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Chapfter One: A fomic S fructure

*Atom: Is the smallest unit quantity of an element that is capable of
existence, either alone or in chemical combination with other atoms of the
same or another element.

Gl ae Wil laaia g 03 jiay Ll ‘gﬁ}x\‘;;ﬁu_)@daﬂﬂs;fﬂpi@ ;stei
A paie (e sl paiall (i e 5 A

* Fundamental Particles of Atom 3 Al Cilapaadl*

Leie e o) S (fundamental particles) 3,3 Leia ¢ 3555 Al dpuln) Slapal)
(9 RSN 5 (el 4335 a5 (subatomic or elementary particles) « L)
.(Proton, Electron and Neutron) &g s

Ly (#1) Osdaodl A s ) A (s AN A il Sa Jpaalis (pa olid) J gand)
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O35l ALS 31 5l o A Dl (93 s STV Gl 81 sall Jads Gl sy 5 58 sl
S 9 SV ALS e Sy 5iS) a9 4y slude (@MU 3Sg) Bas g gl axS) B g0 (9 5 gaill
Aal 5 55 A4S Jalad (9481 2000) ABS Eus () 55 5alls 45 )l Jan B s o5 ST
Lals )& La 13} (negligible mass) Sy alsi ¢y 5 23SV ALS ld agle 5 aal g o5 5 )
LIS a% e2ay (Thomson) -8 (e o ZiS) 05 S (55 55 58l ) G 555l A1

(Chadwick) J& ¢ o8 sl LiSS) 3150 5 (Rutherford) Jda e ¢sisnll

Proton Electron Neutron
Symbol e p* e NC
Charge 4adl) +1 -1 0
Rest Mass (Kg) akS 54a g 41!) 1.673x10% 9.109x10% 1.675x10%
Mass (amu) (383) 5as g ALil) 1 0.0005 1
Location g sl Inside nucleus Outside nucleus | Inside nucleus
Discovery «adisall 1919, Rutherford | 1897, Thomson | 1932, Chadwick
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* By international agreement, a carbon atom that contains six protons and
six neutrons has an atomic weight of exactly 12 amu, so we can define
Atomic Mass Unit (amu) as 1/12th of the mass of a 2%C atom so that
each (1 amu = 1.660 * 10" kg) .

$% 01 Led g yi g Ay i gi 5 A L (Al 5 W81 5,0 o) (e Lo G
3,0 ,abad A1 e (Y0 ) Ly (38 5) 3 Al AL Bas 5 iy yali LiSay agle 5 (389 12) o ylaie
(p2S 1.660 * 1027 (sl X5 1) JSade 5, 12,C oSl

3,0 o oS EERHEIN sae (g by Cligigyall sae S 1Y) paic V5 3 ) 8 o
Alaleia

31 ()5S OGN sac (e ST il gig il aae (IS 13 puaic Y 3,3 ) & o
(Cation) s o5 o diani s Aliladia je

3,0l o oS BB ORIN sac (e yraal g ol axe 1Y) paic SV B3 ) 8 o
(Anion) G 05l e Jeans s dlalatia e

* In general the nucleus of an atom consists of protons and neutrons
(with the exception of protium, the nucleus of one (H isotopes) has only

single proton without neutron).

«(protium) asss sl oliiiuly) g 5 gail) s Ui gi g sl (0 5 815 O 5ST cale JSdy *
oy A G5 590 050 JaBh a5 (55 0 e 40 5 (g s sl il ol a g

058508 s g oaed) sl

* Nearly all the mass of an atom is concentrated in the nucleus, but the
volume of the nucleus is only a tiny fraction of that of the atom. The
radius of the nucleus is about 10 m (1 femtometer = 101> m) while the

atom itself is about 10° times larger than this.

du 300 e daBd praa s da oa 8l gall ana (ST 6Bl gall 8 Gy a5 AN ABS JS S 3%

Lo 301 () <0 ey ¢(1 53 %Y v = 2al 5 yia gladd) 1 Tyia "%V 0 a3l il yla o
L&) 55 3 (3« 100000) (s S
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«» Atomic number, mass number, isotopes, Isobars and Isotones
OJSJJY‘ 3 JQJJ"}” UﬁLB.U\ cuﬁﬂ\ daad) ch:ﬂ\ Aanl) e

Mass
number

{p*+nf)

—

X Atomic

. [ symbol
Atomic | — Z

number —|
{p*)

* Atomic number, Z, which is equal to the number of protons (p*).

AN 8155 88 g sall A sall g5 5l 23 Jiag ¢(Z) g dandh
* In electrically neutral atom, Z also equals the number of electrons (e°).

