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Matter
Atoms are classified as the basic unit of matter. Atoms 
contain the following:

positively charged particles 

neutrally charged particles 

negatively charged particles  

+

-

What are these particles called?
What is the magnitude of the charges? 

How big are these particles?
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Matter
Atoms are classified as the basic unit of matter. Atoms 
contain the following:

positively charged particles 

neutrally charged particles 

negatively charged particles  

+

-

What are these particles called?
What is the magnitude of the charges? 

How big are these particles?

[This object is a pull 
tab]

A
ns

w
er protons, neutrons, electrons

+1.6x10-19 C, neutral, -1.6x10-19 C
1.67x10-27 kg, 1.67x10-27 kg, 9.1x10-31 kg
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Matter is composed of atoms, 
which are indivisible. Each 

compound consists of a set ratio 
of atoms.

Atoms of same element are 
identical

C C C C

Atoms of different elements are 
different C   Si

Atoms are not changed, created, 
or destroyed in a reaction, they 

are simply rearranged 

H
Cl

H

H

H

Cl

Cl

Cl

Dalton's Atomic Theory
English chemist John Dalton observed matter and drew some 
conclusions about atoms.  According to Dalton:
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1 The basic unit of matter is....

A an atom

B an electron

C a neutron

D a proton
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1 The basic unit of matter is....

A an atom

B an electron

C a neutron

D a proton

[This object is a pull tab]

A
ns

w
er

A
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2 The discovery of subatomic particles disproved which of 
Dalton's postulates?

A Matter is composed of atom which are indivisible

B Atoms of the same element are identical

C Atoms of different elements are different

D Atoms are not changed, created nor destroyed in a 
chemical reaction
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2 The discovery of subatomic particles disproved which of 
Dalton's postulates?

A Matter is composed of atom which are indivisible

B Atoms of the same element are identical

C Atoms of different elements are different

D Atoms are not changed, created nor destroyed in a 
chemical reaction

[This object is a pull tab]
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A
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3 Which of Dalton's postulates holds true today? 

 

A Atoms are neither created and 
destroyed in chemical reactions.

B All atoms of a given 
element are identical

C Atoms are indivisible.

D Atoms of different elements are different.
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3 Which of Dalton's postulates holds true today? 

 

A Atoms are neither created and 
destroyed in chemical reactions.

B All atoms of a given 
element are identical

C Atoms are indivisible.

D Atoms of different elements are different.

[This object is a pull tab]

A
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w
er

D
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Dalton’s Postulates

Dalton had the right idea with his postulates but he was not 
completely correct. He was limited by the equipment he had to 
observe reactions. 

Today we know that there are some forms of reactions in which mass 
does change, and atoms are changed from one type to another. 
They are called Nuclear Reactions.

Also remember that today we know atoms can be broken down into 
smaller bits. We also know all atoms of an element are not identical - 
elements found in nature can vary in number of neutrons. However, 
for the purposes of general Chemistry, Dalton's Postulates are still a 
pretty reasonable approximation of what is actually happening in 
chemical reactions.   
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+ -

POWER
ON

+

-

.

In the late 1800's scientists were passing electricity through glass 
tubes containing a very small amount of a particular gas noticed that a 
beam of light was created.

Scientists found that they could deflect this beam by subjecting it to 
an additional electrical field. 

Why would the beam deflect 
toward the positive plate?

Cathode Rays
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In the late 1800's scientists were passing electricity through glass 
tubes containing a very small amount of a particular gas noticed that a 
beam of light was created.

Scientists found that they could deflect this beam by subjecting it to 
an additional electrical field. 

Why would the beam deflect 
toward the positive plate?

Cathode Rays

[This object is a pull tab]

A
ns

w
er

Because the beam carried a 
negative charge! It is now known 

that these cathode rays are 
electrons
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+ -

POWER
ON

+

-

deflection

.

Once these rays were understood to be particles, they were in search 
of their properties - like their mass and the size of their charge. 

A very weak electrical field could deflect the beam a great deal. The 
mass/charge ratio was determined to be 1.76 x1011 C/kg.

Charge to Mass Ratio 

What does this tell us about the particle?
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deflection

.

Once these rays were understood to be particles, they were in search 
of their properties - like their mass and the size of their charge. 

A very weak electrical field could deflect the beam a great deal. The 
mass/charge ratio was determined to be 1.76 x1011 C/kg.

Charge to Mass Ratio 

What does this tell us about the particle?
[This object is a pull tab]

A
ns

w
er It must have either a 

really small mass (small things are 
easier to move than big things) or 
a really large charge (opposites 

attract). 
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Determining the Mass & Charge
.

A scientist named Millikan squirted oil drops into a box and then 
passed high energy x-rays at the box hoping to knock electrons off 
the air molecules and onto the oil drops. 

By measuring the energy necessary to stop the drops from 
descending, he was able to determine the charge per drop. The more 
energy needed to prevent the drop from falling, the smaller the 
charge of the drop. 

X-rays

Oil drops

+

-

Click here to see an animation of the experiment
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.

Once the charge was known, it was easy to use Thomson's charge to 
mass ratio to find the mass.

1.6 x10-19 C   x           1    kg     =   9.09 x 10-31 kg
1.76 x1011 C

   
This is one tiny mass! 

Electrons are super super small.    

Using Charge to Mass Ratio
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4 What characteristic about the cathode rays led them 
to believe they were negatively charged?

A They were small

B They were easily deflected

C They were deflected towards a positive electrode

D They moved quickly
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4 What characteristic about the cathode rays led them 
to believe they were negatively charged?

A They were small

B They were easily deflected

C They were deflected towards a positive electrode

D They moved quickly

[This object is a pull tab]

A
ns

w
er

C
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5 Which one of the following is not true concerning 
cathode rays? 
 

