
How would you describe the shape of an 
atom? You can use a picture to help 

explain.



Unit 7- The Atom Notes





Key Concept 1: The ancient 
Greeks tried to explain 
matter, but the scientific 
study of the atom began 
with John Dalton in the early 
1800's.



450 BCE to 1800 CE

450 BCE- Empedocles, a Greek philosopher
400 BCE- Democritus, a Greek philosopher

1811 CE- John Dalton,  Atomic theory (hypothesis)
2019 CE- Today



1800 CE to 2000 CE

Key Events

1800

1900

2000



John Dalton’s Atomic Theory

• Is his atomic theory a scientific theory? (hint, look at the 
poster)

• How do you think he was able to come up with this
theory?

• What were the errors in the Dalton’s Atomic Theory?

Look up John Dalton’s atomic theory in your 
notes (unit 5) and discuss the following with 

your shoulder partner:



1. All matter is composed of indivisible 
particles called atoms. 

2. All atoms of a given element are 
identical; atoms of different elements 
have different properties. 

3. Chemical reactions involve the 
combination of atoms, not the 
destruction of atoms. 

4. When elements react to form 
compounds, they react in defined, 
whole-number ratios. 

Key Concept 17: 
Dalton's atomic theory had four main concepts: 



John Dalton’s Atomic Theory

What were the errors in the Dalton’s Atomic Theory?

Key Event 1: 1811- John Dalton: publishes his Atomic 
theory (hypothesis).



• Key Event 2: 1869-
Dmitri Mendeleev 
formulated the “first” 
Periodic table of 
chemical elements 
(Unit 8).

• Why did those 
patterns exist?

1869 CE



• Key Event 3: 1898-
Marie Curie- discovery 
of what today is 
known as radioactivity 
(Unit 12).

• How can energy come 
out of an atom?

1898 CE



Bell Work
Please get your

notebook from the 
cabinet

Reminder:
Mole Day Wednesday!



Bell Work
How do you know 

something exists if you 
have never seen it 

before?

Reminder:
Mole Day Wednesday!



The Atom

• Once scientists were convinced of the 
existence of an atom, a new set of question 
emerged.

• What is an atom like?
• Although many scientists researched the 

atom in the 1800’s, it was not until almost 
1900 that some of these questions were 
answered.

• Twilight Zone

http://www.youtube.com/watch?v=-b5aW08ivHU


1897
University of 

Cambridge in England



The Atom

J.J. Thomson





The Electron (cont.)

• This figure shows a typical cathode ray 
tube.



https://www.youtube.com/watch?v=8
eYNMeheuZA

https://www.youtube.com/watch?v=8eYNMeheuZA




The Electron (cont.)

• J.J. Thomson and his team of scientists measured 
the effects of both magnetic and electric fields on 
the cathode ray to determine the charge-to-mass 
ratio of a charged particle, then compared it to 
known values.

• The mass of the charged particle was much less than 
a hydrogen atom, then the lightest known atom.

• Key Event 4: 1897- J.J. Thomson had discovered the 
electron.

• J.J. Thomson received the Nobel Prize in 1906 for 
identifying the first subatomic particle—the electron.



Model So Far

• Our Model
– Unit 1-5

• Historical Model 
-400 BC until 1897



Board Meeting

Propose an new model of an atom that will 
account for the discovery of an the electron.
- 5 minutes
- Draw a picture as a Lab Table 
- Label
- Be prepared to share 

ideas with class



The Electron (cont.)

• Matter is neutral.

• Key Event 5: 1902- William 
Thomson proposed that the 
atom had the newly 
discovered electrons 
embedded somehow in a 
sphere of uniform positive 
charge, this sphere being 
the full size of the atom.



The Electron (cont.)

• This picture was taken up by J. J. Thomson too, and was 
dubbed the plum pudding model, after traditional English 
Christmas fare, a large round pudding with raisins 
embedded in it.

•Key Concept 2: 
J.J. Thomson's plum 
pudding model of the 
atom states that the atom 
is a uniform, positively 
charged sphere containing 
electrons.



