NAME __________________________________  UNIT 2:  BASIC ATOMIC STRUCTURE

If the readings associated with this packet fail to help you, I have provided you with a few websites, for reference (see below).  

 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  (Goes more deeply into electron configuration which is
     not really the focus of this packet …. but the first part is fairly good)

https://www.registerednursing.org/teas/basic-atomic-structure/#atoms   (only okay …but may be a site for later use)

You should get  familiar with the names and symbols of the first 20 elements … Any source would be fine - but I have provided you with a copy of the periodic table on my website:  www.scientiaestubique.com. You are encouraged to highlight, read, take notes, make flash cards in order to master the information.  Once you have completed the readings, and taken notes, you should then work at the practice questions and the self-quizzes.

Learning Goals: The expected outcomes of your work, are listed.  Goal 1 lists important vocabulary terms.  You want to know each term's definition.   The packet or other sources will help you find reasonable definitions for the terms listed in Goal 1.

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 …referred to sometimes as “Z”


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


		This goal 4 focuses only upon the upper left and lower left corners of a symbol.



			  The # of nucleons = Mass Number = #p + #n    (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]




The following pages are from CEBCO's  Unified Chemistry  1973, authored by Henry Dorin.  
Obviously, this is an older work, but I like it because it is relatively clear.  I have made certain annotations to update and clarify, when needed. Highlight, and use the space to the right to make notes.
  [image: 1]Note that atoms may be written with both the mass number and atomic number, or simply recording the mass number as the author does here.

The unit for an atomic mass unit is NOT amu.  It has been changed, since the printing of this reading to simply ()




[image: 2]This is a super-important idea.  Atoms are electrically neutral.  The number of protons (positive charges) and the number of electrons (negative charges) must be equal to each other, when speaking of atoms  

The opposite of the term, atom, is the term, ION... (more later)

Did you read that the nucleus is positive (due to the protons)? Thus the # of protons tells you the nuclear charge.  The nuclear charge in of an atom is offset by the electrons of the electron cloud, producing a neutral atom



[image: 3]8O  (This atom has 8 protons)

11Na (This atom has 11 protons)

Are you noticing what this lower, left-hand number means?  This value is unique to the atoms of a specific element ... Only atoms of carbon have 6 protons ....

Did you read this?  This is why all atoms are neutral in charge & this protons indicating e- is  really important....
1836 times








[image: 4]Have you noticed, that the author has introduced an upper left superscript?
This is the mass number.  ALSO have you noticed that sometimes we just use the symbol and mass number?
Special note:  The mass number is a whole number which refers to a specific isotope of an element.  Additionally, the mass number is NOT the actual mass of the atom.  You will note that the mass number has NO unit ... it is just the number of protons and neutrons.

The proton and neutron are only approximately 1  in mass.  The actual mass of an isotope
is NOT recorded on the periodic table, but is used to calculate the atomic mass (read on!) 





[image: 5]The term, atomic weight is arcane.  Currently we use the term "atomic mass"






      [image: 6]Important
Important









[image: 7][image: 8] .By 1939 Bohr had abandoned his model of the atom in favor of a more complete concept, known as the Wave-Mechanic (or Quantum) Model.  It is not that the Bohr model was wrong ... but rather, it was not as complete.  We will work on the Wave-Mechanic model later in the year.  But, don't let the academic honesty and integrity of Niels Bohr get by you ... 

It is no simple thing to publically abandon the idea that made you world-famous!
The term "shell" is now obsolete.  So too are the use of the letters K-Q.

Rather , the term, shell, has been replaced by the phrase, Principle Energy Level (PEL), and the PELs are numbered 1,2,3,4,5,6,7

PEL 1 is closest to the nucleus (like shell K) ... but you probably get the idea.
two electrons.  With this exception, all the noble gas atoms  have outermost energy levels that consist of the stable octet.
Whoa! Go back and re-read those last few lines!
This concept of an octet of electrons in the outermost shell is an important concept.  We'll see it later on.
(atomic mass)

This passage refers to the common means of expressing the order (configuration) of the electrons... Do you recall learning about 2-8-8-2  or  how about 2-7  for example.





Now, the following is from me!  It should help explain the issue of ions (Goal 6)

One of the ideas that escapes most students is what is meant by symbols like:  Na+1   or   S-2      As you might guess by now ... these symbols represent specific ions.  Ions are charged species.  The number of protons and the number of electrons are NOT equal. 