A They originate from the negative electrode.

B They travel in straight lines in the absence of 
electric or magnetic fields.

C They move from the anode to the 
cathode.

D They are made up of electrons.
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5 Which one of the following is not true concerning 
cathode rays? 
 

A They originate from the negative electrode.

B They travel in straight lines in the absence of 
electric or magnetic fields.

C They move from the anode to the 
cathode.

D They are made up of electrons.
[This object is a pull tab]

A
ns

w
er

C

http://www.learnerstv.com/animation/animation.php?ani=%20186&cat=chemistry
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6 The magnitude of the charge on an electron 
was determined in the __________. 
 

A cathode ray tube, by J. J. Thomson

B Millikan oil drop experiment

C Dalton atomic theory

D atomic theory of matter
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6 The magnitude of the charge on an electron 
was determined in the __________. 
 

A cathode ray tube, by J. J. Thomson

B Millikan oil drop experiment

C Dalton atomic theory

D atomic theory of matter
[This object is a pull tab]

A
ns

w
er

B
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Discovery of the Proton
.

After the discovery of the electron, scientists believed that there must 
also be a positively charged particle in the atom. To look for 

these, they used an anode ray tube. 

Power

+

-
Positive 

anode rays

By placing holes in the cathode so particles could move through 
it, they found that particles were indeed moving from the anode 
to the cathode. Since they move towards a negative plate, they 
must be positive. 
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The anode rays were referred to as protons, which were found to be 
significantly heavier than electrons.
       1 proton = 1840 x mass of electron 

Since the heaviest anode rays in oxygen were found to be 8 x heavier 
than those in hydrogen, it was assumed that oxygen had 8 protons 
compared to hydrogen's 1. 

The number of protons an atom has is different for each element on the 
periodic table.

Discovery of the Proton
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7 Which of the following is TRUE regarding 
protons?

A They were originally called cathode rays

B They move faster than cathode rays

C They have a larger mass than electrons

D They moved from the cathode to the anode
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7 Which of the following is TRUE regarding 
protons?

A They were originally called cathode rays

B They move faster than cathode rays

C They have a larger mass than electrons

D They moved from the cathode to the anode

[This object is a pull tab]

A
ns

w
er

C
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8 Which of the following is NOT true regarding 
protons and electrons?

A Both were found in all atoms

B Their charges are equal in magnitude

C Protons are significantly heavier than electrons

D All elements have the same number of protons 
and electrons
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8 Which of the following is NOT true regarding 
protons and electrons?

A Both were found in all atoms

B Their charges are equal in magnitude

C Protons are significantly heavier than electrons

D All elements have the same number of protons 
and electrons

[This object is a pull tab]

A
ns

w
er

D
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9 The mass of an electron was found to be 9.1 x 10-31 
kg.  What is the mass of a proton?

A 1.67x10-27 kg

B 4.95x10-34 kg

C 9.1x10-31 kg

D 1.6x10-19 kg
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9 The mass of an electron was found to be 9.1 x 10-31 
kg.  What is the mass of a proton?

A 1.67x10-27 kg

B 4.95x10-34 kg

C 9.1x10-31 kg

D 1.6x10-19 kg

[This object is a pull tab]
A

ns
w

er

A

Slide 23 / 118

The prevailing theory about the 
make-up of an atom was the “plum 
pudding” model - proposed by 
J. J. Thomson around 1900.

The model featured a positive 
sphere of matter with negative 
electrons embedded in it.  It was  
based around the idea that positive 
and negative charges attract and 
like charges repel. 

Plum Pudding Model
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Radioactivity
Of course, models must be tested and the search was on to find 
evidence to support the "plum pudding" model. Ernest Rutherford used 
radioactivity was used to test this theory.  

What are the 3 types of radioactivity?
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Radioactivity
Of course, models must be tested and the search was on to find 
evidence to support the "plum pudding" model. Ernest Rutherford used 
radioactivity was used to test this theory.  

What are the 3 types of radioactivity?

[This object is a pull tab]

A
ns

w
er

Alpha particles (helium nuclei), Beta 
particles (electrons), and gamma 

rays
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Rutherford's Gold Foil Experiment

Physicists Geiger 
and Marsden 
under the direction 
of Ernest 
Rutherford shot a 
beam of alpha 
particles at a thin 
sheet of gold foil 
and observed the 
scatter pattern of 
the particles. 

Click here to see an animation of the experiment
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Discovery of the Nucleus

While most particles went 
straight through

some bounced back...

totally unexpected!

What did this indicate?
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Discovery of the Nucleus

While most particles went 
straight through

some bounced back...

totally unexpected!

What did this indicate?
[This object is a pull tab]

A
ns

w
er

A very small, dense nucleus must 
lie within a nearly empty atom.
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10 The gold foil experiment performed in 
Rutherford's lab __________. 
 

A confirmed the plum-pudding model of the atom

B led to the discovery of the atomic nucleus

C was the basis for Thomson's model of the atom

D utilized the deflection of beta particles by gold 
foil
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10 The gold foil experiment performed in 
Rutherford's lab __________. 
 

A confirmed the plum-pudding model of the atom

B led to the discovery of the atomic nucleus

C was the basis for Thomson's model of the atom

D utilized the deflection of beta particles by gold 
foil

[This object is a pull tab]

A
ns

w
er

B

http://www.learnerstv.com/animation/animation.php?ani=%20121&cat=chemistry
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11 In the Rutherford nuclear-atom model: 
 

A the heavy subatomic particles reside in the nucleus

B the principal subatomic particles all have 
essentially the same mass

C the light subatomic particles reside in the 
nucleus

D mass is spread essentially uniformly throughout the 
atom
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11 In the Rutherford nuclear-atom model: 
 

A the heavy subatomic particles reside in the nucleus

B the principal subatomic particles all have 
essentially the same mass

C the light subatomic particles reside in the 
nucleus

D mass is spread essentially uniformly throughout the 
atom

[This object is a pull tab]

A
ns

w
er

A
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Since electrons were so much smaller than protons, Rutherford 
believed the mass of an atom would be simply related to the 

number of protons present. However, they found that atoms were 
heavier than predicted!!

