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Describe that, ear.h atomic shell and sub-shell are further divided into degenerate orbitals having the
same energy. -
Describe protons, neutrons, and electrons in terms of their relative charge and relative masses.
Recognize that the terms atomic and proton number represent the same concept.

Describe the behaviour of beams of protons, neutrons and electrons moving at the same velocity in an
electric field

Determine the number of protons, neutrons, and electrons present in both atoms and fons given atomic
or proton number, mass/or nucleon number and charge.

Explain the change in atomic and ionic radius across a period and down a group,  — =1\
Determine the electronic configuration of elements and their ions- w@wmmﬂumb@rs\ﬂam examptes
include: a. simple configuration e.g. 2,8. b. 5ab- sr/lellsa 8. 153 2£' zp"\ls" ¢. students should be able to
determine both of these frmn periodlc tabfe and qre’ r\ut requlred tomemonzc these. d. Students should

understand that thefnléa{ prqpemes of\an atbqv are gﬁwrmd by valence electrons).

Define terms relat | to, el.ecuuni'c cwlguratiun (some examples include: shells, sub-shells, orbitals,
pnnﬂpal ? hbéf \(n), ground state).

Relateldda ﬂﬁm Numbers to electronic distribution of elements.
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. Describe the number of orbitals making up s, p, d, and f sub;hgt[i}\#wa/tﬁe number‘nf EIectmns that
can fill 5, p, d, and f sub-shells, -~ QO A\ \ \
11. Apply Aufbau pr{nr.lple Pauli 5 extluginn prlnciple and Hund‘f s:-‘ute towrite the elect: it configuration
of elements. Q\ \g ;; 0\ \\ -
12. Describe the order of inrmeas\ing enécm*of the sub-shells (s, p, d, and f).
13. Explain t ]t\hﬂ\ﬂw ig \configurations to include the number of electrons in each shell, sub-shell and
14, E%aln the electronic configurations in terms of energy of the electrons and inter-electron repulsion.
i5. Determine the electronic configuration of atoms and fons given the proton or electron number and
charge.
| 16. llustrate the importance of electronic configurations and development of new materials for electronic
| devices. (For example, semiconductors such as silicon has a specific electronic configuration that makes
them ideal for their use in electronic devices)
| 17. Describe the shapes of s, p, and d orbitals.
18. Describe free radical as a species with one or more unpaired electrons.
19. Explain that ionization energies are due to the attraction between the nucleus and the outer electrons.
20. Explain how ionization energy helps account for the trends across the period and down a group of the
periodic table.
21. Account for the variation in successive ionization energies of an element.
12. Explain the factors influencing the ionization energies of elements in terms of nuclear charge,
atomic/ionic radius, shielding by inner shells and sub-shells and spin pair repulsion.
| 23. Deduce the electronic configurations of elements using successive mnizatjm\ene;gg 3, (| (\\ \
24. Deduce the position of an element in the periodic table usm; Q;Eéy data.
25. Explain how a mass spectrometer can,tF us@ tu tkrﬁ\lnE\tnglh ea E mass of an element from
its isotopic composition._ .
26. Perform calculations @ql*kﬂ%ﬁtugég\j\vemémlc masses and’ abundance of isotopes from given
data, includlng mass trs\1 VU
27. Exp!.airL at' lemission spectra, Use the concept of emission spectra to deduce the electronic
9 Q@é}}tb of elements.

Based on discharge tube experiments a series of discoveries which started during the later part

2.1 BRIEF HISTORY OF ATOMIC MODELS

of 19" century modified Daltonian concept of atomic structure. Later on Neil Bohr's atomic

model further clarified the picture
of atom. His model was the first
approach to the quantized energy
levels or electronic shells with fixed
energy. He was successful to
calculate the radius of hydrogen

atom

electron in any shell of H atom. The
emission spectrum of hydrogen was

and the energy of the

well explained by Bohr but when_ | 77T\

high resolution spectrophotumeters"\

were

originated\ \MRHN ‘sbﬂu‘tted spectral
lines, these lines were splitting in

made, _fine| | \ spectrum

l.hl..‘\‘;
i
i

electric and magnetic field giving ~ Figure 2.1: Bohr's Atomic Model
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rise the stark effect and zeeman effect respectwely, whu:h wer:e ubvinusly nﬁt explained by
Bohr. This new spectral advancement made ’the/atomm structure mofe complicated.

These discoveries were folluwed by He:aent;erg Lk uncertamty pnnc1ple which gave rise the
concept of subshells ancf nrbltals as the'comprising parts of an electronic shell,

2.1 Sublb&ébmlc Particles

Electron:

It is negatively charged subatomic particle with a charge 1.6022x10"°C. Its relative charge is
-1. Its mass is 9,1095x10*'kg. It was discovered by J.J. Thomson. These particles are deflected
towards positive pole of electric field.

Proton:

This is positively charged subatomic barticle with a charge equal to that of electron, but it is
1836 times heavier than an electron as its mass is 1.6727x10% kg. It's relative charge is +1.It is
deflected towards negative pole of electric field, thus electron and proton are electromagnetic
in nature.

