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Atomic (Chemical) Symbols

We use abbreviations called atomic symbols to identify elements. For example,
here’s the symbol for Magnesium (Mg):

Atomic # (#of|__+12 Mg
protons)

The atomic number corresponds to the box in which the element appears on the
periodic table. For example, Mg appears in box 12 on the periodic table, so its
atomic number is 12. The atomic number is always the same for all elements with
the same letter symbol. In other words, all Mg elements have an atomic number of
12. Also, the atomic number is equal to the number of protons, so all Mg atoms
have 12 protons. The number of protons in a given element never changes.
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Mass Number

An atom’s mass is equal to the combined masses of its protons and neutrons, which
are located in its nucleus.

Mass # —24

Atomic # (#of|__+12 Mg
protons)

Mass # = (# of protons) + (# of neutrons)






Mass Number

An atom’s mass is equal to the combined masses of its protons and neutrons, which
are located in its nucleus.

Mass # —— 24

Mg

Atomic # (#of|__+12
protons)

Mass # = (# of protons) + (# of neutrons)

So how can you calculate an atom’s number of neutrons?

# of neutrons = Mass # - # of protons
= Mass# - atomic#



Mass Number

The mass number CAN change for different atoms with the same letter symbol.

Mass # —— 24

Atomic # (#of|__+12 Mg
protons)

Mass # = (# of protons) + (# of neutrons)

As | mentioned before, all atoms of the same element have the SAME number of
protons and the SAME atomic number. For example, all Mg atoms have 12 protons.

You CANNOT change the number of protons in an element. If you do, you change
the element.




Mass Number

The mass number CAN change for different atoms with the same letter symbol.

Mass # —— 24

Mg

Atomic # (#of|__+12
protons)

Mass # = (# of protons) + (# of neutrons)

However, different atoms of the same element can have different numbers of
neutrons. For example, a 2*Mg atom has 12 protons and 12 neutrons (12+12=24),
but not all Mg atoms weigh 24. Some weigh 23, and some weigh 25. A 2°Mg atom
has 12 protons and 13 neutrons (12+13=25), while a 23Mg atom has 12 protons and
11 neutrons (12+11=23).



Atoms of the same element that have different mass numbers, are
called I1sotopes.

For example, most carbon atoms have 6 neutrons. We call these
“carbon 12” (or 2C) atoms because they weigh 12 amu (6 neutrons + 6
protons = 12 amu). In contrast, other carbon atoms have 7 neutrons.
These are called “carbon 13” (or 3C) atoms because they weigh 13
amu. We would say that 2C and 3C atoms are different isotopes of
carbon. All of these, however, have the same atomic number, 6, and the
same number of protons (6).

Once again, you CAN change an element's number of electrons or
neutrons without changing which element it is, but you CANNOT change
its number of protons. For example, if you change a carbon atom’s
number of protons to 7, it is no longer carbon. It is now nitrogen.



The Bohr Model of the Atom

In 1913, Niels Bohr and Ernest Rutherford created the first working
model of a hydrogen atom.




What is Quantization?

When walking up a ramp, you can stand at any vertical position along the ramp. When
walking up stairs, however, you cannot do that. You can only stand at certain vertical
locations, where the steps are, not in-between them.
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What is Quantization?

For instance, you cannot stand halfway between the first and second step on a set of
stairs. Once again, you can only stand at specific vertical positions and not in-
between those positions.

We say, then, that your position on a set of stairs is

quantized. That is, your position can only exist at ‘
certain distinct levels, but not in-between those levels. ’ a

ramp stairs



The Bohr Model of the Atom

Similarly, the Bohr model for hydrogen (and by extension, all other elements’ atoms)
indicates that electrons can only exist at certain distances from the nucleus (n =1, 2,
3, 4, etc.) and not anywhere in-between. Thus, electrons’ distances from their nuclei
are also quantized. Hence, there is no n = 2 shell.



The Bohr Model of the Atom

The distance between each energy shell and the next shell above it gets smaller as
you get further away from the nucleus.

Thus, there is a larger energy difference
between an electron that shifts from n=2 ———
down to n=1 than (for example) an
electron that shifts from n=5 to n=4.