Model So Far

• Our Model
– Unit 1-5

• Historical Model 
-400 BC until 1897



Model So Far

• Our Model
– Unit 6

• Historical Model 
-1897 (Discovery of electron)



Plum Pudding Model

• J.J. Thomson's plum pudding model of the atom states 
that the atom is a uniform, positively charged sphere 
containing electrons.

How could you 
test this model?

How was this model test historically?



Plum Pudding Model

How could you test this model?



Rutherford Scattering Experiment

• The purpose of this activity is to discover by indirect 
means the size and shape of an unknown object, which 
is hidden underneath the middle of a large piece of 
cardboard. 

• The board is raised about 2 cm, leaving just enough 
space to roll or shoot a marble at the object. 

• By observing and tracing the paths the marble takes 
when entering the box and after striking the unknown 
target from a variety of angles, it should be possible to 
estimate the general size and shape of the unknown 
target.



Rutherford Scattering Experiment

1. Glue Pre-Lab questions into notebook.
2. Answer Pre-Lab Questions.
3. Pick up 2 sheets of paper and tape them 

together.
4. Read through the ENTIRE procedure 

then come get your marble from me.
5. Complete the procedure. 



Before You Go…

What do you think was discovered next?



Good Morning
Please pick up your 

returned work AND have 
your notebook out on your 

desk

Reminder:
Mole Day TOMORROW!



Rutherford Scattering Experiment

• Key Event 6: 1911- Ernest Rutherford studied 
how positively charged alpha particles 
interacted with solid matter in his Gold Foil 
Experiment. 
• By aiming the particles at 

a thin sheet of gold foil, 
Rutherford expected the 
paths of the alpha 
particles to be only 
slightly altered by a 
collision with an electron. 



Rutherford Scattering Experiment



Rutherford Scattering Experiment

• Although most of the alpha particles went 
through the gold foil, a few of them 
bounced back, some at large angles.



The Atom

• Gold Foil Experiment 1
• Gold Foil Experiment 2

Rutherford

https://www.youtube.com/watch?v=5pZj0u_XMbc
https://www.youtube.com/watch?v=XBqHkraf8iE&feature=related


The Nucleus (cont.)

• Key Concept 3: Rutherford concluded that 
atoms are mostly empty space.

• Key Concept 4: All of the atom's positive 
charge and almost all of its mass is contained 
in a dense region in the center of the atom 
called the nucleus.

• Electrons are held within the atom by their attraction 
to the positively charged nucleus.



• Rutherford’s Gold Foil experiment is one of the most 
famous experiments of all time. 

• More than 25 years after conducting the experiment, 
Ernest Rutherford described the results this way:

“It was about as credible as if you had fired a 15-inch shell 
at a piece of tissue paper and it came back and hit you.”

• The experiment itself was actually the culmination of a 
series of experiments, carried out over a five-year 
period, dealing with the scattering of high-energy alpha 
particles by various substances. 

Rutherford Scattering Experiment



• What role is played by each component?
Marbles-
Board-
Unseen Object-
Traced Path of the Marbles-

Rutherford Scattering Experiment



The Nucleus (cont.)

• Key Concept 5: Rutherford refined the 
model to include positively charged 
particles in the nucleus called protons.

• Key Event 7: 1920- Rutherford coined the 
term proton and it first appears in print.



Model So Far

• Our Model
– Unit 6

• Historical Model 
-1911 (Discovery of positive nucleus)



Nature of Science

• Science ideas change overtime in the light of 
new evidence.

• Science never stops, discoveries lead to 
questions which lead to discoveries which 
leads to more questions…

• Scientific ideas are always based on evidence 
(in chemistry indirect evidence is important)



Episode 3



End of Lesson 1



Please set up your projects by your number 
AND

Sit where you would like J



Bell Work
Draw the progression of 
the model of atom from 
the particle model, to JJ 

Thomson, and to 
Rutherford’s nucleated 

atom.

Reminder:
Quiz 2 due  Wed 2/12



Mystery of Matter Summary

• Key Event 8- 1913: Harry 
Moseley discovered the atomic 
number of each element using 
x-rays, which led to more 
accurate organization of the 
periodic table.



James Chadwick 
Key Event 9: 1932- James 
Chadwick discovers the existence 
of neutrons. 