./\ ~\

Neutron: j‘j\ , ‘- @ MWL
Neutron carries no charge as it passes JJy thee tnc and mgrktyc\fietds un-deflected. It is

more massive than prut9q its mass is |V {?5 w"\kg

Am—lhhitl a muinbeo DiLkskdareoia) paiticss,
thdhemcisihigwedstad e ...

s e V = ‘ H —
P CiramaCC ‘Hilathﬂ:e cﬂalub;d

T PROTON | L ABTE X 10T | | 1,802 xT10-| 1 41

N‘mﬂnn‘ S — 00 | 11 00

annl 9.90608 010" | | 1.80802 X010 ﬁ%‘ -1

2.1.2 Behaviour of electron, proton and neutron in electric field

In the presence of an electric field, electrons and protons undergo oppeslng}orces du-e \to their
opposite charges. Electrons, being negatively charged move: against thg elecmi: field towards
positive pole, while positively charged- protﬂns move in the dlr‘e¢t10n of the electric field,
towards negative pole. N{a'«.ltn::ns1 being el tﬁcal{y neﬂtral generally experience negligible
forces and exhibit no dewatmn in an alect Tfield.

When eleqtr@g», ertm‘\s and neutrons share the same velocity, their paths diverge due to the
electric forces acting on electrons and pmtons Electrons curve against the electric field,
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protons curve with it, and neutrons, having no net charge, (;qh;mue é!.nng their path with
minimal deflection, their turmng curuature alsa depend un tha urajettory force or velocity.

e

The o' is deflected much
- more thanthe pha
AN i' 'hava ‘moch smaller man
(3-__'," ;,/";_1\ II“.‘&\, I".‘I I",) ll\l ".‘ 'l',y‘ vl,»"_J ] '

Path of positively and negatively charged
' u*&”' 'the uniform electric field,

2.1.3 J t\om{c humber and Mass Number

Atomic number is the number of protons in the nucleus of an atom. Since atom is a neutral
particle, it means that the number of electrons revolving around the nucleus are equal to the
number of protons present in the nucleus. Atomic number is represented by Z.

Mass number or nucleon number represent the total number of protons and neutrons in the

nucleus. It is represented by A. Mass number is approximately equal to the atomic mass of an
atom.

Atomic number+ Number of neutrons= Mass number
(P+N=A)
Number of Protons=Number of electrons (in a neutral atom).
Number of electrons in a cation= Atomic number - magnitude of d’farge on \cation
Number of electrons in an amon Atum:lc number ¥ magn’rtude of charge on anion.

Concept Assessmem F.xercise\z 1
1.

' ¢lectruns are present in the following species:




2. Find out number of electrons protons ands neutranst}f thé ‘ml{mying species usmn the
atomic number. (Use pEI”IGdIC table} A \ ) U

Mg, CU', ALY, 51" X

2.1.4 Ammlé'and Iomc Rad1us
The average distance of nucleus from the outermost electrons is called radius of an atom. It is
the measure of size of an atom as the boundary of electronic cloud is not very well defined so
the term average is used.

Periodic Trends

Across the period from left to right in main groups the atomic and lonic radius decrease as the
nuclear charge increases. From left to right the shielding effect remains constant. However, in
transition metal series it increases as the electrons are configured in the inner shell d-orbitals.

: - =
~ Figure 2.3: Atomic and ionic rﬂ

In a group from top to bottom the atomic radius increases universally in the whole periodic
table. This is due to increasing number of shells, one in each period and the shleldmg effect

increases due to intervening electrons.
lonic Radius ey

The cations are always smalter than thelr pa ent atdms dUe tn increase in
effective nuclear charge and decrease in the electron- electron reputsmn

in the valence The t ﬂuﬁ IM removal of electrons.
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Figure 2.4: Periodic table of nonrelativistic classic turning radii

From top to bottom in a group the trend of lonic radius is the same-as that of \ammic radius, it
g0es on increasing. This is due to the same charge on-the o}rimro/ughm}ﬁhe group.

This is debateable in the periud jrm‘n Li%b; /@ht\bécause in @ period each element does not
usually form lon with tl% sarhe chargb tharge on the ion depends upon the valence shell
electronic configur t{qn, whlr:h changes from left to right. If we consider the same charge on
each io j J;pﬁﬁgﬁ table from left to right in a period the trend will be the same, that is, the
decrease as ‘that of the atomic radii.

It is important to understand that atomic and ionic radii and their trends because they affect a
lot of other properties of the atom for example ionization energies, electronegativities, bond
energies, bond lengths and oxidizing or reducing powers.

Concept Assessment Exercise 2.2
8 As you move from left to right across a period in the periodic table, the atomic radius

generally
2. Down a group in the periodic table, the atomic radius tends to
3. When an atom loses electrons to become a cation, its ionic radius compared |

to its atomic radius. \
ES Among elements, as you move from top to bottom wthn a group, thE mnic radius of

cations tends to » While, the mmc radius of “&nmm’tends to
5. In general, nnnmetals tend tn fnrm ‘ fmns with ) ionic radii compared
to their atomic; f‘adii a0 \\ '

NI \»H\ i;U = a
\ ’\\\;J NN NS
\J\J



2.2 QUANTUMNUMBERS’ AL

The approach of expregmg the - presen af elettmns aruund the nucleus in digital/
mathematical way gave nse tha ::oncept o\f jantum numbers.

A set of four num%rais, Ealled quantum numbers are assigned to each electron present in an
atom. No mat 11.9\' how bigger the electronic cloud in an atom is, the specific set of quantum
numbers are enough to specify the exact location of an electron in an atom. The energies of
electrons might be expected to depend upon the first two quantum numbers i.e principal
quantum number and azimuthal quantum number.

1. Principal Quantum Number

This quantum number is the expression of Bohr's shell in quantum form. It is represented by n,
which has possible values

n=1,2,3...

The principal quantum number also depicts the period number in the periodic table, because
each period starts with the new shell. This number represents the Bohr's shell.