ENERGY




Questions

There are four isotopes of calcium. Their mass numbers are 40, 42, 43, and 44.

* Please write the complete chemical symbol (superscript and subscript) for each
iIsotope.

 How many neutrons are in an atom of each isotope?

« How many neutrons, protons, and electrons are present in a °Ca2* ion?

Give the chemical symbol, with its superscripted mass number, for:
* The element with 42 protons and 54 neutrons

* The ion with 15 protons, 16 neutrons, and 18 electrons
* The isotope of silver that has 61 neutrons



Questions

How many protons, neutrons and electrons does the %2Cr3* ion have?

24,52, 26
52, 52, 55
24 | 28, 26
24, 28, 21
24, 28, 25

mo o wp



Questions

The symbol of an ion is 238 X**. Which of the following is true regarding the ion?
92

l. It has 92 protons.

Il. It has 238 neutrons.

lll. It has 88 electrons.

V. The element X is uranium.

A. land Il only

B. I, lll and IV only
C. lland IV only
D. land IV only

E. LI, I, and IV






Where Are an Atom’s Electrons?

In an earlier video, | showed you the Bohr atomic model, which proposes that
electrons travel along two-dimensional orbits around their atom’s nucleus, similar to
the way that planets orbit the sun:



Where Are an Atom’s Electrons?

In reality, electrons do not travel around the nucleus in circular, two-

dimensional orbits. Instead, they zoom throughout various three-
dimensional regions of space called orbitals (sometimes called atomic

orbitals for single atoms, or molecular orbitals for molecules).

These orbitals’ shapes are not simple 2D circles. In fact, they have a
variety of different shapes, which a physicist named Erwin Schrodinger
identified through complex calculation. His work was accomplished by

taking the Bohr model to the “next level,” so to speak.



Four Different Kinds of Orbitals

There are four different kinds of orbitals: s-orbitals, p-orbitals, d-
orbitals, and f-orbitals. Each of these orbitals, or sets of orbitals, are
simply regions of space around an atom’s nucleus, where its electrons
“live.” Orbitals, then, are kind of like empty parking places for electrons.




S-Orbitals

S-orbitals are shaped like spheres. Theyre very much like the 2D
circles in the Bohr model, except that they aren’t 2D circles. They're 3D
spheres. A 1s orbital, for instance, surrounds the nucleus at an n=1
distance. A 2s orbital has the same shape. It's just further from the

nucleus and surrounds the 7s orbital.




S-Orbitals

So, lower-energy (lower-n) orbitals and their electrons are buried inside higher-
energy (lower-n) orbitals, kind of like nesting dolls. This same thing applies to p-
orbitals, d-orbitals, and f-orbitals.

By Akrilov - Own work, CC BY-SA 3.0,
https://lcommons.wikimedia.org/w/index.php?curid=9571606



P-Orbitals

P-orbitals are shaped like dumbbells. Each energy level, however, has three p-
orbitals: one straddling the x-axis, one straddling the y-axis, and one straddling the
z-axis. So when we talk about a 2p shell, we're talking about three separate 2p
orbitals: a p,, a p,, and a p,.



P-Orbitals

P-orbitals are shaped like dumbbells. Each energy level, however, has three p-
orbitals: one straddling the x-axis, one straddling the y-axis, and one straddling the
z-axis. So when we talk about a 2p shell, we're talking about three separate 2p
orbitals: a p,, a p,, and a p,.

Please remember that there are THREE different p-orbitals per shell.
(This will become relevant later on.)




D-Orbitals

D-orbitals are shaped like four-leaf clovers, except for the fifth one,
which looks like a donut/dumbbell combination.

%L%

Please remember that there are FIVE different d-orbltals per shell.

( ThlS will become relevant Iater on.)
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EXAM TIP: Transition metals are brightly-colored, because the funky
way that d-orbitals are shaped allows electrons in the d-orbitals to
absorb colored light and be promoted to higher-energy orbitals within the

d-shell.
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F-Orbitals

F-orbitals have seven different shapes, as seen here:

R

Please remember that there are SEVEN different f-orbitals per shell.
(Again, this will become relevant later on.)
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We’re used to seeing the periodic table shown like this:
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Each orbital can hold up to two electrons.
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Quantum Numbers

In an earlier video, we learned that electrons ‘live” (reside) in regions of space
around their atom’s nucleus. These regions of space are called orbitals. We also
learned that there are four different kinds of orbitals: s-orbitals, p-orbitals, d-
orbitals, and f-orbitals.