Cut To The Chase

     Don't confuse an ATOM with an ION.  Ions have an UNequal number of protons and electrons,
              resulting in an overall positive (+) or negative (–) charge.  When an atom loses electrons, it becomes
               a positive ion (a cation).  When an atom gains electron, it becomes a negative ion (an anion). For instance, when
               an aluminum atom (Al-27) loses three electrons it becomes an aluminum cation (Al+3) due to the loss of e-.
	  Al0 has 13 protons and 13 e-.   Lose 3 electrons and the result is a species with 13 p and 10 e- or Al+3

               When a sulfur-32 atom gains two electrons, it becomes a S-2 anion, for, there are now two more electrons than
               protons.  S0 has 16 protons and 16 e-.  Add 2 more electrons and the result is a species with 16 p and 18 e- or
	  S-2

	  So, the charge of an ion indicates what subatomic particle is in the greater number.  But it the charge
               is always a reference to the number of protons in the nucleus (which don’t change in chemical reaction)
 	  and the number of electrons that has changed due to a loss or gain. Thus: reaction chemistry is all about
               electrons!

Longer Version….


Fact1:  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 if you have an ion, it is because electrons were lost
            or electrons were gained. 

	As long as the letter symbol is the same, then the number of protons is the same ... so just 
            electrons changed in number.


Fact2:  The charge tells you which charged subatomic particle (proton or electron) is in EXCESS and by how
           many.  

Fact3:  When the charge is "+" there are more protons than electrons,  BECAUSE electrons (or negative
           charges) have been lost.

Fact4: When the charge is "- " there are more electrons than protons, BECAUSE electrons (or negative
           charge) has been GAINED.

Fact5:  As a rule, the number of protons does not change ... only the number of electrons changes.

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

The key is to remember that the charge tells you which subatomic particle is in EXCESS. You must
then realize that the proton number IS NOT CHANGING in a regular “reaction chemistry” reaction.... thus the charge must be due to lost or gained electrons.


Here’s a metaphor:  Consider an atom is a village with a castle on top of its hill.  The castle is the nucleus.  The village (which represents the electrons) surrounds the hill.  

In case of attack, the village is affected first …. The castle walls don’t really 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 outer electron cloud can “grow”) … 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?  

So ALL CHANGE IS HAPPENING TO THE VILLAGE (THE NEGATIVELY CHARGED ELECTRONS …. SO NEGATIVE CHARGE IS EITHER BEING LOST, OR NEGATIVE CHARGE IS BEING LESSENED.)


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.
Try This...

1)  Consider  the calcium ion,   Ca+2    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    It has 20 p and 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 ... and since protons numbers don't change you can assume that
		2 of the 20 original electrons were lost.  Remember, that + is a symbol for protons, so +2 literally
                        translates into “ 2 more protons (+) vs. electrons”.   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 and only 18 e-


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

Check your grasp:

 ___1) When an atom has an atomic number of 10, then 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. These differences will be related to each

      other.  _________________________________________________________________________________

	_________________________________________________________________________________________

	_________________________________________________________________________________________


              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.
PRACTICE PROBLEMS

Complete each practice problem.  The following may be of help to you.  All answers are given at the end. Check your work.
			         Mass Number = #p + #n  # 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? 


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, 4
      as was given in problems 1-

	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? ____ 
                 _______________________________________________________







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.  The unit of mass called an "atomic mass unit" is based upon a fraction of the mass of isotopes of
              which element? 

	a)  C-14		c)  Na-11
	b)  O-16		d)  C-12

_____11.  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 

_____12. Which of the following is the least in mass?
	
	a)  a proton	  b)  an electron         c)  a neutron        d) an atom of H-2


_____13.   Which of these subatomic particles is described as having a charge of  +1 ?

	a)  proton		b)  neutron		c)  electron


_____14.   Which subatomic particle is described as the fundamental unit of negative charge?

	a)  proton		b)  neutron		c)  electron


15.  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."

_________________________________________________________________________________________


16. 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."

_________________________________________________________________________________________






17.  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."

