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Chapter 1: Electrons in Atoms

You need to study Section 2 and section 3.

Why are the atomic emission spectra of elements discontinuous rather than continuous? ??

‘ continuous spectrum Discontinuous spectrum

answer this question.

Bohr’s model also correctly predicted the frequencies of the lines in
hydrogen’s atomic emission spectrum.
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I Bohr proposed a quantum model for the hydrogen atom that seemed to I

Energy states of hydrogen H':

Bohr proposed that:

- the hydrogen atom has only one energy level.
2- The lowest energy level of an atom is called its ground state.
3- When an atom gains energy, it is said to be in an excited state.
4- the electron in a hydrogen atom moves around the nucleus circular orbits.
5- The smaller(small radius) the electron’s orbit, the lower the atom's energy level.
6- hydrogen atom can have many different excited states, although it contains only
one electron.
7- Bohr assigned a number, n, called a quantum number, to each orbit.
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3-third =3 lectron
4-fourt
5-fifth._n=5 ‘

Nucleus

|
|
|
|
|
Energy levels I
|
|
|
|

6-sixth—._n=6
7—seve% \
nucleus

Hydrogen atomstructure




Hydrogen line spectrum: NG

Why the hydrogen spectrum appears as lines? Discontinuous spectrum
Bohr suggested that , this spectrum because of electron transition between energy levels.

There are 2 opposite processes for electron fransition.
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When the electron absorbs or gains energy, the electron will move to a higher energy level
.(absorption).

Which level will the electron move to0?

For example, if the electron in the second energy level, its energy =5, and electron want to move
the fifth energy level, its energy = 10. so, how amount of energy the electron needs to move from
the second energy level to the fifth energy level?

AE = Ehigher-energy orbit — Elower—energy orbit — Ephoton = hv
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When electron lose energy lose energy, the electron will move to a lower energy level and emit
energy. (Emission)

For example, if the electron in the second energy level, its energy
=5, and the fifth energy level, its energy = 10. so, how amount of
energy the electron needs to move from the fifth energy level to
the second energy level?

Ex - E, - 105:-2

In emission process, the electron moves from higher energy level to
lower energy level and lose energy in the form of light (photons).
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When electron move from one energy level , the electron doesn’t move to the other energy level at one time.
For example, to move from the first energy level to the seventh energy level.

The electron will move from 1t02,2t03,3t04,4t05,5t06,6to7. | Lyman series is the name given
to a series of spectral emission

lines of the hydrogen atom that
Series n2 Main spectral lines result from electron transitions

from higher levels down to the

energy level with principal

Balmer 345etc  Visible quantum number 1
Balmer series is the name
given to a series of spectral

Brackett 56.7 etc Infra — red emission lines of the hydrogen
Y atom that result from electron

Pfund 6,7.8, etc Infra — red transitions from higher levels
down to the energy level with
principal quantum number 2.

Lyman 2,3,4, etc Ultra — violet

Paschen 456 etc Infra — red

Paschen series is the name
given to a series of spectral
emission lines of the hydrogen
atom that result from electron
transitions from higher levels
down to the energy level with
principal quantum number 3.

Bracket series is the name
given to a series of spectral
emission lines of the hydrogen
atom that result from electron
transitions from higher levels
down to the energy level with
principal quantum number 4.

Pfund series is the name given
to a series of spectral emission
lines of the hydrogen atom that
result from electron transitions
from higher levels down to the
energy level with principal
quantum number 5.




Wavelength in meters (m)

Radio waves

—_—

Balmer

Visible light

400 500

(violet) y
Wavelength in nanometers (nm)

you can see emitted spectrum of hydrongen :
for lyman series (ultra violet )
Balmer series (visible light).

Baschen , Bracket and pfund series ( infra red).

you can see the video here: https://www.youtube.com/watch?v=wiINTUZoAiw

Paschen

Bracket

/ Don’t forget, each series has \

different energy and also
different frequency and
different wave length

k Ephoton = hv /

Visible

Hydrogen Emission Spectrum



https://www.youtube.com/watch?v=wiINTUZoAiw
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Did Bohr Model succeeded to explain discontinues spectrum of all elements? No, Why?

The limits of Bohr’s model: (what made his model to fail !)

1-the model failed to explain the spectrum of any other element that contain more than one electron. (he used

only hydrogen that contain 1 electron).
2-Bohr’s model did not fully account for the chemical behavior of atoms.

3-The movements of electrons in atoms are not completely understood even now; however, substantial

evidence indicates that electrons do not move around the nucleus in circular orbits. ( but clouds)

oy o 9 dxlg 09 AN e i (@ g dugd! 8)3 Jadd puscil Y )l gl juds § Jid 8)0l Hgy zigel ol Jgal LS
By Jg> s9e Y 09 ASIVN O BLaS @5 4l JI 28LsYL Shl (laesSIl okl iy @) 9 .09 ¢p0 AS| e G @l moliall (3L
09 ASIYI O .Ag..\:adiof)).)jlgaé




]
|
|

Quantum mechanical explanations:

Quantum mechanics scientists started to explain the atom model and how electrons are arranged at
the atom. Because Bohr’s model was incorrect.