Example - Helium (He)

Helium = 2 protons, 2 electrons  

Expected mass = 2 x (mass of proton)

Actual mass = 4 x (mass of proton)

Discovery of the Neutron

The reason: the neutron. It's existence  was suggested by 
Rutherford two years after his experiment and determined 

experimentally in 1932. 
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Neutrons, Protons, and Atomic Masses

Since electrons have a much smaller mass than a  proton or 
neutron, the mass of an atom (in amu) is generally 
considered to be equal to the sum of the protons and neutrons in 
an atom. 

(# of protons)   +   (# of neutrons) = atomic mass (A) in amu
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12 What is the mass of an element that has 10 protons 
and 11 neutrons (in u)?
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12 What is the mass of an element that has 10 protons 
and 11 neutrons (in u)?

[This object is a pull tab]

A
ns

w
er

21 u
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13 How many neutrons are present in an oxygen 
atom with a mass of 18 u?
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13 How many neutrons are present in an oxygen 
atom with a mass of 18 u?

[This object is a pull tab]

A
ns

w
er

10

Slide 33 / 118

14 How many protons are present in atom with a 
mass of 13 u if it has 7 neutrons?
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14 How many protons are present in atom with a 
mass of 13 u if it has 7 neutrons?

[This object is a pull tab]
A

ns
w

er

6
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15 What is the mass of an element with 18 protons, 18 
electrons, and 22 neutrons?

Slide 34 (Answer) / 118

15 What is the mass of an element with 18 protons, 18 
electrons, and 22 neutrons?

[This object is a pull tab]

A
ns

w
er

40 u
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Isotopes

As you have seen, atoms of the same element can have different 
numbers of neutrons. For example, some Carbon atoms have 6 
neutrons, some carbon atoms have 8 neutrons. 

Atoms of the same element that have differing numbers of neutrons are 
called isotopes. 

    C-12       C-14

protons
neutrons
electrons

6
6
6

6
8
6

Note: Isotopes of an element will always have the same number of 
protons but differing masses due to the differing numbers of 

neutrons. 
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 Write the complete symbol for each of these isotopes. 

Neon 20
10 protons
10 neutrons
10 electrons

Neon 21
10 protons
11 neutrons
10 electrons

Neon 22
10 protons
12 neutrons
10 electrons

Ne Ne Ne

Isotopes

Slide 37 / 118

16 Which pair of atoms constitutes a pair of 
isotopes of the same element? 

X14
7

14  
 6   XA

B

C

D

E

###

X6
12X14  

 6

X11
21X20

 10

X8
17X17  

 9

X9
19X19

 10
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16 Which pair of atoms constitutes a pair of 
isotopes of the same element? 

X14
7

14  
 6   XA

B

C

D

E

###

X6
12X14  

 6

X11
21X20

 10

X8
17X17  

 9

X9
19X19

 10

[This object is a pull tab]

A
ns

w
er

B
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17 Which of the following is TRUE of isotopes of an 
element?

A They have the same number of protons

B The have the same number of neutrons

C They have the same mass

D They have the same atomic number

E A and D
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17 Which of the following is TRUE of isotopes of an 
element?

A They have the same number of protons

B The have the same number of neutrons

C They have the same mass

D They have the same atomic number

E A and D

[This object is a pull tab]

A
ns

w
er

E
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18 An atom that is an isotope of potassium (K) 
must...

A Have 20 protons

B Have 19 neutrons

C Have 19 protons

D A mass of 39

E A total of 39 protons and neutrons
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18 An atom that is an isotope of potassium (K) 
must...

A Have 20 protons

B Have 19 neutrons

C Have 19 protons

D A mass of 39

E A total of 39 protons and neutrons

[This object is a pull tab]

A
ns

w
er

C
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19 Which species is an isotope of 39Cl? 

A 40Ar+

B 34S2-

C 36Cl -

D 80Br

E 39Ar

###
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19 Which species is an isotope of 39Cl? 

A 40Ar+

B 34S2-

C 36Cl -

D 80Br

E 39Ar

###

[This object is a pull tab]

A
ns

w
er

C
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Isotopes and Atomic Masses

Not all isotopes are found in the same abundances in nature. 

Neon 20
10 protons
10 neutrons
10 electrons

Neon 21
10 protons
11 neutrons
10 electrons

Neon 22
10 protons
12 neutrons
10 electrons

       90.48%           0.27%       9.25%

So in a 10,000 atom sample of neon, you would on average find...

         9048         27           925

(atoms of each isotope of neon)

Slide 42 / 118

Atomic Masses and Mass Number
The atomic mass indicates the average atomic mass of all the 
isotopes of a given element. This is the number reported on the 
periodic table. 

The mass number indicates the exact relative mass of a particular 
isotope of that element. These numbers are NOT reported on the 
periodic table. 

10

Atomic mass 
(an average - no single 
neon atom has this mass)

20.18

Ne
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Calculating Atomic Masses

To determine the atomic mass of an element, one must know the 
masses of the isotopes and how commonly they are found in 
nature. Then a weighted average is calculated as shown below.

Example: As we have seen, a sample of neon will consist of three 
stable isotopes - Ne-20, Ne-21, and Ne-22. If the relative abundance 

of these are 90.48%, 0.27%, and 9.25% respectively, what is the 
atomic mass of neon?

