
Chapter 5: Atomic 

Structure and the 

Periodic Table



5.1 Atoms

� Democritus of Abdera (Greece) first 
suggested the idea of the atom.

� Thought that matter was made of tiny, 
indivisible, indestructible, fundamental 
particles of matter.

� No evidence for this, so hard to explain the 
behavior  of chemicals with this “atom” idea.

� No evidence of this behavior existed for 
about 2200 years.



� English school teacher John Dalton actually 

PERFORMED experiments to arrive at his 

atomic theory.

� Wanted to learn in what ratios different 

elements combined in chemical reactions.

� Based on these experiments, developed what 

is known as Dalton’s atomic theory.



Dalton’s Atomic Theory

1. All elements are composed of tiny particles called 
atoms.

2. Atoms of the same element are identical.  The 
atoms of different elements are different.

3. Atoms of different elements can physically mix or 
chemically combine with each other in simple 
whole-number ratios to form compounds.

4. Chemical reactions occur when atoms are 
separated, joined or rearranged.  However, atoms 
of one element are never changed into atoms of 
another element during a chemical reaction.



� In Dalton’s theory, think of a pure copper penny.

� Grind it into fine dust.  Each grain has the same 

properties as the original.

� Keep dividing the grains, finer and finer.

� Eventually, you get a particle of copper that could no 

longer be divided and still be copper.

� This final particle would be an atom, the smallest 

particle of an element that retains the properties of 

that element.

� View this model as you would a billiard ball.  Small, 

round, and neutrally charged. Same throughout.



Size of atoms

� Very, very small.

� A pure copper coin the size of a penny would 

contain about 2.4x1022 atoms.

� Comparison: Earth has about 6.6x109 people.

� There are about 4x1012 (That’s 

4 000 000 000 000) more atoms in a little coin 

than people on Earth.

� We DO have methods for seeing atoms 

though.



5.2 – Structure of the Nuclear 

Atom

� On the whole, Dalton was pretty right.  He was 
wrong a bit though.

� Atoms ARE divisible.  Can be broken down 
into smaller, more fundamental particles 
(though they will NOT share the same 
properties as the larger piece).

� Right now, no single theory fully accounts for 
all of the subatomic particles that are known.

� We will focus on three: electrons, protons 
and neutrons.



Electrons

� Negatively charged subatomic particles.

� Sir J.J. Thomson discovered them in 1897

� Found atoms contained a negatively charged aspect.

� Determined has 1 unit of negative charge, and MUCH 

lighter than a hydrogen atom.

� Created “Plum Pudding” model of an atom

� Solid ball with charges scattered throughout, like raisins in 

plum pudding

� Robert A. Millikan calculated correct mass of an 

electron to be 1/1840 the mass of a hydrogen atom.



� We know that atoms normally have no 

charge; called electrically neutral.

� Electric charges don’t come in fractions, and 

positive and negative charges cancel out.

� Since an electron carries one negative 

charge, should be something that carries one 

positive charge to cancel it out.

� Is a proton.



� Sir James Chadwick found the third basic 

subatomic particle, called a neutron.

� A subatomic particle with no charge, but nearly 

equal mass of a proton.

� Together, the neutron, electron and proton 

are the fundamental building blocks of atoms.

� Pg. 111 for properties of these subatomic 

particles.



5.2 - Structure of the Atom

� Even before neutrons were discovered, 

wanted to know HOW electrons and protons 

were put together.

� Rutherford and his colleagues decided to test 

this by sending alpha particles (positively 

charged) at a THIN piece of gold foil.

� Because atoms are neutral, expected alpha 

particles to pass through gold foil.





� Most passed through 
the foil, but a small 
fraction deflected, or 
bounced back entirely!

� Proposed new theory of 
atom.

� That almost all mass 
and ALL positive 
charge in small region 
in center.

� Called it the nucleus.



The nucleus

� Nucleus is the central core of an atom, 

composed of protons and neutrons.

� Since protons and neutrons have MUCH 

greater mass than electrons, almost all mass 

is in that small area.

� Nucleus is so dense, a nucleus the size of a 

pea would have a mass of about 250 tons.

� So small, that if an atom were the size of a 

football field, nucleus would be the size of a 

marble.



