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chapter one

Atomic structure

Hropertes or the | nree Key Subaliomic Hartcies

Charge Marmes Location
Name(Symbol) Relative Absolute () Relative(amu)r Abscluts(g) In the Atom
Proton (p') 1+ +1.80218x10 'P 1.00727 1.87282x10 74 Nucleus
Neutron (n') o o 1.00866 1.87493x10 24 Nuclaus
Outsicde
FElactron (&) 1- -1.80218x10 2 0.00054858 8 10838x1077%  Nucleus

S The coulomb () Is the Sl unit of charge.
' The atomic mass unit (amu) equals 1.2880864x 1073 g.

Representation of element syvimbol

number

w' v ney [T~ A4 x_ AT
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X = Atomic symbol of the elemeaent Atomie | .

oo bes
oy

2 X = The symbol of the atom or isotopa  Mas

electroi A= mass number; A= 2Z + N
Z = atomic number

(the number of protons in the nuclieus)
N =T number of neutrons In the nucleus
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A‘l‘omic Weish‘l' vs. Atomic Mass

Atomic welight is the weighted
average of the atomic mass of

Atomic mass is the sum of protons
all natural isotopes of an elemaent

and neutrons of a single atom
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S | 12.0107
Carbon

Carbon-6 Atom
Atomic Mass = 12

Atomic Weight = 12,0107

Particle Symbol Mass Péitraiing SOmTing Shielding
Power Power
T P— Paper
Alpha a 4 amu Very Low Very High Skin
Beta [} 172000 amu Intermediate | Intermediate | Aluminum
Gamma 14 0 (energy only) | Very High Very Low | 2 inches lead
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X-ray
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When an electron s removed from an mner shell, an elecron from an outes shell
fills the vacancy, and energy 15 emutted mn the form of a chamacteristic X-ray. with an
ensrgy equal to the difference between the 2 shelis, which wall be charactenstic for the

partcalar element concerned
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Some uses of X-rays

In medicme to dignose siiness and for treatinent
In mdustry 1o locate cracks 1 metals

X-ray crystallography to explore the structure of materinls such as structime of €O
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Spectrum of the X-rays emitted by an X-ray tube with a rhodium target, operated at
60 kV. The smooth, continuous curve is due to bremsstrahlung, and the spikes are characteristic
K lines for rhodium atoms.

2-1- DISCOVERY OF SUBATOMIC
PARTICLES AND THE BOHR ATOM

During the 50 years after the periodic tables of Mendeleev and Meyer were proposed,
experimental advances came rapidly. Some of these discoveries are shown in Table 2-1,

Parallel discoveries in atomic spectra showed that each element emits light of
specific energies when excited by an electric discharge or heat. In 1885, Balmer showed
that the energies of visible light emitted by the hydrogen atom are given by the equation

1 1
£ R”(-’E . "2)
- h

TABLE 2-1 ;
Discoveries in Atomic Structure
1896 A. H. Becquerel Discovered radioactivity of uranium
1897 J. J. Thomson Showed that electrons have a negative charge, with
charge/mass = 1.76 x< 10" C/kg
1909 R. A. Millikan Meusuied the electronic charge (1.60 % 1077 C): therefore, the mass of
: 1
the electron is 9.1 % 107 kg, 1836 of the mass of the H atom
1911 E. Rutherford Established the nuclear mode! of the atom {very small, heavy nucleus
surrounded by mostly empty space)
1913 H. G. J. Moseley Determined nuclear charges by X-ray emission, cstablishing atomic

numbers as more fundamental than atomi¢c masses
Component of electromagnetic radiation

Wave length (A ) : The wavelength is the distance between two identical peak in a wave
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https://en.wikipedia.org/wiki/Rhodium
https://en.wikipedia.org/wiki/Kilovolt
https://en.wikipedia.org/wiki/Bremsstrahlung
https://en.wikipedia.org/wiki/Energy-dispersive_X-ray_spectroscopy
https://en.wikipedia.org/wiki/Energy-dispersive_X-ray_spectroscopy

Isotopes

A given element can have many isofopes sarmie number of prorons differernt number

rieutrons.

Example: Carbon Isotopes

125(‘ has 6 protons and 6 neutrons
i3 sC has 6 protons and 7 neutrons

¥.Chas 6 protons and 8 neutrons

The origins of radiation

Radiation can be defined as the propagation of energy through matter or space.

can be 1n the form of electromagnetic waves or energetic particles.

Microwaves Ulraviolet light Gamma rays

N S Nt RS\ /\/\'f'u'r\ﬂﬂf ﬂﬂmm

Radio, TV waves Infrared light X-rays
104 10 108 10%° 1012 102 1Q'e 1013
1 +— ¥ —+ ——— 3 ¥
= i
Fraquency = H2 e
>
_— o —
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= visible light
~ Red

Yeilow Green

700 €00 550 500 400
(4.3 % 10 He) Wavelongtn in nm (7.5 % 10‘=»l:||

A pall Al e (53 5k i ity Leeli s dasall d G ABLual) (A 3 And)
Electromagnetism spectrum

Light is part of a spectrum of electromagnetic energy that includes radio waves, microwaves,
infrared radiation, visible light, ultraviolet "light", x rays, and gamma rays. Electromagnetic energy
travels as waves that vary in wavelength. Radio waves and microwaves lie at the longer end of the
spectrum of electromagnetic energy (kilometers and meters to centimeters and milimeters), while x
rays and gamma rays have very short wavelengths (billionths or trillionths of a meter). Infrared
radiation, what we experience as heat when we hold our hand near a warm object, is somewhat
longer wavelengths than visible light. Visible light is simply electromagnetic radiation in a range of
wavelengths that our eyes are sensitive to. Visible wavelengths range from 0.0007 milimeters for
red light, through orange, yellow, green, and blue, to 0.0004 milimeters for violet light. Ultraviolet
is shorter wavelengths than violet.
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The Electromagnetic Spectrum
m 1 mm fum 1nm
tm 10" w? w® w0t w® w® 1w 1w 10 10" " 1w o™
I I | I | I I I I |
| | I | I [L I I I I |
radio microwaves infrared visil ultra- X rays gamma rays
waves light violet
I
/\—/ visible light; 0.4 10 0.7 um
ENSLNET NS
long wavelength short wa
low frequency high frequency

Units of wave length
1m= 10deci meter
1m=10> cm
1m=10° mm
1m=10° nm
1m=10° A°
1m=10"2pm
1m= 10" Fm
Fm =femtometere
Wave length the distance between two identical peaks in a wave

Frequency is the number of occurrences of a repeating event per unit of time or number of complete cycle

per second Frequency is measured in hertz (Hz) which is equal to one occurrence of a repeating event per
second HZ- St

Speed of light =2.99* 108 m
=2.99* 10° cm

What is the relationship between wavelength and frequency group of answer

C=vA
C
A= =
v
speed of light wavelength frequency
2.998 x 10% ms ! (in m) (in s' or Hz)
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Wave numder u” unit=cm-1 - > sall Jshll o slaa
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h
B-ds 6.626 070 040(81) x 10734
Gecd g o 0 | 4.135 667 662(25) x 10715

<laag

erg = 1 g-cm?/s?
h= 6.626* 1034j.s
h= 6.626* 10%° erg .S
1eV=16 x107(-19) J

lev=1.6* 10*° joul

joul = kg. m?/s?

Exarrregprle

Light rnear the miaddle of the wltravioler regiorn of the oloctromagrnertic radiation
specrrum has a fireguerncy af 2.73 =10'° 271 Yellow ltighr near the middle af rhe vizsible
region af the spectrum has a frequency of 5.26 =10' s, Calculare the wavelength thar
corresponds to cach of these two _fioguoncies of light and calcwlarte the onergy, in
syonles, af an mmdividual phoron of each. Compare these photons by calcwulartinig the

rettior af thierir errergrios.
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A phoron of lighr near the middle af the wirravioler resgiorn ts more rhan S1 times more

energeric rhan a phoror ay lighr near rhe middle af rthe visible regior:.
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https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%81%D8%B6%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%81%D8%B6%D8%A7%D8%A1
https://ar.wikipedia.org/wiki/%D8%AD%D9%82%D9%84_%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%82%D9%84_%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%82%D9%84_%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%82%D9%84_%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D9%88%D8%AC%D8%A9_%D8%B9%D8%B1%D8%B6%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D9%88%D8%AC%D8%A9_%D8%B9%D8%B1%D8%B6%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%81%D8%B1%D8%A7%D8%BA
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%81%D8%B1%D8%A7%D8%BA
https://ar.wikipedia.org/wiki/%D8%B3%D8%B1%D8%B9%D8%A9_%D8%A7%D9%84%D8%B6%D9%88%D8%A1
https://ar.wikipedia.org/wiki/%D8%B3%D8%B1%D8%B9%D8%A9_%D8%A7%D9%84%D8%B6%D9%88%D8%A1
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D9%82%D9%84_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D9%88%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D9%82%D9%84_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D9%88%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%B4%D8%AD%D9%86%D8%A9_(%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D8%B4%D8%AD%D9%86%D8%A9_(%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D8%AD%D9%82%D9%84_%D9%83%D9%87%D8%B1%D9%88%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%AD%D9%82%D9%84_%D9%83%D9%87%D8%B1%D9%88%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%B4%D8%AD%D9%86%D8%A9_(%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D8%B4%D8%AD%D9%86%D8%A9_(%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D8%B4%D8%AD%D9%86%D8%A9_(%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D8%B4%D8%AD%D9%86%D8%A9_(%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D8%AD%D9%82%D9%84_%D9%83%D9%87%D8%B1%D9%88%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/w/index.php?title=Near_and_far_field&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Near_and_far_field&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Near_and_far_field&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Near_and_far_field&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=Near_and_far_field&action=edit&redlink=1
https://ar.wikipedia.org/wiki/%D8%B4%D8%AD%D9%86%D8%A9_%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%B4%D8%AD%D9%86%D8%A9_%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A%D8%A9
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Question Frequency, wavelength and amplitude test questions — CCEA?

