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Atomic Structure

LA

» In a physical analysis, all things visible and invisible can be
classified as matter or energy.

"} % Matter is anything, such as a solid, liquid or gas, that

has weight (mass) and occupies space. For anything to occupy
space, it must have volume.

» A matter is composed of fundamental building blocks called
atoms.

» Atoms can attach to one or more other atoms by chemical
bondsto form chemical compounds such as molecules
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Atomic Structure Cont.

» Matter is usually classified into three classical states, with
plasma sometimes added as a fourth state.
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> Matter can be transformed from one shape to another, so
energy can be transformed from type to another.

# In radiology, for example, electrical energy in the X- ray
machine is used to produce electromagnetic energy (the X-
radiation), which then is converted to chemical energy in the
radiographic film.
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Atomic Structure Cont.

The Atom
The atom meaning®mdivisiblé (By Greeks)




SIP-"“P'UP/Ai
DJU‘].:.-

Wlp b By

Atomic Structure Cont.

The Atom

» An atom is the smallest particle of matter that has the
properties of an element

¥ Although the word ‘atom’' comes from the Greek for
mdmsﬂ)le. we now know that" atoms are not the smallest
: ‘of matter: Atoms are made from smaller subatomic

pamr!fs
» Every solid, liquid. gas, and plasma is composed of neutral or
* iponized atoms.
» Atoms are extremely small; typical sizes are around 100
picometers (a ten-billionth of a meter).

Atomic Structure Cont.

The Atom

» Every atom is composed of a nucleus and one or more
electrons bound to the nucleus.

¥» The nucleus is made of one or more profons. Frofons and
neutrons are called nucleons.

» More than 99% of an atom's mass is in the nucleus.

¥ The profonshave a positive electric charge, the electrons have
a negative electric charge. and the neutronsarve neuftral
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The Atom

» If the number of protons and electrons are equal that atom is
electrically newinil So the atoms are electrically neutral; the
electric charge on the atom is zero. This means afoms fuve
no overall electrical charge

# If an atom has more or fewer electrons than protons, then it
has an overall negative or positive charge, respectively, and it
is called an ion. So the atom is unstable,

Atomic Structure Cont.

The Atom

¥ The electrons of an atom are attracted to the protons in an
atomic nucleus by an electromagnetic force

» The protons and neutrons in the nucleus are attracted to each
other by a different force, the nuclear force, ﬂﬂlhmm]fy
" stronger than the electromagnetic force repelling the

» Under certain circumstances, the repelling electromagnetic 20
foree becomes stronger than the nuclear force, and nucleons Q_)D
- can be ejected from the nucleus, leaving behind a different
element. nuclear decay resulting in nuclear transmutation. /
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Atomic Structure Cont.

The Atom
- The number of protons in the nucleus

defines to what chemical elementthe . %“"___'.;"
atom belongs. === RA
The number of protons in an atom is faecmme. Lr X

| memanr of proans
et it

called its sfomic number
¥ Atoms are arranged in the periodic table
in order of increasing atomic number.

¥ The mass numberalso called atomic mass \3 f\PL‘;‘JJ
numberor nucleon number, is the total

number of profons and newfrons in an “—_‘Dc‘:’/u
atomic nucleus. It determines the atomic .//J)J)) Ld‘-jl
mass of atoms.
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The Atom

» Isotopesare atoms of the same elementhaving the same = I"Q"
* numbers of profons (sfomic number), but different numbers of e 3G
‘Lml l.myihmmi i I'EMI'I Mhm TN .. = Clhas a mass # of 35 and an atomic # of 17 Cl
. . vy 25 —a) op =17, n°=18, =17
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Determining the number of protons and neutrons

= Lihas a mass number of 7 and an atomic number of 3
o Protons = 3 (same as atomic #)
o Neutrons=7-3 =4 (mass # - atomic #)
= Ne has a mass number of 20 and an atomic number of 10
o Protons =10
o Neutrons=20-10=10

Li
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Determining the number of protons and neutrons

(radioa ct'wq,)



History of atom

TimeLine of Atomic Model

Scientist have done experiments and leam more and more about
atoms. They changed the way they think about atoms. So, in this
part of lecture we are going to look at the timeline of a different
ways that scientist have pictured or imagined atoms over the time.

