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1. Historical Views of the Atom

e Democritus & Leucippus (400 BC) - %’u
described atoms as invisible & indivisible ‘\.\4)/

e Dalton(1808) - atoms like billiard balls
(solid spheres)

e Thomson (1904) - “Plum Pudding”
(Raisin Bun, Blueberry Muffin) - solid

positive sphere with negative electrons
imbedded in it




e Rutherford (1911) - positive charge
concentrated in the nucleus with a
cloud of negative electrons

) http://regentsprep.org/Regents/physics/phys05/catomodel/ruther.htm
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http://www.wwnorton.com/college/chemistry/gilbert2/tutorials/interface.asp?chapter=chapter 02
&folder=rutherford experiment
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e Bohr (1913) - electrons can only be
in certain orbits with certain amounts
of energy (solar system model)


http://www.wwnorton.com/college/chemistry/gilbert2/tutorials/interface.asp?chapter=chapter_02&folder=rutherford_experiment
http://regentsprep.org/regents/physics/phys05/catomodel/ruther.htm

The old models of the atom have some practical
uses:

e Protons and neutrons are in the nucleus

e Electrons are organized in orbitals around the
nucleus

e The closer the orbital is to the nucleus, the
lower the energy of the orbital




But...

e Electrons do not travel in specific pathways in
the orbital as shown in the previous pictures
e Orbitals are not ‘trails’ around the nucleus

The Bohr model was replaced in the 1920s, just
as guantum mechanics was beginning and your
great-grandparents were very young or not even
born!



2. The New Look Atom

e Electrons are in orbitals, but orbitals are clouds
of probability that show where an electron could

be. The electron(s) are somewhere within the
orbital, but we don’t know where.

http://regentsprep.org/Regents/physics/phys05/catomodel/cloud.htm
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http://regentsprep.org/regents/physics/phys05/catomodel/cloud.htm

e Orbitals have different sizes and shapes,
depending on their energy level
e Every orbital can accommodate up to two

electrons — each electron spins in a different
direction

P %~ Magnelic Field Lines” ¢ " ™
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The Lowest Energy Orbital - 1s

e Spherical in shape - ; -
e The smallest orbital ,,/—-J< '

e (Closest to the nucleus * 7}4
e The lowest energy orbital in all atoms because
it is closest to the nucleus

e Therefore, the electrons that occupy this orbital
would be the lowest energy electrons because
they have a higher probability of being closer to
the nucleus than electrons in other, higher energy
orbitals




2s Orbital

e The 1s orbital is the only one at energy level 1
* The next orbital is the 2s (energy level 2), which is
the same as the 1s, only larger

Is
i

10



Hydrogen

e How many electrons does hydrogen have?
1
e |n its stable state, the hydrogen electron is in the 1s

(lowest energy) orbital. This is called the ‘ground
state’ of hydrogen

If the electron becomes excited, it can be promoted to
the 2s orbital (excited state), where it will eventually
emit the excess energy and return to the 'ground

sta te', the 1s |eve|  btpswww.ditnessm eduicore/Chapters-Atomic_Str_Part2/chapters-

Animations/ElectronOrbits.html

S ]
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http://www.dlt.ncssm.edu/core/chapter8-atomic_str_part2/chapter8-animations/electronorbits.html

p orbitals
 The next orbitals after the 2s is the 3 different 2p
orbitals. Each 2p orbital can hold up to two electrons,
for a total of six electrons.
* The three 2p orbitals are the 2p,, 2p,, and 2p,

or b | t d I S. gorbitalDiagram.html
e All three of these orbitals can be filled at once if

there are enough electrons in the atom or ion.

y Ib !y r! 6_,1,
Px Py

P
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http://www.dlt.ncssm.edu/core/chapter8-atomic_str_part2/chapter8-animations/p-orbitaldiagram.html

Think back to Science 10...

e What was the electron shell pattern? ;*:Jr<
21 81 81 18

Level 1 has the 1s (1 orbital).
There are 2 electrons per orbital, so the first energy level
will have 2 electrons.