______________________________________________________________________________________




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

	_______________________________________________________________________________


19)  Define the term:  isotopes  ___________________________________________________________

	_______________________________________________________________________________


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

	a) and   			c)   and   

	b)   and   			d)    and   


21)  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?   ______

22)  [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.  d  This fact is in your reading as well as noted on your periodic table    (Top-center "key" using Carbon)

11.  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

12.  b 		13.  a		14.  c		 

15)  The mass number is the sum of the number of protons and neutrons.  Therefore, the mass number should be 65 (no unit!)
16)  20 protons and 20 electrons make a neutral ATOM, not ion.  IONS are charged.  The term ion should not have been used.
17)  The number of electrons of an atom equals the number of protons, not the mass number.

18)  Electrons have so little mass, that no atom has a sufficient number of electrons to alter the mass.  They are, for our course,
       effectively 0 atomic mass units.

19)   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)

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

21)  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
	12


22)





















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

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.   However, the wearing of glasses or being a pain in the ass, has
 	                   NOTHING TO DO 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
	By definition, an atom’s charge must be neutral.  The number of positive charges must equal the number of negative charges




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 !!  Atom's 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

PRE-QUIZ 2:  BASIC ATOMIC STRUCTURE
DIRECTIONS:  For questions in this section, one or more of the responses given are correct.  Using your knowledge of chemistry 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 C-14?        (hint...use your Periodic Table)

	I)  14 nucleons		II)  8 neutrons		III)  6 protons

_____2)  Which of the following is true the atoms:    O-18  and   F-19  ?     (hint...use your Periodic Table)

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

_____3)   The symbol :  [image: ]   is at atom of                       

	I)  iron		II)  zinc         III)  barium

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

	I)  1 neutron 		II)  1,836 electrons	     III)   1 atom of tritium

_____5)  The term "atomic number" refers to 

	I)  protons		II)  nucleons		III)  neutrons

_____6)   Regarding the overall charge of any atom,

	I)  The number of protons must equal the number of neutrons
	II) the number of electrons must equal the number of protons
	III)  that charge must  be equal to zero

_____7)   The current value of 1  is based upon the mass of an atom of 

	I)    Oxygen-16 		

II)   Carbon-12 		

III)  Carbon-14


DIRECTIONS : For questions 8- 11 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

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.   However, the wearing of glasses or being a pain in the ass, has
 	                   NOTHING TO DO the fact that Tom is a science teacher.  So,  the BEST answer  is    ‘b”.


                        ASSERTION                                                                         REASON

_____8.  The magnitude of 1 electron's charge         because          A proton is much larger than an electron.
 	    is equal to the magnitude of a                                           It takes almost 1,836 electrons to equal
                single proton's charge                                                       the mass of 1 proton.

_____9.   Na-23 has the same number of                  because           Atoms of Na-23 and Mg-24  have the
                 neutrons as an atom of Mg-24                                          same number of electrons

_____10   The number of neutrons must be               because           A neutron has no overall charge and is 
                 equal to the number of protons in 			            therefore considered to be a neutral 
                 every nucleus			 		            subatomic particle


_____11   By definition, an atom must be neutral.     because          The nuclear charge of any atom is equal
	     in overall charge					           in magnitude but opposite in charge to the
								           total charge due to the atom's electrons 
								           of the electron cloud

12)  Define:  Nuclear Charge:  ______________________________________________________



13)  Define:  Atom:   ___________________________________________________________________

	_______________________________________________________________________________










_____14)  What is the one value every ion as well as every atom of an element must have in common?

		a)  number of electrons	c)  number of neutrons
		b)  charge			d)  number of protons

_____15)  How many neutrons are in an atom of Zn-65 ?









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

8.  b  The facts regarding the sizes of these subatomic particles has no direct application to the reason why
	their charges are equal in magnitude.  Both statements are true... but not really related.

9.  c  The assertion is true. If you use Mass # = # p + # n, you can prove that each nucleus has 12  neutrons.   However, they do NOT
         have the same number of electrons (they are atoms of different elements or the number of electrons for an atom is equal to the
         number of protons.  These are atoms of different elements… and have different numbers of protons, thus different numbers of 
         electrons.

10  d  The assertion is just false.  The number of neutrons and protons MAY NOT equal each other.  But, a neutron is neutral and
          therefore 0 in charge.