Democritus wes & Greek philosopher whe wos
the first persan to use The term gtom (2famer
maseery ncensdile )

Ha theught that if you toke o psece of motter

History of atom

Democritas
Timeline: 408 BQ
eventusily come to 2 pont mhere you could ot

Schentist: Democritus (Greek Philmopher)
divide it ory more. Thes fundemental or basic unt was whet Democritus colled o

atom

I-hmlledrhuﬂuﬂ-u-rcfﬂuuw_r:_:

L All matter consists of atoms, which are bits of matter too small 1o be

seen.

There is an empty space between atoms

. Atoms are completely solid

L~ Atoms have no internal structure

L+ Eoch atom (of a different substance) is dif ferent in site, weight and
shape

.
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History of atom Cont.

Timeline: 1800°
Scientist: John Dalton

17 Matter consists of indivisible atoms ® o

2. Atoms arrange indifferent combination 0 o )
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History of atom Cont.

Timeline: 1890"s
Seiemtists . Thomson

Discovered the Electrons

IJThﬂnmmophy_s_lc'l_nmrs:rmafurdimzrm' the
electron He used rd his research on cathode ray Tube technology in this

UJﬁ'ﬁl '2' o S

divide It more |
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_ History of atom Cont. History of atom Cont.

et 13 . A He: then found out that this charge was 2000 imes hghter that o hydrogen atom. He made o bold
S Lo statement saying that this negative charge must be inside an atom. This negative charge (he called
Cathode Focus Anade 5 corpuscles) later became known os the electron. ety

posstively charge)

. rretal plote —_— l l_ i
2 * | THOMSON'S ATOMIC MODEL

| Using what he hod discovered, Thomson predicted what on atom should look :).’r
e like. These are the key points 1o Thomson's Atomic Model .

of this mad v
1. Becouse of its design thi el is known os the plum | —

| 2. Each atom is a sphere filled with positively charged o |
P Suppl o

ey “fluid’. This resembles the sticky jom part of a pudding. }-9 '/J
) e e e P e e

» .7 . He did not predict the movement of these electrons .l
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Thompke History of atom Cont. History of atom Cont.

[* Tiesling: (wwry

skt 44 Dt Ngarky Empty tube (Air has been sucked out) Timeline: 1910°s
2 An electric charge is passed through the fube Travels from cathode to Scientist: Ernest Rutherford
- 3 °T':“_;'='_‘ SR <o i madis Tassascust . > Ernest Rutherford was not convinced obout the model of the atom
A d:_rsgilum' , 50 1o see where it traveled a fluores screen 3 Eoid Fo
Lt eT Hbe. i I E— proposed by Thomson. He thus set up his now famous Gold Foll

Experimant

A
1. He fired alpha particles (positively charged) at a gold
fail,

dot will appear on the screen. You could also wie o "J' e

flucrescent gas and the whole tube will light o,

4, Thllbwnmﬂwwsmlghﬂfml

interfered with,

5. The deflection coils each have o specific charge. 2. He measured the deflection as the particles came out
One s positive and the other is negative. the ather side,

&. Thomson showed (o5 in the diogram above) thet
the charge would deflect away from the negative
coil. He then stated that this charge was thus o
negative charge

ot hbdoralfnc-

3. Most of the particles did not deflect at all.
Every now and then a particle would deflect
all the way back.

4. He said that there must be a positive centre of |
the foil. He colled this centre the nucleus
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Timeline: 1910"s
Scientist: Ernest Rutherford

Ernest Rutherford was not convinced about the model of the atom
proposed by Thomson, He thus set up his now famous Gold Foil

Experiment

foil.

the other side.

3. Most of the particles did not deflect at all,
Every now and then a particle would deflect
all the way back.

4. He said that there must be a positive centre of |
the foil. He called this centre the nucleus

1. He fired alpha particles (positively charged) at a gold

2. He measured the deflection as the particles come out

w2l
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RUTHERFORD'S ATOMIC MODEL (AKA THE PLANETARY MODEL)

/”‘\‘L 1. The nucleus of the atom is a dense mass of positively
/" *_ | charged particles.
@ | 2 Theelectrons orbit the nucleus

[
|
e |

| G

\ s /

\ :
e,

P n
Rutherford stated that the atoras like a mini solar system and that the
electrons orbited the nucleus in a wide orbit. That is why it is known as

ﬂl_t_pzrz‘hqmodtl, —
W 9 POk
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Spherical cloud
of positive charge

Electron 4 .

Rutherford atom modal
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History of atom Cont.

