,
 			     electrons tend to be gained,  or at least dominate the ownership of the electron.  The
 			     atom is reduced in charge. 

		3)  We see this especially in the idea of electronegativity.

			a)  Electronegativity sets a value as to the tendency of an atom to gain an electron in a
			     chemical bond.    I sometimes use it to help point to the effective nuclear charge of 
			     atoms – although it is not really meant for that … but hey, any port in a storm!

			b)  Electronegativity on the Pauling Scale runs from a 
     low of 0.7 to a high of 3.98 (let’s say 4).

			c)   Metals tend to be very low in electronegativity.  Metal atoms tend not to gain
 			      electrons, as they have a poor ability to attract them (a poor or low electronegativity).
 			      Nonmetals tend to gain electrons from atoms of lesser electronegativity – including
 			      other nonmetals.

Pauling Electronegativity Values
[image: Table
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      http://www.chem.ucla.edu/~harding/IGOC/E/electronegativity.html



B) Oxidation:   The Loss of Electrons.  The oxidation state becomes MORE positive
		 (mnemonic:  LEO)

1) loss of electrons = *oxidation

a)  oxidized species become *more positive in charge, due to a loss of negative
     electrons.  e.g. 0 to +2  or   +2 to +5


		In a 4th of July, sparkler, essentially aluminum metal is oxidized in an
		exothermic chemical reaction.
                                                                        +3   -2
				Al0   O20    Al2O3

		Aluminum is a metal.  And metals, in the presence of a nonmetal like
 		oxygen become oxidized.

b)  So, in the case of metals, you will often hear that a metal (such as iron) has been
      oxidized (or rusted)  in the presence of oxygen or some other nonmetal.

       In this case, iron atom loses electrons and becomes a +3 or +2 ion

       Metals are easily oxidized.  80% of the elements are metallic.

c)  Oxidation does NOT require oxygen … but derives the name from oxygen.

d)  You may hear that fossil fuels are oxidized when combusted in oxygen.  This is
      generally accurate, as the carbon atoms of the fossil fuel(s) partially lose electrons to
      oxygen, and form carbon dioxide.  The carbon of CO2 is in a +4 oxidation state … a
      more positive state, then carbon is in the original fuel.

           H
            |
    H – C-4– H
	|
           H



    O = O0 
    O = O
    O-2– H
   /
H
          O-2– H
        /
      H
  O = C+4 = O-2 
+
+
→


	     
                                                                                           



			This is a good example to study.  Notice that C and O are both nonmetals.  And 
			only the nonmetal of higher electronegativity becomes reduced.  The other nonmetal
			is the “loser” of electrons.  However, this loss and thus the gain is not complete.  No
			one atom can completely own or dominated the electron(s).  Hence an UN EQUAL 
 			sharing of the electron occurs….creating a type of covalent bond!

The +  does not indicate the formation of an ion, but rather, an indication that the 
electrons of that species are being drawn TOWARDS another nucleus.  The – does not
indicate a full anion.  Rather, the negative indicates that the species is drawing electrons
towards its nucleus.  			
			e)  The key is to grasp that oxidation is a loss of electrons, and many atoms can
     become oxidized …. BUT(!) Metal atoms, in the presence of nonmetals are
			     especially vulnerable to this sort of electron activity.

			f)  As a general rule, metals do NOT react or bond with other metals.   For our work, we
     will consider it more common for 
* Metals to bond with nonmetals via ionic bonding                 
     
* Nonmetals to bond with nonmetals thus creating molecules



C) REDUCTION:  Gain of electrons.

1)   Nonmetals tend to gain electrons in a chemical reaction especially when reacted with
      a species of lesser electronegativity, like a metal or even another nonmetal.
                       (Nonmetals tend to become reduced.)
(mnemonic:  GER)

a)  Gain of electrons = *reduction

b)  a reduced species becomes *more negative, due to the gain of negative
 	     electrons. 
c)  fluorine is the most readily (easily) reduced element … followed by oxygen.
			d)  It is common for nonmetal atoms to bond with other nonmetal atoms via a sharing of
 	                  electrons: * Covalent Bonding

      A nonmetal atom bonded to another nonmetal atom forms *a molecule


	D)  When an electron is totally lost by one species (complete oxidation) and it is gained by another
	       species (complete reduction), oppositely charged ions are produced.  These ions may bond with
	       each other, as opposite charges attract.  This type of bond is an *ionic bond

1)  Often, an ionic bond exists between metal species and nonmetal species or rather, 
a metal cation and a nonmetal anion. The positive metallic species tends to be
written first.

				NaCl,     Fe2O3,  CaCO3
				    
				Na+1 Cl-1

a)  When an ionic compound is dissolved in water, the electrostatic attraction is often
     disrupted, forming an electrolyte solution.




	
[image: http://spinoff.comicbookresources.com/wp-content/uploads/2011/02/mgm_logo_sold.jpg]E)  LEO says GER   






                                                                                                        http://bananaoilmovies.wordpress.com/2010/11/05/a-farewell/


Relative Locations of the 4 Categories of Elements Found on the Periodic Table




                                                    
                                                  Non -
                                                    Metals          Noble 
                                                                           Gases
            Metals 

                                                                     Metalloids
											    															

                               Metals




IV)  A Closer Look:  Redox Reactions:

	A)  *Electrons               govern chemical reactions.   They may be lost, gained, or shared (equally or 

	       unequally) by chemical species


	B)  The effective nuclear charge of an atom’s nucleus is at the heart of whether a species gains or 
	      loses electron(s).