Aol g IV aae AV die yue ) (Saa (Z) ol 2aedl (8 cllaleiall 3 o

* Mass number (or Atomic Weight), A, is the number of protons (p*)

and neutrons (n°) in the nucleus.

_EJ.J\

* So number of neutron il g i gaill aae la clialx
n® = Atomic Weight (A) - Atomic number (2)
* Ex:- Fe nucleus which has (26 p*) and (30 n°), is denoted as %6;6Fe.

*|sotopes:- Are atoms of the same element that differ only in the number
of neutrons (mass number or atomic weight). Some isotopes occur

naturally while others may be produced artificially.

2=l 4 alias o)) cliy pgill dae A dad alidd jaiall ulil & )3 a5 3 yiUE) *
G DAY Ganal) iy 38 ey ands S8 aal g8 Al Gany (03 00 Sl S
bl
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AR AT iy
* |sotopes: - (Atoms of the same element that have an identical number

of protons (same atomic number) but different numbers of neutrons

(different mass numbers).

S g (A (5 )M 2aall) il gi g pall (e Jilaia ae liad peaial) il @l 3) 3 dlladl) *
(Rilise A1 dlacf) 5 53 pill (e ddliA Slacly

*The figure below shows the three hydrogen isotopes, Hydrogen or
(Protium) which has (1p*, 0 n%, Deuterium which has (1p*, 1n° and
Tritium which has (1p*, 2n9).

Lﬁu‘ (Protium) e)-ﬁ})-,m ji Q,};j).\:\é\ M_?M\ Q:z;j)_\ééj\ J_,\_k_, aUJi dS.&S\ C"‘aﬁ %
(1p*, 1n°%) e s 52 (Deuterium) asssalls ¢ (1p*, 0 NO)le s s
(1p*, 2n°) e (s siny s (Tritium) s 3l

1 2 3

+H 1 H 1 H
{a} Hydrogen (b} Deuterium fc) Tritium

H—1 H-—2 H—3

Hydrogen Isotopes cp> el il

* |sotopes have the same position in the periodic table, the same
chemical properties, and the same atomic charge.

3900 5 (A3 a0 g g s sl Joaall 8 aal g aaim ge ad (g el Siad A5 A

A3 pald i ge O g gl i (e jdad SV Gl 5 ¢ I )
2S3 Gk e hadh Uil G ahy dgled ¢ geaie JSECl g A a2l ol Ley :ABada *
.12C O}.}J\Sj\ ‘):\Jéa.'i} 13C Q}.})\SJ\ J.LEJ d\s.a G d.u...n é:; ‘Lﬁ)u\ UJ}” j\ &ﬁﬁ\ A=l

palinll (andd L5 85 Silaill (amy Gaw olia) Jsanll*

Hydrogen (H) Carbon (C) Nitrogen (N) Oxygen (O)

'H - 99.984% 12C - 98.89% 1N - 99.64% 80 - 99.763%

2D - 0.0156% BC-1.11% N - 0.36% 170 - 0.0375%
80 - 0.1995%
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* Isobars:- Are atoms of different elements that have the same mass
number, but they have different atomic numbers. For instance, ¥/Cl and

STAr have the same mass number.

Mass ) (S aaally 4L dalide jalial &l 3 4 g o( S (g sluia) i [SObars®
(Jidl Jas e (Atomic Number) e, aaally calias s «(Number

40 40 40
18 AT 10 K 20 Ca

*|sotones: - Are different atoms that have the same number of neutrons
and different numbers of protons.

Qe g Slg il (e el gl Ll Adlida Ol ) o4 g (Dl g 0 gl (g gluia) :]sOtONES *
A Jow (Je Gligg yll (e aliss

lsoton = N, 3C, 50

2l g aia se Led Uil sda aseas o) L e g Bamia UAAl jiaie JST o) L je (o) aay o

+» Relative atomic mass (RAM):- The relative atomic mass of an atom is

the weighted average of the masses of the isotopes.
o yidas JAST 5550 Janad) o8 Le s )0 Dl 3 )3 1S (5l ((RAM) Al 340 ALS o

(Mass of 1% isotope)*(Its abundance %)] + [(Mass of 2* isotope)*(Its abundance %)] + (etc....)]

100

RAM =
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*Example: The natural abundance for Boron isotopes is 19.9% °B
(10.013 amu*) and 80.1% !B (11.009 amu*). Calculate the relative
atomic mass of boron.

(Mass of 1% isotope)*(Its abundance %)] + [(Mass of 2* isotope)*(Its abundance %)] + (etc....)]