1 .What is the name for the distance from peak to peak of a wave?
C
Wavelength
C
Amplitude
r

Frequency

2.What is the general name for waves that require a medium to vibrate?
.
Electromagnetic
r
Mechanical
i)

Transverse

3. What is the unit for time period?
C
Metres (m)
C
Hertz (Hz)
C
Seconds (s)

What is the time period of a 40 Hz wave?

r

0.025s

-
04s

r

40's

What is the frequency of a wave with a time period of 0.08 s?
C
8 Hz
r

pg. 10



https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%AC%D8%A7%D9%84_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%AC%D8%A7%D9%84_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%AC%D8%A7%D9%84_%D8%A7%D9%84%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%AC%D8%A7%D9%84_%D8%A7%D9%84%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%AC%D8%A7%D9%84_%D8%A7%D9%84%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%AC%D8%A7%D9%84_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%85%D8%AC%D8%A7%D9%84_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D8%AC%D8%A7%D9%84_%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D8%AC%D8%A7%D9%84_%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A

1.25 Hz

12.5Hz

How is wave speed calculated?

Wave speed = frequency + wavelength

-
Wave speed = frequency x wavelength
-

Wave speed = wavelength + frequency

What is the wave speed of a 1000 Hz wave with a wavelength of 0.04 m?

0.00004 m/s

A boat at sea bobs up and down as waves pass. The vertical distance between a crest and a trough is 62 cm and 20 waves pass the boat in 30 seconds. What
is the amplitude of the waves?

e

20 cm

62 cm

A boat at sea bobs up and down as waves pass. The vertical distance between a crest and a trough is 52 cm and 20 waves pass the boat in 10 seconds. What
is the frequency of the waves?

-
0.5 Hz

2 Hz

200 Hz




What is the wavelength of a BBC Radio 1 wave that has a frequency of 99.7 MHz and speed of 300,000,000 m/s (3 x 108 m/s)?
C
3m
r
3,000,000 m
r

2.9x10%m

8
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PROBLEM: A dental hygienist uses x-rays (A= 1.00A) to take a series of dental radiographs while the
patient listens to a radio station (A = 325 cm) and looks out the window at the blue sky (A= 473 nm). What
is the frequency (in s-1) of the electromagnetic radiation from each source? (Assume that the radiation
travels at the speed of light, 3.00x108 m/s)? Solution:

For the x-rays: Converting from angstroms to meters, v =c/(A )=(3x108m/s)/(1x10-10)=3x [(10)] ~18s-1

A=100Ax10"°m=1.00x10"m 1A

c 3x1082
_ S _ 18
Y EX TIxiow0 - 2X 0
c _ 3x108m/s

For theradiosignal: v = —= ——
& A 325cmx1072

=9.23x107s—1

c  3x108m/s
For the blue sky: vV =—= —_/ =6.34 x 1014s — 1
A 473%x107°

Problem 2: FM radio station broad cost in a wave with frequency equal to 9.1x108 s*. Determine the
wavelength of the wave?

. C
V=7
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c
A==
1%
2.99%x10"8 m.s"—-1

91.5X10"6 s"—-1

m 0.032x 10%°A =

Problem 3: Yellow light emitted from sodium lamp have wave length 580 nm. Calculate Frequency and
Wave Number

Solution:

Given: Wavelength = 580 nm
=580 X 10° m

C =3 X108 m/s

As, C=vA
v=MC=580X10° /3 X108
= 5.5 X 10%* /sec

The Classical Distinction between Energy and Matter

Refractive index
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The photoelectric effect is a phenomenon that occurs when light shined onto a metal surface causes the
ejection of electrons from that metal. It was observed that only certain frequencies of light are able to cause the
ejection of electrons. If the frequency of the incident light is too low (red light, for example), then no electrons
were ejected even if the intensity of the light was very high or it was shone onto the surface for a long time. If
the frequency of the light was higher (green light, for example), then electrons were able to be ejected from the
metal surface even if the intensity of the light was very low or it was shone for only a short time. This minimum
frequency needed to cause electron eje ction is referred to as the threshold frequency.
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Photoelectric effect

E photon = hu
E photon - W,

W=work function

E photon < W,

E photon > W,

E photon =WO0 +1/2 mv?

Jadll dlla (e HS) (538l Al (585 Ladie (5 IS ) paty AN mdansy ) 63 5dl) palasal 2ic
O ASIY) H atyy Jadl) alla e J8) (68 68l) 48U () oS5 Ladie

S 4l AL ()5 (g Sl e e 5 SV Qi il 80 6 Ja2 BWWOTK function

Work function

Surface electrons are bound to metals with a small amount of energy. Some of the incident
photons enter the surface, collide with atoms of the metal and are totally absorbed. They give
their energy to an electron, which, if the absorbed energy was great enough, then break free
from the atom. The photoelectric effect is the result of collisions between photons and electrons
that knock the electrons out of the metal

W = work function: the minimum energy which is required to remove an electron from the

surface of given solid usually metals
E%= hy?

Note

If E of photon < W work function that means the electron could not move from metals
If E of the photon = W° the electron move from metal without generate current

If E of photon > W?* the electron move from metal surface and generate current

E photon = W° + E (kinetic energy)

E photon = W° + 1/2 mv2
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E photon = hv® + 1/2 mv2

It can be resulted

1- The kinetic energy of electron in the metals does not depend on intensity of the incident light
but it depends on the energy of incident light.

2- The number of electrons that move from metals depends on the intensity of light

3- The energy of the electron that moves from metals surface proportion with frequency of
incident light.

0 v >

Kinetic energy V/s frequency
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Spectra 43,3 il
The spectra obtained from different bodies can be classified into two types (i) emission spectra
and (i) absorption spectra .
1- Emission spectra:
The emission spectrum is obtained due to emission of radiation from the substances. This
occurs when atoms travel from higher energy level to lower energy level.
2- Absorption Spectra
The absorption spectrum is obtained when the substance absorbs the radiation. This formed
when atoms or molecules are excited from lower energy level to higher energy levels.
The emission or absorption spectrum is included of three types.
1. Continuous spectrum
2. Line spectrum- atomic spectra
3. Band spectrum- molecules spectra
Emission spectra of hydrogen atom
When a high potential is applied to hydrogen gas at low pressure in a discharge tube, it starts
emitting a bright light. It is separated into several radiations and forms a spectrum upon passing
through a prism or grating. The spectrum consists of separate lines corresponding to different
wavelengths. This is called Hydrogen atomic spectrum.
The spectral lines are formed due to electronic transitions from one energy level to another.

These lines are divided into five series according to the range of wavelengths as follows.
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The Hydrogen Series
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Names Wavelength Ranges Formulas
; | |
Lyman Ultraviolet X = R”('I-' - ;’T.., n=273.4,...
: | |
Balmer Near ultraviolet and k=R, ‘ = ) n=34,5,...
p - n*
visible k
| |
Paschen  Infrared x = R, ‘ 3 I‘__) n=4,:56,...
| |
Brackett  Infrared X = I\'“( - ’ n=567,..
4' n*
1 |
Pfund Infrared x = R, (5;, - ;If.,) n=61738,...




S 9ougd) o3 Cinh

The Spectrum of the Hydrogen Atom

» The electron can assume only certain values of A

ASE- I_ £

Hydrogen line spectrum: Balmer series

absorption Lo
{white light back;

1L v — :RH(1—12' ﬁ) Shadd lyman Aeduda  Lgda ghad 283
1 2
Cishal) (pa Apaadid) (35 dady) B
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nl =3, n2 =4,5,6, 7.........
4. bracket Aududa
@ Ol Aaduda
paschan s 4ikis 8 o
1 1 1
| ) = = RH(4—% n_%)
nl =4, n2 =56, 7, 8.........
5.
CuSl e Aladudia dny lghaghd 2l Agh Al
CuSln Addadia dny Lgh ghad A
.1 1. 1
v = Rugtog)
nl =5, n2 =6,7, 8 .........

A = wave lenght
U = wave number,
RH= Rydberg,s constant 109678 cm-1
C=  ssallde i velocity of light

) th o .
Determine the wave length of the 4 = spectral line in balmer series for hydrogen atom ?

nl=2, n2 =6
1 1 1
U- = = R sy B 0
A H( n% ( n% )

~109678 cm’( 7z ) (6—2) =24372.89 cm

pg. 22




Az —2 = 1 =4.103 * 10 cm
v — 24372.89 cm—1
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Rutharford ) was a New Zealand-born British physicist who came to be known as the father of nuclear physics

In early work, Rutherford discovered the concept of radioactive half-life, the radioactive element radon, and differentiated and
named alpha and beta radiation. This work was performed at McGill University in Montreal, Quebec, Canada. It is the basis for
the Nobel Prize in Chemistry he was awarded in 1908 "for his investigations into the disintegration of the elements, and the
chemistry of radioactive substances",® for which he was the first Canadian and Oceanian Nobel laureate.

Rutherford became Director of the Cavendish Laboratory at the University of Cambridge in 1919. Under his leadership

the neutron was discovered by James Chadwick in 1932 and in the same year the first experiment to split the nucleus in a fully
controlled manner was performed by students working under his direction, John Cockcroft and Ernest Walton. After his death
in 1937, he was buried in Westminster Abbey near Sir Isaac Newton. The chemical element rutherfordium (element 104) was

named after him in 1997.
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The Bohr atom

bohr model of the atom _s: il s
Bohr,s postulates
ostsSd il 5 8 5l st g pl) J e Aliadia 4gaS L Led 4y 0l il jlae (& g STV gie]

(et 2a) 53 A 7 gl 0l ylaall sl 388 Jary ()5 SSIY) gy Lo Lgudat Sy W Aol ISplSeal) () 8-
dalha Gy Y G (9 ST ALAEN Gl jlaad) aie Jagd galad

AUl (e dpeS Ban) 5 B 5 280 i) Lol A8 (558 8 AY lae (g 38 Jery 05588 o 5 Ladie -3
Crolaall da (3 8l nguﬁ&ggﬂ\) (58 (sandd)

Jadd sadaa daad lliay (59 SO (g o) a2 30 ) g0 7 8

h h
mvr=-—.... VoE—— 1
2T 21T mr

Fo= center fugal force At g 9 SV 43S ) (g sal)
Fe = electro static force il 40l oS (5 o8l

_ —Ze?
Fe— 2

2

Fe 2 3
FO + Fe = O

pg. 25



https://ar.wikipedia.org/wiki/%D9%83%D9%85_(%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D9%83%D9%85_(%D9%81%D9%8A%D8%B2%D9%8A%D8%A7%D8%A1)
https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%83%D8%A7%D9%86%D9%8A%D9%83%D8%A7_%D8%AA%D9%82%D9%84%D9%8A%D8%AF%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%83%D8%A7%D9%86%D9%8A%D9%83%D8%A7_%D8%AA%D9%82%D9%84%D9%8A%D8%AF%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%81%D9%88%D8%AA%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D9%81%D9%88%D8%AA%D9%88%D9%86
https://sites.google.com/site/sciencecriculm/--26/340px-Bohr_Model.svg.png?attredirects=0