)

If n is greater the energy of the shell is greater so is its size. Princi afhuan&ﬁﬂﬁrdber arose
from the emission spectrum of hydrogen which wag first of aTFe néb)ésﬁhf and Max Planck.
Each spectral line in the emission 5pec;mm/ls\q6:plain\ed by. the’possible jumps within shells of
H atoms. O\ \ \““\ O\ RO

NW’““"‘“ Nﬁ}nﬁer

The azimw quantum number which is denoted by | describes the shapes of orbitals of
electronic shells. An orbital is a space around the nucleus where the probability of finding the
electron is maximum. One shell may be comprising of more than one subshells or orbitals.
Azimuthal quantum number determines the orbital’s angular momentum of the electron and
specifies the subshell within a given principal energy level (n). The values of | range from 0 to
n-1.

Possible values: 1=0,1,2,3...

The presence of subshells is related to the fine spectral lines in the spectrum. Number of
subshells in a shell depends upon the shell number, bigger the shell, more are the number of
subshells in it and more electrons can be accommodated in it. Azimuthal quantum number is
also related with the position of element in the periodic table. s,p,d, and f orbitals represent
the blocks in the periodic table. A
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The splitting of the hn@s(ﬂgct,mﬁmb der ﬂ&jhﬁuence of magnetic field can be explained
on the basis of magnetic QUanfum nul "It is also called orientation quantum number and it

is denoted %@Wible values are from

-1 to +| it means
v=3,-2,-1,0,+1,+2,43,...

For s-orbital the value of | is equal to zero so it has only one value for magnetic quantum
number that is also zero. It means that under the influence of magnetic field s-orbital remains
spherically symmetrical.

For p orbital the value of |=1

So it has three values of magnetic quantum number i.e. +1, 0 and -1. These three values s‘hnw
that the P orbital splits into three degenerate orbitals that are py, py and p,, which are oriented
in space on x, y and z axis respectively.

Similarly for d-orbital (L = 2) there are five values of magnetic quantum numhers l e.

-2, -1, 0, +1, +2. Which represent five orbitals oriented at different, puaﬁbm m space around
the nucleus. These orbitals are named as- ¢:y dw. die) dx ‘o “@ﬁd @2. 0

f-orbitals are seven in number@nd has niagnwc quanfum nurmber values from -3 to +3,




3. Spin Quantum Numbeér

Maximum two electrons can reside in ane SR\ 7S
orbital formed by méghetic quantum\‘-_s
number. These two. el trons | should also
have dlfferen!:,ldeﬂﬁ fication. Actually, two
electrons tn'one orbital must have opposite
spin, if one spins clockwise the other’s spin
will be anti-clockwise.

Spin quantum number describe spin of an
electron. Goudsmit in 1925 proved that
electron also spins about its axis, it may be
called self-rotation and it causes spin
magnetic field around it. To reside in one | Figure 2.5: Spin Quantum Number
orbital two electrons must cancel spin

magnetic field of each other, for this purpose they have opposite spins. Clockwise spin is

represented by +1/2 and is symbolised by T And anticlockwise spin is represented by value

-1/2 and it’s symbol is 4 . 2\ 20O\ \
—~ \\\I | // \¢ A\

2.2.1 Quantum numbers and,electrpmctbnfiguramew .

Electronic configuration means tl’u@dlstnbuﬁQn ofelectmns around the nucleus in orbits and in
turn in orbitals. A c lete ‘electronic” configuration must clearly represent all the four
quantum num ‘the help of four quantum numbers one should be able to write the

complete col rgur tmn
i : :m =+

2.2.2 Emission Spectrum and electronic Configuration of Elements

The concept of emission spectra is used to determine the electronic configuration of elements.
When atoms absorb energy, such as through heat or electricity, electrons move to a higher
energy level. When these electrons return to their lower energy levels, they release the
absorbed energy in the form of light. The emitted light can be analyzed to reveal the unique
spectral lines or patterns of each element. This process is essential in spectroscopyandls widely
used to identify and understand the electronic structure of atnn:rs 1€ GO

The emission spectra are used to infer the e[ectrm'nc conﬁguratmn of elements as follows:

1. Line spectrum analysw A

Each element has a cherlacteﬁstic' line spectrum consisting of certain wavelengths of light that
is emitted’ wméh etectrons move between energy levels.




/\ _\,

By analysing spectral lines in the emission sp-ectrum,,ane\da mfer\th?enérgy levels and
transitions that electrons undergo in anﬂatam \( A YA

1. QuantiZEd Energy LQVHIS‘ I" \\n‘"}\\ (_/\,3 =i l ‘_

The ubsewat[ pﬂ pistinﬁt hries supports the Bohr’'s idea that electrons t:u:cum'r specific,
qucmtizgtl F}ﬁeﬁgﬁ levels (shells).

3. Electronic Configuration Deduction:

The: number and position of the lines in the spectrum can be used to determine the number of
shell electrons and the distribution of the shell electrons. For instance, the number and

arrangement of lines in the spectrum indicates the number of major energy levels or shell
elec:trons.

For example, a hydrogen atom is a classic example of an emission spectrum. Its emission
spesictrum is composed of distinct lines that represent the electron transitions in the hydrogen
atoim. It helps to determine the energy levels of hydrogen and its electronic configuration.
Ano ther example is a sodium atom. Sodium has a characteristic yellow emission line. Analyzing
this line helps to determine sodium's electronic configuration, including the distribution of

elec:trons in the energy levels of sodium. N\ @0 A\ ﬁ”f
~_[1$2 (W)Y
C NN
Caincept Assessment Exetcise>\2 O C )\\ [(&0e
\ 77 DR,

| 1. Explain the role pt&hefpﬁnqé{l qua Jﬁtu\h'\r number (n) in describing the energy levels
of electrons wi\:hm an atom:

2, _When rmdpal quantum number (n) is 3, how many dlfferent poss1ble values can
N\ imuthal quantum number (1) take?
3. Describe the significance of the magnetic quantum number (m) in relation to the
arrangement of electrons within an atom.

| 2.3 RULES OF ELECTRONIC CONFIGURATION
1. Auf Bau principle

Elec :trons are distributed in orbitals / subshells in order of increasing energy, Firstly, low energy
orbi tals are filled then electrons are filled in high energy orbitals.

