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Unit 1

Atomic Structure and Periodic
property of an Element

1.1Introduction

+¢* The philosophers of ancj reece wondered about the
composition of matters; r continuously divisible
into ever smallel s, QI is there an ultimate

G IPhe- 0 LT Pavenlii@m® PHAL; AL ap @l LFAA A
LI I\

¢ The Greek philosopher Democritus (460-370 BC)
suggested that if you divided matter into smaller and
smaller pieces, you would eventually end up with tiny,
indestructible particles called atomos, or "atoms", meaning
"indivisible".
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1.2Dalton Atomic Theory and The modern Atomic Theor

+¢ Scientific laws usually develop based on previous scientific
findings. The laws that a e basis for Dalton's atomic
theory are the law of co tion of mass and the law of
definite proportion

. AT T4 TOII°
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%rzat_ on of mé Law
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CLGAE PICT AL TPE AL P TU-= NAD- - hOh APmé-
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+¢ Dalton proved that these laws are entirely reasonable if the
elements are composed of tiny particles, which he called
atoms.

SAT7 hAL PAT ALTAR AT €0 AhAT AL h(¢ &0 AhAT
1L 3 NARI° aod.mC AAVE D (1Ae LIC LT Q=P & I° SAT7
ALTAR A1 T7 ehhthA N NG NAT eHhtAo7 ALTAR hel
ALTGA AU~ £9° AL7AR IPANIPET (AT ¢ Arav AT

%ﬂ’s Atomic Theory are

called atoms.

+¢ The basic postulates of
summarized as follows

1.All elements are me

U-A-9° eleny -4 2.8-@%7 element

¢wd.m- .Q».Q'C.’E'
2.Ato
Ah-f- 9o

p 1nd1V1

A ’70~

dtOITMS O

Ve CTF D+ T an™ 1™ T m-::

4-Atoms are neither created nor destroyed in chemical reactions.
A27° M7 LhAR &Nd- LH. A8 M4 I° Ah&4.m¢-I° =

5-Compounds are formed when atoms of more than one element
combine.
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¢ than about the internal structure of atoms. The modern
theories about the physical structure of atoms did not begin
until J.J. Thomson discovered the electron in 1897.

GAT7 AH SR D At-TIR 104 A7 AOP T4 (1LFLI° 7IC 17
TGk A ARI° O A@PPC 17HNL? P7LAT AATNCIC =
LARTI® A2I° NAAT ARTOT IC ATLT ATLTLPY L an A&
AL P1hd-A= LU HDGR A2T9R 104 SoT7 LAht I Fo-7
CAI° @ NNR ao PP PTLLEACL- (LU AHY NP @ H-
h-Sa-7 a1 (21 A €10 A ri’«?F CURE V5217 A7L

N9t Nao b I° 7®H

Describe the limitations of Dalton’s atomic theory.

1.
2. Explain the postulates of the modern atomic theory.
3. List the three fundamental laws of chemistry.
4. How does the modern atomic theory explain the three fundamental laws
of chemistry?
" v T

1. In the following drawing, the green spheres represent
atoms of a certain element. The purple spheres
representatoms of another element. If the spheres of
different elements touch, they are part of a single unit of a
compound.The following chemical change represented by
these spheres may violate one of the ideas of Dalton’s
atomic theory.Which one?
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2. Which postulate of Dalton’s theory is consistent with the
following observation concerning the weights of reactants and

products? When 100 grams (“d calciumcarbonate is heated,

44 grams of carbon dioxide

produced.

3. Identify

followin
dioxide j

orams of calcium oxide are

Compound Description Mass of Carbon  Mass of Hydrogen
X clear, colorless, liquid with strong odor 1.776 g 0.148¢g
¥ clear, colorless, liquid with strong odor 1974 ¢ 0.329g
U7 clear, colorless, liquid with strong odor 7.812¢g 0.651g

Do these data provide example(s) of the law of definite

proportions, the law of multiple proportions, neither, or both?
What do these data tell you about compounds X, Y, and Z7?

Answer Key
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1. The starting materials consist of one green sphere and two

purple spheres. The products consist of two green spheres and
two purple spheres. This violates Dalton’s postulate that that
atoms are not created during a chemical change, but are merely
redistributed.

3. This statement violates Dalton’s fourth postulate: In a given

compound, the numbers of atoms of each type (and thus also the

percentage) always have the same ratio.

es the atoms

1.3Early Discoveries to char

1.3.1 Discoveries 0f Flg

Cathode Ra:

Entrance® @ 0

15. W of the f
cathodefays experi

A.ele
Bdaie 0

OIS

C.nucleus
D.protons
Answer = A

¢ One of the first experiments on subatomic particles was
carried out by the English physicist J.J. Thomson in 1897.
Figure 1.1 shows an experimental apparatus similar to the
one used by Thomson. In this apparatus, two electrodes

10
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¢+ D.contain particles, which are positively charged
Explanation:

Cathode rays - travel in straight lines from anode to cathode
contain negatively charged particles found in all matter

Answer = d

¢ After the cathode rays leave the negative electrode, they
move toward the anode, where some rays pass through a
hole to form a beam (Fi 1).

T To vacuum
' pump

Electrically
charged plates

il
High voltage

Figure 1.1: Formation of cathode rays

2y cathode ray hA® NI°NA A7LI°FavAh-k+ @£ anode h-7H
4 A A9 2E endCT 7R $99 @0 PA4G T A

ao 187 CTLAHG HC @ LAVT el &0 BV el 1D
Beam ¢7LA@-::

12
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+¢ This beam bends away from the negatively charged plate
and toward the positively charged plate.

U777 LT LA end.C £719° N'FHD- hAS Nhed 311 FCP: hFHo-
ha- T Qh-d FH--Al FCP ¢2H €0 AhA A7S.5C A4 LU
end.C(beam) NATHY ROANAT aohhd “FIAG: (LB avC el 4 DL
T HEAl FCE. an(NC T avd, =

What did Thomson conclude from this observation?

g7 Aoy &TAA hA7? end. T 3] FCE ao G ¢y Y-

consists of a beam of negatively charged particles (or
electrons) and that electrons are constituents of all matter.

PN L1° 1011 FCE: OH4-mlé @ end.é ANt &0 Ahd
170 @ LN N end.C @0 2I5Al FCE: 2H P71 L16 ©
PLAD Tk apM? AHI® .2 I°177 Cathode ray N2 N0 (13- AL
Q)3 NN I T hd T ATLI°FavAh-kt av-nd- (14

13
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fell under the influence of gravity. Based on careful
experiments, Millikan established the charge on an electron as
e-1.602 x 10-19 C. He used this value and Thomson's
mass/charge ratio to calculate an electron's mass to be 9.109 x
10-31 kg.

Thomson charge to mass ratio 7 #7177 @- cathode ray Na.Ah<Zh
AT (77°1s-1:h 40L& (17°7 LU anm™7 L0NE-O $TLAD@7 hd9
N4 A 7@+ = ¢HU ratio eem79® 5.686 x 10-12 kgC-1 (kilograms
per coulomb)y@- 217 U J.J. on $LNA@ AL :0 T ¢TI
ap M7 RO-7 AATTI° 5 01 ao M1k NThEAD- T°%

PUA oo’y A }:Qwa‘m(\ay

x e=-5.686 x 107" kg C' x —1.602x107" C

> F A

m,

m, =
¢
e

=0.109 x 107" kg

TUTT LT ATAE

OHY A% 1 QA 8V ¢701 ooy €O AAD- “IAT (1T QL8077
avm RO+ NACTINT 777 NRTC aoV1C T A

1.3.2 Radioactivity and the Discovery of the Nucleus

Radioactivity

15
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36. Which of the following types of rays combine to form atoms

of Helium?
A.gamma rays
B.beta
C.alpha
D.X-ray
Explanation:
alpha particle is a positively charged nuclear particle, consisting
of two protons bound to two ns.

a particles are produced w atom are completely ionized
to give He2+ ion.

% Betg
the

DA

Vs, or 3 1

leus al. e

Betafpatticle £77.04

e'®electrons coming inside
gatively €hdrged

Entrance 2007

6. Of the three types of radioactivity characterized by
Rutherford, which of the following are particles?

A.gama-rays

B. (3-rays

17
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¢ Thomson proposed a "plum-pudding" model (Figure 1.4)
for the atom in which the electrons and protons were
randomly distributed in a positively charged cloud like
plums in a pudding.

l.ead block

Radioactive substance

Figure 1.3: Three types of ray emitted by radioactive elements

v

@ NT PAT D APLTQav T I°7% Lav1Ad P LA®-7 model

AHD B4 = 2V 9°£4A plum pudding model £0AA =

AP Qao NF@-I° Ah A7 chlch-(I(watermelon ) 7@-: ch-lchN
@ T TPPY U F GbP T A hH L9° ¢ 2 ¢7UNAD- hTA
LAD- (U7 &P FE NPe @o0T 1rmn@-(embedded) vy -
L1%E A =Ah ATLHU AANTCT T ATL 62 ¢ hed L19°
A7L THLA FCP evrs Thomson LA@- AANTCT T NI HAAAL
FCP 01PH AA(sphere) @o-T TFm@ B1F A CTLA 1@-=A7 L

_—_— T
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thomson 1A& htr? AAKTCT T A 1M CF AT WYL C T
A=9° A7RC 2000 ATe L1+ Nap P S F @+ 1o+ =

Negative electron “plums”

Positive “pudding”

20
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AL ¢ alpha particle 2 7 A¢: 200 A= A7G72E P70
AP T Idere @& 1T NJ anap A\l @ ap 4. i

Thin gold foil

Source of Beam of

particles  particles Deflected particles  Positively charged nucleus

L]
o

undeflected particles

Lead container Atoms of gold

(a) Fluorescent screen (b)
Figure 1.5: (a) a-particles aimed at a piece of gold foil, (b) Magnified view of

a-particles passing through and being deflected by nuclei

OAHU h
CanP.av -

1%
hALg
he-dY @
g 46
7

2 G - ATGTLE PUALp T AMI° T ATA FANEPAE LU
QA+ ¢ alpha particle 7 H A+ 8C ¢TLAA 15T A-I° @0 T
FETZA TN 1= 8N AUT CTLTAD Lo19° (VA ao- @1
i FCET +mIVto- NTLTVHOT N 00T Yo A7S.0-9°
(LONE L29° htJeps) T NJ ACLk 1@ CTULST = &N CTLEeAPT
£°19° h alpha particle JC tav1Q @ ¢t FCP:
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Answer = C

1.3.3 Discovery of the Neutron

+¢ The neutron was also discovered by alpha-particle
scattering experiments. When beryllium metal is irradiated
with alpha rays, a strongly penetrating radiation is obtained
from the metal. In 1932 the British physicist James
Chadwick (1891- 1974) showed that this penetrating
radiation consists of neu particles, called neutrons. The
neutron is a nuclear par aving a mass almost identical
to that of the proto Yanue 2lectric charge. The mass

67493 )< 16 “\ , is about 1840

elec

mass offa

James Clia@wick ¢ T°hd@ aJ;pha particlt P
¢ T\ ioactiv’ ac Bej mrn ~‘l~é,-'1~ h&C
alphagpaificle @£ ' ‘amm A.Q’Z\'lu/hﬁ..?’i 03, T

nge Rl - 25 27 ) 145 X%

{ Bel + He; — 12C + n}

£y hheny JC eHé.mdo-7 771 (1 Detector “7A-1-9° s8a1.6- ¢
sELGL AL -ve § + ve FCP CANT @07 (LA &h P70 T
IPI° A8 an (NG AANLIC = SN TIAT FCP: AAO 71C 17 (-
aomy &0 CAD P70 ao 7% 4558 HI° P71 Neutron (n0)
1= ¢ ap - ==

1.4 Make-up of the Nucleus

24
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70 DAV Adao.®(calculations ) 2L A7S.mPI° 7t RTC
O TAP RTC AZRCTH(@h@yT) BPav A= LU £ TC Atomic
mass unit(amu) LAAA:: 2UI° lamu PA7L C-12 At 9I° avmi kN
1/12 § ¢79l.ohd 1@+ =Y @h® €TC AT70% T ¢ subatomic
particle eom’ &0 'FAP RTC @ 1A& LFAATC27 Wi TFC7
IC Nzo-hAn @07 815 A=

Table 1.1: Properties of subatomic particles

Particle  Actual mass (kg) Relative mass Actual charge Relative

(amu) (C) charge
Proton (p) 1.672622 x 10¥ 1.007276 1.602 x 10" +1
Neutron (n) !-674927 x 10 1.008665 0 0
Electron (e) 9-109383 x 107" 5.485799 x 10°*  -1.602 x 0" -1
e

