
Chem 103, Section F0F

Unit I - An Overview of Chemistry

Lecture 4

• Some observations that led to the nuclear model 
for the structure of the atom

• The modern view of the atomic structure and 
the elements

• Arranging the elements into a (periodic) table

Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
Dalton’s theory proposed that atoms were indivisible 
particles.

• By the late 19th century, this aspect of Dalton’s theory was 
being challenged.

• Work with electricity lead to the discovery of the electron, 
as a particle that carried a negative charge.
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
The cathode ray

• Cathode rays were shown to be electrons
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In 1897, J.J. Thomson (1856-1940) studies how cathode rays 
are affected by electric and magnetic fields

• This allowed him to determine the mass/charge ration of 
an electron
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In 1897, J.J. Thomson (1856-1940) studies how cathode rays 
are affected by electric and magnetic fields

• Thomson estimated that the mass of an electron was less 
that 1/1000 the mass of the lightest atom, hydrogen!!
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In 1897, J.J. Thomson (1856-1940) studies how cathode rays 
are affected by electric and magnetic fields

• Thomson received the 1906 Nobel Prize in Physics for his 
work.
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In 1909, the American scientist Robert Millikan (1868-1953), 
was able to accurately measure the charge on an electron.

• He did this with his famous oil-drop experiment
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In 1909, the American scientist Robert Millikan (1868-1953), 
was able to accurately measure the charge on an electron.

• He was able to determine a value of the charge, which was 
within 1% of the currently accepted value:

• Combining his results with J.J. Thomson’s, he was able to 
also determine the mass of the electron:
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-1.602 x 10-19 C
(C is the Coulomb, which is the SI unit of charge)

9.109 x 10-31 kg

Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In 1909, the American scientist Robert Millikan (1868-1953), 
was able to accurately measure the charge on an electron.

• For his discoveries, Robert Millikan was awarded the 1923 
Nobel Prize in physics.
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
Given the mass and charge of an electron, there was 
obviously more to an atom than electrons.

• Something was needed to balance the negative charge of 
the electron.

• Something was needed to account for the mass of the 
atom.
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In the early 1900’s, Thomson proposed his “plum pudding” 
model for the atom:
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In 1910, New Zealand-born Ernest Rutherford (1871-1937) 
showed that there was something wrong with Thomsons 
model.

12



Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
Rutherford’s gold film experiment:
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Lecture 4 - Observations that Led to the 

Nuclear Model of the Atom
In 1910, New Zealand-born Ernest Rutherford (1871-1937) 
showed that there was something wrong with Thomsons 
model.

• Rutherford proposed that atoms had 
a nucleus, which contained 99.97% 
of the mass of the atom and all of the 
positive charge of the atom

• He estimated that the radius of the 
nucleus is about 1/100,000 radius of 
an atom!!!

• For his discoveries, Ernest 
Rutherford was awarded the 1908 
Nobel Prize in physics.
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Lecture 4 - Clicker Question 1

If we were to construct a life-size model of gold foil using 
marbles having diameters of 1 cm for the nuclei, how far 
apart should we place the marbles.

A) 1 m (an arm span)

B) 10 m (from here to the door of the 
classroom)

C) 100 m (the approximate length of a 
football field)

D) 1000 m = 1 km (from here to Water 
St.)

E) 100 km (from here to the Minnesota 
boarder)
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Lecture 4 - Problem

Describe J. J. Thomson’s model of the atom. How might it 
account for the production of cathode rays?
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Lecture 4 - Problem

When Ernest Rutherford’s coworkers bombarded gold foil 
with !-particles, they obtained results that overturned 
Thomson’s model of the atom. Explain
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Lecture 4 - The Atomic Theory Today

Thomson showed us that atoms contained electrons

• These particles are negatively charged and weigh less 
than 1/1000 the mass of the hydrogen atom.

Rutherford showed us that most of the mass of the atom, and 
all of its positive charge was packed into a small, dense, 
nucleus at the center of the atom.

• He proposed the nucleus was made up of positively 
charged particles that he called protons.

• Rutherford’s model, however, could not account for all of 
the mass present in most atoms.

James Chadwick resolved this issue in 1932, with his 
discovery of a third subatomic particle, the neutron.
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Lecture 4 - The Atomic Theory Today

The properties of the subatomic particles

• The atoms of all the elements are made up of these same 
three subatomic particles.

• The properties of atoms can be understood by 
understanding the contributions that the subatomic 
particles make to these properties.
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Lecture 4 - The Atomic Theory Today

The general features of an atom
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Lecture 4 - The Atomic Theory Today
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There is a formalism used to describe the subatomic particles 
that an atom contains:

• Z give the atomic number, which is equal to the number of 
protons that an atom contains.
- Each element has a unique atomic number

Lecture 4 - The Atomic Theory Today
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There is a formalism used to describe the subatomic particles 
that an atom contains:

• X is the atomic symbol of the element that has the atomic 
number Z

Lecture 4 - The Atomic Theory Today
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There is a formalism used to describe the subatomic particles 
that an atom contains:

• A is the mass number of the atom and is equal to number 
of protons plus the number of neutrons.
- A is an integer that is approximately equal to the mass of the atom in 

amu.

