Atoms & Elements

Major Goals of our Atom & Elements Module:

1. Finding the exact location (home) for the electron in an atom

2. Discuss physical and chemical experimental evidence which supports
a) electronic structure &

b) the periodic trends in the properties of atoms.

This powerpoint reviews key topics for atom & elements
e Electromagnetic Radiation

» Atomic Spectra & Energy Levels

* Energy Levels (shells), Sublevel(subshell) & Orbitals

e Writing Orbital Diagrams & Electron Configurations

* Electron Configurations & the Periodic Table

* Periodic Trends of the Elements

Handout “All about e-" ( ) .s
“It’s all about e

Properties for an Electron in an Atom

[

. light weight particle; 1/2000th an atomic mass unit (amu)
. (-) negatively charged particle
. loosely bound; American Heritage Dictionary defines loose as
* not fastened; unbound
4. attracted to (+) positively charged particles
5. repelled by other negatively charged particles
6. dynamic not static; I’d would like to move about or jump around
7
8

W N

. at home within an electron shell shown by Bohr’s model
. a traveler and would love to travel but never far from home
9. easily excitable

Point 7 is in red because some textbooks do not discuss Bohr’s model
directly, only indirectly when discussing Atom & Elements basics.



http://homework.sdmesa.edu/dgergens/chem100/bohr/frame_stub1.html

Supplemental packet page 44
Atomic Spectra & Energy Levels

Point 7 is in red because some textbooks do not discuss Bohr’s model
directly, only indirectly when discussing Atom & Elements basics.

The ladder and the concentric circles below are visuals for
Bohr’s model.

Bohr’s Model Playlist ( )

"Electron

Shells"

n=4

n=3

n=2

n=1

(*)
nucleus
Bohr discovered that Where Supplemental packet page 44
Electrons have a home The maximum number of
in a discrete “quantized” shell electrons per shell is given
quantized = discrete by 2(11)2

Bohr’s Model for atoms

n=4 > 2(4)2 = 32

"Electron
Shells"

» 2(3)2 = 18
» 222 = 8
» 21 = 2

Niels Bohr
Culwver Pictures, Inc.

For his new discovery,

He was awarded the
Nobel Prize in physics 1922

You don’t have to be smart to be awarded a Nobel Prize. You just have to
discover something new which revolutionizes the way society views the world around us.



https://www.youtube.com/playlist?list=PLe4gx1I3EX3ddV14jAH5PgY7NP83jZRyq
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Bohr based his discovery on the emission spectrum for hydrogen
F. 1913 Neils Bohr

1. The HYDROGEN atom has played a major role in the development of models
of electronic structure.

2. In a hydrogen discharge tube, individual atoms of hydrogen emit visible light.

3. When the light is passed through a prism, refraction occurs, and

a quantized emission spectrum appears. . . .
quantized = discrete (colored lines of specific energy)

visible light appears . ——{ violet
as white light —|blue

—| green

—{red

discrete colors quantized
of light emission
energy + H, -> 2He spectrum

prism

Where of the four colors listed,
violet color (visible light) is highest in energy ™ thougits about the aton:

quantized emission spectrum

Red color (visible light) is lowest in energy — °i7es danvized enerav levels

of finding an electron.

Visible light is an example of electromagnetic radiation

Emission Spectra that support Bohr’s discrete energy levels

Copyright © The McGraw-Hill Gompanies, Inc. Permission required for reproduction or display.
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His thoughts about the atom:
A quantized emission spectrum
gives quantized energy levels
Visible of finding an electron.
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Electromagnetic Radiation Supplemental packet page 45 & 46
Study all the basic information on this page

Electromagnetic Spectrum
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Record into your notes opposite page 48
A ¥alence electrons - ¥alence {ontermost) electmons are in the principle enerew shell forthest from the

muclens (the highest energw zhell).
a. Diraw Bolr election dot ztoue mres for the elements of pexiod {raw) 2.

. Diaw Lewis electron dot stoctures or the elements of period {mow) 2.

. [ X) [ X) [ X) [ X) [ X)

; . . . .