RAM = '-
100

(RAM) = [(10.013) * (19.9%)] + [(11.009) * (80.1%)] = 10.811
100

(Note: - that this is the value of atomic mass given on the periodic table).

oLl JS&N 8 (e

Boron

atomic
number

5 10.811

symbol S| B

electron

configuration
T [He]2s22p1

name

boron

Example: Calculate RAM for naturally occurring Mg if the isotope

distribution is 78.99% *Mg, 10.00% >°Mg and 11.01% 2°Mg; accurate
masses are 23.99, 24.99 and 25.98.

(RAM) = [(23.99)*(78.99%)] + [(24.99)*(10.0%)] + [(25.98)*(11.01%)]
100

- 24.30

H.W. Calculate the value of RAM for naturally occurring chlorine if the
distribution of isotopes is 75.77% **;;Cl and 24.23% 3';;Cl. accurate
masses for **Cl and 3Cl are 34.97 and 36.97. [Ans. 35:45]

¢ Origin of Quantum Theory
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*In the older physics theories (1900-1925), the electron was treated as a
particle. In more recent models, the electron is treated as a wave
(hence the name wave mechanics).

«(particle) asasS o5 S ae Jalaill 25 ¢(VAYOU) A0 v) dqgaill oy judll iy ylai 8%
LlSaal) andl ela Lin e s) (WAVE) ARS8 05 ASIY) ae Jalail) 3 eian ) el plaill a
(a5l
* At low temperatures, the radiation will be emitted by a hot body as low
energy radiation and this occurs in the infrared region, but as the
temperature increases, the radiation becomes dull red, bright red and
white.
138 5 48Ul nidie ¢ LadlS Hlall avall (o g ladY) Gy duaidiall 5l sall Cila jy 3 ¥
el gl a6 ) jall da o83l ) ae G5 col peall Cani AaiY) dihaia & Ciasy
wanl 5 1 peal iy Galy
*Attempts to explain this observation failed until, in 1901, Planck
suggested that energy could be absorbed or emitted only in quanta of
magnitude AE related to the frequency of the radiation (v).
pal) e imsiall g la Bl (ol puai 3 jalla) AdaaDlall o2 il Baae Y glae culid *
abaial (Say 430 (Planck) <lidh 7 581 )34 ale Jia (4] s Ao 3l )
33 3 ae AU i (B) W _lade dagd L (quanta) claeSs L Lgilay) i 48U
(1) Aabae LB ENE s il Cul g b e Ll o g1l p) gy

E = /0 coeeeeeene €))

Where E =energyinJ, v =frequencyins!orHz

((laaaY sl 1Y R) (sl Jsdall 835l (o e Juals (g sl ¢ gucall Aoy O Lay
Ualae 8 a0 LS e A oasall Jshall 5 o lad¥) Al G 483 () ¢(2) WUilae

(3)
C — PuF WO ceeeemeeeans 2)
h ~ C
— 7T . &)
PN

Where C = speed of light in a vacuum (2.998 * 10® m.s?), (A=
wavelength, m). (Plank constant h = 6.626x1073*J.s or Kg.m?.s™)
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< Electromagnetic (EM) Radiation (unhilisg g <l £ i)
* Electromagnetic_radiation: Is a form of energy propagated through

free space or through a material medium in the form of electromagnetic
waves.

SN e HLEEY) LSl Al A8l OIS (e JSE 5 1 puundiling g ¢Sl plady)*
Agsphaling 5 568 Gl ge S5 o gilalassy e

Apnhling 5 4300 5eS s o (5 simy 40V unbaline 5 568 g lady) ey :ABaadla*
Electric ) ‘;‘A.UQSS\ Jaall Jias (3 3¥1 o sl olial JSE = A gall Jaal ) Cld &
L «(Magnetic Field) [EEEEESNNEN - PN -, UL s o) Lo o(Field

g4l 4 (Propagation Direction) 4s sall Ll sladl ) aguall oladl judy

Propagation

Electric_ Directlon/
Field (E)
W

Magnetic
Field (B}

£
5

Wavelength (£ )

* Electromagnetic radiation has dual nature: it exhibits wave properties
and particulate (photon) properties. Electromagnetic radiation is an
electromagnetic wave that travels through space at the speed of light, c.

ailiad 5 da el (ailiad el (51 a 53 g dasd 4l uwlaline 5 Sl Loty s 14
Sladl) e JEiE dpanplalin s S i 3a 38 (omsalalin s jgSH glad¥l, (05 sill) Cllapenl

Leitan yi S I A gl il Ll roa 5l g A gl Jga (o Ao 8o angi ¥
ool (plS b riia g LS 5 ([T Lgihan i S ¢l A sl S LS [