11  a  

12  the number of protons of a nucleus  OR  the total charge of an atom's nucleus, which is equal to the atomic number

13  The smallest neutral (in charge) species of an element that can take part in a chemical reaction.

14  d

15  35


















PRE-QUIZ 3:  BASIC ATOMIC STRUCTURE

___1) The atomic number of an atom is always equal to the number of its

(1) protons, only        (2) neutrons, only       (3) protons plus neutrons        (4) protons plus electrons

2)  In the reading, the following statement is made:  “When an atom loses electrons, it becomes a positive ion. 
     When an atom gains electrons, it becomes a negative ion.”

      	a)  Using an atom of  N-16 how many protons are in the nucleus of the atom?  ________

	b)  How many electrons must be in the same atom of N-14?   ______

	c)  If the atom gains three more electrons from some other source, what is the probable charge on the ion?  ____

	d)  If the atom of N-16 lost two electrons, what is the probable charge of the ion?   ______
[image: ]\
___3)  
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___4)  





[image: ]
___5)  
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___6)  
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___7)  
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___8)  





___9)  An oxide ion (O2-) formed from an oxygen-18 atom, contains exactly:

	1)  8 protons,    8 neutrons,     10 electrons
  	2)  8 protons,    10 neutrons,     8 electrons
	3)  8 protons,    10 neutrons,     10 electrons
	4)  10 protons,    8 neutrons,     8 electrons

10)  Using the following table, compare the subatomic particles of the isotopes  O-16 and O-18
	Species
	mass
number
	atomic
number
	number
of neutrons
	number
of electrons

	O-16
	

	
	
	

	O-18
	

	
	
	










11)  The chemical reactions of an atom depend on the number of electrons.  Make a prediction about the 
        reactions atoms of oxygen-16 and oxygen -18 undergo.

	___________________________________________________________________________


12)  Account for the slightly different mass, in grams, between a proton and a neutron.  ______________

_______________________________________________________________________________________


13)  What is the difference between an atom (such as Na0) and its ion (such as Na+1) ?  _________________

	________________________________________________________________________________

14)  An atom has 9 protons, 10 neutrons and 9 electrons.  The atom gains one more electron.  What is the 
       charge of the resulting ion?  __________





15)  An atom has 12 protons, 11 neutrons and 12 electrons.  The atom loses two of its electrons.  What is the
       charge of the resulting ion?  _________

16)  Using the following table, compare the subatomic particles of the atom 56Fe0  to its ion, 55Fe+3

	Species
	mass
number
	atomic
number
	number
of neutrons
	number
of electrons

	56Fe0
	

	
	
	

	55Fe+3
	

	
	
	










17)  List one major conclusion of the Rutherford Gold Foil experiement.  _________________________________

        ___________________________________________________________________________________________________

Answers:

1)  1  definition 
2)   a)   7  you need to use the periodic table                    
      b)  7  they must be equal in an atom     
      c)  -3   there would be three more electrons than protons   or:   10 e-  vs.  7 p  for a difference of -3
      d)  +2  there would be two more p than e-    or:      5 e- vs. 7 p  for a difference of +2

3)  1                 4)  4   When an atom loses e- (loses negative charge), the resulting ion is positive.

5)  1  same element (same atomic number or # of protons) but a different mass number (therefore a different
          number of neutrons)
6)  2                          7)  4                             8)  2   mass # =  #p  +  #n

9)  3    choice 1 is a close answer … but the mass  is 18 for the atom in question,  not 16.  
	Species
	mass
number
	atomic
number
	number
of neutrons
	number
of electrons

	O-16
	16
	8
	8
	8

	O-18
	18
	8
	10
	8


10)  




11)  Since the number of electrons is equal, it is reasonable to assume that the isotopes undergo the same chemical reactions.
12)  A neutron is slightly heavier due, to the fact that it is made, in part from a proton and an electron.