~3th

-
element ber of
0 its g

the nucleus of an atom is its mass number (A). The mass
number and atomic number of an element X are often
written with the symbol,

ARTIR RTC(Z) AR 7T TIC Ah A28 Tk 1< 82U AT
A7e (1@ N @en, hA AT IC a8 7970 AT Lo
ALTAIC: Ah ATLHD- 7T 11C T ¢1H040T €Lk At I° T
Tao1 @ €1y atomic number (Z) &5 FPA: LU hAUT A7
OT P70t PAD TTLYIC aoN1d-t AheTAI° = NATR< £19°

26
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hhAe T 774 11C hiO4<OTF o« At-9° T IC TanAAA S €U atomic

number LA@+ Af-I° A1 AL TAI® = ATPAA-PAhNE7 7T 11C
hAhOB7 Af-I° €1 1@ eANNSY AR I° ARTTIR £ T¢ 8
Y- hAhNB7 A- T @en, BU7 AR-“9R RTC ¢LPH A-I°
PAIC: ATG0-9° LU AT €TC hTC7 RTC IC Ahrd

10 EAAT @« £19° A TTR aom’ kN(Atomic mass number -A)
PI°TA D VAP ao- @AT L CU-ATI° P70 av kN &I°C
- &Y QAT CTCA7 anni R0 + CAMNTCY anm RO+
CLOTC7 aom €O “INT 7 C 17 CANDTCY an? €N
NNI° 1710 hao k- €11 ) &M y@-:=AH Atomic
mass=Proton +Neutrc H

1.4.2 AtomgigViass arlds Sotopgh :

“* All gt@ims of an entjage iden 'c,aljin atomidm@mber but

nof iffmass nu ) otgpes ﬁfedlreﬁnent are @toms that
differentt Kﬁéutro different¥indss

bers. For example - all*carbeasatoms have six¥protons

iifthe [ =6) Dt 5.609% 0 1]

OCCUIT1NE6 . I i.the

1c1eus

n
the nucleus (A13), and even fewer (less than 0.01%) have
eight (A14). Hence, carbon has three naturally occurring
isotopes: 12C, 13C, and 14C.

= = C ) C C C 0 .v- CVC -l '

27
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ATHE @ 7T 716 CALOET PAPA 1@+ AH.D AL P o-
LMD T L NATE 7T 116 @OT C1TALE ap’? O CAT -
AT (ALORZT) CTUTR WY PAYL Tl 1IC mPAA apmy -0
NA7E RTC A7ST NP aoT LFAN? C7LAD-7 1D+ ap AT
CILU Y@« CU-A7I° €T 114 At I° T aony RO AL R TC
Navd.A°1 1@< =80 ATTNE N17E.A° 17 ALY 7S 7T 11C

ALOE 2T (AN oo 17 (abundance ) NAAA A9ThS OAF @0 T
Abundance “1010t SCNGA=OAEI® ATLTLhTAD LTHGA

A=A1f1 +A2f2 +A
A=AmFPAL A9 av

Al=¢h7
f1= hen nn'}r‘r

....TAnfn

ﬁ& M\

There are two naturally occurring 1sotopes of silver. Isotope ""Ag (106.90509

!:.\anlpte 1.2

amu) accounts for 51.84% of the total abundance, and isotope '"Ag

(108.90476) accounts for the remaining 48.16%. Calculate the atomic mass

of silver?

Solution:

Find the portion of the atomic mass from each isotope:

Portion of atomic mass from '""’Ag: = isotopic mass x fractional abundance
= 106.90509 amu x 0.5184 = 55.42 amu

Portion of atomic mass from "“Ag: = 108.90476 amu x 0.4816 = 52.45 amu

Find the atomic mass of silver:

Atomic mass of Ag = 55.42 amu + 52.45 amu = 107.87 amu

Entrance 2012
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8.Sliver (Z=47) has several known isotopes, but two occur
naturally, 107Ag and 109 Ag. Given the following mass
spectrometric data, calculate the atomic mass of Ag

Isotope Mass(amu) Abundance (%)
107pg 106.90509 54.84
19ag 108.90476 48.16

e N

A.108.9 amu B.107.94 amu™€E™07.4 amu D.107.86 amu

Explanation

Atomic mass = A, f; + Ay f;

108.90476 X
100 T 100

= 106.90509 X = 107.87amu

Answer =D

30
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1. How many protons and neutrons are in the nucleus of each of the

following atoms?

a. 1Al b. s c. $4Zn d. pb

2. Element X is toxic to humans in high concentration but essential to
life at low concentrations. It has four naturally occurring isotopes that
contain 24 protons. Identify element X and give the atomic symbol for
the isotopes with 26, 28, 29, and 30 neutrons.

3. Naturally occurring boron consists of two isotopes, ''B and "B, with
the isotopic masses 10.013 amu and 11.009 amu, respectively. The
observed atomic mass of boron is 10.811 amu. Calculate the abundance
of each isotope

4. The two naturally occurring isotopes of lithium, lithium-6 and lithium-7,
have masses of 6.01512 amu and 7.01600 amu, respectively. Which of

these two occurs in greater abundance?

average atomic mass of the e s X?
A.10.812 B.10.211 C.10.521 D.10.125

Explanation: Average atomic mass = A;F; + A2F2 =10.013 x
19.9/100 + 11.01 x 80.1 = 10.812 amu

Answer = a

Teacher's Mind
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5. The existence of isotopes violates one of the original ideas of
Dalton’s atomic theory. Which one?

6. How are electrons and protons similar? How are they
different?

7. How are protons and neutrons similar? How are they
different?

8. Predict and test the behavior of a particles fired at a “plum
pudding” model atom.

(a) Predict the paths take es that are fired at atoms

with a Thomsen.

ou ex » paths.

Explain w

(b) If o pasticles of
plum p@id@ing ato
lowerged€rgy o par

9. Piedict and tes
R d AtoIM [1e

(G
with a Rutherford atom model structure. Explain why you
expect the o particles to take these paths.

o fired at
om the

reasoning

Sfived at a

C U DAY cU dl dlU

(b) If a particles of higher energy than those in (a) are fired at
Rutherford atoms, predict how their paths will differ from the
lower-energy o particle paths. Explain your reasoning.

(c) Predict how the paths taken by the o particles will differ if
they are fired at Rutherford atoms of elements other than gold.

32
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What factor do you expect to cause this difference in paths, and

why?

10. In what way are isotopes of a given element always
different? In what way(s) are they always the same?

11. Write the symbol for each of the following ions:

(a) the ion with a 1+ charge, atomic number 55, and mass
number 133

(b) the ion with 54 electrons

otons, and 74 neutrons

(c) the ion with atomic s number 31, and a 3—

(d) the io ns utrO)Jns,

ft ing ions:
(a) th ' KEI__ectr ‘Z‘:}:l a mass ber of

nda3

(d) the ion with a 2+ charge, atomic number 38, and mass
number 87

16. Determine the number of protons, neutrons, and electrons in
the following isotopes that are used in medical diagnoses:

(a) atomic number 9, mass number 18, charge of 1-
(b) atomic number 43, mass number 99, charge of 7+

(c) atomic number 53, atomic mass number 131, charge of 1-

33
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(d) atomic number 81, atomic mass number 201, charge of 1+
(e) Name the elements in parts (a), (b), (c), and (d).

17. The following are properties of isotopes of two elements that
are essential in our diet. Determine the number of protons,
neutrons and electrons in each and name them.

(a) atomic number 26, mass number 58, charge of 2+
(b) atomic number 53, mass number 127, charge of 1-

ctrons, and neutrons in
isotopes:

18. Give the number of prot
neutral atoms of each o

(@) '9B
(b) 'goHg
(©) %Cu .
@ '2cC
(e) ;’Z Se

19. Give the number of protons, electrons, and neutrons in
neutral atoms of each of the following isotopes:

34
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(a) Li
125

(b) '5;Te

(0) '3 Ag

d) 5N

abundances (50.69% and 49. ere determined in earlier
experiments. Calculate the average atomic mass of bromine
based on these experiments.

24. Variations in average atomic mass may be observed for
elements obtained from different sources. Lithium

provides an example of this. The isotopic composition of lithium
from naturally occurring minerals is 7.5% 6Li and 92.5% 7Li,
which have masses of 6.01512 amu and 7.01600 amu,
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respectively. A commercial source of lithium,recycled from a
military source, was 3.75% 6Li (and the rest 7Li). Calculate the
average atomic mass values for each of these two sources.

25. The average atomic masses of some elements may vary,
depending upon the sources of their ores. Naturally occurring
boron consists of two isotopes with accurately known masses
(10B, 10.0129 amu and 11B, 11.0931 amu).The actual atomic
mass of boron can vary from 10.807 to 10.819, depending on
whether the mineral source i Turkey or the United States.
Calculate the percent abupé ading to the two values of

Xygen on
oteorites

element had identical properti€s, Tficluding mass. Thus, the
concept of isotopes, in which an element has different masses,
was a violation of the original idea. To account for the existence
of isotopes, the second postulate of his atomic theory was
modified to state that atoms of the same element must have
identical chemical properties.

7. Both are subatomic particles that reside in an atom’s nucleus.
Both have approximately the same mass. Protons are positively
charged, whereas neutrons are uncharged.
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(b) 52 protons, 52 electrons, 73 neutrons
(c) 47 protons, 47 electrons, 62 neutrons
(d) 7 protons, 7 electrons, 8 neutrons

(e) 15 protons, 15 electrons, 16 neutrons
23.79.904 amu

25. Turkey source: 0.2649 (of 10.0129 amu isotope); US source:
0.2537 (of 10.0129 amu isotope

1.5Electromagnetic RadiatiaN Atomic Spectra

1.5.1 Electrozaag

t consists
, an

WO
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very short wavelengths, in nanometers (nm), picometers
(pm), or angstrom (A). Frequency (v, Greek letter nu) is the
number of cycles the wave undergoes per second and is
expressed in units of 1/second (1/s; also called hertz, Hz).

¢ Wave has a speed which depends on the type of wave and
the nature of the medium through which it is traveling (for
example, air, water, or a vacuum). The speed (c) of a wave
is the product of its wavelength and its frequency:

C=hv

¢ In a vacuum, electr

es travel at 3 x 10 m/s,

?)\Q of light.

C<+- Wave length £0Aa::
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light wave ¢9°1-%- AL7 electromagnetic wave y@-:: sound

wave £°9° mechanical wave y@-:: Mechanical 0174 Aaot1-+AAG
eUtr AlAAS medium ¢7LEAF TIAI T Y- ATCAN -
gL-I° R 9°1L:(sound wave ) Aaol1-TAAG: APC L4.ADA £A
go7I° AOFAANG £ “INTI° AL @6 NJ(Vacuum ) -0
ADTAAG: AL TAI® A 79.0-9° T°124 hoLntAAd N+ medium
@L AN7% (LG GTr1TFo SGAPDNA= AT°AN:- (1C77 hAeC
@®f. o7 ©OT (L1 FTrk 8P7AA= U V-1 1@< ¢OCY7
ao(NC7(Light refraction) ¢ @-:: A7 L Electromagmetic
wave he7 17 9°1% No-5 m) @07 NA“LOTAAG
OHY @O Tl

Entrance

The smaller the frequency (v), the higher the wave length
(A). i.e

va 1/A

=> C=vA,butE = Av

Answer =D

38. What is the magnitude of quantum energy and the frequency
for an object whose wave length is 0.6 x 10-6m?
A.3.31 x 10-9j, 5 x 1014s-1
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B.3.98 x 10-40j, 2 x 10-15s-1

C.1.99 x 10-25j, 3.98 x 10-40s-1

D.9.94 x 10-12j, 1.99 x 10-25sec

Explanation:

€ = hc/A, where h= 6.63 x 10-34j.s, C = 3.0 X 108m/s

€ =6.63x 10-34 x 3.0 x 108m/s/6.0 x 107m = 3.31 x 10-19j
v=c/A=3.0x108m/s/6.0 x 107m =5 x 1014s-1
Answer = A

Entrance 2009

9. The norme
wavelength
frequenc)
A.7.7

inging
ge of t
1@ s-1 to
B.4.2 s-1 to
C.1. 0"°s-1 to 2.4
D.2#4 10"
EXplane

v=c/A =(3 x 10%)/(710 x 10°)=4.2 x 10"s-1

14. What is the frequency of a radiation (in Hz) from an atom if
its wavelength is 1.0 x 10-9 nm?

A.3.3x 107

B.3.0 x 10"