Long wave Cresl
Short wave
Wavslength # |w ave!englhl
T <>
o o
Direclion of wave motion Direction of wave motion
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Baa) 5 4l 8 ) s Lgadali il Al () il colial JS) 8 *

21
wave 1

d ( distance traveled in 1 second)

L2
wave 2

0 AS Gla 50 B (e A S5 (WAVE 1) (A As sall Ol oDle ] JSE (e uaal o %
5 (5 waves per second) 4l o8 cila g e g Lady yi Ol iay 138 Bl g A
ol A el Al 9 10 e (Wave 2) Al As gl ) S5 s 8 (B HZ) P s
10 waves per ) 4l & s e s pdic s Loy 55 la agle 5 o(3aa) 5 Al () i )

(10 Hz) ¥ 8,5 s (second
* Wave: - A disturbance that transmits energy through matter or space.
SIA sl sald) e A8l 85 e g sase ol slaal (g) o A gal) *

* Wavelength ( A ): Is the distance between two consecutive peaks
(crests) or troughs. (A Lambda)

(troughs) cruad i ouillsia (Crests)  gwied (o dilud) oo 1(L) (gl Jodall *
i) a5 ok 5 pallia

* Frequency (v): Number of waves that occurs in a given amount of
time. (v Nu)

(0 Nu) Aisne dia )5 i 8 aad il cilasall 220 58 () 3l *

Wavelength (1)

m. (o
Vo \J

Trough

Amplitude
—_—

wavelength (1)

* Wavenumber (y): Is the number of waves in one centimeter of light in
a given wavelength; the reciprocal of the wavelength.

Ay Ommada e Joha e gl eaaly jiladiin 8 Clasall 2o 8 (7)) i sal) daadi®
>l Jshall o gl
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16 yuim sall 13g Aalaiall ALY) Ja die dage A CB gaill

1 m (U) =102 cm (Uiediv) — [1 cm =102 m].
1m=10° pm (Jixs i) — [1 um=10°m].

1 m=10° nm (i 5l) — [1 nm=10°m].
1 m =10 AP (a5 siusil) — [1 A =10 m].

*EX. An FM radio station broadcasts at a frequency of (91.5 *10° s1).
Calculate the wavelength of the radio waves in m, cm, nm, and A°.

Q\A}A @).A\ d#\ s (915 *106 S'l) aJ\.ﬁ.a J.JJEQ&:’_L\J." FM ﬁd\)&u :&*
e}‘)m‘}‘):\AJJL\cﬂj)&ucem$)m\3hyhyé‘)”w\ol%

C = A * VU
(2.99 * 108 m/s) = A * (91.5 *10° s1)
A=3.27m

AEL 3l sl IR (e (5 AY) lan 1l oo sl shall Fadl s Y1

3.27m* (1*102cm/ 1 m) = 3.27 * 102 cm
3.27 m* (1*10% um/ 1 m) = 3.27 * 10° um
3.27 m* (1*10° nm/ 1 m) = 3.27 * 10° fifi
3.27m* (1*10° A°/ 1 m) = 3.27 * 10%° A8

*EX. The radiation emitted from the sodium vapor lamp has a wavelength

of 589 nm, what is its frequency.

$o23 5

Aoy O 58 (Gadai e 5 ¢ el () yie iUl (e o gal) Jgall dal Jgad W) il )
.J.J)'ﬂ\ C\)ilu:‘)[ ¢s guall

589 nm * (1 m/ 1*10° nm) = 589*10° m

v=(C/A) = (3*10® m.sec?) / (589 * 10° m) — v =5.09 * 10** Sec™*

10
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*Ex: Calculate the wavelength of electromagnetic waves that have the
following frequencies of 1.5 kHz, 18 MHz, and 22 GHz.

SLEY, 0 A culaa 3l Ll Apasdalina 5 56U s pall o gl J ol a1 Jlia
oa s YY 5 3 laaa YA 3 e

Bl Gana aad o8 5 (3%108 M/S) Al ¢ gl de o o amy () ST ) sl
(s1) Al aslia o (HZ) 55ed) sas s () laa il IS Jad o) amgy . J) sl

A =S =3x107& _ 0
_ 105 m
D 1500 Hz=

_E 3}:1035%
A O 18xlofHz 1667 m

_ < 3::-:1'3’3SE

V- 22x10° Hz'_' 0.0136 m

* H.W (1). Find the wavelength of a radio wave with a frequency of
900 kHz.  (c=2.99*108 m.s™) (Ans. 332 m).

* H.W (2). Find the wavelength of a radio wave with a frequency of
90 MHz. (c=2.99*10% m.s™) (Ans. 3.32 m).