The energies of orbitals are calculated using quantum mechanical principles. This calculation
provridess information about the allowed energy levels and spatial dv.stnbutluu of electrons in
atorn. AN (C (0 j,

The incre.asing energy order of nrbltalﬂs
1s < std'?.psisx 3p Ng «\Bd’m .

NS
\ MNJ\“\ Ne



It is apparent that sometimes the electron is filled first m}righen sbeﬂ(n) andthmﬁn lower
shell. This can be explained on the basns uf n+[ rule \

Figure 2.6: Filling order of atomic orbital

C.oncept Assessment Exercise 2.4 N 20 “

[ \\,)\ o

N\ |
. In which orbital of the atom the 11 eledtron ‘W1t }\tqi fgurated?
2 Place these orbitals in mcreasmg ene(@ Qrdex. - U
5s, 4p, 4s, 3d . N\

Z. n+l R“F \j |~\\J '\H (jj,“'._.'.'\ =3 - —

Higher the n l value higher will be the energy of the orbital.

\
/
/

e.g.n+l value for 4s orbital is
4 + 0 = 4 and that of 3d orbital is 3+2=5 so the energy of 3d orbital is greater than 4s orbital.

‘Concept Assessment Exercise 2.5
Which of the following orbitals have greater energy?

3. 5forép

4, 5sor4d
3. Pauli Exclusion principle
No two electrons in an atom can have the same values of all the four quantum numhers at least
the spin quantum number will be different. : N\ 20 T\

If two electrons are present in the same orbltaljn landmaref san'iéi ;ﬁelr 5pﬂ*rm’ll be opposite
for both. If one is clockwise(s=+1/2) T the other wm be aqnclpckwise(s- 1/2) 4.

e.g., two electrons in 3px urbitéllhave fnllumﬁ sets of quantum numbers

QAR H\“ H“

-




Electron A Electron B

n=3

m=1 _ J “ Ill"l] =1
N H N

‘.\4-“5 5112

4., Hund’s rule

According to this rule if degenerate orbitals (orbitals with equal energy) are available the
electrons will tend to reside separately with same spin, instead of pairing up in the same orbital
with opposite spin.

For example, if two electrons are to be filled in p orbitals its configuration will be
Pt py'
If three electrons are to be filled in p orbital.
Pt py! pit
Energy of orbital is also related with the number of -ele\t:tru::p;K septsim mf?\\ﬁ;lf-hlled and

completely filled orbitals are more stab} with lessanefgy\'%\‘ﬂ; @bV!bES\Tn the configuration
of many elements like chromium {ﬁr} anc cﬁpner (Cu}

\\\

2.4 DErERRrNA'nON OF ELECTRONIC CONFIGURATION OF
AIWﬂ 1ONS WITH PRg:ﬁ:G(;R ELECTRON NUMBER AND

To determine the electronic configuration of atoms and ions, you need to consider the number
of protons and electrons in the atom or ion. Note that in a neutral atom, proton number or
atomic number (z) is equal to the number of electrons in the atom. The electronic configuration
can be determined by following three steps:

1. ldentify the neutral atom’s electron cnnﬁguratlon.

Each neutral atom has a specific number of electrons, which can be found in the Periodic Table
of Elements. For example, a neutral fluorine atom-has nine electrons.

2. Determine the charge of the ion:

lons can be positively or negatively charged, depending on whether bhezﬂvave gmned or lost
electrons. Positive ions (cations) have a deflcit nf e{ecfmns,\W[e ) niegative ions (anions) have
an excess of electrons \

3. Write the electron conﬁgl.h'ét‘ on for the ion:

For cations, N\ g&ﬁ%&h the neutral atom’s electron configuration and remove electrons equal
to the m&gmtude of positive charge from outermost shell to create the ion’s configuration. For




anions, start with the neutral atom’s electron copfiguration anct hdd electmns equal to the
magmtude of negative charge in the uutermusﬁ shell to c?eate thi’!\ldm\'s ¢configuration.

For exarnple, the electmmémhﬁgﬂra{iah Qf\f\umne is 1 s‘l 252 2p5
Now consider a flqund? {JF} wn WIth a-1 charge (anion): |
Neutral flunﬁhe atom: 9 electrons

Fluoride (F’) anion: 9 electrons + 1 electron (added) = 10 it-lectrons
The electronic configuration for a fluoride anion (F') is 15;? 251 2ps.

Similarly, the electronic configuration of Na is 1s? 2s? 2|:§° 3s! which has 11 electrons, now in
Na* ion one electron will be removed from the valance orbital (11-1=10) so its configuration

will be
1s? 252 2p® 3s? 3ps.

Explanation of electronic configuration in terms ofl energy of electrons and inter-
electron repulsion

The relationship between inter-electron repulsion and eleptromc cunflguratign }&th’ e electrons
tend to minimize repulsion by occupying their own sepj@rabe MtaVCrath )\tﬁén shanng an
orbital with another electron. This is b@méﬁleqtrans rep\e Q$ nther due to their identical
charges, and this repulsion is| m1mm:zed wh n elerimhs’bccupy separate orbitals in the same
subshell. The repulsion pet-uegn eléctmﬂs increases with the increase in the number of
electrons in th W\Ei ital lbadmg to a higher energy for larger orbitals.

