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Atomic Models

Topic 1

Orbitals are sometimes called electron clouds because they do not have 
sharp boundaries. Orbitals show where electrons are most likely to be.



When 

writing an excited 

state, keep it 

simple!

Ground vs. Excited State

Ground State: most probable electron location (lowest energy level possible).


Excited State:  place an electron goes after gaining a specific amount of energy.
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Ground State – most probable electron location (lowest energy level possible) 

 

Excited State – place an electron goes after gaining a specific amount of energy 

 

 

 
 

 

What happens to the electron configuration of Aluminum if an electron from the 

second energy level jumps to the 3
rd

 energy level? 

 

Ground State –  

 

Excited State –  

 

 

Which one of these electron configurations would you consider excited? 

 

2-8-1   2-8-1-1  2-7-6   2-5  2-7-9-1 

 

 

 

 

 

 

Is energy released when the electron jumps from ground to excited, OR falls 

back down from excited to ground? _________________________________ 

 

EXPLAIN 

Only 
ONE possible ground state, 

but MANY possible excited states!

Topic 2



Examples of Excited States!
What happens to the electron configuration of Aluminum if an electron 
from the second energy level jumps to the 3rd energy level?


Ground State:


Excited State:

2-8-3

2-7-4



Pick out the Excited State Configurations

2-8-1


2-8-1-1


2-7-6


2-5

Ground

Excited

Excited

Ground

FALLS BACK DOWN!

Is energy released when the electron jumps from the ground state to 
the excited state, OR when the electron falls back down from the 
excited state to the ground state?



Electromagnetic Spectrum

Figure 18
The electromagnetic 
spectrum is composed of
light that has a broad range
of wavelengths. Our eyes can
detect only the 
visible spectrum.

electromagnetic spectrum
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Electrons and Light
By 1900, scientists knew that light could be thought of as moving waves
that have given frequencies, speeds, and wavelengths.

In empty space, light waves travel at 2.998 × 108 m/s.At this speed, light
waves take only 500 s to travel the 150 million kilometers between the sun
and Earth. The wavelength is the distance between two consecutive peaks
or troughs of a wave. The distance of a wavelength is usually measured in
meters. The wavelength of light can vary from 105 m to less than 10−13 m.
This broad range of wavelengths makes up the 
which is shown in Figure 18. Notice in Figure 18 that our eyes are sensitive
to only a small portion of the electromagnetic spectrum. This sensitivity
ranges from 700 nm, which is about the value of wavelengths of red light, to
400 nm, which is about the value of wavelengths of violet light.

In 1905, Albert Einstein proposed that light also has some properties
of particles. His theory would explain a phenomenon known as the
photoelectric effect. This effect happens when light strikes a metal and
electrons are released. What confused scientists was the observation that
for a given metal, no electrons were emitted if the light’s frequency was
below a certain value, no matter how long the light was on. Yet if light
were just a wave, then any frequency eventually should supply enough
energy to remove an electron from the metal.

Einstein proposed that light has the properties of both waves and par-
ticles. According to Einstein, light can be described as a stream of particles,
the energy of which is determined by the light’s frequency. To remove an
electron, a particle of light has to have at least a minimum energy and there-
fore a minimum frequency.

electromagnetic spectrum,
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Light Provides Information about Electrons

Normally, if an electron is in a state of lowest possible energy, it 
is in a ground state. If an electron gains energy, it moves to an 
excited state. 


An electron in an excited state will release a specific quantity of 
energy as it quickly “falls” back to its ground state. 


This energy is emitted as certain wavelengths of light, which 
give each element a unique line-emission spectrum.



Bright-Line Spectra

The specific set of frequencies of energy emitted by atoms as they 
return to the ground state produces a unique light, which can be 
separated into a bright-line spectrum. This can be either an 
emission spectrum (pictured below) or an absorption spectrum, 
depending if the gas is hot or cold.