El Be B < Hoe C e o Fo o Nt g
[ X) [ X) [ X) [ X) [ X) [ X) [ X)

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8

Lewis Dot Structure only show outermost electrons (valence electrons)

* the group number equals the number of valence electrons for
representative elements

* only show the valence electrons as dots about the atom in a Lewis dot

Summary: Row number = number of shells in Bohr’s Model
Group number = number of valence electrons in Lewis dot

Energy Levels (shells), Sublevel(subshell), Orbitals

In today’s world, quantum physics gives a better theoretical model
for where an electron is located. Electrons resided in an orbital
within a subshell of an electron shell

electron shells subshells

4s 4p 4d 4f
» O Q00 COOO0 CoOOOoO|

n=4

"Electron
Shells"

orbitals

What is the exact address for the location of a hydrogen electron?




On ‘all about e,” know the ordering, location, shape, & and spatial orientation of orbitalg

Shell subshell orbital s number of orbital "rooms" per sublevel
level sublevel p

1 one s

2 two S, P, O OOO d

3 three s, p, d O 000 00000 £

4 four sip,d, £ O 000 OOOOO OOOOOOC

Perhaps a good illustration for finding an electron address would be

n = Number of Street s.p.d f = type of track home

4s 4p 4d 4f
OO ONG 00000000000 |

n=4

"Electron
Shells"

Orbital = Rooms

in home
As orbitals

Writing Orbital Diagrams & Electron Configurations
Our current model: the location (the home address) for an electron

What is the exact address for the location of a hydrogen electron?
The excact

. 1 *Total
For the hydrogen atom location is: S number of electrons
(address) in sublevel

"Electron [ T

shell subshell

» electron shell subshell orbital

1 S ™




Writing Orbital Diagrams & Electron Configurations
Our current model: the location (the home address) for an electron

. 2 *Total
For the helium atom 1 S number of electrons

in sublevel
"Electron [ [

shell subshell

» electron shell subshell orbital

1 S )

putting it all togethe,




Bohr Model
nucleus n shells

Supplemental page 48 & 53,
H 1

Element Atomic Number

He 2

Wave Mechanical Model
Electron Configuration

principal shell & subshell number

first row elements
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Be 4
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third row elements

Bohr Model
nucleus n shells

Supplemental page 48 & 53,
1

Element Atomic Number

Wave Mechanical Model ) ¢ 95 35 3p 4s 3d 4p 55 4d......

Electron Configuration

principal.shell & subshell number

H (14 } 1s! ] 1
1rst row elements
He 2 €D } 1s?
Li 3 (34 é é 1s? 2s!
Be 4 é g 1s? 2s?
B 5 () Y 9 1s? 2s? 2p!
c 6 g % 1s* 2s* 2p2 second row elements
N 7 @ é @E 1s% 2s% 2p3
0 8 3 % 1s* 252 2p
F 9 ) % 1s? 22 2p°
Ne 10 é §;§ 1s2 282 2p®
Na 11 @ §> sejg >e 1s2 2s2 2p6 3! third row elements
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Supplemental packet page 49

Atomic Structure

Atomic Number: 11 Physical Properties: | Atomic Number: 17 Physical Properties:
Name: sodium-23 soft metal, Name:
Symbol: 23 conducts e- Symbol:

uNa Chemical Chemical
mass #23 Properties: mass #35 Properties:
#p  __11_ reacts w/ H,O |4 P
#n __12 _ #n
#e 11 Lewis Dot: #e Lewis Dot:
Electronic Na. Electronic
Configuration: 1s2 2s2 2p6 Configuration:
Atomic Number: 12 Physical Properties: | Atomic Number: 8 Physical Properties:
Name:Magnesium-24 ductile metal, Name:
Symbol: szg conducts e- Symbol: '

Chemical Chemical

mass #24 Properties: mass #16 Properties:
#p 12 burns in O, fo
#n __1_2__ #n  ______
#e __1_2__ Lewis Dot: #e Lewis Dot:
Electronic 1s? 262 2p6 3s2 ° Mgo Electronic

Configuration:

Configuration:

Supplemental packet page 49

Atomic Structure

Atomic Number: 11

Name: sodium-23
Symbol: 23
nNa

mass #23

#p 11

#n 12 _

#e __11_
Electronic

Physical Properties:

soft metal,
conducts e-

Chemical

Properties:
reacts w/ H,O

Lewis Dot:

Nae

Atomic Number:

17

Name: chlorine-35

Symbol: 35
17
mass #35
#p 17—
#n  __18
#e __17__

Electronic

Cl

Physical Properties:
yellow gas,
nonconductor

Chemical

Properties:
reacts w/ Na(s)

Lewis Dot:

<Cl-

Configuration: 1s2 2s2 2p6 Configuration: 1s2 2s2 2p6 3s2 3p5 (N}
Atomic Number: 12 Physical Properties: | Atomic Number: 8 Physical Properties:
Name:Magnesium-24 ductile metal, Name: oxygen-16 colorless gas,
24 conducts e- .16 nonconductor
Symbol: M Symbol:
12 g 8
Chemical Chemical
mass # 24 Ptr)operti_esso mass #16 Properties:
urns n S S
#p h #p supportsv
combustion
#n #n
He Lewis Dot: #e Lewis Dot:
L)
Electronic ° \/I ° Electronic
1s? 252 2p® 3s2 g 1s? 252 2p? °O-
[N )

Configuration:

Configuration:
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On ‘all about e,” know the ordering, location, shape, & spatial orientation of orbitals

Shell subshell orbital s number of orbital "rooms" per sublevel
level sublevel

1 one () P

2 two d

O 000
three ¢ 0 000 00000
sﬂpgemem (Lo age 56 O B0O BOOOO OOOO000

rbitals have shapes mapped out at 90 percent probability :

-0‘ 0-240 &P

p sublevel

n un n n
o 's T

ly ng p orbitals
ge fases the p sublevel

¢ Orbitals are regions of greatest probability within a subshell
for finding an electron; two electrons MAXIMUM per orbital.

e Heisenburg Uncertainty Principle - (Werner von Heisenberg)
Nobel prize in physics 1932

* The Schrodinger equation maps the orbital regions
mathematically at 90 % probability. (Erwin Schrodinger)
Nobel prize in physics 1939; productive forms of atomic theory

10



Writing Orbital Diagrams & Electron Configurations

Shell subshell orbital s number of orbital "rooms" per sublevel
level sublevel o

1 one s

2 two s, p O d

3 three s, p, d O 000 OO0 £

4 four s, p,d, £ O 000 OOOOO OOOOOOO

What will be the arrangement of subshells in an atom?

Supplemental packet page 51
Textbook
* These subshells are arranged from lowest to highest energy values

outwards from the nucleus of the atom

/ls 2s 2p 3s ;p 4s 3d 4p Ss 4d......

n (row) number subshell letter

* This electron directory is called an “electron configuration”

Electron Configurations and the Periodic Table
* These subshells are arranged from lowest to highest energy values

outwards from the nucleus of the atom

Textbook 1s 2s 2p 3s 3p 4s 3d 4p 5s 4d......
/ i

n (row) number subshell letter

¢ This electron directory is called an “electron configuration”
Bottom right corner of supplerhental packet page 51

* The “‘electron configuration” filling order can be learned
by looking at the periodic table arranged by increasing atomic #

n=1 |_| Draw this image opposite page 51 ,_
n=2
n=3 S 3d sublevel present but not filled P
n=4 3d sublevel fills first before 4d
d

n=5
n=6
n=7

n=

f
n=7

11



Supplemental packet page 51 - Bohr’s Model versus the current Schrodinger Model

Electron shells Electron shell, subshell, orbitals

Bohr’s Model for Hydrogen |Quantum Wave Mechanical Model
(Schrodinger)

"Electron
Shells"

..... type of subshells within n™ level

4
: | vw /f/
2 2\ =L

principa
quantum
n®® shell

two electrons per orbital

Electron configuration
1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p....

Where is hydrogen’s one electron located??????

1 *Total Quantum Wave Mechanical Model
1 Q number (Schrodinger)

of electrons in sublevel

..... type of subshells within n™ level

N N

shell subshell

orbitals
are within
subshells

principal
quantum
n®" shells

two electrons per orbital

Electron configuration
1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p....

