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Inspire Chemistry

Module 4 Lesson 2:
“Quantum Theory and the Atom”
By Mr. Mouad




Review your physics knowledge:True
or False?

1- Our skin becomes hot under the sun because we absorb
(uasnd) the energy that is in the light. In other words, Light is
Energy.

True

2- Light has both wave-like (a>g0Jl Jio) and particles/Energy-
like (a9l Ly Wlowan>: 9l asUaJl Jio) nature. Ty e



Keywords:

Matter

Stuff

Substance

atom

Model

Particles “Par-ti-kels”

Orbit

d>laJ/ Anything that has a mass and occupies space (has a volume) (an
object(

Things slewV/

A physical material or item (Also a matter)

3,3l

Prototype or gSg0J

3 u2all wlow=llcan be atoms, protons neutrons or any tiny objects

A circular path (<S5l ;i)




Wavelength, A

Wavelength, A




The different wavelengths of colors.

400 nm

425 nm

470 nm

— '\/VWWW\

550 nm

600 nm
)

Yellow

630 nm

Orange '\/V\/\/\/\/

665 nm

Red m Highest waveleng@




Critical Thinking: <SA8J/ S/

Is UV (Ultraviolet) light éusewsaidl (9g9 sVl safe or dangerous?

Why? How can we explain that it is dangerous? (Hint: Energy)

Visible Light/UV

Visible Li Ultraviolet Light
UVA uve

' billionths of a meter)

s o [P

o Cary

—~ increasing wavelength



The continuous spectrum (s-pekt-rum)

(Scriall )l 9/ alalidl)




T /Emﬁi_q,n_ or atomic Spectrum of elements
S U/ 9/ Cruinl un)/

To get the "emission” spectrum
of an element, you must heat it
up (give energy until it glows

QDY)

Remember

lithium sodium potassium copper




Emi/ssio_n or atomic Spectrum of elements

450 500 750 nm

\ ) (White light form the sun

kj). 1-.n"5||::|l
spectrum

400
750 nm
), )

2l 750 nm

Different elements have different emWrum or atomic

spectrum. Why??
N




THE MAIN QUESTION OF THE LESSON

A
-

Why does every element produce a ‘
unigue(special J=s) atomic emission spectrum?

It has to do with the atomic models and the

(electrons around the atom)




Matter, Stuff, Substance
\V4

Particles “Par-ti-kels”

/Orbit

Ground State

Excited State

Y

Quantum (Kwa n-tum)

_—

!

Photon (Fo-to-n)
FNOOTL

Keywords: (2 min)

aslaJ/ Anything that has a mass and occupies space (has a
volume) A physmal materlal or item (Also a matter)

o);.sz..a“ UWIcan be atoms, protons neutrons or any t|ny

aJl=J| Status, Low Energy awo, V1 aJl=J

T ———

High Energy o,lUJl aJl=li
—

The minimum amount of energy gained or lost by an atom.

\
%\) £ e
particle of light that has the smallest amount of energy

possible (the energy of a quantum)

——



@Model of the atom)

Bohr's Model of the Atom

A Danish physicist, Niels Bohr,
proposed a model of the atom
consisting of two regions: a

https://edushare.moe
.gov.ae/Uploads/Res

positively charged nucleus and a ources/560ac28d-
surrounding space in which 53f1-4481-b3b3-
eleqrans Vel e6a9f90c11de/64671

58/index.html

Page 2

)




Ground state Vs. Excited State

= Figure 5.10 The figure shows an
atom that has one electron. Note that the
illustration is not to scale. In its ground
state, the electron is associated with the
lowest energy level. When the atom is in
an excited state, the electron is associat-
ed with a higher energy level.

® Electron

%

Nucleus

Ground state

Electron @

€

Nucleus

Excited state

photon._
\ - ) Vi _> \‘. . /

ground state excited state

D —
1;)




Ground state Vs. Excited State

v

Nucleus

Figure 5.10 The figure shows an
atom that has one electron. Note that the
illustration is not to scale. In its ground
state, the electron is associated with the
lowest energy level. When the atom is in
an excited state, the electron is associat-
ed with a higher energy level.