Level 2 will have these orbitals: 2s, 2px, 2py, 2pz
4 orbitals allows for 8 electrons

— Our energy levels are the same as the
‘shells’ you learned about before

13



3. Electron Configurations

e Every atom orion has an electron configuration - a map
of where the electrons are relative to the nucleus.

e We represent the electrons in the ground state — the
lowest energy arrangement

is 2s 2px 2py 2pz

]

N
Increase Energy 7

e Hydrogen only has one electron — what orbital would it
be in? The 1s orbital (written as 1s’)

1 = energy level, s = orbital shape, 1 = # of electrons in the
orbital

14



Where would helium’s electrons be located?
e 2 electrons, so....

e We fill from the lowest energy orbital up, starting
at 1s. 1s 2s

1l

2px 2py 2pz

N
I

Increase Energy

written notation: 1s°
Remember that in each orbital, the spin of each
electron is opposite.
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Lithium

is 2s 2px 2py 2pz

Tl

N

Increase Energy

Beryllium

is 2s 2px 2py 2pz

l

Increase Energy

AN
;
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Hund’s Rule

e p orbitals will fill by one electron going into each
p orbital (py, py, P,), and then doubling up after.
This is a lower energy arrangement as it

minimizes electron repulsion. This is called Hund'’s
Rule.

e The same goes for d and f orbitals

17



e Write electron configurations for oxygen, fluorine,
and neon

1s 2s 2px 2py 2pz

LT [

F:

N\
In nergy
crease Energy 1s 2s 2px 2py 2pz

n

Increase Energy 7

Ne:

1s 2s 2px 2py 2pz

http://employees.oneonta.edu/viningwj/sims/atomic_electron_configurations_s1.html

} 3

Increase Energy


http://employees.oneonta.edu/viningwj/sims/atomic_electron_configurations_s1.html

Energy Level 3

* The third energy level has 3s, 3p,, 3p,, and 3p,
orbitals. They have the same shape as their energy
level 2 counterparts, except they are larger and are
higher energy.

e There are also five 3d orbitals that can each hold
two electrons...

19



dy2-y2
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Here’s how 3s, the 3p, and the 3d
look combined...

http://www.youtube.com/watch?v=K-jNgql6jEY
3
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http://www.youtube.com/watch?v=k-jngq16jey

Energy Level 4

e The 4™ energy level has a 4s orbital, three 4p
orbitals, five 4d orbitals, and seven 4f orbitals. The s,
p, and d orbitals look like the level 3 orbitals except
they are larger and higher energy

e The seven 4f orbitals look like this...

22






Energy Levels 5, 6, 7

e Levels 5, 6, and 7 all have one s orbital, three
p orbitals, five d orbitals, and seven f orbitals
respectively

e As the energy level increases, both the size
and energy of the orbitals increase

http://employees.oneonta.edu/viningwj/modules/CI_shapes _of atomic orbitals 7 14.html

a
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http://employees.oneonta.edu/viningwj/modules/ci_shapes_of_atomic_orbitals_7_14.html

e Orbitals will be filled from lowest to highest

energy. See the relative energies of each

orbital below:

[

Energy

1s—

——
Notice that the

4s orbital is
slightly

lower in energy
than the 3d
orbital!
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Energy

Is

m 3d
| e
___m 3p
3s
{1171
= 2p
25
(D=1 (ground state)

4s lower energy than 3d
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Orbital Filling Order

Order of Orbital Filling
(Multi Electron Systeins)
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Practice...
Give electron configurations for Silicon, Calcium,

and lron?
e Si: 1522522p63523p2

e Ca: 1s’2s°2p°3s°3p°4s’

e Fe:15°2s*2p°3s°3p°4s?3d®

http://www.learner.org/interactives/periodic/elementary interactive.html
@

—
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http://www.learner.org/interactives/periodic/elementary_interactive.html

Answers
Si 1522522p63523 p2
Ca 1522522p63523 p64s2
Fe 1525”2 p63523p64523d6

http://www.media.pearson.com.au/schools/cw/au_sch lewis_cw2/int/electronConfig/0804.html
@
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http://www.media.pearson.com.au/schools/cw/au_sch_lewis_cw2/int/electronconfig/0804.html

HOMEWORK:

Electron Configuration Worksheet
e Part|l #1-3
e Part2#1-18

30



4. Electron Configurations
and the Periodic Table
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What order do the orbitals get filled again?