The first scientist: De Broglie

Louis de Broglie proposed an idea that eventually accounted for the
fixed energy levels of Bohr’s model: the wave-particle theory proposed

Ij = 1 by de Broglie)

1- quantized electron orbits had characteristics similar to those of waves. (electrons as waves).
2- de Broglie saw that only odd numbers of wavelengths are allowed in a circular orbit of fixed
radius. only multiples of half-wavelengths are possible on a plucked harp string because the

string is fixed at both ends.

3-The de Broglie equation predicts that all moving particles have wave characteristics.
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De Broglie Model of atom:

—auai half

N
V

1 half~wavelength

aa half sl half n = 3 wavelengths

|

—uai half —uai half —uai half

3 half~wavelengths n # whole number (not allowed)

2 halfi=wavelengths
n = 5 wavelengths

Half wave (up down) one wave(2 ups and 2 downs)

N N NS
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De Broglie equation:

Particle Electromagnetic—-Wave Relationship

X represents wavelength.
>\ L h h is Planck’s constant.

mv m represents mass of the particle.
v represents velocity.

The wavelength of a particle is the ratio of Planck’s constant and the product of the
particle’s mass and its velocity.

h is called Planck’s constant and equal =6.626x1073* m?kg / s

from this equation you can calculate the mass of moving particle and the velocity and wave
length.




Second scientist:

Heisenberg

Heisenberg uncertainty principle: states that
it is fundamentally impossible to know precisely both the velocity and

position of a particle at the same time.

Heisenberg showed that it is impossible to take any measurement of an object without
disturbing the object.

Example :See this video: https://www.youtube.com/watch?v=53ZYzuN3RpQ

if you want to know the position of the ball (the place) , you will know where is the ball , when you
touch it. But when you touch it, the ball will strike with your hand and will move with a different
velocity , so you can know the position but you can’t determine the velocity of the ball at the same
time.
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The Heisenberg uncertainty principle also means that _ to assign fixed paths for electrons like the circular
orbits in Bohr’s model. The only quantity that can be known is the probability for an electron to occupy a certain region
around the nucleus.
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https://www.youtube.com/watch?v=53ZYzuN3RpQ

Photon’s illustrates the
wavelength

mf&/‘/ -Heisenberg uncertainty principle. It is
h!

Phaton Electron

_\/\/\" O impossible to know at the same time

A X the
Speed = 0

Electron’s speed

b increases,

\

position and the velocity of a particle.

Before collision After collision

When photon colloids with electron (electron speed =0 ) the electron will move with higher speed ( electron

speed changed) and also position of electron changed.

Photon is energy , when colloid with electron , the energy changed and also wavelength changed.
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v" 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.

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

guantum mechanical model of the atom. s/ wave mechanical model (pug Slzge 5l e 9 AV Alalae dd @i G ) U) z3 90!
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Third Scientist: Schrodinger

The Schrédinger made a wave equation , each solution to the equation is known as a wave function, which is
related to the probability of finding the electron within a particular volume of space around the nucleus
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_: the wave function predicts a three-dimensional region around the nucleus, called an atomic

orbital, which describes the electron’s probable location. An atomic orbital is like a fuzzy cloud in which the density at a
given point is proportional to the probability of finding the electron at that point.

Density Maps
This
picture illustrates the probability map that describes the electron in the atom’s lowest energy state.

The probability map can be thought of photograph of the electron moving around the nucleus, in which each
dot represents the electron’s location at an instant in time.

The high density of dots near the nucleus indicates the electron’s most probable location. However, because the
cloud has no definite boundary, it is also possible that the electron might be found at a considerable distance
from the nucleus.
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Hydrogen’s Atomic orbitals: @

*". _ Nucleus

Because the boundary of an atomic orbital is
fuzzy, the orbital does not

have an exact defined size.
Density Maps

chemists draw an orbital’s surface to contain

90% of the electron’s total probability distribution. This means that the probability of finding the electron within
the boundary is 0.9 and the probability of finding it outside the boundary is 0.1. In other words, it is more likely
to find the electron close to the nucleus and within the volume defined by the boundary, than to find it outside
the volume.
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e the quantum mechanical model assigns four quantum numbers to atomic orbitals.The first one is the
principal quantum number (n).
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Principle quantum number :

indicates the relative size and energy of atomic orbitals.

Energy levels do you remember (n)?