—

ground state excited state

—

«

e~



Bohr’s Model of the Hydrogen Atom

Nucleus of
Hydrogen

Table 1 Bohr’s Description of the Hydrogen Atom

Bohr’ sAtnmlc Corresponding
Quantum Number | Orbit Radius (nm) Aomic Energy = Relative Energy @

First n=1 0.0529
n=1 O
Second n=2 0.212 2 E, = 4E,
Third n=3 0.476 3 E, =9, 0=2 ;
n=
Fourth n=4 0.846 4 E, = 16E;

Fifth n=5 132 b Es = 25E,




Bohr’s Model of the Hydrogen Atom
__/’—’\ =

Nucleus of
Hydrogen

Table 1 Bohr’s Description of the Hydrogen Atom

Bohr’s Atomic S Corresponding \
Orhit Quantum Number | Orbit Radius (nm) Atomic Energy Level Relative Energy L[ { @

First n=1 0.0529 1 loo T
| O < @l o
Second n=2 0.212 2 =4, L\ 00 k
Third n=3 0.476 3 £, =9F, d oo | n=2 -
—_— n=
Fourth n=14 0.846 4 E, = 16F, ‘

Fifth n=5 132 b Es = 25E,




D Activity

The model of the atom that has electron going around the nucleus in an 17
orbit (circle) is called:Bohr’s Model

T

Lo ws¥ ertf )

Which atom is in the ground state? Image A or B? A (lowest energy)

Which atom is in the excited state? Image A or B? B (Higher energy)

Ima
mage. O

®



Remember

Write one science question on the image
below.

Continuous spectrum

Hydrogen Emission spectrum

Wavelength (nm)

400
450
500
550
600
650
650
750

400
450
500
550
600
650
650

S Wavelength (nm)

Why is the emission spectrum of hydrogen
not continuous (only sbme lines) ?




Bohr’s Model of the Atom

A hydrogen atom is in the ground state when its single electron is in
the n = 1 orbit.

When energy is added, the electron moves to a higher-energy
orbit, n = 2.

Visible series
(Balmer)

! / Hydrogen Emission spectrum
<\
& 16 n=2 <—

n=3

o o
o 0
< <

o o
o Yol
w0 0o

///n‘f e~

n=:>5

n==~6
Ultraviolet Infrared
series i series
(Lyman) (Paschen)

o
o
©

o
Yol
©

o
Yol
©

®

750



Bohr’s Model of the Atom

A hydrogen atom is in the ground state when its single electron is in
the n = 1 orbit.

When energy is added, the electron moves to a higher-energy

orbit, n = 2.
Lk
\ [ —
\hﬁ;ﬂb Wisible series
\(\ ‘ , aEEL///,,_

Hydrogefi Emission spectrum

&0
'S n=2

400
450
500 ‘
550
600
650
650
750

Ultraviolet
series
yman)

Infrared
series
(Paschen)

®



Hydrogen Atomic Spectrum & Energy Levels

/
drogen emission spectrum
xcited Ground wWthe vidble region

state state

f410nm>
/ /‘/ T z (434nm)z

/ ( ! 4 (486n@) 5
G e & & &
( @ 656 nm @ - = =
O < O (9
— O 00 LD
<+ < < ©
VY Y .-
Energy Energy Energy level | m ag e 2
absorbed emitted

Image 1




Hydrogen Atomic Spectrum & Energy Levels

Hydrogen emission spectrum

Excited Ground in the visible region
state state
6 410 nm 2
5 434 nm 2
486 nm
4 — > 2
3 656 nm 9 C C C c
O <t O O
— ) 00 L)
~ < < «©
' ' ' ' n=2
Image 2
Energy Energy Energy level g
absorbed emitted

Image 1




Reading activity: The
limitations(wla=j) of Bohr’s Model.

The limits of Bohr’s model Bohr’s model explained hydrogen’s
observed spectral lines. However, the model failed to explain the
spectrum of any other element. Moreover, Bohr’s model did not fully
account for the chemical behavior of atoms. In fact, although Bohr’s
idea of quantized energy levels laid the groundwork for atomic models
to come, later experiments demonstrated that the Bohr model was
fundamentally incorrect. The movements of electrons in atoms are not
completely understood even now; however, substantial evidence indi-
cates that electrons do not move around the nucleus in circular orbits.

From the paragraph above, right down 3
main limitations of Bohr’s Model.

€



Reading activity: The
limitations(wba=s) of Bohr’sé&élodel.