12



Where are the six electrons for carbon located???????

6C Quantum Wave Mechanical Model

(Schrodinger)

..... type of subshells within n™ level

Maximum number in

s sublevel is 2 electron ~~ \__ : v P / d / £ /
3 s P d

p sublevel is 6 electrons
d sublevel is 10 electrons
f sublevel is 14 electrons

orbitals
are within
subshells

principal
quantum
n® shells

two electrons per orbital

An electron directory is Electron configuration

. 1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p....
called ““electron configuration” P o8P P P
It is begins starting from the lowest energy orbital, the 1s

n=1
n=2

Where is the last electron to fill for aluminum located??????

1 <Total
3 number
of electrons in sublevel
I I <N/

shell subshell

] orbitals
T are within
Ll subshells
n=3 Al principal
quantum
nth shells
two electrons per orbital
Electron configuration
1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p....
1s 2s 2p 3s 3p
n (row) number subshell letter

13



Supplemental packet page 53

Electron Orbital Filling

Mave Mechanical Atomic Orbital Structure
Construct orbital diagrams showing electron arrangements for atoms of F, e, Ha, F-,
am:l Na+ and 02, Each subshell =, p, d has been expanded to show indiwidwal

Oe o . . - [ Hunds rule needs to be applied:

Fill each p orbital with one electron

_:. 10e 10NEM m M I [ each before palrlng

————— o -2 —— = — = e

“e”“&@WMED:DD \H

F~ and Na™ are isoelectronic (the same electronically) with Ne

All elements lose or gain electrons to achieve noble gas e- configuration

Suc]gplgnental packet pages 52 & 57

The 1st level has__L sublevel named S e

The Znd level has _Z__ sublevels na’ned

The 3rd lavel has __i siiblevels narmed g
The 4uh level has sublevels named f

1 2 VA
2. A s sublevel has _____ erbitals and can hold a maximurn of £ __ electrons,
Ap sublevel has ___<J_ orbitals and can held & maximurm of _6___ electrons, principal crbdtals
are withi
1 d sublevel has ___)_arbitals and can hold & maximum of _ slactrons, q‘:.f_a“t“'“ oublevels
A faublavel has ] crbitals and ean hold & madmum of _© ¥ electrons, 1 1evels
3 The first level can hald a mamim of __2__ elestrons.
The second level can bold a maxmum oi8___ electrons.
The third level can hold & maximum of § dectrons.
The fourth level can hold & rmasimurn of _ electrans.
4. For the following pairs of arbitals, indicate which is lower in energy. K 3p) or 4p I( 25) or 3d [ 45) or 4d K 35) or 4f l
A Give the number of orbitals in: the principle level n =3 & 4d subleyel an f sublevel

(s,p.d) | 5 orbitals | 7 orbitals

6. Give the maximum number of electrons in each: the principle level n=3 a 4d subleyel an f sublevel

18 10 14

7. A p sublevel has the following shape:

A @ B. c. D. C:‘_')
8. A p orbital has the following shape:

e Goo) o BB o P

14



Where would a 2s! electron be located? @ 1 *TOta,l[,
. . numbper
In subshell located within a shell. of electrons

Second shel T

The letter represents

"Electron A s’ sublevel;

Both the shell &

“s”” subshell are described
mathematically by
Quantum Mechanics

The shell (principal quantum level)
Is the most important locator for an electron

More on orbital shapes and volumes

15



* The subshells are arranged from lowest to highest energy values
/‘ls 2s 2p 3s ;p 4s 3d 4p Ss 4d......

n (row) number sublevel letter

Supplemental packet pages 52, 56
ce § £ &
| Py

p sublevel

1s

2s

3s

three overlaying p orbitals
n (row) number generates the p sublevel

sublevel letter
Know the shape (volume) and spatial orientation (distance from
the nucleus) for the subshells and for the orbitals

¢ lower “n” values mean the electron is closer to the nucleus
* subshells increase in energy in the following order s<p<d<f
¢ lower “n” values means smaller size and volume for the atom

16