		1)  The effective nuclear charge is the *pull an electron experiences for a nucleus



		2)  Metals tend to have weak effective nuclear charges.  Hence the valence electron tends to be
		      lost to Nonmetals which tend to have superior effective nuclear charges.

			a)  Note how this sets up the idea of some species losing electrons (oxidation) while other
			      species gain electrons (reduction)


              C)  An oxidation number is a positive or negative number assigned to a species. It is assigned to help
                    understand the number of electrons involved in bonding to a species of a different element, and to
                    indicate the degree of oxidation or reduction.
                                                                                                                                   +1    -1
	Given:  Na0  +  Cl20    2 NaCl

	            sodium        chlorine            sodium chloride 


                    For instance,  the sodium ion of  NaCl is given an oxidation state of +1, compared to the original
                    Na0.  

        This +1 value indicates that 1 electron was involved in the bonding process to the Cl, (that's the
         "1") and that the electron has been lost (that's the "+") to the chloride.  

         Thus, that simple symbol of  the +1 oxidation state indicates two pieces of important information.

 	         Note that the name of the *nonmetal changes its ending to -ide, when reduced.

         

         The chloride conversely, is assigned a -1, indicating that the chloride species is a reduced species
         (compared to chlorine, Cl0 , chloride is more negative) due to a gain of 1 electron. The “gained”
         electron is the same electron, as that lost by the sodium.  Thus, 1 electron was lost… 1 was
         gained… illustrating the Law of the Conservation of Charge.



D)  Redox Reaction: Any reaction in which there is a change in oxidation numbers (LEO says GER)

	REDuction / OXidation  reaction:  Electrons are * lost              and  *   gained        generally in a change

	of  * oxidation states (or numbers)                                    generally for two species. 
                                                                                                                                                                  any chemical entity:  a(n) molecule, atom or ion



		1)  For every oxidation there must be a reduction.  The processes go together….
	






	









2) Oxidation State (a.k.a: * Oxidation Number                        ): An arbitrarily assigned value
 
    which explains or predicts the number of electrons of a species, involved in making a bond
     with a species of a different element.   


		3)  + or – values for oxidation states apply to species of compounds, or of ions in water.  
                             0 is the oxidation state for pure elements. [thus, the oxidation state(s) of the oxygen species in
 		      a molecule of O2 is 0, since the molecule is produced by species of the same (not different) element(s)]



                        4)  The charge on an ion is only ONE category of oxidation states.   Every encounter with an 
                             oxidation state (number), is NOT necessarily an encounter with an ion

			a)  Oxidation states can be applied to species of a molecule as well.  They are used to

                                         describe the number *of shared electrons in a bond between the atoms of 
 
                                                                                                                        a covalent (molecular) substance.





		5)  An oxidation number of a species may be * positive                     if its electrons are attracted

                             more strongly to another nucleus     or   * negative                       if the involved electrons tend
                             to be gained, relatively speaking.


a) The metal ions of a compound will most likely be assigned a * positive                  
    number

			    The nonmetals of a compound may be assigned a negative or a positive number.

	
			   i) The species with the positive oxidation # is often written first in a formula
                                          	  OR RATHER:  *The species with the lower electronegativity value is written 
                                        
                                                   first in a formula  









				ii)  There are some exceptions…For 1st year students, NH3 is the most important.



			b)  As written, there are 2 situations of serious importance when dealing with oxidation 
                                         states:

i)  We use these + and – oxidation states, when dealing with species of 
    compounds or ions dissolved in water. 

	In light of the definition of oxidation state, why do pure elements get an oxidation
	state of zero (0) assigned to them?  *  oxidation states account for the electrons 

	used to bond species of different elements.  Thus, in pure elements, 0 electrons are

	used to bond to species of different elements.

ii)  When dealing with ions in water

                              		 Ions in aqueous solution are also called  *electrolytes  or hydrated ions






            	6)  For many species, the oxidation number is related to the ionic charge …. but first year 
    students must understand that virtually any single integer value may be appropriate.
     	    Normally the values are whole numbers, but they may be fractional.


				a)  it is vital to know the oxidation #s so we can track the electrons of a
 				     reaction...

                                                                                                    0                +4   -2                       0                    +2  -2
[image: A picture containing hanger
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          +2
    Ca
2-8-8-2
Note that there are 2 val. electrons.  Will Ca tend to lose 2 e - or gain 6 e- to achieve a stable octet?  

Do you see from where the +2 comes?

                                                                                                              in a compound, every calcium will be a +2

								                  
									e.g.)  CaS,      Ca3(PO4)2










	E)  A simpler means of discussing loss and gain of electrons (than effective nuclear charge) is the idea
 	      
     of Electronegativity:  *The tendency of an atom to attract the electrons of a bond to itself.



		1)  Metals tend to lose electrons to nonmetals (Thus metals tend to have a much lower 
		     electronegativity relative to  nonmetals  (they also have a much lower effective nuclear
 		     charge).




		2)  Nonmetals can bond with metals …. BUT(!) nonmetals can bond with other nonmetals.	

			a)  This is where electronegativity really has an impact upon our ability to predict and
			      to explain various phenomenon.