1-First-p=1

e n is principle quantum number
3-third =3 lectron .
A.fm\ / when | say n=1, what does it
5-fifth _n=5 .
Ssixth§ Nucleus m e a n ?
7-seventh =7

T \ n=1, the first energy level

nucleus
n=3, the third energy level

Don’t forget : when the n increases the
size of energy level increases , the energy of the energy level increases.
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Energy sublevels: . su gy mm
n =4 (4sublevels)

Each principle energy level has sub energy energy levels. n=3 @ sublevel)

mm n =2 (2 sublevels)

n=1 (1 sublevel)

The first energy level (n=1) has one energy sublevel (1s)

The first energy level (n=2) has 2 energy sublevels(2s 2P)

The first energy level (n=3) has 3 energy sublevels ( 3s 3P 3d) L CL.;:,QJ 5 ) el

The first energy level (n=4) has 4 energy sublevels ( 4S 4P 4d 4f)
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Shapes of orbitals :

Sub levels |Shape How many electrons

N

z

2 in 1 orbital

e 2

1
.
w
. i
N ~y /,/’J'
-
1

I
1s orbital 25 orbital Sphe rical T l

~4

/
/

_ X

3s3p3d  dweyd Bl Wlgiue 3 4 EIWI I

2 2 2 [ 6in 3 orbitals

" dumbbell-shaped 1 l ! l ! l

d il 2|2|2]2|2]| 10 in 5 orbitals
* N VI DI DV B

dq dumbbell-shaped
f dumbbell-shaped 21212121212 14in 7 orbitals

T I I N Y Y I
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1s <2s<3s

= Figure 17 The shdpes of atomic orbitals describe the probable distribution of electrons in energy subjevels.

1s orbital 2s orbital

a. All s orbitals are spherical, and their size increases . The three p orbitals are dumbbell-shaped and are oriented along
with increasing principal quantum number. he three perpendicular x, y, and z axes.

dxz_yz

c. Four of the five d orbitals have t§e same shape but lie in different
planes. The d, orbital has its owr\unique shape.

atom: the smallest particle of an o3 Jg> )93 Yl oYl
element that retains all the properties yloee

of that element; is composed of

electrons, protons, and neutrons . . .
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Atom s electron conflguratlon:
The arrangement of electrons in an atom.

Element’s ground-state electron configuration:
The most stable, lowest-energy arrangement of the electrons.
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orbitals:

1-the Aufbau principle,2- the Pauli exclusion principle,3- Hund’s rule.

single electrons with the

same spin must occupy

a maximum of two =
electrons can occupy a
single atomic. orbital,

I There are Three rules, or principles define how electrons can be arranged in an atom’s I

1S 25% X

15228 v 00 a0 s
1S™ x
1s energy less than 4. 5. 6.

2s energy, so you

should add 1ST‘L '
electrons first in 1s. ™ ’I\ J
ZNENED 4
c 2P* X
2P X
Each single orbital (square) T \1/4_ T T
can hold up to 2 electrons. ZP \'}
Up and down not 2 ups or 2 First add up up up and then
downs.

down down down.
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You can represent an atom’s electron configuration using one of two convenient methods:

orbital diagrams or electron configuration notation

1SYT 28Y (arrows) 152 261

Noble-gas notation is a method of representing electron configurations of noble gases.

Atomnic For example :

Element
Number  pe* . 1_52 25?2 you have 2 and 2 so you can write [He] 152

I Helium 2 Na'l :1S? 252 2P63_S1 you have 10 and 1, you can write [Ne] 3S?!

20 . 2 2 6 2 6 2 H 2
Neon 10 Ca“® :15°25° 2P° 35 3p® 45 you have 18 and 2, write [Ar] 3§
Rb37 1152 252 2P® 352 3p®4S? 3d'° 4p°® 55! you have 36 and 1 ,write
Argon 18 [Kr] 551 —
I Krypton 36

Xenon g4

Radon 86

Exceptions to predicted configurations: 39 ASIN! aujgdl § Slebiivwdl yass

v your configurations for chromium Cr2* [Ar] 4s? 3d*, and copper Cu?° [Ar]4s? 3d° M
v The correct configurations for Cr2* [Ar] 4s* 3d® for chromium and Cu?® [Ar]4s! 3d1° for copper.
correct.

. oo e Cu?d [Ar]ds? 3d° el NS g Cr2* [Ar] 4s? 3d* g Sl paiad 395UV asjll
0558 WS s 090 ol A 0988 iow s A O oz Byiane 0955 (§J - Byiume 28 955 Byl 4
cd 8 a9 S ety 09 ASUI Jsb psiidd 10

r[r[2r[2] ] [lr[r]r[1]

4 .

d d®(half filled more stable)
T M AT [N NN [N

d’ dO( full filled more stable)




Valence Electrons:
Valence electrons are defined as electrons in the atom’s outermost orbitals.

Or the electrons at the highest energy level.

(60 S 152 (sp d f Jud 392500l 03,)1)) 51 2BUall (S gimn (§ Bggall g ASIVI o 596N b9 AU

§16 152 252 2
The highest energy level the third , how many electrons in the third level? 2+4=6

So, valence electrons = 6
Cs 55| ss Cs  |1s%25%2p®3s23p®3d % 45%4p®4a? 55250 %6s o) [Xe]6s!

The highest energy level the sixth , how many electrons in the sixth level? 1
So , valence electrons = 1
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Electron-dot structures: Because valence electrons are involved in

forming chemical bonds, chemists often represent them visually using a simple shorthand method,
called electron-dot structure.

An atom’s electron-dot structure consists of the element’s symbol, which represents the atomic
nucleus and inner-level electrons, surrounded by dots representing all of the atom’s valence electrons.
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