* H.W (3). Find the frequency of a wave, which has a wavelength of
(0.05cm). (c=2.99*10% m.s?) (Ans. 598*10° s or Hz).

* HW (4) UV. Radiation has a wavelength of about 330nm. How
much energy, in Joules, does a photon of UV light transfer?.
(c=2.99*%10% m.s?). (Ans. 6%101° J)

11
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Laay 5 g Lgtla 8ol ) camen 45 pa ¢ omunalina 5 5 SI) caplall (glalia (o olial J &%
Led Al (Radio Waves) & sl il 4xil) 6 Jlal) (e ¢ sall Jshall sl Jilaally 5
Micro ) 4 Sl daiy) ~ «(Radar) )3 & ¢ o 9 Jsha el gan 5 Jil g ddla J8)
Visible ) el ¢ guall 423l 25 ¢(Infra-Red) ¢l el coad a2 iV 5 (Waves
Al a3 o(X-Rays) i) 23N 5 ¢(Ultra violet) duswiidl (358 423Y) &3 ¢(Light
Dbl (e JE5 Laie  (Cosmic Rays) 4580 423911 80 5 «(Gamma Rays) WS
Jsdall Ja 5 aa il g A8Ual) ala 35 (A S0 A ) o) caaal) () (A gl S A (e 1)

OSally Sall 5 o sall
Froquency and anergy i -
3x10* 3x10* 3 x10'° 3x10% 3x10M 310" 3%10™ 310 ax10%
| | | | | | | I 1 | | | | | 1
R Wives Radar Microwaves Infrared Ukrrviolet Herayrn Gamma rays Conmic reys
I | | | I | | I I | 1 I | 1 I
10° 1 10t 10~ 10 107" 107" 1w ™

incroases

Visible light

i g 53 5 yal) 5l Ayl 5 BY1 Y eyl Aiidll oo S US4 Liegy Lt
L@.LA.;ASJPJAM u\)r}“u«acu\jl\ h_q:dal\

s Y saw (e () (el caphall A gall ) g oW e gy oLl (K S Ja Ay
> Jsbaie Jysaua Aol z a8 JS o) Sua (750 nm) ) (400 M) e A gall
o L Jaatilly e LS5 ¢ama

(Violet) il ¢y 5lll (400-450 nm) (s
(Blue) au¥ ol (450-500 nm) ¢
(Green) =3 o5l (500-570 nm) =

( ) sa=aY) ol ( nm) ¢ .
( ) Sl ol nm) ¢
(Red) =¥ 541l (610-700 nm) ¢ .

400 450 500 550 600 650 750

,-I.O M_14J

Ultraviolet
(W)

Infrared
(IR)

12
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Photoelectric Effect PR YP- P BYLN | g¥ii

Photoelectric effect is the emission of electrons from the metal surface
when light incidents on its surface.
L slg s aie Guaall gl (e il g RIY) Eilanil 5 jalla oo :opdgudag g8l pilal) o
Aahu e ¢ gl
This effect is used in many devices, including TV, cameras, camcorders,
and night vision viewers.
5a2ill el S g il aalS g (5 300 QU3 8 Lay ¢ 3 3gaY) (o paadl & 5l 128 aniinny o
ALl Ay 0 alalia
In 1887, Heinrich Hertz discovered that when electromagnetic radiation
(photons) incidents on a clean, metal surface, electrons are emitted from
the surface.
Lnlaling 5 Sl CleleiY) aii loaie 4l 35 G ld CaiS) ¢ YVAAY ol e
el 138 o (e L g IV Canai ¢ Cadal Sara o e (il g1 6all)
Some of the incident photons enter the surface of the metal, collide with atoms
of the metal, and are totally absorbed.
Lgmabiaiial 2y g ¢ (arall il 53 e aslialiy ¢ Garall pdass () 3350 51 53 g8l Gamy JAT o
RN
Some of the incident photons give their energy to an electron. If the
absorbed energy was great enough, then electrons break free from the
atom.
b 3 s Y Lgila daed Gasall rhas o Ada8L) 5l A8l ) s 53l ylany o
il g SISV G ¢3S Lay B S 5 SiSIVT J (e daiaal) ddlhall culS 136 el
B (s

e b giw aie (Intense Red Light) dalladl 5280 63 yaal) ¢ guzall olial JEI) Jaay o
Blue ) G Y ¢ ==l L «(no particles emitted) <l s SV Guauii o Gasall mlas
Lower ) 4kl s de o Sy SV Silail ) (3) Ganall mhass e 4k siu vie (Light
o i 2o (UIEFAVIOIE Cigh) EESSEIIGE 7oy - 5= L (Speed Electrons
BGHY) “lle e o s amall andais (e il g IV Gllail (A i el s e