Bright-Line Spectra 

 

The specific set of frequencies of energy emitted by atoms as they return to the 

ground state produces a unique light, which can be separated into a bright-line 

spectrum. This can be either an emission spectrum or an absorption spectrum, 

depending if the gas is hot or cold.   

 

 

 

 
 

 

 

This is what a real emission spectrum looks like: 

 

 
 

 

 

 

 

 

 

Like a prism



Other Bright-Line Spectra
Every element has its own unique spectrum, and could be thought 
of as the “fingerprint” of that element. A spectrum of samples of 
unknown composition can be observed in order to identify the 
elements present.

Hydrogen

Helium

Neon

Mercury

Sodium



So what???

Much of what we know about the structure and history of the 
universe has been figured out by observing the spectra of 
stars. We know what gases are present in distant stars and 

galaxies by splitting the light they produce into spectra, and 
using the elements’ fingerprints to identify them.



Check for Understanding - How all this Works!!

As electrons go from ground state to excited state, they must ____________ 
(absorb or release) energy. 


This process is ____________________ (endo- or exothermic). The opposite is true 
as electrons “de-excite” or relax back to the ground state. They must give up or 
___________ (emit or absorb) energy. 


Since this results in the electron (atom) giving up energy, it is 
_______________________ (endo- or exothermic). The energy is observed as 
some color of ____________. 


If examined through a spectroscope, the element’s characteristic ___________-
line spectrum will be observed, and may serve to identify the element.

Absorb

Endothermic

Emit

Exothermic
Light

Bright



Regents Practice #1UNIT 7 TOPIC 2  – GROUND VS. EXCITED STATE 

REGENTS PRACTICE 

 

An electron in an atom moves from the ground state to an excited state 

when the energy of the electron 

(1) decreases 

(2) increases 

(3) remains the same 
 

Base your answers to these questions on the diagram below, which 

represents an atom of magnesium-26 in the ground state. 

 

  
 

What is the total number of valence electrons in an atom of Mg-26 in the 

ground state? 

 

On the diagram below, write an appropriate number of electrons in each 

shell to represent a Mg-26 atom in an excited state. Your answer may 

include additional shells. 

 

 

ELABORATE 



Regents Practice #2

Base your answers to these questions on the 
diagram to the right, which represents an 
atom of magnesium-26 in the ground state.


What is the total number of valence 
electrons in an atom of Mg-26 in the ground 
state?

UNIT 7 TOPIC 2  – GROUND VS. EXCITED STATE 

REGENTS PRACTICE 

 

An electron in an atom moves from the ground state to an excited state 

when the energy of the electron 

(1) decreases 

(2) increases 

(3) remains the same 
 

Base your answers to these questions on the diagram below, which 

represents an atom of magnesium-26 in the ground state. 

 

  
 

What is the total number of valence electrons in an atom of Mg-26 in the 

ground state? 

 

On the diagram below, write an appropriate number of electrons in each 

shell to represent a Mg-26 atom in an excited state. Your answer may 

include additional shells. 

 

 

ELABORATE 

2  

There are (2-8-2) = 12 TOTAL electrons



Regents Practice #3

On the diagram below, write an appropriate number of electrons 
in each shell to represent a Mg-26 atom in an excited state. Your 
answer may include additional shells. (Many possible answers.)

UNIT 7 TOPIC 2  – GROUND VS. EXCITED STATE 

REGENTS PRACTICE 

 

An electron in an atom moves from the ground state to an excited state 

when the energy of the electron 

(1) decreases 

(2) increases 

(3) remains the same 
 

Base your answers to these questions on the diagram below, which 

represents an atom of magnesium-26 in the ground state. 

 

  
 

What is the total number of valence electrons in an atom of Mg-26 in the 

ground state? 

 

On the diagram below, write an appropriate number of electrons in each 

shell to represent a Mg-26 atom in an excited state. Your answer may 

include additional shells. 