13)  The atom has an equal number of protons and neutrons.  The ion has lost 1 electron hence the atom has 11 protons &
        11 electrons,  and the ion has 11 protons and only 10 electrons;  There is one more electron in the atom (one fewer electron in
        the ion)
14)    -1                   15)    +2
16)  
	Species
	mass
number
	atomic
number
	number
of neutrons
	number
of electrons

	56Fe0
	56

	26
	30
	26

	55Fe+3
	55

	26
	29
	23






17)  The atom is mostly empty space ...or... The mass of an atom is found primarily making up the nucleus ....or.... The positive
        charge of the atom is concentrated in the nucleus while the negative charge is in the electron cloud outside of the nucleus
2
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THE MODERN ATOMIC THEORY
More than 2000 years ago, the

Greek philosopher Democritus sug-
gested that all matter consisted of
extremely tiny particles, so small that
nothing smaller could even be imag-
ined. Therefore, these particles could
not be broken down, or divided.
Today we call these particles atoms, a
term derived from the Greek word
“atomos,” which means indivisible.
Democritus’ concept of atoms was not
based on any scientific evidence. It
was, in fact, simply a statement of his
views, and many opposing views were
also held. Since none of the ideas could
be tested directly, questions concerning
the ultimate composition of matter re-
mained unanswered until recent times.

It remained for John Dalton, an
English chemist, to provide the first
convincing arguments in support of the
atomic concept that were based on
scientific evidence. Dalton announced
his atomic theory in 1803; five years
later he published a book in which he
spelled out his theory in detail
Although many of the details had to be
revised later, the essential ideas of
Dalton’s theory proved to be amaz-
ingly sound.

Dalton’s announcement of his
atomic theory set off a flurry of ac-
tivity in the scientific world. Through-

out the nineteenth century, a constant
stream of investigations were con-
ducted. This exhaustive research and
investigation resulted in the develop-
ment of the modern atomic theory.
The basic ideas set down in this theory
are:

1. All elements are composed of
atoms. An atom is the smallest particle
of an element that can enter into com-
bination with other atoms.

2. All atoms of the same element
are chemically alike. Atoms of the
same element may differ in their
masses.

3. Atoms of different elements are
chemically different.

4. Atoms are not divided, created,
or destroyed by ordinary chemical or
physical change.

Atomic Mass Unit. In order to
have some basis for comparing atoms
of the various elements, scientists de-
veloped a scale of relative atomic
masses. As with any system of mea-
surement, a standard unit had to be
established. By common agreement
among scientists around the world, the
standard unit is based on the mass of
an atom of carbon-12 (C-12). This
atom is assigned a value of exactly
12.0 units, called atomic mass units.
The standard unit of mass, then, is one
atomic mass unit (amu), which is
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defined to be one-twelfth the mass of
the carbon-12 atom.

To illustrate how this scale is used,
hydrogen has an atomic mass of 1.008
amu and magnesium has an atomic
mass of 24.312 amu. These values
indicate that the mass of a hydrogen
atom is about one-twelfth that of a
carbon-12 atom while a magnesium
atom has about twice the mass of a
carbon-12 atom.

COMPOSITION OF THE ATOM

In 1908, one hundred years after
Dalton published his atomic theory,
Ernest Rutherford, a British physicist,
conducted an experiment that was to
completely change the model of the
atom. In this experiment, Rutherford
set up a “target” made of a very thin
sheet of gold foil. At this target he
directed a stream of fast-moving he-
lium atoms having a positive charge.
(These  positively-charged  helium
atoms were given off by the element
radium, which had been discovered by
the Curies in 1898.) Most of the he-
lium atoms passed directly through the
gold foil without any interference.
Some of them were deflected and a few
were actually reflected directly back
toward their source. The behavior of
these helium atoms led Rutherford to
some rather startling conclusions.

The fact that most of the helium
atoms passed directly through the gold
foil led Rutherford to conclude that
most of the volume occupied by each
atom in the foil consisted of empty
space! He further concluded that those
helium atoms that had been deflected

or reflected back toward their source
had been repelled by small, dense, pos-
itively-charged objects situated at the
center of each atom in the gold foil.

As mentioned earlier, this experi-
ment resulted in the development of
an entirely new model of the atom.
Prior to Rutherford’s experiment, the
atom was pictured as being a solid,
indivisible mass. Today, the atom is
depicted as being composed of smaller
particles, called subatomic particles.
These particles are protons, neutrons,
and electrons. As indicated by Ruther-
ford, the arrangement of these particles
is such that most of the volume occu-
pied by an atom is nearly empty space.
The small central core of the atom is
called the nucleus. All the protons
and neutrons of the atom are contained
in the nucleus. The electrons, which
have practically no mass, are located
outside the nucleus and are distributed
in the space that makes up most of
the atom. On the average, the diameter
of the nucleus is about 1/100,000 of
the diameter of the entire atom. Yet,
for most practical purposes, the nu-
cleus can be considered to contain all
the mass of an atom.