Orbital envaY

The energy of an orbital depends on its distance from the nucleus and the electron-electron
repulsion it experiences. Orbitals with lower energies are filled before those with higher

energies.

Spin pairing repulsion

Electrons with similar spin repel each other. This is called spin pair repulsion. Electron therefore
occupy separate orbitals in the same degenerate sub-shell to minimize this repulsion and have
their spin same (Hund's rule).

Writing the electronic configuration

Electronic configuration of elements can be done by flllmg of the electrons fmm lqur energy
levels to high energy levels : S\ (!

II h )
\ ./ v
\I | 7~ \\ N

The table below only represents the electronic cgnﬁguratmn m\ancrpaTquanEum number and
Azimuthal quantum number, Magnetic. quantum numbel‘ \and spin ‘quantum numbers are not
being shown in this cunﬁguratmm Far Exarnbﬁﬂ the conﬁguratmn 3p® will mean 3pd, 3p/, 3P4,
again the two electr?nq shoulcl \be-written as having clockwise and anti-clockwise spins.

If an elen'tent fshaving atomic number 25 its electronic configuration will be written as follows.



1%, 253, 2pd,2py, 24,355, 3p, 3py 3p1 4s? 3dx,f 3ct,,,;r

Table: The Electrohmqqnffmak‘@m“ ﬁ;r;teng Jeen elements
Q(‘ ﬂ N\

Bir™ T LT

Concept Assessment Exercise 2.5

1. Write down the electronic configuration of the following elements representing all
the four quantum numbers.

a. uSc

b. uCr

C. sMn

d. xiIn
2. Write down the electronic configuration of the following ions.

a. Na’ J(\/n\

b. Cl /:\\. ~ON\LY

U)U
c. Ca’ o, AT \“/ ) \\sl | /) \« \ko\,

l

2125 SHAPE?OF ORB’)ITALS

Orbital i mﬁﬂ in' spacé where the probability of finding an electron is maximum. Different
orbith\g ifferent shapes in three-dimensional space. p-orbital has two lobes, d-orbital has




4 lobes except d;* and s orbital is spheri cally symmetncal The shapes of these Drbitals or shown
in figure 2.7. O\ A A\ LY )

s-orbital: s orbital is a sphencal
p-orbital: P urblltal s dupﬁbbell shaped )
d-orbital: d arbital is cloverleaf shaped.
f-orbitals: They have complicated shapes.

AR ._J’,‘-’-;1;;;.1',?;:{_1 -\ Figure 2.7: Shapes of orbitals

Free Radicais

A free radicals is an atom or molecule with an unpaired electron or electrons in its outer shell.
This makes it highly reactive and capable of immediate reactions. They are activated atoms or
molecules. The electronic configuration of free radicals is the same as those of atoms.

For example: Cl, CH,, Br

For example, the electronic configuration of chloride free radical is the same as that of chlorine atom, but
they are shown by a dot on them.

2.6 IONIZATION ENERGY

The minimum energy needed to remove the outermost electron {mnst lmsely bonded electrnn)
from the gaseous isolated atom. e >\ (&

Nﬂ(g}—h Na [““" 1& | E 4%&”“\0[

Mgm«———hMg m-l-1e IE 738kJ/mol

NI
Atom is needed to bé in the’ gaseous state to avoid the influence of other factors like heat of
fusion, bond dissucmtmn energy, and heat of the vaporization.



2.6.1 Periodic trends of mmzat*lon energy

3V e

lonization energies generally mcrease fmm left/ ta right in a periodic table with slight
anomalies. This is -::Iue ta" mcreas.e nhmber of protons in each step which strengthen the
attraction of nucleus! un the electrons. Electronic configuration also effects the ionization
energy: .ﬂ grohp number IIIA less ionization energies are observed as there is only one electron
in p orbital which is an unstable configuration. Instead in group VA greater ionization energy
values are observed this is due to the half-filled p orbitals. From left to right in main group
elements shielding effect remains constant, so there is no effect on the ionization energy values
in this respect. Atomic radius decreases from left to right which brings the electrons near to
the nucleus thus the attraction is increased and so does the ionization energy. In a group from
top to bottom the ionization energy decreases. As the atom becomes bigger and the valence
electrons go away from the nucleus, the shielding effect keeps on increasing so it is easier to
remove the valance electron.

Figure 2.8: lonization Energies

In the above tablé ionization energies are'mentidned in kJ/mol units. |
2.6.2 Factors influencing the ionization energy.

1. Nuclear charge

As the nuclear charge increases moving from left to right in the perindlc table the
attraction on the outermost electrens also, mcrEaSE whlch in“turn will increase the
ionization energy This is just according to the Cuulomb s law.

2.  Atomic radil AT

h&;wng fmrH left to nght in the periodic table decreases the radii, which strengthens
attraction of nucleus on electrons, increasing the ionization energy. From top to
‘bottom size increases and ionization energy decrease.



3.  Shielding effect o N\an (‘7/;:5;\' \// \ oY
The shielding effect plays a mgmﬁcﬁant*rnl& 1r(“nﬂgencmg IUmtatlﬂn energy. As you move
down a group, the nu{nhertif eleftron%hells increases. The inner electron shells act as
a shield, reducmg e effettw&melear charge felt by the outer electrons. This shielding

\ht\ er to remove outer electrons, leading to a decrease in ionization
ener& a group. From left to right shielding effect remains constant and poses no

effect on ionization energy.