� Since nucleus has positive charge, and only 

takes up small part of atom, what’s in area 

beyond the nucleus?

� The electrons live there!  Mostly empty 

space, with few electrons to bother the alpha-

particles.



Rutherford Atomic Model



5.3 – Distinguishing Between 

Atoms

� Recall that Dalton said that the atoms of one 

element are different from atoms of other elements.

� How are they different?

� They differ in their number of protons!

� It is actually the number of protons in an atom that 

MAKE an atom a certain element

� A carbon atom is a carbon atom because it is an atom with 

6 protons

� An oxygen atom is an oxygen atom because it is an atom 

with 8 protons



� The atomic number of an element tells us 

how many protons it has

� Simply, the atomic number IS the number of 

protons in that atom

� Carbon has 6 protons, therefore it has an atomic 

number of 6



� Remember, because atoms are electrically 

neutral, that an atom has an equal number of 

protons and electrons.

� Therefore, in a normal atom, the atomic number is 

ALSO equal to the number of electrons



Mass Number

� Most of the mass of the atom is in its 

nucleus.

� And remember, nucleus contains the protons and 

neutrons

� The sum of the number of protons and 

neutrons in an atom is called its mass 

number.



Using Mass Number

� You can find the composition of an atom from 

its atomic number and its mass number.

� If an atom of oxygen has an atomic number of 8, 

and a mass number of 16, what does this tell us?

� Atomic number 8 tells us 8 protons

� Which also means 8 electrons

� Since the atomic number is 16, what + 8 (the number 

of protons) equals 16?

� 8 again! The number of neutrons

� So # of neutrons = mass number - atomic number



Shorthand

� To represent the composition of any atom 

you use the chemical symbol with 2 

additional numbers written to the left of it

� The atomic number is written as a subscript on 

the left

� Remember, subscript means slightly below the symbol

� And the atomic mass is written as a superscript 

on the left



Examples

O168 S3216 Ag108

47

Br80

35
Pb207

82



Isotopes of the Elements

� Most of Dalton’s theory is still accepted today

� However, it is currently  known that different 
atoms of the same element may have different 
atomic structures

� In the nuclei, the # of protons for a given element 
must remain the same

� But the number of neutrons can vary from atom to 
atom

� Atoms that have the same number of protons 
(atomic number), but different numbers of 
neutrons are called isotopes.



� Because isotopes have different number of 
neutrons, they also have a different mass 
number

� However, despite differences in neutrons, 
chemical properties are alike

� Because they still have the same number of 
protons and electrons

� Different isotopes are usually represented by 
the name of the element, a dash, and then 
the mass number



Examples

� Carbon with 6 neutrons
� All carbons have 6 protons, so mass # of 12

� Carbon-12

� Carbon with 8 neutrons
� Mass number is now 14 (6 + 8)

� Carbon-14

� Hydrogen with 0 neutrons
� 1 proton, so mass # of 1

� Hydrogen - 1

� Hydrogen with 1 neutrons
� Hydrogen - 2

� Hydrogen with 2 neutrons
� Hydrogen - 3



Atomic Mass

� The mass of even the largest single atom is 

too small to be measured individually with a 

balance

� But since the masses of individual atoms is 

useful information, we want a way to work 

with them

� But frankly even grams is too big

� For example, the mass of an arsenic atom is 

1.244 x10-22 g



� We came up with a new mass unit, only used 

for atoms

� All atomic masses are compared to the 

carbon-12 isotope

� The mass of a carbon-12 isotope is defined to 

have a mass of exactly 12.00000 amu

� An amu, or atomic mass unit, is defined as 

1/12 the mass of a carbon-12 atom



What this means

� Using amu, this means a helium-4 atom has 

a mass of 4 amu

� A nickel-60 atom has a mass of 60 amu

� Easy!

� In practice, each proton and neutron has a 

mass of about 1 amu.



Periodic Table Info

� Atomic mass should be a whole number

� Since a proton and neutron are both amu 1, and 

an electron is negligible

� But the atomic masses on the periodic table 

aren’t whole numbers. 

� Each should be CLOSE to a whole number 

though



Why the non-whole numbers?