The limits of Bohr’s model Bohr’s model explained hydrogen’s
observedspectral hne)Ho _§er the model failed to explain the
spectrum of any other elemeTit. Moreover, Bohr’s madel did not fully
account for the chemical behavior of at@s. In fact, although Bohr’s
idea ofquantized energy levels laid the groundwork for atomic models
to come, later experiments demonstrated that the Bohr model was 2
fundamentally incorrect. The movements of electrans T atoms are not O

completely understood even now; however, substantial evidence indi-

cates that electrons do not move around the nucleus in\ circular orbits.
/—\ v

From the paragraph above, right down@

main limitations of Bohr’s Model.

®



Think!?

If Bohr’'s model has some mistakes,
then, where are the electrons
really??

T
\ /’*



The Quantum Mechanical Model

N
_ ™,
- EH\ h
/ /,, . K\‘-.
\
I|
]
\ I' IIII.I."I
\\“‘\ /// "f
\L'"‘x.___ )
,«-’//. \ S
_— . makeagifcom
Bohr's Model DE Broglie's New Model:

Electrons behave like a@ave)
and a@

-~




DE BROGLIE'S EXPLANATION OF
| BOHR’S SECOND POSTULATE OF QUANTIZATION

®



Have a look at these two
images of a fan(a>gq,0).

Image 2
Image 1

0

-Which image gives you the location of blade A? Image 1

Blade A \

-Which image tells you the speed of blade A? Image 2

-Which image can tell you both the speed and location of blade
A at the same time? Is it possible? None. We can’t.




Have a look at these two

3 images of a fan(é>g,o).
7\/ Image 2

Image 1 X 4\3 v
Blade A
\\;

/ L
5

-Which image gives you the location of blade A? Image 1

-Which image tells you the(speed)of blade A? Image 2

e

-Which image can tell you both the speed and location of blade

——

A at the same time? Is it possible? None. We can't.




"Heinsberg"’ Uncertainty Principle

A

Based on De Broglie’s Model of the standing
wave, the scientist Heisenberg formulated
the following postulate or concept:

It Is Impossible to define or determine both
the speed and the location of an electron at
the same time.




The electrons are around the
nucleus.
However, where are the
electrons located
exactly????




The Quantum Mechanical Model to describe the
electron’s location and enerqy.

Electrons are in a space called “Orbitals”




N Made)
The Quantum Mechanical Model to describe the

~— electron’s location and enerqy.
— 1/ L— ) -56\2&\'&/ \\D("‘l

. . \rongs
Electrons are in a space called “Qrbitals”) ® s eleC \




Atomic Orbitals (Location of the electrons)

e (fuzzy cloud) = An atomic orbital is often
thought of as a region of space in which
there is a high probability of finding an
electron. —

Boundary

*". _ Nucleus

High probability =
90% probability

\ Density Maps

(e this Is not an electron. It Is
a possible location of an
electron

.







Atomic Orbitals (Location of the electrons)

e (fuzzy cloud) = An atomic orbital is often
thought of as a region of space in which
there is a high probability of finding an
electron.

Boundary

*". _ Nucleus

High probability =
90% probability

\ Density Maps
€N
o

this I1s not an electron. It iIs
a possible location of an
electron

.




Compare and Confrast the
Quantum and Bohr’s Mode/

The atomic model in
which electrons are treated as waves is called the wave mechanical

model of the atom or, the quantum mechanical model of the atom.
Like Bohr’s model, the quantum mechanical model limits an electron’s
energy to certain values. However, unlike Bohr’s model, the quantum

mechanical model makes no attempt to describe the electron’s path
around the nucleus.

READING CHECK Compare and contrast Bohr’'s model and the quantum
mechanical model. -




READING CHECK Compare and contrast Bohr's model and the quantum
mechanical model.

Which statements are correct? There is more than one correct answer.

1- Bohr’s Model & the quantum model limit an electron’s energy to certain values (Energy levels of
electrons, quantum energy).

2- The quantum mechanical model doesn’t describe the path or the movement of electrons.

3- An atomic orbital is a 3D space around the nucleus where protons can be found.
4- The quantum mechanical model describes the path of electrons in the orbitals.

5- Bohr’s model is more accurate(a9> ,iS i) than the quantum mechanical model.




(True or False)

1- In the quantum mechanical model, electrons have
specific/quantized Energy. 7

2- Like Bohr's Model, the quantum mechanical model

does attempt to describe the path of electrons around
the nucleus. F e
- A e \ocoXion







Activity: How can we describe the location of an electron?