C.3.0x 10°

D.3.0 x 10*°

Explanation:
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v=cA =(3.0 x 10° m/s)/(1.0 x 10°x 10° m) (3.0 x 10°
m/s)/(1.0 x 10%)
V=3.0 x 1026 Hz

Answer =D

** EMR comes in a broad range of frequencies called the
electromagnetic spectrum (Figure 1.8). A rainbow is an
example of a continuous spectrum. Different wavelengths
in visible light have diffegent colors from red (= 750 nm) to
violet (= 380 nm). Radi provides an important means
of energy transfer. E Stah e energy from the Sun
reaches Ainly ip (1egorn Slwisible and
ultravdglet radiataién. The glowing coals of a fikdplace
tra ’ heat en /jtion. In Mid&owave

ov microw /u{é {d/fé eat waté@iih foods,
ausie the fooc ly. \.

o

-

D- 11 T~
T° 2.1+ frequ

Electromagnetic wave @-0T energy “7A-t
Electromagnetic radiation A7£ frequency @- ao A £¢- ¢-1-A £¢
NC-P 17 aofigo 1 S TAN “UAT 1o-=AI°AA.:- electromagnetic
wave v« 300GHz anh 400THz £¢n frequency fA@- Infrared
radiation(IR) £0AA:: 2 ho-9° had ht+mh Q7 A ehaA
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P S 4 0

HEEREEE R

0.20406 08 1 2 4 8 10 12 20
Wavelength(um)

A.X B.0 Cy D.z

Explanation: The visible lig trum range is from 390 to
750nm or from 0.39 to Q X represents visible light.
Note:- 1 mic .
Answer = \
-— Inrrmht; I"rtqutm:y (v)
0% 104 10% 10" 10*  10* 0% 10 10* I 10" v(Hz)
y rays X rays ‘ I| H Long radio waves
Iu—lﬁ- Iﬂ-l-l -lf In—l'.ll -I -I "‘ ED.I lltlml'
|l!ll."l‘ﬂ!ill waukn:th (L) =
Visible spectrum =
- = :
i 3 : : 3 : 3
- = = & - -

Figure 1.8: The electromagnetic spectrum
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Example 1.3

Ethiopian National Radio, Addis Ababa station broadcasts its AM signal at a
frequency of 2400 kHz. What is the wavelength of the radio wave expressed
in meters?

Selution:

We obtain the wavelength of the radio wave by rearranging Equation 1.1

Y
e — 3.00 =10 E-mf& = 1250 m
v 24 x10" &

. The most intense radiation emitted by the Earth has a wavelength of

so, A =

about 10.0 pm. What is the frequency of this radiation in hertz?
2. Addis Ababa Fana FM radio station, broadcasts electromagnetic
radiation at a frequency of 98.1 MHz. What is the wavelength of the

radio waves, expressed in meters?

*

1.5.2 The Quantum Theory and Photon

¢ In 1900, Max Planck, the German physicist, came to an
entirely new view of matter and energy. He made a
revolutionary proposal, energy like matter is discontinuous.

¢ According to Planck, atoms and molecules could emit or
absorb energy only in. discrete quantities, like small
packages or bundles. Each of these small "packets" of
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energy is called a quantum. The energy of a quantum is
proportional to the frequency of the radiation. The energy E
of a single quantum is given by:

E=hv
¢+ Where s h is plank's constant and v is the frequency of

radiation. The value of Planck's constant is 6.63 x 10-14 J.
S.

n.eAe T 3LA P7L+0NT
te quantity) 7@+ A8,
- Ne - TAh- StMA

Jt,r- 7o \AG T
go:: 9oRlg

A77L planck 1AR hvry A-J°
@ J° ¢TLAERT (1T ©N7 ao
A790 (IHE. P L KL
AT RS,

H°17°7 €H. \C PO P-=J° (1'n,C
eI T 4101 eUYy ) A% Bh

A7 CH. G nergy” A9 Aol & QAN eUY
ap My i! rete qua G I T ARG A

Sguantu SN oo o-

L£°9° ¢ o<+ ¢ plank &« 7TC(pl

7@

onstant)=6.63%10-14J/sec

Entrance 2009

13. What is the energy associated with one photon of a microwave
radiation having a frequency of 2.45x 10°s-1?
A.1.62x10*]J
B.2.45x 10°J
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According to quantum theory, energy is always emitted or absorbed
in integral multiples of hv; for example, hv, 2hv, 3hv, etc. A system
can transfer energy only in whole quanta. Thus, energy seems to
have particulate properties.

(H.V ¢ quantum theory U7 eew e 5LA £7L0TAAG.@- (1 hv
AHAA T aon? @O T yo-= Ag°An:-hv ,2hv,3hv @7
e0-HAAGA: 71C 17 (1 2hv A4 (1 3hv aohhd £A 324 2hv fUA

A.A
Exan lplf* 1.4

The blue color in fireworks is often achieved by heating copper (I) chloride

(CuCl) to about 1200 °C, Then the compound emits blue light having a
wavelength of 600 nm. What is the increment of energy (the quantum) that
is emitted at 600 nm by CuCl1?
Solution:
The quantum of energy can be calculated from the Equation 1.2:
E=hv
The frequency (v) for this case can be calculated as follows:
V==
A
_3.0x10" ms™
6.0%107 m
=(0.5%10" 5"

So.E = hyv

=6.63 x 10 L5 x 0.50 x 10"s"
=3315x10"J=332 x 107 ]
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T TANL G AWARTCT7 A7PAP0:8U “9A ¢ plank Aan,
NAACT NE-2 T @NT Ph avF 177 710018 Y-

+¢ Photons are particles of light or energy packet. The
minimum energy required to remove an electron is:

Eo = hvo

Where Eo is the minimum energy (of the photon), and, Vo the
threshold frequency.

@LI° AL TCPI° VS
:: ¢ £-9° Thershold
4. A@alaty (- frequency

Energy NimA Qv A7L hj

TINONTG AANTC T T7PAPN - VF D7 TAD- ¢TAP DLA
CLE N ALY T ao 1HA A7 5ATT7PAPO CTLENE NN D
524 Kinetic energy(KEe) £0AA:: ACI® av B av . f hao N o-
LA AL ANANTCF? A79.0M hE&C1NT D5LA Nav PN
ATTTPAT =

KE=Y>mv2=hv - hvo

Where KE is the kinetic energy of an electron, m is mass of an
electron, v is the velocity of an electron, hv, is the energy of an
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incident photon, and hv is the energy required to remove an
electron from the metal's surface.

Duality Nature of Light

AOH LH QL7017 ehe-he hiNe: TEE2 T NCY7 AL

12 (wave ) 1@ @& AL P7M-1(particle) ¢7LA 10C = AL
[saac Newton £A- AL 7O T NCY 7 (k- CU R 702 T AAT =
C10c-@-7° N7HY 1@+ SAA*: uygen 1AR £19° NC77 A7L
12 (Wave ) ALY QUL LAL e AaoU i £19°
q°12:(wave ) £A-T

LANT TN 3LA P71 (pa AT T MNE hA@- TIAT 1@ =
AR 524 ¢ particle nature AA@- ¢7LA@-7 AA £4, POL7(1
7P RAONCT A v0327(Albert Einstein) 7@-:=AAO0CT NCY 7
particle nature A®@- oo +7 ¢7LELNL M- A LR 1T 7

A1 R

+¢ In his theory of relativity in 1905, Einstein derived the
famous equation:

E = mc?
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(HU CAANCT FPEP Ul avw ot LA PL-(F aom RO hA@- =
Energy has a mass ¢77%.4 £9°-97% AL fhLCO5A: U7 Energy N
photon (ao-+h-t photon A.¢4 @+ ¢7L T AD-7 apm?y &N avd. A
LHFAA=:

r _ hc h/k

C

ap M7 RO e nature A7-9A\d 1ARA

an summ i portan sions from the

sani S ®

exhibit only wave properties, to show certain
characteristics of particulate matter as well. This phenomenon is
sometimes referred to as the dual nature of light and is
illustrated Figure 1.9.
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N I
\ |
I

Licght as a wave phenomenon

2. The maximum kinetic energy of the photoelectrons emitted from a give
metal is 1.5 x 107 J when a light that has a 750 nm wavelength shines on
the surface. Determine the threshold frequency, v , for this metal. Calculate
the corresponding wavelength, 4 .

Solution:
a) Determination of the threshold frequency, v,
Solve forv frome =v x4
Thus, v = ¢/A = (3.0 x 10°m/s)/7.5 x 107 m)

- y
1

Similai - . . :
I. The following are representative wavelengths in the infrared,

Y. - ultraviolet, and X-ray regions of the electromagnetic spectrum,
respectively: 1.0 x 10*m, 1.0 x 10* m, and 1.0 x10"° m.
a. What is the energy of a photon of each radiation?
b. Which has the greatest amount of energy per photon?

c. Which has the least?

= 2. A clean metal surface is irradiated with light of three different

wavelengths A, A, and A,. The kinetic energies of the ejected electrons

E are as follows: A: 7.2 x 10 J; A,: approximately zero; A: 5.8 x 107

Therefi J. Which light has the shortest wavelength and which has the longest
require wavelength? Determine the threshold frequency, v , for this metal.

b) Calcul 3. The minimum energy required to cause the photoelectric effect in
potassium metal is 3.69 x 107" J. Will photoelectrons be produced when
visible light, 520 nm and 620 nm, shines on the surface of potassium?
What is or are the velocities of the ejected electron/s?

= R Rl ALY I.ll"'"

3.77x10" &
= 0.796x10° m
=796 nm
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1.5.3. Atomic Spectra

¢ Atomic or line spectra are produced from the emission of
photons of electromagnetic radiation (light). Different
kinds of spectrum are observed when an electric discharge,
or spark, passes through a gas such as hydrogen. The
electric discharge is an electric current that excites, or
energizes, the atoms of the gas. More specifically, the
electric current transfers energy to the electrons in the
atoms raising them to e states.
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A7G h&ao ALNA MA@« BI°C LI15A= &N AL T T dhNC
continuous spectra £0AA:: (A 9° o-0T ¢9°7¢@- Atomic
spectra 17 £ AL7t ALY 7 (O prism O-+0N¢ LH ¢1A L%
wavelength SAF @ At +A LS+ +ALST®- h T
ATLI°GPm- CL-ONVTF @) avflao(C BN = LT AR I° P9 NP -
spectra = line spectra £0Aa :

¢+ The wavelengths of these spectral lines are characteristic of
the element producing them, and used for their
identification.

NATE AtI° @ OT LA &
7. Lk 1
AR 9C T @

771 energy level Aq
7 PO T ¢ M7 QAN
i h06 Dt WAL L7975
h-T° ao P PC G ¢ CH-1 ALL 1o|BY L9°
L6 CPATE LCIAA=: U 77T
Nao PP D LI° K% ine spectra (4

IOy AV LV s P X2 = adwki) identificati

atom is show in Figure
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45. Which of the following explains the emission spectra of
atoms consisting of a series of fine lines?

A.electron undergoes a transition by energy changes
corresponding to photon of specific wave length

B.An electron can have specific energy values in atom

C.An electron that revolves around the nucleus emits radiation

uous with discreet

\
1s ue to th ni
aht 1ve d
gilight from a neon lamp

wavelength of these radio waves in meters?
3. FM-95, an FM radio station, broadcasts at a frequency of 9.51
x 107 s-1 (95.1 MHz). What is the wavelength

of these radio waves in meters?

4. A bright violet line occurs at 435.8 nm in the emission
spectrum of mercury vapor. What amount of energy, in joules,
must be released by an electron in a mercury atom to produce a
photon of this light?

5. Light with a wavelength of 614.5 nm looks orange. What is

D.The energy of the atoms i
frequencies

Answer = A
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the energy, in joules, per photon of this orange light? What is the
energy in eV (1 eV = 1.602 x 10-19 J)?

6. Heated lithium atoms emit photons of light with an energy of
2.961 x 10-19 J. Calculate the frequency and wavelength of one
of these photons. What is the total energy in 1 mole of these
photons? What is the colour of the emitted light?

7. A photon of light produced by a surgical laser has an energy
of 3.027 x 10-19 J. Calculate the frequency and wavelength of
the photon. What is the total g in 1 mole of photons? What
is the color of the emitted lig

8. When rubidi
lines are obs
107 m ang
lines?
compaop

el eperature, two
(@) 7.9 x

of the two

ed in is:

)) 4.2 X )
0 Se en t-a rubidiuti
A i[ ﬂ\
} x____ /\‘___/

color -_-:
SIu ontains two line
4 H: d (D)6 014

lines” at colo g

10. Photons of infrared radiation are responsible for much of the
warmth we feel when holding our hands before a fire.These
photons will also warm other objects. How many infrared
photons with a wavelength of 1.5 x 10 m must be absorbed by
the water to warm a cup of water (175 g) from 25.0 °C to 40°C?
11. One of the radiographic devices used in a dentist's office
emits an X-ray of wavelength 2.090 x 10-11 m. What is the
energy, in joules, and frequency of this X-ray?