Electrical Nature of the Atom. The
atom in the natural state is electrically
neutral. That is, it possesses no overall
electrical charge. However, the nucleus
of an atom possesses a positive elec-
trical charge. The electron(s) have a
negative electrical charge. In an atom
in the natural state, the effects of the
opposing electrical charges cancel each
other out, thereby leaving the atom
electrically neutral.
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THE NUCLEUS OF THE ATOM

Nucleons. Investigations of the
atomic structures of the elements have
led to the conclusion that hydrogen is
composed of the simplest atoms. A
hydrogen atom has a mass of about 1
amu and consists of a nucleus and a
single electron. This electron has a
single unit of negative electrical charge.
The fact that the atom itself is electri-
cally neutral indicates that the nucleus
contains one proton, which has a single
unit of positive charge. The next sim-
plest atom is that of helium. A helium
atom has two electrons, and therefore
must have two protons in the nucleus.

As mentioned earlier, for most prac-
tical purposes, all of the mass of an
atom is contained in the nucleus.
Based only on the number of protons
in the two nuclei, you would expect
the mass of a helium atom to be twice
that of a hydrogen atom. Actually, the
mass of the helium atom is about 4
amu, which is four times that of a hy-
drogen atom. To account for this dif-
ference in mass, a third sub-atomic
particle, called the neutron, was added
to the model of the atom. Protons and
neutrons, which make up the nuclei of
atoms, are collectively called nucleons.

The Proton. A proton has a single
positive electrical charge and is one of
the fundamental units of atomic struc-
ture. The positive charge of the proton
is opposite in effect, but equal in
magnitude, to the charge on the elec-
tron, which is the unit of negative
charge. The symbols commonly used
to represent a proton are (H (see “Mass
Number”) and p. The mass of the pro-

ton is approximately 1 amu (more pre-
cisely, 1.0073 amu), or 1.673 X 10—%*
grams. This mass is about 1840 times
the mass of the electron.

Atomic Number. The atomic num-
ber of an element indicates the number
of protons in the nucleus of an atom
of that element. All atoms of the same
element contain the same number of
protons, and thus have the same atomic
number. However, no two elements
contain the same number of protons in
the nuclei of their atoms. Therefore,
no two elements have the same atomic
number. Since a neutral atom always
has the same number of electrons as it
does protons, the atomic number of an
element also indicates the number of
electrons in an atom.

The atomic number of an element
may be indicated by a subscript num-
ber placed to the lower left of the sym-
bol of the element. Helium, which has
two protons in its nucleus, may be
represented as .He; carbon may be
indicated as ¢C.

The Neutron. Practically all of the
mass of the hydrogen atom is ac-
counted for by the mass of the single
proton making up its nucleus. How-
ever, as described earlier, the protons
alone do not account for the total
atomic mass of other elements. Con-
sider the element oxygen, for example.
The atomic number of oxygen is 8.
This means that there are 8 protons in
the nucleus of an oxygen atom and 8
electrons outside. However, the mass
of the oxygen atom is about 16 amu.
Since the total mass of the 8 protons
is approximately 8 amu and the mass
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of the electrons may be ignored, there
are still 8 amu to be accounted for.
The additional mass is contributed by
neutrons present in the nucleus. A
neutron has a mass of approximately
1 amu (more precisely 1.0087 amu).
Its name was derived from the fact that
this particle has no charge; it is elec-
trically neutral. Two symbols are com-
monly often used to represent a
neutron. These symbols are n and n.

Mass Number. The mass of both a
proton and a neutron is almost exactly
1 amu. Thus, the mass of any atom
in amu is very nearly a whole number
equal to the number of nucleons in the
nucleus. That is, the sum of the pro-
tons and neutrons. This sum is called
the mass number of the atom. The mass
number of an oxygen atom, with its
8 protons and 8 neutrons, is 16. The
mass number of sodium is 23 (11 pro-
tons and 12 neutrons). Note that the
number of neutrons in a nucleus can
be found by subtracting the atomic
number from the mass number.