Scientists have a numerical system for describing an electron’s location: that is, how
far it is from its nucleus and in what kind of orbital it resides. This system involves
four different numbers, called quantum numbers. These numbers are very much
like an electron’s address.

For instance, the address 1234 North Broadway, Scooby Doo City, New Jersey
tells us a building or a house’s location: its state, city, street, and the house number
on that street, which allows us to zero in on its exact position. Quantum numbers
are similar, just for electrons.



The Principle Quantum Number

There are four quantum numbers. I'll now describe each one.

n (the principle quantum #): This number can be any integer 1, 2, 3, 4, etc. This

number tells us which shell the electron is in, or (in other words) how far the electron
is from the nucleus.

S
]
N

]
W

n



The Azimuthal Quantum Number

[ (the azimuthal quantum #): This tells us what kind of orbital (s, p, d, or f) the
electron is in.

/ 0 1 2 3
orbital S p d f



The Magnetic Quantum Number

m, (the magnetic quantum #): This number can be any integer from —/ to +/,
iIncluding zero.

This number tells us which one of the p-orbitals, d-orbitals, or f-orbitals, the
electron is in.



The Magnetic Quantum Number

For example, each p-orbital really represents three different p-orbitals: one on the
Xx-axis, one on the y-axis, and one on the z-axis. For a p-orbital electron, [ = 1. Thus,
m, =-1, 0, or +1.



The Magnetic Quantum Number

What do you think the numbers -1, 0, and +1 mean? One of these numbers refers to
the p, orbital, another to the p, orbital, and the other to the p, orbital.



Each orbital can hold up to two electrons. A d-shell, for instance, has five
different shapes, or kinds, or d-orbitals. Each one can hold up to two
electrons, which amounts to 10 total electrons per d-shell. That's why the
d-block is 10 columns wide.
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C dmlum

s-block f-block d-block p-block
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m; =0 =3 [=2 I=1

m, = -3, -2, -1, 0, +1, +2, +3 m, = -2, -1, 0, +1, +2 m,= -1, 0, +1



By CK-12 Foundation - File:High School Chemistry.pdf, page 271, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=16535130
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The Spin Number

m, (the spin quantum #): The spin number is the last quantum number and is
equal to =%. That is, for any two electrons occupying the same orbital, one is
assigned a +%2 spin and the other a -4 spin.

If, for example, two electrons had identical quantum numbers n, [, and m,, then we
would assign one electron a +72 spin and the other a -’z spin. This would mean that
these two electrons, both shooting around inside the same orbital, are revolving
around their individual axes in opposite directions from each other, like this:

By Jacob Hnri 6 - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=7260435



To Summarize ...
_# | name |  whatitis | range

Energy level [1...infinity]

principal (distance from nucleus)

which p, d, or f orbital you have
(orientation in space)

magnetic

what type of orbital it is
[=0(s)
l azimuthal [=1(p)
=2 (d)
[ =3 (f)
- ms

spin The electron’s spin (up or down)




Questions

Which of the following sets of quantum numbers represents a valence electron in
phosphorous?

A. n=41=2, m=-2,m =-Y%
B. n=2,/=0,m,=0,m,=+%
C. n=3,/=3, m=-2, m,=-%

D. n=3,/1=1,m=-1, m,=+%
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Questions

Please answer each of the following:

a. Forn =4, what are the possible values of [?
b. For /=2, what are the possible values of m,?

c. Ifm,is 2, what are the possible values for [?
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Questions

Which of the following is a possible set of quantum numbers?

n=5171=3m=-2m,=-"%
n=3,1=3,m=0,m =+

n=6,/=5m,=-2,m,=-"

o0 w >

n=0,/=0,m,=-1, m,=+%
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Electron Configurations

An electron configuration is a list of all the electrons in an atom and the orbitals
that they occupy. To determine an element’s electron configuration, we have to begin
by breaking up the periodic table like this. The first box in the s-block is 1s, and the
first box in the p-block is 2p.
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Electron Configurations

What is the electron configuration of oxygen? First, find oxygen. Next, count from
left-to-right, top-to-bottom on the periodic table, remembering that each box
represents one electron.

oxygen

s-block f-block d-block p-block



Electron Configurations

So we start with row 1s (the hydrogen box) and count left-to-right. Thus far, then,
we’'ve counted two electrons on row 1 (the 1s row). So we would say that thus far,
our electron configuration is 1s2.