Guided Practice: Use the provided oxidation states to identify the oxidized and reduced species.

The idea is to compare “before” [the reactant oxidation state] to “after” [the oxidation state of the product]

The answer to each question always comes from the REACTANT side (never the product side)



			a)  oxidation of aluminum:    4 Al(s)   +   3 O2(g)  à   2 Al2O3(s) +  3351.4 kJ


                                                                                           BEFORE                              AFTER

                                                                                         0                     0                       +3  -2           
4 Al(s)   +   3 O2(g)  à   2 Al2O3(s) +  3351.4 kJ

          reduced species = * O20 or O0         because its oxidation state became * more negative           as a product    

          oxidized species = * Al0          because its oxidation state became * more positive               as a product


                                                                                                                                     BEFORE                      AFTER

                                                                                                                                                    0                    0                     -3  +1
			b)  Making Ammonia (Haber Process):          N2(g)   +   3H2(g)  à    2NH3(g) 
                               
          reduced species = * N20 or N0         because its oxidation state became * more negative           as a product    

          oxidized species = * H20 or H0     because its oxidation state became * more positive               as a product


							BEFORE                    AFTER

                                                                                                            0                 0                        +1   -1
			c)  Making Table Salt:	  2 Na(s)  +   Cl2(g)   à    2 NaCl(s)  
                                                                          http://listverse.com/2008/03/04/top-10-amazing-chemical-reactions/


          reduced species = * Cl20 or Cl0         because its oxidation state became * more negative           as a product    

          oxidized species = * Na0          because its oxidation state became * more positive               as a product


 

                                                                                                            +6 -1                    0                 0
			d)  Purifying Uranium :      UF6(s) à   U(s)  +  3 F2(g)    notice there is only 1 reactant … but there
                                                                                                                                                                                                       are 2 different species in that reactant.

          reduced species = * U+6                 because its oxidation state became * more negative           as a product    

          oxidized species = * F-1          because its oxidation state became * more positive               as a product
            (note: F6-1 is not correct, because the fluoride ions are not bonded to each other ...each is bonded via a covalent bond [surprisingly] to the uranium)
                                                                                                                                                                 individually to the uranium ion)    


			      
                                                                                           0                   0                 +1   -2
			e)  Making Laughing Gas:       2 N2(g)   +  2 O2(g)  2 N2O(g)

			reduced species: * O20 or O0                 oxidized species:  * N20 or N0       	
			         



                                                                        +3    -2                 0                    +1  -2                      0
                                   f)  Purifying Gold:     Au2S3(s) +  3 H2(g)    3 H2S(g)   +   2 Au(s)   

			reduced species:  *Au+3                 oxidized species:  *  H20 or H0       
			 




                                                                                                     0               +4 -2                    0                  +2  -2
                                  g)  Purifying Silicon:     Mg(s)   +  SiO2(s)  à   Si(s)   +  2 MgO(s) 

			reduced species:  *Si+4        oxidized species: *Mg0

	

			         

                                                                                                           0                      +2   -1                     +3  -1                       0
                                 h)  Purifying Nickel:         2 Al(s)   +    3 NiCl2(aq)    2 AlCl3(aq)  +  3 Ni(s)   

			reduced species:  *Ni+2           oxidized species:  * Al0	 
  
                                                                                                             +4 -2         0             +1 -2           +1 +5 -2
                                 i)  Making Nitric Acid:         4 NO2 + O2 + 2 H2O  4 HNO3(aq) 

			reduced species:  * O20 or O0              oxidized species:  * N+4


	
		         	
                                                                                                                                 0            +2 +6 -2                  0           +2  +6 -2
                                j)  Corrosion of the Statue of Liberty:  Fe(s) + CuSO4(aq)   Cu(s) + FeSO4(aq)

			reduced species:  * Cu+2         oxidized species:  * Fe0  




   
                                                                                                          +3  -2                   0                       0                   +4  -2
		        k)  Ore Reduction:            2 Fe2O3(s)  +  3 C(s)   à   4 Fe(s)   +  3 CO2(g)
                    
			 reduced species:  *  Fe+3         oxidized species:  * C0




N.B. Ore: a general term referring to a metal ion-containing mineral, that may be trapped in a larger mixture known as, a rock. 
    Iron ore: deemed valuable for its oxidized form of iron: Fe+2 and Fe+3, bonded in a compound with reduced oxygen (oxide). 
   		   The reduction of an ore refers to converting the metal CATION back into the metal ATOM by having the ion GAIN electrons
 		   back.    History Buffs:  The Hall Process and later the Bessemer Process are often seen as turning points of the Industrial
 		   Revolution in the West.
 
                                                                                                                                     +1   -1                   +1  -2              0COOL CONCEPT!
      (Purely Honors Chemistry)
Disproportionation Reaction:  a redox reaction, in which the * same reactant species is both the oxidized species and the reduced  species.

                                                                 l) Challenge: Teeth Whitening:     2 H2O2       2 H2O    +   O2(g)
	
			                reduced species:  *  O-1              oxidized species:  *  O-1       
                                                    


                            


                                                                                                             +1  -2 +1            0                     +1   -1              +1  +1  -2         +1  -2
                                                 m)  Challenge:      2 NaOH   +  Cl2         NaCl    +    NaClO   +   H2O

			                reduced species: *Cl20  or Cl0           oxidized species: *Cl20  or Cl0     










Individual Practice:  Analyze the changes in oxidation states (before and after) so that you can identify the
oxidized and reduced species of each reaction.  You must include the oxidation state of the species
with each answer.   Remember:  The answer always comes from the reactant side!!!!!


