
Atoms and the Periodic Table
The very hot early universe was a plasma with cationic nuclei separated from negatively charged 
electrons. Plasmas exist today where the energy of the particles is very high, in stars and also in the 
outermost part of the Earth's atmosphere. When the universe cooled, the electrons combined with nuclei 
to make neutral atoms. Atoms are lower in energy, more stable, than the separated particles. In this unit, 
we'll learn about atoms and the configuration of electrons in atoms.
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Atoms and Elements

Forming Atoms
When a proton and an electron approach, there is an attraction between them. This is simply the 
electrostatic interaction of the positive and negative charges, like the attraction between the positive and 
negative poles of magnets. As they get closer, energy is released. Eventually the proton and the electron 
merge to form a neutral atom of hydrogen. The electron cloud in hydrogen is decreased in size from the 
free electron cloud because of the "pull" of the positively charged nucleus.

We can follow the energy change in the process that forms the hydrogen atom through a reaction 
coordinate diagram. Energy decreases from top to bottom of the diagram. At the beginning we see the 
total energy of the proton and the electron at infinite distance. As the proton and electron get closer, the 
total energy of the system decreases. It becomes more stable. Finally, a hydrogen atom is produced. For 
every hydrogen atom produced, 1.58 x 10-18 joules of energy are released from the system to the 
surroundings. Because energy is released from the reaction system, the energy change is a negative 
number. 

We normally discuss energy changes for a mole of reactant or product. The energy change per mole is 
-9.51 x 105 joules or -951 kJ.



Similarly for helium formation, there is a total energy of a helium nucleus and 2 electrons at infinite 
distance. As they get closer, energy is released. First one electron adds to the nucleus making a He+ ion. 
Then the second electron adds to form the helium atom.

Below is a table showing the number of protons, electrons, and neutrons for the first ten atoms. The 
atomic number is the same as the number of protons in the nucleus. The number of electrons in a neutral 
atom is equal to the number of protons in the nucleus. The number of neutrons in the nucleus can vary in 
different isotopes. The sum of the number of neutrons and protons in the nucleus is the mass number (A) 
and is very close to the total mass of the atom. The number of neutrons corresponding to the most 
common isotope of the element is in bold type. All beryllium atoms have 5 neutrons in the nucleus and all 
fluorine atoms have 10 neutrons. Most hydrogen atoms have no neutrons but the deuterium isotope (H-2) 
has 1 neutron and the tritium isotope (H-3) has 2 neutrons.



Elements
An element is a material that consists of only one type of atom. The atomic mass is the mass in grams of 1 
mole (6.02214 x 1023 atoms) and is equal to the mass of the atom's nucleus in atomic mass units, or to the 
average mass of the nuclei of all isotopes of the atom. The mass of the electrons is negligible.

The beryllium nucleus includes 4 protons and 5 neutrons and has a moss of 9.0122 amu. A mole of pure 
beryllium has a mass of 9.0122 g or 9.0 to 2 significant figures.

Boron has 2 isotopes. The most common isotope at 80.1 % of all boron atoms, 11B or B-11, has a mass of 
11.009305 amu. The less common isotope at 19.9 %, 10B or B-10, has a mass of 10.012937 amu. The 
atomic mass is the weighted average. A table of the isotopes and their natural abundances is attached here 
as a pdf file. 

	
 B atomic mass = (0.801)(11.009305) + (0.199)(10.012937) = 10.811028 or 10.8 to 2 sig. fig.

Ionization Energy and Electron Affinity
Energy is required to remove an electron from a neutral atom. This is the ionization energy. For 
hydrogen, the energy required to separate the single electron from the proton is 951 kJ/mol. It takes nearly 
twice that amount to remove a single electron from helium and make the helium cation. A cation is a 
particle with a positive charge.

Adding another electron to hydrogen releases energy, the electron affinity, and forms the hydrogen anion 
or hydride. An anion is a particle with a negative charge. Helium doesn't add additional electrons. 

The charge of the nucleus in H or F is already balanced by the electrons surrounding it. Why should 
adding an additional electron to it release more energy? It has to do with electron orbitals. We'll see that 
soon.



