Chemistry Unit 3 – Electrons and Quantum TheoryName:
Period:

Chemistry Daily Journal				
	
Today’s Date
	What do I need to accomplish today?
	What do I need to finish up tonight at home?

	
	
	


	Objective
	Learning Opportunities
	Suggested Due Date
	Date Completed

	3.1 Sketch an atom’s Bohr Diagram
	· Podcast 3.4 Bohr Diagrams
· Read 127-132, answer p. 132 #2,3,5,6

	
	

	3.2 Sketch an Orbital Diagram for any atom
	· Podcast 3.5 Aufbau Diagrams
· Read page 133-136
· Bohr Model and Orbital Diagrams
	
	

	3.3 Write the complete electron configuration for an atom in long-hand or short-hand
	· Podcast 3.6 Electron Configuration
· Answer  p. 135 , 8-9
· Podcast 3.6 B Putting it All Together
· Bohr Model, Orbital Diagrams and                 E-Configuration Practice
· Quiz on Bohr, Orbital and E-Configuration 09/25

	
	

	3.4 Interpret data from photoelectron spectroscopy to describe the arrangement of electrons around the nucleus.
	· Photoelectron Spectroscopy SMART Board Activity
	
	

	3.5 Evaluate the energy stored in atoms and electrons
	· Podcast 3.5 Electrons, Energy, and Light
· Read pages 138-146, answer p. 140.  14-15; p. 146, 16-17, 21
· KABOOM! Video
· Physics and Quantum Mechanical Model
· Flame Test for Metals
· Podcast 3.7B Calculating the Amount of Energy in Light ** Optional**
· Unit 3 Review Questions

	
TEST: 
10/01
	


Unit Three: Electrons and Quantum Theory Objectives
1. Sketch an atom’s Bohr Diagram
2. Sketch an orbital Diagram for any atom
3. Write the complete electron configuration for an atom in long-hand or short-hand.
4. Interpret the data from Photoelectron Spectroscopy, PES, to identify an element.
5. Evaluate the energy stored in atoms and electrons.

17
	SCALE: Locate Electrons in Orbitals Around the Nucleus

	4 – SWBAT correctly sketch a Bohr Diagram, Orbital Diagram, or write the electron configuration for any element including transition metals (d-block) and inner transition metals (f-block). Justify d-block exceptions to the expected configuration and predict when exceptions in the f-block may occur. Use PES data to identify elements and justify differences in energies between two different elements based on the location of their electrons.

	3 – SWBAT correctly sketch a Bohr Diagram, Orbital Diagram, or write the electron configuration for any element including transition metals (d-block) and inner transition metals (f-block). Use PES data to identify elements and justify differences in energies between two different elements based on the location of their electrons.

	2 – SWBAT sketch a Bohr Diagram, Orbital Diagram, or write the electron configuration for any element with an atomic number of 40 or lower. Use PES data to identify a simple element with electrons in s or p orbitals.

	1 – With help, Ss can sketch a Bohr Diagram, Orbital Diagram, or write the electron configuration for any element with an atomic number of 40 or lower. Match the peaks in PES data to electrons in s or p orbitals.

	0 - With help, Ss are not able to sketch a Bohr Diagram, Orbital Diagram, or write the electron configuration for any element with an atomic number of 40 or lower.




	SCALE: Evaluate Energy Stored in Atoms

	4 – SWBAT for any given electron transition, accurately convert wavelengths in meters and nanometers to frequency and calculate the amount of energy transmitted by an emitted or absorbed photon. Explain the contributions of deBroglie, Heisenberg, and Schroedinger to the quantum mechanical model of the atom.

	3 – SWBAT for any given electron transition, accurately convert wavelengths in meters and nanometers to frequency and calculate the amount of energy transmitted by an emitted or absorbed photon. Explain the contributions of deBroglie, Heisenberg, and Schroedinger to the quantum mechanical model of the atom.

	2 – SWBAT convert wavelengths in meters to frequency. Use frequency to calculate the amount of energy transmitted by a wave.  Explain the Heisenberg Uncertainty Principle.

	1 – With help, Ss can convert wavelengths in meters to frequency. Use frequency to calculate the amount of energy transmitted by a wave.  Explain the Heisenberg Uncertainty Principle.

	0 - With help, Ss are not able to convert wavelengths in meters to frequency. Use frequency to calculate the amount of energy transmitted by a wave or explain the Heisenberg Uncertainty Principle.