4,  Spin pair repulsion

When electrons are paired in half filled p orbital there is electron pair repulsion which
causes the energy of the electron to increase. Increased energy makes the electron
easier to remove and therefore the ionization energy decreases. For example, there is -
slight decrease in ionization energy in going from nitrogen to oxygen in the second
period.

As you move across a periud “the effective nuclear charge increases, drawmg electrons closer
to the nucleus. But: spin pair repulsion counter acts the increased nucwlear attraction, making it
slightly easier to remave ele::tmn

2.6.3 Deduction of position of'an element in ﬂigﬁ@g mﬁng
ALY

ionization energy data

To deduce the position of a i fic"table using successive ionization energy

data, we can analysqw nds, s\ ation energles and compare them with the known
ergy is the amount of energy required to remave an electron from

periodic tabw
a neutral atom, Iting in a positively charged ion

Here are some key points to consider when using successive ionization energy data to determine
the position of an‘element in the periodic table:

1.  Trends in innization energy

lonization energy gema-rall'g,ir decreases from top to bottom in groups and increases from left to
right across a period, with few exceptions like the first ionization energy decreases from
beryllium to boron and from magnesium to aluminium.

2 Periodic table organization

The periodic table is organized in such a way that elements with similar ionization energies are
grouped together in the same column. This organization is based on the electronic arrangement
of the elements, which determines their chemical properties. v\

. 00N
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To determine the position ofqn ele/mvenUn fhe pmndic.xtable we can compare its ionization
energies with the known pemodic tab{e If-the element’s ionization energies match the
expected values for_ {ﬁ pps]fpnn in. the ﬁeﬁod:c table, we can confirm its position.

3.  Comparing ionization energies

For example\i& écnnder the element with the symbol “X”. This element will be located
sequentially between its higher value and its lower value, keeping the lower value element on




its left and higher value on its right, For example, if the . E bf /m eleméht X is 1251ka mol it
will be placed between S and Ar wh1t:h hb&e* E values 1000I5J7m01 and 1520kJ/mol respectively.
Similarly from top to- bﬁttnm if-an' \él ment N \has1.E 738KJ/mol it can be placed between
beryllium and calcmm thSef I E vatués re 899kJ/mol and 590kJ/mol respectively.

By comparin ﬂﬂwé) aement 's mnization energies with the periodic table, we can deduce its
positloimﬂm periodic table. This method is not always accurate, as there may be some
fluctuations in the ionization energies due to the nature of the element and its electronic
arrangement.

2.6.4 Electronic configuration and position in periodic table by using
successive ionization energy data
Moreover, the successive ionization energy values is an index of the valence of an atom. Big

gapes show that the next electron is being removed from the lower shell. For example, in the
case of sodium there is a big gap of first and second ionization energy.

First ionization energy: 495 kJ/mol

Second ionization energy: 4560 kJ/mol

J\/ N\

This indicate that there is only one electrun present in ;.hgv@ﬁh;e she@. nﬁd ﬂhs element must

be a part of group number 1. /;l \(\ § \\ 0\
\ M ‘x\ ‘I, ‘\‘ \I \ (W] y‘ ,'

\
\ \
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Similarly in case of n@nesiunﬂﬁéré\sxmmlgaﬁb/euveen first and second values of ionization
energy but between the sécund and-third value of ionization energy there is a very large gap.

The W&E&&h\d '\and th1rd ionization energy values of magnesium in kJ/mol are as follows:
First ionization energy: 735 kJ/mol

Second ionization energy: 1445 kJ/mol

Third ionization energy: 7730 kJ/mol

This indicates that the third electron is being removed from the inner shell. It indicates that
there are only two electrons in the valence shell which are removed easily so this element
should be a part of group number 2.

Successive Ionization Energies in Kilojoules per Mole for the Elements in Period 3

General increase - >
Element I I Iy Iy Is le I

Na 495

-v'\

L7730, " Core clwr&ﬁ;

Mg 735 14 .
Al 580 1815772740 ] 11,600
55 O 7807 1575.0.13220~ 4350

N | 11060\ \ 1890 2905 4950
“\”\J$ NIo\ioos 2260 3375 4565
T 1255 2295 3850 5160 6560 9360 11,000
Ar 1527 2665 3945 5770 7230 8780 12,000

—Géjne ral decrease—
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Concept Assessment Exercise 2.6 (| _ .."Vl\‘ [(2)o™

1. How does the trend m mmza;lon eﬁergy acmsia penod of the periodic table reflect
changes in atomic strl.m:tuﬂel and Effeébive nuclear charge?

2. What factnrf ?n}:pbute to'the general decrease in ionization energy down a group?

3. In teﬁdsd tion energy, why do noble gases possess the highest values among
their respectwe periods, and how does this relate to their chemical reactivity?

2.7 MASS SPECTROMETRY

Mass spectrometry is a powerful analytical technique used to determine the molecular
composition and structure of a sample by measuring the mass-to-charge ratio of ions. It’s widely
used in various scientific fields such as chemistry, biology, and physics.

