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The Evolution of the Atomic Model 
Since atoms are too small to see even with a very powerful microscope, scientists rely upon indirect evidence 
and models to help them understand and predict the structure of an atom.  

 
Democritus & Leucippus (~400 BC) 
 Greek philosophers: first to propose that matter is made up of ________________________ 

_________________________________ particles called atomos, the Greek word for atoms 

 
John Dalton (1803) 

 Dalton theorized that the basic unit of matter is a tiny particle called an atom 

 Dalton’s theory of the atom can be summarized by the following postulates:  

1. All ____________________ are composed of _____________________________________ 

2. All atoms of a given __________________________________________________________ 

3. Atoms of different elements are ________________________________________________ 

4. _____________ are formed by the combination of _________________________________ 

 Billiard Ball Model: An atom is represented by a __________________________ 

 
 
J.J. Thomson (1897) 
 Used a _____________________________ to show one of the smaller units that make up an atom 

 Because the cathode ray deflected towards the positively charged plate when an electric or 

magnetic field was applied, Thomson concluded _________________________________________ 

and the particles were ___________________________________________________________ 

 

 

 

 

 Thomson discovered that the atom is made up of small, __________________________________ 

which he called __________________________ 

 Developed the ______________________________________________ 

  

 



Robert Millikan (1909) 

 Millikan’s ___________________________ 
allowed him to determine the ___________ 
____________________________________ 

Experiment:  

 Determining the mass: Using a microscope, 
allowed drops to fall and measured their 
terminal velocity to calculate the mass of each 
oil drop. 

 Determining the charge: Millikan applied a 
charge to the falling drops of oil and applied an electric voltage in the chamber. If the voltage 
applied was just right, the drop would hang suspended in mid-air.  
o When a drop is suspended, the force of gravity acting on the drop is exactly equal to the 

electric force applied and Millikan was able to solve for the charge on the oil drop. 
o Repeated experiments showed that the charge on a drop was always a multiple of 

 -1.6 x 10-19 C, the charge on a single electron. 
o This number was the one Millikan was looking for, and it also showed that the value was 

quantized; the smallest unit of charge was this amount, and it was the charge on a single 
electron. 

 
Ernest Rutherford (1911) 
 Conducted the _______________________________________________________________ 

o Directed _______________________________, which are positively charged particles much 

smaller than an atom, at a _______________________________________________________ 

o Results: Most of the alpha particles ___________________________________ and a few 

were slightly deflected 

o Some of the alpha particles were _______________________and _______________________ 

 

 

 

 

 

 

 

 

 

 Rutherford concluded atoms have a ________________________ called the _________________,  

while the remainder of the atom is essentially _______________________________ 

 Positively charged particles known as the __________________________ are found in the nucleus 

***provided no information about electrons other than the fact that they were located outside 
the nucleus 

 



James Chadwick  
 First to prove the existence of the ________________________ 

 Provided explanation as to why the positively charged protons in the nucleus stayed intact and did 
not repel each other.  

 
Neils Bohr (1913) 
 Bohr Model of the Atom 

o The nucleus contained the ______________________________________________________ 

o The ___________________________orbited around the nucleus (like planets orbiting the sun) 
 

 
 
 
 
 
 

 

 

Wave or Quantum-Mechanical Model a.k.a. Electron-Cloud Model (modern, present-day model) 

 Developed after the famous discovery that energy can be viewed as both ____________________ 

 Like planetary model, atom is pictured as having _______________________________________ 

The difference in this model is how the electrons are pictured.  

Electrons have distinct __________________ and move in areas called ______________________ 

 An orbital is a region _______________________________________________________________ 

 

 

 

 

 

 

Summary:  
 

 

        

 Electrons are shown in concentric circles or shells around 
the nucleus 
o The first shell can hold ____________________ 

o The second shell can hold __________________ 

o The third shell can hold ____________________ 

o Electrons in the outermost shell are called the 

__________________________ 

 

 



Atomic Structure: 
1. What is important about the atomic number?  