Neutral particles in the nucleus 
which accounts for the remainder 
of an atom’s mass.

Mystery of Matter Summary



Subatomic Particles

• All atoms are made of three 
fundamental subatomic 
particles: the electron, the 
proton, and the neutron.

• Key Concept 6: Atoms are 
mostly empty space, and 
electrons travel around the 
nucleus held by an attraction 
to the positively charged 
nucleus (where protons and 
neutrons are found).



Subatomic Particles

• Key Concept 7:



•The Atom

Niels Bohr



Bohr's Model of the Atom

• Bohr was a student of 
Rutherford, and came 
up with a new atomic 
model in 1913. 

• Key Event 10: 1913-
Niels Bohr proposed 
that electrons are 
arranged in circular 
patterns around the 
nucleus.  





• When energy is transferred into an atom it 
can cause the electrons to jump to other 
levels.

• “ Energy is the stuff that make particles do 
stuff”.

Bohr's Model of the Atom (cont.)



Bohr's Model of the Atom (cont.)

• The excited state occurs when an atom 
has a higher potential energy than it has at 
its ground state.

• When an excited atom falls back to its 
ground state the substance will give off a 
unique color of light (energy).



Bohr's Model of the Atom



Bohr's Model of the Atom

The following are his key contributions to our 
understanding of atomic structure:

• Electrons can occupy only certain regions of space, 
called orbits.

• Orbits closer to the nucleus are lower in energy.

• Electrons can move from one orbit to another by 
absorbing or emitting energy, giving rise to 
characteristic spectra.



Spectroscopy

• A spectroscope is a device that measures the spectrum of 
light. Early versions had a slit, a prism, and a screen with 
markings to indicate various wavelengths or frequencies; later 
versions were calibrated to electronic detectors.







Demo



How do we know what stars are made 
of?





Key Concept 8: Steps to draw a Bohr model of an atom

1) Find your element on the periodic table.

2) Determine the number of electrons – it is the same as the 

atomic number.

3) Determine the number of energy levels or circular orbits the 

atom has– it is the same as the period number.

4) Add electron = atomic number

- 1st shell can hold two

- 2nd and 3rd can hold eight

Bohr's Model of the Atom (cont.)



• Elements in the 1st

period have one 
energy level.

• Elements in the 2nd

period have two 
energy levels, and so 
on.

Bohr's Model of the Atom (cont.)



C

• Draw a nucleus with 
the element symbol 
inside.

• Carbon is in the 2nd

period, so it has two 
energy levels, or shells.

• Draw the shells around 
the nucleus.

Bohr's Model of the Atom (cont.)



• Add the electrons.
• Carbon has 6 

electrons.
• The first shell can only 

hold 2 electrons.
C

Bohr's Model of the Atom (cont.)



• Since you have 2 
electrons already 
drawn, you need to 
add 4 more.

• These go in the 2nd

shell.
• Add one at a time -

starting on the right 
side and going counter 
clock-wise.

C

Bohr's Model of the Atom (cont.)



• Check your work.
• You should have 6 total 

electrons for Carbon.
• Only two electrons can 

fit in the 1st shell.
• The 2nd and 3rd shells 

can hold up to 8 
electrons.

• After the 3rd shell, things 
get complicated………..

• 4th /5th can hold 18 e
• 6th/7th can hold 32 e 

C

Bohr's Model of the Atom (cont.)



Why Use Models?

• The Bohr model for larger atoms are not 
usefully and are scientifically inaccurate.  

• What do scientist do if a model does not 
correctly predict what will happen…



Move into shoulder partners

• Following the steps in Key Concept 8 and draw 
the Bohr Model:
–Helium
–Fluorine
–Sodium
–Pick up Practice Problems 7A



Model So Far…



Exit

Summarize what we learned in class today AND 
draw the Bohr model for chlorine. 



End of Day



Bell Work
1. What are the steps

for drawing a Bohr 
model?

2. Draw a Bohr model
for argon

Reminder:
Quiz 2 due  Wed 2/12



Bell Work
Write the following 
compounds formulas: 
• Carbon dioxide
• Iron (II) Chloride
• Iron (III) Chloride
• Calcium Chloride

Reminder:
Quiz 2 due  Wed 2/12



Model So Far…



Bohr's Model of the Atom (cont.)