[image: ]
[image: ]



Podcast: Electron Orbitals
Orbital Shapes and Orientations
[image: ][image: ]
s-Orbitals
· s orbitals are _______________ in shape. The ______________ of the sphere increases with the value of ________
· If you are looking for an electron in an s orbital, the direction you look in doesn't really matter, they have only _____ orientation in space.
[image: ]p-Orbitals
· p orbitals have __________   _________ with a __________ between them.
· For p orbitals, the amount of electron _________________ and the ____________________________ of finding an electron depends on both the ___________________ from the center of the atom, as well as the ____________________.
· [image: ]The p orbital has _______ possible arrangements in space, so it can have 3 possible ________________________. 
· 3  ____________________________ = 3 orbitals per energy level 
· _______ electrons (at most) per orbital (____________ and _______________)
· _______ electrons to fill all _______ orbitals

d-Orbitals
· d orbitals have more ______________ shapes. 
· [image: ]There are _______ possible orientations in space, so there are _____ possible d orbitals.  

_____ orientations = ______ orbitals per energy level
_____ electrons (at most) per orbital (______ and ____________)
______ electrons to fill all the d-orbitals
f-Orbitals
·  There are 7 possible f orbitals. 
[image: ]
_____ orientations = _____ orbitals per energy level
_____ electrons (at most) per orbital (______ and ____________)
_____ electrons to fill all f-orbitals


[image: ]Spin
· The “spin” of an electron describes its ________________________ field, which affects its energy.
· The spin can be _____________________ or ________________________.
· This implies that electrons are in some way able to _____________   _________, even though they ______________ each other due to the __________________________ force. 
· Each orbital can therefore hold a maximum of _________ electrons.
Overlapping Orbitals
[image: ]Quantum Number Vocabulary
· Remember: an _________________ is a location with a high _________________________ of finding an electron.
· Shell -  

· Subshell -  

· Orbital -  

Podcast: Electron Configurations
Electron Configurations
· Electron configurations show the ___________________________ of all ___________________ in an atom.
· Each component consists of:
· A number denoting the energy level,

· A letter denoting the type of orbital,

· A superscript denoting the number of electrons in those orbitals. 

Example 1: Electron Configuration of Sodium


Shorthand Configurations
· Elements on the far __________________ column of the periodic table have their __________________ entirely filled. 
· This group of elements is referred to as the "__________________     __________________." 
· Noble Gas elements are used to write _______________________ electron configurations. 
[image: ]
· Writing Shorthand Configurations – to write a Shorthand Configuration for an element:
1. Write the _______________ of the Noble Gas element from the row before it in ___________
2. Add the remaining _____________________ by starting at the ______ orbital of the row that the element is in until the configuration is complete. 
Example 2: Shorthand Configuration for Sodium
Example 3: Shorthand Configuration for Uranium
Electron Configurations of Transition Elements
· Putting ______________ close to one another takes ____________!
· The more we can ___________ them out, the less they will _________ and the __________ the energy will be.
· Because there is __________ space for electrons and the  energy is __________, electrons in the d-orbitals drop _____ entire energy level
· In f-orbitals, electron’s energy drops _____ energy levels
· This is reflected in the electron configurations of _____________ metals and _________ transition elements.
Podcast: Locating Electrons in Orbitals – Drawing Aufbau/Orbital Diagrams
· As the number of _____________ increases, so does the ______________ between them.
· _____________ atoms contain more than one electron, so interactions ______________ electrons must be accounted for in the energy levels. 
· [image: ]The energy of electrons depends on both ______________ LEVEL and ________________ SHAPE.
· In multi-electron atoms, orbitals on the ___________ energy level are no longer ____________ in energy.
Energies of Orbitals: energy depends on both energy level and orbital shape - there is some ______________  between orbitals
Aufbau Diagrams 
· Each box or line in the diagram represents one ________________, or region of space where electrons may be found.
· Orbitals on the same ___________________ are drawn together.
· _______________________ represent the electrons.
· The direction of the arrow represents the relative _______________  (+ or - ) of the electron.
3 Rules for Filling Electron Orbitals
1. _________________ Principle : Electrons are added one at a time to the ________________ energy orbitals available until all the electrons of the atom have been accounted for.
2. ________________   _______________________ Principle: An orbital can hold a maximum of ______ electrons. To occupy the same orbital, two electrons must spin in _____________________ directions.
3. ____________  Rule: Electrons occupy equal-energy orbitals so that a  maximum number of ________________  electrons results.
Aufbau Principle
· Aufbau takes its name from a German word meaning ” ____________________  _______________ ". 
· Developed in the 1920s by  _______________________ and _______________________ 
· Electrons fill the _______________________  energy orbitals first.
Pauli Exclusion Principle
· No _______ electrons in the same atom can have exactly the     Sketch the diagrams below:
Correct