 
 

2. How do you figure out the number of… 
a. Protons in an atom?  

 
b. Electrons in an atom?  

 
c. Neutrons in an atom? 

 
3. What are isotopes? 

 
Isotopes are different forms of the ___________________ that have a _________________  
 
Isotopes of the same element have the ____________________ but __________________ 
 

4. What are ions?  
 
Ions are atoms that have a ____________________________________________________ 
 
In an ion, the ______________________________________________________________ 
 

5. What is standard nuclear notation?  

 
6. What is the one thing that determines the identity of an atom? 
 
 
7. If the number of protons remains the same, but the number of neutrons change, what 

property of the element changes?  Is this an ion or an isotope? 
 
 
8. If the number of protons remain the same, but the number of electrons change, what 

property of the element changes?  Is this an ion or an isotope? 
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Atomic Structure Practice 

 

9. Complete the following table: assume these are all neutral atoms 

Element 
Nuclear 

Notation 

Mass 

Number 

Atomic 

Number 
# Protons # Neutrons # Electrons 

Sodium – 23 ��11
��

 

  
   

Aluminum - 27  
  

 
   

  
  

 
28 30  

 ���
���  

  
   

  
  

 
 51 40 

 

 

 

10. Indicate the number of protons, neutrons and electrons for the following ions: 

Element 
Nuclear 

Notation 

Mass 

Number 

Atomic 

Number 
# Protons # Neutrons # Electrons 

Sodium (+1) ���
��
��

      

Sulfur (-2)  32     

 ���
��
��       

  25 12   10 

 
  



Average Atomic Mass: the average atomic mass listed on the periodic table is a weighted 
average of the masses of all naturally occurring isotopes for a particular element.  

Calculating Average Atomic Mass 
Ex: The element carbon occurs in 
nature as two isotopes. Calculate 
the average atomic mass for 
Carbon.  

Isotope Mass 
(amu) 

% 
abundance 

C-12 12 98.89% 

C-13 13 1.11% 
 

Step 1: Multiply the mass of each separate 
isotope by its percent abundance in 
DECIMAL FORM (move the decimal place of 
the percent abundance 2 places to the left) 
 

Carbon − 12:    12 ×
��.��

���
= ��. ����  

 

Carbon − 13:    13 ×
�.��

���
= �. ����  

 

**these are weighted masses** 

Step 2: Add up the 
weighted masses from 
step 1.  

  11.8668 
+ 0.1443 

     ��. ���     ����������������� 
**this is your average 

atomic mass** 
 

 

Practice:  
1. An unknown element has the following atomic masses for three isotopes.  Determine the 

average atomic mass and identify the element (write in standard nuclear notation). 

Isotope Atomic 
Mass 
(amu) 

Natural 
Abundance 

(%) 
1 27.9769271 92.2297 

2 28.9764949 4.6832 

3 29.9737707 3.0872 

 
2. An unknown element exists in nature as two isotopes: Isotope 1 has a mass of 150.9196 

amu in a 47.81% abundance and Isotope 2 has a mass of 152.9209 amu in 52.19%.  What is 
the identity and average atomic mass of the unknown element?   

 
 
 
 
3. The following is the mass spectrum for the stable 

isotopes of Boron.  Determine the average atomic mass 
of Boron from the information provided. (note: you need 
to calculate the percent abundance first) 

 
 
 
 

4. Chlorine has two naturally occurring isotopes, Cl-35 (mass 34.9689 amu) and Cl-37 (mass 36.9659 amu). If 

chlorine has an average atomic mass of 35.4527, what is the percent abundance of each isotope? 

  



Bohr Diagram, Lewis Structures, Valence Electrons Review 

1. What is the maximum number of electrons you can fit in each energy level or shell?  
 
1st shell _________ 2nd shell ________ 3rd shell __________ 4th shell _________ 
 

2. What is the main difference between a Bohr diagram and a Lewis structure?  
 
 

3. What is the maximum number of valence electrons an atom can have?  
 

Complete the Table Below:  

Element Subatomic 

Particles 

Bohr  

Diagram 

# Valence 

Electrons 

Lewis 

Structure 

 

Phosphorus-31 

 

#  protons= 

# neutrons= 

# electrons= 
 

  

 

Electromagnetic Radiation 
 a form of   ______ that has wavelike properties 

 all forms found in the    _____________________________ spectrum 

 The different forms of EMR arranged in order from lowest energy to highest energy 

 

 

 



Properties of Waves 
i. Wavelength and frequency are two important properties of waves. 