 

 

ELABORATE 



Weighted Atomic Mass & Allotropes

Topic 3



Weighted Atomic Mass

# Protons:  determine which element an atoms is = ATOMIC NUMBER


# electrons:  determine the charge on an atom


Protons = electrons:  atoms are neutral


Protons > electrons:  ION (cation), positively charged (lost electrons)


Protons < electrons:  ION (anion), negatively charged (gained 
electrons)


# neutrons:  determines the mass number of an atom (protons + 
neutrons).



Weighted Atomic Mass

Mass Number = protons + neutrons for an individual atom. It’s a 
WHOLE number.


Atomic mass = weighted average of mass of all naturally occurring 
isotopes of an element. This is the DECIMAL on the periodic table.


Isotopes =  2 atoms of the same element having the different number 
of neutrons.


NOTE:  All atoms of an element are isotopes of that element.



Weighted Atomic Mass

Look at your periodic tables ... carbon’s atomic mass is 12.011 u (mass 
units). SO, what is the mass of carbon’s most abundant isotope? (Yes, we 
did learn this earlier this year!)


Closest to 12, so C-12 is the most abundant


Abundant means LOTS


Most elements have 1, 2, or 3 naturally occurring isotopes. This means 
that in any sample of the element, these naturally occurring isotopes are 
all present typically always in the same % ratio.



Isotope Example

C-12:  6 protons, 6 neutrons  (90% abundance)


C-13:  6 protons, 7 neutrons (9% abundance)


C-14:  6 protons, 8 neutrons (1% abundance)


% abundance of naturally occurring isotopes means that in a sample of carbon (like 
a lump of coal or a diamond) 90% of the carbon atoms will be carbon-12, 9% will 
be carbon-13, and 1% will be carbon-14.


Since not all the atoms in a sample of an element have the same mass, we have to 
calculate an average atomic mass for the element. The average atomic mass is 
calculated taking into account the different percents of each isotope present.



Average Atomic Mass Example

Here’s the equation (it’s NOT in Table T!!)


Let’s calculate the atomic mass of carbon!

For example: 

The element carbon has three isotopes: 

 

C
12

6
 = 6 neutrons  and is called Carbon -12 isotope  90% abundance  

 

C
13

6
 = 7 neutrons and is called carbon-13 isotope   9% abundance 

 

C
14

6
 = 8 neutrons and is called carbon-14 isotope   1% abundance 

 

% abundance means that in a sample of carbon (like a lump of coal or a diamond) 

90% of the carbon atoms will be carbon-12, 9% will be carbon-13 and 1% will be 

carbon-14. 

 

Since not all the atoms in a sample of an element have the same mass, we have to 

calculate an average atomic mass for the element.  The average atomic mass is 

calculated taking into account the different percents of each isotope present. 

 

Here’s the equation (it’s NOT on Table T!) 
 

Atomic mass = (% isotope 1 x mass isotope 1) + (% isotope 2 x mass Isotope 2) + (% isotope 3 x mass Isotope 3)  

                                                                                     100        
 

 

So, let’s calculate the atomic mass of carbon: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Allotropes

What does this word sound like? Why do you think many people get this confused?


Allotropes:  When elements exist in 2 or more different forms. Same atoms, 
same element, different structure, different formula.


Only a few elements exist like this.

Carbon

Oxygen

Sulfur

Phosphorus



Allotrope Examples

Oxygen

Allotropes 

What does this word sound like? Why do you think many people get this confused?  

 

Allotropes = When elements exist in 2 or more different forms.  

  Same atoms, same element, different structure, different formula.  

 

Carbon:  

 
 

Oxygen:  

 
Sulfur & Phosphorus: 

 

Sulfur & Phosphorus



Regents Practice
UNIT 7 TOPIC 3 – WEIGHTED ATOMIC MASS & ALLOTROPES 

REGENTS PRACTICE 

 

 

The weighted atomic mass of a substance is 

 

1.  the most abundant isotope 

2. The average of all naturally occuring isotopes 

3. The atomic number of an element 

4. Always the same as the number of protons plus neutrons 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ELABORATE 



Trends of the Periodic Table

Topic 4

• Take out your Periodic Table ... What happens to:


• # of valence electrons as you go left to right across a period?