(

e guall A8l g 23 35 (5 9<) Lanind (a8l g Jadldl ¢ gucall 33 38 102 gy CODEAY) 3R o)) o

e 83 g sall 3N 81 65 30 8 65 A (e 5 IV jail AUy (o) Aal g Ladll)

AAS 5 8y L) ¢ guiall A8l ) 55 Lanie Ly il g SOV o S o((parnel) ek
Samai g) ) el g SIS (8 eld B il b 568 (g Gamall dane <l )b (g S el

Intens= red OBoght Elue OBght T Urawicolet light

S W
e i particies = O ecicctrse

T ———— mmatertal
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*Phillip von Leonard, an assistant of Hertz, showed that for each

surface material, there is a Critical Frequency or Threshold frequency

(Y0)-

oy gald 03 3 @lin ¢ gaae s JST a0l yelal ¢ 3 aclise (3 U gl () 68 quali
Y G ail saale 20 il 13e eyl (Sans . (y0) Aiad) 2358 g el 23 Al

*(yo): Is the frequency required for releasing the electron from the surface

of metal without providing it with any Kinetic energy.

AS o A (5h o5 35 (50 amall b (e (g SISIY) gl sllaall 2 i) s () *
* (yo0): Is defined as the minimum frequency of light, which causes
electrons to be emitted from a metal surface.

s (e 5 ST Clni) sy (2 ¢ suall 3 53 (e (3N aadl Ay (i sy 2 (y0) *
(e

*The practical results of Hertz are as follows:-
- 1o LaS (A FH gt ibaad) milill)

1- The number of electrons emitted from metal depends on the intensity

and frequency of incident light.

2- The maximum Kinetic energy (KEmax) of the emitted electrons depends
on the frequency of the incident light and is independent of the intensity.
2033 55 g BBl ¢ gudall Bad o (amall prdaa (pa Aiaial) cilig STy dae aqiad -
b (pe daial) iy SSY (KEMax) . galll gl paliad) 48 jad) 48Ual) aaiad - ¥

JERE o BN o LiLL) ¢ gl B e Gl

*Max Planck postulated that a beam of light consists of a collection of
discrete packets of energy called photons. Each photon contains an

amount of energy E given by the by the equation (4).
st A8 (e Aliaiia o (e e gane (o (5S¢ gadall plad O Sl uSle (j2a sl ®

(4) Usladl) dassl 5 Blane E A8l (e 408 e 5368 JS (5 simy, <l i sl

Ephoton = h*‘l) .................... (4)
14
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Kinetic Energy of photons wversus Frequency of light

Slope of Line gives
Planck's constant h

Freguency
Threshold Freguency Yo

1 \
WVivork Function W,

Odmall mdas (e 3 adall Sl g S (KE) 4 al) A8Uall ¢ A8Mal) (i o3l ) G *
adais o)) Y () ) s Ao Ll ¢ gl 23 55 (X)L saall iy L (Y) s
(e ade J gaall (Kasd (h, Planck’s constant) <l <ull Wl (W) Jail) dls 2

odle ) Akadll 38 Je

* (Work Function), Wo: Is the energy required for releasing (removing)

the electron from the surface of metal without providing it with any

Kinetic energy. The equation (5).

093 Oanall b (e (5 HBSIY) (A13) 6l) L yail Al 53U 48U o (W) Jadd) Adla *
(5) iy Alabae ¢ ana rhans SV AL Ao o 5 A8 Al gl onys 38

Akl S LS ¢l mlas e 53 g gall 301 31 g 8 68 Jasi ya oy 5 SSIYI IS LalS *
(Ralle Jad Al ) 2l (o) addle L 4l 3 4 3D

s ) Jsaiin Acailal) A8l ol Jacdl) 3 e o) d8Ua Tl ¢ 6568l S 13 *
A gy )y LalS A )3 Chmiay Jadi a5 STV (S Ll )yl () pSSIOTAS o
A8 Al lae s (3l

35 el Al Caa o) BV 8 (m yib) g A8 Lads Tane (i) (guda

O iy Ol (0 s ST o Aiall il Lalad (5 sbuse Jaliall () 53 sdl) a3 53 ()< 131
Ol o

2 138 A ja ABla ) J gaty Gamal) o e LBl ) 65 6all d8Ua (e i) ) Lag
anle L) () 65 58l Adla Jalad & Gamall e () patiall (5 3T A jall A8l )
(6) Ualre ¢(Cy5 SV a3 5l A5V e 3D A8Uall) Jdd) 4113 e - 5 ke
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e gpuall 23 5 G aand gl 5 (Al ¢(8) Aabas e J geandl WilSal (7) Aabas s i g *

sl Jeani (B) Alola (b Lguimy 523 i 5 ¢ 2 MHV2 ) (5o (o8 B8 al) 8Ll () Lag
O ASWYIAES o (M) o) Lo e WS 5 o Jalll Alag