Incorrect

               ______________  energy. 
· If one electron is spinning _____  in an orbital, the next 
              electron to fill it must spin _________

Hund’s RuleSketch the diagrams below:
Correct	

Incorrect

· Every orbital in a ________________ is singly occupied with _______  electron before any one orbital is _______________ occupied
· All electrons in singly occupied orbitals have the __________________  spin.


[image: ]Example 1: Fill in the Orbital Diagram for Magnesium, Mg:



[image: ]Example 2: Fill in the Orbital Diagram for Iron, Fe











[image: ]

Aufbau Diagram - Excited State
In a sodium-vapor lamp electrons in sodium atoms are _________________ to the 3p level by an electrical discharge and ________ yellow light as they return to the ground state.  





The Exceptions
· __________-filled orbitals are more stable than _____________-filled orbitalsPredicted orbital diagram for chromium				Actual orbital diagram for chromium
[image: ][image: ]










· Similar configurations are found for all elements in the _______________ family and the ____________ family as well as several elements in the ____________




Electron Configurations and Orbital Diagrams
Use a periodic table and the information on pages 133-135 to complete the following activity.  For each element given, write the electron configuration and an orbital diagram.
Electron configuration – Describe the energy level, orbital type (subshell), and the number of electrons. For short-hand, use the noble gas, written in square brackets, as a place holder for the last complete shell, then write out the remaining electron configuration.
Orbital (Aufbau) Diagram – Create an orbital diagram following the three rules (fill in the blank information found on pages 133-135: 1s __
2s __
2p __  __  __
3s __
3p __  __  __
4s __
4p __  __  __
3d __  __  __  __  __
5s __
5p __  __  __
4d __  __  __  __  __
7s __
7p __  __  __
5f __  __  __  __  __  __  __
6d __  __  __  __  __
6s __
6p __  __  __
5d __  __  __  __  __
4f __  __  __  __  __  __  __
Use the full aufbau diagram below to help you complete the aufbau diagrams you will need to draw.


1. Aufbau Principle – _____________ occupy the orbitals of ____________ energy first.
2. Pauli Exclusion Principle – each orbital can only hold _________ _________________ at a time and they must have a ______________ ______________.
3. Hund’s Rule – electrons occupy orbitals of the ____________ _____________ in a way that makes the number of electrons with the same __________ _____________ as _____________ as possible.







Example:
Nitrogen
Longhand Electron Configuration		Orbital Diagram
1s22s22p31s __
2s __
2p __  __  __

Shorthand Electron Configuration
[He] 2s22p3








	Element
	Electron Configuration 
(Long-hand and Short-hand)
	Orbital Diagram

	Oxygen
	




	

	Sodium
	





	

	Aluminum
	






	

	Iron
	







	

	Calcium
	







	

	     Iodine
	









	




Bohr Model, Orbital Diagrams, and Electron Configuration Practice
For each group of four elements, pick one element and draw a Bohr model.  Pick another (different) element and draw an Orbital diagram.  Then pick another (different) element and write a full electron configuration.  For the last of the four elements write a short hand electron configuration.
_____________________________________________________________________________________
1. Helium, Beryllium, Nitrogen, Fluorine
   Bohr Model: 					Orbital Diagram:








    Full Electron Configuration: 			Short Hand Electron Configuration:


____________________________________________________________________________________
2. Silicon, Potassium, Tin, Strontium
    Bohr Model: 					Orbital Diagram:










    Full Electron Configuration: 			Short Hand Electron Configuration:

____________________________________________________________________________________
3. Gold, Silver, Platinum, Uranium
    Bohr Model: 					Orbital Diagram:










Short Hand Electron Configuration:

[image: ]
1. Describe what you remember about fireworks you have seen. 



2. When are fireworks usually used? 



3. What are the components of a fireworks display? 



4. What kinds of feelings are generated by watching a fireworks display?



5. Fireworks involve the use of explosives, yet people choose to work with these dangerous elements on a daily basis. Would you like to work in a fireworks factory? Why or why not?