 Tpe T i o o TRy 0 [l JE e |5
s-block f-block d-block p-block

y D D‘ e 247



Electron Configurations

But we're not to oxygen yet. We have to keep going, beginning on row two, Box 3
(the lithium box). We count that up . . . until we fill up the 2s row. Because we’ve filled
it up with 2 electrons, we can say that the electron configuration we've made, so far,
is now 1s22s2.
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Electron Configurations

But we're still not to oxygen. So we keep counting, starting now at Box 5 (the boron
box), which is the first box of the p-block. We count that up until we get to oxygen . . .
So we just filled up four boxes in the 2p-block to get to oxygen. Thus, oxygen’s full

electron configuration is 1s22s22p4.
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Protactinium
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s-block f-block d-block p-block

Notice that if you add up the superscript numbers in 1s22s22p* (2+2+4), you get 8,
which is the atomic # and total # of electrons in oxygen.



Electron Configurations

Now to something weird. Going left-to-right, from s- to the p-block, we eventually get
to Row 4, which starts with 4s electrons at element #19 (potassium). You'll notice, as
we move from potassium to calcium (#20) to scandium (#21), that we now enter the

d-block.
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Electron Configurations

Here’s the weird. Even though the first d-block element (Sc, #21) is on Row 4, the d-
block actually reverts backwards by one number. So starting in Row 4, #21, the first
row in the d-block actually starts with 3d.
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Electron Configurations

Something similar happens in the f-block. As we go across row 6, from Cs (#595) to

Ba (#56), the next element on the period table is actually lanthanum (#57), the first

element in the f-block. Please note that even though the f-block is on Row 6, the f-

block actually reverts backwards by two numbers. So starting in Row 6, #57, the first
I row in the f-block actually starts with 4f.

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Ers

s-block f-block d-block p-block



What do Electron Configurations Mean?

At this stage you may be asking yourself: “So now that | know how to assign an
element’s electron configuration, what in the world does that tell me?”

Do you remember all the stuff | taught you in earlier videos about quantum numbers
and atomic orbitals? Well, this stuff all goes hand-in-hand! You see, every part of an

element’s electron configuration tells you something about its quantum numbers and
orbitals:

This represents the principle This represents how many
quantum number, or energy ey 152 ¢ electrons (in this case, 2) are in the
level, n. (n =1) 1 orbital in question.

This represents which kind of the orbital these particular
electrons are in. In this case, it's an s-orbital, so / = 0.



What do Electron Configurations Mean?

So let’s return to oxygen, which has an electron configuration of 1s22s22p#*. Here’s
oxygen’s tiny nucleus, where its neutrons and protons are kept:

oxygen’s nucleus

—



What do Electron Configurations Mean?

Around the nucleus is a spherically-shaped 1s orbital. It contains two electrons.



What do Electron Configurations Mean?

Outside of the 1s orbital is a larger (also spherically-shaped) 2s orbital, which also
contains two electrons:



What do Electron Configurations Mean?

Outside of the 2s orbital are three dumbbell-shaped 2p orbitals, oriented along the x,
y, and z axes.



What do Electron Configurations Mean?

You'll notice that the last part of oxygen’'s electron configuration
(1s22s22p*) says 2p?. This means that there are four electrons occupying
oxygen'’s three 2p orbitals. So where do these electrons go?

Well, they fill up these orbitals one at a time. In other words, electrons
won't pair up to occupy the same orbital until there’s no other option.
This is called Hund’s rule, which I'll discuss in greater detail later on.




What do Electron Configurations Mean?

So this means that the four electrons occupying each 2p orbital fill up like this:

These two are paired,
occupying the same
2p orbital.