(Y0) Aiadl 2355 (A) 05880 (o sall Jshall 5 ¢((C) ¢ saall e yuus (V) Ganall

1 m*v2 = hx S —h *Y0 e (11)
2 A

3355 Ot o3 il 5 ¢(13) ibas i €(12) il e o (1) A iy g *
(V) Loadall 05 SN de jug (A) B8l ¢ guall o gall J ghall 5 (70) Autial)

C 1 k. T2 (12)
* =hx— — — m™ vV

h *7Yo * >

Fonrd
vo= € _ IV e 13)

A 2h

Jogaal) @1 ALY Calial) () gildl) Jada Jakh | aSia 4y gllaa sl LgdS CBLELEY) ;ABiaa o
,J\M\gég‘glhd\

Note:- The energy units are (Joule or erq), (Joule.mol? or erq.mol?),

(e.v electron volt, where 1 e.v =1.6022*101° J).

(s ) sl (s Jsa) ) (@) ) (Usa) =0 A8l Cilaa g sAdiadle o
(s M) % )T XY = g o Y S o el 5 S
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Ex (1):When light of a wavelength of (125 nm) strikes a certain metal,
electrons having a velocity of (8.2 x 10° m/s ) are emitted from the
surface of the metal. What is the threshold frequency of the metal?.

Caaail ¢ (pae Gdmay (e s VYO ) o jlada da se Jgdar ¢ guin paaiay Laaie3(V) JLa
Somall ddie 20 5 g8 La, Qaral) rhans e (@ /2 Vo7 X AL Y) Aoy il g ST

Adiall 2355 5 a5 (V) 4e pudl 5 (L) (o>l shall o 53 52 sall 3Ldanall sl gl

(Yo)
s gl o sl Jgall 5 () Atiall 23 5 G Ty 5 Al 5 ¢(13) Adataal) Jariad Aile
(Ui silill) Bas 5 e (o sall shall g dmy (V) sl o5 58SV Ae g (A) sl

(Se) Y
vo= C _ MV (13)
A 2h
- 2
3*10% m/s (9.109 x 107! Kg) * (8.2 x 10° m/s)
Yo— = -
125%107 m (2) * (6.626 X 10734 J.s)

yo=[2.4 X 1015 1] — [4.6219 X 101 5]
vo =1.94 x 1015 51 or Hz

ad Jsall Ol (i ) ") 3as 50 el dagiill Caual (o€ eclan gl dpally jABadle o
GELEY) BaaY as sl ke Cisla (oS 48 jaals ((Kg * M2 * Sec?) a5 o3l 52
R

% J =Kg*m?*Sec? = g*cm?*sec?

E = mc?
E = Kg. (m.s1)?
E = Kg. m2.s?

So1lJ = Kg. m?s?
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* EX (2): An experimenter finds that no photo electrons are emitted from
tungsten unless the wavelength of light is less than (270 nm). However, in
order to carry out her experiment she needs to produce photo electrons with a
maximum Kinetic energy Kmax=2.0 eV. What frequency of light should be
used to illuminate the tungsten?.

Aase Jsba GLSIA) Y atill (e A4 gm LS g i) Cuanii W Al pfialil) aad aa g !Y!d&n*
g S L) ) zling ¢ 4y jad o) ya) dal e e dld aay, (lagild YV 4) G Ji1 ¢ gl
selial M\Jilw\&._\;:atng:ﬂ\ ¢ saall 23 yi e (Kmax = 2.0 eV) ¢ s<b A jn Adldh G A g

SOl

Gl o ) (55 6dll Al (55 () caldaty ¢ GSEl (e A3 gt g SN 2L G sl gad)
1513 (W) ¢nil Jactl) A 28U ¢y 5l 48 (5 5L () omy ) il ) 03 pa S
(KEmax) soaiall (5 5SIU A4S jall 48k

Ephoton = Wo + KEmax

) (0555l o puall ABUa Bl glone DA Cpa I3y o inll Jactl) Al ol can 130 *
Sl 83a s ) o pall Jslall ipai cim s eJioll Al (i il YV o) o sall 4l sha

Wo =hx E
Wo=h*y —> A

( 6.626x107J-s) = ( 3x10° m.s™! )
Wo = =7.36*101J
(270 * 10-° m)

o L 35 o gall (N b 5 550 oy a A pn A o i) A Jgnd (Y15 %
Al ) sSi 4)le 5 (1.6022%102° Joule)