			      0                -4   +1               +4  -2                +1 -2    
		1)         2 O2 (g)    +     CH4(g)          CO2(g)    +   2 H2O(l)

		reduced species:  *O20  or O0             oxidized species:  * C-4       


                                          0                  +3 +5 -2                      +2  +5 -2
		2)        Fe(s)    +   2  Fe(NO3)3(aq)        3 Fe(NO3)2(aq) 

		reduced species:  *Fe+3  to the Fe+2        oxidized species: *Fe0 to the Fe+2	(interesting n’est pas?)       


                                              0                 +1  +6 -2                  +2 +6 -2             0         
		3)         Mg (s)    +     H2(SO4)(aq)         MgSO4(aq)    +    H2(g)

		reduced species:  *  H+1       	   oxidized species:  *  Mg0  	       


                                           +3 -1                 0                    0                +3 -3                +1 -1
		4)	4 BCl3 (s)    +     P4(s)    +  6 H2(g)      4 BP (s)    +  12 HCl(g)

		reduced species:  *P40  or P0         	   oxidized species:  *H20  or H0	       


                                          0                     +1 -1                   +1 -1                 0       
	5)  	Cl2(g)     +    2 NaI(s)         2 NaCl (s)      +    I2(s)
		reduced species:  *Cl20  or Cl0        	   oxidized species:  *I-1	       



                                       +1 +5 -2                   +1 -1                      0
		6)     2 KClO3(s)          2 KCl(s)      +      3 O2(g)

		reduced species:  *Cl+5         	    oxidized species:  *O-2	       



                                 +4 -2               0                +6 -2
		7)   2 SO2(g)     +     O2(g)        SO3(g)             
	
		reduced species:  *O20  or O0         	    oxidized species:  *S+4 to the S+6	       


	F)  The agents:  The agents are the opposite of their names.  In short, the "agent" is that species whose
		               presence enables the activity for which it is named.  ... HUH????

			   e.g.)  The presence of the oxidizing agent allows oxidation to proceed, hence the 
			             oxidizing agent is the reduced species. 
	 
		  
		1)  Oxidizing Agent:  * The reduced species 
                             (a.k.a. an oxidizer or oxidant)

			a)  a strong oxidizing agent is reduced, easily (readily).  
			b)  a weak oxidizing agent is reduced, but more slowly when compared to a stronger one.




		2)  Reducing Agent:  * The oxidized species
		        (a.k.a. an antioxidant….Wait a minute … I have heard this term before …. Hey! )






		3)  Spectator ions:  Not always present … but these are ions which do not change in oxidation 
			                   state.






[image: ]                                                    TIME FOR A METAPHOR ... MAKE SOME CONNECTIONS!!

			   Think about a sports agent:  Does the sports agent play the sport?

			   Does the travel agent take the arranged trip?

			   Does the insurance agent purchase the prepared policy?


   So,  is the oxidizing agent the oxidized species ????

Interpret:  The N+5 of NaNO3 is a strong oxidizing agent (oxidizer) 

                         *N+5 is easily / readily reduced   (oxidizing agents or oxidizers are reduced species)
               
		Interpret: The Mn+7 of  KMnO4 is a strong oxidizing agent (oxidizer)

                       * Mn+7 is easily / readily reduced

Interpret: Sodium hypochlorite is a stronger oxidizing agent than 3% hydrogen peroxide

		* Sodium hypochlorite is more easily reduced than hydrogen peroxide


G)  A “real world” application:  CLOROX bleach / Pool Chlorine 

Recall that an oxidizing agent is any substance which causes another substance to * lose              one or more electrons. 

The decolorizing action of bleaches is due in part to their ability to remove these electrons which are activated by visible light to produce the various colors.   The hypochlorite ion [(ClO)-1], found in many commercial preparations, is reduced to chloride ion and hydroxide ion forming a basic solution as it accepts electrons from the colored material as shown below.
                                                                                              +1 -2                                                  -1              
(ClO)-1 + 2e- + H2O  Cl + 2(OH)-1
Robert Asato, Ph.D, Leeward Community College
[image: A picture containing graphical user interface
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         https://discover.univarsolutions.com/blog/cleaning-products-when-to-avoid-mixing/




H)  Getting Rid of Skunk Odor!   H2O2  mixed with NaHCO3 and Dawn Dishwashing liquid….
	                                                      It’s a redox reaction when reacted with skunk thiols (R-SH)

Mix: 
· one liter of 3% to 6% hydrogen peroxide (available in pharmacies), 
· add one quarter cup of baking soda 
· and 1 teaspoon liquid dishwashing detergent.  
· Wash the cat or dog (or child) with this mixture and rinse with lots of water.  Presto!  
The smell is virtually eliminated.
This latter point is an important one.  
People who have struggled with using tomato juice to remove “skunk odor” may be successful in reducing the smell, because they only mask the odor. There is no chemical effect using tomato juice.  Folks probably managed to physically rinse away some of the odiferous compounds, but the scent may easily come back.
This is because the skunk mixture also contains compounds called thioacetates which are not particularly smelly but over time react with moisture to form thiols.  And thiols are stinky.  
Thiols (R-SH) are a class of compound related to the structure of alcohols (R-OH), with sulfur 
            substituting for the oxygen.