The periodic table gives the order by its layout!
1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 6d

18 s
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Trends

e Periodic Table Trends — The periodic table shows
which order to fill orbitals.

e Give the electron configurations for hydrogen,
lithium, sodium, and potassium.

H: 1s’ Li: 1s°2s’ Na: 1522522p6351

K: 1522522p63sz3 p64s1

e What is similar about each config?
They allend in s*

33



18 s

=] (3} KN
F:ml:n

Af
of

Where are these four elements
found on the table?

In the first column -

1
The S block! - which is why they are in the same family and have similar

chemical properties (the alkali family)!



The d? block!

18 1s
s %
gs |
{ls | £
‘ The p' block! The p° block!

2
The s” block!  the £ block!



Fill up 4f orbitals before 5d orbitals and fill up 5f
orbitals before 6d orbitals.

Adjustments to our periodic tables:

La is our first 4f orbital and Yb is our last 4f orbital.

Therefore Lu is our first 5d orbital.

Ac is our first 5f orbital and No is our last 5f orbital.

Therefore Lr is our first 6d orbital.

36
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5. Quantum Numbers

e Quantum numbers are a way of keeping track of
all the different electrons in an atom or ion

e Each electron in an atom has a different set of 4
guantum numbers

40



Principal Quantum Number (n)

e tells what energy level the orbital occupies
e nvaluescanbel, 2, 3,45,6,or7

Show in electron configuration in red: 1525’

 Energy and orbital size increases as the n
value increases
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Angular Quantum Number (L)

e L tells the shape of the orbital...
e jisitans,p,d, orforbital?

42



Magnetic Quantum Number (m,)

 m tells the orientation of the orbital
e s has no orientation as it is a sphere
* pcan bep,, py, orp,

e dandfare more complicated so you don’t have to
know these (5 for d and 7 for f)

43



Spin quantum number (m,)

* m;, gives the spin of the electron...
e either +1/2 or-1/2
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Pauli Exclusion Principle

Electrons can have one, two, or three of the
same quantum numbers, but never all four.

If all four guantum numbers are the same, we
are describing the same electron!
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Electrons in Oxygen:

n

mg

+1/2

-1/2

+1/2

-1/2

+1/2

+1/2

+1/2

NS} BN \ON B SN BN (SN N SR B\

gol Bl Bl Mo

-1/2
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6. Core Notation

e Give the electron configuration for Titanium
15%25°2p°3s”3p°®4s°3d?

 The core is the configuration that is identical to the
nearest previous noble gas — then write the configuration
for the remaining outer electrons

e Core Notation for Ti:
[Ar] 4s*3d”

47



Practice...
e Give core notation for:

As: [Ar]4s*3d"%p°
Cl: [Ne]3s°3p°
In: [Kr]5s°4d"°5p*
Pm: [Xe]6s°4f

Bh: [Rn]7s*5f*6d>

48



HOMEWORK:

Electron Configuration Worksheet
e Partlll #1— 18 (Core Notation)

e PartIV#1-8

49



7. Core Notation for
lons
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Core Notation for Anions

e An anion is anion with negative charge -
meaning it has extra electrons
e The extra electrons go into the lowest energy
available orbital
Give core notation for P>
Step 1: write core notation for atom

P: [Ne]3sz3p3

Step 2: add on anionic charge to atom
P> [Ne]3523p6
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Examples - Give Core Notation
-
I: [Kr]5s%4d5p°
I [Kr]55°4d*5p°