KEmax = 2.0 e.v * 1.6022% 10 Joule
= 3.2 *10' Joule

Ossll il e Joantd oJall Aylay 8 Wl S0 i) Alotaall 1) 2 g (Y1
Ephoton = (7.36 * 1019 J) + (3.2 * 10° J) = 10.56 * 10™° J
E=h*y — y=(E/h) 2351 Al e YV
v =(10.56 * 10° J) / (6.626 * 103 J.s)
y=1.59 * 10 st or Hz
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Ex (3): Electrons are emitted with zero velocities from metal surface
when exposed to radiation of wavelength 6800 A°. Calculate vo & W.

(WO) Jal) U\J} ‘(VO) 4_1:\,J\ A 5 | '(?-5-).; SO TA ~) oJ\JjA > d)_i:u

Sal) Bas g I a9 Sl Bas g G (A gall Jglall J g s gl

L= 6800 A° = 6800x107°m = 6.8x107" m

adla (g gl Tl (55 gdll A8Ua () San 1368 ¢ jhia & (s SSIDLAS jal) A8l o) Lay *
[Wo=h* (c/h)] J=&ll

6.626x107%4J-5 ) » ( 3x10% m.s"!
( )

Wo = =2.023x10°1°J
6.8x107 m
Wo 2.923x1071°J
Yo = = = 4.41%10 sec! or Hz
h ( 6.626x10J-5)

EX (4): When electromagnetic radiation of wavelength (300 nm) falls on the surface

of sodium, electrons are emitted with a kinetic energy of (1.68 * 10° J/mol). What is

the minimum energy needed to remove an electron from sodium? What is the

maximum wavelength that will cause a photoelectron to be emitted?

il 5 IV b ca s saal) rme o (e (Lagild Wov) (s U o s aby Lanie (%) Juia®

a5 sall (e 05 IV Al 5Y Lealiag d8a B8 8 Le ¢(1.68%10% J/mol) W jlaie 4 ja ddlay Canys
Sl sy o2 50 Jsb plae ) 58 Lo

1 sl

E=hv=hc/AL

E=(6.626 * 1073* J.s) * (3 * 10® m.s) / (300 * 10° m) = 6.626x107%° J

Therefore, The energy of one mole of photons

E =(6.626 * 1071° J) * (6.022 * 102 mole™)

E =3.99 * 10° J/mole

The minimum energy needed to remove one mole of electrons from sodium

Emin= (3.99 — 1.68)10° J/mole = 2.31x10° J/mole

The minimum energy for one electron

Emin = (2.31 * 10° J/mole) / (6.022 * 10 mole™?)

Emin=3.84x107° J

This corresponds to the wavelength

’=hc/E
L =(6.626*103Js)* (3* 108 m.s?t)/ (3.84*107°))
A=517 nm
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Ex (5): A proton of wavelength (400 nm) strikes metal surface. The
electrons are ejected with velocity (5.85 x 10° m/s). Calculate minimum
energy required to remove electron from metal surface.

Cliadl e e o (Ule il €00 ) o laBe da sa Jsday 0555 0 1(0) Jltia®
O AT AU 3Y A B ol (/%) + X 0,A0) ey (yaadll zelans (30 5 TN

Ol a4

Given:- (L =400 nm) , Velocity (V) =5.85 x 10° m.s*!
C=vi

(3* 108 m.st) =y * (400 * 10 m)

So y=17.5%10" storHz

Now E=h*y =(6.626* 1034 J:s) * (7.5* 10% s?)
E=45 x10%°J

Kinetic Energy of Electron =1/2 mv?

K.E.=0.5*9.1* 103 Kg * (5.85 * 10° m.s )2
K.E.=15.57 x10%° ] or (Kg.m?.s2)

AL lapeanll A0 GEUAYI (5 gl (Jinil s 28U ¢y S s 35 () (SSna AL B

O3 SIS jal) 48l Leia & 5 yhase
Min. Energy = 45 x102° J - 15.57 x10° J = 29.43 x10%° J

> H.W:- Calculate the maximum KEnmax (J) and velocity (m.sec?) of an

L)

electron ejected from zinc by a 275nm photon. (Wo0=4.31 e.v,
c=3*108 m.sec™?). Ans. (3.2%102°J, 2.65*10°m/s).

s H.W:- Calculate the maximum Kinetic energy (e.v) of an electron
ejected from silver by a 3.13*10%®Hz photon. (W=4.73 ev). Ans.
(8.22 e.v)
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