What is an Atom?

Chemistry
Unit 4
Module 4



Module Concepts

- Cloud Model Review

- Electron Configurations
Neutral Atoms

Long Form vs. Short Form
Time permitting: lons

- Valence Electrons

- The Octet Rule

- Noble gases



The electrons for an atom
orbit its nucleus in energy

levels, rings, or shells.

1 Each level has a maximum
number of electrons that it can
hold.

J The smallest energy level (the one
closest to the nucleus, the first)
can hold 2 electrons.

Jd The second energy level, slightly
larger and farther away from the
nucleus, can accommodate 8
electrons.

d The third energy level, even larger
and farther away from the nucleus,
can hold up to 18 electrons.

J Where do these numbers come
from?



Orbitals

Rather than thinking of electrons as simply
residing in permanent shells (aka energy levels
or rings) with well-defined borders, it was found
that there were regions of high probability where
a given electron would be found based on its
energy. These became known as orbitals and
gave rise to the electron cloud model of the
atom.

Orbitals come in four different shapes, or
sublevels that can be found within each energy
level, shell, or ring. These sublevels are
represented with letters.



‘ s-orbitals

! s-orbitals, the lowest
energy orbitals or
sublevels, are
spherically shaped and
can hold a maximum of
2 electrons.




p-orbitals

p-orbitals, higher in energy than s-orbitals, are
shaped like peanuts and are situated on each of the
three axes in a 3-D graph (x, y, z).

A maximum of 2 electrons can fit in each of the
three p-orbitals for a total of 6 electrons

http://www.chemistry.uvic.ca/chem222/Notes/lect3v1.htm



http://www.youtube.com/watch?v=DfPeprQ7oGc

‘ d-orbitals
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f-orbitals

f~orbitals, the highest energy orbitals for
electrons of atoms in the ground state, have
seven possible arrangements; each atomic
orbital may hold 2 electrons for a maximum
of 14 electrons that can fit in the f-orbitals.
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‘ Orbital Shapes — Listed 1n order of
Increasing Energy

Orbital # Spatial Maximum #
Shape Orientations Electrons
S 1 2

p 3 6
d 5 10
f 7 14




e | Energy Level

e II Energy Level

11 Energy Level
——a [V Energy Level

® Nucleus




“lIn every atom, even if the shells are not full,
the electron clouds still exist and overlap.
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Last class we learned how to write an
electron configuration for elements 1-20
using the “boarding house™ analogy and the
“orbital diagram” model.

These models that we looked at start to
become less useful when we try to use them
to write electron configurations for elements
with atomic numbers higher than 21.

Let’s learn how to use the Periodic Table, the
ultimate cheat sheet you'll ever be allowed to
use, to write the electron configurations for
elements.



Prepare your Periodic Table — Step 1!

Put your name on the PT sheet.

Choose 4 colors to represent 4 different blocks
of the periodic table (s,p,d,f). Make sure the
colors are dramatically different colors, not just
shades of each other. You can use markers,
colored pencils, highlighters, your choice.

Draw a legend, or key, to indicate which color
will correspond to which letter. (Hint: | would
save my FAVORITE color for either p or d!)



Periodic Table

Main groups Main groups
1A® ' 8A
1 18
| 2
1| H | 2A 30 4A SA 6A TA | He
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dThe labels on top (1A, 2A, etc.) are common American usage. The labels below these (1. 2. etc.) are those recommended
by the International Union of Pure and Applied Chemistry (TUPAC).




Prepare your Periodic Table — Step 2!