The two paired electrons in the 2p orbital along the x-axis are different from each
other because one has a +% spin, and the other has a -/ spin.



What do Electron Configurations Mean?

So when we talk about oxygen having an electron configuration of 1s%2s22p*, this is what
we're talking about. We're saying that in oxygen’s 1s orbital, there are two paired electrons.
In its 2s orbital, there are two more paired electrons. And in its three 2p orbitals, there are

four electrons, two of which are unpaired and two of which are paired.

4“

T

For a cool video on this, check out this html: http://www.youtube.com/watch?v=sMt5Dcex0kqg



http://www.youtube.com/watch?v=sMt5Dcex0kg

At ic and Electromc Structure

(Condensed Confi Valence vs. Core
Electrons, and © ergy Diagrams)




Condensed Electron Configurations

As you may imagine, writing out full electron configurations can get tedious for
elements that are further down on the periodic table. For example, bromine’s full
electron configuration is 1s?2s22p®3s23p%4s23d'%4p°, which is really long.

-
[Ar]

Fortunately, there is a shorthand —or “condensed” way- of writing electron
configurations. Using this condensed approach, we just write, in brackets, the
elemental symbol of the noble gas that comes just before the element in question.
We then write the rest of the electron configuration after it.

In bromine’s case, the noble gas the precedes Br is Ar, whose electron configuration
is 1s22s22p%3s23pé. We can therefore abbreviate Br's configuration as
[Ar]4s23d1%4p> This is Br's condensed electron configuration.



Valence vs. Core Electrons

The vast majority of chemical reactions involve the exchange or sharing of electrons:
specifically, of outer electrons. These outer electrons are called valence electrons.

Valence electrons are different from core electrons. Valence electrons are the ones in an

atom’s outermost shells, while core electrons are the ones that are buried inside the inner
shells.

You can quickly identify valence versus core electrons by looking at an element’s electron
configuration. For example, Br’s full electron configuration is 1s22s22p%3s23p%4s23d1%4p>
Its valence electrons are in its outermost shells. Its core electrons are all the inner shells:

1522s22p®3s23p©4s23d1%4p°
‘—|—’ LT So Br has 7 valence
C

core ore electrons.

valence



Valence vs. Core Electrons

In general, then, if you look at an atom’s electron configuration, its electrons whose orbitals

are the furthest away from the nucleus (the ones with the largest principle quantum
number, n) are that atom’s valence electrons. These are its highest-energy electrons: the
electrons that are at play in a chemical reaction with that element. All the other electrons in

the electron configuration are core electrons.

There is one type of exception. For elements that are in the d-block, the d-shell electrons are
also valence electrons. For example, Ti’'s electron configuration is:

1522s22p©3s23p©4s23d>2

—

core valence

Ti, then, has 4 valence electrons. Again, you only count d-shell electrons as valence
electrons for elements that are in the d-block.



Atomic Orbital Energy Diagrams

As | mentioned in an earlier video, the larger an electron’s principle quantum number (n),
the further away from the nucleus, higher in energy, and more reactive it is:

1 principle quantum number (n) = Ydistance from nucleus, energy, reactivity

We can draw diagrams that show the relative energies of the various atomic orbitals and
shells. In these diagrams, called atomic orbital energy diagrams, each box represents an
orbital. So, the higher up the box is, the further the orbital is from the atom’s nucleus, the
higher in energy the orbital is, and the more reactive the orbital is.

We can fill in each box with electrons, drawing an “up” arrow for electrons with a +1/2 spin,
and a “down” arrow for electrons with a -1/2 spin.
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Energy Diagrams Rules

Aufbau Principle: electrons fill the lowest energy orbitals first

Hund’s Rule: Don't pair up electrons until you have to.

Pauli Exclusion Principle: no two electrons in the same atom can have
the same four quantum numbers. In other words, no two electrons in
the same atom can have the exact same address.




Electron Configuration Exceptions

When determining an element’s electron configuration, nearly all of the elements
follow the pattern you would normally predict. However, there are five exceptions.
You would assume, then, that Cr’s configuration would be [Ar]4s23d4. Unfortunately,
it's not. In reality, Cr’s configuration is [Ar]4s13d>. I'll now explain why.