Timckine: 1910°
Schentist: Niels Hohr

hisels Bohr agreed with the planetary medel of
the atem, but slse knew thet it hed o few
flaws. Uging his knewledga of anargy and

' quantum physics he was oble fo perfect ne
Rutherford's madel, Ha was eble to answer “ore
why the electrons did net collapse into the
Pachaus.

BOHR'S ATOMIC MODEL (AkA THE RUTHERFORD-BOHR MODEL)

— 1 B T RN MR,
fioherril sire ond energy
TN el 2 The lower gy of the ¢ the lower the
@ e et
. 3 T Fill up The orbitals, they
0 mrlfﬁ!hh-r-phdl'm v
- 4 I th fill (or ot anew
enecgy level il begm.
5 when an el ane tevel to onather .5

¢ AW Ehious i v

Electron shells and the
Bohr model

Anangemen! of slechon In an alom

LR
A Sl
L Sheit

o

Tt A4

£ Shett

@- 1 FosmIveny charned
b

The of that can
be presen! in a shell = In® &
n = the number of the shell

| 1sshell In'=3=1T=2al=2

ndShell 2P =2 aiazad=n shelilobel [k (1 [ m| ™
N Shell 2 a2 eV u2ay=1n SheliMomber | 1 2 | 3 | 4 |
4 Shell I =2 el =2 «lh=32 ‘Electon: 2 ® 32

___agru.d with P{amray\j
meoedel -f Ernesk .

#/dﬁ:\k)b M_,mc

He wal gL le to answer
whi e-didit collapse
jinfo nuclens

12 = el
n =
1
24 = 31 AN 2
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Electron shells and the
Bohr model Cont

¥ In atomic physics, : n
mﬂybelhoughtofunnorbﬂfoﬂawedbyelxhomnmndau
atom’s nucleus.

> The ‘closest shell to the nucleus is called the *1 shell* (also”
“called *K shell). followed by the "2 shell* (or "L shell"). then the
*3 shell* (or "M shell"). and so on farther and farther from the
nucleus.

» The shells correspond with the principle quantum
numbers (n= 1, 2, 3, 4..) or are labeled alphabetically with
letters used in the X-ray notation (K. L. M. ...).

Electron shells and the
Bohr model Cont.

» Each shell can confain only a fixed number of electrons. the
first shell can hold up to two electrons, the second shell can
hold up to eight (2 + 6) electrons, the third shell can hold up to
18 (2 + 6+ 10) and so on.

» The general formula is that the ' shell can in principle hold
upmzmz’m

> the electron shells of an atom are populated from the inside
out, with electrons filling up the low-energy shells closer to
the nucleus before they move into the higher-energy shells
further out.

L
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Electron shells and the
Bohr model Cont.

» Since electrons are electrically attracted to the nucleus, an
atom's electrons will generally occupy outer shells only if the
more inner shells have already been completely filled by other
electrons.

> The electrons in the outermost occupied shell (or shells)

- determine the chemical properties of the atom; it is called
the valence shell and the electrons found in it are

In general, atoms are most stable, least reactive, when their
outermost electron shell is full.

full w28y
O%e Bl

Shab L

—

Electron shells and the
Bohr model Cont.

» Each shell consists of one or more subshells, and each
subshell consists of one or more atomic orbitals.

.
Bt s g 8¢

- b
¥ itte, . pand & I

Ex for K shell, all shells contain
sub shells. e

- =hp

=555l

|~
o In order fo move between shells an

Electron shells and the
Bohr model Cont.
Shell Subshell | Max electrons | Max electrons
in subshell in shell
K 1s 2 2
L 25 2 2+6=8
2p 6
M 3s 2 2+6+10=18
3p 6
3d 10
N 4s 2 2+6+10+14
4p 6 =32
4d 10
4f 14
Electron shells and the

Bohr model Cont.

electron must absorb or release an
amount of energy corresponding
exactly to the difference in energy
between the shells.

o For instance, if an electron absorbs
energy from a photon. it may become
excifed and move to a higher-energy
shell

o Conversely, when an excited electron
drops back down to a lower-energy
shell, it will release energy, often in the

, form of heat. (hv - E, - E) o

ab‘l“rb ey\cfgﬂ —_ EKCEHJ - 80 to l“ab\_&v E

it e,\

dwp back down 4o |ower shall —>
release enevqy |y E;_ Ep



17

Summary of Atom

SUMMARY OF ATOM

*+ The smallest part of an element is called an atom
= Eoch atom (of an element) is different in structure from
ther atoms (of other elements)