As®
As: [Ar]4523d104p3
As>: [Ar]4s°3d™%4p°®

Se”
Se: [Ar]4523d104p4
Se”: [Ar]4s°3d'%p®

52



Core Notation for Cations
e positively charged ion
e Has less electrons than the neutral atom
RULE: Electrons are removed from p-orbitals first, then s-
orbitals, then d-orbitals (People Should Dream)

Give core notation for Ca**
Step 1: Write core notation for Ca atom

Ca: [Ar]4s?
Step 2: Take off electrons according to P.S.D.
Ca*": [Ar]

53



Practice
e Give core notation for Fe**, A", Li*, Mn**, Fe**, Pb**
Fe: [Ar]4s23d° Mn: [Ar]4s23d°
Fe?": [Ar]3d° Mn2*: [Ar]3d°®

Fe*: [Ar]3d°
Pb: [Xe]6s%4f'*5d'%6p?

Al: [Ne]3s°3p’ Pb**: [Xe]4f' 45"
AP*: [Ne]

Li: [He]2s'

Li*: [He]
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Isoelectronic

e What do you notice about the electron configuration
of many of the ions?

They have the same configuration as noble gases (and
are happy)! lons which have identical configurations
to noble gases are said to be isoelectronic with the
noble gas.

Atoms will strive to have the same stable
configuration as noble gases, as noble gases have full
p orbitals and exhibit extra stability
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3

a

Core Notation for lons Online

http://employees.oneonta.edu/viningwj/sims/atomic_electron_configurations_s2.html

http://www.media.pearson.com.au/schools/cw/au_sch_lewis_cw2/int/ionElectronConfigs/IonElect
ronConfigs.html

56


http://www.media.pearson.com.au/schools/cw/au_sch_lewis_cw2/int/ionelectronconfigs/ionelectronconfigs.html
http://employees.oneonta.edu/viningwj/sims/atomic_electron_configurations_s2.html

Stability of Full and Half-full d orbitals

e Any configuration that ends in d” or d’ will undergo

electron elevation, meaning an s electron moves up to
a d orbital to make it d> (half-full d) or d*° (full d)

Ag [Kr] 5s*4d’ is actually [Kr] 5s'4d™
Ag" [Kr] 5s'4d” is actually [Kr] 4d™°
Cr [Ar] 4s*3d"is actually [Ar] 4s'3d°

The elevation of an s electron to a half- or fully-filled d
orbital is due to the extra stability that results for the
atom orion

It is unexpected and a phenomenon that is not well
explained! Chemists are still looking into this.
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Find Core Notation for:

W: [Xe]6s°4f'*5d* becomes [Xe]6s'4f'*5d°

Cu: [Ar]4s°3d® becomes [Ar]4s'3d™
so Cu™: [Ar]3d"°

Summary of unit:

http://www.wwnorton.com/college/chemistry/gilbert2/tutorials/interface.asp?chapter=chapter 07
&folder=orbital filling

S
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http://www.wwnorton.com/college/chemistry/gilbert2/tutorials/interface.asp?chapter=chapter_07&folder=orbital_filling

8. Valence Electrons for Atoms
and lons
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Valence Electrons

e Valence electrons are the outer most electrons
that take part in chemical reactions

e Valence electrons are all the electrons that are
not in the core, and not in filled d or f orbitals

e Valence electrons can be used to bond with
other atoms to make a compound
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e Examples - Determine valence electrons for:
2 1
Al: [Ne]3s“3p~ so 3 valence electrons

Ge: [Ar]4s*3d™°4p” so 4 valence electrons
Cr: [Ar]4s*3d”* becomes [Ar]4sl3d5 so 6 valence

Xe: [Xe] so O valence electrons (it's a noble gas)
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lons
e Atoms become ions by gaining or losing

valence electrons to achieve full orbitals

Examples - Determine valence electrons for:

AI**: [Ne] so 0 valence electrons (isoelectronic with Ne)

S*: [Ar] so O valence electrons (isoelectronic with Ar)
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HOMEWORK:

e Electron Configuration Worksheet Parts 5-8

Unit S umma ry: i http://kaffee.50webs.com/Science/activities/Chem/Activity.Electron.Configuration.html
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