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Modern Atomic Theory & the Periodic Table
Modern Atomic Theory

I. Waves & Particles

Electromagnetic Spectrum
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Waves

· Wavelength (() - ___________________________________
· Frequency (() - # of waves that pass a point during a certain time period

· hertz (Hz) = ______
· Amplitude (A) - _______________ from the origin to the trough or crest

· Sketches:

· Frequency & wavelength are inversely proportional
· FORMULA: _________________
· c: _______________________________
· λ: _______________________________
· ν: _______________________________

· PRACTICE PROBLEM: Find the frequency of light with a wavelength of 434 nm.

Quantum Theory

· Planck (1900)

· Observed - ___________________________________________________
· Concluded - energy is emitted in small, _______________ amounts (quanta)

· Quantum - ____________________________________________________
· Classical Theory vs. Quantum Theory (sketch pictures below)

· Einstein (1905)
· Observed - _________________________________
· _______________ are emitted from matter after the absorption of energy from electromagnetic __________________
· Notes from Photoelectric Effect Animations:

· Concluded - light has properties of both ___________ and _______________




“wave-particle duality”

· ____________- particle of light that carries a quantum of energy

· The energy of a photon is proportional to its frequency.

· FORMULA: ____________________

· E: _______________________________

· h: _______________________________

· ν: _______________________________

· PRACTICE PROBLEM: Find the energy of a red photon with a frequency of 4.57 ( 1014 Hz.
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Modern Atomic Theory

II. Bohr Model of the Atom
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Continuous Spectrum

· Results when ___________ light is passed through a __________ (like rainbow)
· Contains all wavelengths of _____________ light
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Various energy levels
in the hydrogen atom



Line-Emission Spectrum 
· The spectrum produced by a ______ (following an electric discharge) contains only a few ________________ and some of the wavelengths are missing. 

· This is called a Line-Emission Spectrum. 

· Each _________ has its own spectrum.

Label the picture below!
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An unsatisfactory model for the
hydrogen atom

According to classical physics, light
should be emitted as the electron cir-
cles the nucleus. A loss of energy
would cause the electron to be drawn
closer to the nucleus and eventually
spiral into it.
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Change Between Two Discrete Energy Levels
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Bohr Model (1913)

· e- exist only in circular ____________  with specific amounts of energy called energy ___________
· e- travels in a circle because of __________________ to the nucleus

· Therefore…

· e- can only _________ or _________ certain amounts of energy

· only certain _____________ are produced
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· Energy of photon depends on the _______________ in energy levels

· Bohr’s calculated _____________ matched the IR, visible, and UV lines for the ____ atom

· Problems with the Bohr Model

· Bohr’s calculations only worked for _________________! 

· According to classical physics, ___________ should be emitted as the electron circles the nucleus.  
· A _________ of energy would cause the electron to be drawn closer to the nucleus and eventually ___________ into it.
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Modern Atomic Theory & the Periodic Table

Modern Atomic Theory

III. Quantum Model of the Atom

RECAP: Bohr Model of the Atom
· Bohr was able to use his model for hydrogen to:

· Account for the observed ___________ lines.

· Calculate the __________ for hydrogen atoms.
· His model did not account for:

· Atoms other than hydrogen.

· _____________________________________.
· His concept of electrons moving in ________________________ was later abandoned.

Electrons as Waves

· Louis de Broglie (1924)
· Applied wave-particle theory to ____
· e- exhibit _________ properties

· Can particles of matter, including electrons, behave as _________?

· Derived the following equation:  
· His equation predicts that all ____________ exhibits wavelike motion.
Quantum Mechanics

· Heisenberg Uncertainty Principle

· Impossible to know both the ___________ and ______________ of an electron at the same time
· In order to _____________ an electron, one would need to hit it with ___________ having a very _________ wavelength.
· Short wavelength photons would have a _______ frequency and a great deal of _____________.
· If one were to hit an electron, it would cause the ___________ and the ___________ of the electron to change.
· Lower energy photons would have a smaller effect but would not give ___________ information.
· Erwin Schrödinger (1926)
· derived an equation known as Schrödinger’s Wave Equation 

· ___________ # of solutions ( ______________ energy levels

· defines ___________________ of finding an electron

· Quantum Mechanical Model
· Modern atomic theory describes the electronic structure of the atom as the probability of finding electrons within certain regions of space (orbitals).

· ____________ (“electron cloud”)

· Region in space where there is ______% probability of finding an electron

· Orbitals do not have sharp ______________________. 
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Quantum Numbers
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Four Quantum Numbers:
· Specify the “________________” of each electron in an atom

· Principal Quantum Number (____)
· Energy __________
· _________ of the orbital

· n = __________

· Angular Momentum Quantum # (____)
· Energy _______________
· Labeled with ______________ and _______________
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· Letters indicate ___________ of the orbital



· Orbitals combine to form a _______________ shape




· 


Maximum Capacities of Energy Levels & Sublevels

	n
	1
	2
	3
	4
	…n

	Sublevel designation
	
	
	
	
	

	Orbitals in Sublevel
	
	
	
	
	

	Sublevel e-capacity
	
	
	
	
	

	Principal Energy Level e- Capacity
	
	
	
	
	


· Magnetic Quantum Number (_______)
· __________________ of orbital

· Specifies the exact _____________ within each sublevel


[image: image1]
· Spin Quantum Number (_______)
· Electron spin ( +½ or -½
· An orbital can hold ____ electrons that spin in _______________ directions.
· Pauli Exclusion Principle
· No two electrons in an atom can have the same ____ quantum numbers.
· Each e- has a unique “address”:

· 1. ______________________________________

· 2. ______________________________________

· 3. ______________________________________

· 4. ______________________________________
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Modern Atomic Theory
IV. Electron Configuration

General Rules

· Pauli Exclusion Principle
· Each orbital can hold _____ electrons with opposite spins.
· Aufbau Principle
· Electrons fill the lowest ___________ orbitals first.