 

ii.        - The shortest distance between two equivalent points (meters) 

iii.       - How many waves pass a certain point per second (1/s or s- or Hz). 

iv.       - The height of a wave from crest to origin. 

v. What kind of relationship do frequency and wavelength have? 

vi. What kind of relationship do frequency and Energy have? 

vii. What kind of relationship do energy and wavelength have? 

Energy, Wavelength, and Frequency: Qualitative Comparisons:  
1.  

 

 Wave B has a      frequency than wave A. 

 Wave B has a      wavelength than wave A. 

 Wave B has a      energy than wave A. 

2. When comparing the radio stations 96.7 MHz and 92.3 MHz 
a. Which one has a higher energy?  

 
b. Which one has a longer wavelength?  

 
3. Red light has a longer wavelength than blue light 

a. Which color light has a higher energy associated with it?  

 

b. Which color light is emitted at a higher frequency?  

   

WAVE A WAVE B 



Photons 

 Released during       . 

 Tiny particles that have no     which carry a quantum of     

 All photons travel at the       in a vacuum (c = 3.00 x 108 m/s) 

 Can calculate wavelength if we know frequency and vice versa. 

 Photons behave as particles 

o Quantum – the     amount of energy that can be absorbed or released 

from an atom. Cannot be any value but are in discrete energy levels 

ENERGY EQUATIONS 

 

� =  ��            � =  �� 

 

 

EXAMPLES: 
1. What is the frequency of green light, which has a wavelength of 4.9 x 10-7 m? 
 

 

2. A popular radio station broadcasts with a frequency of 94.6 MHz.  What is the wavelength 
of the broadcast? 
 
 
 
 

3. What is the energy of an infrared wave with the frequency of 2.56 x 1011 Hz? 
 

 

4. What is the energy of an x-ray which has a wavelength of 0.24 nm? 
 

 

5. The energy of a wave is 1.98 x 10-20 J.  What is the wavelength in nanometers? 
  

E= energy 

h= Planck’s Constant = 6.626 x 10-34 J*s 

c= speed of light = 3.00 x 108 m/s 

v= frequency (in Hz or 1/sec) 

λ=wavelength in meters 



Electrons and Energy Levels 

 Each electron has a distinct amount of _____________ related to the energy level it is in 

 Electrons with the lowest energy are found  ____________________________ 

 Electrons with the highest energy are found _____________________________ 

 The ___________________ from the nucleus, the _____________________ of the electron 

Ground State vs. Excited State 

 Ground state=when the electrons occupy the ____________________________________ 

 Excited state=one or more electrons ____________________________________________ 

(leaving the lower energy levels to be not completely full) 

 When an electron ___________________, it jumps to a ____________ energy level or shell 

o This is a very ________________ condition 

o We call this condition the ________________________ 

 Very rapidly, an electron in the excited state will ______________________ and move back 

to a ______________ energy level or shell 

o When excited electrons fall from an excited state to a lower energy level, they release 

energy in the form of ________________ (which can be infrared, ultraviolet, or visible) 

 
 
 
 
 
 
 
 
 
Bright Line Emission Spectrum (Visible Light Spectrum) 

 Electrons falling from an ____________________ down to the _______________________ 

give off _____________________ light  

 Different elements produce different colors of light or ________________________ 

 The atomic emission spectrum is ________________________ for ____________________ 

(just like a human fingerprint is unique to each person). Spectral lines can be used to identify 

different elements.  