As the concentration of thiols increases, the skunk aroma returns.  But under the mildly alkaline (pH greater than 7) conditions described in the hydrogen peroxide recipe, these thioacetates are immediately converted to thiols which in turn are oxidized and washed away. They do not accumulate later. Therefore, the lingering smell is greatly reduced.
https://www.mcgill.ca/oss/article/environment-history-science-science-everywhere/solution-skunk-pollution
[image: MC900433800[1]]
      Checkout!   Mercaptan Control with Hydrogen Peroxide:
https://www.h2o2.com/industrial/applications.aspx?pid=110&name=Mercaptan-Control#:~:text=Mercaptans&text=Hydrogen%20peroxide%20has%20been%20shown,sometimes%20required%20for%20vigorous%20oxidation.



PRACTICE BASIC ISOTOPIC SIGNATURE!  Complete each practice problem.  The following may be of help to you.  All answers are given at the end. Check your work.

USE THIS!
			      (#p + #n) = mass number  # of nucleons       upper left numberX

			 Atomic number = # p = nuclear charge  # e-     lower left number



1)  Example:  Given the isotopic notation of     Cr      you can tell that the atom has:
Cr

	                                          a mass # of 52   OR    the # p + # n = 52    
                                                                                                   24   + 28 = 52
                                                                                                                       
               an atomic number of 24    OR   24 protons    OR  a nuclear charge of +24  
                     and  since it has 24 protons and is an atom, it has 24 electrons

                                                                            *************************

2)  According to the isotopic notation:  Ge, the number of nucleons (not neutrons), is equal to 

3)  Given: the following :                Na

	a)  _____  What is the mass number of this atom? How do you know?  

	b)  _____  What is the atomic number of this atom?  How do you know? 


4)  Given the following :                  Zr
	a)  _____  What is the mass number of this atom ?
	b)  _____  What is the atomic number of this atom ?
	c)  _____  How many neutrons (not nucleons) comprise this atom's  nucleus?  How do you know? 









USE THIS!	
		                 (#p + #n) = mass number  # of nucleons       upper left numberX

			 Atomic number = # p = nuclear charge  # e-     lower left number

5)  An atom has an atomic number of 13 and a mass number of 27.    Hint: Use the information to first write out
     the isotopic notation, as was given in problems 1-4



	a)  _____  How many protons comprise the nucleus of this atom ?
	b)  _____  How many nucleons  (not neutrons)  comprise the nucleus of this atom ?
	c)  _____  How many neutrons comprise the nucleus of this atom ?
	d)  _____  To what is the nuclear charge equal ? (include a + sign)  How do you know? 

	e)  _____  How many electrons surround the nucleus of this atom ?
	f)  _____  What is the overall charge of this atom (the charge of the atom)? 

6)  An atom has 76 electrons and a mass number of 190    Hint: Use the information to first write out the
      isotopic notation, then answer the questions.

	a)  _____  How many protons comprise the nucleus of this atom?
	b)  _____  How many nucleons  (not neutrons)  comprise the nucleus of this atom ?
	c)  _____  How many neutrons comprise the nucleus of this atom ?
	d)  _____ To what is the nuclear charge equal ?
	e)  _____ What is the  atomic number of this atom ?
	f)  _____ What must be the overall charge of this atom? How do you know?  _______
	g)  ________ This is an atom of which element?  Just give the letter symbol (use the periodic table)
	h)  What is the relationship between the terms atomic number and number of protons in any atom?







USE THIS!	
		                 (#p + #n) = mass number  # of nucleons       upper left numberX

			 Atomic number = # p = nuclear charge  # e-     lower left number


7)  An atom has a nuclear charge of +12 and 14 neutrons.

	a)  _____ How many protons comprise the nucleus of this atom?
	b)  _____ How many nucleons comprise the nucleus of this atom?
	c)  _____ How many electrons surround the nucleus?
	d)  _____ What is the mass number of this atom?  
	e)  _____ What is the atomic number of this atom?
	f)  _____ What must be the overall charge of this atom (atomic charge)?
	g)  _____________ What is the isotopic notation of this element? 
	h)  _____ What is the nuclear charge of this atom?

8)  An atom has a mass number of 30 and 16 neutrons in the nucleus.

	a)  _____ How many protons comprise the nucleus of this atom?
	b)  _____ How many nucleons comprise the nucleus of this atom?
	c)  _____ How many electrons surround the nucleus?
	d)  _____What is the nuclear charge of this atom?
	e)  _____What is the atomic number of this atom?
	f)  _____ What is the overall charge of this atom?
	g)  _________ What is the isotopic notation of this atom?









9)  The nucleus of an atom has 58 nucleons and there are 28 electrons surrounding the nucleus.

	a)  _____ How many protons comprise the nucleus of this atom?
	b)  _____ How many neutrons comprise the nucleus of this atom?
	c)  _____ What is the mass number of this atom?
	d)  _____ What is the nuclear charge of this atom?  How do you know ?
	e)  _____ What is the atomic number of this atom ?