· Filling Order (Sketch below)

· Hund’s Rule
· Within a sublevel, place ______ e- per orbital before ___________ them.

· Electrons _________ each other!

· “Empty ____  ________ Rule”

· EX:

Notation

· Orbital Diagram
· Uses ___________ for orbitals and ____________ for e-
· EX: Oxygen ___ e-
· PRACTICE EXAMPLES

· Draw orbital diagrams for the following elements:

· Phosphorus
· Arsenic
· Electron Configuration
· __________________ of electrons in an atom’s orbitals 

· Determines ______________ properties of elements

· Basis for organization of the  ______________ table

· EX:  Oxygen _________________

· PRACTICE EXAMPLES

· Write electron configurations for the following elements:

· Phosphorus
· Arsenic
2 Types of Electron Configurations

· Longhand Configuration
S   ___e-

___________________________

· Shorthand Configuration
S  ___e-

___________________________

Example for Na

· PRACTICE EXAMPLE
· Write the longhand and shorthand configurations for:
· Antimony
· Electron Dot Diagrams
· show valence e- as ________
· distribute dots like ____________ in an orbital diagram

· 4 sides = ___ s-orbital, ___ p-orbitals

· EX: oxygen

Periodic Patterns

· Period #
· energy __________ (subtract for d & f)

· A Group # 
· total # of _____________ e-
· Column within sublevel block
· ____ of e- in sublevel

· Example – Hydrogen

· Shorthand Configuration
· Core e-: Go up ____ row and over to the __________  ________.

· Valence e-:  On the next row, fill in the # of e- in each sublevel.

· Example – Germanium

· Stability
· Ion Formation
· Atoms _______ or lose electrons to become more ____________.
· _____________________ with the Noble Gases.
· Label columns on your periodic table with the correct charges!

· Ion Electron Configuration
· Write the e- config for the closest Noble Gas
· EX: Oxygen ion ( O2- ( Ne
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The Periodic Table
I.  History

· Dmitri Mendeleev (1869, Russian)

· Organized elements by increasing ___________________.

· Elements with similar _______________ were grouped together.

· There were some ________________.

· Predicted properties of ________________ elements.

· Henry Moseley (1913, British)

· Organized elements by increasing ______________________.

· Resolved discrepancies in Mendeleev’s arrangement.

II. Organization of the Elements

· Periods 

· Elements are arranged in seven ________________ rows, in order of increasing atomic ___________ from left to right and from top to bottom.

· Rows are called periods and are numbered from ___ to ___.

· Represent principal energy _________ (n) 

· Groups 

· Elements with similar _____________ properties form vertical columns, called groups (________________).
· Groups _____________ are the representative elements.
· ____ and ____-blocks

· The B groups are the _______________ elements.

· The two rows of ____ elements at the bottom of the periodic table are the inner transition elements.

· Lanthanide Series - the ___ row that includes # 57 (Lanthanum) - #71 Lu
· Actinide Series - the ___ row that includes #89 Ac (Actinium) - #102 No 

· Metals
· To the _______ of the staircase (or below)

· Most are ____________ except for Hg which is a ___________
· Malleable, lustrous, __________, good conductors of ________ & electricity
· Nonmetals

· To the right of the staircase (or ____________)

· ____________ or ____________ solids at room temperature

· Poor conductors of heat & electricity (_________________)

· Metalloids

· ​​​​​​​​​________-metals

· These elements border the ________________ and have properties of both metals and nonmetals.

· Include the following elements: ___, ___, ___, ___, ___, ___, and ___

· Dull, brittle, semi-conductors (used in computer chips)

· Group Names & Properties

· Alkali Metals (___A)

· very ____________
· good conductors
· end in ____
· need to lose ____ to have noble gas configuration
· reactivity increases as you go _______ the group

· Alkaline Earth Metals (___A)

· ______ reactive than alkali metals

· end in ____

· need to lose _____ to have noble gas configuration
· Halogens (___A)

· combine easily with __________ metals

· exist as _____________ molecules

· electron configuration ends in ____

· need to gain _____ to achieve noble gas configuration
· Noble Gases (___A)

· _______ outer energy level
· electron configuration ends in ____

· do not form chemical _______________ easily

· also called __________ gases

III. Periodic Trends

· Periodic Law

· When elements are arranged in order of ________________ atomic #, elements with similar properties appear at regular ______________.

· Periodic Properties

· Atomic Radius
· ___________________

· Ionization Energy

· Energy required to ___________ an e- from a neutral _______.

· Electronegativity

· Ability of an atom to _________ electrons to itself in a chemical ________

· Atomic Radius

· Increases to the ________ and _________

· Why larger going down?
· Higher energy levels have larger _____________

· Shielding - _____ e- block the ______________ between the nucleus and the valence e-

· Why smaller to the right? 

· Increased ___________ charge without additional shielding pulls e- in __________
· Ionic Radius

· Cations (+)

· _____________

· _____________

· Anions (–)

· _____________

· _____________

· Ionization Energy

· Increases _____ and to the ____________

· Why opposite of atomic radius?

· In small atoms, e- are ________ to the nucleus where the attraction is _____________

· Electronegativity

· Increases ______ and to the ___________

· Why larger going across?
· Stronger tendency to ___________ electrons and form ____________ ions

· Why smaller going down a group?

· Shielding - core e- block the attraction between the nucleus and the valence e-

· Examples

· Which atom has the larger radius?


· Which atom has the higher I.E.?

· Which atom has higher electronegativity?


· Which particle has the larger radius?
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