• # of valence electrons as you go down a group?


• # of energy levels as you go left to right across a period?


• # of energy levels as you go down a group?


• Atomic radius (size) as you go left to right across a period? (Table S)


• Atomic radius (size) as you down a group? (Table S)


• Metallic character as you go left to right across a period?


• Metallic character as you go down a group?

https://pubchem.ncbi.nlm.nih.gov/periodic-table/#property=None






Atomic Radius:  the “Falling Snowman”
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Atomic size decreases



ELECTRONEGATIVITY

• Force of attraction the atom has for an electron. “Desire” for 
electrons.


• Which do you think would have greater electronegativity; metals or 
nonmetals? _____________ Why??


• Look at Table S. Which element has the highest electronegativity? 


• Why?

Nonmetals

Fluorine only wants 1 e-, so strong desire, and small 
so valence shell close to pull of electrons



Ionization Energy
• the amount of energy needed to remove an electron from the atom. (The more energy, 

the harder to remove.)


• Which do you think would have higher ionization energy; metals or nonmetals? 
___________  Why??


• Which element has the highest ionization energy? _____


• Why??

Nonmetals

He

Full shell, small 
size, so e- close to 

nucleus & held 
tightly.


VERY STABLE



Metallic Character

• Describes how readily an atom will ________ electrons to become an 
ion.


• Let’s refresh our memory about the properties of metals vs. 
nonmetals...

lose

Metals Nonmetals

•conduct electricity


•shiny, reflective luster


•malleable


•want to lose electrons

•do not conduct


•dull or pearly / no luster


•brittle


•want to gain electrons



Metallic Character Trends
• Based on what you already know about the periodic table, identify the 

trend in metallic character as you go down a group and from left to 
right across a period.



Reactivity - Metals

•For METALS, they are more reactive if they ______ electrons 
easily.


•So, which element is the MOST reactive METAL?  _____  Why? 


•Group 1:  only wants to lose 1 e- to become stable. REALLY 
wants to lose it.


• Largest group 1, so e- to lose is farthest away from pull of the 
nucleus.

lose

Fr



Reactivity - Nonmetals

• For NONMETALS, they are more reactive if they ______ electrons 
easily.


• So, which element is the MOST reactive NONMETAL?  ___  Why?


• Halogen, only needs 1 e- to become stable so it REALLY wants 
one.


• Smallest halogen, so e- to gain is closest to the pull of the 
positively charged nucleus.

gain

F



Electronegativity

E
le
ct
ro
ne
ga
tiv
ity



Regents Practice

UNIT 7 TOPIC 4 – TRENDS OF THE PERIODIC TABLE 

REGENTS PRACTICE 

 

 

Atoms of which element have the greatest tendency to gain electrons?  

A)    Bromine 

B)    Fluorine 

C)    Chlorine 

D)    Iodine 

 

Which element in Group 15 has the strongest metallic character?  

A)    As 

 

B)    P 

 

C)    N 

 

D)    Bi 

 

 

Compared to atoms of metals, atoms of nonmetals generally  

A)    Have lower first ionization energies 

 

B)    Conduct electricity more readily 

 

C)    Have higher electronegativities 

 

D)    Lose electrons more readily 

 

ELABORATE 
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REGENTS PRACTICE 
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Atoms of which element have the greatest tendency to gain electrons?  

A)    Bromine 

B)    Fluorine 

C)    Chlorine 

D)    Iodine 

 

Which element in Group 15 has the strongest metallic character?  

A)    As 

 

B)    P 

 

C)    N 

 

D)    Bi 

 

 

Compared to atoms of metals, atoms of nonmetals generally  

A)    Have lower first ionization energies 

 

B)    Conduct electricity more readily 

 

C)    Have higher electronegativities 

 

D)    Lose electrons more readily 

 

ELABORATE 