. Anmnmhdmddhmlu'm!m:mm

Pratons, Electrons and Neutrans
—t The nucleus is the centre of an atom. It contoing protons end neutrons.
T » Aswe goup the periodic oble, an electron and

proton is edded.
~7= » Hlectrons occupy o certain energy level (of o
= Once the energy level is full, a new level begins 1 & d
___» Within each of these levels are specials types i
of orbitals. These depend on the energy level \

s Electrons orbit the nucleus m
e Proton
certain size)
~ '+ Each orbital can contain two electrons

Atomic Mass and Energy

%' Atomic masses may be given either in grams or in relative numbers
called (atomic mass unit)

* The atomic mass unit (u or amu) is one unit for measuring the atomic
mass of particles. It is defined as one-twelfth (1/12) of the mass of LIIJ
an unbonded Carbon-12.

* | amu= 1.66% 1024
+ The mass of neutral atom in amu is calculated as:

Mass= 12 * (actual mass of the atom‘actual mass of "*C atom)

* Example: What is the mass of proton and neutron in mass unit?
" Proton mass in amu= 1.672649x 102 gm (1\1.66x 102 gm)= 1.008

amu
Neutron mass in amu= 1.674954> 10 gm (111.66% 104 gm)= 1.008
amu

Electron mass in amu=9.1091x 107% gm (1\1.66x 10-2* gm)= 0.00055
amu

- (30
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Atomic Mass and Energy Cont.
* The mass energy conversion is given by the Einstein equation:
E=m¢?
Where m= the mass in Kg, ¢= is the speed of light (3x10° m\s)

Example: if one gram of a material is converted into energy,
how much is the energy released?

E=mc?
= (1x10° kg)(3 10° mis)?
=9x10" Joule

C..)\%‘is:

Electron Binding Energy

* The binding energy i&m&g& of attachment of an
! attraction between the negatively
cha:ged electrons and the positively charged protons in the
nucleus) or the energy required to overcome the attachment
~ and remove an orbital clectron from an atom.
+ Usually designated E,,
« Electron binding energy is typically measured in electron

volts (e\’)
* Electron volt is a unit of energy commonly used in atomic and
nuclear physics, equal to the energy ———
gained by an electron when the electrical . Y

potential at the electron increases by one volt.

p2s Mol = eV . ‘

Lvoik

——
—
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Electron Binding Energy Cont.

*  The closer an electron is to the nucleus, the more tightly it is
bound.

* The electron in the k-shell is the most tightly bound and
therefore the binding energy is the greatest.
K shell has highest binding energy than L shell and L more
than M and so on.

* Higher atomic materials (higher Z) result in more binding
energy.(More positive charge in nucleus).

« Not all K-shell electrons of all atoms are bound with the same

+ Since electrons of large atoms are more tightly bound to the

- nucleus than those of small atoms, it takes more energy to be

pr

- - r

htq]h.'r Z > wor Qh""”je —> Mo’ hindin

M nuclous Ewnay 9
Electron Binding Energy Cont.
Potential Binding
cnergy energy
Highest N shell Lowest
L shell
————.
Lowest ﬂ\T
o h'tslus-%-
RE JH
X (MDS‘- l?% 5 bQun&)

SR S 5
(M S5

0
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Electron Binding Energy Cont.

Zeig——=  Vance e Zen ——  Valence e
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Hydrogen Z = 1 Tungsten I = T4
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Electromagnetic force and Nuclear force

The electromagnetic force:

- binds negaljvel[zc ;:i\g_rged electrons to _
positively ¢ atomic nuclei and ¢ 8
gives rise (o the bonding between atoms o
to form matier in bulk. .

t—"0 The electromagnetic force has an infinite el
-t

ange
« The Nuclear force: 4

L= bind protons and neutrons ( together
called nucleons) into the atomic nuclei.

5 is a short-range force and causes the
stability of the nucleus.




Electromagnetic Spectrum Electromagnetic Spectrum Cont.

represented as a bundle of energy consisting of varying
electric and magnetic ficlds traveling at the speed of Examples of Electromagnetic Radiation
light. = Radio Waves.

* TV waves.

= oo * Radar waves.

* Heat (infrared radiation)

+ Visible Light

* Ultraviolet Light.

= X-rays.

= Short waves.

* Microwaves, like in a microwave oven

Electro magn ebe Wav e

*,__5_\____‘

* Gamma Rays.