Periodic Table

The periodic table is a convenient way to group the elements. Each element is represented by a 1 or 2 
letter symbol. A typical periodic table is shown here:

As you can see, the elements in the table are arranged by atomic mass, from lowest mass in the upper left 
to highest on the bottom right. Note that there is a placeholder after barium (Ba) for the lanthanide 
elements with atomic mass 57-70 and another placeholder after radium (Ra) for the actinide elements 
with atomic mass 89-102. 

Columns
The columns group elements according to their similarity in properties and reaction chemistry. Below are 
some of the columns. Hydrogen and the elements below it in the periodic table frequently lose an electron 
to other atoms and become +1 cations. Beryllium and the elements in its column frequently form +2 
cations by losing 2 electrons to other elements. The elements in the column beginning with oxygen can 
gain 2 electrons from other elements and form -2 anions while elements in the column beginning with 
fluorine typically gain 1 electron form other elements and form -1 anions. Helium and the other elements 
in its column are very unreactive. They don't ever form anions or cations.



Can make +1 
cations

Can make +2 
cations

Can make -2 
anions

Can make -1 
anions

Don't make 
anions or cations

Metals and Non-Metals
Most of the elements are metallic. What are the properties of metals? Think about a common metal like 
copper. It is shiny and it "looks metallic". It conducts electricity  well so we use it to make electrical 
wires. Copper is easy to bend without breaking and it can be hammered into many shapes, that is it is 
malleable. With heating, it is ductile so it can be pulled into wires. The other elemental metals also have 
these characteristics. 

Metallic Elements

The non-metals are quite different. They are typically poor conductors of electricity. As solids they don't 
bend and break when hit with a hammer. 



Some of these elements (Si, Ge, As, Sb, Te, Po) are intermediate between metals and non-metals and are 
called metalloids.

Non-Metals and Metalloid Elements

Electron Orbitals
Electrons have very little mass but occupy most of the space in an atom. We can think of the space 
occupied by an electron as a cloud or as a standing wave. This is called an orbital and the shape of the 
orbital can be calculated. Around every nucleus, their are shells of orbitals for the electrons.

Three kinds of electron orbitals are shown below. The pictures of orbitals represent a mathematical 
function showing 90% probability of finding an electron in the area enclosed by the shape. 

An s orbital is spherically symmetrical around the nucleus. 
In any electron shell, there is only one s orbital.

A p orbital has two lobes of electron density with zero 
electron density (probability of finding an electron) at 
the nucleus. The two colors represent different signs, + 
and -, of the mathematical function. There are 3 different 
p orbitals, each 90 degrees apart. We can think of these as 
a px along the x axis, py along the y axis, and pz along the z axis.

There are 5 different d orbitals in different regions of space around the nucleus. One of them is pictured 
here.

The orbitals in each shell of electron density extend further from the nucleus.



Rules on Orbitals

1. The maximum number of electrons in any orbital is two.
2. Atoms have a series of available orbitals with different energies for electrons.
3. Electrons fill the lowest energy orbitals first.

Electron Configuration

This diagram represents the energies of orbitals in the first 4 
shells of electron density.

The lowest energy shell, shell 1, contains only 1 kind of 
orbital. It would be filled with 2 electrons.

Shell 2 has 4 orbitals and would be filled with 8 electrons. 
Each of the 2p orbitals has the same energy. The p orbitals 
are higher in energy than the 2s orbital.

The third shell is similar to the second. It contains 4 orbitals 
and would be filled with 8 electrons. 

The fourth shell of electron density has 9 orbitals and would 
be filled with 18 electrons.

Let's examine the orbital energy diagram for a few atoms 
beginning with the simplest atom, hydrogen.





Each row in the periodic table corresponds to a shell of electron density. You can use the table to help you 
determine the electronic configuration of every element.



There are some exceptions because:
Elements are most stable when they have filled shells, filled orbitals of one type within a 
shell, or half-filled orbitals of one type within a shell.

The electronic configuration of cations or of atoms within molecules can also be a little different because:
For cations and atoms within molecules the 3d orbitals are lower in energy than the 4s 
orbital, the 4d are lower than the 5s, and the 5d are lower than the 6s.