4 Addaa A agad 1 adileaad

mn?h? —Ze?
412 m?2r2 T
2
_Zez _ n2h2
412 mr
] n?h? _ 12(6.626% 10727 erg.s)?
412 mZe? B 412 mZe?
h=erg .s
m=9.1*10% ¢, z=1, e (esu)= 4.8*10'" erg%. Cm)

erg =g.cm?. S?
e? =

Nt Al 2SI 200 a0 ja e L pla iy pladl) Canal ) it
How can calculate the unit of r radius in cm

2
[ = n?h? B 12 x (6.6x107%7erg.s)
amZmzez T 4x 3.14x(9.1x10727g)(1)2 x 4.8x10710¢esu
esu =ergl? .cm!??
erg® . s2 _ erg.s?
g.erg.cm g.cm

erg =g.cm?.s?
g.cm?.S~2 52

= Ccm
g.cm

r{ =0529x10%cm =

rn-. =aop . (n?
pg. 26




V_

2r magn

dule dc yull g Hadll Caiad yu 48Mall

S Aaali g jad o) jab Lillay jo 7o eS8 iida 4], ], Thomson  alldl ol 897 alall
& O ASIY) Bl il uld e Glly 8 aaie) Cua S ) g 3SIYT Aad i Al (8 (e Led

2

E pot = —
2
Ekin ==
energy
_mv?  —ze?
E T2 r
_ —ze?
E = 2r

pg. 27

cehline Jlaa g (Al yeS Jlae 438 b

GO9S ABUs Cilees, 4088

pot= potential energy

kin= Kinetic

4ialSll 5 48 jall Ul & sana (g5 gt () 5 IS 4dS) adUall () 4S5 el

O s mv2

ze?

r

o L




OsSie E

_ n? mZz2e*
B= 2w
IS & il e J VT AU g steaall a1 5l
2m? mZz%e* 1 1
- _ L e e — - = ALY sy laa
AE E nl E n2 hz ( lel Tl22 ) L.;‘: e 5 ("'@"“
B 2m? mZz%e* 1 1
AE= E n Enm =- 2 (@ T 21 )
2m? mZz%et 1 1
AE=hv — == w1 T )
2m? mZz%e*
U_
h3
v = cv =C 1/
. 2m?mZ%e* s i Lo
v Y <l Gaondleydy,  Z =1
@A 2aall == (a5 el
2 4
2”}13—’": Ry Sl ke § oy <l
109678 cm*
v - R ( — L) a5l 53
_ - R — >
- H 77 27 o= J
- 2 1 1 . ‘.. . N
v =Ry Z ( 21 T2, ) Cenooovell 30 il
—7Ze?
E= 5 Ol — r=agn?
_ —Ze? 1 1 .
A E a0 Cmn T ) 7 hcv

pg. 28




>3l 3,0 il 3l

432 = np Ll ni=lod Lyman. 1
543 = np ... ni=2 xlb  Balmer. 2
...... 6,54 = ny ....... n=3 &b paschen. 3
7,65 = np..... =4 &Sy Brackett .4
..8,7,6 = ny ... m=5 &Slp phund .5

n2n?
4112 mZe?

ran = 0529*10% cm

ao = I'm Jo¥ Hlaad) Hladll Caat bl -

hZ
do T 4m2 mZe?
I n?= ag2? Sl Caar laad sl Caal il
s = ao 32 A laadl Hhad Cacal laal
r{ =0529x10%cm = a
V = nh = 4.9).;&!\ k_\l.m;j
2w mr
r= aon?

pg. 29




—opl
Zzeo JsYI el L 4dllall il
. :

52
22 SN lad) 8 sl Clual

2a 22

joul JsalV I erg  (weadlall el

710 @_pai

1.6 x 109 e . ev &' joul  (eadUall Jysail

1. Exercise / use the bohr theory to calculate the first second and third orbit radii

for hydrogen? Velocity of electron ?
2. Use the bohr theory to calculate the velocity of the electron in the first,

second and third orbit radii for hydrogen atom?

h 6.626%x 10727 erg.s

For the first orbit © Vi = 2mmao n | 2+3.14 (9.11+10~28)(5.3+10-96M)=(1)
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g.cm g.cm
V2 =V1/n —» 2185 *108 cmSt/2 V2= 1.0935 *10’ c¢cm S*

V3 =V1/nh — 1.0935 *10° cmSt/3 V3= 7283* 10’ cmSt
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E2-Ei1=hC/A
wave number 25!l 3ad) = 1/, = he (E2-E1)
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Exercise bohr model limitation

Ex ercize : use the bohr theory to calculate the energy of electron in the first,
second and third orbit radii for hydrogen atom ?

ZZ 4
E= ———
2a0n
-(1)(4.8% 1071% esu)2
Ei= X ) = (e.s.u)?/ cm =erg.cm/cm

2% (5.3x10"8cm)(1)"2
E, =EJ/n2 _——»  E;=-2174*10erg / (2)? E»=-5.435* 102
Es= E(/3% =2.174*10erg / (3)2  =-2.146 *10"2 erg

Question

1.Heisenberg Uncertainty Principle:- <l juled 43230 Jae

2.Determine the wave length , frequency and E energy of the fifth line of lyman
series and the third line of balmmer series

1/A=U "=RH ( 1/n?1 - 1/n?)
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Home work
Zeem effect :
sué s Aufbau principle
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The Zeeman effect (named after Dutch physicist Pieter Zeeman, is the effect of splitting of a spectral line into
several components in the presence of a static magnetic field. It is analogous to the Stark effect, the splitting of
a spectral line into several components in the presence of an electric field. Since the distance between the
Zeeman sub-levels is a function of magnetic field strength, this effect can be used to measure magnetic field
strength, e.g. that of the Sun and other stars or in laboratory plasmas. The Zeeman effect is very important in
applications such as nuclear magnetic resonance spectroscopy, electron spin resonance spectroscopy, magnetic
resonance imaging (MRI) and Mdéssbauer spectroscopy. due to the Zeeman effect. When the spectral lines are
absorption lines, the effect is called inverse Zeeman effect.

Zeaman Splsting vs. Magnetic Fiedd for Rb-87
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https://ar.wikipedia.org/wiki/%D9%85%D8%AE%D8%B7%D8%B7_%D9%81%D8%A7%D9%8A%D9%86%D9%85%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D9%85%D8%AE%D8%B7%D8%B7_%D9%81%D8%A7%D9%8A%D9%86%D9%85%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D8%B2%D9%85%D9%83%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D8%AC%D8%B3%D9%8A%D9%85_%D8%A3%D9%88%D9%84%D9%8A
https://ar.wikipedia.org/wiki/%D8%AC%D8%B3%D9%8A%D9%85_%D8%A3%D9%88%D9%84%D9%8A
https://ar.wikipedia.org/wiki/%D8%A5%D9%81%D9%86%D8%A7%D8%A1_%D8%A5%D9%84%D9%83%D8%AA%D8%B1%D9%88%D9%86-%D8%A8%D9%88%D8%B2%D9%8A%D8%AA%D8%B1%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D8%A5%D9%86%D8%AA%D8%A7%D8%AC_%D8%B2%D9%88%D8%AC%D9%8A
https://ar.wikipedia.org/wiki/%D8%A5%D9%86%D8%AA%D8%A7%D8%AC_%D8%B2%D9%88%D8%AC%D9%8A
https://ar.wikipedia.org/wiki/%D8%B8%D8%A7%D9%87%D8%B1%D8%A9_%D9%83%D9%88%D9%85%D8%A8%D8%AA%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D8%B8%D8%A7%D9%87%D8%B1%D8%A9_%D9%83%D9%88%D9%85%D8%A8%D8%AA%D9%88%D9%86
https://ar.wikipedia.org/wiki/%D9%86%D9%85%D9%88%D8%B0%D8%AC_(%D8%AA%D9%88%D8%B6%D9%8A%D8%AD)
https://ar.wikipedia.org/wiki/%D9%86%D9%85%D9%88%D8%B0%D8%AC_(%D8%AA%D9%88%D8%B6%D9%8A%D8%AD)
https://ar.wikipedia.org/wiki/%D8%A7%D9%86%D8%B2%D9%8A%D8%A7%D8%AD_%D9%84%D8%A7%D9%85%D8%A8
https://ar.wikipedia.org/wiki/%D8%B9%D8%B2%D9%85_%D8%AB%D9%86%D8%A7%D8%A6%D9%8A_%D8%A7%D9%84%D8%A3%D9%82%D8%B7%D8%A7%D8%A8_%D8%A7%D9%84%D8%B4%D8%A7%D8%B0
https://ar.wikipedia.org/wiki/%D8%B9%D8%B2%D9%85_%D8%AB%D9%86%D8%A7%D8%A6%D9%8A_%D8%A7%D9%84%D8%A3%D9%82%D8%B7%D8%A7%D8%A8_%D8%A7%D9%84%D8%B4%D8%A7%D8%B0
https://ar.wikipedia.org/wiki/%D9%86%D8%B8%D8%B1%D9%8A%D8%A9_%D8%A7%D9%84%D8%AD%D9%82%D9%84_%D8%A7%D9%84%D9%83%D9%85%D9%88%D9%85%D9%8A
https://ar.wikipedia.org/wiki/%D8%B1%D9%8A%D8%AA%D8%B4%D8%A7%D8%B1%D8%AF_%D9%81%D8%A7%D9%8A%D9%86%D9%85%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D8%B1%D9%8A%D8%AA%D8%B4%D8%A7%D8%B1%D8%AF_%D9%81%D8%A7%D9%8A%D9%86%D9%85%D8%A7%D9%86
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88%D9%89_%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88%D9%89_%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88%D9%89_%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D9%87%D9%8A%D8%AF%D8%B1%D9%88%D8%AC%D9%8A%D9%86
https://ar.wikipedia.org/wiki/%D9%87%D9%8A%D8%AF%D8%B1%D9%88%D8%AC%D9%8A%D9%86

Pauli exclusion principle :- No two electrons in an atom can have an identical set of quantum number .