Electromagnetic Spectrum Cont. Electromagnetic Spectrum Cont.
_y__ * Electromagnetic radiation is quantized, meaning that it exists in
_m_ discrete quantities called photons.

e icribaln -m-my'hdmesm-wwhwn—ni*

A v * Photon energy (E) is directly proportional to frequency.

v E= I’\ -F = l’\ & * Photon energy is inversely proportional to wavelength.
' «)\ + Photon energy is E = h f = h (c/A), where h is Plank’s constant
Wi e eoicinn Hiuts (6.626176 x 10-** joule-seconds.) . _
o ) ‘PE - ‘P_F * A10 keV photon has 2 wavelength of 0.1 nm, A 100 keV photon
-ty o B e p— i > e has a wavelength of 0.01 nm.

* Radio waves have low_frequencies (low photon encrgics) and

gamma waves have high frequencies (hi ton energies).
* High energy photons are called X-rays if produced by electron

+ The only difference among photons of these various

P of the el s spectrum is in [requenc
and wavelength. N inlcractions but gamma rays if produced in a nuclear process.
“—= = 15 X ra ] rod - "
\fb"":l’l_p ?f_—; - a‘ iF P uad bfj e vrerathon s -
21 e 22 is Wy,
=r8] 3 |j - = = Nutlear ?mus\. .
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PLANK’S QUANTUM EQUATION
*Mathematically , the relationship between energy and frequency is

expressed as:

Where; enesy of e koht

E is the photon energy, ) et
h is Plank’s constant (6.63% 104 Js). - i

Or (4.15X10-15 eV-s ) E=hv

and f is the photon frequency in hertz

P.ﬂ‘&;m
E=he\ A
» In other words, photon energy is inversely proportional to photon

wavelength, the longer the wavelength of radiation, the lower the
energy of each photon,

. Ly

PLANK’S QUANTUM EQUATION Cont. o ev
St A
Example: What is the frequency of a 70 keV x-ray 8 H %
photon? Iﬂ T
f=7 m—
E=hv s
E = Fokev
= (__70000 eV )
4.15X10-15 eV-s
= 1.69X10" Hz E - h F
f= .__E = Ffooas 19
N el S R LTS
_ v-(s%ic'
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PLANK’S QUANTUM EQUATION Cont.

* EXAMPLE: What is the energy contained in one photon of
radiation from radio Station WIMP, which has a broadcast
frequency of 960 kHz?

canswer: E=/ f
=(4.15 x 105 eV.8).(9.6 x 10°/s)
=398x 10%eV

E =hF = 4is%x165" "% 9p0x0°

- 47

PLANK’S QUANTUM EQUATION Cont.

* EXAMPLE: What is the energy in (ev) one photon of green light

whose wavelength is 550 nm?
_—
« Answhr: E=he/ E == k (
p
1
. =(4.15 x 1015 eV-s)(3 X 108 m/s)
550x 10° m
=226V

p ol i
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Radiation
Radiation is the emission or transmission of energy in the form
of electromagnetic waves or charged particles through space or
through a material medium.
' Types of Radiation (by effect)
| lonizing Radiation | | Non-jonizing Radiation |
- A radiation that has sufficient % A radistion that is gol as
energy to remove electrons from energetic as ionizing radiation
atoms or molecules as it passes and cannot _remove electrons
through matter. from atoms or molecules.
L5 Examples. Gamma-rays, x-rays, o Examples light, lasers, heat,
uv mdimﬁm:.-_ﬁe_tél:radﬁrm microwaves and radar.
Al radiation, Proton, neutron
other particles.” = —— —
. /‘—J‘I‘———"\ Mw .y
<lifetly W\&'\Ve&\\a_ vaday
_ laceyr
= ey Boton | X
dé, uy  Deuhong

Radiation Cont.

* lonization , is the process by which an atom or
a molecule acquires a negative or positive ¢ by
or losing electrons to form ions, often in conjunction with

changes.

OR is radiation with enough energy so that during an interaction

with an atom, it can remove tightly bound electrons from the

orbit of an atom, causing the atom to become charged or ionized.

OR is radiation that carries enough energy to liberate

electrons from atoms _or molecules, thereby ionizing them.

* lonization can result from the loss of an electron after
collisions with subatomic particles, collisions with other
atoms, molecules and ions, or through the interaction
with electromagnetic radiation.

* il ‘:“-_c-jl-— loss oP e~ aller Al

- =z =

IS fom wits —
-

mierathion
Wik EMR

. damage eg. Electrons g-particles, B.\-
particles (Charged particles)

Rac_li_ation Cont,

SubatomiL ?rr-h'(_ s
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Radioactivity
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