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Q.10How does the reactivity of Group 1 and Group 17 elaments change down the group?

Ans. In Group 1, reactivity of elements increases down the group because the outermost electron Is more gz,

lost. In Group 17, reactivity of elements decreases down the group as gaining an electron becomes harg,,

—

Q.11How do transition motals differ from s-block elamonts?

Ans.

The transition metals difer from s-block elements because of following aspects:
Transition metals can form multlple oxidation states.

They aften farm colored compounds,

They act as catalysts.

They invotve the filling of d-orbitals.

0.12Why do non-motals tend to galn slectrons while metals tend to loso them?

——

Ans, The non-metals have high electronegativity and nearly full valence shells, so that Is why, they tend to gyj

electrons. On the other hand, metals have low lanization energy and few valence electrons, that Is why, the,

lose them easily.
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Total Mark:
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Q.1

J

Encircla the correct option. (1=6=g

i
]
(i)
(]
v
i)

|

Which of the followlng elements Iz not a member of the chalcogen family?
(A} Oxygen (O] (8) Sulfur {5) (C) Selenium (Se]
Non-metals are present In which block of perledie table?

&) s-block (B) p-block () d-block

Which of the followling has the highest electron aHlinly?

(A) Fluorine (8) Chlarine (C) Broming

Among the following members of group 14 which 15 2 non-metal?

(a)c {e)si (c) Ge

The oxldes of electropositive elements are:
(&) Acidic (B} Basic

Oxldation number of ALIn AL;O, Is:

(A) +2 (8] +3 (C)+4

(D) Bromine (Br)
(D] F-block

(D) lodine

(D) 5n

(D) Meutral

(€] Amphoteric

(D) +5

0.2

Wrilo short answers of the followlng questions. {2 % 8 =16)

U]
1]
(my

(iv)
]
{vi)

{vli)

Why are the elements In groups 1 and 2 known as s-block elements?

How daoes electron affinity varles In a group of the perlodic table?

Using your knowledge of Perlod 3 elements, predict and explain the refative slzes of the atemic radil of
lithium and fluorine,

Explaln with reasoning following facts about lonlzation energy 1* lonization energy of Baron Ls lesser than Beryllium,
What is the nature of oxides and hydroxides of Na and Mg?

Zn0 reacts with HCL to give ZnCl; and with NaOH to give NajZn0;, Glve equations and also predict the type
of this oxide?

Discuss any two factors affecting electronegativity,

(vill} What is the role of Shielding Effect on lonization Energy?

Q.3

Extensive Questions. (2x4=8)

(a)
(b)

Define 1%, 2* and 2* lonizatlon Energy with one example each. Also discuss periodic trends In lonlzation energy.
Write down the reactions of Na and Mg with water, Dxygen and Chlarine {equatlons only).
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After studylng this chapter, students will be able to:

-
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Student Learning OQulcomes

=

Descrlbe protons, neutrons, and electrons in terms of thelr relative charge and relative masses,

(Understanding)

Recognize that the terms atomic and proton number represent the same concept. (Understanding)

Recognize that the terms mass and nucleon nuclear represent the same concept, (Understanding)

Explaln the change In atomlc and lonle radius acrass a period and down a group. (Understanding)

Describe the behaviour of beams of protons, neutrons and electrons moving at the same velocity In an

glectric Neld. (Understanding)

Daetermine the number of protons, neutrons, and electrons present In both atoms and lons given

atomic or proton number, mass/or nucleon number and charge. (Knowledge)

Relate Quantum Mumbers to electronic distribution of elements. (Understanding)

Account for the varlation in successive lonization energies of an element. (Understanding)

Define terms related to electronic configuration (some examples include: shells, subshells, orbitals,

principal guantum number (n), ground state). (Knowledge)

Describe the order of Increasing energy of the sub-shells (s, p, d, and 1), (Understanding)

Describe that, each atomic shell and sub-shell are further divided Into degenerate orbitals having the

same energy. (Understanding)

Apply Aufbau principle, Paull's exclusion principle and Hund's rule to write the electronic configuration

of elements. [Appllcation)

Describe the number of orbitals making up s, p, d, and f sub-shells, and the number of electrons that

can fill 5, p, d, and f sub-shells. [Understanding)

Describe the shapes of s, p, and d orbitals, (Understanding)

Determine the electronic configuration of elements and thelr lons with proton numbers, (Knowledge)

Some examples include:

a, simple configuratlon e.g., 2,8

b. Sub-shellse.g, 1s*,2s%,2p%, 35

¢ students should be able to determine both of these from perlodic table and are not required to
memarize these.

d. Students should understand that chemical properties of an atom are governed by valence electrons.

Explaln the electronic configurations to include the number of electrans In each shell, subshell and

orhitals. (Understanding)

Explain the electronic configurations In terms of energy of the electrons and Inter-electron repulsion.