- The number of neutrons (N) that an atom contains can be 
determined by subtracting the atomic number from the mass number 
(N = A - Z).

Lecture 4 - The Atomic Theory Today
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For example

• Cl is the chemical symbol for chlorine

• Chlorine has an atomic number of 17 and its atoms 
contain 17 protons.

- The atomic number can be omitted,

• This atom of chlorine contains 35 - 17 = 18 neutrons

• This atom can also be referred to as chlorine-35. 
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Lecture 4 - Clicker Question 2 

Which of the following pairs of atoms have the same number 
of protons?

A)  

B)  

C)  
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Lecture 4 - Clicker Question 2 

Which of the following pairs of atoms have the same mass 
number?

A)  

B)  

C)  
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Lecture 4 - Clicker Question 2 

Which of the following pairs of atoms have the same number 
of neutrons?

A)  

B)  

C)  
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Lecture 4 - The Atomic Theory Today

28

All atoms of the same element contain the same number of 
protons.

They can, however, have different numbers of neutrons.

• Atoms with the same number of protons but different 
numbers of neutrons are called isotopes of one another.

- Chlorine-35 and Chlorine-37 are isotopes of one another

• Except for their masses, isotopes have almost identical 
physical and chemical properties.
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35
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37
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Lecture 4 - The Atomic Theory Today
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The chemical and physical properties of the elements are 
determined primarily by the number of electrons it contains

• Remember, most of an atom’s volume is made up of 
electrons.

• The number of electrons in a neutral atom is determined by 
the number of protons it contains.

Lecture 4 - The Atomic Theory Today
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The mass of an atom in atomic mass units is its mass relative 
to 1/12 the mass of the carbon-12 isotope.

• The masses reported on the periodic table are an average 
based on the the natural abundance of the different 
isotopes of that element.

Webelements website: http://www.webelements.com/



Lecture 4 - Problem
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Based on the natural abundance and isotope masses of the 
naturally occurring isotopes of chlorine, determine the 
average mass of chlorine in amu.

Lecture 4 - The Atomic Theory Today
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The isotope 
masses and 
natural abundance 
of isotopes can be 
determined using 
a mass 
spectrometer. 

Lecture 4 - The Atomic Theory Today
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The chemistry department has a time-of-flight mass 
spectrometer

Lecture 4 - The Atomic Theory Today
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Methanobactin

Lecture 4 - The Atomic Theory Today
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Methanobactin

Lecture 4 - The Atomic Theory Today
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Summary:

• All matter is composed of atoms.

• Atoms of one element cannot be converted into atoms of 
another element ina a chemical reaction.

• All atoms of an element have the same number of protons 
and electrons, which determines the chemical behavior of 
the element.

• Compounds are formed by the chemical combination of 
two or more elements in specific ratios.



Lecture 4 - The Atomic Theory Today
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The elements are arranged into a periodic table.

Lecture 4 - The Atomic Theory Today
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In the 19th century, investigators looked for ways to organize 
what was known about the various elements.

Dmitri Mendeleev (1836-1907) created one of the most useful 
arrangements, in which the elements were arranged by 
mass.

• In his arrangement, Mendeleev also grouped elements 
with similar physical and chemical properties.

Lecture 4 - The Atomic Theory Today
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In the 19th century, investigators 
looked for ways to organize what 
was known about the various 
elements.

Dmitri Mendeleev (1836-1907) 
created one of the most useful 
arrangements, in which the 
elements were arranged by mass.

• In this arrangement, Mendeleev 
also grouped elements with 
similar physical and chemical 
properties.

Lecture 4 - The Atomic Theory Today
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The modern periodic table has the elements arranged left-to-
right and top-to-bottom by atomic number instead of atomic 
mass.

• The rows are called periods

• The columns are called groups
- The are labeled 1A to 8A and 1B to 8B

- The ones labeled 1A to 8A are the maingroup or representative 
elements.

- The ten groups that are labeled 1B to 8B are the transition 
elements.

Elements found in the same group share similar physical and 
chemical properties.

• We will also see that they share a common electronic 
configuration.
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Lecture 4 - The Atomic Theory Today
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Lecture 4 - Problem

How can iodine (Z = 53) have a higher atomic number yet a 
lower atomic mass than tellurium (Z = 52)?

Mendeleev also recognized that these two elements were out 
of order back in 1871, when he made his periodic table.
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Unit I - Up Next

• Energy and matter

• Di!erent forms of energy and their interconversions

• Heat energy and chemical change
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The End