6. Fireworks have been used in celebrations for centuries. What other ways do cultures choose to celebrate occasions in such an exalted manner? What are some common themes found in grand celebrations?




7. As you watch the program, take notes on your assigned group topic. After watching, discuss your topic with your group members to create a summary of all your information to present to the rest of the class.
· the time period over which they have been used
· the chemistry involved
· the techniques used
· the type of use
· the frequency of use

[image: ]









Podcast: Atomic Emission Spectra
When energy is added to atoms, they release energy in the form of __________________. 
· ______________________: Electrons __________________ energy and become "excited." 
· The excited electrons move from their initial state, or ______________________state, to a shell ___________________ from the nucleus. 
· Emission: electrons ____________________________energy in the form of ____________________ as they return to their ground state.  
Sketch


The Emission Spectrum
· When energized atoms emit energy, a __________________________ ____________________ is not produced
· Instead, an emission spectrum is produced displaying emitted light at specific _______________________ and frequencies. 
[image: ]




[image: ]



· The lowest energy level is called the _________________ state; the others are ____________________ states. 
· Atoms do not normally emit radiation
· Bohr believed that the electrons existed in ____________________ stable ____________________ (n) around the nucleus
· Energy varied relative to their  ____________________  from the nucleus.
[image: ] [image: ]
Hydrogen Emission Spectrum
· Energy _________________ between the orbits correlate exactly with the energy of ______________   _________ in the emission spectra of Hydrogen 
· Sketch

· Calculations



· Hydrogen atoms have one ___________ and one _____________ 
· H-Spectrum shows all of the different possible wavelengths of visible light emitted when an __________________ electron returns to any of the _______________ energy states.  
Sketch


· [image: ]Each atom produces a unique __________________ spectrum after being energized due to differing numbers of _______________ in the nucleus and number of ______________ around them, 
· The emission spectrum of each element is ______________
· It can be used to ___________ for the presence of a particular element.  

Flame Tests
· When an excited atom emits light we see ________ of the spectral lines _________________  and only one color is visible to us. 
· A _____________ or diffraction grating is needed to see the emission spectrum. 
[image: ]
· For many elements, one can identify them simply by the _________  produced by all of the spectral lines together. 
· A flame test is used to detect the presence of certain _____________ ions, based on each element's characteristic _______________ spectrum.  
· _____________________ use the fact that atoms emit ______________ light when excited with energy. 
· Furthermore, they use the unique spectra to produce the different ________________ you see.


[image: ]


[bookmark: _GoBack]Practice Problems: Wavelength, Frequency, Energy Content of Light.









1.  A certain photon of light has a wavelength of 422 nm. What is the frequency of the light?  What is the energy of a quantum of this light?


2. What is the energy of a quantum of light with a frequency of         7.39 x 1014 Hz?  What is the wavelength of the quantum of this light?


3. A certain red light has a wavelength of 680 nm. What is the frequency of the light? What is the energy of a quantum of this light?


4. A certain blue light has a frequency of 6.91 x 1014 Hz. What is the wavelength of the light? What is the energy of a quantum of this light?



5. The energy for a quantum of light is 2.84 x 10-19 J. What is the wavelength of this light?



6. What is the energy of a quantum of light with a frequency of 4.31 x 1014 Hz?



7. What is the energy of light with a wavelength of 662 nm? First find the frequency in hertz of this wavelength of light.