You are ordering from and the
driver asked you for your location. You
live in apartment K. How will you describe
your location in the building?

You need:

Building name

Block

Floor number

Apartment number. *We need 4
types of

Example: Information

Asiad building, _

Block 5, to describe

3" floor an electron*

apartment K

Asiad building, Block 5

3 Floor

2" Floor

. 1st Floor




Activity: How can we describe the location of an electron?

You are ordering from and the %
driver asked you for your location. You \fsiad building, Block 5

live in apartment K. How will you describe
your location in the building?

You need: @

Building name

Block 2" Floor
Floor number
Apartment number. *We neeqa 4 ... 1lstFloor
| types of S

Examp e. . : 0 SV

! - iInformation O :
Asiad buﬂdmg,/ - y Ground Floor
Block 5. v to describey S ——
3 floor v, an electro@

apartment K



Keywords

mee@ | 4 numbers that describe an electron
. . ~around the atom.

Energy Shell CEnergy Level> Q/WDA \eh A
| | e - | §0\P\@W\ /\tl

Energy Subshell Energy Sublevel
Ao°h
@ A probable location of the electron.
Orbit D A circular path (s ,5l> Luw)



Atomic Orbitals (Location of the electrons)

e (fuzzy cloud) = An atomic orbital is often

thought of as a region of space in which . e
there is a high probability of finding an  HIgh probability =
electron. 90% probability

(2 . b

Boundary

“.*"«_ Nucleus

Density Maps

\ this I1s not an electron. It iIs
a possible location of an
electron

o




To describe an electron’s orbital
or location, we focus on the 4
quantum numbers:

v

\/Q?elative size and Energy of the orbital.

t/“®hape of the orbital.

b

?Orbital orientation *
% Electron spin Q @



The 4 Quantum Numbers

These b}quantum numbers describe the location and <l
. N
energy level of an electron in the atom:

Name Symbol | Allowed Values | bropeﬁy
@ @ positive integers Orbital size and
5239, energy level
: —— |
@econdar) / Integers from Orbital shape
S | Oto(n1) | (sublevels/subshells
| Magnetic m, Integers —/ to +/ | Orbital orientation




The 4 Quantum Numbers

To completely describe an electron, we use: The four <l
\—~
Quantum numbers
| Name | Symbol | Allowed Values|  Property
Principal @ positive integers Orfsital siz® and
g 7050 | energy level
. Secondary :
g / Intoegt;ers from Orbital shape
| momentum) o (n-1) (sublevels/subshells)
Magnetic m, Integers —/ to +/| Orbital orientation
: : : Electron spin
i s e Direction




Hydrogen’s Atomic Orbitals

Principal Quantum Number (n)

The quantum mechanical model assigns four qguantum numbers to atomic orbitals.

The principal quantum number (n) indicates the relative size and energy of atomic
orbitals.

As n increases, the orbital becomes larger, the electron spends more time farther from
the nucleus, and the atom’s energy increases.

n specifies the atom’s major energy levels, called the principal energy levels.

An atom’s lowest principal energy level is assigned a principal quantum number of 1.



Hydrogen’s Atomic Orbitals

Principal Quantum Number (n)

The quantum mechanical model assigns four qguantum numbers to atomic orbitals.

"y

Y
The principal quantum number (n) indicates the relative size and energy of atomic

\/\/-—\ g T —
Grbitals.)
K=da)

\o

A@increases, the orbital becomes larger, the electron spends more time farther from

the nucleus, and the atom’s energy increases. O

n specifies the atom’s major energy levels, called the principal energy lev

N —

An atom’s lowest principal energy level is assigned a principal quantum number o@

¢




Shape of the orbitals: Secondary/Angular Quantum
number (1)

Subshells or Sublevels (s, p, d & )

s orbitals

P orbitals

m « spherical in shape

(a) (b)

Electron density map Representation of volume of orbital
© 2013 Pearson Education, Inc. Chapter 3, Section 6

Try Yourself

https://www.chemtube3d.com/orbitals-s/




Pl Shape of the orbitals: Secondary/Angular Quantum

A Cadt
number (l) <\t
R :;\m/”’ Subshells or Sublevels ( b)d & @

(Esiorbitals )
\oe\\

m « spherical in shape

Y

v C\@JJ

(@) (b)
Electron density map Representation of volume of orbital
© 2013 Pearson Education, Inc. Chapter 3, Section 6

https://www.chemtube3d.com/orbitals-s/




Hydrogen’s Atomic Orbitals

Energy Sublevels
* Principal energy levels contain energy sublevels (n).