2.7.1 Principle of Mass Spectrometry

Mass spectrometry involves three fundamental steps: ionization, mass analysis, and detection.
The sample is first ionized, converting its molecules or atoms into charged ions. These ions are
then separated based on their mass-to-charge ratio (m/z) and detected to generate a mass
spectrum, which provides information about the composition and a):gunﬁnc;qhﬁé sample 5
molecule or isotopic composition of element. . O\ A \§ @, ! u\fﬁk’

' “ C \ "lr-_\ﬂ\\ I"\‘ \\ \‘. \\ \ / -
2.7.2 Working o N o\Bwe

\ \( \ \ \ "\' "

The working of a mass sp \[ctmmei\gr \:én bebruken down into the following steps:
Ionization'w |\J\ NN
The sample is introduced into the ion source where it is ionized. This process can involve
bombarding the sample with high-energy electrons (El), introducing it to a high-voltage field
(ESI), or using a laser to vaporize it Matrix Assisted Laser Desorption/lonization (MALDI).
lon Separation:
The resulting ions are then accelerated and directed into the mass analyzer. The mass analyzer

separates ions based on their m/z ratio, allowing ions of different masses to be focused and
detected at different times.

Detection:

As the ions exit the mass analyzer, they hit the detector. The detector records the time it takes
for each ion to reach it, and this data is used to calculate the m/z ratio of each ion
Data Analysis: PN |"’,'§};;;

1\/\"

The information collected from the detector: Hused tu cmszruct a 'mass spectrum. The x-axis
of the spectrum represents tﬁe m!z rﬁt{o, whrlg the ?-axls represents the abundance of ions at
each m/z ratio. Peaks in the spedtrum correspond to different ions present in the sample, with
their positions fﬁ”ﬁﬁﬂw Mheir masses.

\I\




2.7.3 Applications:

Mass spectrometry has a wide range of applications, including relative abundance of isotopes
of an element, identifying unknown compounds, quantifying the amounts of specific
substances, elucidating molecular structures, and studying biomolecules like proteins and
nucleic acids.

The average atomic mass of an element can be calculated by using the following formula taking
in account the relative abundance of all isotopes.

(Mass No. x relative abundance}+{Mass Ng X@NWaﬁQMMEh
(_‘;. 1% 0 \ CALN

Average atomic mass=

/
[ J
[

Non integer relative atumi; masses

Usually, the atomic masses written in thep ic table are not in integral number, these non-
integer a % sﬁx\w é the result of the inclusion of relative abundance of different isotopes
of an elemghé elative abundance is usually taken in percentage units. They are multiplied

with the mass numbers. Its summation is divided by 100.

C Chiorine Isotope pattarn
100 l'"l(?l 2424 .

0 N 12 N M I MW IV W W 0 4 a2
— [~ ) ((

Chlorine has two isotopes, x:hiurine—;i&and lonﬁe-J? wrth abundances of 75.76% and
24.24%, respectively. To ca{culaté the rela »atomic mass of chlorine, we use the formula

\ l
p ’st'fs 76:;;{]37)(24 .24) - 35.48 amu

atomicmasr, av§



Therefore, the relative atomic mass of chlorine is 35.48 amu— <\ 2
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Concept Assessment Exercisé 2.7\ ( ()| U = [

Calculate the average atnmicmﬁssofMg\u}ng the following mass spectrogram.

WW YO Hard MS of Magnesium
HMS
| 79%

Relative
abundance

24 25 26 e
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2.8 ELEQT\I&)NQlf(ibﬁﬁléﬁﬂ;hON OF MODERN ELECTRONIC
NN MATERIALS

Semi-conductors are materials that possess electrical conductivity between that of conductors
(like metals) and insulators (like non-metals). Their electronic configuration plays a crucial role
in determining their behaviour. Let’s consider silicon (5i) as an example.

Silicon has an atomic number of 14, meaning it has 14 protons and 14 electrons. The electronic
configuration of an element describes how these electrons are distributed in different energy
levels or electron shells.

For silicon:

« The first energy level can hold up to 2 electrons (1s%).
« The second energy level can hold up to 8 electrons (2s* 2p°)
~« The third energy level can hold up to 4 electrons (3s* 3p?).

Role of Electronic Configuration_\in.;,I»qgtg{@ﬁj&]&jiﬁ}fﬁ%@j;(t;yf}é"“ of semi-

conductor X W\ A0\ (QWCIV Y U

In silicon, the outermost eﬁergylevetmh@%‘rd energy level. The 3s and 3p sublevels together
can hold a mgnqnjrquﬂ 8 electrons. However, in its ground state, silicon has only 4 valence
electrons, whléha"e the electrons in the outermost energy level. This configuration gives silicon
unique properties that make it a suitable material for semiconductors.
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The arrangement of silicon’s electrons creates a band stmctura In ;he valente hand electrons
are tightly bound to atoms and cannot IIPIOVE freely In the conduction band, there are no
electrons in the ground-state. J-lawe\rer due tu the felatwely small energy gap between the
valence and conduction’ ‘bands [refen‘eﬁ Fas the band gap), electrons can be promoted from
the valence banr:k tp ]qhe conduction band, creating electron-hole pairs. This process is called
exmtatmn NN

Semi-conductors can be intrinsic or extrinsic. Intrinsic semiconductors are pure material; u .
silicon or germanium, while extrinsic semiconductors have controlled impuntleslﬂttntim]all
added. These impurities are called dopants and can either introduce extra elev:f:'i‘l'::fnfr :
or create “holes” that behave like positive charge carriers (p-type). This process is known as
doping and is achieved by substituting some silicon atoms with other elements like phosphorus
(for n-type) or boron (for p-type). The special electronic configuration of silicon makes it able
to either accept or lose the electron, so silicon can work as n-type or p-type semi-conductor
depending on the doping agent. For example, if Si is doped with P, silicon will be n-type
(electron accepter) while doping with elements like Boron makes Silicon p-type (electron donor)
semi-conductor.

In n-type semiconductors, dopants introduce excess electrons that can mw&freely in the

conduction band, improving electrical cunductiwty In p- tygﬁ mycandqc@rs dopants create
holes in the valence band that can move,gffectwety beham‘ng askmés%trve charge carriers.