Now, color your Periodic Table to reflect the
s, p, d, and f blocks!

s block is all squares in vertical columns 1
and 2 plus He

p block is all squares in vertical columns 13 —
18 minus He

d block is all squares in vertical columns 3 —
12 (the bridge between s and p blocks)

f block is all squares in the 2 horizontal rows
at the bottom, off by themselves






Electron Contigurations — The Basics

An electron configuration gives an
account for ALL of the electrons in an
element. There are three parts to an
electron configuration: the coefficient
represents the energy level that the
electron resides in (which
corresponds to the horizontal row
number on the PT), a letter (s,p,d,f)
that indicates the type of
orbital/sublevel the electron resides in
(which corresponds to the block
from the PT), and a superscript
(which corresponds to the number
of electrons in the orbital).

Energy level

Mumber of electron
in the orbital

Type of orbital



Rules for writing an electron configuration!

J The start position is always in front of H, atomic #1.

J Element squares = steps! (Like spaces on a board
game!)

J Follow the atomic numbers; don’t skip spaces!

J Every time you enter a new block or new horizontal
row, start recounting your steps (from the number 1) to
figure out the superscript that goes with the letter.

J The superscript for s cannot exceed 2
J The superscript for p cannot exceed 6
J The superscript for d cannot exceed 10
J The superscript for f cannot exceed 14



Rules to Follow — Cont’d

When crossing over the s and p blocks, the coefficient (energy level
number) 1s equal to the horizontal row (1.e. period) number.

When crossing over the d block, the coefficient (energy level
number) 1s equal to the row number minus one.

When crossing over the f'block, the coefficient (energy level
number) is equal to the row number minus two.

FOLLOW THE ATOMIC NUMBERS IN ORDER TO WRITE
ELECTRON CONFIGURATIONS PROPERLY!

Let’s practice together as a class!

Valence electrons are the electrons in the highest energy LEVEL of
an element. Core electrons are the electrons in the LOWER energy
levels of an element.



Long form

Noble gas

abbreviation

# Valence

Electrons

Hydrogen

Helium

Lithium

Beryllium

Boron

Carbon

Nitrogen

Oxygen

Fluorine

Neon

Iron

Cadmium

Zirconium

Bromine

Antimony




Man, that gets long!

Electron configurations can get very long, as you
can see in the table.

J A shortened form of the electron configuration can be
written for most elements. This shortened form is often
referred to as the noble gas abbreviated electron
configuration, or the short form.

J To write the noble gas configuration, find the last noble gas
(i.e. member of vertical column 18 of the PT) that was
crossed over on the way to your element. This noble gas
symbol is placed in square brackets, creating a new start
position for writing the remainder of the electron
configuration. Let’s finish filling in that table!



Electron Configurations for Ions

Electron configurations can also be given for ions (when
neutral elements lose or gain electrons). Just find the
number of electrons the ion has, and write the electron
configuration to that atomic number, rather the atomic
number of the neutral atom. Example: Na+! has 10
electrons. Write the electron configuration to an atomic
number of 10 (i.e. stop at Neon) rather than going all the
way to atomic number 11, the atomic number of sodium.
Now, give the electron configurations for the ions in your
notes packet.



Have you noticed a trend?

Notice that when elements gain or lose
electrons to form ions (anions and cations),
they seek to achieve a noble gas
configuration (i.e. 8 electrons in the outer
shell, or a stable octet).

JBased on this pattern, we can predict the charge
of ions of elements in the s and p blocks. All you
need to know is that elements are LAZY.
Elements will take the shortest path available to a
noble gas configuration.



Example - Sodium

The electron configuration for sodium is
15225%2pf3s’.

Sodium has 1 valence electron. A noble gas has 8
valence electrons. Sodium has the option of moving
1 step backward (i.e. lose 1 electron) to the Neon
noble gas configuration or 7 steps forward (i.e. gain
[ electrons) to the Argon noble gas configuration.

Sodium is lazy. The shortest path to the noble gas
configuration is to lose 1 electron. Hence, sodium
will form an ion with a 1+ charge by losing 1
electron.



Element #Vaence | GanorLose? | lon
dectrons Charg
Magnesium
Fluorine
Aluminum
Nitrogen
Sulfur

Potassium




