 Periodic Table  and Electron Arrangement Notes

Mrs. Paul

Chemistry 

1. History of the Periodic Table: 

a. 1649:  first element was discovered (phosphorus)

b. Next 200 years represents a vast body of knowledge accumulated about new elements discovered and their properties. 

c. 1829 Dobereiner: Law of Triads:  he noticed “triads” of certain elements. Middle elements that were the average of two others and similar in properties.  
d. 1863 Newland:  Law of Octaves: he categorized 53 elements in patterns using the masses which were some multiple of 8.
e. 1869 Mendelev:  Periodic Law:  elements properties are a function of their masses.  Mendelev organized the elements on cards like the game solitaire.  He noticed that this pattern worked throughout his table but there were some elements like tellurium and iodine that were exceptions.  He thought time would prove that these masses were being measured incorrectly.   He organized and grouped the elements in the columns and rows to see trends. He arranged them in order of increasing atomic mass and notice similarities in how they reacted. This repeating pattern is called periodicity. His organization allowed for spaces for elements not yet discovered. 
f. Moseley: Modern Periodic Law: Today the periodic table is arranged by increasing atomic number because of isotopes.  Moseley was working on ordering of the wavelengths of the x-ray emissions of the elements and noticed that they coincided with the ordering of the elements by atomic number. With the discovery of isotopes of the elements, it became apparent that atomic weight was not the significant player in the periodic law as Mendeleev once stated.  Periodic Law was revised to state that the elements are best ordered by atomic number not mass.
Elements known before 1700:

Elements known before 1700, plus those discovered between 1700 and 1799:
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Elements known before 1800, plus those discovered between 1800 and 1899:
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Elements known before 1900, plus those discovered between 1900 and 2005:
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g.  1940 Seaborg:  expanded the possible list of elements with the discovery of Plutonium reconfiguring the Periodic 
Table by discovering the transuranic elements 94-102

2.     Categories of Elements:  (video) 
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Alkali          Alkaline Earth            Transition   

Alloys:  mixture of two or more metals with   different properties.

Ex.  Brass, steel, bronze
Elements to the 

right of                   Halogens               Noble Gases                         
the stair steps


3. Organization / TRENDS of PT:
a. family/ group: vertical columns (A) groups represent # of Valence electrons (e- in the outer most shell   determines reactivity. Can determine charge of the atom by the family number.EX.  Alkali Metals,Alkaline earth metals, Transition metals, metalloids, halogens, noble gases. (refer to colored PT sheet in packet)
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1. Orbitals increase as you move down the column.

2. Same number of valence electrons.

3. Valence electrons become increasingly further from the nucleus / less tightly bound by the atom. 

b. Period/ Energy level: horizontal rows represent the energy level.  
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1. Electrostatic attraction increases. 

2. Electrons held more tightly to the atom as the Octet rule applies.  

3. Valence electrons are held more tightly. 

c. Atomic Radii:  
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1.  Radii increases as you move down a family/group due to electron shielding. (complete energy levels between the nucleus and valence electrons)
2.  Radii decreases as you move from left to right within the period as the effective nuclear charge increases.  
d.   Ionization energy:  energy required to remove an electron from an atom, ion or molecule. 

1.  decreases down the family. (electron shielding)

2.  increases as you move across the period. (effective nuclear charge)

e.  Electron Affinity:  amount of energy added when an electron is added to an atom.
1.  increase across a period2.  decrease down a family

3.  Electro-negativity:  a parameter used to describe an atom’s ability to attract an electron.  

Electron Arrangement:  

1. A new atomic model:  In the early 1900’s much work was being done by scientist in the area of light absorption and emission.  Researchers began to notice a connection between light and an atom’s electrons.  

(Bohr, Debroglie, Schrödinger, Heisenberg) see videos on Atomic Theory Power Point 
     
[image: image7]   or    
[image: image8]    
2.  Electrons are PARTICLES:  
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Fireworks  http://gtm-media.discoveryeducation.com/videos/360/CHP4011_700k.asf  http://gtm-media.discoveryeducation.com/videos/10453/chp891624_700K.asf
3.  Electrons are Waves:  
[image: image11]
What are Waves? 

a.    Electromagnetic Spectrum:  form of energy that travels through space in waves.