Hund, first rule :- every orbital in a sublevel is singly is singly occupied before any orbial is doubly occupied
- Electron Orbital Diagram of subshell/orbital combinations whenn'= 3
n=3
=0
P m=0
3s subshell T m=ekon e
R . I=1
3p subshell - m=-1,0,+1
v | ¢ mEe¥,-%
‘ T ‘ 4 ’ a n=3
1=2
3d subshell 1 1 » ! T m=-21,0,41,42
mo=+¥, %
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https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88%D9%89_%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88%D9%89_%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%A8%D8%AF%D8%A3_%D8%A7%D8%B3%D8%AA%D8%A8%D8%B9%D8%A7%D8%AF_%D8%A8%D8%A7%D9%88%D9%84%D9%8A
https://ar.wikipedia.org/wiki/%D9%82%D8%A7%D8%B9%D8%AF%D8%A9_%D9%87%D9%88%D9%86%D8%AF
https://ar.wikipedia.org/wiki/%D9%82%D8%A7%D8%B9%D8%AF%D8%A9_%D9%87%D9%88%D9%86%D8%AF
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D9%83%D9%85_%D8%B1%D8%A6%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D9%83%D9%85_%D8%B1%D8%A6%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D9%83%D9%85_%D8%AB%D8%A7%D9%86%D9%88%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D9%83%D9%85_%D8%AB%D8%A7%D9%86%D9%88%D9%8A
https://ar.wikipedia.org/wiki/%D9%85%D8%B7%D9%8A%D8%A7%D9%81%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B7%D9%8A%D8%A7%D9%81%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88%D9%89_%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88%D9%89_%D8%B7%D8%A7%D9%82%D8%A9
https://ar.wikipedia.org/wiki/%D8%A5%D8%B1%D9%81%D9%8A%D9%86_%D9%85%D8%A7%D8%AF%D9%8A%D9%84%D9%88%D9%86%D8%BA
https://ar.wikipedia.org/wiki/%D8%A5%D8%B1%D9%81%D9%8A%D9%86_%D9%85%D8%A7%D8%AF%D9%8A%D9%84%D9%88%D9%86%D8%BA
https://ar.wikipedia.org/wiki/%D8%AD%D8%A7%D9%84%D8%A9_%D9%82%D8%A7%D8%B9%D9%8A%D8%A9

Aufbau Principle
The aufbau principle states:
In the ground state of an atom, atomic orbitals are filled by electrons in the order of their increasing energies.

according the aufbau principle, the order of the filling of orbitals is

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p...

The 1upac defines the aufbau principle as:

A rule for building up the electronic configuration of atoms and molecules. It states that a maximum of two
electrons are put into orbitals in the order of increasing orbital energy: the lowest-energy orbitals are filled
before electrons are placed in higher-energy orbitals.

o ol lld g ABUal) dga (e Al Judabl 1] oY Dlitiena YUy Jindy ¢y 9 S S i jiia JS8y clig S 49365 HUN's Ruleaad xiga sasll las
(S La ST 2l JS B gia cili g S 4gh ()5S (o)
(L Bk 3) 3R ) i) Q5 o Jant Lagn AL (o 98 GILid () W) (uSlae Lagl 8 (O (oa a8 Mg a5 QUi gl (B Ciaig SASY) ) ga)) dis AT

O (S oY) B (9 S g 5 631)
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0y : 182 ,28%, 2p*

[t [ [ (1]

Principal quantum
number
Quntum number
describe electron shell

Symbol

angular momentum)

Angular moment as afunction
describe of sub shell and gives

Magnetic quantum number
Describe the energy levels
available with a subshell
Angular momentum

Spin quantum number

the magnitude of the orbital ml= mlh/2n S all asl) e
(n) angular momentum through ) alll 2
. the relation (puhlinal) a<l) 230
@il S 2ae £=0-(n—-1)
n=nh/ 2z Secondary number
S A< 2o
n ~ = 0'_(0'1) ~ mt ms
n=123, ... © forn=3:£=0,1,2(s, p, d) for €= 2: mi=—2.-1,0,1,2 for an electron
1/2,s0 ms =
+1/2, 12

secondary quantum {

Angular
angular moment as function
of n =nh/2x

angular moment as a func

1= /(£ +1).h/2n

angular moment as a function d

ml= mlh/2n

ngular moment as a functio
of ms =ms.h/2n

Example #4

What is the set of quantum numbers that
represents the final electrons added to the

following atoms:

a)He N=11=0;m=0;s=-%
b)O

n=2;1=1;m=-1;s=-Va
c)AIl

n=3;1l=1,m=-1;,s= +12
d)Fe

angular Number of orbital Values of m €
momentum) 28 +1 me= -€ to @
Quantum number

0 (S sub shell) 1 0
1 (psub shell) 3 -1,0,+1
2 (dsub shell) 5 -2,-1,0,+1,+2
3 (f sub shell) 7 -3,-2,-1,0,+1,+2,-3
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Number of electron in orbit

Number of electron in orbit
Quntum | Orbit number Numberb of orbit Electron | Electron
number) . . in shell
tangular moment in orbit 2n2
Angular moment € =0 Numder of electron in orbit DA e
n Magntic quantum s FEPIR
Uil aliad) ae
f::; 0y 9al) Sl
JuugY
Sl g
Jg¥!
n = 2 =0 Orbit S (1) T 2 2(1)? =2
me=0 1 1 ! ....
n=2 2 =0 Orbit S (1) = 2 8e 222 =8
e =1 Orbit p (3) =6e
me =0 ;
r o g
~@esleis —-{-—-— —
me =-1,0,+1 /+ ! o
Uy W JAn Al s gl ia d - W xe oS
n=3 e =0 18 2(3 =18
Juw g Jidd s Orbit S (1) = (2e)
e -1 - orbit p (3) = (6e) : “"
i) diaa p (100  d(5 =10 *
K oe
e =2 ——
Jumus) i d
mée =-2,-1,0, +1, +2
n=4 e =0 Orbit S (1) = (2e) 32 2(4)2 =32
e =1 .
Orbit p (3) = (6e)
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https://ar.wikipedia.org/wiki/%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3
https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%83%D8%A7%D9%86%D9%8A%D9%83%D8%A7_%D8%A7%D9%84%D9%83%D9%85
https://ar.wikipedia.org/wiki/%D9%85%D9%8A%D9%83%D8%A7%D9%86%D9%8A%D9%83%D8%A7_%D8%A7%D9%84%D9%83%D9%85
https://ar.wikipedia.org/wiki/%D9%81%D8%B1%D8%A7%D8%BA
https://ar.wikipedia.org/wiki/%D8%B0%D8%B1%D8%A9
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D9%83%D9%85_%D9%85%D8%BA%D9%86%D8%A7%D8%B7%D9%8A%D8%B3%D9%8A#cite_note-1
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D9%83%D9%85_%D8%B1%D8%A6%D9%8A%D8%B3%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D9%83%D9%85_%D9%85%D8%AF%D8%A7%D8%B1%D9%8A
https://ar.wikipedia.org/wiki/%D8%B9%D8%AF%D8%AF_%D9%83%D9%85_%D9%85%D8%BA%D8%B2%D9%84%D9%8A

3
Ne
o

(orbit)

L0 +L ) (orbity

d(5)  =10e

f(7)  =l4e

ouSla il g i) ¢ g8 (g Jay

mc? =ho

mc2 =h c/A
mc=h/ A
A =h/mc

= a * n

[J-s]

de Broglie ~ wave length s 2 s (slaad
Bl

O adid e () (Al Caial Clual

s n g Alesde Broglie equation  wave length (X =) m—hv

N-m.s2

h
=mv

tl:r
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De Broglie's Equation
h

A=
mv
h =wavelength in meters
v =the velocity in moters/sec
m = the mass in kilograms
h = Plancks's constant in J/Hz

Where

Exercise : Determine the de Broglie wave length of an electron moving at the speed of light?
A =h/mc
Joul= Kg.m%s?
Exercise : Determine the de Broglie wave length of 400g fris bee moving at 10Km.h1?
A =h/mc

electron configuration of elements

AN Gleciran of mast 11 = 307 kg moves el ety e Spoed of IGNL Using © welocty of 2.00 = 105 v, catculnte the
wiweslpogth af the elociron

Sreps T LIST 1vee KIvoowyy (pucrsalitives caricd gafesrt 10w garabrdaree

Kivaiwey

o s () - BN . 10" M g
* Panchs comstant (i) = 86262 10" . ..
* velocity (v = 300 « 10M s

Unkuwwes

- WOV ngin (A)

g

Apply the de Broglhis wave squation A 3 wolve for the wavelsngth of the moving slectron,
v

Steys 20 Caloiicate

" o026 = 10 Ny .

m (011 = 10 7" X)) « (3.00 « 10" m/n)
Sreo 30 THink abDour your result,

e VI T L

This very srrmall veavelength in nbowt V0 of the dinmeter of s hystrogen atom, Looking af ihe squation, ax the speod of the
SlRCron duedieases, % wavelenQth InCroases Ths waveleNgiis of eveoeciny ke OLRRCTS Wity ILeh Qroatal IMasses should be
very smmall

Atomic  Symbol  Electron Atomic  Symbol  Electron Atomic Symbol
number configuration | number configuration | number

Electron
configuration

1 H 15’ 37 Rb [Kr]5s’ 73 Ta
2 He 1§ 38 Sr [Kr]5s? 74 w

[Xe)6s*4f5d"
[Xe)6s’4M5d"
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Electron Configurations and the Periodic Table

3
& Group Electron Configuration Table
1 18
1: H 2 He
st , 13 14 15 16 17 18
23 Li4 Be 5 B& C7 NF OF FI0 Ne
28! 2¢2 25%2p* 25%2p% 25%2p" 25%2p* 25%2p" 25°2p"
U Na 2 Mg HOAIM Siis p® S1 Gl Ar

3
3113% 3 4 5 6 7 8 9 10 n 12 3Wiatiiatiplaiaiastatasiph

I KW Ca?2 Sc@ TIH VA CrasMn™ FeZ7 Co NI Cu® Znil Ga®™ Ge™ As™ Se ™ Br ¥ Kr
4s!  4s? 4573d" 457307 45730 451305 4573 457300 457307 45730 4510 AT wrare) et B Pt e ad T AP
M RHM Sr® Y4 Zrd NbO MoO® TcH Ru“ Rh# Pd4 Ag® Cd% In% Sn® Sb™ Te™ |5 Xe

o 55! 557 Ss?4g’ 5s%ad? Sslad® Ss'adt 551400 55140 s a0 4010 56740 S6TA seiasugt st ssiad ! sead e ot ngd EradiaA

5 Cs % B 7 HEY Ta't WHE Re™Os77 Ir™ PUL™ Au™ Hg® TI® Ph& Bi™ Po™ At™ Rn
6 1 A M e et A et
6s!  6s? l6s M B e VS M S S B P RS sty sy ae S SN See?