Flame Test for Metals
Purpose: To observe and identify metallic ions using flame tests. 
Background:  Have you ever wondered why a candle flame is yellow?  The characteristics yellow of a candle flame comes from the glow of burning carbon fragments.  The carbon fragments are produced by the incomplete combustion reaction of the wick and candle wax.  When elements, such as carbon, are heated to high temperatures, some of their electrons are excited to higher energy levels.  When these excited electrons fall back to lower energy levels, they release excess energy in packages of light called photons, or light quanta.  The color of the light emitted depends on its energy.  Blue light is more energetic than red light, for example.  When heated, each element emits a characteristic pattern of light energies, which is useful for identifying the element.  The characteristic colors of light produced when substances are heated in the flame of a gas burner are the basis of flame tests for several elements.  In this experiment, you will perform the flame tests used to identify several metallic elements.  
Variables: Identify the Independent Variable (what is changed), the Dependent Variable (what is measured), at least THREE meaningful Constants (things to keep the same so every test is fair), and the Control (what each trial is compared to so you know if there is a change from one substance to another).
Question: Write your problems statement in the form of a question.
Hypothesis: This should be in an if…then…because statement.  
Materials : safety goggles, 1 platinum wire or nichrome wire loop, 1 50 ml beaker, 8 small test tubes, 1 test-tube rack, scoopulas, tongs, 1 gas burner, paper towels, 6M hydrochloric acid, potassium chloride (KCl), calcium chloride (CaCl2), strontium chloride (SrCl2), lithium chloride (LiCl), copper (II)chloride (CuCl2), sodium chloride (NaCl), barium chloride (BaCl2), magnesium strip, 2 unknown samples.
Procedure:
1. Copy down the data table in your data section of the lab.
2. Determine what the dependent and independent variables are as well as the constants and the control.
3. Dip your wire loop into the 6M HCL and then heat it in the hot flame of a Bunsen burner until no color comes from the wire when it is put into the flame.
4. Dip the Q-tip into the sample of metal salt and heat the sample in the burner flame.  Record the color of the flame in the data table.  
· For the sample of magnesium, hold a piece of magnesium with tongs in the flame approximately 10-15 seconds.  Once the reaction begins, take the piece of magnesium out of the flame.  Look at the sample for a second or two and then turn your head away.  
5. Record your observations.  Record the color and how quickly the sample burned and if there was any change in color.  Be very descriptive in your observations so you have good data to compare to your unknowns.
6. Use the chart at your table to determine the closest match for the color/wavelength of light that you observed. 
7. Place your Q-Tip in the waste beaker and do not leave the burner unattended. When you are finished with each station, clean up where you left off by turning off the burner, resetting the station with clean Q-tips and inform the teacher if more solution is needed.
8. Perform a flame test on the unknown salts.  Record your observations.   
· The solutions are in the labeled spray bottles.
· Before testing the unknown, swirl the spray bottle around to mix the ions in the solution.
· Spray the solution into the flame.  Make sure that you are holding the spray bottle approximately 1 ft away from the flame.  
· Record your observations and try to match the color of the unknown with one of the salts you previously tested.
· When finished, repeat the process with the second solution.  
9. Dispose of the unused portions of your samples as directed by the teacher. 

Calculations: Show all your calculations used to determine the frequency and energy of each sample.
Questions:
1. What elements produced the most easily identified colors?
2. What elements were not easily identified?
3. List the elements in order of increasing frequency, does this correlate with the visible light spectrum?
4. Draw a Bohr Model and electron configuration for each of the known elements. 


Data Table: 
NEAT AND ORGANIZED  -- use a ruler or cut out and paste into lab notebook. 
SHOW CALCULATIONS FOR ENERGY AND FREQUENCY!
	Sample
	Color Sketch 
	Observations
	Wavelength
	Frequency 
	Energy


	Potassium
	

	
	
	
	

	Calcium
	

	
	
	
	

	Strontium
	

	
	
	
	

	Lithium
	

	
	
	
	

	Copper
	

	
	
	
	

	Barium
	

	
	
	
	

	Sodium
	

	
	
	
	

	Magnesium
	

	
	
	
	

	Unknown
#1
	

	
	
	
	

	Unknown
#2
	

	
	
	
	







Flame Test Lab Report Rubric
	Table of Contents
	Points Earned
	Points Possible

	Includes the title, page numbers, and date of experiment
	
	1

	Title
	
	

	Creative, relates to the experiments, underlined at the top of the lab report
	
	1

	Purpose Statement
	
	

	Applies to the overall goal of the experiment. 
	
	1

	Variables 
	
	

	Includes independent, dependent, constant (at least 3), and control.  
	
	1

	Question
	
	

	Testable and clearly stated, correct punctuation
	
	1

	Hypothesis
	
	

	If    IV  , then   DV  , because   Theory    .
	
	1

	Materials
	
	

	A list of all materials used in the experiment
	
	1

	Procedure
	
	

	Sketch a Flow Chart to illustrate each step in the procedure.
	