2p' 2p2 2p3 2p* 2p5 2pt

3p! 3p2 3p® 3p* 3p° 3pS

: FU Np Pu Am’Cm Bk Cf Es oIg'm “R/Id

S 2

otactiniu

m
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s-block f-block d-block p-block



Electron Configuration Exceptions

Here are the five exceptions you should memorize for the EXAM:

Element What you think it should be

9.012182

“ ‘
Na'[M
Sodium Magnesgum
2298976 243050

19 1 . 4
4] K 'Ca

Potassium Calcium

e Vs e Scandium Titanium | Vanadium | Chromium | Manganese Iron Cobalt Nickel Copper Zinc
2 4495591 47.867 509415 51.9962 54.93804 55.845 5893319 586934 63546 6538 69
37Rb 385 E m m E E ﬁ E ﬁ E J Fch’
5 r r b ‘Mo c u PRh PPd d | Sb]
Rubidium Strontium g 3 2

Yttrium Zirconium Niobium Rhodium Palladium

85.4678 87.62 88.90585 91.224 92.90638 9596 98.907 101.07 102.9055 106.42

" ¥ *3 70 3
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What it actually is
Cr [Ar]4s23d* [Ar]4s13d°
Mo [Kr]5s24d4 [Kr]5s'4d°
Cu [Ar]4s23d° [Ar]4s13d10
Ag [Kr]5s24d° [Kr]5s14d10
Au [Xe]6s25d° [Xe]6s15d10 B ‘°Ne

mmfmﬁﬁﬁﬂmmsggm

Nitrogen Oxygen Fluorine Neon

120107 14,0067 159994 18998403 201797

“si ' IEE IR

Silicon Phosphorus Sulfer Chlorine A:gon
28.0855 3097696 32,065 35453 39948

Ge E nAs Ee Kr y

Germanium Arsenic s«eMum aromlne Krypton
7264 7492160

7
+5
+3
-1
-

Silver Cadmium nd Antimony  Tellurium
107.8682 112441 M 118.710 121.760 127.60

Gold Mercury Astatine Radon




Electron Configuration Exceptions

Here are the five exceptions you should memorize for the EXAM:

Element What you think it should be What it actually is
Cr [Ar]4s23d* [Ar]4s13d°
Mo [Kr]5s24d4 [Kr]5s'4d°
1 Cu [Ar]4s23d° [Ar]4s13d10
p Ag [Kr]5s24d° [Kr]5s14d10
Au [Xe]6s24f145d° [Xe]6s14f145d1°

10811

77777

ind
ssssssssssssssssssssss

lllllllllllll
nnnnn

uuuuuuuuu

s-block f-block d-block







Excited vs. Ground States

All the electron configurations I've taught you thus far are element’'s ground-state
electron configurations. That is, the ways in which their electrons are typically
arranged when nothing “exciting” is going on.

As it turns out, when an atom absorbs a photon of light (which you can think of as
being a particle of light) or other form of energy, its electrons can get “promoted” up to
a higher-energy shell or orbital.
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By Tom Morris - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=17657925



Question

Which of the following electron configurations represents an element in
an excited state?

A. 1822s22p° |

Strategy: find the element that
B. 1s42s522p©3s23p°®4s23d°® doesn’t have its regular ground-
C. 1522522p63523pb4s'3d5 state configuration.
D. 1s22522p%3s23p®4s23d°
E. 1522s22p%3s23p24s’



Questions

How many unpaired electrons are present in the +2 cobalt ion, Co?*, in its ground
state?

c T o
o O A~ WO DN



Questions

Please indicate which element corresponds to each of the following electron
configurations.

A. 1s22s22p"®
B. 1s22s22p°
C. [Kr]5s74d°
D. [Ar]4s23d794p4



Questions

Why is each of the following electron configurations incorrect for atoms in their
ground states? How could you correct each of these?