12. The eyes of certain reptiles pass a single visual signal to the
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brain when the visual receptors are struck by photons of a
wavelength of 850 nm. If a total energy of 3.15 x 10-14 J is
required to trip the signal, what is the minimum number of
photons that must strike the receptor?

15. What is the threshold frequency for sodium metal if a photon
with frequency 6.66 x 1014 s1 ejects a photon with 7.74 x 10-20
J kinetic energy? Will the photoelectric effect be observed if
sodium is exposed to orange light?

Answer Key

1. The spectrum consist
(probably the

3.3.15m
5.3.23 0-19 J;

7.v=4.368 x 101
105 Jmel-1; red

9. 4a) Am8

(
red; (b) is blue.

11.E =9.502 x 10-15J; v=1.434 x 1019 s -1
15.5.49 x 1014 s —1; no

s, at least one of which

0_

1.5.4.The Bohr Model of the Hydrogen Atom

¢ In 1913, Niels Bohr (a Danish physicist) explained why the
orbiting electron does not radiate energy as it moves around
the nucleus. He introduced the fundamental idea that the
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absorption and emission of light by hydrogen atoms was
due to energy changes of the electrons within the atoms.
The fact that only certain frequencies are absorbed or
emitted by an atom tells us that only certain energy changes
are possible. Thus, energy changes in an atom are
quantized.

Bohr ¢-+0A@- A8 7k0t £° Ah A7 Y2 &CE7 LA At T°T
U 524 (energy) aom SPNAN A7E. ®L h-f-av- Cap N -
PHOLA aomy @L h-f-av- K9] N “IAT @& h-t-ao- ¢ NN D~
@LI° ¢ oND- ¢DLA (discrete quantity) 7 m-:
Bohr N7 A LAdae f)l\e pInLis quantized
CLA 1D = ;

Entrance @8 \ /
39. Whatllew con gd%@%e to for ate his

made 0
A Edegifomagneti@theory : 2

B 'hé"quantums

e atom?

C.Photoelectric theory devel@pe@®y Thompson
D.Newtron theory developed by Chadwick
Explanation:

In 1913 the Danish physicist Neils Bohr applied planck's
quantum hypothesis to explain why the orbiting electron does
not radiate energy as it moves around the nucleus and to explain
the line spectrum of the hydrogen atom.
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LN A7L T 1o Cap N+ LA AT P A de brogile's
principle “7@¥ 2mN+-N5A:: AP debrogile principle
Po7.0A@- wave length = plank constant(h) / linear momentum
1@< ST (A (14-0+ CON ATCPAT = ARD-7 17 87 Pao(C PH- =

Not allowed Allgwed

«PC(n) hd°g0HD- IC Ahvd 1@~

5. As long as an electron stays in a given orbital, it neither gains
or losses energy. That means, the atom does not change its
energy while the electron moves within an orbit.

ANODTCET NATE J°UPC AL ANDHE £40 798N @ @ L I°
I PNAD- LA PAI® = VIC °17% hANT I°UPC hdeld ¢34 AT
LelPA: &0 ¢ bohr A2 hHU N4 T 1Nl @7 h=I° NIT°UPC
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AL FS (LHC 524 LAFA ¢ LA~ ¢ classical physics AhT-an-
CILP LT 1D

6. The electron moves to a higher energy orbit only by absorbing
energy in the form of light, and emitting light when it falls to a
lower energy orbit. The energy (photon) of the light absorbed or
emitted is exactly equal to the difference between the energies of
the two orbits

A7C rhONTC7 hANT I°UPCH
Aao'l L DCAY ao P ANT

A @€ “INhma- FT°UPC
DA CTLEe T VNCY 7

seA(light energy) an D C. AN .6&\ ‘HP @-5AD- F°UPC
PO P hU 7 AT

Entrance 2

10.Whig I the follow ct aboullefiergy
changgs When an ¢ S its ner y level?

igher
he

an electrong , [TC IF" rloweieners level @k
e phe 1tted a.De

N 3’ V@
B.When an electron falls fro sher energy level to a lower
energy Level, the energy is equal to the difference between the
two energy Levels is observed
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PLI° AL ICTID- Ch. AN TC - angular momentum=n X h/2n
IC Atrd a0y 7 AAOE: angular momentum(L) “7A-t linear
momentum X r =mv X I “9A-t @20 AAKTC7 NI°UPC HL L
¢9°12- (wave like) M@ @7 mN$ AavHC ¢ 00T A -
7@-:2U7% v-7' quantum condition (1A= Lm-A

h h h
L=n—m - mvr=n— - v=n
27 271 2mmr

number IPUPC 1% Aavohd A7md I°NFA7

2
ran

Radius h Quantum number IC LA®@-7 17 11 (198 CA7L Af-I°
Quantum number A NA7ZE Nepand. R TC LA®- Radius NU-A-T-
OTG LenICL-A\

Derivation of Bohr Energy
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ATS.0-9° NATE F°UPC AL AANITCT T AGL-Fo- 7 TAD-7

¢ energy aom “7@3d Bohr A A=

+¢ Consider hydrogen atom with an electron with constant
speed, v, circulating the nucleus in an orbit of radius, r. The
total energy of the electron is the sum of the kinetic energy
(energy of movement) and the potential energy (energy of
position):

A72 Bohr 1A8 hv'y AADTC UPC T ALHC Cap P av P @-

22U CP k7 m NP
N CY o0

Ntenn74 17 CPE7 m
CILHCOT D€
Ao 5N

kinetic energ

theref@re,

ki

kq1q?2
r

Potential energy =

Total energy =kinetic energy + Potential energy

2 2
p=lke  (zke,
2 r r
E—_—lk—eqr n’a,

2 r
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_—1 ke’
E=—X&
2 n°a,

gl
n

—lke
2 a,

2
—lke _ 518107y

2 a,
Rydberg constant =R ,;=2.18%10™"*J

-R
E=—73"
n

ry convention, signifying
e atom is lower than the
that is

¢ The negative sign is an
that the energy of t
energy g
infini
ele
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NAL PAT TIATI° n=2,3,4...,ALA P70+ TA-T £19° h ground
state PNAM D LA NAAF @+ excited state +NA@ Smd-i- =

¢ Using Bohr's Equation, relating the energy (E) and energy
level (n) for an electron it is possible to calculate the energy
of a single electron in a ground state or excited state, or the
energy change when an electron moves between two
energy levels.

NAL Ao G:Can-A Nao P I2
electron A.§ 4@+ ¢ T A7
I°UPC oL AA F°UP
aomp “QoP :

7% T°UPC o0 A7
y aom? A7G.0-9° hA7 e
A1o- quantized energy
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Example 1.6

Consider the n = 5 state of hydrogen atom. Using the Bohr model, calculate
the radius of the electron orbit, the velocity and the energy of the electron.
Solution:

To determine the radius, Equation 1.15 is used:

r = (0.53 A) x 52 = 1524 A = 1.524 nm

Velocity of the electron is determined using Equation 1.13:
nh

2mmr

Vv =

5(6.63 x 107 4g- m* s
2x3.14 x9.11 x 107" ke x1.524 x 107 m

=38x%x10°m/s

Equation 1.16 is used to solve E|
2 = -
B = a8 ’;:ﬂ ] _ 872 x10™J

Calculate the energies of the hydrogen electroninn=1,n=2 andn =3

Solation: Using Equation 1.16:

—18
Forn =1, EI=_2-18 "‘1310 = -218 x 10™3
2.18 x 107" ]
= >

n=2 E, = = —5.54 x 1077 ]

-1 8
W3 E= =T ’;2'“ 1o —2.0 x10™)

A79.0-9° CALYIGYG. JPUPC ¢3L8A ao? hd o hANTFCT T
ha78 JPUPC @8 AA FPUPC Aao'le: 97 PN4.AD T @ DLA
PU-AE FPUPC anhhd LAD- e58A ARYT B TGA::

AE=E, -E
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AE =-R, 12 -1
1, ﬂ{'

AE=hy = -2.18 x 107" i—iz

2
ng. n

~_——

hAL NA@- 62Can-A A7LI°av AN @- nf>ni vy AR Fo- -ve
7@+ hHI® @-gn, WA T @ -ve IC (LOH +ve &TigA:: energy +ve
@ 29° -ve -+Ae (IA& energy —ve /TG £NTA A“TAT QAU 7
energy @£ A-f-ao- 1A $7LA@-7 +ve I°AhT (LLAL -ve
L£29° energy hi-f-ao- @ T C7LAD@7 LALA::
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Calculate the energy emitted when an electron moves from the n = 3 to the
n = 2 energy level. Determine the wavelength of the emitted energy.
Solution:

Equation 1.19 is used, to determine the emitted energy:

AE =218 x 10" J{%-é]ﬂ.ﬂit x 107 J

To obtain A, Equation 1.19:

AE =hyv = h_c
A
he 663 X107 Js x 30 x m“?
A TAE 3.03 x 107 J
=6.56 * 107 m =656 nm
'y | B o | B Y

1.

.
e

What is the wavelength of a photon (in nanometers) emitted during a

transition from the n = 5 state to the n = 2 state in the hydrogen atom?

Calculate the frequency of the green line arising from the electron

moving from n = 4 to n = 20 in the visible spectrum of the hydrogen

atom using Bohr’s theory.

Entrance 2007

40. Which of the following transitions will emit maximum
energy in the hydrogen atom?
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=-2.18 x 10-18 x ((1/4)(1/16))J

=-2.18 x 10-18 x 0.94
=-2.05x10-181J

A=(hc/AE)=(6.626 X10-34 Js x 3 x106 m/s)/2.05X10-
18=9.69x10-10 m

The transition from n4 to n1 has the highest energy and the
minimum wave length because energy is inversely proportional
to wave length n4-> n1 <n3 <n2-> nl <n4-> n2

Answer = A

A.The sum of the energies for the first transitions is less than the
energy of transition of the second.

B.The sum of the energies for the first transitions is greater than
the energy of transition of the second.

C.The sum of the energies for the first transitions is equal to the
energy of transition of the second.
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Explanation:

AE = hc/A = (6.63 x 10-34 JS) (3.00 x 108m/s)/(434 x 10-9m)
(6.63 x 10-34) (3.00 x 108)/(4.34 x 10-7) Joules

Answer = B

Entrance 2012

11. How much energy would be released as an electron is moved
from The n = 4 to the n = 3 e“ level?(RH=2.18 x 107°J)

A.1.050 x 10™J
B.1.938 x 104

Bohr h(ig-sF @« ne-2 T Nhen94 N7 L& CE7 At I° @0OT
A7l 7L A7 Atomic spectra A-Ne-C:hA =

79



Unit 1 :Atomic Structure and Periodic property of an Element Follow us n f @ O
ALPHA BOOKS

A
[ =% aE, = he/i,
E _‘JJII - d Fa E: - hﬂr‘i:
AE =hel
! !

ll\ ¥ ¥

Various energy levels
in the hydrogen atom

Figure 1.12: A change between two discrete energy levels emits a photon of light

B d® 217 N F
h UV edC Anh
T 0 hydrogef A-t- I°

2L O1TALE
A7 hd
infrared ¢,
CTULAPFDY DA NF ah A ey ARCELTAS
A7 L ultraviolet A nmn ~

A7LFLEATT PN1ESTAL ALE 1.977 2 T+ (s@i€
NS ELEPAH: ¢ C ‘ 1 oo SFEApgLAntu
n D D-"7 (184

Table 1.2: The various series in atomic hydrogen emission spectrum

Series n, n, Spectrum region
Lyman 1 T, T Ultraviolet

Balmer 2 185 Visible and ultraviolet
Paschen 3 4.5.6,... Infrared
Brackett 4 5,6,7,... Infrared

Entrance 2012
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10.Which statement is correct for the emission spectrum of the

hydrogen atom?