How to calculate average atomic mass:

1. Multiply each isotope by its % abundance expressed as a decimal
2. Add the products together

20(.9048) + 21(0.0027) + 22(0.0925) = 20.18 amu 
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Example: Calculate Atomic Mass

Carbon consists of two isotopes that are 
stable (C-12 and C-13). Assuming that 
98.89% of all carbon in a sample are 
C-12 atoms, what is the atomic mass of 
carbon? 

First, 100-98.89 = 1.10% C-14
then...

12(.9889) + 13(.011) = 12.01 amu
move for answer
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20 Calculate the atomic mass of oxygen if it's 
abundance in nature is: 

99.76% oxygen-16, 
0.04% oxygen-17, and 
0.20% oxygen-18.

(liquid oxygen)
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20 Calculate the atomic mass of oxygen if it's 
abundance in nature is: 

99.76% oxygen-16, 
0.04% oxygen-17, and 
0.20% oxygen-18.

(liquid oxygen)
A

ns
w

er

16
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21 Calculate the atomic mass of copper.  
Copper has 2 isotopes. 69.1% has a mass of 
62.9 amu, the rest has a mass of 64.93 amu.
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21 Calculate the atomic mass of copper.  
Copper has 2 isotopes. 69.1% has a mass of 
62.9 amu, the rest has a mass of 64.93 amu.

[This object is a pull tab]

A
ns

w
er

63.46



Slide 47 / 118

22 Sulfur has two stable isotopes: S-32 and S-36. Using 
the average atomic mass on the periodic table, which 
of the following best approximates the natural 
relative abundances of these isotopes of sulfur?

A 50% S-32  and   50% S-34
B 25% S-32  and   75% S-34
C 75% S-32  and   25% S-34
D 95% S-32  and     5% S-34
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22 Sulfur has two stable isotopes: S-32 and S-36. Using 
the average atomic mass on the periodic table, which 
of the following best approximates the natural 
relative abundances of these isotopes of sulfur?

A 50% S-32  and   50% S-34
B 25% S-32  and   75% S-34
C 75% S-32  and   25% S-34
D 95% S-32  and     5% S-34

[This object is a pull tab]

A
ns

w
er

D
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Unknown elements and compounds can be identified using a 
mass spectrometer. 

A mass spectrometer is an instrument designed to determine 
the relative mass and abundance of charged ions of a 
particular substance.  

Relative Atomic Masses
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1. The sample is ionized 
(made a charged ion)

2. The now ionized sample 
is accelerated into a 
magnetic field.

3. Based on where the ion 
hits the detector, the 
relative mass to charge 
ratio and abundance of 
each ion can be 
determined. 

heavier ions are deflected less

lighter ions are 
deflected more

How does a Mass Spectrometer Work?
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For a given sample, a mass spectrum will be produced showing the 
intensity of signal (abundance) or the percentage abundance of the ion 
on "y" axis and the relative mass (u) of the ion on the "x" axis. 

Example: The following is the mass spectrum of a sample of neon.   

    0        10        20       30       40

In
te

ns
ity

100

0

A

BC

  Peak A: Mass (u) = 19.99 , Intensity = 100

  Peak B: Mass (u) = 21.99 , Intensity = 10.22

  Peak C: Mass (u) = 20.99 , Intensity = 0.29     

m/z (mass/charge) = u

The three peaks represent the three isotopes of neon. They are not all the 
same intensity because of the different natural abundance of each isotope. 

Mass Spectrum
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    0        10        20       30       40

In
te
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ity

100

0

A

BC

  Peak A: Mass (u) = 19.99 , Intensity = 100

  Peak B: Mass (u) = 21.99 , Intensity = 10.22

  Peak C: Mass (u) = 20.99 , Intensity = 0.29     

If the mass spectrum gives the intensity it must be converted 
into % abundances of each isotope. 

%abundance = intensity of isotope/total intensity

Ne -19.99   =  100/110.51 = 90.5 %

Ne -21.99  = 10.22/110.51 = 9.25%

Ne -20.99 = 0.29/110.51 = 0.25%

Mass Spectrum
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Determining an Average Atomic Mass
Using the % abundances and masses from the mass spectrometer, 
we can determine the average atomic mass of a given element.  
Remember, the average atomic mass is a the sum of the products of 
the mass of each isotope and it's abundance. 

Let's use our data for neon. 
Ne -19.99   =  100/110.51 = 90.5 %

Ne -21.99  = 10.22/110.51 = 9.25%

Ne -20.99 = 0.29/110.51 = 0.25%

19.99(.905) + 21.99(.0925) + 20.99(0.0025) = 20.18 u

This is the mass you see on the periodic table!

*Note - the mass written on the periodic table is the average 
of the stable isotopes of an element!!
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23
 Students type their answers here

Class Practice

Identify the element using the mass spectrum below.

A B

 Intensity
Peak A: 10.01 u , Intensity = 24.8

Peak B: 11.01 u, Intensity = 100  
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23
 Students type their answers here

Class Practice

Identify the element using the mass spectrum below.

A B

 Intensity
Peak A: 10.01 u , Intensity = 24.8

Peak B: 11.01 u, Intensity = 100  

[This object is a pull 
tab]

A
ns

w
er

Boron
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24 In order to be an isotope of boron, an atom 
must:

A Have a mass of 10.81

B Have a mass of 5

C Have 6 neutrons

D Have 5 protons
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24 In order to be an isotope of boron, an atom 
must:

A Have a mass of 10.81

B Have a mass of 5

C Have 6 neutrons

D Have 5 protons

[This object is a pull 
tab]

A
ns

w
er

D
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25 The mass spectrum of an element reveals two peaks, 
A and B. What is the average atomic mass of this 
element?