A. 1s22s23s?
B. [Ar]3s23p3
C. [Ar]4s244d3



Questions

Please write the electron configuration of each of the following elements:

Oxygen
Potassium
Arsenic

Manganese

mo o w»

Copper



Questions

Please write the condensed electron configuration of each of the following
elements:

A. Fr
B. Br
C. Ca
D. Zn






Paramagnetic vs. Diamagnetic

Building on principles we’ve discussed in prior videos, you can hopefully see that

magnesium (Mg) has an electron configuration of 1s? 2s2 2p® 3s2.

Hydrogen
1.00794

Li
Lithium

6.941

VER

Sodium

s/ 1 B8
Rb

Rubidium

CS

Caesium
132 54

Fr

Francium

& @26 & : 261) 62 &
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2
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Magnesium
24.3050

Increasing energy ——p

principal energy level

n:

It
H 2P

T~ Y~

ti}

1s

>f
5d —
4d
3d
1s2 2s2 2p® 3s2

Order of filling

Does Mg have any unpaired electrons?

No!

_|15 |



4

Order of filling

L e -4 7 L= 7 ~ Sf A
5] | 7 ]z
7s ' -1 6p
Silicon 6p =1 5d
28.0855 5d — 4f
Iy =L af — 65
Q 6 - 5p
TE n=>5 u 5p =1 4d
b>6 5 = 4d = 55
0 ;/' =
O n=4 4p N
8% 4 L / 3d —14s
gog > Tt =13p
v = = 3
g = 3 n=3 im) P - 35
- 3s
122 ki it 5 s 6 22 , — 2p
, "-Z_E/ 2p 152 252 2pb 3s2 3p i
2s

Does Si have any unpaired electrons?
Yes!
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Paramagnetic vs. Diamagnetic

Paramagnetic: has unpaired electrons. Paramagnetic elements are attracted to
magnets:




Paramagnetic vs. Diamagnetic

Paramagnetic: has unpaired electrons. Paramagnetic elements are attracted to

magnets:

Diamagnetic: all electrons are paired. Diamagnetic elements are slightly repelled by

magnetic fields:




Paramagnetic vs. Diamagnetic

Paramagnetic: has unpaired electrons. Paramagnetic elements are attracted to

magnets:

Diamagnetic: all electrons are paired. Diamagnetic elements are slightly repelled by

magnetic fields:




Paramagnetic vs. Diamagnetic

When | hear . .. | think . . . | then think . . .
. “Unpaired” | Attracted to magnets because it has
Paramagnetic . .
-a-magnetic unpaired electrons.
. . The other one Slightly repelled by magnets
Diamagnetic (all paired) because it has all paired electrons.

Quick tip: If an element has an ODD number of electrons, then it's paramagnetic.
If it has an EVEN number of electrons, then it can be either paramagnetic or
diamagnetic; you have to fill out the electron configuration energy diagram to find

out.




Questions

Which of the following statements is true regarding the Mn* ion?

l. It is paramagnetic.
1l. It has five d-electrons.
lll. It has 2 valence electrons.

A. lonly

B. Il and Il only
C. ll only

D. I and lll only
E. land |l only



Questions

Which of the following are paramagnetic? (Circle all that apply.)

. ClI
Pt
Cr3+*
Br-
O

moow>»



Questions

Which of the following would interact with a magnetic field? (Circle all that apply.)

. ClI
Pt
Cr3+*
Br-
O

moow>»
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Excited vs. Ground States

As | taught you an earlier video, when photons or other forms of energy pass through
an element or molecule, it can “excite” electrons to a higher-energy state.
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Excited vs. Ground States

When an electron “falls” back down to its original ground-state energy level, it emits
colored light.



-

By Tom Morris - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=17657925



Why do we care?

Well, each element absorbs and emits different colors of light. We can look at those
colors with a spectrophotometer, which uses a prism to split the colors apart into
their individual pieces. This gives us something called a line emission spectrum,
which is unique for each individual element. This line spectrum is kind of like an
element’s “fingerprint,” which we can use to identify the element we're analyzing.

line emission spectrum for hydrogen

(by Jkasd - Own work with information taken from NIST., CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=8102837)




Why do we care?