A.The lines are produced when electrons move from second to
Fourth

B.The lines in the visible region involve electron transitions into
the Energy level closest to the nucleus

C.The lines are produced when electrons move from lower to
higher Energy levels

D.The line correspondin st emission of energy is in

the Ultraviol
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physical theory. In 1924, Louis de Broglie, the French
physicist, proposed a surprising reason for fixed energy
levels: if energy is particle-like, perhaps matter is wavelike.
De Broglie reasoned that if electrons have wavelike motion
and are restricted to orbits of fixed radii that would explain
why they have only certain possible frequencies and
energies.

energy hwave AL7t 1T4.TC o en14 AL 7N KR T
4.7 (particle nature ) AA@ A = De Broglie ¢-1-0A @-
S-H.NOT £19° 1AM 0 QB BATI° P 7n-T (particle )
T4.TC O N TRld 1 ' yave) 4. TC
e1r LNy Fao- 1% T
T4.TCTH

Planck's equation for the energy of a photon (Ehv=hc/k), de
Broglie derived an equation for the wavelength of any
particle of mass, m, whether a planet, ball, or electron-
moving at speed, v.
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¢ dual character of matter and energy is known as the wave-
particle duality.

hHY N’ e9°7LCNNT &JI° L2 wave like § particle mNg
CALe ALY T4 TC $TLavNA7 (%14 FIAT® 7R4(COPT) NG L
Y3 PG 1y SPAhS 177 @8 TP P IAI° @-OT hd' Iy 17
CALe A TC T F@ PATF@ 1ICT PATL 7IC MONLT UD-

ATTEFPAT7 = AI°AN: - AADKTC? U-AE7I° 4. TC SH.A* hHY
a0y &0 AhAT (matter ) $9°1L:71+9°(wave like )

e 17719 (particle like) hAA@-2 A79.0-9° DLA
(energy) €771 +9° ‘I"'I.Q-'z-‘i'?"(wave like )
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What is the speed of an electron that has a de Broglie wavelength of 1.00 nm

Example 1.8

Calculate the de Broglie wa;relengtl; of an electron that has a velocity of 1.00 -
x 10°m/s. (electron mass, m_=9.11 x 107" kg; h = 6.63 x 107* Ls).

; 6.63 x10™ kg 2

Solution: A= = B b
MV 1,00 x10° - x 9.11x 10" kg

=0.73%10"m =0.728 nm

-

=34 m
Solution: h 6.63 x 10 .kt....._
ml ©1.00 x 107 mxgllxlﬂ'”-kg-

= 0.728 x 10"— 7.28 xw*“‘

1
-

2\

What is the characteristic wavelength of an electron (in nm) that has a
velocity of 5.97 x 10°m/s (m_=9.11 x 10~ kg)?

Calculate the wavelength (in nanometers) of an H atom (mass = 1.67 x

107" kg) moving at 7.00 x 10° cm/s.

Calculatethe wavelength(innm)ofaphotonemitted whenahydrogenatom

undergoes a transition fromn=5ton =2,

c— e c— c— S S ———————————————
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Teacher's Mind

16. Why is the electron in a Bohr hydrogen atom bound less
tightly when it has a quantum number of 3 than when it has a
quantum number of 17?

17. What does it mean to say that the energy of the electrons in
an atom is quantized?

18. Using the Bohr model, determine the energy, in joules,
necessary to ionize a ground-state hydrogen atom. Show your
calculations.

17. Quantized energy means that the electrons can possess only
certain discrete energy values; values between those quantized
values are not permitted.

E =E, - Es = 2.179% m"ﬁ[L, - i,]]

15 ng

= 2.179 % 11:]‘”“(3—",:l s é) = 4576% 107197

—19
- 4576 x 10 A 7856 eV

19. 1.602 % 10~17 Fev—!
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about the nucleus in the atom. This view depends on two
central concepts: the wave behavior of matter and the
uncertainty principle. The combination of these two ideas
leads to a mathematical description of electronic structure.

h Bohr N3 A QL7102 T AG.0 A A-®-9° ¢ AANTCST T A LN
¢4 Quantum Mechanics £72.4 & 701 cha-Nl Aav 3 £H &0
AN NV-AT apwld 3R U 08P T AL Plhavw /it 1o

1 %- Wave behaviour of matt Uy
2 4§ -Uncertainty Principle “

Wave particlgucisality Qi %\\h pcertainty
principle b AN L )
1.6.1 Thg/'i@fisenbergd r’ﬂ tn iple
» Disdovery on N n-- ter raiseg dinew
andwery intere tion. I tormc partigléican

bit the p&

Il‘ ot where._tild DAl ()

ible to sa
ted A We

in

0 "'

A7 ARANTCY £ P71 ¢ particle 6 ¢ wave like mn@
N°1A& L£ALGTA =9 ¢ Wave @07 P7LOTAA. @7 580 & NI
10 CAD- (1> av G 1C K FAI° Wave N2 T Pand -
NA7L QA £219° 70T CANT NI S PA=LTN NI 1A

a Q'1C S FAA = NAHY CO-AEI° 1E4.TC A7 AWANTC7 A7 T
ANE A.LAL STAA?

Entrance 2009

11. The Heisenberg uncertainty principle states that
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A.Two atoms of the same element must have the same number
of protons

B.No two electrons in the same atom can have the same set of
four quantum numbers.

C.It is impossible to determine both position and momentum of
an electron simultaneously.

D.Electrons of atoms in ground state enter energetically
equivalent set of orbitals sin‘fore they pair any orbitals of

the set.
Answer = C
*In 18 the German phySitist,
propose ’ rinciplefstating that

an
nV) at

ith great ce ainty bd
m p (where p

718

- Q&7 ey st
n Momer (161 L R4\ I°
CULA O AlPP i LN - senberg Uncertanity principle
The CTLme-o- 3

¢ Heisenberg was able to show that if Ap is the uncertainty in
the momentum and Ax is the uncertainty of the position of
the electron, then:
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TIAT PANTT NJ (X) ¢ P7L2L0 7 momentum (p) N-har1O1L

AUt TP AEFAI°

+¢ This equation shows that if we measure the momentum of a
particle precisely (i.e., ifAp is very small), then the position
will be correspondingly less precise (i.e, Ax will become
larger). In simpler terms, if we know precisely where a
particle is, we cannot know precisely where it has come
from or where it is going. If we know precisely how a
particle is moving, we know precisely where it is.

Howey§gF, 1t has signjficant €@onsequencas when
S ic ];rfart cles.
/ =
%,c/r__i_byggleié}nberg's ungeftainty
pringip

+¢ The Heisenberg unc iple has no practical
appliedito atom
A B : mement

consequencediye pscopic world.
Entrafigef 2012 Q
9.Whij tatement

B.A particle with a mass moving at a given speed can be
described By the wave characteristics of material particles

C.A small particle like the electron can behave both as a particle
and a wave

D.Both the location and the momentum of a subatomic particle
like The electron cannot be precisely known

Answer = d
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1.6.2 Quantum Numbers

+¢ In quantum mechanics, each electron in an atom is descried
by four quantum numbers. Three of the quantum numbers
specify the wave function that gives the probability of
finding an electron at various place in spaces. The fourth
one is used to describe the spin (magnetic property) of the
electrons that occupy the orbitals. The four quantum
numbers are:

NH.V quantum mechanics 9° T OA ANITCTT A IR
eI M IONVF - 4 qua TBERIA A =07HUF° A AN
A.T<0T 274 N1\ g § A Sl .U+ A7
£°19° magnegtic quanty urn TFE WGP mNL

Aap 1\ & LG54\
er escr%es the mgi
e any po

1. The Cial é
deseribe e and ener

(it is.anal0ge .

energy

the

Pao B ao 4 P @- principal quantum number(n) M.NA & NHo-I°
NNAG.@- N bohr I°L.A AL h1D1C1@ IC T awAOLy T K@=
AL7979 °UPC n=1,2,3.. #TCT S@hAd= £H779° &TC
NaomPI° PA7L T°UPC @0T I°7% PUA AhAhTHC7
A7L77. 2 H(size of the shell) A7-9.0-9° 9°7 fUA (H @01 £A-
ANARTCSE T 384 A7SAF@-(energy of the shell) od eFaA:=

Entrance 2007

16.How many orbital are there in an atom with n= 47
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A.2 B.8 C.16 D.25

Explanation:

The number of orbitals is given by n2. n = 4 => 4x4 = 16 orbitals
4s =1 orbital 4d = 5 orbitals

4p=3orbitals 4f = 7 orbitals

total = 16 orbitals

Answer = C

: mber (1) designates the
shape of the atemi 1 ent sublevels or
subshells argipossibl cteristic sRape. It takes
values f D to n-1. ' e same, but difféent are said

to belong ed azi al
ntum number. A g energy

quant
level . For example, inth=4, I
has esponds

Ori

as n total numb
os of (

{d

U? D="aneulc 5 (° £ o\ - o
azimuthal quantum number @ £9® subsidiary quantum number
A me-A+ 2T quantum number hAZ O7A7@- main energy
level(n) @-01P A% 7L A orbital A8 Fo-%(types ) &
PCATo-7(shapes) AawA?T 8450 aom-I° ¢ I @+ @ h 0
ANNO n-1 197241 1@ AI°AM:- n=5 eUr@-7 ¢ energy level
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D.0,1,2,3
Explanation:
| is the angular momentum quantum number, and takes values

from 0 to n-1. Therefore, when n=4, the possible values of 1 are:
I=0,1=1,I=2and1=3

Answer =D

3. The magnetic quantum numdier (ml) is also called the orbital-
orientation quantum number 5 integral values between -1
and 1, including 0. The v, ol TidNiSIelated to the orientation of
the orbital in v e to the OtheE orb the atom. The
number ofjp@ssible .‘-' 1es vdllles or rb'tals for@8iven &

value is 2
agneti ] rnbe/ ﬂr\&\\)‘ NAAI®
entation M en ga9e

To) RRE { --OH- - a
(1D<() (A< A\ 9JC t p
- 20AH.U
magnetic quantum number ,01 e d T4 1o~ 27N
TINT AL GG hANTC7 @f p -shell (L1 A+ ap TOTF@-
CTLTANVE @ 0T aopaosBL P T AATF @ = A L7575 avbapes),
U-AF U-AT AADTCT oo @1 &-TAdA = NAHD p-shell
AHNONTECET 2T hFA7 3% 2=6 LTHTA=ALL-LL-TFD-I° ¢L.(1-
PUY ch’l hA@- &7 NG Arap NN FA7 =

4. The electron spin quantum number (ms) refers to the spin of

an electron and the orientation of the magnetic field produced by
this spin. For every set of n, I, and ml values, can take the value

7’(‘1'1"‘." D ¢-C

zimuthal
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+15 or-¥4. Each atomic orbital cannot accommodate more than
two electrons, one with ms=+% and another with ms= -

he TG o« £°9° electron spin quantum number 1A= &md-A =
S h@-9° (U7 aotiavss, @ONT ¢7LPawm- AANTCT T N9°7
A1t hP M av T AL Paom- £1ARA AP 7] ao NF -
L0 @ 177°121:h &AL AL NTLR.A%T QUL Tule of tumb
Naom+I° 1@~ AI°AN - AAhTC - magnetic field o071 A0
@€ (N9 AP™sa, (clock wise ) huvr nrule of tumb avw A
AD-g. NFT7 @L T LTGd ms =-1/2 e@hAd:: A78.0-9°
1 magnetic field @0 hQ8 (counter clock wise) hHé
N rule of tjmbyghale DL AL A BifLad® ms =+1/2
1Nde nHYelectron spifif quangifhy number e ohAAgQ7HY V-AT
R PCT . ms AA e\ ACTLm-I°::
r‘“ Nao 6 av

g7 qua aumber Nea
energ el AL £ RI°(1H e evel N1-5@

level#? Y- LA m-? Qo Sub _-e oL@l ZhCY T ap Pw
Orig On p 0
T ;. T

al
ub

OTPA

(]
=9

I. What are the values of n and ¢ for the following subshells?
a. 1s c. 4s e. 4f
b. 3p d. 3d
2. Write the subshell notations that correspond to
a.n=3andf= 0 c.n=T7and (= 0
b.n=3and { = | d n=3and (=2
4. Can an orbital have the quantum numbern=2, =2, m, =2
5. For an orbital with n = 3 and m, = 1, what is (are) the possible value(s)
£?

6. Which of the following orbitals do not exist: 1p, 2s, 2d, 3p, 3d, and 3f?
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Example 1.10

1. What are the allowed values of the quantum numbers through n = 2?
Solution: The allowed quantum number values in n = 2 are:

Electron capacity Electron capacity of

* ¢ e ", of subshell 4¢ + 2 shell 2n?
0(1s) 0 +%, =14 2 2
2 0(2s) 0 +15, -15 2 8
2 1(2p) +1 for each
e o value of m, 6 8

2. What values of the angular momentum quantum number (f) and magnetic
quantum number (m ) are allowed for a principal quantum number, n = 3?
How many orbitals are allowed for n = 3?