A 35.18 u 

B 35.45 u 

C

D  36.00 u

Peak A: 34.97 u , Intensity = 100

Peak B: 36.97 u , Intensity = 32   

 36.18 u
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25 The mass spectrum of an element reveals two peaks, 
A and B. What is the average atomic mass of this 
element?

A 35.18 u 

B 35.45 u 

C

D  36.00 u

Peak A: 34.97 u , Intensity = 100

Peak B: 36.97 u , Intensity = 32   

 36.18 u

[This object is a pull 
tab]

A
ns

w
er

B
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26 What is the relative abundances of both stable 
isotopes of C given the following mass spectrum?

A 100 % C-12, 1.08 % C-13 

B 1.08 % C-13, 100 % C-12 

C 98.9% C-12, 1.1% C-13 

D 97.6 % C-12, 2.4% C-13 
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Peak A: 12.0 u , Intensty = 100

Peak B: 13.0 u , Intensity = 1.08 
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27 Bromine consists of two isotopes, Br-79 (78.92 u) 
and Br-81 (80.92 u). If the relative intensity of Br-79 
was 100 on the mass spectrum, what would be the 
relative intensity of the Br-81 peak? Use the average 
atomic mass of bromine from the periodic table. 

A 98.2 

B 79.9 

C 96.1 

D 1.8 
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Peak A: 78.92 u , Intensity = 100

Peak B: 80.92 , Intensity = ? 
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Atomic Modeling
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Evolution of Atomic Theory 
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The Problem with the Nuclear Model

If the Rutherford model of the atom were correct, the atom should 
emit energy as the orbit of the electron decays. 

Since the electron would speed up as it decays, the amount of 
energy released should be of an increasingly higher frequency. This 
would create what is called a continuous spectrum representing all 

frequencies of light. 

 

e-

emits energy

continuous spectrum
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The Problem with the Nuclear Model

Our observations tell us the nuclear model is insufficient 

1. Most atoms are stable and do not release energy at all 

If electrons were continuously orbiting the nucleus in uniform circular 
motion, they would be accelerating, and accelerating charges release 
energy. This is not observed. 

2. When energized atoms do emit energy, a continuous spectrum is 
not produced; instead, an emission spectrum is produced displaying 
emitted light at specific wavelengths and frequencies. 
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Emission Spectra and the Bohr Model
A scientist named Niels Bohr 
interpreted these observations 
and created a new model of the 
atom that explained the existence 
of emission spectra and provided 
a framework for where the 
electrons can exist around the 
nucleus.
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Emission Spectra and the Bohr Model
Bohr knew that the wavelengths seen in the emission spectra of 
hydrogen had a regular pattern. Each series was named after the 
scientist who observed these particular spectral lines. 

Balmer Series
 (spectral lines in the visible and UV range)

Lyman Series
(spectral lines in the UV range)

Paschen Series 
(spectral lines in the infrared range)
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Emission Spectra and the Bohr Model

Each of these patterns include the variable "n" but no one knew 
what "n" was. Bohr proposed that "n" referred to a particular orbit 
around the nucleus where an electron could be. 

Bohr proposed that 
electrons could orbit the 
nucleus, like planets 
orbit the sun...but only in 
certain specific orbits.

He then said that in these 
orbits, they wouldn't radiate 
energy, as would be 
expected normally of an 
accelerating charge.  These 
stable orbits would 
somehow violate that rule.
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Emission Spectra and the Bohr Model

Each orbit would correspond to a different energy level for the 
electron.

 

n = 1

n = 2

n = 3

+

Increasing energyThe lowest energy 
level is called 
the ground state; the 
others are 
excited states.
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Emission Spectra and the Bohr Model

Interestingly, the energy differences between the Bohr orbits were 
found to correlate exactly with the energy of a particular spectral 

lines in the emission spectra of Hydrogen! 

n = 1

n = 2

n = 3

+

Hydrogen atom

Hydrogen emission spectrum

Red line wavelength (  )= 656.3 nm

E = h/

E = 3.033 x 10-19 J

Energy of n = 3 = -2.417 x 10-19 J

Energy of n = 2 = -5.445 x 10-19 J

E = (-2.417 x 10-19 J) - (-5.445 x 10-19 J) 

E = 3.03 x 10-19 J
EQUAL!!!
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28 According to Bohr, "n" stands for...

A the number of cycles

B the number of electrons

C the energy level of the orbit

D the number of orbits
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28 According to Bohr, "n" stands for...

A the number of cycles

B the number of electrons

C the energy level of the orbit

D the number of orbits
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29 In the Bohr model of the atom an electron in its lowest 
energy state

A is in the ground state

B is farthest from the nucleus

C is in an excited state

D emits energy
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29 In the Bohr model of the atom an electron in its lowest 
energy state

A is in the ground state

B is farthest from the nucleus

C is in an excited state

D emits energy
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Emission Spectra and the Bohr Model

n = 1

n = 2

n = 3

+

Hydrogen atom
n = 4

Bohr reasoned that each spectral line was being produced 
by an electron "decaying" from a high energy Bohr orbit to 
a lower energy Bohr orbit. 

Since only certain frequencies of light were produced, only certain 
orbits must be possible.

Slide 70 / 118

upper

lowere-

upper

lower

e-

These possible energy states for atomic electrons were quantized – 
only certain values were possible. The spectrum could be 
explained as transitions from one level to another. 

Electrons would only radiate when they moved between orbits, 
not when they stayed in one orbit.

Emission Spectra and the Bohr Model

Slide 71 / 118

+

3       2

6        2

4

Transition

2

656 nm

486 nm

410 nm

 
light emitted 

Emission Spectrum of Hydrogen
Hydrogen atoms have one proton and one electron. The emission 
spectrum of hydrogen shows all of the different possible 
wavelengths of visible light emitted when an excited electron 
returns to a lower energy state. 