¥ Fr o Ra

7 104 Rf 105Db 16 Sg 0TBh 0t Hs 100 Mt U0 Ds 1 Rg 2 Cn WUt B4 Fl S5Uup B8 Ly Y0us SUuo
75t 78°

O s e 199 1Pt 1 R e T TR R e e

- |
IS P o s

Hunds first rule :- every orbital in a sublevel is singly occupied before any orbital is doubly occupied
YL ) Y A Lea) 52 Ladmy 3 YL ) sWL 3 yike JSG Sl g ISV a0 ) 68 o

X 1S

1-2

X : [2He] 2S5 2P

3-10

X : [10Ne] 2S 2P

11-18

X : [18Ar] 3d4S 4P

19-36

X : [Kr] 4d 5S 5P

37 -54
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X : [64Xe] 4f5d 6S 6P
55- 86
X : [86Rn] 5f 6d 7S 4P
87- 118
Al acl gl e GaB Y 355
Ex :- element with configuration that do not follow the simple order of orbital filling ?
24 Cr
29Cu
4 1 0
41Nb  [6Kr] 4d 5S 5P

5 1 0
42Mo [%Kr] 4d 5S 5P
71 0
44 Ru [ssKr] 4d 5S 5P
45 Rh
10 0 0

46 pd  [ssKr] 4d 5S 5P
10 1 O
47 Ag Argeniumum [3sKr] 4d 5S 5P

14 9 1 0
78 pt [sXe] 4f 5d 6S 6P

14 10 1 0
79Au Aurum [;aXe] 4f 5d 6S 6P

110 Ds Darmstadtium
14 9 1 0
A sl yla [86 Rn] 5f 6d 7S 7P
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14 10 1
111 Rg Roentgenium  [86Rn] 5f 6d 7S

2,‘Ct'

expected: 1s? 25° 2p* 357 3p* 4s? 34°
observed 1s? 2s* 2p* 3s? 3p* s’ 3d*

24CU
expected: 1s* 257 2p* 3s* 3p* 4s* 34"

observed: 1s® 2s? 2p* 3s? 3p* Ys' 3d¥
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Periodic Table of the Elements
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2).What is the element that has the last electron quantum number ? T
n=3 ,1=2, ml =-2 ms=+1/2
n=3,l =2 thatis 3d
+2 +1 0 -1 -2

(L

1s?2  2s?2p® 3s?3p® 4s?3d° 25Mn

77 Ir [saXe] 4f'* 5d7 6s? 6p°

+2 +1 0 -1 -2

HORE T
]

n=5 ,1=2, ml=+1 ms =-1/2
home work :
6Gd , @2Pb , V™ , 5Ce™
2.what is the atomic number of the last electron element that has the four quantum numbers that :

n=4 ,1=3, ml =-1, ms = -1/2
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The Periodic Table of elements
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Pauli exclusion principle
4.2_1‘)\2” eSj\ .J\.J.C\UASJLAJ.K; j\woh\ja‘)déub‘jﬂ\ kﬂ\_& U‘“ﬁj

t t [

Hund 'S Rule

Hund rules :-Every orbit in a sub level is singly occupied before any orbit is doubly
occupied.

All electrons in singly occupied orbitals should have same spin a_l 4ad (.d Ll

N+l Rule for Atomic Electron Configurations

75 : 7]
Phosphorus o 17 Chromium saon e s
5f|5d|5p|5s| 4 5f|5d|5p| 58| 4
Z=15 A Z=24 P Py s
ad| 36| 3| , 3d|36| 36| ,
Ne]3s’3p’ A Ar}4s'3d® S
[Ne]3s"3p 2624 [Ar] 26]24]
o OO0 A a€ln+1 ® 000D 000 psn i
s 3 o=t 4s 3d 4p ‘
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The periodic table, also known as the periodic table of elements, is a tabular display of the chemical elements,
which are arranged by atomic number, electron configuration, and recurring chemical properties. The structure
of the table shows periodic trends. The seven rows of the table, called periods, generally have metals on the left
and nonmetals on the right. The columns, called groups, contain elements with similar chemical behaviors. Six
groups have accepted names as well as assigned numbers: for example, group 17 elements are the halogens; and
group 18 are the noble gases. Also displayed are four simple rectangular areas or blocks associated with the
filling of different atomic orbitals

he elements from atomic numbers 1 (hydrogen) to 118 (oganesson) have all been discovered or synthesized, completing seven
full rows of the periodic table. The first 94 elements, hydrogen to plutonium, all occur naturally, though some are found only in
trace amounts and a few were discovered in nature only after having first been synthesized. Elements 95 to 118 have only been
synthesized in laboratories, nuclear reactors, or nuclear explosions. The synthesis of elements having higher atomic numbers is
currently being pursued: these elements would begin an eighth row, and theoretical work has been done to suggest possible
candidates for this extension. Numerous synthetic radioisotopes of naturally occurring elements have also been produced in
laboratories.

The organization of the periodic table can be used to derive relationships between the various element properties, and also to
predict chemical properties and behaviours of undiscovered or newly synthesized elements. Russian chemist Dmitri

Mendeleev published the first recognizable periodic table in 1869, developed mainly to illustrate periodic trends of the then-
known elements. He also predicted some properties of unidentified elements that were expected to fill gaps within the table.
Most of his forecasts soon proved to be correct, culminating with the discovery of gallium and germanium in 1875 and 1886
respectively, which corroborated his predictions.®! Mendeleev's idea has been slowly expanded and refined with the discovery
or synthesis of further new elements and the development of new theoretical models to explain chemical behaviour. The modern
periodic table now provides a useful framework for analyzing chemical reactions, and continues to be widely used

in chemistry, nuclear physics and other sciences. Some discussion remains ongoing regarding the placement and categorization
of specific elements, the future extension and limits of the table, and whether there is an optimal form of the table.
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Each chemical element has a unique atomic number (Z) representing the number of protons in its nucleus. Most elements
have differing numbers of neutrons among different atoms, with these variants being referred to as isotopes. For example,
carbon has three naturally occurring isotopes: all of its atoms have six protons and most have six neutrons as well, but
about one per cent have seven neutrons, and a very small fraction have eight neutrons. Isotopes are never separated in the
periodic table; they are always grouped together under a single element. Elements with no stable isotopes have the atomic
masses of their most stable isotopes, where such masses are shown, listed in parentheses. In the standard periodic table,
the elements are listed in order of increasing atomic number Z. A new row (period) is started when a new electron

shell has its first electron. Columns (groups) are determined by the electron configuration of the atom; elements with the
same number of electrons in a particular subshell fall into the same columns (e.g. oxygen and selenium are in the same
column because they both have four electrons in the outermost p-subshell). Elements with similar chemical properties
generally fall into the same group in the periodic table, although in the f-block, and to some respect in the d-block, the
elements in the same period tend to have similar properties, as well. Thus, it is relatively easy to predict the chemical
properties of an element if one knows the properties of the elements around it.

Since 2016, the periodic table has 118 confirmed elements, from element 1 (hydrogen) to 118 (oganesson). Elements 113,
115, 117 and 118, the most recent discoveries, were officially confirmed by the International Union of Pure and Applied
Chemistry (IUPAC) in December 2015. Their proposed names, nihonium (Nh), moscovium (Mc), tennessine (Ts) and
oganesson (Og) respectively, were made official in November 2016 by IUPAC.

The first 94 elements occur naturally; the remaining 24, americium to oganesson (95-118), occur only when synthesized
in laboratories. Of the 94 naturally occurring elements, 83 are primordial and 11 occur only in decay chains of primordial
elements. No element heavier than einsteinium (element 99) has ever been observed in macroscopic quantities in its pure
form, nor has astatine (element 85); francium (element 87) has been only photographed in the form of light emitted from
microscopic guantities (300,000 atoms).

chronological order, this section discusses metals and nonmetals (and metalloids); categories of elements;
groups and periods; and periodic table blocks. While the recognition of metals as solid, fusible and generally
malleable substances dates from antiquity, Antoine Lavoisier may have the first to formally distinguish between
metals and nonmetals (‘'non-métalliques’) in 1789 with the publication of his 'revolutionary'Elementary Treatise
on Chemistry. In 1811, Berzelius referred to nonmetallic elements as metalloids, in reference to their ability to
form oxyanions. In 1825, in a revised German edition of his Textbook of Chemistry, he subdivided the
metalloids into three classes. These were: constantly gaseous 'gazolyta’ (hydrogen, nitrogen, oxygen); real
metalloids (sulfur, phosphorus, carbon, boron, silicon); and salt-forming 'halogenia’ (fluorine, chlorine,
bromine, iodine). Only recently, since the mid-20th century, has the term metalloid been widely used to refer to
elements with intermediate or borderline properties between metals and nonmetals. Mendeleev published his
periodic table in 1869, along with references to groups of families of elements, and rows or periods of his
periodic table. At the same time, Hinrichs wrote that simple lines could be drawn on a periodic table in order to
delimit properties of interest, such as elements having metallic lustre (in contrast to those not having such
lustre). Charles Janet, in 1928, appears to have been the first to refer to the periodic table's blocks.
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Groups in the Periodic table
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According to their shared physical and chemical properties, the elements can be classified into the major categories

of metals, metalloids and nonmetals. Metals are generally shiny, highly conducting solids that form alloys with one another and
salt-like ionic compounds with nonmetals (other than noble gases). A majority of nonmetals are colored or colorless insulating
gases; nonmetals that form compounds with other nonmetals feature covalent bonding. In between metals and nonmetals are
metalloids, which have intermediate or mixed properties.

Metal and nonmetals can be further classified into subcategories that show a gradation from metallic to non-
metallic properties, when going left to right in the rows. The metals may be subdivided into the highly reactive
alkali metals, through the less reactive alkaline earth metals, lanthanides and actinides, via the archetypal
transition metals, and ending in the physically and chemically weak post-transition metals. Nonmetals may be
simply subdivided into the polyatomic nonmetals, being nearer to the metalloids and show some incipient
metallic character; the essentially nonmetallic diatomic nonmetals, nonmetallic and the almost completely inert,
monatomic noble gases. Specialized groupings such as refractory metals and noble metals, are examples of
subsets of transition metals, also known and occasionally denoted.

