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n=3
Photon emitted Increasing energy of orbits
AE = hv n=2
n=1
k- »Nucleus
&------
Electron '« Electron orbits

Bohr's atomic model hydrogen emission spectra
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Angular moment
mvr =nh/2xn

v=nh/2xmr
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Attraction force = Centrifugal force
26 Ir = mvir

v =ze mr
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r=n? 0.529 A°

Q/ Calculate the radius of the second orbital of hydrogen atom and
compare this value with the radius of the fifth orbital ?

r=n?0.529 A°
Second orbital n=2
r=(2)?0.529 = 2.116 A°
fifth orbital n=>5
r=(5)*0.529 = 13.225 A’
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E=-2179 x 10 n? KJ/atom
Or
E=-1312/n° KJ/mole

Q/ Calculate the energy of the second orbital ?

second orbital n=2
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E=-1312/n®> =-328 KJ/mole
E=-2.179 x 102} n? = - 0.54475 x 10! KJ/atom
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EAbsorption - E2'E1 EEmmision - E2'E1

Q/Calculate the absorbed energy to excite an electron from first
to third orbital of hydrogen atom by (KJ/mole) units?

Solution ;

EAbsorption - E2'E1

E,;=-1312 KJ/mole , E,=-145.77 KJ/mole
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Eabsorption = E2-E1 = -145.77 —(-1312) = 1166.22 KJ/mole

Velocity de ) Glua
mvr =nh /2w
v=nh/2amr................. (1)
r = nh¥4n’mz e* 1 el Aol 4 Hladll Coal dagd (g2 gas
D A0 Al e Jeand Japdill 5 (g gaill any
v=2.188x10%n*> cm/S
v =2.188x10°n*> m/S
: M Gualall Hlaall s JsY1 laall i de judl sl
v =2.188 x 10° /(1)* = 2.188 x 10®cm/S when n=1
v = 2.188 x 10° /(5)* = 0.08752 x 10° cm/S when n=5
Jhl ciial S LalS ¢y AN Ao JS

Homework

Q1/ Prove that the velocity of an electron in the first orbital larger the velocity of
an electron in the sixth orbital ?

Q2/ Derive the equation of calculate of the orbital radii of hydrogen atom?

Q3/ At what wavelength will emission from n=4ton =1 for the H atom be
observed?

The origins of radiation can be defined as the propagation of energy through
matter or space. It can be in the form of electromagnetic waves or energetic

particles.
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Microwaves Ultraviolet light Gamma rays
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Radio, TV waves Infrared light X-rays
10% IO" 108 10'0 10 2 10 e 1018

T ' t
F'equencv n Hz /

Visible light
Yellow Green

Blue Viclet
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(4.3 x 10" Hz) Wavelength in nm

lonizing radiation does have enough energy to ionize atoms in the material it

interacts with. Examples of ionizing radiation include:
1- alpha particles . 2- beta particles. 3- neutrons. 4- gamma rays
5- X-rays

Non-ionizing radiation does not have enough energy to ionize atoms in the
material it interacts with. Examples of non-ionizing radiation include: ¢

microwaves

1- visible light.  2- radio waves. 3- TV waves. 4- Ultraviolet radiation

(except for the very shortest wavelengths)

A note on units: an angstrom (A) is 10™ meters a nanometer (nm) is 10° meters

a micrometer (um) or micron is 10 meters a millimeter (mm) is 10 meters .
i

Wave characteristic. Electromagnetic Spectrum waves are generated by vibrating
electrons Composed of two perpendicular oscillating fields Can be characterized

by its frequency(v), which is inversely related to wavelength (1) in equation :

v=c/\
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Components of an Electromagnetic Wave

Electric field component

Magnetic fleld component

Electromagnetic radiation can be describe in terms : Wavelength, A (lamda — the
distance between peaks) Frequency v (nu — the number of peaks passing a point in
a unit of time). The relationships between these quantities are expressed in the
following equations:

v=c/A

Energy is related to the wavelength, frequency, and wave number of the light, as
given by the equation:

where h = Planck’s constant = 6.626 X 107 J s

v = frequency of the light, ins ™

¢ = speed of light = 2.998 X 10°ms™!
A = wavelength of the light, frequently in nm
¥ = wavenumber of the light, usually in cm ™
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Example :

Light near the middle of the ultraviolet region of the electromagnetic radiation
spectrum has a frequency of 2.73 x1016 s-1. Yellow light near the middle of the
visible region of the spectrum has a frequency of 5.26 x1014 s-1. Calculate the
wavelength that corresponds to each of these two frequencies of light and calculate
the energy, in joules, of an individual photon of each. Compare these photons by

calculating the ratio of their energies.

Solution:
{ 00 < 10 m-s :
(ultraviolet light) A — — L1I0 X 107°% m (110 x 10 A)
: v 273 x 10'0 g
¢ 300X 108 m-s o o - .
(vellow light) A , ‘ 570 107" m (5.70 x 100 A)
‘ : v §.26 x 101 g
(uleraviolet light) E = hw = (6.626 x 10~ Js}(2.73 x 1065~ 1) = 181 x 10717 ]
(vellow light) E = hv = (6,626 x 10734 ]-5)(5.26 x 1014s71) 1.49 = 10 ]"'J
I 1.81 = 10

. s 51.9
349 < 10719

A photon of light near the middle of the ultraviolet region is more than 31 times more

energetic than a photon of light near the middle of the visible region.

Q/ Calculate the wavelength of radiation which has a frequency (10'*) H; , and
travel with speed of light (3 x 10%) m/s .
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