Solution:

Determining £ values:

Forn=3,£6=0,1,2

Determining m, for each { value:

Fort=0,m, =0

Forc=1,m, =-1,0,+1
‘ Foré=2,m =-2,-1,0; +1;+2
Number of orbitals in n = 3 is n° = 3> = 9 orbitals
These orbitals are:
3s: 1 orbital
3p: 3 orbitals
3d: 5 orbitals
Total = 9 orbitals
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5. Which one of the following represents an acceptable possible
set of quantum numbers (in the order n, 1, m,;, ms) for an
electron in an atom?

A.2,1,0,0

B.2,0, 2, +1/2
C.2,1,-1,+1/2
D.2,0, 1, -1/2

Explanation:

Answer = C

37. The maximum number of electrons in P-orbital with n=6,
ml=0 is

A.2 B.6 C.16 D.14

Explanation: n=6=>1=0,1,2,3,4,5=> ml =-5,-4,-3,-2,0,1,2,3,4,5 P
orbital means, I=1 ml=-1,0,1 => ml =px,py,pz(3 orbitals) In
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each orbital there are a maximum of 2 electrons, and there are a
maximum of 6 total electrons on the p orbital.

Answer =A

Teacher's Mind

31. How are the Bohr model and the quantum mechanical model
of the hydrogen atom similar? How are they different?

32. What are the allowed values for each of the four quantum
numbers: n, I, ml, and ms?
33. Describe the properties
of the following four qu
34. Answer tl i
(a) Witho
between
(b) Ho
orbital§
35. Idenfify the subshe
quai numk

( S

(byn=4,

(c) n=6,1=0

37. Identify the subshell in which electrons with the following
quantum numbers are found:

ectron associated with each
: n, I, ml and ms.

ilerences

“shells, subshells, and

ons with the following

() n=3,1=2
(b)n=1,1=0
(c)n=4,1=3

42. State the Heisenberg uncertainty principle. Describe briefly
what the principle implies.
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43. How many electrons could be held in the second shell of an
atom if the spin quantum number ms could have three values
instead of just two? (Hint: Consider the Pauli exclusion
principle.)

44. Which of the following equations describe particle-like
behavior? Which describe wavelike behavior? Do any involve
both types of behavior? Describe the reasons for your choices.

(@) c=Av .
2
(b) E = v
2 'ﬁ
2
(C) r= nZaO ﬁ\
(d) E = hv <E

with an n of 4 in a Se atom

Answer Key

31. Both models have a central positively charged nucleus with
electrons moving about the nucleus in accordance with the
Coulomb electrostatic potential. The Bohr model assumes that
the electrons move in circular orbits that have quantized
energies, angular momentum, and radii that are specified by a
single quantum number, n = 1, 2, 3, ..., but this quantization is
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an ad hoc assumption made by Bohr to incorporate quantization
into an essentially classical mechanics description of the atom.
Bohr also assumed that electrons orbiting the nucleus normally
do not emit or absorb electromagnetic radiation, but do so when
the electron switches to a different orbit. In the quantum
mechanical model, the electrons do not move in precise orbits
(such orbits violate the Heisenberg uncertainty principle) and,
instead, a probabilistic interpretation of the electron’s position at
any given instant is used, wit athematical function s called
a wavefunction that can be determine the electron’s
spatial probability distrj vavefunctions, or orbitals,
are three-di Ortal Stationary,waves that pe\specified by
three quanfuih numbég (s that ax aturall)} from th@ijunderlying
mathemafi@$ (no ad hec a Aptions qgared) the Pricipal
quantugh iimber, (the s efbne use& by ﬁohr) \
specifiegihells such haV );ig\the’ same n a
samgefiergy and appueximarely the gtial exten

anghlABm o AN quantulmegg M
th@ orbital’s a# (Vg 0 S

general shapes, as well asS Spe@ifyang subshells such that orbitals
having the same 1 (and n) all have the same energy; and the
orientation quantum number m, which is a measure of the z
component of the angular momentum and corresponds to the
orientations of the orbitals. The Bohr model gives the same
expression for the energy as the quantum mechanical expression
and, hence, both properly account for hydrogen’s discrete
spectrum (an example of getting the right answers for the wrong
reasons, something that many chemistry students can

/e the

b

ne orbi
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sympathize with), but gives the wrong expression for the angular
momentum (Bohr orbits necessarily all have non-zero angular

momentum, but some quantum orbitals [s orbitals] can have zero
angular momentum).

33. n determines the general range for the value of energy and
the probable distances that the electron can be from the nucleus.
1 determines the shape of the orbital. m1 determines the
orientation of the orbitals of the same 1 value with respect to one
another. ms determines the s an electron.

35. (a) 2p; (b) 4d; (c) 6s

37. (a) Bd/F

43.12

45.
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1.6.3 Shapes of Atomic Orbitals

+¢ The three-dimensional aspects of the orientation of the
atomic orbitals are usually represented by drawing a
boundary surface diagram that encloses the highest
probability (about 90%) of the total electron density in an
orbital.

av< H2.2 A THO T 8T AN
U N0°9°1 A11AK NI~
\7 CPCA LG AN

Orbital e° 7A@ AAOTCT
AN N7 Nao 0T N F 102
L7NC TN A7E T
90% ¢Le

Y-
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z z =
y 1 s Y
- 2

. ' -X - X - X
rd I /B

p!l. py p}'

Figure 1. 16: The three p - orbitals
b ]
Figure 1. 15: The three s-orbitals
Figure 1.15, shows that the r f the greatest probability of

origin is the ¢
Higher prigfigipal ene

mallest, the 2s
five d ambitals in
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addition to, one s orbital, three 3p orbitals. The special
orientations of d orbitals are much more complex in shape than
p orbitals. Figure 1.17 shows the different distribution of the five
d atomic orbitals.

D -subshell £A@- azimuthal (1)=2 nAv? fA@ A+ Tao T (ml)=-
2,-1,0,1,2 efigh = &V “9A-1 5 orbitals N@o-0im- £&HA AT
Y@+ AYH.U orbital A+ Tao NF @« A7 L p subshell (1 xyz plane A&
.U 79° 71C 17 h p subshell A78C A+ 7T ao N F@- NN I°
@110 7@+ = AP 7] a0 N F NZ°0n AL ¢I°Ftav k17

ALY T Lap1Ad H
v D —

y
5?—* -* ":‘ .

¥y z z

e
e
.
e

dxy dyz dzx
Figure 1.17: The five d orbitals

Entrance 2008

32. What is the maximum number of unpaired electron in a d
subshell?
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+¢ This is a scheme used to reproduce the electron
configurations of the ground state of atoms by successively
filling with electrons in a specific order (the building up
order). In general, electrons occupy the lowest-energy
orbital available before entering the higher energy orbital.
Accordingly, the ground state electron configurations of
atoms are obtained by filling the subshell in the following
order; 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, and so

on, as indicated in Figuw.

Ak

e - :
‘ :
Figure 1.18: The order of filling orbitals

ls

LS
3R

_4s” i
_Ss

6s
7s

ik

_3d

4d
5d
6d

_aAf
5f

Aufubau principle ¢72A%7 &1 @ ARANTFCTT avEanl @ 771
energy LA@-7 orbital eoao-At+ LGCAUFPA: 207 hI° A5
htdé. P14 o- energy +Me CA@-7 AP energy CA@-7
orbital 29°A-3-A: hAL NI°NIA AL ATLI°tHav Al ao B and € D
n=1 ¥ 9°Z.A AHV @-OT 7917 @- subshell = s — subshell N7+
y@-::s-sub shell ~A%& orbital Ad®@-:: (A7 orbital @0 £219°
OTALe 1912 3R mNL(electron spin ) @LJ° O+1/2 g -1/2 v-A-t+
AT T @Pap A= ATHY U-A-k 217 orbital A8 °A @ p-
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shell A&1¢.9° =@ p sub shell A.A4IC ¢77 1A hv-AT NAS
ANONTCET7 aom? hAF @+ n=2 energy level 1 2p aubshell
A79.0-9° A7L(HITFo- 2pX ,2py A 2pz orbital A¢T°A- £2-Gh- ==

Entrance 2008

31. Which of the following electrons, identified only by their n
and 1 quantum numbers have the highest energy?

A.n=3,1=2
B.n=4, 1=1
C.n=4, 1=2
D.n=3, 1=0
Explanation:
n-quant

s th e

um i mberd
electron. /
~-quantwinumber

1=2 reprgsents d-or

1=1 gepi€sents p-Qidi
1=@re S-QLbi

n— o OW

n=4, 1=1 shows 4p orbital
n=4, 1=2 shows 4d orbital

n=3, 1=0 shows 3s orbital

In energy 4d > 4p > 3d > 3s
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Entrance 2013

13. According to Hund's rule equal energy (degenerate) orbitals
are filled with

A.two electrons of opposite spins placed in the first orbitals
B.maximum number of unpaired electrons with parallel spins

C.two electrons of parallel spins placed in the first orbital

D.maximum number of unpai lectrons with opposite spins
Answer =B

2. PaulilS@# xclusiof®Principle:

Entrancef 2812

Pauli
States that

quantum numbers

C.two electrons in an atom can have the same set of four
quantum Numbers

D.An orbit can old hold a maximum of two electrons with the
same Quantum number ms

Answer = B
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Electron configuration “7A+ AANFCT T QAR I° HLL O
orbital ¢k IC? A7LT7? AbPaom- A7L7LIN CTLIAR ChbTTao T
FPCU 1=

¢ Two general methods are used to denote electron
configurations.

A CAPLTDan T F’CoT NU-AT avdh- apIA& & TAA:

+¢ The subshell (sublevel) notation uses numbers to designate
the principal energy level§i@nd the letters s, p, d and f to
‘ cript number following a

electron £014.-94

+¢ The other way to present this information is through an
orbital diagram, which consists of a rectangular box (or
circle, or just a line) for each orbital available in a given
energy level, with an arrow indicating the electron's
presence and its direction of spin. Traditionally, represents,
ms=+1/2 whereas | designates m =-1/2
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U-A-+% @- electron configuration A7 1AROT ¢9°7 T Am- ap71£
£°19° orbital diagram Nee <+ 9° @+ 27 diagram(7&4)

orbital 7 MUy 9°NA fav@hd oo 71L& 1@ &1 I°NA h T
NN A7LI° tav Akt @f A7 T h-(1 ®LI° avlav(C UV T (1R
AL @Lao() N@-NMm: CAANTCTT7 ¢7LohNT CANNTCTEY
T332 mOS(spin) ¢LLAL FPANE T AN = PI°ANEE +O1°T
P9 Lav AN @- (1 rule of tumb @O PA@-¢. N7 AP NF), -
haT AF°AA, ¢-ao -1 orbital diagram e Ah-k!