_____10.  Study a copy of the periodic table thoroughly.  Based upon this study, the elements are organized:

	a)  according to increasing mass	             c)  according to increasing atomic number
	b)  alphabetically				d)   by the dates of discovery 

_____11. Which of the following is the least in mass?
	
	a)  a proton	  b)  an electron         c)  a neutron        d) an atom of H-2

_____12.   Which of these subatomic particles is described as having a charge of  +1 ?

	a)  proton		b)  neutron		c)  electron


_____13.   Which subatomic particle is described as the fundamental unit of negative charge?

	a)  proton		b)  neutron		c)  electron

14.  The following is an answer from a student on a test.  The underlined part has something wrong. She would
       get 0 of 1 point.  What should it read?

	"If an atom had 30 protons and 35 neutrons it would have a mass number of 35."



15. The following is an answer from a student on a test.  The underlined part has something wrong.  
       He would get 0 out of 1 point.  What should it read, when corrected?

	"Given 20 protons and 20 electrons, it is clear that the ion must have an overall charge of 0."



16.  The following is an answer from a student on a test. The underlined part has something wrong.  She would
       get 0 out of 1 point.  What should be written?

	"An atom has a mass number of 31 and a proton number of 16.  The number of electrons must be 31."



17)  Why are electrons not included in the mass number of an isotope, in our course? 




18)  Define the term:  isotopes 


19)  Which choice is an example of the isotopes of an element?

	a) and   			c)   and   

	b)   and   			d)    and   


20)  Use a periodic table to help you with this:

	Given the ion:   F-1   How many protons are in the nucleus?  ____ 
                                              How many electrons surround the nucleus?   ______


21)  [image: ] is an isotope of the element sodium, while [image: ]1+  is a second isotope of sodium, but also a cation.
        Compare and contrast the two species in terms of: atomic number, overall charge, number of electrons,
        and number of neutrons.

	
	an atom of Na-23
	a +1 cation of Na-22

	atomic number
	
	

	overall charge
	
	

	number of electrons
	
	

	number of neutrons
	
	











Answers to Questions 1-21

1.  24 and 52.  The atomic number is in the lower left corner and the mass number is in the upper left

2.  73  The term "nucleons" may be considered to be a synonym for mass number
3.  a)  23	b)  11          4.  a)  91	b)  40		c)  51

5.  a)  13	b)  27		c)  14		d)  +13		e)  13		f)  0

6.  a)  76	b)  190	c)  114	d)  +76		e)  76		f)  0	    g) Os (osmium)   h) They are synonyms
7.  a)  12	b)  26		c)  12		d)  26		e)  12		f)  0	g) Mg    h) +12

8.  a)  14	b)  30		c)  14		d)  +14		e)  14		f)  0	g) Si

9.  a)  28	b)  30		c)  58		d)  +28		e)  28		

10.  c   The PT is organized by ascending atomic number (number of protons).  While it may SEEM to be organized by what is 
             called the atomic mass … it is not … there are some glaring exceptions … check out elements 52Te and 53I

11.  b 		12.  a		13.  c		 

14)  The mass number is the sum of the number of protons and neutrons.  Therefore, the mass number should be 65 (no unit!)

15)  20 protons and 20 electrons make a neutral ATOM, not ion.  IONS are charged.  The term ion should not have been used.

16)  The number of electrons of an atom equals the number of protons, not the mass number.

17)  Electrons have so little mass, that no atom has enough electrons to alter the mass.  They are, for our course, effectively 0 atomic
       mass units.

18)   Isotopes are atoms with the same atomic number (of the same element), but with a different number of neutrons (or different
        mass number due to a difference in the number of neutrons)

19)  d    same symbol,  same atomic number, different mass number (due to a different number of protons)

20)  9 protons,  10 electrons  (the -1 indicates one more electron than in the atom)

	
	an atom of Na-23
	a +1 cation of Na-22

	atomic number
	11
	11

	overall charge
	0
	+1 or 1+ or just +

	number of electrons
	11
	10

	number of neutrons
	12
	11


21)























PRE-QUIZ 1:  BASIC ATOMIC STRUCTURE
Since this is a pre-quiz you may, of course, use your notes.  Do try however, to "wean " yourself away from them.  Learn the material.

DIRECTIONS:  For questions in this section, one or more of the responses given are correct.  Using your notes and understanding of the periodic table, decide which of the responses is (are) correct.  Then choose :

	a)   when only  choice  I  is correct
	b)   when only  choice  II is correct
	c)   when only  choices  I and II    are both correct
	d)   when only  choices  II and III are  both correct
	e)   when I, II, and III are each correct 

_____1)  Which of the following applies to an atom of Mg-25 ? (Hint .. look up Mg on the periodic table to find determine the 
                          atomic number. Then, re-write the symbol like the atoms in
 	          question 2, and then answer)

	I)  24 protons		II)  13 neutrons	III)  12 electrons

_____2)  Which of the following is true for these two different atoms of phosphorous?   P  and  P   

	I)    The have different mass numbers
	II)   They have the same number of protons 
	III)  They have a different  number of neutrons

