
Chapter 4 – The Modern Model of the Atom 
I. Rutherford’s model of the atom was the latest word in the early 1900’s.
II. Some Observations about Light


A. White light - all colors – “continuous spectrum.”

B. Light given off by a gaseous atom – a few colored lines, black between the lines:


a “line spectrum.”

           C. Light is a form of energy, but has a dual nature.



1. Photons – “packets” of energy.



2. “Waves” of energy – wavelength (nm = nanometer = 1 x 10-9 m).

D.  Electromagnetic spectrum



1. Visible light – a small part of the entire spectrum that our senses can pick up.




a. Each color of light has a particular wavelength and energy




2. E = hc /     (h and c are constants.)



a. Units of energy:  calorie, kcal, Cal, joule, kJ (1 cal = 4.184 J), electron




volts (1eV = 1.602 x 10 -19 J)




b. E is energy in joules;  is wavelength in meters.




c. As wavelength increases, energy decreases.


E.  Each colored line in an atom’s line spectrum has its own wavelength and energy.

                      1. A particular atom only gives off certain amounts of energy rather than a full range of

  


energies.




2. Why??    




III. 1913 - Bohr’s Model, Hypothesis, or Explanation.

A. Energy given off by an atom is quantized, not continuous.

B. Electrons within the atom have specific energies.


1. Electrons closest to the (+) nucleus have lowest energy – relaxed spring analogy.


2. Electrons farther from the nucleus have higher energies – stretched spring analogy.

C. Electrons can be found in circular orbits around nucleus.



1. Orbits are seen as concentric circles (spheres) around the nucleus.



2. Orbits get larger as their distance from nucleus increases.


3. Lowest energy orbit closet to nucleus, highest energy orbit furthest 





from nucleus.




4. Orbits were called shells
 and given a principal quantum number, n.



5. n has integer values, starting with n = 1 being the closest orbit to the nucleus.



6. Maximum number of electrons per orbit = 2n2.

D. Placing electrons in the orbits. 


1. Bohr diagrams for the first 18 elements.



2. Similarities among elements in the same group of the periodic table.


3. Valence shell is the outermost shell containing electrons.


4. For the representative elements the number of electrons in the valence shell is




equal to the group number.



5. Elements with similar chemical properties have identical valence shell 



“configurations.”

E. Energy Level Diagrams



1. Bohr calculated the energies of the one electron in the H atom in each of the shells.



2. “Scaled energy” - p.129.


3. Energy difference between shells is what is most important.



4. Ground state – electron in the lowest energy level or shell.


    Excited states – electron in higher energy levels or shells.


F. Origin of the colored lines in the line spectra of atoms.



1. When atoms absorb energy the electrons jump to higher energy levels/shells.


2. When electrons drop back to lower energy levels or shells they give off energy. 



3. This released energy appears as light of a particular wavelength (and color).



a. Red light - smallest amount of energy released.




b. Violet / indigo light - largest amount of energy released.




c. Only certain, exact (discrete) amounts of energy are released.




      Energy is quantized.

IV.  Formation of Ions and the Octet Rule

A. Stability of Noble Gases.


B. Octet Rule – Atoms tend to lose or gain electrons in order to have 8 electrons in their  
               outermost (valence) shell.



1. applies strictly to the representative elements.


2. metals tend to lose electrons from their valence shell.


3. nonmetals tend to add electrons to their valence shell.


C. Compound formation: metals transfer their valence electrons to nonmetals.

                     Important: compounds are neutral – have no charge, so total (+) charge must




equal total (-) charge!

V. Explanation for the Trend in Atomic Size on the Periodic Table.


A. Going down a group, atoms get larger.  Be able to explain why!

B. Going across a period, atoms get smaller.  Be able to explain why!
VI. Modern Quantum Mechanical Model of the Atom


A. Electrons don’t travel in circular orbits around the nucleus. 


B. Electrons have properties of waves and cannot be located precisely.

C. Electrons occupy specific volumes of space around nucleus: “electron cloud model”.


D. Probability and Boundary Diagrams



1. Orbitals - volumes of space around nucleus where electrons can most 





probably be found.




a. called “s”,”p”,”d”,and “f” orbitals.




b. each has its own shape.



c. in general, s electrons have lowest energies and f electrons have 





highest energies.




d. 2 electrons / orbital .