Placing elements into categories and subcategories based just on shared properties is imperfect. There is a large
disparity of properties within each category with notable overlaps at the boundaries, as is the case with most
classification schemes. Beryllium, for example, is classified as an alkaline earth metal although

its amphoteric chemistry and tendency to mostly form covalent compounds are both attributes of a chemically
weak or post-transition metal. Radon is classified as a nonmetallic noble gas yet has some cationic chemistry
that is characteristic of metals. Other classification schemes are possible such as the division of the elements
into mineralogical occurrence categories, or crystalline structures. Categorizing the elements in this fashion
dates back to at least 1869 when Hinrichs wrote that simple boundary lines could be placed on the periodic table
to show elements having shared properties, such as metals, nonmetals, or gaseous elements.

The elements of the periodic table shown here are divided into nine categories; six for the metals, and two for
nonmetals, and a metalloid category. The nine categories (or sets) correspond to those found in the literature for
the applicable part of the periodic table. Different authors may use different categorization schema depending
on the properties of interest.
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An individual category is not necessarily exclusive according to its name, boundary, or shared properties. For
example, while beryllium in Group 2 is colored as an alkaline earth metal, it is amphoteric rather than alkaline
in nature. The heavier members of group_3 are shown as a lanthanide and an actinide, yet both are also
transition metals. The transition metals in group 3; the lanthanides; and the later actinides are Alkali in nature
just like the alkali metals proper in Group 1. In this instance the alkali metals are so named as they represent the
most alkaline of the alkalic metals.

Alkali metals and Alkaline earth metals block s

The difference between the two categories is more of degree than kind. The subject metals are light, reactive,
and mostly of low mechanical strength, melting and boiling points. The group 1 members are easily cut with a
knife. Only Be and Mg have any structural uses. The chemistries of the two categories of metals resemble one
another to a large degree. Most of these metals form basic oxides (Be is amphoteric).

Transition metals block d

Moderate to high density metals, with high melting and boiling points; many have high hardness, mechanical
strength and corrosion resistance. Those from Rf onwards are synthetic. Chemically, they show
variable valency and a strong tendency to form coordination and brightly colored compounds. The oxides are
basic, amphoteric or acidic, depending on the oxidation state.

Among the transition metals, the noble metals (generally Ru, Rh, Pd, Ag, Os, Ir, Pt, and Au) correspond to the
noble gases,*! although concern has been raised about the inclusion of silver due to its greater chemical
reactivity compared to the other seven noble metals.

Lanthanides Af

The lanthanides are similar to one another, and hard to separate for that reason. They are abundant but widely
dispersed; commercially viable concentrations are thus rare. The oxides are strongly to moderately basic.

Actinides 5f

Soft, dense and reactive metals, those from Am onwards are synthetic. The early actinides (Th to Am) show
some similarities to transition metals and have basic or amphoteric oxides; the late actinides are more like the
lanthanides. Many actinides form colored compounds.

Post-transition metals zn(l1), Cd(ll), Hg(ll)

Soft (or brittle) metals of low strength, and with melting points lower than the transition metals (far lower in
the case of Hg, which is a liquid). Crystalline structures tend to show directional bonding, with generally greater
complexity or fewer nearest neighbours than other metals. Chemically they are characterised, to varying
degrees, by covalent bonding tendencies, acid-base amphoterism and anionic species such as aluminates,
stannates, and bismuthates. They can also form Zintl phases (typically brittle, colored and
semiconducting intermetallic compounds). Zn(1l), Cd(Il), Hg(II)

Metalloids B , Si, Ge, As, Sb, Te Ol L) oLuiif
In-between elements with a mix of metallic, non-metallic, and intermediate properties. They look like metals

but are brittle and only fair electrical conductors. They mostly behave chemically as nonmetals. Metalloids form
weakly acidic or amphoteric oxides.

a

|
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They appear colorless, colored, or (under white light) metallic-looking. Most are solid or gaseous. While the
solids are brittle most of these are also known in malleable, pliable or ductile forms.
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The halogens namely fluorine, chlorine, bromine, and iodine are characterized by their acridity and toxicity, in
their natural forms. The remaining reactive

nonmetals, hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur and selenium, being sandwiched between
the strongly electronegative halogen nonmetals and the weakly nonmetallic metalloids, are (on an overall basis)
moderately nonmetallic in nature. They, or most of them, attract various category names of their own such

as, light, or other nonmetals.

The reactivity of the reactive nonmetals ranges from relatively inert (N) to highly reactive (Cl, F). They form
acidic, and neutral (H20, CO, NO, N20) oxides.

The elements of Group 1 and Group 2 of the modern periodic table are called S block elements. The two types of s
block elements are possible i.e. the elements with one electron (s1) or the elements with two electrons (s2) in their
s-subshell.

S block comprises 14 elements: hydrogen (H), lithium (Li sodium (Na), beryllium (Be), potassium (K), magnesium
(Mg), rubidium (Rb), calcium (Ca), cesium (Cs), strontium (Sr), francium (Fr), barium (Ba),

helium (He), and radium (Ra).

Properties of S Block Elements

Both alkali and alkaline earth elements show a regular gradation in their properties among their respective group
elements. But the first member of both S block elements, namely, Lithium and Beryllium differ much from the rest of
their members but at the same time, they resemble more with the diagonal element present in the next column.

The anomaly of these S block elements is due to;
1 .Low atomic and ionic size
2.Greater charge density (charge/volume of the atom)

3.Greater polarization of s block elements makes the first element more covalent and differentiates them from the rest
which are ionic.

4.The similarity in size and charge density makes them resemble the element diagonally placed in the next group
(diagonal relationship).

It is observed that the physical and chemical properties of these s block elements change in a particular trend as
the atomic number of the elements increases. Changes in the various properties of the group are as mentioned
below:

Chemical Properties of S Block Elements

When the s block elements of the modern periodic table are observed it is seen that the size of the alkali metals
is larger compared to other elements in a particular period. As the atomic number increases the total number of
electrons increases along with the addition of shells

On moving down the group the atomic number increases. As a result, the atomic and ionic radius of the alkali
metals increases. he following are the properties of s-Block elements:They are all metals

2.They have a low ionization heat content
3.They lose the outer electron (s) to form a cation

4.Group 1 elements lose one electron while group 2 elements lose two electrons
pg. 66
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5.The metallic stamp increases below the group

6.Due to the high reactivity it is not found pure in nature

7.Interaction increases down the group

8.S-Block compounds are ionic in nature

9.An exception to this is beryllium and lithium

Electronic Configuration of S Block Elements

The electronic configuration of S block elements is explained below,

The alkali elements in s block consist of a single valence electron in their outermost shell. This outermost
electron is loosely held which makes these metals highly electropositive. Due to which they are not available in
the free state in nature. The general electronic configurations of s block elements — group 1 are as shown in the

table below:

Element Symbol
Lithium Li
Sodium Na
Potassium K
Rubidium Rb
Cesium Cs
Francium Fr

Electronic configuration

15%2s’

1522522p%3s’
1522522p%3523p%4s!
1522522p®3523p%3d'04524p05s’
[Xe]6s!

[Rn]7s’

The electronic configurations of elements included in group 2 of S block elements are shown below:

Elements
Beryllium
Magnesium
Calcium
Strontium
Barium

Radium
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Symbols

Be
Mg
Ca
Sr

Ba

Ra

Electronic configuration
[He]2s?
[Ne]3s?
[Ar]4s?
[Kr]5s2
[Xe]6s?

[Rn]7s?




S Block Elements Guide

e What are s block elements?

e Electronic configuration

e Properties of s block elements
e Diagonal relationships

Diagonal Relationship is said to exist between certain pairs of diagonally adjacent elements in the
second and third periods of the periodic table. ... On crossing a period of the periodic table, the size of the
atoms decreases, and on descending a group the size of the atoms increases
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A Diagonal Relationship is said to exist between certain pairs of diagonally adjacent elements in the second
and third periods of the periodic table. These pairs (Li & Mg, Be & Al, B & Si etc.) exhibit similar properties; for
example, Boron and Silicon are both semiconductors, form halides that are hydrolyzed in water and have
acidic oxides. Such a relationship occurs because crossing and descending the periodic table have opposing
effects. On crossing a period of the periodic table, the size of the atoms decreases, and on descending a group
the size of the atoms increases. Similarly, on moving along the period the elements become progressively
more covalent, less reducing and more electronegative, whereas on descending the group the elements
become more ionic, more basic and less electronegative. Thus, on both descending a group and crossing by
one element the changes cancel each other out, and elements with similar properties which have similar
chemistry are often found - the atomic size, electronegativity, properties of compounds (and so forth) of the
diagonal members are similar.

el ST dpng 50 pealinl) griali e o el b o sally e e jaill die ¢ Jiallyy el s die il A ana ol ag ¢ A aaa (i
SO e IS G 1385 G peS il 5 apacld ST ¢ Al ST pualinl) raai de sanall Jg e Lt G yeS ST Y1550 Jal 5 «
o A il palliadll il pualiall o ginll ot La e 5 ¢ (anal) Lgmany AB ol bl 6 ¢ 3l yuic Aland) sy soall 5 A s
Agia 2 il ¢Lzne SU (13 ) Lo 5) <l pall (sl 5« iy 560 5,080 ¢ (5,3l pall - slaasl ki L]

The diagonal relationship within s-block elements
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PROPERTIES OF P-BLOCK ELEMENTS - DEFINITION

Following are the properties of p-block elements.

They are solids/liquids/gases at room temperature (Br is liquid)
They have variable oxidation states

They form acidic oxides

They impart no characteristic colour to the flame

Generally, they form covalent compounds

Halogens form salts with alkali metals

They have high ionization potentials

They have very large electron gain enthalpies

The aqueous solutions their oxides are acidic in nature

General Properties of Transition Metals

The d-block elements are divided into the first transition series (the elements Sc through Cu),
the second transition series (the elements Y through Ag), and the third transition series (the
element La and the elements Hf through Au). Actinium, Ac, is the first member of the fourth
transition series, which also includes Rf through Rg.

Thus, the transition elements can be defined as those in which the d electron shells are being
filled and so we generally ignore Sc and Zn where Sc(III) is d° and Zn(II) is d.

It is useful, at the beginning, to identify the physical and chemical properties of transition elements
which differ from main group elements (s-block). Properties of transition elements include:

have large charge/radius ratio;
are hard and have high densities;
have high melting and boiling points;
form compounds which are often paramagnetic;
show variable oxidation states;
form coloured ions and compounds;
form compounds with profound catalytic activity;
form stable complexes.
All transition element are metals
. Display good electronic and thermal properties
. Dissolve in mineral acids
. They can ready from alloys
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Differentiate Lanthanides and Actinides.