	1

	Data
	
	

	Organized table that shows the data you have collected during the experiment
· Include an appropriate titles
· Units are clearly identified
· Accuracy of data is appropriate to measuring equipment or instruments
	
	5

	Analysis
	
	

	Wavelength correctly converted from nm to m
Frequency calculated from wavelength
Energy determined from frequency
Unknown Identification 
· Unknown is correctly identified 
· Data is used to support reasoning 
	
	7

	Questions
	
	

	Questions are answered clearly and explanation is provided (restate question).
1. What elements produced the most easily identified colors?
2. What elements were not easily identified?
3. List the elements in order of increasing frequency, does this correlate with the visible light spectrum?
4. Draw an orbital diagram (Aufbau) for each of the known elements. 
	
	16

	Conclusion
	
	

	In the first few sentences, write your CLAIM to describe the identity of your unknown #1 and #2 . Be sure to use your data (EVIDENCE) to support your REASONING. 
	
	4

	Error Analysis: Discuss how the 4 types of errors may have influenced the outcome of your experiment. Be sure to tell what direction the error skewed your data ( wavelength is too high or too low) 
	
	4

	Discuss how to change the design to fix the errors. What further questions or investigations do this lead to? Suggest relevant changes and other experiments to improve understanding of the subject.
	
	2

	Discussion/Reflection
	
	

	Discuss what you learned from this experiment and how it relates to what we are learning in class and applications in the real world (your world). Examples: Medicine, Pharmacy, Industry, Technology, Mining
	
	2

	Explain how the theoretical concepts we are learning in class directly apply to the lab experience. What Theories/ Laws are involved? How did this lab verify or deviate from them?
	
	2

	Total Score
	
	50


Photoelectron Spectroscopy, PES
Photoelectron Spectroscopy is a technique that is used to gather information about the electrons in an atom. An atom is bombarded with photons. Some of the photons are absorbed and electrons are emitted. The emitted electrons are collected and their energy is analyzed. Since we can know the energy of the photons, and we know that energy is conserved, we can then calculate the difference in the energy between the photons sent INTO the atom and the energy of the electrons emitted. This difference will be the electrical potential energy of the electrons when they are attached to the atom. Remember that the potential energy of the electron in the atom is also equal to the WORK needed to remove the electron from the atom. 
Energy of emitted electron = Energy of photon – Work needed to remove electron from atom
1. Visit this URL: http://www.chem.arizona.edu/chemt/Flash/photoelectron.html 
2. Select the button labeled “Mono.”
3. Select the element Hydrogen.
4. You will see a graph with two numbers. The whole number is the integration of the number of electrons in the spectrum. The decimal number is the work needed to remove the electron from the atom in MJ/mol.
a. Sketch the graph and write the numbers below:


5. Now select Helium. 
a. Sketch the graph and write the numbers below:


b. How does the energy in Helium compare to the energy in Hydrogen?


c. Why do you think there is a difference?


6. Look at the spectrum for Lithium.
a. Sketch the graph and write the numbers below:
b. Justify the differences between these three elements.







**NOTE: on the PES spectra, a HIGH energy number means the electron is closer to the nucleus, and a low number means it is farther from the nucleus (due to the way physicists define potential energy). 
7. Now look at Boron. 
a. Sketch the graph and write the numbers below:




b. Why are the 2 electrons at 1.36 different from the single electron at 0.8?


8. Look at scandium. What does this spectrum reveal about the energies of s, p, and d orbitals?


9. What other elements (at least 3) did your team look at? Please write their electron configurations and sketch the Orbital Diagram for each. Use the data from PES to justify this arrangement of electrons.

Podcast: Quantum Mechanics
[image: ]Atomic Emissions and the Bohr Model
· While a big step forward, ________________ model was only useful in predicting the _____________ of spectral line for atoms that had _____________ electron, like _________________ or certain ionized atoms.  
Matter as a Wave
· _______________ proposed electrons in specific orbits produced standing ________________ at specific wavelengths, frequencies, and energies. 
Particles or Waves?
· An electron, as a charged particle, would fall into the nucleus because of Newton's Second Law.
	Equation: 