+¢ The orbital diagrams fo.rst ten elements are:
A

H(Z=1) * He (Z=2) *‘ Li (Z=3) ++

|\: l:\: 1_\] JF'i

secz~o ] (1 s ] (H [}

C (Z=6) H +1,1 b A N@Z=D| My : fw‘ HEBE

0 (Z=8) H1 Wilh[t] ¥|re H: AAIETEETEIR

Ne (Z=10) H H HININ

hAL QAT 9°aA, AL ¢ Boron (B) electron configuration A2
Psub shell A8 eAT @7 AANTCT @@ J°NA @ quantum
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Table 1.3: Ground state electron configurations of some atoms

Atom Atomic number (Z) Electron configuration
H I Is'
He 2 | s*
Be 4 1s*2s* or [He]2s*
O 8 1s*2s*2p* or [He|2s*2p*
Ne 10 1s?2s°2p°or [He]2s*2p"
Cl 17 1s?25*2p®3s*3p° or [Ne] 3s?3p°
Ar 18 15725*2p“3s*3p° or [Ne] 3s°3p®
Ca 20 1872572p"35*3p“4s® or [Ar] 48’
Sc 21 1s*25*2p°3s*3p“4s? 3d'or [Ar] 4s°3d"
Cr 24 15?2572p°3s*3p“4s' 3d° or [Ar] 4s'3d*

011

Entre -

52. @ suble can Dejoe Dy a
el@CtrOns™S 1 dentidi g 1¢

A. P

Explanation:

The maximum number of electrons occupied by the sublevels
are:

S-2 electrons
d-10 electrons

p - 6 electrons
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f-14 electrons
Answer =D

+¢ Notice that in the electron configuration of an atom, the
electrons in the outermost principal quantum level of an
atom are called valence electrons. For example, the valence
electrons of the Be atom, are the 2s electrons. For the Ne
atom, the valence electron is the electrons are in the 2s and
2p electrons. Valence elegikons are the most important
electrons to chemists si by are involving in bonding,
as you will learn ing * fiThe inner electrons are

¢ Fm-yalance ele

?rrpe_'ncipal qiaiptum
2T GFm-

EX L
known g elgetrons. H
N electro /s figurat' [ Ot T BRY (VAT
ATheEAGaR, Arnus®valange gle AT core election

%A, ;-

At 2252 A4 2p4 =:valance el é@HOW A “7 @ (U-A-k subshell
@7 PAD- MPAA CAANTC? 103 DAV TI° v.e=2+4=6 e-
£hqd=core electrin N°7AF o« N@-0T (NhrA QA principal
quantum number (n) @-OF £A AANTCTT QAT T7 10 haL
N¢7o- F°AA No-en, A LA®- N=2 hU'? N@©0T Ohd A7E€ AA
IPUPC AA TIAT 1@ STi-9° n=1 1@-= (HY AL AT o
AMNONTCY NHA =2e- jo-:: N1 11Na AL -NYavADhTI°
1522s2sp63s1 1 @-::
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3d subshell 10 AAh+HC7 N@-0m- £tih A 10 AADTCT7

ao 80y @ L779° full filled aovr777 £4.AD4: 17 L19° 5
NODTC Y7 ao 0H @277 9° half filled ao P77 L£4.A0A=TT1ATI°
LU ALt U1t AhAHTCTET 10N OH A4 I° @O T Candbao T
0L AF o-7(stability wuth lower energy state ) en.9°LPA
@L79° OAG.@ A7LT1D1C 1@ n=3 h n=4 £101 324 LA -
JOUPC 1@ = ARAWFCTT £719° 70 384 LANT v (lower
energy state £4.A.24 AHI® 1@+ A AT S, hds @& 3d anti)1C7

?andm"'i:cn« -
+¢* Because there is littlg between the 4s and 3d
orbital epeigies’ c orvageelection
configufations aredqui $e in @ lergy. At higher principal
quag / j différeflce bet certain
: etWQen the and 4s

| are still more excep to the
R e . .
1e heavier transition elefhents.

@ 77

RC (LU TR 7°1CC
[ 6\% LH"
CI<E LY, D A ol b A (1 o9 : D-
7210 SUTA i 1% @O T €978 ao U - 17 AR hAao G C7%
ALALan1:: NAHV N d- block element AL hAS €7@ ALYT
ARYT AGOT @A AT TANT

Entrance 2013

12. The correct electronic configuration For chromium (Cr, Z =
24) is

A.1s*2s*2p°3s*3p°3d*4d*
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B.1s°25°2p°3s°3p°4s°d°
C.1s°2s°2p°3s°3p°4s'3d’
D.1s°2s°2p°3s*3p°4s°4s°3d*
Explanation:

Cr (Z=24) = 1s°2s°2p°®3s°3p°4s'3d°
Answer =C

Entrance 2015

13. The electron configu
A.[Ar]4s24d¢$
B.[Ar]4s28p8

Answer =C

Teacher's Mind

48. Using complete subshell notation (not abbreviations,
1522s22p6, and so forth), predict the electron configuration of
each of the following atoms:

(a) C
(b) P
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(9 V
(d) Sb
(e) Sm

49. Using complete subshell notation (1s22s22p6 and so forth),
predict the electron configuration of each of the following
atoms:

a) N

(b) Si
(c) Fe
(d) Te
(e) Tb

52. Draw the orbital diagram for the valence shell of each of the
following atoms:

@C (P (©V (d)Sb (e)Ru

53. Use an orbital diagram to describe the electron configuration
of the valence shell of each of the following:

(@N (b)Si (c)Fe (d)Te (e) Mo
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54. Using complete subshell notation (1s22s22p6 and so forth),
predict the electron configurations of the following ions.

(a) N-3 (b) Ca+2 (c)S- (d) Cs+2 (e) Cr+2 (f) Gd+3

55. Which atom has the electron configuration 1s22s22p63s23p
64523d104p65s24d??

56. Which atom has the electron configuration 1s22s22p63s23p6
3d74s27?

57. Which ion with a +1 cha
1522s22p3s23p3d104s24
configuratio

58. Whichfaoffthe foll
electron I ,B ,Ne,

59. W / of the f
(a)Mg
(b)Si
(¢

(d) Both Mg and S
(e) Both Si and S.

60. Which atom would be expected to have a half-filled 6p
subshell?

61. Which atom would be expected to have a half-filled 4s
subshell?

the electron configuration
don with a -2 charge has this

g at contains only the®& valence
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62. In one area of Australia, the cattle did not thrive despite the
presence of suitable forage. An investigation showed the cause
to be the absence of sufficient cobalt in the soil. Cobalt forms
cations in two oxidation states, Co+2 and Co+3. Write the
electron structure of the two cations.

63. Thallium was used as a poison in the Agatha Christie
mystery story "The Pale Horse." Thallium has two possible
cationic forms, +1 and +3. The +1 compounds are the more
stable. Write the electron str of the +1 cation of thallium.

64. Write the electron c r the following atoms or

electrons are in atoms of these 1Sotopes? Write the complete
electron configuration for each isotope.

66. Write a set of quantum numbers for each of the electrons
with an n of 3 in a Sc atom.

Answer Key
49.(a) 1s22s22p 3
(b)1s22s22p63s23p2

124



Unit 1 :Atomic Structure and Periodic property of an Element Follow us n f @ Q
ALPHA BOOKS

(c)1s22s22p63s23p64s23d6
(d)1s22s22p63s23p64s23d104p 6 5s 2 4d 105p 4

(e)1s22s22p63s23p64s23d104p 6 55 2 4d 105p 6 6s 2
4f 9

51. The charge on the ion.

53. (a)

(b)

(c)

—
—_——
—
g —
—
—
—
—

(d)

(e)

55. 7Zr

125



Unit 1 :Atomic Structure and Periodic property of an Element Follow us n f @ Q
ALPHA BOOKS

57. Rb+, Se2-

59. Although both (b) and (c) are correct, (e) encompasses both
and is the best answer.

61. K

63.1s22s22p63s23p63d104s 2 4p 64d 105s 2 5p 6 6s 2
4f 145d 10

65. Co has 27 protons, 27 electrons, and 33 neutrons: 1s 2 2s 2
2p63s23p64s23d7.

I has 53 protons, 53 eleck 1@ eutrons: 1s 2 2s 2 2p 6 3s
2 3p 6 3d 104 4.105s

1.8 ElectrgiC Config altio &hd the P)eridic TableW%f the
Element;

PLI°1h1A A&V 7 (At 77 PEPE(atomic number ) & avo
Thd 1@ avpan P CANVTF @ I°h70-1:9° A element AR U

¢ ¢-f@- atomic number 7@-:: isotope A7 (LU Tao 1™ L
atomic number 7@ LAF @- A0~ £I°7m+ I°N-1 periodic table
N7 aow ot LA 1@

Period t17& The horizontal rows of elements in the periodic
table “7AT9° MW7 Ml H A1L&9° ¢Uro- had (U7 Group 1174
the vertical columns of elements in the periodic table “7A-t-g®
N7l &I° U@ hGA TINST7 10 P+ WMl
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Aao(1Z-T A1&9°F ©I° hGd A.TL@- 18 1@ =0T PA LAN7
71C (-tav1*1 2 period AS LA 7T 11¢ -+ same numer of shell
TQATI° Faw ML Ut $IPUPC RTC AATFo- Al A Cl

2

[EER
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14.In the modern periodic table

A.non-metals are placed on the right hand side of the periodic
table

B.elements with similar properties are placed in the same period
C.metals are placed on the right hand side of the periodic table

D.transition and inner transition elements are placed in the
middle of The periodic table

Answer=A

1.8.3 Periodic Propestie

¢ The ele@iron conf@@uratio

h with i Si charge).

sult, thesele u‘ eN variatio
al and chemicaht th;;section
hine some periodie-atemic properties like ato}

zationge S gtronega

U
(Len.g°C periodic variation £afa: AZ°aA.:-Group 1A Ag ¢ 3Li
electron configuration =2,1 y@-= ¢ 11Na =2,8,1 Y@~ hACH- 0OC
fam- 19K £°9° 2,8,8,1 y@-:: A7LI°avAh- 1+ NATHY 7Tl
71 T avhhd PA®- valamce electron -+ao1A% AL 7 171G 17

(0 electron configuration AL LA = A79.0-9° @& 177 (1 period 2
AS N72L ¢3Li=2,1 7 ¢4Be=2,2 7 ¢5B =2,3 APA S+ TAA:
ATLI° tav Akt Fan R U PI°UPC (1H T SHo- NATF @+
electron configuration “17 £A £ £ L7 - periodic variation
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A7 ¢9°7me-@- =hHD ¢ A+ T°-F (1 periodic table Ag

(1 period 4 group N7hGAF @+ ¢ 2087 CAhAR ¢ h7LhAR

NVU L4 periodic variation Ad- = AYH.U QUS L4 Periodic property
+NAD- &me-A = hHY 01 periodic property ¢I°7AF @7 A7 &
NA7% ATLAT =

Atomic Size (Atomic Radii)

¢ Exact size of an isolated atom cannot be measured because
the electron cloud surrounging the atom does not have a

sharp boundary. Howe estimate of the atomic size

can be made by m ance between the nuclei




Unit 1 :Atomic Structure and Periodic property of an Element Follow us ° f r@ O
ALPHA BOOKS

131



Unit 1 :Atomic Structure and Periodic property of an Element Follow us n f @ Q
ALPHA BOOKS

IC OATLN4-4 NA-ao- Lao-hAD A79LAO0( A7L av DG LTNGA =
CATHU hAh ¢ ¢ (inner electron) -+& 64 shelding effect -+NA=
emde-A: NAHY A-t-ap- CAD-7 Lo-hAC FCE D-6en CPRD-7
ANORTCET AT9L20N WL LC-T h shelding electron (s)A®

07+ 70 Lo-hA+ AT @< LRD ALANTC7 CTLANNT7

ao 7 (zeff) AG1EA7=0AHY Zeff =Z-S £hHqd =

¢ Atomic radius generally increases in a group from top to
bottom but it decreases in a period from left to right. These
trends hold well for the group elements but not as for
the transition elemenisicieet enter an inner electron

shell, no \\\
la) X%

» 74 ACPIO SR MA
3E¥ 4 9K n period 2 Ag \ 2 ¢ 3Li

Atomic ra periodd
AI°Y? A 177 ao)

. walyl . Fas .
atomic WA £ 311 electrin c?)\nflgurat 2,1
1@~ ’ ?9 '\EchlJron configuration
g off NG7R&(C

=2,7f ¥ TR Uk

4
ALAP@TI®: IC 217 ¢ principal quantum number £6n.9° ¢ =
Ag°ah.:-3Li electrkn configuration =2,1 7@-=0AH.U Zeff=27-
S=3-2=+1 a.r? n=2 7@-:: 11Na electron configuration=2,8,1
yYo-:7eff=11-10=+1 cALv? n=3 7@ n (L.en.I°C L°19° orbital
size NA“Len.I°C hH JC -+2LH ¢ atomic
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Cao 141 V23 OATLLEIT DT L T Aav Ol AP I°
L7730 =NHUI° 1 ACehnapld, Sap M\

1. What are the factors affecting the size of an atom of an element? Explain |

your answer using examples.

(]

Using the periodic table, rank each set of main-group elements in order
of decreasing atomic size:

a. Ca, Mg, Sr b. K. Ga, Ca ¢. Br, Rb, Kr d. Sr, Ca, Rb
3. Why is the difference in atomic radius between the elements Z = 11
(Na; 186 pm) and Z = 12 (Mg; 160 pm) so large, whereas between Z =
24 (Cr:; 125 pm) and Z = 25 (Mn; 124 pm) the difference is very small.

(Note that "pm"” 1s picometers.).
\/

\ '()U
*'TI€ ionizatiQs C is th kJ) rec

( ~1€ reimnovdl G 91 OL €LeCITI'OINS TEOIE O

IToniza#g

Energy

d for
Of

IE “9A-+ 1mol AARTC? hATE At-9° AL AQ @M
7. 048.4° €L aomy “IANT - i

+«»» Multi-electron atoms can lose more than one electron, so
the ionization energies required to remove each electron are
numbered in sequence from the ground-state atom. For
instance, boron atom has five electrons, two in an inner
core (1s2) and three valence electrons (2s22p1). The five
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ionization steps and their ionization energies, IE1 through

IES, are:
B(g — B (g +e IE, = 801 kJ mol™
B'(g) — B* (g)+e IE, = 2427 kJ mol™
B*(g) — B (g +e IE, = 3660 kJ mol™
B*(g — B" (g)+e IE, = 25,025 kJ mol™
B*(g) — B" (g)+e IE = 32,822 kJ mol™!