As mentioned, the atomic number
of an atom is indicated by a subscript
located at the lower left of the symbol
for that atom. The mass number is also
placed on the left side of the symbol,
but as a superscript. Therefore, the
complete notation for a sodium atom
would be ?*Na. An oxygen atom may
be indicated as l;’O; the hydrogen
atom, as :H

Note that the lower number is the
charge of the nucleus, and the upper
number is its mass number. Subatomic
particles can be represented in a
similar manner: the neutron is [n

(charge, 0; mass number, 1); the elec-
tron is _l°e (charge, —1; mass num-
ber, 0). The proton is the same as a
hydrogen nucleus, iH

ISOTOPES

Definition of Isotopes. If all the
atoms of an element were exactly
alike, the atomic mass of the element
would be very nearly a whole number
equal to the mass number of its atoms.
However, the atomic masses of many
elements are far from being whole
numbers. The reason is that all of the
atoms of an element are not exactly
alike. Since they are atoms of the same
element, they must have the same num-
ber of protons. However, some of the
atoms may have different numbers of
neutrons. Atoms of the same element
that have different mass numbers are
called isotopes of that element. Most
elements occur in nature as a mixture
of two or more isotopes. In any nat-
ural sample of chlorine, atomic num-
ber 17, about 75% of the atoms have
18 neutrons. These atoms have a mass
number of 35. The remaining 25%
have 20 neutrons, thus giving them a
mass number of 37. The two isotopes
of chlorine can be designated by the
symbols fgCl and ¥'Cl, or more simply
as CI-35 and CI-37.

There is practically no difference in
the chemical behavior of isotopes. Or-
dinary chemical analysis cannot dis-
tinguish one isotope of an element
from another. The physical properties
of isotopes and their compounds do
differ somewhat, chiefly because of the
difference in atomic mass.
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Isotopes of Hydrogen. The most
common isotope of hydrogen has an
atomic nucleus consisting of a single
proton and no neutrons; its mass num-
ber is 1. Although usually referred to
as hydrogen, it is sometimes called
protium. Two other isotopes of hydro-
gen are known: atoms with one proton
and one neutron (mass number 2),
called deuterium; and atoms with one
proton and two neutrons (mass num-
ber 3), called tritium. Deuterium is
also called heavy hydrogen. This is the
form of hydrogen present in heavy
water, which has been used extensively
in nuclear research. The symbols of
the three isotopes are: H, fH, and fH

Atomic Masses (Atomic Weights).
The original measurements of the
atomic masses of the elements was
based on the belief that all atoms of the
same element had the same mass. To-
day we know that most elements, as
they occur in nature, are mixtures of
isotopes. Their atomic masses, as given
in “atomic weight” tables, are weighted
averages of the different masses of
their isotopes. This average mass, or
“atomic weight”, of an element should

FIG. 3-1.

not be confused with the mass num-
bers of its isotopes, which are always
whole numbers. For example, the
atomic mass of natural chlorine is
35.453. This figure is an average re-
sulting from the fact that natural
chlorine is about 75% CI-35 and 25%
Cl-37. In many cases, the natural
elements consist almost entirely of one
isotope, others being present only in
small percentages. Thus, these atomic
weights (see table on p. 378) are very
nearly whole numbers. Natural oxygen
consists of three isotopes, O-16, O-17,
and O-18. However, 99.8% of natural
oxygen is the isotope O-16, so the
atomic weight of oxygen is very
nearly 16.

THE ELECTRON

Many of the earliest experiments de-
signed to provide information about
the structure of atoms involved the
conduction of electricity through gases
at very low pressures. If two metallic
electrodes are sealed into a glass tube
and most of the gas is removed from
the tube, a high voltage current can
be made to flow through the remaining

ISOTOPES OF HYDROGEN
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FIG. 3-2. ISOTOPES OF OXYGEN

MASS NO. 16

MASS NO. 17

MASS NO. 18

OXYGEN-16
99.76%

gas. (See Figure 3-3.) During this elec-
tric discharge, streams of light move
from the negative electrode (the cath-
ode) toward the positive electrode (the
anode). These streams of light were
eventually found to consist of electrons
flowing through the tube.