� Because in nature, most elements occur as a 

mixture of two or more isotopes

� Each isotope has a fixed mass and a natural 

percent abundance

� The atomic mass on the periodic table is 

because it takes into consideration the larger 

and lower masses of the other isotopes

� If you round the atomic mass to the nearest whole 

number, it tells you the most common isotope. 



� Here’s where it gets oddM

� To find atomic mass, can’t just take average of the 

isotopes mass.

� If we took average of chlorine-35 and chlorine-37, average 

would be 36.9674 amu.  Not the case.

� Can’t just take standard average of the isotopes.

� Atomic mass is a weighted average mass of the 

atoms.

� A weighted average reflects both the mass and the 

relative abundance of the isotopes in nature.



4.8 Calculating Atomic Mass

� To do this, you must know

� Number of stable isotopes of that element

� Mass of each isotope

� Natural % abundance of each isotope



Here’s how we do this4

� Element X has 2 natural isotopes.  The 

isotope with mass 68.956 amu has a 

relative abundance of 60.0%.  The isotope 

with mass 70.954 amu has a relative 

abundance of 40.0%.  Calculate the atomic 

mass of this element and name it.

1. Find mass that each isotopes contributes by 

multiplying the mass by its relative abundance.

2. Add products.



68.956 amu x .600 = 41.3736 = 41.4

70.954 amu x .400 = 28.3816 = 28.4

69.8

� Look at periodic table.  Which element is this 

probably?

� Probably Ga with a listed atomic mass of 

69.723.



5.4 – The Periodic Table: 

Organizing the Elements

� By the mid-1800’s, about 70 elements had 
been discovered

� But not common features that would relate them 
to each other

� Dmitri Mendeleev (a Russian chemist) listed 
the elements into vertical columns in order of 
increasing atomic mass

� He noticed a regular (periodic) recurrence of 
their physical and chemical properties

� So he rearranged the columns so elements 
with similar properties were side by side.



� This lead to the first “periodic” table.

� Called the periodic table because the 
elements were arranged so that elements with 
similar properties were next to each other.

� As you went around the table, properties would 
repeat.

� Periodic means to regularly repeat.

� Pg. 123 shows Mendeleev’s periodic table

� Notice the numerous blank spaces

� These were elements that had not been 
discovered yet, but Mendeleev predicted them 
based upon his table

� In fact, eventually all of the missing elements 
were found, and did have the properties 
Mendeleev had predicted.



� In 1913 Henry Moseley (a British physicist) 

determined the atomic number of atoms.

� He rearranged the periodic table by order of 

atomic number (not atomic mass as 

Mendeleev did)

� This gives us the modern periodic table



The Modern Periodic Table

� The horizontal rows on the periodic table are 

called periods.

� The vertical columns are called groups or 

families.

� Each family is identified by a number and letter

� Groups 1A through 7A and group 0(or 8A) are 

known as the representative elements

� The transition metals are not representative 

elements



Periodic Law

� This common change in properties as we 
move from group to group is called the 
periodic law

� This states that when the elements are arranged 
in order of increasing atomic number, there is a 
periodic pattern in their physical and chemical 
properties.

� This periodic law allows us to use the general 
patterns on the periodic table to understand the 
properties of most of the elements of the periodic 
table without having to memorize each element



Three Broad Classes

� We can divide the periodic table into three 

main groups

� The metals have high electrical conductivity and 

high luster (shiny) when cleaned.

� They are ductile (can be drawn into wires) and 

malleable (beaten into thin sheets).

� With the exception of Hydrogen, the 

representative elements on the left side of the 

periodic table are metals.



More with metals

� The Group 1A elements are called the alkali 
metals

� The Group 2A elements are called the 
alkaline earth metals

� Most of the rest of the elements that are NOT 
group A elements (representative elements) 
are also metals

� Transition metals

� Rare-earth metals (lanthanides and actinides)



� In the upper right side of the periodic table we 
find the non-metals

� Generally nonlustrous, and poor conductors of 
electricity

� Many are gasses at room temp, though some are 
solid (and one is liquid)

� Two important groups of non-metals

� Far right side are called the noble gasses

� Most are non-reactive

� 2nd from right are called the halogens

� Quite reactive



� Separating the metals from non-metals is a 

group called the metalloids

� They have some properties of metals, some of 

nonmetals