_____3)   The symbol :     X  most probably represents an isotope of 

	I)  gold		II)  silver	III)  tin

_____4)  It requires  approximately 1,836 ___________   to equal the mass of 1 proton.

	I)  neutrons		II)   electrons		III)  nucleons

_____5)  The term "nucleons"  refers to 

	I)  electrons		II)  protons		III)  neutrons

_____6)  Ultimately, the nuclear charge of an atom is 

	I)  the number of neutrons
	II) the atomic number
	III) equivalent in magnitude to the charge of the electron cloud

_____7)  Which of the following applies to an atom of Al-28?

	I)  13 protons		II)  28 neutrons	III)  15 electrons


_____8)  Assume each following symbol represents an atom.  Which has/have a zero number of neutrons?
	I)  [image: ]			II)  [image: ]	 		III)  [image: ]


DIRECTIONS : For questions 9 – 12 use the following choices:

         ASSERTION                                      REASON

a)        True                                          True statement and correctly explains (or predicts) the assertion
b)        True                                          True statement but does NOT correctly explain the assertion
c)        True                                           False
d)        False                                         True
e)        False                                          False

These are just a bunch of True and False statements:  For example:
	         Assertion				                                      Reason

              Tom is a science teacher .              because                    	Tom wears glasses and is a p.i.t.a.!

	ANSWER:   Both statements are true.  But wearing of glasses or being a pain in the ass, has NOTHING
 	                   TO DO with the fact that Tom is a science teacher. So, the BEST answer is “b”.


	
	ASSERTION
	
	REASON


	9.____
	Based on the Periodic Table, you know that each atom of potassium (K) has 19 protons in its nucleus
	Because
	According to the Periodic Table, potassium is atomic number 19 and the atomic number is a synonym for the number of protons.


	10.___
	The mass of an atom is generally attributed to the number of protons and neutrons.
	Because
	The magnitude of an electron's negative charge is equal to the magnitude of a proton's positive charge.


	11.___
	Atoms are the smallest unit of matter
	Because
	Atoms are made of subatomic particles



	12.___
	The nuclear charge of an atom is related  to the number of protons in the nucleus 
	Because
	For our work, the term atom is neutral in overall charge. 




13   Correct this statement so that the underlined portion is correct.

		An atom, with 12 protons, 14 neutrons and 12 electrons, has a mass number of 38. 






14)  The terms atomic mass and mass number both deal with the protons and the neutrons of atoms of an 
        in some way.  But how do the two terms differ from each other?

        Identify 2 ways the terms (or representative values) are different from each other:





15)  How many protons and how many electrons does the ion Fe+3 have?  (are you using your periodic table?)


16)  How many electrons are in an ion of Cl-1



Answers to Pre-Quiz:
1.  d	2.  e	3.  b	4.  b	5. d	6.  d	7.  a      8)  a

9. a  The reason is an excellent explanation as why you, as a student, may assert that K has 19 protons in each atom.       

10. b  Both statements are pretty accurate ...but the reason does not explain, predict or account for the truth value of the
        assertion  

11. d  Please !!  Atoms are not the smallest matter and they're mostly empty space .  An  atom can’t be the smallest unit
          of matter if it is made of smaller pieces of matter … An atom IS the smallest unit of an element that can react
          chemically ... but not the smallest unit of matter.

12.  a  In order to be called an atom, the assertion must be true.  The Reason clearly recognizes this.

13  An atom, with 12 protons, 14 neutrons and 12 electrons has a mass number of 26.             
      The mass number is just #p + #n

14)  The atomic mass is an average mass based on frequency and isotopic mass ... while the mass number is just a
          counted value of the nucleons

	OR  The atomic mass has a unit of mass (atomic mass unit),  the mass number has no unit

	OR  The atomic mass value is representative of all the naturally occurring forms of the atoms of an element, 
		while the mass number represents only one isotopic form of the element

15)  26 protons and 23 electrons

16)   18 electrons















PRACTICE:  The answers are at the end of the packet.  Remember answers always come from the reactant side!

                         0               +1 -1                +1 -1               0
1)  Given:  F2(g) +    2KCl(aq)    2KF(aq)  +    Cl2(g)

	a)  Assign oxidation numbers to each species  (I did it for you ….)

	b)  What species is oxidized?  		  (be sure to record the oxidation number of your answer, even when it is 0)
	c)  What species is reduced?  			  (be sure to record the oxidation number of your answer, even when it is 0)
	d)  What species is the oxidizing agent?  	  (be sure to record the oxidation number of your answer, even when it is 0)
	e)  What species is the reducing agent?  	  (be sure to record the oxidation number of your answer, even when it is 0)
	f)  How are the species of a redox reaction related to the “agents”?
                            0                +2 -1                   +3 -1                 0
2)  Given:   2 Al(s)   +    3 NiCl2(aq)  à  2 AlCl3(aq)  +  3 Ni(s)   

	a)  Assign oxidation numbers to each species   (I did it for you )

	b)  What species is oxidized?  		 (be sure to record the oxidation number of your answer, even when it is 0)
	c)  What species is reduced?  			(be sure to record the oxidation number of your answer, even when it is 0)
	d)  What species is the oxidizing agent?  	 (be sure to record the oxidation number of your answer, even when it is 0)
	e)  What species is the reducing agent?  	(be sure to record the oxidation number of your answer, even when it is 0)

		0                +1  -1                 +3  -1                  0
3)  Given:  2 Al(s)   +    6 HCl(aq)   à  2 AlCl3(aq)   +  3 H2(g)

	a)  What species is oxidized?                   How do you know?  ...The oxidation state 

	b)  What species is reduced?  