  

Photon (Energy: light) 
(Energy: heat, light, electricity) 



Atomic Structure Review HW 
1. The gold foil experiment led to the 
conclusion that each atom in the foil was 
composed mostly of empty space because 
most alpha particles directed at the foil 
a. Remained trapped in the foil 
b. Were deflected by the nuclei in the gold 
atoms 
c. Were deflected by the electrons in the 
gold atoms 
d. Passed through the foil 

 
2. J.J. Thomson’s cathode ray tube 
experiment led to the discovery of 
a. The positively charged subatomic particle 
called the electron 
b. The positively charged subatomic particle 
called the proton 
c. The positively charged subatomic particle 
called the electron 
d. The negatively charged subatomic 
particle called the electron 

 
3. The modern model of the atom states 
a. Electrons are found in areas of high 
probability called orbitals 
b. Electrons travel around the nucleus in 
circular paths called orbits 
c. Electrons are found in areas of high 
probability called orbits 
d. Electrons travel around the nucleus in 
random paths called orbitals 
 
4. Every chlorine atom has 
a. 7 electrons 
b. 17 neutrons 
c. A mass number of 35 
d. An atomic number of 17 

 
 
 

5. A particle of matter contains 6 protons, 7 
neutrons, and 6 electrons. This must be a 
a. Neutral carbon atom 
b. Neutral nitrogen atom 
c. Positively charged carbon ion 
d. Positively charged nitrogen ion 

 
6. What is the total number of neutrons in 
an atom of O-18? 
a. 18                b. 16                c. 10              d. 8 
 
7. Which ion contains the same total 
number of electrons as Cl1-? 
a. S2-            b. Br1-           c. Mg2+          d. Na1+ 
 
8. A Ca2+ ion differs from a Ca atom in that 
the Ca2+ ion has 
a. More protons 
b. Fewer protons 
c. More electrons 
d. Fewer electrons 

 
9. Compared to an atom of phosphorus-31, 
an atom of sulfur-32 contains 
a. One less neutron 
b. One less proton 
c. One more neutron 
d. One more proton 

 
10. Which pair of atoms are isotopes of  
element X?  

 
 
11. A sample of element X contains 90 
percent 25X atoms, 5 percent 27X atoms, and 
5 percent 28X atoms. The average isotopic 
mass is closest to 
a. 22            b. 25               c. 27                d. 28 



12. Each diagram below represents the 
nucleus of a different atom.  

 
Circle the diagrams which represent nuclei 
of the same element. 
 
13. Element X has two isotopes. If 72.0% of 
the has an isotopic mass of 84.9 atomic 
mass units, and 28.0% of the element has 
an isotopic mass of 87.0 atomic mass units, 
the average atomic mass of element X is 
 
 
 
 
14. In the diagrams below, which wave has 
the higher frequency? Higher wavelength? 
Higher energy?   
 
 
 
 
 
15. One of the lines in the emission 
spectrum of sodium has a wavelength of 5.9 
x 10-7m.  What is the frequency of this line? 
 
 
 
 
  
16. A radio station broadcasts at a 

frequency of 9.13  107 Hz.  What is the 
wavelength of this EM wave? 
 
 
 

17. Calculate the energy of a gamma ray 

photon with a frequency of 6.0  1022 Hz. 
 
 
 
18. When an electron in a hydrogen atom 
drops from the fifth to the second energy 

level, 4.58  10-19 J of energy is released.  
Find the frequency of the photon that is 
produced. 

 
 
 

19. Which statement describes how an 
atom in the ground state becomes excited? 
a. The atom absorbs energy, and one or 
more electrons move to a higher electron 
shell 
b. The atom absorbs energy, and one or 
more electrons move to a lower electron 
shell 
c. The atom releases energy, and one or 
more electrons move to a higher electron 
shell 
d. The atom releases energy, and one or 
more electrons move to a lower electron 
shell 

 
20. The light emitted from a flame is 
produced when electrons in an excited 
state 
a. Absorb energy as they move to lower 
energy states 
b. Absorb energy as they move to higher 
energy states 
c. Release energy as they move to lower 
energy states 
d. Release energy as they move to higher 
energy states 

 

Wave A               Wave B 