• Unfortunately, Bohr could not explain why the 
electron should be restricted to particular orbits. 

• Also, despite a great deal of tinkering, his model 
could not quantitatively explain the emission 
spectra of any element other than hydrogen. 

• Scientists needed a fundamental change in their 
way of thinking about the electronic structure of 
atoms to advance beyond the Bohr model.



Argon
• Bohr Model

• Electron Configuration
(1s2 2s2 2p6 3s2 3p6)



2e-



4e-



8e-



10e-



18e-



Argon
• Bohr Model

• Electron Configuration
(1s2 2s2 2p6 3s2 3p6)



Model of the Atom

• NAU has recruited you to help assign  
students to one of the new dorm facilities that 
will open for the fall semester. 

• There are four types of dorm rooms in the 
building

• s-super rooms

• p-pretty good rooms

• d-dumpy rooms

• f-fantastically bad rooms





Rules for assigning students to dorm rooms

1. Maximum of two students in any one room

2. There are no elevators--- students must be as 
close to the 1st floor as possible

3. When filling a type of room, all rooms must be 
full before going onto a different type of room.

4. When filling a type of room on a floor, you must 
place one student in each type of room before 
pairing them.



Example: 14 students



Model of the Atom

• NAU now would like us to document the placement of 
student in a uniform easy to understand way 

Here is an example: 1s2 2s2 2px
2

y
2

z
2 3s2 3px

1
y

1

• Big Numbers for floors

• Letters for type of room

• Super script for number of students in the room

• Sub script to distinguish the different rooms of the same 
type/same floor



Model of the Atom

1. Semester 1: 9 students

Please complete number 1 on your  boards first and 
then your worksheet.  



Model of the Atom

1. 9 students

Answer: 1s2 2s2 2px
2

y
2

z
1



Model of the Atom

2. 15 students

Please complete number 2 on your boards, but 
NOT on your worksheet.  

Answer: 1s2 2s2 2px
2

y
2

z
2 3s2 3px

1
y
1

z
1

Short Hand Example: 



Model of the Atom

• The administration of the college has been 
approached by students complaining that 
they don’t like being put in poor quality rooms 
when there are much better rooms on the 
next floor or two higher.  

• In light of these complaints the school has 
instituted a new rule which may be followed 
when placing students into dorm rooms.

• Follow the given chart for room assignments.



Model of the Atom

• NEW RULE- “Student may be placed in a 
better room if there is a room avaible that is 
two grades higher”.

s-

p-

d-

f-



Model of the Atom

• Due to the complicatedness of this new rule 
NAU has provided you with the following 
chart to aid in student placement.





Model of the Atom

3. 50 students



Model of the Atom

4.  62 students





Okay Mrs. Young, this is Chemistry class right.

•Students = electrons

•Floors = energy levels

•Room types = shape of orbitals

•Rules for filling rooms are actually a 
hierarchy of energy requirements

1. Maximum of two students in any one room

2. There are no elevators--- students must be 
as close to the 1st floor as possible

3. When filling a type of room, all rooms must 
be full before going onto a different type of 
room.

4. When filling a type of room on a floor, you 
must place one student in each type of room 
before pairing them.

•Aufbau Principle

•Paul’s Exclusion Principle

•Hund’s Rule



Show 3D Models







Let’s do a little review



The Quantum Mechanical Model of the Atom

• Key Event 11: 1924- Louis de Broglie 
hypothesized that particles, including electrons, 
could also have wavelike behaviors. 

• The de Broglie equation predicts that all moving 
particles have wave characteristics.

l represents wavelengths
h is Planck's constant.
m represents mass of the particle.
n represents frequency.



The Quantum Mechanical Model of the Atom (cont.)

• Key Event 12: 1925- Schrödinger 
treated electrons as waves in a 
model called the quantum 
mechanical model of the atom. 

• This model was a mathematical 
equation describing the location 
and energy of electron. 



The Quantum Mechanical Model of the Atom (cont.)

• Schrödinger’s equation is too complex to be allowed 
in my classroom.  