Click here for 
Bohr model animation
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Emission Spectra and the Bohr Model
The difference in energy between consecutive orbits 
decreases as one moves farther from the nucleus.  

n = 1

n = 2

n = 3

+

Transition
wavelength of 
spectral line 

produced (nm)
Energy (J)

3 --> 2 656 3.03 x 10-19

2 --> 1 122 1.63 x 10-18

E = h#      c = ##

h = 6.626 x 10-34 J*s
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Emission Spectra and the Bohr Model
Due to the differing numbers of protons in the nucleus and 
number of electrons around them, each atom produces a 
unique emission spectrum after being energized. 

Since the emission spectrum 
of each element is unique, it 
can be used to identify the 

presence of a particular 
element. 
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30 Which of the following best explains why excited 
atoms produce emission spectra and not continuous 
spectra?

A Not all atoms contain enough electrons to produce 
a continuous spectrum

B A continuous spectrum requires the movement of 
neutrons

C Electrons can only exist in certain stable orbitals of 
specific energies

D Electrons can exist and move anywhere around the 
nucleus and are not bound to a specific orbit

http://science.sbcc.edu/physics/solar/sciencesegment/bohratom.swf
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30 Which of the following best explains why excited 
atoms produce emission spectra and not continuous 
spectra?

A Not all atoms contain enough electrons to produce 
a continuous spectrum

B A continuous spectrum requires the movement of 
neutrons

C Electrons can only exist in certain stable orbitals of 
specific energies

D Electrons can exist and move anywhere around the 
nucleus and are not bound to a specific orbit
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31 The electron in the hydrogen atom below 
transitions from n=6 to n=2 and emits light with a 
wavelength of around 410 nm. This corresponds to 
which color in the visible spectrum?

A Red

B Orange

C Blue

D Violet

+

65
6 

nm

48
6 

nm

41
0 

nm

Hydrogen's Emission Spectrum
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31 The electron in the hydrogen atom below 
transitions from n=6 to n=2 and emits light with a 
wavelength of around 410 nm. This corresponds to 
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32 In order to move hydrogen's lone electron from the 
ground state (n=1) to an excited state (n=3), a photon 
of light with energy = 1.84 x 10-19 J must be absorbed. 
What would be the frequency and wavelength of this 
light? 

Bonus: What kind of electromagnetic radiation would this 
be? Recall your EM spectrum
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32 In order to move hydrogen's lone electron from the 
ground state (n=1) to an excited state (n=3), a photon 
of light with energy = 1.84 x 10-19 J must be absorbed. 
What would be the frequency and wavelength of this 
light? 

Bonus: What kind of electromagnetic radiation would this 
be? Recall your EM spectrum

[This object is a pull 
tab]
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er frequency = 2.78 x 1014 s-1    

wavelength = 1.08 x 10-8 m     
UV
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33 What must be the difference in energy between Bohr 
orbits n=3 and n=2 if an electron emits light with a 
wavelength of 656 nm when undergoing this 
transition?
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33 What must be the difference in energy between Bohr 
orbits n=3 and n=2 if an electron emits light with a 
wavelength of 656 nm when undergoing this 
transition?
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3.03 x 10-19 J
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34 Which of the following transitions would produce 
light of the longest wavelength?

A 3 --> 1

B 4 --> 3

C 5 --> 4

D 2 --> 1
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A 3 --> 1

B 4 --> 3

C 5 --> 4

D 2 --> 1
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Absorption vs. Emission
Since electrons can only transition between orbits of set 

energies atoms must absorb energy at the same frequencies at 
which they emit energy. 

As a result, monitoring which frequencies of light are absorbed 
can help us determine which element or molecule is present. 
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35 The emission spectrum for Chlorine is shown 
below. Which of the following represents 
Chlorine's corresponding absorption spectrum? 

A

B

C
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35 The emission spectrum for Chlorine is shown 
below. Which of the following represents 
Chlorine's corresponding absorption spectrum? 

A

B

C
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36 Does the picture below illustrate a photon 
emission or absorption?

A Emission

B Absorbtion

C Neither

D Both

n = 1

n = 2

n = 3

+

n = 4
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36 Does the picture below illustrate a photon 
emission or absorption?

A Emission

B Absorbtion

C Neither

D Both

n = 1
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n = 3

+

n = 4
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The Bohr model of the atom was corroborated by evidence 
gained through photoelectron spectroscopy. PES spectroscopy 
involves determining how much energy is required to remove an 
electron from an atom. 

As we know, electrons are bound to an atom by coulombic 
forces. This can be referred to as the binding energy. Since the 
electrons in Bohr orbit (n=1) are closer to the nucleus, the 
binding energy is high. 

Photoelectron Spectroscopy

Slide 83 / 118

Let's start by looking at a 
PES spectrum of hydrogen 

and helium.

Energy

In
te

ns
ity

He

H

1. Why is more energy required to remove an electron from 
helium than hydrogen?

2. Why is the signal stronger for helium than for hydrogen?

3. Why is there only one signal for helium even though it has 
two electrons?

Photoelectron Spectroscopy

1.31

2.37
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 3
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 1 Helium's electrons experience 
stronger coulombic attractions 

due to the extra proton found in 
helium's nucleus. 
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Now, let's examine the PES 
spectrum for lithium - the third 
element on the periodic table.  