Lanthanides

1. Binding energies of 4f electrons
are higher.

2. Maximum oxidation state
exhibited by lanthanides is +4 e.g.
Ce4+

3. 4f electrons have greater
shielding effect.

4. Most of their ions are colourless

5. They are paramagnetic but
magnetic properties can be easily
explained

6. They do not form complexes
easily

7. Except promethium, they are
non-radioactive.
8. Their compounds are less basic.

9. They do not form oxocations

Actinides
1. Bending energies of 5f electrons are lower.
2. Due to lower binding energies they show higher oxidation

state such as +4, +5 and +6. Uranium exhibits +6 oxidation
state in UFs and UO2Cl2.

3. 5f electrons have poor shielding effect.

4. Most of their ions are coloured U3 (red), U*" (green) and
U0O22* (yellow)

5. They are also paramagnetic but their magnetic properties are
very difficult to interpret.

6. They have much greater tendency to form complexes.

7. All of them are radio active.

8. Their compounds are more basic.
9. They form oxocations such as UO2>-UQO+,NpOz PuOz

The lanthanides are high-density elements, and their density ranges from approximately 6.1 to 9.8 grams per
cubic center. Like most minerals, these elements have very high melting points (roughly 800 to 1600 ° C) and
very high boiling points (roughly 1200 to 3500 ° C). All lanthanides are known to form Ln3 + cations.
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103 4 5d'6s2| La

102 41 41547652 | Ce

99 4 49652 Pr

98.3 4P 4f%6s2|  Nd

97 4 4P6s2| Pm

95.8 4 4%6s? | Sm

94.7 48 4f6s2| Eu

93.8 4 4f'5d1652 |  Gd

92.3 45 4P%s?| Tb

91.2 4 4192 | Dy

90.1 4f10 4652 | Ho

89 4 412652 |  Er

83 412 413652 | Tm

86.8 4f13 4f1%s2 | Yb

86.1 Af14 4f1%5d%652 |  Lu

The lanthanide contraction is the greater-than-expected decrease in ionic radii of the elements in

the lanthanide series from atomic number 57, lanthanum, to 71, lutetium, which results in smaller than
otherwise expected ionic radii for the subsequent elements starting with 72, hafnium. The term was coined by
the Norwegian geochemist Victor Goldschmidt in his series "Geochemische Verteilungsgesetze der Elemente™
(Geochemical distribution laws of the elements).
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Structure of the Periodic Table

in Gro ents ical

Group 1(lA) - Alkali Metals

Group 2(llA) - Alkaline Earth Metals

Group 13(lllA) - Boron Family

Group 14(IVA) - Carbon Family

Group 15(VA) - Nitrogen Family

Group 16(VIA) - Oxygen Family (Chalcogens)
Group 17(VIIA) - Halogens

Group 18(VIIIA) - Noble Gases

Other Groups ( Vertical and Horizontal Groups)

Group 3-12(IB - 8B) - Transition Metals
Period 6 Group - Lanthanides (Rare Earth Elements)
Period 7 Group - Actinides

Russell —Saunders

Term Symbol

the term symbol is an abbreviated description of the (total) angular momentum quantum numbers in a multi-electron
atom (however, even a single electron can be described by a term symbol

Atomic Term Symbols

The Stationary States of the many-electron atom are determined by the overall
Properties of the atom, not those of the individual electrons that exist in the atom.
What are these overall properties?

* The total orbital angular momentum of the electrons, L

* The total spin angular momentum of the electrons, S

* The total angular momentum of the atom, J

Thus, the eigenstates of the Hamiltonian for the atom are labeled by these properties.
These labels are called Atomic Term Symbols.

The 'definition’ of the term symbol:

25+1 |_ J

Note: In the symbol L must be replaced with its alphabetic 'code':
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L=01is S,

L=1isP,

L=2isD,

L=3isF,

L=4is G,

L=5is H...

J is the vector sum of L and S:

J=(L+S), (L+S-1), (L+S-2), ....|L-S]

Assigning Term Symbols:

The ground state of hydrogen atom is one electron in the lowest energy atomic orbital:
the 1s1. Therefore the total orbital angular momentum of all (one) electrons is L=I=0, and the
total electron spin is S=s=1/2.

Applying the 'definition’ of the term symbol results in a 2S12 atomic term for the

ground state of the H atom. This symbol is _read‘: —doublet Ess one halfl The lowest electron
configuration of He is 1s2. The ground state of the neutral helium atom is therefore 1So since the
total orbital and spin angular momentum of this configuration is zero. In fact, any electron
configuration (orbital population) that consists of any combination of closed shells or subshells
will result in this (totally symmetric 1Soterm. Therefore, in the designation of atomic terms, the
contribution from closed subshell electrons may be neglected.

What can‘t be neglected? The resultant angular momenta of the open-shell electrons in the
atom! Because the angular momenta of each electron adds to the rest of the electrons
vectorially, there will, in general, be more than one possible result of this addition. It is our job
to account for each and every possible way in which the properties of the electrons will sum up
and sort those possibilities into those corresponding to distinct Terms (total energies; atomic
Eigen states).

i SIY) (e aS dae e (553n3 5,0 G 55l poall aS dlae ] JLatial g jpanill " Guala 5 Ml )1 Aediiul ey sa oSH SilS0e G5 he e sl w3
LS coulinges ylaell (A aall Lo il Liml 5 sa ) lli el 555 i g i8IV a5 il (ame A8 (5 sase i ol (5 AN 4 00 &l jlall e sa,l) Gl Casae o
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"Microstate i M, Mg
index +1 0 -1
111 T 1 +1
o % ¥ T | T -1 +1
3T T S
411 4 +1 -1
5 T 11 a -1
G| 4 1 0 -1
(A K 1 +1 0
8|1 1 0 0
011 T +1 0
10 |t |1 | A 0
11| ¢ T 0 0
12 T |1 1 0
13 | 11 +2 0
4 Ti 0 0
15 T 2 0
For s

0
ll2 thus(?.S*l) 2
p bohss
(Smce subshell is half filled)

term symbol Sm

m"ﬂ +l 0 'l

§$=1/2; thus (2S+1)=2

L= 1 thus symbol 15 P

Jo(L-8)= 1 -1/2+1/2 (Since subshell 15 less
than half filled)

term symbol 2Py

For p?

{1

m=+ 0 -l

§=1/2+1/2=1; thus (28+1)=3

L= 1+0 1, thus symbol is P
J=(L~8)= 1 -1 =0 (Since subshell i
less than half filled)

term gymbol JP‘)

For &

f)

S‘l/"+-l/" 0, thus (25+1) =1
= 0, thus symbol 12 §
J S= O(Smee subghell 15 full filled)

term gymbol So

For p*

fh [

ny - +] 0 -1

S=12+12=]; thus (28+1) =3
L=2+0-1=1, thus symbol 1z P

J# (L+8) = 141 = 2 (Since subshell is
more than hall filled)

term symbol 3P2

For p*

fifh]

'“,: V"l -l

S« 1/2; thus (28+1) ~ 2
L =1, thus symbol 1z P
J=(L+8S)=1+1/2=13/2 (Since subshell is
more than [illed)

term symbol 2]’3,2

E'D), 'S
PRI S




term symbol sl

The angular momentum L tells you which type of orbital the electron is in.

L Term synbol
Total orbital

angular

momentum

0 S

1 P

2 d

3 F

4 G

5 H

J Total angular momentum Jadlall B%S

ST Jia Al A ol 4l (o g SV 4 3 S aadie Clual (e JBI QU ) ¥ OIS 131
|l i
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S ad eV o sl el 8 g IV A 58 aadie i (e ST Qi 5Y) IS 1A 2
)yl sial S Al Jid
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L =X ml
L=mIl + mI2 +ml 3 +--------mmmm--- +ml n
lgaany ae a8 4l ) oW 4y ) 30 a5 ol s = (ASI (55 30 a3 30
J= LS -1l | L+S -2] LSS
| L+S |
aall ‘}AJJS&JJAB‘";“\‘;Q L Oy
S =X ms spin magnetic quantum number

ool sl el aaay S IS

7 N - [2He] 252 2p3

L =+1 +0+ -1 =0 Total orbital angular momentum
=2s+1 = 2*3/2 +1 = 4 Multiplicity
= (1 +S)mmm-

AT LT S — 0 -3

SJZS+1 = S ;l-/z




6C ¢t

6C - [2He] 252 2P?

T

T

L =+1+0=1 term symbol =P

2s+1 = 2*1 41 = 3

uCr  [18Ar] 3d°

Cr*? . [18Ar] 3d

+2 +1
L =Zml
= 2 - D
S=Ims --—-—-en 2
2s+1 = 5

4S5t 4P

4450 4P

) ey

| il S alla




+2 +1 0 -1 -2

trotr
753
19K °S1/2
Ex : X isatransion element belongstothel st series of

the transition elements . The ground stable state ( term symbol ofit, s
positive ion ( X*3) is ( ®Ss/2)

Chapter Two
Some periodic properties of the element

Shielding or screening
Shielding
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In atoms with more than one electron, energies of specific levels are difficult to

Predict quantitatively, but one of the more common approaches is to use the idea of
Shielding. Each electron acts as a shield for electrons farther out from the

Nucleus, reducing the attraction between the nucleus and the distant electrons. Although
the quantum number n is most important in determining the energy, { must

also be included in the calculation of the energy in atoms with more than one electron.

As the atomic number increases, the electrons are drawn toward the nucleus and the orbital
energies become more negative. Although the energies decrease with increasing Z, the changes
are irregular because of shielding of outer electrons by inner electrons.

As a result of shielding and other more subtle interactions between the electrons, the

simple order of orbitals (in order of energy increasing with increasing n) holds only at

very low atomic number Z and for the innermost electrons of any atom. For the outer

orbitals, the increasing energy difference between levels with the same n but different

£ values forces the overlap of energy levels with n = 3 and n = 4, and 4s fills before 3d.

In a similar fashion, 5s fills before 4d, 6s before 5d, 4f before 5d, and 5f before 6d

(Figure below).

o The shielding effect describes the balance between the pull of the protons on valence electrons
and the repulsion forces from inner electrons.

o The shielding effect explains why valence-shell electrons are more easily removed from the
atom. The effect also explains atomic size. The more shielding, the further the valence shell can
spread out and the bigger atoms will be.

o The effective nuclear charge is the net positive charge experienced by valence electrons. It can
be approximated by the equation: Zet = Z — S, where Z is the atomic number and S is the
number of shielding electrons.