• However, each solution of the equation in known as a 
wave function, which is the related to the probability 
of finding the electron within a particular volume of 
space around the nucleus. 





The Quantum Mechanical Model of the Atom (cont.)

Key Concept 9: The wave function predicts a 
three-dimensional region around the nucleus 
called the atomic orbital (or electron cloud).



The Quantum Mechanical Model of the Atom

• Step by step, scientists such as Rutherford, 
Bohr, and de Broglie had been unraveling the 
mysterious of the atom.

• However, a conclusion reached by a German 
theoretical physicists proved to have a profound 
implication for the atomic model.

• Werner Heisenberg



The Quantum Mechanical Model of the Atom (cont.)

• Heisenberg showed it is impossible to take 
any measurement of an object without 
disturbing it.

• Key Event 13: 1927- The Heisenberg 
uncertainty principle states that it is 
fundamentally impossible to know precisely 
both the velocity and position of a particle at 
the same time.

• The only quantity that can be known is the 
probability for an electron to occupy a certain 
region around the nucleus.



The Quantum Mechanical Model of the Atom (cont.)



Bell Work
Determine the 
following compounds 
names:

1)BBr3

2) CaSO4
3) C2Br6

4) Ni2 (CO3)3

Reminder:
Quiz 2 due  Wed 2/12



History of Atomic Theory

https://www.youtube.com/watch?v=thnDxFdkz
Zs&t=419s

https://www.youtube.com/watch?v=thnDxFdkzZs&t=419s


Okay Mrs. Young, this is Chemistry class right.

•Students = electrons

•Floors = energy levels

•Room types = shape of orbitals

•Rules for filling rooms are actually a 
hierarchy of energy requirements

1. Maximum of two students in any one room

2. There are no elevators--- students must be 
as close to the 1st floor as possible

3. When filling a type of room, all rooms must 
be full before going onto a different type of 
room.

4. When filling a type of room on a floor, you 
must place one student in each type of room 
before pairing them.

•Aufbau Principle

•Paul’s Exclusion Principle

•Hund’s Rule



Key Concept 10: A set of 3 
rules determines the 

arrangement of electrons in an 
atom (Electron Configuration).



Ground-State Electron Configuration

• Key Concept 11: The arrangement of 
electrons in the atom is called the electron 
configuration.

“Electron Address”

• Key Concept 12: The aufbau principle states 
that each electron occupies the lowest energy 
orbital available.





Ground-State Electron Configuration (cont.)

• Key Concept 13: The Pauli exclusion 
principle states that a maximum of two 
electrons can occupy a single orbital, but 
only if the electrons have opposite spins.



Ground-State Electron Configuration (cont.)

• Key Concept 14: Hund’s rule states that single 
electrons with the same spin must occupy each 
equal-energy orbital before additional electrons 
with opposite spins can occupy the same 
energy level orbitals.





Pass Out Periodic Table and Glue





Key Concept 15: Write the full electron 
configuration 

• O

• Fe

• Au



Ground-State Electron Configuration (cont.)

• Key Concept 16: Noble gas notation uses 
noble gas symbols in brackets to shorten 
inner electron configurations of other 
elements.



Key Concept 17: Write the abbreviated 
electron configuration 

• O

• Fe

• Au



Electron Configuration Practice



Exit Pass
• Remember how on Bohr models 

the electrons were paired.

• Based on what you have 
learned today, why do electrons 
have to be “paired”?

• Things to keep in mind

• How many students to a 
room?

• How many electrons to an 
orbital?



End of Lesson 3



Bell Work
Please have the following 
at your desk:
• Electron Configuration

Practice WS
• Practice Problems 7A
• Registration Paperwork



Science Class Options for Next Year
Class Prerequisites 
Physics Algebra I and II
Astronomy (DE optional) Algebra I and 1 lab sci.
Oceanography none
Anatomy & Physiology Bio and 3 lab sci.
AP Physics II (alt years) Algebra I and II
AP Chem (alt years) Algebra II & Chem
AP Environmental Algebra II, Bio, Chem
AP Bio Algebra II, Chem, Bio



Bell work
1. Please pick up your 

returned work 
2. Turn in the electron 

config worksheet 
from yesterday

3. write the long-hand 
electron 

configuration of 
Uranium 

(92 electrons)





RECALL:
Most likely charge that an atom will form is 

called oxidation number.
The oxidation number describes the degree of 
oxidation (loss of electrons) of an atom when 
neutral compound is formed. (UNIT 7 & 8)



Understanding Oxidation Numbers

• Key Concept 18: Valence electrons are the 
electrons in an atom that participate in 
bonding. 