{Understanding)

{Determine the electronic configuration of atoms and lons given the proton or electron number and

charge, (Understanding)
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Describe free radical as a species with one or more unpalred electrons. ‘.'Uﬂﬂ"-'l'i‘h"""fﬂ

Ilusirate the importance of electronic configurations and development of new materials for electrg
devices. [For example, semiconductors such as silicon has a specific electronic configuration Lhyy
makes them ideal for their use in electronle devices) (Understanding)

Deduce the electronic configurations of elements using successive lankzation energy dajy
[Appllcation) ’
Deduce the position of an element in the perlodic table using successive ionfzatlon energy day *
{Application)

Explain that lonization energles are due to the attraction between the nucleus and the oupe
electrons. (Understanding)

Explain how ionization energy helps account for the trends across the period and down 3 group of thy
periodic table. (Understanding)

Explain the facters influencing the ionization energles of elements in terms of nuclear charg,
atomiefionic radius, shielding by inner shells and sub-shells and spin pair repulsion. (Understanding)

ATOMIC NUMBER, PROTON NUMBER AND NUCLEON NUMBER; 2
IDENTITY OF AN ELEMENT .
o Atomiec Number (Z] 3

“Atomle number Is the number of proton in the nucleus of an atom™.

1n 1913, Maseley observed that when different elements were bombarded with cathode rays, the Yerny
of some characteristic frequencies were produced, It was found that the “the square root of 4
frequency of the X-rays was directly proportional to the atomic number of an element r

o Irequency (v)= 2
= Moseley concluded that this number, i.e. the atamic number Z was a fundamental property of an elemen,
» Itis also called proton number.

Nucleon Number

“The number of protons and neutrons fn the nueleus of on atom [s colfectively called fts nucleon numb
{a), elso called mass number”.
Atemic number Is related to the mass number by the followling equation
A=T+N
Example: An atom of an element X having atomic number Z and mass number A is described as :I. g

::M . Number af neutrons in an atom can be calculated as

N=A=-Z @ Rock Your Brain!
= e et
Forexample,. i A¢ L The total aumber of fundamentd
Atomic number/proten number (2)=13 particies In an atam of Carban - 14 ke
[a)& [6)8
Mass number/nucleon number (4)=27 {c) 14 {0)20 L

N=237-13=14
Similarly, the number of electrons, protons, and neutrons can be
justified for an lon as in the following example:
1AL atom loses three electrons to farm AfY* then, For A%
+ HNo.of protons = 13
= HMNo.of neutrons = 14
= MNoofelectrons=13-3=10
Similarly, ;';EI gains dn electron to form C& jon, then, For CF

Sy ey fnumber o prsiam + poune )

‘;X — [ vyl

Alprd Parriber [mumber ol proism)
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*« No.of protons = 17

s No.of neutrons = 18

» MNoofelectrons=17+1=13

In the cases where electron gain happens by the neutral atoms, say 10 1o 0. 51P 1o ,P* and 515 10

5", the number of neutrans, protons and electrons are as follows:
Table: Number of prolons, electrons and neulrons In different lons

Species Neulrons Pratans Electrons
o™ a8 -~ & 10
i 16 16 18
= 16 15 18

Thus the atemic number and proton number represent the same concepl.
EFFECT OF ELECTRIC FIELD ON FUNDAMENTAL PARTICLES

The behaviour of particles In an electric field depends upon their mass and charge. If we allow the beams of
electrons, protons and neutrans o pass one by one at the same speed through an electric field, they show their

behaviour as follows,

1. Meutrons being neutral are not deflected but travel In a straight path perpendicutar te the direction of
electric field.

2. Protons being positively charged are deflected towards the negative plate,

3. Electrons being negatively charged are defected towards the positive plate, to greater extent since they

=]

1
are times lighter than protons,
1836 = g
Fp—— -rp’
- - = -
Beam of Particles ;‘,—,E;:—:—_—::_—::— -I‘u‘* —————————————————— ==
PR e T o
i oo .
i
-

Flgure: Behavilour of proton, electron and neutron In the electrlc Neld
The omount of deviation from its erfginal direction af movement is measured In two ways.

(I} Angle of deflection t%

ass
{11} Radius of deflection o — e @ Rack Your Brain!
charge Y —
This is possible if we imagine that after deflection, the particle | 2 Cathede rays  are  negatively
moves In a circular path, Hence, the factors affecting the radius of charged. Why?

deflection are reclprocal to that for the angle af deflection.

Properties of Fundamental Particles
The Table shews the properties of three fundamental particles electron, proton and peutron present in an atom.
Table: Praperties of three lundamental particles

Particle | Charge (coulomb) | Relative charge |  Mass [kg) Mass (amu)
Proton | 1 goz2xi0™ +1 1.6726%10°" 1.0073