Electrons have two qualities that set
them apart from the other subatomic
particles. First, the mass of an electron
is so extremely small (about 0.00055
amu) that, for most practical purposes,

OXYGEN-17
0.04%

OXYGEN-18
0.20%

it can be thought of as having no
mass. Second, electrons are not situ-
ated in the nucleus. Rather, they are
situated at relatively great distances
from the nucleus and have consider-
able freedom of motion. Because of
these qualities—little mass and free-
dom of motion—it is fairly easy to
“knock” an electron out of an atom.
This mobility of electrons is a major
factor in the chemical activity of the
elements.

FIG. 3-3. A SIMPLE DISCHARGE TUBE

cathode

. anode\
- J

current source

Resealed glass end from
" which gas was evacuated

_/
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Properties of Electrons. Many sub-
stances can be used as a source of
electrons in a discharge tube. Regard-
less of their source, all electrons are
found to have identical properties.
They have the same mass (0.00055
amu), and the same amount of nega-
tive charge. No negative charge smaller
than that on an electron has ever been
observed. It is therefore assumed that
the electron is the fundamental nega-
tive particle in atoms. Its charge is
equal in magnitude, but opposite in
nature, to the charge of a proton. The
mass of an electron is almost negligible,
its mass number is zero. It is repre-
sented by the symbol _‘l’e or e~. Table
3-1 compares some important proper-
ties of the three fundamental atomic
particles.

STRUCTURE OF THE ATOM

Over the past two hundred years,
several different models have been de-
veloped to explain the properties of
the atom. The design of each model
was based on evidence available at the

time. As investigations continued and
new evidence became available, the
model of the atom was revised or dis-
carded in favor of a new model
Perhaps the most successful model de-
veloped to date is the Bohr model of
the atom. Often called simply the
“Bohr atom,” this model is named for
Niels Bohr, the Danish physicist who
proposed the theory upon which the
model is based.

As you read this or any discussion
of atomic structure, keep in mind that
a model represents an approximation
of atomic structure. It does not picture
the actual atom. Atoms are too small
to be seen or isolated. Thus, all of the
information we have about the atom is
based on indirect evidence.

The Bohr Atom. In the Bohr model
of the atom, electrons are depicted as
revolving around the nucleus in one
of several possible orbits. These orbits
are referred to as shells, rings, or
energy levels. There is a direct re-
lationship between the energy pos-
sessed by an electron and its distance
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from the nucleus. The farther an elec-
tron is from the nucleus, the more
energy it possesses.

In his theory, Bohr hoped to be
able to describe the exact shape and
size of the orbit traveled by each elec-
tron in an atom. However, it is now
known that the motion of the electron
cannot be described in such a definite
way. Only the probability of an elec-
tron being in a given region of the
atom at any time can be predicted.
For example, in the hydrogen atom
(see Figure 3-5), at any given instant
the single electron may be anywhere
inside the volume of the atom. How-
ever, most of the time it is in a spherical
shell around the nucleus. This shell is
the first energy level (closest to the

FIG. 3-5. THE HYDROGEN ATOM

K shell

As indicated by the intensity of the
electron cloud, the spherical shell
represents the region where the
electron is most likely to be found
at any given instant.

nucleus), and is called the K shell, or
level. Other shells, located further
from the nucleus, are denoted by the
letters L, M, N, O, P, Q. (The shells
may also be designated by the nu-
merals 1-7.) In the order listed, the
letters represent increasingly greater
distances from the nucleus and, there-
fore, higher energy levels. They are
referred to as the principal energy
levels. At this point, it should be stated
that the electrons do not travel in
regular orbits. Actually, their motion
resembles the random motion of bees
around a hive. The principal energy
level represents the energy associated
with a definite average distance from
the nucleus.

There is a maximum number of
electrons that each energy level can
hold. The lowest energy level, the K
level, can never hold more than two
electrons. Thus, in atoms containing
more than two electrons, the additional
electrons must be located in a level of
higher energy. The next eight electrons
will enter the L shell. Eight is the
maximum number of electrons that
the L shell can hold. Under certain
conditions, it is possible for the M,
N, O, and higher energy levels to
hold more than eight electrons. How-
ever, when one of these shells is the
outermost energy level in an atom,
the maximum number of electrons
it can hold is eight. Eight elec-
trons in an outermost shell is an
extremely stable arrangement. Such an
arrangement is called an octet. The
outermost level of the helium atom is
a complete, stable K level, with only
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