Energy

In
te

ns
ity

He

H

Li

Li

1. Why does lithium have two peaks?

2. What can explain the difference in energy between the two 
peaks? 

3. How do we compare the energy of the peaks for lithium to those 
of hydrogen and helium?

Photoelectron Spectroscopy
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The n=1 peak is higher for lithium 
because of the additional proton 

in lithium's nucleus thereby 
creating a stronger coulombic 

attraction. The n=2 peak is lower 
than that of hydrogen because 
this electron is farther from the 

nucleus than hydrogen's electron. 
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37 Which of the following influence the intensity of a 
PES peak?

A The atomic mass

B The atomic number

C The number of electrons in a specific orbit

D The energy used to ionize the atom
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37 Which of the following influence the intensity of a 
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A The atomic mass

B The atomic number

C The number of electrons in a specific orbit

D The energy used to ionize the atom
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38 Which of the following influences the energy of a 
PES peak?

A Atomic number

B Which Bohr orbit electron is in

C The number of electrons in a particular Bohr orbit

D Both A and B
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38 Which of the following influences the energy of a 
PES peak?

A Atomic number

B Which Bohr orbit electron is in

C The number of electrons in a particular Bohr orbit

D Both A and B
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39 Which of the following correctly explains why lithium 
demonstrates two peaks in it's PES spectrum?

A Lithium has more protons than either hydrogen or 
helium

B Lithium has a larger atomic mass than either 
hydrogen or helium

C Lithium has electrons in two different Bohr orbits

D Both A and B
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39 Which of the following correctly explains why lithium 
demonstrates two peaks in it's PES spectrum?

A Lithium has more protons than either hydrogen or 
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D Both A and B [This object is a pull 
tab]

A
ns

w
er

C

Slide 88 / 118

40 Below is the PES spectrum for oxygen. Which of the 
following would be TRUE?

A The "C" peak should be of a 
higher energy than the "C" 
peak in nitrogen.  

B More electrons are present in the orbit producing 
the "A" peak than in the others.  

C Oxygen must have three orbits where electrons 
are present 

D Orbits "B" and "C" must have identical numbers 
of electrons in each.  

E All of these are true 

energy

in
te

ns
ity A

B C
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40 Below is the PES spectrum for oxygen. Which of the 
following would be TRUE?

A The "C" peak should be of a 
higher energy than the "C" 
peak in nitrogen.  

B More electrons are present in the orbit producing 
the "A" peak than in the others.  
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PES and Limitations of Bohr Model

  Examining the PES spectrum of boron revealed some limitations 
of the Bohr model. Bohr believed that the n=2 peak's energy 

should increase with atomic number, that is the n=2 signal should 
get bigger and more energetic as this orbit added electrons. 

Well, it did and it didn't .....

energy

in
te

ns
ity n=1n=2n=?
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PES and Limitations of Bohr Model

  

energy

in
te

ns
ity n=1n=2n=?

The peak to the left of the n=2 peak was unexpected. Based on 
the known periodic table and other calculations, Bohr anticipated 
that 8 electrons would exist in the 2nd Bohr orbit. The third peak 
implies that there are suborbits within the Bohr orbits - that the 

atom is more complicated than it appears. 
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Quantum-Mechanical View of Atoms
According to the Heisenberg Uncertainty Principle we cannot 
say exactly where an electron is.  We can only discuss the 
probability that it is in a given location. Thus, the Bohr model 
of the atom, with its electrons in neat orbits, cannot be correct. 

Quantum theory describes an 
electron probability distribution; 
this figure shows the distribution 
for the ground state of hydrogen.

In this picture, the probability of 
finding an electron somewhere is 
represented by the density of dots 
at that location.
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The Four Quantum Numbers
Recall that the quantum state of an electron is specified by the 
four quantum numbers; no two electrons can have the same set 
of quantum numbers.

n, Principal quantum number
 designates energy or shell level

l, angular quantum number
 designates orbital shape: s,p,d,f

ml, magnetic quantum number
 designates orbital orientation

ms, designates electron spin

+

-

Click here for a Review Video
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PES and Limitations of Bohr Model

  Carefully examine the actual PES spectra for the 
first 18 elements in the link below and answer the 

questions. 

http://www.chem.arizona.edu/chemt/Flash/photoelectron.html

1. What evidence do you see that chlorine has electrons in 
three distinct Bohr "orbits"?

2. What evidence do you see that 2s electrons are farther 
from the nucleus than 1s electrons?

3. What do you see in oxygen's PES spectra that indicates 
a more complex atom than Bohr envisioned?
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PES and Limitations of Bohr Model

  Carefully examine the actual PES spectra for the 
first 18 elements in the link below and answer the 

questions. 

http://www.chem.arizona.edu/chemt/Flash/photoelectron.html

1. What evidence do you see that chlorine has electrons in 
three distinct Bohr "orbits"?

2. What evidence do you see that 2s electrons are farther 
from the nucleus than 1s electrons?

3. What do you see in oxygen's PES spectra that indicates 
a more complex atom than Bohr envisioned?

[This object is a pull tab]
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2. the 2s peak has less energy
3. oxygen has 3 peaks instead of 

the expected 2
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PES and the Quantum Model

  

energy
in

te
ns

ity 1s2s2p

Each peak on the PES spectrum represents a subshell.
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41 As n increases, the orbital energy 
_________ .

A Increases
B Decreases
C Remains constant
D Increases then decreases
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41 As n increases, the orbital energy 
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C Remains constant
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http://www.chem.arizona.edu/chemt/Flash/photoelectron.html
http://www.chem.arizona.edu/chemt/Flash/photoelectron.html
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42 An f orbital has ______ possible 
orientations in space.

A 1

B 3

C 5

D 7
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42 An f orbital has ______ possible 
orientations in space.

A 1
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D 7
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43 The spin quantum number, ms 

A can only have two values

B relates to the spin of the electron

C relates to the spin of the atom

D Both A & B

Slide 97 (Answer) / 118

43 The spin quantum number, ms 

A can only have two values

B relates to the spin of the electron

C relates to the spin of the atom
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44 If n = 1 an electron can occupy which of the 
subshells? 
 