By strategically combining szype a p typg\matenals, engmeers can create diodes,
transistors, and other el@ctmhic component.s that exploit the unique properties of
semiconductors| It{q %antml ‘the flow of electrical current. This forms the basis of modern
electrdqici'\a echnnlogy

Concept Assessment Exercise 2.8

1. What is the key characteristic that defines a material as a semiconductor?
2. Can you name two commonly used semiconductor materials in electronic devices?

‘Key Points”

¢ Neil Bohr formed the basis of modern atomic structure.

e Atom is composed of three fundamental particles electron protons and neutrons;
electron is negatively charged proton is positively charged and neutron.is neutral.

* Atomic radius is the average distance between the nucigus andva(ence and electrons,
atomic radius increases from top to thtum and dECI‘E?!SE‘S from left to right.

¢ Quantum numbers-are setuf four| nUmErals ‘which tell éamplete address of an electron
in an atom. Pﬁntipal quantum Number tells about the shell number, azimuthal quantum
numbef tel s @bqut the subshells or orbitals, magnetic quantum number deals with the

eﬂéryte orbitals and spin quantum number tells us about the clockwise and anti-

ctockwlse spin of electron.

» Hydrogen spectrum is composed of five series of spectral lines named as Lyman series,



Balmer series, Paschen series, Bracket series, and p fund series 75 \ \_
« Electronic configuration is the method of dlstﬂvb{.ltll'lg elactmnE fn dtfferent orbltals

using Auf Bau pnnmpLe, Paul;sexctusl ‘pﬂnciple, “Hund’s rule and role and n + L rule.
¢ The minimum energy required tu rem the valance electron from isolated gaseous

atom 1s called J’f’“ ihtnun energy.

\IM

1. Choose the correct answer
(i) What does the electron configuration 1s? 2s? 2p® represent?

a) Carbon (C) b) Oxygen (0)
¢) Neon (Ne) d) Helium (He)
(i) Which subshell can hold a maximum of 10 electrons?
a)s b) p
N\ A / 0 ‘ \ ﬁJ
C} d d}f o~ \\_\\i' ’l&//xj \/ —

(iii) How many unpalred electrongare thklpem the etedtmn\cmnﬁguratlon 3d5?
a)0 AL I

\. é A NN
(iv) Wlﬁt ﬂ ent has the electron configuration 1s2 252 2p® 3s 3p® 4s? 3d®?

a) Iron (Fe) b) Zinc (Zn)
c) Nickel (Ni) d) Copper (Cu)
(v) ' What is the electron configuration of a chlorine ion (CU")?
a) 1s2 2s? 2p® 3s? 3p¢ b) 1s? 2s2 2pt 3s? 3p®
c) 1s? 2s? 2ps® 3s? 3p7 d) 1s? 252 2ps 3s? 3p®
(vi) Magnesium has how many isotopes?
a) 1 b) 2
)3 d) 4

(vii) What is the basis on which molecular ions are SPlltted " mass spem{qmewp
2 Bx mﬁsnetlc field \] [ (2o

. a) electric field A ¢
| | \\‘-,_l_"dl gnd s’trength
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(viii) Which orbital is sausage shaped? . ;.-~¢;;i"~(f(:\“\\\n / ,;f‘ O/

a)s .
c)d {F’
(])Q U\ £l§lﬁén§ tend to reslde separately in the degenerate orbitals this is called:
a) Auf Bau principle b) Pauli exclusion principle
" ¢) Hund's rule d) Fajan’s rule

(x) Which quantum number explain the splitting of orbitals in- three dimensional

space.
a) principal quantum number b) azimuthal quantum number
c) magnetic quantum number d) spin quantum number

(i) What is the importance of Bohr's Atomic model in modern atomic structure?

(ii) Explain the charge and mass of fundamental sub-atomic pamcleg.,\/ \

(ili) Explain the periodic trends of atomic radu,lsm'.(lttl| ]b;tiflca@‘

(iv) How does shleldmg e‘ffect%la(nge ‘the) nqdlus\‘ an atom in a group from top to

hott0m7 O \ \\ /‘\ .\\ \\\' — /\J\' -
&1& Fpe datmn alwa;ys smaller than the parent atom, and anion is bigger than the
\J [\l\ t tom?

(vi) Explain how does different spectral series originate in hydrogen spectrum?

(vii) Explain magnetic quantum number in detail. Why do s orbital have only one value

of the magnetic quantum number? )
(viii) Why it is so that two electrons with same spin cannot reside in an orbital.?
(ix) Why 3d orbital has greater energy than 45 orbital? Explain (n + ) rule.

(x) " Calculate the average atomic mass of magnesium keeping in view the relative
abundance of its isotopes.

(xi) What is effective nuclear charge?
(xii) What is the importance of electronic configuration in semlconductor materials?
(xiii) Why is there a large |.E gape between second anﬂ 'thrrd values mMg atums?

\ ‘. / /
\ \ \ | \
)

Explain quantum numbers;i in détau/ A\

What is mass spectrame“ll"y ex{:ﬂain rts warkmg and tell how the data is analysed?

J P‘edll’ferent rules adupted for electronic configuration of elements.
NI
Explain ionization energy trends in the periodic table with justifications of these trends

and anomalies.



Explore the practical applications of atomi ermssr (@X

. Explore the impact of lsatopes @ \}jélv 'U
Project- \\ﬁ\
. Exwmymm structure through art.

With the help of clay try to form shapes of 5 d orbitals.

Draw the electronic configuration of all elements till Xe.
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