• These are the electrons that can be transferred (ionic) or 
shared (covalent).



Valence Electrons

• Key Concept 19: Valence electrons are 
defined as electrons in the atom’s 
outermost orbitals (S and P orbitals).



• Key Concept 20: Lewis Dot Structures consist 
of the element’s symbol representing the 
nucleus, surrounded by dots representing the 
element’s valence electrons.

Understanding Oxidation Numbers





You try it

• Draw the Lewis Dot Model structure for: 
–Boron (B)
– Sulfur (S)
–Argon (Ar)



• Key Concept 21 : Octet Rule – atoms can only 
hold a maximum of 8 electrons in their 
valence shell (a total of 8 in the s and p 
orbitals).

• 8 is the magic number!

Understanding Oxidation Numbers



Time to make some connections

• Why does fluorine have an oxidation number 
of -1?



Time to make some connections

• Why do we use oxidation number to form 
ionic compounds? 



Time to make some connections

• Transition metals can form ions with different 
charges. Why can copper form a +1 and +2?

• Why can iron forming +2 and +3?



Recall: Ionic Compounds Transfer 
Electrons



Recall: Molecular Compounds Share 
Electrons



Sharing = Interesting Molecule Shapes



Lewis Dot Structures for Molecular 
Compounds



Key Concept 22: How to Draw Lewis Structures 
for Molecular Compounds

1. Add up the valence electrons for each atom in 
the molecule

2. Choose the central atom (never hydrogen) and 
arrange the molecule (place the outer atoms 
around the central atom)

3. Place two electrons (dash) between the atoms; 
add the rest of the electrons so that each atom 
has an octet

4. If one or more of the atoms cannot get an octet 
with the available electrons, then rearrange the 
electrons into double or triple bonds as needed.

5. Make the structure symmetrical   



Let’s Try It

PH3 H2O2



Let’s Try It

PH3 H2O2



Let’s Try It

O2 C2H2



Let’s Try It

O2 C2H2



Pass out practice problems 7B?



Exit

1. How confident do you feel about drawing 
Lewis structures for compounds?

2. Draw the Lewis structure for dihydrogen 
monoxide



Molecular Shapes Simulation

Get out your ipad



The Nucleus (cont.)

• Key Event 13: 1968- The existence of 
quarks is discovered which are subatomic 
particles that compose protons and 
neutrons.

• https://www.youtube.com/watch?v=nlv06lS
AC7c

• Get Out You Nature
of Science Handout

https://www.youtube.com/watch?v=nlv06lSAC7c


What does an Atom Actually look like?
• Closure:  watch video “Have you ever seen an atom”

https://www.youtube.com/watch?v=yqLlgIaz1L0


What model is the most useful in 
predicting an atoms chemical behavior?
• Lewis Dot Structure

• Bohr Model

• Electron Configuration
(1s2 2s2 2p6 3s2 3p6)





Move into shoulder partners

• Complete the Lewis Dot Structure, Bohr 
Model, and Electron Configuration for the 
following elements:
–Helium
–Fluorine
–Calcium
–Aluminum
–Work on Practice Problems 6A



EXIT PASS: Compare and Contrast these 
three Models.

• Draw a modified Ven-Diagram IN NOTES 
(STAMP ON CLOUSURE SHEET WHEN DONE)

Lewis Dot Bohr Electron 
Configuration



Other videos if time allows

• https://www.youtube.com/watch?v=thnDxFdk
zZs&t=419s

• https://www.youtube.com/watch?v=accyCUza
sa0

https://www.youtube.com/watch?v=thnDxFdkzZs&t=419s
https://www.youtube.com/watch?v=accyCUzasa0