A 1s

B 2s

C 2p
D 3s
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44 If n = 1 an electron can occupy which of the 
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45 How many possible sets of quantum numbers 
or electron states are there in the 4d orbital? 
 

A 2

B 8

C 10

D 14
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45 How many possible sets of quantum numbers 
or electron states are there in the 4d orbital? 
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46 An electron is in the 6f state.  Determine 
the principal quantum number. 
 

A 3

B 5

C 6

D 14
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46 An electron is in the 6f state.  Determine 
the principal quantum number. 
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B 5
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47 How many electrons will fit into a 4f orbital? 
 

A 3

B 7

C 14

D 4
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47 How many electrons will fit into a 4f orbital? 
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B 7

C 14
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Energies of Orbitals

As the number of electrons increases,  
so does the repulsion between 
them.

Complex atoms contain more than one 
electron, so the interaction between 
electrons must be accounted for in the 
energy levels. 

This means that the energy depends 
on both n (the shell) and l (the subshell).
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Energies of Orbitals

Notice that some 
sublevels on a given n 
level may have less 
energy than sublevels 
on a lower n level.  

For example: the 
energy of 4s is less 
than the energy of 3d.
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48 The energy of an orbital depends on...

A n

B n and l

C n, l, and ml

D l and ml
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48 The energy of an orbital depends on...

A n

B n and l

C n, l, and ml

D l and ml
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49 Which of the follows correctly sequences the orbitals in 
order of increasing energy?

A 1s<2s<2p<3s<3p<3d<4s

B 1s<2s<2p<3s<3p<4s<3d

C 1s<2s<2p<2d<3s<3p<3d<4s

D 1s<2s<2p<3s<4s<3p<3d
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49 Which of the follows correctly sequences the orbitals in 
order of increasing energy?
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Orbital Diagrams
Orbital diagrams are a shorthand way to illustrate the energy levels 
of electrons.

Each box in the diagram represents one orbital.

Orbitals on the same subshell are drawn together.

Arrows represent the electrons.

The direction of the arrow represents the relative spin (+ or - ) of the 
electron.

8O
1s          2s                  2p
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 3 Rules for Filling Electron Orbitals

Aufbau Principle 
 Electrons are added one at a time to the lowest energy 
 orbitals available until all the electrons of the atom have 
 been accounted for.

Pauli Exclusion Principle 
 An orbital can hold a maximum of two electrons. To 
 occupy the same orbital, two electrons must spin in 
 opposite directions.

Hund’s Rule
 Electrons occupy equal-energy orbitals so that a 
 maximum number of unpaired electrons results.
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Electron Configurations

Electron configurations show the distribution of all electrons 
in an atom.

Each component consists of:

· A number denoting the shell,
· A letter denoting the type of subshell, and 
· A superscript denoting the number of electrons in those 

orbitals.
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50 What is the electron configuration for Li ? 
 

A 1s3

B 1s1 2s2

C 1s2 2s1

D 1s2 1p1
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50 What is the electron configuration for Li ? 
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51 Which of the following would be the correct electron 
configuration for Mg? 
A 1s22s23s23p64s2

B 1s22s23s23p6

C 1s22s22p6

D 1s22s22p63s2

E None of these
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51 Which of the following would be the correct electron 
configuration for Mg? 
A 1s22s23s23p64s2
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E None of these
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52 A neutral atom has the following electron 
configuration: 1s2 2s2 2p6 3s2 3p2 .  What 
element is this? 
 A carbon

B nitrogen
C silicon
D germanium
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52 A neutral atom has the following electron 
configuration: 1s2 2s2 2p6 3s2 3p2 .  What 
element is this? 
 A carbon

B nitrogen
C silicon
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[This object is a pull tab]
A

ns
w

er

C

Slide 113 / 118

53 A neutral atom has an electron 
configuration of 1s2 2s2 2p6 3s2 3p2 .  
What is its atomic number? 
 

A 5

B 11

C 14

D 20
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53 A neutral atom has an electron 
configuration of 1s2 2s2 2p6 3s2 3p2 .  
What is its atomic number? 
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54 Which of the following would be the correct electron 
configuration for a Mg2+ ion? 
A 1s22s23s23p64s2

B 1s22s23s23p6

C 1s22s22p6

D 1s22s22p63s2
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54 Which of the following would be the correct electron 
configuration for a Mg2+ ion? 
A 1s22s23s23p64s2

B 1s22s23s23p6

C 1s22s22p6

D 1s22s22p63s2
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55 Which of the following would be the correct electron 
configuration for a Cl- ion? 
A 1s22s23s23p6

B 1s22s23s23p5

C 1s22s22p6

D 1s22s22p63s1
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55 Which of the following would be the correct electron 
configuration for a Cl- ion? 
A 1s22s23s23p6

B 1s22s23s23p5

C 1s22s22p6

D 1s22s22p63s1
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Energy Level Diagram - Excited State

In a sodium-vapor lamp 
electrons in sodium atoms 
are excited to the 3p level by 
an electrical discharge and 
emit yellow light as they 
return to the ground state. 

Na Excited State 
Energy Level Diagram
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56 Which of the following represents an 
excited state electron configuration for sodium 
(Na*)? 
 

A 1s22s22p63s1

B 1s22s22p7

C 1s22s22p63p1

D none of the given answers
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57 Which of the following represents an 
excited state electron configuration for Magnesium 
(Mg*)? 
 

A 1s22s22p63s2

B 1s22s22p73s1

C 1s22s22p63s13p1

D none of the given answers
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57 Which of the following represents an 
excited state electron configuration for Magnesium 
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