Z* =17-S
Z* . effective nucler charge
S:  shielding constant

Z= nuclear charge
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Ex calculate the effective nuclear charge of a 3d and 4s electron in Nikel
atom (28Ni)

For 4s electron

Slaters configuration

Slater formulated a set of simple rules that serve as a rough guide to this effect. He
defined the effective nuclear charge Z* as a measure of the nuclear attraction for an
electron. Z* can be calculated from
Z* =27 - S
where Z is the nuclear charge and S is the shielding constant. The rules for
determining S for a specific electron are as follows:

1. The electronic structure of the atom is written in groupings as follows:

(1s) (2s,2 p) (35,3 p) (3d)( 4s,4 p) (4d)( 4f)( 5s,5p) - etc .

2. Electrons in higher groups (to the right in the list above) do not shield those in .
lower groups.

3. For ns or np valence electrons:

a. Electrons in the same ns, np group contribute 0.35, except the 1s, where 0.30
works better.

b. Electrons in the n - 1 group contribute 0.85.

c. Electrons in the n - 2 or lower groups contribute 1.00.

4. For nd and nf valence electrons:

a. Electrons in the same nd or nf group contribute 0.35.

b. Electrons in groups to the left contribute 1.00.

The shielding constant S obtained from the sum of the contributions above is
subtracted from the nuclear charge Z to obtain the effective nuclear charge Z*
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Oxygen The electron configuration is (157) (25 2p7).

For the outermost electron,

Z¢=Z~-S§
=8 — [2 x (0.85)] = [5 x (0.35)] = 4.55
(1s) (2s.2p)

The two 15 electrons each contribute 0.85, and the five 25 and 2p clectrons (the last electron is
not counted, as we are finding Z* for it) cach contribute (.35, for a total shielding constant
S = 3.45. The net effective nuclear charge is then Z* = 4.55. Thercfore. the last electron is
held with about 57% of the force expected for a +8 nucleus and 4 — 1 ¢lectron.

Nickel The electron configuration is (157) (257 2p%) (357 3p%) (3d%) (45°).
For a 3d electron,

Z*=7Z-5
= 28 — [18 X (1.00)] — [7 X (0.35)] = 7.55




(1s, 25, 2p, 35, 3p) (3d)

The 18 electrons in the s, 25, 2p, 3s, and 3p levels contribute 1.00 each, the other 7 in 3d
contribute 0.35, and the 4s contribute nothing. The total shielding constant is S = 20.45 and
Z* = 755 for the last 34 electron.

=28 — [10 x (1.00)] — [16 X (0.85)]) ~ [1 X (0.35)] = 4.05
(15,25, 2p) (35, 3p, 3d) (4s)

The ten 1s, 2y, and 2 p electrons each contribute 1.00, the sixteen 3s, 3p, and 3d ¢lectrons cach
contribute 0.85, and the other 45 clectron contributes 0.35, for a total § = 2395 and
Z* = 4,05, considerably smaller than the value for the 3d electron above. The 4s electron is
held less tightly than the 34 and should therefore be the first removed in ionization. This is
consistent with experimental observations on nickel compounds. Ni2™, the most common oxi-
dation state of nickel, has an clectron configuration of [Ar])34® (rather than [Ax]3d('4s2). cor-
responding to loss of the 45 electrons from nickel atoms. All the transition metals follow this
same pattern of losing ns clectrons more readily than (n — 1)d electrons,

How do you calculate the ionization energy of a hydrogen

To find the ionisation energy of a hydrogen like atom with one electron we use the formula
IE = 13.6Z%/n’ eV

Where Z is atomic number and n is the shell number.

In this case Z is 3 and n is 1( because hydrogen is having n=1)

So IE Li*+ = 13.6x9 = 122.4 eV.
Li2+ is a hydrogen type ion and it's ionization energy is related to hydrogen as

(Z/n*)*13.6 eV

Where Z is the atomic mass

And n is the orbit no.

So we get the first ionization Energy of lithium as 54.4 eV

Using this we can find the ionization energy of all the Hydrogen type of atoms !
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Lanthanide contraction is due to increase in

(1)shielding by 4f electrons

(2)atomic number
(3)effective nuclear charge
(4)size of 4f orbital
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Hence the effective nuclear charge increases by one at each step . Consequently , the inward pull experienced
by the 4f electrons increases.

As aresult , the size of the entire 4f n shell reduces . The sum of the successive reductions gives the lanthanide
contraction .

Lanthanide contraction consequences
(1) Change of basic properties of lanthanide metal hydroxide compounds .
Due to lanthanide contraction , the ionic size from La 3+ to Lu 3+ along lanthanide series gradually decreases.

As a result, the covalent properties of lanthanide metal hydroxide compounds regularly increases [according to
Fajan’s rule,]from lanthanum to lutetium .

That is,Lu ( OH )3 is more covalent than La ( OH )3 . Now , with increasing covalent character, their basic
property decreases .

Consequently, the most basic hydroxide among the lanthanide elements is La ( OH )3 and the least basic
hydroxide is Lu ( OH )3 .Lanthanide contraction definition in chemistry

In case of lanthanide elements , it has been experimentally found that with increasing atomic number , the
atomic and ionic size of lanthanide elements gradually decreases from lanthanum to lutetium.

It is very much regular for lanthanide ions ( Ln 3+) . It will be seen that on going from La 3+ to Lu 3+, the ionic
radius shrinks from 115 pm to 93 pm .

The steady decrease in ionic radius all along the series amounting in all to 22 pm, is called lanthanide
contraction .
HEPRN| ‘_,’A 2l S
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Hence the effective nuclear charge increases by one at each step . Consequently, the inward pull
experienced by the 4f electrons increases.

As a result, the size of the entire 4f n shell reduces . The sum of the successive reductions gives the lanthanide
contraction .

Lanthanide contraction consequences
(1) Change of basic properties of lanthanide metal hydroxide compounds .
Due to lanthanide contraction, the ionic size from La 3+ to Lu 3+ along lanthanide series gradually decreases.

As a result, the covalent properties of lanthanide metal hydroxide compounds regularly increases [according to Fajan’s
rule,]from lanthanum to lutetium .

That is ,Lu ( OH )3 is more covalent than La ( OH )3 . Now , with increasing covalent character, their basic property
decreases .

Consequently, the most basic hydroxide among the lanthanide elements is La ( OH )3 and the least basic hydroxide is Lu (
OH )3 .4 <y I aie Jlad ) f,

4 e aaa Qi o ¢ N Angif n sl (ELeS) At Cliadddll ¢ gana any aleShy,

Al L) ) e

(1) 20 318 208 5 jam SIS el L) Gailadll s,

0o ¥ aaall (it ¢ i) LS Gy La 3+ ) Lu 3+ G colagilidl) Al Jsha e,

st sl) ) il (g [olald BaclEl G 5] allaiily 2B 5l a5 Haa LSl daalol) (ailadll sl i ¢ GllY A,
Ol &l Lu (OH) 3 (e ST dpaalisi La (OH) 3. Al agaailad Ji5 ¢ caalull aldal) 5345 ae ¢ (Y,

o 2D jealie Gu aS 5 Haa sl (i ¢ JUlls La (OH) 3 58 (ool 208 5 508 815 Lu (OH)

Consequently, the most basic hydroxide among the lanthanide elements
is La ( OH )3 and the least basic hydroxide is Lu ( OH )3 .

( IT ) The properties of metal ions are determined by their size and
charge .Since all the lanthanide ions are of about the same size and also carry
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the same charge due to lanthanide contraction, their properties almost
identical.

Hence separation of lanthanides from one another is very much difficult.
( 1) The difference of density between the second and third transition metal series .
The density of second and third transition metal series are much higher due to lanthanide contraction.

Because the atomic volume of two different elements of 4d and 5d series with same group is near about same ,
but atomic mass of 5d series elements becomes much higher.

( IV )The decrease in chemical reactivity of next transition elements on the lanthanide .

Due to lanthanide contraction, the ionization energy of the next on the lanthanide elements increases. Hence ,
their chemical reactivity decreases.

For examples, the chemical reactivity of the element which belong to sixth period such as, gold ( Au ), platinum
(Pt), mercury ( Hg) etc are very much less.

(V) Similarities in atomic size of second and third transition series elements .

Due to lanthanide contraction, the atomic and ionic radius of the next and before on the lanthanide elements with
same group, are about same.

For examples, the atomic radius of Zr [ group — 4 , period — 5] and Hf [ group — 4, period — 6] are 160
pm and 159 pm respectively .

(V1) Separation difficulties between second and third transition series elements .

The atomic and ionic radius of second and third transition series elements are identical to each other due
to lanthanide contraction.

As a result, their physical and chemical properties are similar to each other . Hence , separation of second and
third transition series elements from each other are much difficult.

For example, separation of ¢ Zr’ from ‘Hf” is very much difficult due to lanthanide contraction.
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Hence separation of lanthanides from one another is very much difficult.
( 11) The difference of density between the second and third transition metal series .
The density of second and third transition metal series are much more higher due to lanthanide contraction .

Because the atomic volume of two different elements of 4d and 5d series with same group is near about same ,
but atomic mass of 5d series elements becomes much higher.

( IV )The decrease in chemical reactivity of next transition elements on the lanthanide .

Due to lanthanide contraction, the ionization energy of the next on the lanthanide elements increases. Hence ,
their chemical reactivity decreases.

For examples, the chemical reactivity of the element which belong to sixth period such as, gold ( Au ), platinum
(Pt), mercury ( Hg ) etc are very much less.

(V) Similarities in atomic size of second and third transition series elements .

Due to lanthanide contraction, the atomic and ionic radius of the next and before on the lanthanide elements
with same group, are about same.

For examples, the atomic radius of Zr [ group — 4 , period — 5] and Hf [ group — 4, period — 6] are 160 pm
and 159 pm respectively .

(V1) Separation difficulties between second and third transition series elements .

The atomic and ionic radius of second and third transition series elements are identical to each other due to
lanthanide contraction.

As a result, their physical and chemical properties are similar to each other . Hence , separation of second and
third transition series elements from each other are much difficult.

For example, separation of * Zr’ from ‘Hf” is very much difficult due to lanthanide contraction.
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