Regents Chemistry - Chapter 4 - Electrons in Atoms

I. Refinements of the Atomic Model


A.  Wave-Particle Duality of light - This theory states that both 

     electrons and light rays exhibit both wave properties and particle-

     like properties.  


B.  Electromagnetic radiation - energy that has wave-like properties as 

    
     it travels through space.


C.  Waves have specific properties:



1.  Wavelength  ( ( ) - is the distance between corresponding 

     points on adjacent waves.



2.  Frequency  ( ( ) - is the number of waves that pass a point 

     in one second.






c = ((


3.  The continuous spectrum  (page 99)  illustrates all the 

     wavelengths of electromagnetic radiation.  You should know 

     the color scheme (ROYGBIV) and some of the other areas of 

     the spectrum.


D.  Now that we've discussed some of light's wave-like properties, we 

     should discuss its particle-like nature as well.



1.  Max Planck (1900) discovered that light exists in discreet 

     bundles of energy called quanta.  These light quanta are 

     called photons.  He proposed the following relationship 

     between frequency and quanta.





E = h( , where E is the energy of the quanta 

   (Joules), h is Planck's Constant (6.626 x 

   10-34 J s), and ( is the frequency of the 

    radiation.


E.  All of this collected evidence suggests a wave-particle duality to 

  
     light and electrons.


F.  What about electrons?



1.  When all of an atoms electrons are in their lowest possible 

     energy state, it is said to be in the ground state.



2.  If the electrons have a little extra energy, the atom is in the 

     excited state.



3.  If we pass the light given off by excited electrons through a 

     prism, then we see a series of lines of different colors of 

     light.  These are called spectral lines or a bright line 

     spectrum.  This is a fingerprint for every known element 
   

     in the universe.


G.  This upset a guy named Niels Bohr in 1913, so he went about 

     improving Rutherford's model of the atom.  What do you think we 

     call it?  

The Bohr Model of the atom!



1.  Basically, it goes like this....




The nucleus is still the most massive and tiny, but the 

electrons don't just float around, they exist in distinct 

areas called orbits around the nucleus.  Some have more 
energy than others, so they're farther away from the nucleus.  When an excited electron jumps from a higher orbit, or energy level, to a lower one, the extra energy 


is given off as light.  That's what we see when a gas or liquid "glows".


H.  Spectroscopy - How we can check out what the structure of atoms 

is.



1.  It's basically a prism that separates light from atoms into 

     their component colors.


I.  Modern atomic theory - That means right now kiddies!



1.  Louis de Broglie (1924) calculated the energies associated 

     with various electron orbital transitions.  Later (1926), Erwin 

     Schrodinger came up with an equation that explains the 

     wave-like nature of electrons traveling around a nucleus.  

     This is called the quantum theory.  Mucho grande important 


  
              discovery folks!



2.  This theory states that electrons exist in orbitals, which are 

     areas of space (3 dimensional) surrounding the nucleus 

     where a particular electron is likely to be found.



3.  Check out Heisenberg's Uncertainty Principle on page 107.  

     Some really thought-provoking material, eh?  You can't 

     measure something if you change it by performing the 

     measurement?  Weird, but plausible: but then again, so was 

     Heisenberg.

II. Electron Configurations


A.  When we refer the electron configuration of an atom, we mean how 

     the electrons are arranged in an atom.


B.  All electrons try to occupy the lowest energy orbital that will accept 

     it.  This effect is called the Aufbau Principle.


C.  Since we skipped over quantum numbers, (thank your lucky 

      
     charms we did) we need to discuss a few basic concepts that are 

 
     offshoots of the quantum theory.



1.  Each period of the periodic table represents a principal 

     energy level called N.  Because we have 7 periods, we have 

     7 principal energy levels.



2.  The first two groups of the periodic table represent the s 

     sublevel.  This sublevel can hold 2 electrons.



3.  The last 6 families of the table represent the p sublevel.  

     This sublevel can hold 6 electrons.



4.  The families of the transition elements represent the d 

      sublevel.  This sublevel can hold 10 electrons.  Betcha 

     count 10 families in the transition elements.  Quite the 

     coincidence huh?



5.  The families of the Actinides and Lanthanoid series at the 

     bottom of the table represent elements containing f 

     sublevels.  This sublevel can hold 14 electrons.  Count 'em 

     out kiddies!



6.  Each orbital in a sublevel can hold two electrons.


D.  Hund's Rule states that electons fill up a sublevel by placing one 

     electron in each orbital in the sublevel until each orbital has one 

     electron in it.  Then the electrons can start filling up each orbital in 

     the sublevel.


E.  Pauli's Exclusion Principle basically states that no two electrons 

     can occupy the same space in an orbital.  That only makes sense 

 
     though, right?


F.  There is a notation, or way of writing out, the electron configuration 

     for an individual atom.  Actually, there are 3 of them that you have 

     to be familiar with.



1.  Orbital Notation - You actually draw out the orbitals in the 

   sublevels and draw the electrons as 

   arrows pointing either up or down in each 

   orbital.  Check out the diagram below:



Sulfur (S)  :  ((()   ((()   ((()((()((()   ((()   ((()(( )( ( )





 1s       2s           2p           3s           3p   



2.  Electron-configuration notation:  I have a pnemonic device 

    for memorizing the order of filling for the various sublevels.  

    It's written out below:




1s2



2s2  2p6


3s2  3p6  3d10


4s2  4p6  4d10  4f14


5s2  5p6  5d10  5f14


6s2  6p6  6d10


7s2  7p6  7d10


Fill this baby up tail to head from the top down and you get the 

right order.  



COOL!!



3.  Electron-dot notation:  You write down the element's symbol 

 with the valence number of electrons 

 surrounding it in the proper fashion.  

 The chart on page 144 shows how 

 these should be drawn.  The valence 

 number of electrons is gotten from 

 the last digit of groups 1,2, 13, 14, 

 15, 16, 17, and 18.  Don't worry about 

  the transition elements, I don't.


G.  The rest of the chapter is devoted to a more detailed look at the 

     elements of each period on the table.  This is important reading.  If 

     you understand all of it, you're well on your way with this material!