                        0            +4 -2              0               +2  -2
4)  Given:  Mg(s)   +  SiO2(s)  à   Si(s)   +  2 MgO(s) 

	a)  What species is the oxidizing agent?  		  How do you know?  

	b)  What species is the reducing agent?  



                                 0               0                   +6  -2
___5)  Given:   2 N2(g) +  3 O2(g)       2 N2O3(g)        Which species is the oxidizing agent?


	a)    N20	b)  O20		c)  N-3		d)  O-2





                                                                         0                                                  +4
6)  Given:    2 Fe2O3(s)   +   3 C(s)      4 Fe(s)   +  3 CO2(g)

	From a chemical (or redox) point of view, what happens to the three moles of carbon as they react with
                                                    
	the rust?  The atoms of C0  are                                           Defense:  





___7)  Based upon the formula alone, in which compound is oxygen probably in a positive oxidation state?

	a)  NaOH		b)  Ag2O		c)  NaClO		d)  OF2


8)  What is meant, in chemical terms, by the phrase:  “Fluorine gas (F2(g))  is a strong oxidizing agent.”?




For question 9 a –c, use your knowledge of chemistry and the following passage, which is an  adaptation from  McQuarrie & Rock  Descriptive Chemistry  1985 p. 153)  Numbers for the lines of print have been provided.

1  Copper is slightly less abundant than nickel and is found in many different ores.  An
    ore is a general term referring to the rocks that are really mixtures of a number of
3   valuable minerals  (a.k.a. elements or compounds).

   Copper generally occurs as various sulfides, although in some ores copper is present in
    the form of sulfates, carbonates and other oxygen containing compounds.  Deposits of
6  the free metal are very rare, being found only in Michigan.  Most copper-containing
    ores have a copper content of less than 1 percent, but some richer ores have up to 
    4 percent copper. 

9  Copper ores contain other metals and metalloids such as selenium, and tellurium,
   which are important by-products when the copper ore is reduced to copper metal. 
   Some important copper minerals (a.k.a. compounds of copper) are chalcocite, (Cu2S), 
   chalcopyrite (CuFeS2), and malachite (CuCO3Cu(OH)2), which is a crystalline
   mixture of two compounds.





9)
       a)  In lines 5-6 you read: “Deposits of the free metal are very rare…”  What does the author mean by the
            term  “free metal”?  _____________________________  What is the oxidation state associated with
            the atoms of the free metal copper?  _____      

       b)  In line 9 a reference is made to copper ore being reduced to copper metal.  Chemically speaking,
            what must happen to the metallic ions of an ore, in order to be reduced to the metal?  _____________

        ____________________________________________________________________________________


       c)  What elements, other than metals and nonmetals may be obtained from refining copper ores?



                                                                   +1 -1     +2 +5 -2             +2 -1        +1 +5 -2
___10)  Given the chemical equation:     KI   + Pb(NO3)2      PbI2   +   KNO3     you can state that

	a)  no changes in oxidation states occur
	b)  lead  changes  in oxidation state  from   Pb+2   to   Pb0
	c)  iodide changes in oxidation state from  I0    to   I-1
	d)  potassium changes in oxidation state from  K+1   to  K0

                                                                    +1 -1        0           +1 -1          0
___11)  Given the chemical equation:    2 KCl   +  F2     2 KF   +   Cl2

	The oxidation number of the fluorine atoms in F2 changes from:

	a)  -1     to   -2				c)   -1   to   0

	b)  -1     to   +1			d)   0   to  -1


ANSWERS
1)  Given:  F2(g) +    2KCl(aq)    2KF(aq)  +    Cl2(g)
	a)  Assign oxidation numbers to each species
	b)  What species is oxidized?  Cl1-  
	c)  What species is reduced? F20      	
d)  What species is the oxidizing agent?  F20    
	e)  What species is the reducing agent?  Cl1-    
	f)   Answers will vary … think about how you identify an oxidized species …vs. an oxidizing agent … We’ll share answers in class….

2)  Given:   2 Al(s)   +    3 NiCl2(aq)  à  2 AlCl3(aq)  +  3 Ni(s)   
	a)  Assign oxidation numbers to each species
	b)  What species is oxidized?  Al0
	c)  What species is reduced?  Ni2+
	d)  What species is the oxidizing agent? Ni2+
	e)  What species is the reducing agent?  Al0



3)  Given:  2 Al(s)   +    6 HCl(aq)   à  2 AlCl3(aq)   +  3 H2(g)
	a)  What species is oxidized?  Al0
	b)  What species is reduced?  H1+


4)  Given:  Mg(s)   +  SiO2(s)  à   Si(s)   +  2 MgO(s) 
	a)  What species is the oxidizing agent?  Si4+
	b)  What species is the reducing agent?  Mg0

5)   b)    O20	

6)   From a chemical (or redox) point of view, what happens to the three moles of carbon as they react with
       the rust?  They are oxidized.  Defense: The oxidation number of the C changes from 0 to +4

7)  d)  OF2

8)  It is easily / readily reduced

9)  a)   +1

       b)  The pure element        Zero  (0)
       c)  They gain electrons
       d)  metalloids such as Se and Te
 
10)  a)  no changes in oxidation states occur

11)  d)   0   to  -1
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