For example, when the sun’s white light is passed through a prism and analyzed in
this way, we find that the resulting emission spectrum includes lines that match the
emission spectrum lines of hydrogen gas. Thus, the sun must contain hydrogen
gas. By extension, we can identify the elements in other stars and planets by looking
at their emission line spectra.

line emission spectrum for hydrogen

(by Jkasd - Own work with information taken from NIST., CC BY 3.0,
https://commons.wikimedia.org/w/index.php?curid=8102837)




A Photon’s Energy

The energy of a photon (which you can think of as being a particle of light) can be
calculated using the following equation:

hc
A

Ephoton = hf =

Where:

fis the photon’s frequency (this can be different for different photons)
c is speed of light, which is 3.0 x 102 m/s

h is Planck’s constant, which is 6.63 x 1034 J - s

A is the photon’s wavelength

You're not likely to get any calculation questions involving this equation on the EXAM.



A Photon’s Energy

However, please remember the following:

Energy = frequency = 1/A

l

This means that:

YEnergy szrequency zl)\



The Photoelectric Effect

If you shine a photon with enough
energy at a metal plate, it causes
the metal plate to eject electrons.

This is how solar panels work.
Photons from the sun have a high
enough energy to cause metal
plates to eject electrons and
produce electricity.

By Diego Delso, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=39919919



The Photoelectric Effect

For the photoelectric effect to work, the metal has to be hit with a
photon with enough energy.

l

‘Energyphoton z1frequency ~l)‘

In other words, the photon must have a sufficiently high frequency and
low wavelength.



The Photoelectric Effect

For the photoelectric effect to work, we also have to care about this
equation:

Kinetic Energyelectron = Ephoton - O

Where: ® = work function (the minimum amount of energy required to
lonize the electron). In order to expel an energized electron, the Kinetic
Energy...tron Must be greater than zero.




The Heisenberg Uncertainty Principle

Subatomic (really tiny) particles, like neutrons,
protons, and electrons, have some wavelike
properties and particle-like properties.

The German physicist Werner Heisenberg
proposed that as a result of this, it's impossible to
determine a subatomic particle’'s location and its
momentum with perfect accuracy. In other words,
the more you know about its location, the less you
know about its momentum, and vice-versa.

Werner Heisenberg

By Bundesarchiv_Bild183-R57262,_Werner_Heisenberg.jpg:
Unknownderivative work: Quartl (talk) - Bundesarchiv_Bild183-
R57262,_Werner_Heisenberg.jpg, CC BY-SA 3.0 de,
https://commons.wikimedia.org/w/index.php?curid=16369381



The Heisenberg Uncertainty Principle

ONE ;‘n“ﬁ S NOT SIMPLY

SIHIITMIEIIIISIY DETERMINE }
‘ BOTH THE POSITION AND |
" MOMENTUM OF AN ELECTRON |


http://www.quickmeme.com/Uncertainty-Principle/?upcoming

Question

Electronic transitions are accompanied by absorption or emission of light. Which
electronic transition corresponds to emission of light with the shortest wavelength?

A.n=1->n=5
B.n=3->n=1
C.n=5->n=4
D.n=2->n=3
E.n=4->n=3



Question

Electronic transitions are accompanied by absorption or_emission of ligh
electronic transition corresponds to emission of light with|the highest energy?

A.n=1>n=5 hc
B.n=3>n=1 Ephoton = T = A
C.n=5->n=4

D.n=22>n=3 TEnergy szrequency zl)\
E.n=4->n=3



Question

The distance between each energy shell and the next shell above it gets smaller as
you get further away from the nucleus.

n=...
n=5=
Thus, there is a larger energy difference n=4
between an electron that shifts from n=2 n=3
down to n=1 than (for example) an 5
electron that shifts from n=5 to n=4. ; s
L

I
—
|
| \

n




Question

* You have a photocell whose work function value equals 3 eV. If this

photocell is struck with a photon that has an energy of 2 eV, will it
produce a current?

* In this circumstance, if your photocell is struck by a photon with an

energy of 5 eV, what will the resulting energy of the expelled electron
be?



The Photoelectric Effect

If you shine a photon with enough
energy at a metal plate, it causes
the metal plate to eject electrons.

This is how solar panels work.
Photons from the sun have a high
enough energy to cause metal
plates to eject electrons and
produce electricity.

By Diego Delso, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=39919919
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