· But electrons in atoms aren't particles, they're _____________.   Waves don't follow Newton's Second Law.   
· Schrodinger had to invent a new equation for wave mechanics. 
	Equation: 
Quantum Mechanics
· ______________ mechanics is a branch of physics which provides a mathematical description of wave-particle __________, and successfully explains the following 2 ideas:
		(1) the _____________ states in complex atoms and molecules 
[image: ]		(2) the relative _________________ of spectral lines
Electromagnetic Waves
· An electromagnetic (light) wave is made of oscillating ____________ and ______________ fields. 
What is oscillating in an electron or matter wave? 
· [image: ]The ____________ function, Ψ (psi) describes the state and behavior of an electron. The two fields of the wave are noted in blue and red in this animation.
· Each wave frequency is proportional to the possible _____________  ____________ of the oscillator.
Finding an Electron
· The _________________ of the wave function at any point is proportional to the number of ____________ expected to be found there.
· Ψ2∝ # electrons
· For a _________ electron, the wave function is the ____________________ of finding the electron at that point.
· Ψ =  Probability of finding electron[image: ][image: ]
· As you know, the world of ___________________ (Classical) mechanics is a deterministic one. If you know the forces on an object and its initial velocity, you can ___________ where it will go.
· Quantum mechanics is very different. You can predict what ___________ electrons will do on _____________, but you can have no idea what any ______________ electron will do. 
The Heisenberg Uncertainty Principle
· Quantum mechanics tells us there are inherent _______________ to measurement. 
· This is not because of the limits of our instruments, rather it is due to the ______________________ duality, and to the interaction between the observing equipment and the ____________ being observed.
Consider This…
Student A and Student B are each blindfolded, given a hockey stick, and placed in identical airplane hangars. Somewhere in the hangar with  Student A is a school bus. Somewhere in the hangar with Student B is a small balloon floating at eye level. The students are told to find the object in their hangar by swinging their hockey stick as fast as they can until they hit the object. As soon as they find it, they must stop at the place where they encounter the object. 
Which student’s final position will more accurately reflect the final location of the object they are looking for? Why?


[image: ]The Heisenberg Uncertainty Principle 
· Combining, we find the combination of uncertainties:
	Equation
· This specifically is the Heisenberg ____________________  principle.
· It tells us that the ____________________ and _____________________ of a particle cannot simultaneously be measured with precision.
Probability of Finding an Electron
· [image: ]Since we cannot say exactly ___________________ an electron is, the Bohr picture of the atom, with its electrons in neat orbits, _____________ be correct. 
· ______________ theory describes an electron probability distribution; this figure shows the distribution for beryllium boron, and carbon. 
[image: ]

· [image: ]In this picture, the _____________ of finding an electron 
somewhere is represented by the density of dots at 
that location.
Electron Orbital Shape and Orientations






Locate an “Electron”
· You have two detectors, one that is a particle (paperclip) and one that is a wave (hair dryer).
· “Find” the electron in the box using your detector.
· What makes this task difficult?


Unit Three Review Questions
Chapter 4

1. What is the current model to describe atomic theory?




Chapter 5
2. Draw a Bohr model for the following elements: (you must use numbers…NO DOTS!)
A. Osmium (Os)					C.  Nitrogen (N)






 


B. Mendelevium (Md)				D.  Boron (B)









3. Draw an Orbital Diagram for Technetium (Tc).






4. Write the full electron configurations for the following elements:
A. Lead (Pb)

B. Molybdenum (Mo)

C. Potassium (K)

D. Samarium (Sm)

5. Write shorthand electron configurations for the following elements:
A. Barium (Ba)

B. Francium (Fr)

C. Silicon (Si)

D. Tin (Sn)


6. What did Orbital, Pauli, and Hund state in relation to electron configuration and Orbital diagrams?




7. Where is the s- block located on the periodic table?  

Where is the p- block?  

d- block?  

f- block?

8. What is the shape (general) and how many electrons can fit in into the following orbitals?
A. s – shape _______________ # of electrons _______
B. p – shape _______________ # of electrons _______
C. d – shape _______________ # of electrons _______
D. f – shape _______________ # of electrons _______

9. What is de Broglie’s equation? How did his ideas affect the way we perceive matter?


10. What is Heisenberg’s Uncertainty Principle? How did his ideas affect the way we perceive matter?


11. What is the correct order of the Electromagnetic Spectrum from longest wavelength to shortest wavelength?
12. [image: ]The hydrogen spectrum shows some of the different possible wavelengths of visible light emitted when an excited electron returns to any of the lower energy states.  Please calculate the ENERGY of the photon emitted when: 
A) the purple wavelength is observed, at 410 nm  
B) the cyan wavelength is observed at 486 nm 
C) the red wavelength is observed at 656 nm


[image: ]
13. Identify the elements represented by the PES Spectra shown to the right. For each element, write in the orbital represented by each peak.
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