* Principle energy level 1 consists of a single sublevel (s), principle
energy level 2 consists of two sublevels (s and p), and so on.

‘-. n =4 (4 sublevels) «s”, “p” , “d” and “f’ sublevels

‘-.n =3 (3 sublevels) “s” “p” and “d” sublevels
-.n = 2 (2 sublevels) “s” and “P” sublevels.
-n =1 (1sublevel) «s” sublevel.




Hydrogen’s Atomic Orbitals .. \ouest

S
Energy Sublevels S, v &, 36 ‘)C ‘76« 7? 7

 Principal energy levels contain energy sublevels (n).

* Principle energy level 1 consists of a single sublevel (s), principle
energy level 2 consists of two sublevels (s and p), and so on.

L [ .
n =4 (4 sublevels) «s”, “p” , “d” and “f” sublevels

-y =
_I-’I_f_._3_(3 sublevels) “s” “p” and “d” sublevels

s
_ @(2 sublevels) “s” and “P” sublevels.
_{n =,ii>(1 sublevel) «s” sublevel.

o



Hydrogen’s Atomic Orbitals

e Sublevels are labeled s, p, d, or f according
to the shapes of the atom’s orbitals.

1s orbital 2s orbital




Hydrogen’s Atomic Orbitals

&~

@orbital

Sublevels are labeled §)p, @, orf according
to the shapes of the atom’s orbitals.

~ b

@orbital




“v

L\%\va".‘ ‘L-;\\I'C
Table 2 Hydrogen’s First Four Principal Energy Levels 5

Total Number of Orbitals
Related to Principal

Energy Level (n?)

Number of Orbitals
Related to Sublevel

Principal Quantum Sublevels (Types of
Number (n) Orbitals) Present

\ 2
KJ\L @ ;\—/"\9 | L-f -
pas o eths = f\eors
Ceerdld N (") ©
One Orbital can hold a ey soevds (74,61 = Amciminks
maximum of (@ TR\ = reets o Yo
electrons e



Table 2 Hydrogen’s First Four Principal Energy Levels

Total Number of Orbitals
Related to Principal

Energy Level (n?)

Principal Quantum Sublevels (Types of Number of Orbitals

Number (n) Orbitals) Present Related to Sublevel

o
[$3]

16

=
- O T Ww
~ U1 W —

One Orbital can hold a
maximum of 2
electrons




“Critical thinking”

(coMS
» The number of orbitals in any energy level(nis equal to/n?.
e —

- Example: energy level (n=2) will have a 22= 4 orbitals

* One Orbital can hold a maximum of@electrons.

>

What is the maximum numbel; of electrons in
any energy level (n)?

N2
% 2Nn?

2N



“Critical thinking”

The number of orbitals in any energy level n is equal to n2.

« Example: energy level (n=2) will have a 2°= 4 orbitals

One Orbital can hold a maximum of 2 electrons.

What is the maximum number of electrons in
any energy level (n)?

0:0n2

% 2n?

2N



“Critical thinking”

The number of orbitals in any energy level n is equal to n2.

« Example: energy level (n=2) will have a 2°= 4 orbitals

One Orbital can hold a maximum of lectrons.

What is the maximum number of electrons in

any energy level (n)? TR
n = ¥ b b=l e

—
\)

N2

N

2N

_ i ot 2\leckronsg I N




Table 2 Hydrogen’s First Four Principal Energy Levels o

Total Number of Orbitals
Related to Principal

Energy Level (n?)

Principal Quantum Sublevels (Types of Number of Orbitals

Number (n) Orbitals) Present Related to Sublevel

o
[$3]

- O T Ww
~ U1 W —

One Orbital can hold a | "
_ Maximum number of
maximum of 2 electrons in a Ievelz@r
electrons 2n+2 or n?+4 ? ()

i




Summary
Shells, Subshells and orbitals

orbitals

shell

subshells Energy level (n)
Energy sublevel (L) e

S,p,d,f @




Quiz

1. What is the lowest allowable energy state of an
atom called?

% excited state

quantum state

@round state CORRECT

C L atomic orbital




Quiz

3. How many sublevels does principal energy level 3 a3

. /
consist of? md

S F

CORRECT




FINISHED
Module 4 Lesson 2