(label parts of the wave here)

b. Types of Energy in the EM Spectrum

                                  ROYGBIV


Gamma      X-rays       UV          Visible  Infrared  Microwaves  Radio-waves                       
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c.  Quantum Theory:   a theory used to explain the wave-like behavior of the electron that leads to quantized energy states
d.  Electrons emit discreet wavelengths that can be measured = Emission Spectra which acts somewhat like a “fingerprint” of an element.  
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If atoms are emitting discreet frequencies, maybe atoms have discreet energies?
4.   Bohr Model of Hydrogen
a. electrons have certain paths ( orbits)

b. in these paths electrons have a fixed amount of energy

c. energy level increases as it moves further out from the nucleus

d. spectral lines represent the range of energy available to the electron in H
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only discrete amounts of energy are absorbed or released (energy is said
to be quantized)




Emission Spectra:  demo with several types of gases.  

http://phys.educ.ksu.edu/vqm/html/emission.html
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a. Element is heated.  

b. Element’s atoms are given energy in the form of heat.  

c. Electron’s jump to a higher energy level.

d. Once electron drops back down to a lower level, a photon at a unique frequency is emitted.  

e. Photons create the spectral lines.  
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5.  Einstein's model:  based on two assumptions.
a. light is composed of photons, which are small, discrete bundles of energy. 

b. energy of a photon is proportional to its frequency.
 Formula for calculating the amount of energy in a particular photon:
Planck-Einstein equation:     
 E = hv 
E = energy = Joules

  h = Planck’s constant = 6.626 x 10 -34 J . s
  v = frequency = Hertz (number of waves / sec)
Explains the relationship between the amounts of energy per quanta in relationship to the frequency. 

This formula is used to determine the amount of energy generated from an ejected electron from the surface of a metal.  Some metals’ electrons are loosely bound while others are not, requires different frequencies to exhibit the photoelectric effect

Let's calculate the energy of a single photon of red light with a wavelength of 700.0 nm and the energy of a mole of these photons. 

Red light with a wavelength of 700.0 nm has a frequency of 4.283 x 1014 s-1. Substituting this frequency into the Planck-Einstein equation gives the following result. 
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A single photon of red light carries an insignificant amount of energy. But a mole of these photons carries about 171,000 joules of energy, or 171 kJ/mol.[image: image18.png]2838 x 107% 7 6.022 x 10% photons
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Absorption of a mole of photons of red light would therefore provide enough energy to raise the temperature of a liter of water by more than 40oC.
6.Quantum:  A certain amount of energy that is gained or lost by an atom.
a. absorbed and released in whole numbers

b. frequency increases the energy increases

c. ground state 
heat
   excited state ( released in the form of light 
7.Schrödinger wave theory: defined orbital  which is a 3D region around the nucleus that indicates the probable location of an electron
Quantum Numbers:  assigned to region around the nucleus of an atom where it is most likely to 
find an electron.( agrees very closely to spectral line measurements)
I.  Distance from the nucleus (orbit)

a.  n=(principal quantum number) the bigger the n , the bigger the orbital shell

b. n=1,2,3,4,5,6,7

c. all electrons with the same n value are said to occupy the same level / shell.
II.  Shape of the orbital/ Subshell: the most probable electron distribution or the shape (see power point for pictures)
a. s=round
b. p= teardrop 
c. d=teardrop clover shape  
d. f = to be covered in chem II
III.  Orbital position on an x,y,z axis:  3D region around the nucleus
IV. Spin of an electron:
a. Clockwise and counterclockwise (+1/2 or -1/2)
b. Spinning creates a magnetic field which repels other electrons.  Unpaired electrons give atoms special chemical and magnetic properties. 
8.  Heisenberg Uncertainty Principle: it is impossible to determine the position and the speed of an electron at the same time.  

9.  Electron Configuration Rules:  arrangement of electrons in an atom, each element is unique.

 a.Aufbau Principle:  electrons occupy the lowest energy level possible.( d and f block have exceptions to this rule)
b. Hunds Rule: orbits are each occupied by one electron before pairing up.(electrons will not occupy the same orbital unless pairing is required)
c. Pauli Exclusion Principle:  no two electrons in the same atom occupy the  same space. (if there are 2 electrons in    the same orbital they will spin in opposite directions)
10. Electron Configuration notation: (practice periodic table drawing) http://gtm-media.discoveryeducation.com/videos/41792/sec26401_700K.asf
see web resource

a.Written method ( see diagram)

b.noble gas method
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Ex.
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*Electrons are NOT stationary.


*Electrons in constant motion at the speed of light (186,000 miles /sec)


*Electrons movement gives the appearance of an atom as if there is a cloud around the nucleus


  





Properties of Electrons:


Location: in the cloud outside nucleus


Charge---negative


Mass---very little








Electrons





Electron Cloud





Outside the Nucleus





Planck: Photoelectric effect.  Electrons can be ejected off of the surface of the metal with a “certain amount” of energy called Quantum.   





Calculating frequency


v =c/ λ Convert wavelength to meters.  1 nm= 1x10-9 m


v = frequency (Hertz/sec) (number of waves per sec)


c = speed of light = 3 x 108 meter/sec


λ  = wavelength = meters 
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