AAP LTAA: OHY LH
. =20AHU
LI°ao ANk T- Boron

NA7E A-2=9° hAa7L mol
AALY979 1
e 1A Le TELR

ht9° 5 & AAL 7979 nrC7
PTLENG 3 JE2, IHS. WA LAY
384 fem '

O11]
the outermost shell of a'@@8€@us atom to produce a gaseous
ion.

Atom (g) — Ion*(g) + e AE=IE >0

Cap P and C@-7) hANTC7 NAao- ATINDON T P77 CN4E4.-A 1D~
524 First ionization energy (LA &1 524 hu-&-9° 70
PTLLENE. AN HLA 1@ TN CEkI° Poen L RD hANTCTE
N@m- RTC Af-ao- SA@-7 orbital APM § @& Lo-hAn AP+4N
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+* largest ionization energies in any period occur for the
noble-gas elements. This general trend increasing
ionization energy with atomic number in a given period is
due to the fact that as we move across a period, Zeff
generally increases so atomic radii become smaller. As a
result, the attraction between the nucleus and the outer
electrons increases, so an electron becomes more difficult
to remove.

an/d. Sav M\ = &N I°h7 Ok
omic Size e+7A0A = SN

IE (1 period h°1¢- @& % 017
¢ Zeff aoenrao(C 1 o-:: Zef
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| Ne
__ 2000 '
=
£ Fl
; Ar
= 1500 N I Kr
P l N :
E H 0 = B Xe
Be, P T | Rn
£ 1000 1 C . As, Tel/ .
& Mg/ S 1 /Se . 1Sb ~=* Pb
.E é f Si " _"h" 'Ge - *Sn T 1%]?0
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[‘i Nam K Ga ¥ r In ' Ra Ra
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Figure 1.20: Ionization Lmrg# versus atomic number

electron of the Group IIIA element is more easily removed
than one of the ns electrons of the preceding Group ITA
element.

ennperiod ¢ [E avenavC 17 27U AL LATC = hAL NAD- I°NA
A7LI° Fav AT (MA797L N 700 = AI°AN:- h Mg oL Al
.28 avennaoC C10LNT OV 7I° IE 700 8T AI°7 U hA7
h Subshell electron configuration JC ¢-1-£ fH 1@-:: ¢ Mg
configuration =1s2,2s2,2p6,3s2 y@-: ¢ Al configuration
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=152,252,2p6,3s2,3pl 1@+ =778 At I° @ PRD A ANICT T
(1 porbital AL €71 Uy @en £R@- A AhTC7 s orbital AL
N7LTV7 T hio-hAN: COAM CPPA 7°79° LUA (AL quantum
number (n) A& (L. »9°: p orbital £CPA “TAT £9° Q74
524 (IE) AARTCH? ASODM AT TAAY TN 1o+ AH jo- ¢ Al
IE eI @- ==

+¢ Also note that a Group VIA element (ns2np4) has a smaller
ionization energy than the preceding Group VA element.
As a result of electron r On, it iS easier to remove an
electron from the doubly*6€€upied np orbital of the Group
VIA elementstliangFom a SIne cupiied.orbital of the

precedifis Group VA elergeit.

! > h P of

ctron re

v AICY
—
2 ¢ 15P configukation

NA78¢
? ha7y

=1s2,28282p6,3s2,3] %, 31 } 7@+ ¢ 16S config 0N
=1s24292 2p6,3s2,3p 3p7t 7 @=::k6S 3Px AL V-
N b o1 2 ) .

:j O 6 [ (/70 P b AT D ' O 5
A+70 eFA@-:= AT PA 17 [E O period hele- @& % Len.I°c-A
(1 Group hA® @& J- L+7ah:

Entrance 2011

22. Which of the following elements has the highest fifth
lonization energy(IEs)?

A.Al B.S C.P D.Si
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Explanation: lonization energy increases from left to right across
a period. Hence, S has the highest ionization energy.

Answer = B

(]

_ "‘\

1.

Choose the element with the higher ionization energy from each pair:
a. As or Bi b. As or Br d. K or Ge

The first and second ionization energies of potassium, K, are 419 kJ
mol™ and 3052 kJ mol™ and those of calcium, Ca, are 590 kJ mol™ and

1145 kJ mol™', respectively. Compare their values and comment on the

c.Alor In

differences.

Based on their positions in the periodic table, predict which atom of the
following pairs will have the larger first ionization energy:

b.BrorSb ¢. KorCr d. MgorSr e. OorNe
Name the period 3 element with the following ionization energies (in

a. Ga or Ge

kJ/mol), and write its electron configuration:
IE, IE, IE, IE, IE,
1012 1903 2910 4956 6278

IE

22,330

Electron 1n1

+¢ The electron affinity is the energy change for the process of

adding an electron to a neutral atom in the gaseous state to
form a negative ion:
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AL j@-: A ao-9° WANTCFI® LI T8 G F @+ AH
WONTCRERT @L 2.0 Aap (1 DLA T9@ T+ ALY 7 ap 447
TLLENPC 1D av iy Lcha- DL A(absorbed energy) 7010t
AN AH jo- EA2 7°HAAT 2 TC U0

1A
(1

H A HIA | IVA
728 (2) (13) | (14)
Li Be B o
-59.6 <0 -26.7 | =12
Na | Mg Al | si
-52.9 <0 -42.5 | ~134
K Ca Ga Ge
-484 | -2.37 289 | -119
Rb Sr In Sn
-469 | -5.03 -289 | -107
Cs Ba Ti Pb
455 |-13.95 -193 | -35.1

from left to right in any

EA qperiod hol¢- @€ +% 017748 EA 211 RTC APUT L4454
71C °17% 2H Py 71 eA@-I° Navhhd AL @€ I HAAl R TCI°
A.ao® B AQ::

¢ Note that the Group VIA and Group VIIA elements have
the largest negative electron affinities of any of the main-
group elements. The trend in going across a period is rather
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¢ Electronegativity indicates the extent of attraction by which

the electrons of the bond pair are attracted by an atom
linked by this bond.

Electronegativity ¢9° 7A@« A7& A-+9° h7Lhd 7L €417
AT T @L 2 Cap Al AP I° 1=

Unit 1 :Atomic Structure and Periodic property of an Element

¢ Linus Pauling, an American scientist, in 1922 assigned
arbitrarily a value of 4.0 to fluorine, the element considered
to have the greatest abili attract electrons. This is
known as the Pauling s proximate values for the
electronegativity o are given in Table 1.4.

Table 1.4: (a) Electronegativity values (on Pauling scale) across the periods

Atom (Period II) Li Be B G N 0 F

Elgftr{}ﬂ{-gﬂtivi[}r 1.0 15 20 25 3.0 35 4.0

Atom (Period III) Na Mg Al Si P S Cl
Electronegativity 0.9 1.2 1.5 1.8 2.1 25 3.0

Table 1.4: (b) Electronegativity values (on Pauling scale) down a group

Atom Atom

(Group TA) Electr::leiatlwt ¥ (Group VIIA) Elect l‘:':l:llll-_‘liﬂll"r'lt ¥
Li 1.0 F 4.0
Na 0.9 Cl 3.0
K 0.8 Br 2.8
Rb 0.8 I 2.5
Cs 0.7 At 22

Pauling ¢-10A -tap-77¢ ¢h-t-9° 17 electronegativity h 0-4 QA

&P T Navohd NP Lav-thHAO AN PaoT ¢I°hd, LU
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Metallic Character “9At AL 7Tl 11C CAD@- N Cav U7
MG QAT 1@< NG CavlPy NG I°3L7@-? hA
NWNOTCTY Pav b P G @& cation Can I N mOLT NPT 1T
ATMPANT =

¢ Metallic character decreases as you move across a period in
the periodic table from left to right. This occurs as atoms
more readily accept electrons to fill a valence shell than
lose them to remove the unfilled shell.

Metallic character N period h“ﬁmﬂ 7 072 LPIANE ATOY?
ha N2 T ¢72171 h period table N-11¢- h-A 7@+ non
metal £°19° an-t e - (‘l(\rLU h‘!"‘? @£ “1¢- NEL h-t q°F
P\J\,h"i‘(i"} ?008\4“‘[’ f'lBU"} i\,f\,h"l‘(‘."} PaoP(1A Gl?\"l.d‘;FCD‘

vty R/AY B \\

Iy

“* Metallic character i _ln_c"y_eases as you move down an element
group in the periodic table. This is because electrons\

ecome easier to lose as the atomic radius increases, where

there is less attraction between the nucleus and the valence

electrons because of the increased distance between them.

Metallic character N group hAg @& F1 L& RTC Afenranl.
LavM Az AFC7? A7 atomic radii hAg @& J-+F A¢en.and
NA“Lao T @ SRD LANTCT7 NPAN @L Af-av- Lo-hAD
NPAN ALANI°:= 271 “IAT NPAN ANDTC7 Cap @Mt O
MNL LTLPA TINT 1D

Teacher's Mind

67. Based on their positions in the periodic table, predict which
has the smallest atomic radius: Mg, Sr, Si, Cl, L.
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68. Based on their positions in the periodic table, predict which
has the largest atomic radius: Li, Rb, N, F, L.

69. Based on their positions in the periodic table, predict which
has the largest first ionization energy: Mg, Ba, B, O, Te.

70. Based on their positions in the periodic table, predict which
has the smallest first ionization energy: Li, Cs, N,F,I.

71. Based on their positions in the periodic table, rank the
following atoms in order of increasing first ionization energy: F,

Li, N, Rb '..

72. Based on their positions in the periodic table, rank the

following atoms or compounds in order of increasingfirst
ionization energy: Mg, O, S, Si.;‘\ fan \8\
'y s /o
73. Atoms of which group in the periodic table have a valence
shell electron configuration of DSZIIPS?a 2 J \
' - 2

74. Atoms of which group in the penodlc table have a valence

shell electron configuration of ns2 e }

N "
following atoms in order of increasing radius: Mg, Ca, Rb, Cs.

75. Based on their positions in the periodic table, list the

76. Based on their positions in the periodic table, list the
following atoms in order of increasing radius: St, Ca, Si,Cl

77. Based on their positions in the periodic table, list the
following ions in order of increasing radius: K+, Ca+2,Al+3,
Si+4
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78. List the following ions in order of increasing radius: Li+,
Mg+2, Te-2,Br-

79. Which atom and/or ion is (are) isoelectronic with Br-: Se2+,
Se, As+3,Kr, Ga3+, Cl-?

80. Which of the following atoms and ions is (are) isoelectronic
with S+2: Si4+, C13+, Ar, As-3, Si, Al+3?

81. Compare both the numbers of protons and electrons present
in each to rank the following ions in order of increasing radius:

As, Br-, K+, Mg2+.

82. Of the five elements A
exothermic reg
given to thg
depicted dQ

a, Rb, which has the most

F& ANhat name is

note th@yprocess
Ctrqen/_}flmty

J& ich has the
RS an .) What nd

ergy for
S not cox

8

U ic g

pm respectively. Explain why these ions have different sizes
even though they contain the same number of electrons.

85. Which main group atom would be expected to have the
lowest second ionization energy?

86. Explain why Al is a member of group 13 rather than group
37

Answer Key

67. Cl
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69. O
71.Rb<Li<N<F

73. 15 (5A) 75. Mg < Ca <Rb < Cs
77. Sid+ < Al3+ < Ca2+ < K+

79. Se, As—

81. Mg2+ < K+ < Br— < As3-

83. O, IE1
85. Ra

1.8.4 Advantages of Periodic Classification of Elements

Some of the advantages of periodic classification of elements
are:

1. The classification of elements is based on the atomic number,
which is a fundamental property of an element.
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2. Isotopes are averaged in one place, as the classification is on
the basis of atomic number (For example, chlorine (atomic
number 17 ) is given the atomic mass 35.5.)

3. It explains the periodicity of the properties of the elements
and relates them to their electronic configurations.

4. The position of the elements that were misfits on the basis of
mass number (anomalous pairs like argon and potassium) could
be justified on the basis of

atomic number. ...

5. The lanthanides and actinides are placed separately at the

bottom of the periodic table. ‘[_\ ) \ \

Iw [l
6. The table is a simple, systematic and an easy way of}

remembering the properties of various elements, as it is based on

the electronic configg;ation.. < )U
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