Neutron 0 i 1.6750% 107" 1.0087

Electron | _3 gp22x107" -1 9,1095x10°" | 5.4858x10~
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' QUICK CHECK 2.1 'E
! a) Calculate the number of neutrans In the following elements. 1
I Mgk (u) ¥ee  (m)ar i
! Ans i
! Mumber of Neutrons In: S 1.
! () BK e ) 35 Ar =it
| Mass number= A =39 Miass number = A = 35 Mass number=A =40 i
! Number of Protons =2 = 13 Mumber of Protons = 2= 17 Number of protons =2 = 18 i
! Number of Meutrons= M=A=Z | Number of Heutrans=N=A=Z | Numberof Neutron=N=A~7 ||
| =39-13 =35=-17 =40-18 i
' =26 =18 =22 '
! b)  Which of electron, proton and neutron Is deflected the most In the magnetic fleld? !
| Ans. Electron Is deflected the most because It is charged and has a very small mass, |
1 Proton s deflected less because it Is charged but much heavier. i
! Neutron Is not deflected at all because it has no charge. !
b o — e — = —

EXPERIMENTAL EVIDENCES FOR THE ELECTRONIC CONFIGURATION

The madern theory of electronic structure takes its origin from the Bohr Model of atom. Evidence for t.‘:I::q_g
later models of the otoms derives princlpally from two sources; atomle spectra and lanlratlen energles.

=]

L

-

Atomic Spectra
Atomlc Emission Spectrum:

“When an element In Its goseous state Is heoted to high temperatures or subjected to eleciricl
dischorge, rodiation of certoln wavelengths is emitted. The spectrum of this radiation contains coloured
lines and [s colled atomic emission spectrum®,

The atomic emission spectrum of hydrogen is shown in Figure (a).

Atomlc Absorption Spectrum:

*When a beam of white Kght Is passed through a gaseous sample of an efement fn cold state, certal
wavelengths are absorbed. The wavelengths of the white light that has been absorbed by the atoms shon
up as dark Nnes on the spectrum. The spectrum of ihis radialion Is called an alomlc absarption spectrum’”,
The atomic absorption spectrum of hydrogen is shown In Figure (k.

NOTE: The wavelengths of the dark lines In the absorption spectrum are exactly the same as those o

caloured lines in the emission spectrum.
() Emilystan Spectrum of Mydrogen

400 nm TOO mm
Flgure: (a) atomlcemission spectrum of hydrogen (b] atomic absorption spectrum of hydrogen

#« Each element has a unlque arrangement of electrons and
thus a unique range of fixed energy levels.

= The wavelengths and frequencies of the radiation absarbed
or emilted when electrons jump from ane energy level to
another must also be unlgue.

¢« This unlgueness convinces us to conclude that every
element has its own characteristlc spectrum. Therelore,
every element is Identified by Its characteristlc spectrum,

# The atomic spectra are the finger prints of the elements.

Flgure: Spectral serles of varlous el
Figure shows the emisslon spectra of some elements. b 2 S

as plotted by o spectrometer
:
Q. What do you mean by successive lonlzation energles? How the electronic shell structure of magnesium
(Mg) Is derived from the successive lonlzation energles?
= lonization Ene and Ene Levels (Electronic Shells
A major difference between electrons In different types of shalls Is their energy. We can Investigate the
electronic conflguration of the atoms by measuring experimentally the energies of the electrons within
them. This can be done by measuring fonization energies,
lonlzation energles are used to investigate the electronic configurations of efements In two ways,
I Successive lonization energies of the same element
Ii. First lonitation energles for different elements
1)  Successive lanization Energies of the Same Element

We can look at an atom of a particular element and measure the energy required to remove each of its
electrons, one by one,

H—a* 0™ L
X ——X e AH,
o —L 1

We can contlnue to remove electrons from an atom untll only the nucleus Is left. We call this sequence of
lonization energles, successive lonization energies, The successive lonization energies show clearly the
arrangement of electrans in shells around the nuclews.

Example: If we take the magnesium atom as an example, and measure the energy required to remove
successively the first electron, the second, the third, and so on. We obtain a graph when the jonization
energles values are plotted against number of electrons as In Figure.

Mg, —+Mgp, +&7  AH, =4+738k mol™
Mg, —>Mgj; +&  AH, =+1450ki mol™
Mgj—>Mg() +e”  AH, =+7730ki mol™

LfQ: Electrons I Magnesium  atoms
eulit In three shells. Prove with a
graph,

Loy Towlnachon rncrpy )

e i |
1 t a L] 4w T ] L]
Mumbers of Hlecirons remaved

Flgure: A plot of the successive lonization energles of Mg
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Graph Deplcting Successive lonlzatlon Energles:

This plot shows that successive lonization energles Increase when we move from the valence shel|
the Inner shells.

First lwo electrons are removed from the outermost shell and require lower energy for thelr remowg|
Avery large Increase occurs when the third electran ls removed. This Is because when two electrong
the outer shell have been removed, the next has to be removed from the shell that Is very much cloy
to the nucleus. The next seven electrons are removed successhvely from the second shell and a grady
increase In lonization energy 1s observed,

A similar but much more enomows Jump occurs when the eleventh and twelith electrons are removed,
These electrons are removed from the first, Innermost shell, dght next to the nucleus. Hence, overy
we observe twa large Jumps In the successive lonlzallon energles. These two large Jumps In the ser
of successive lonlzatlon energies are very good evidence that the electron In the magnesium atoy
exist in three dilferent shells.

First lonlzatlon Energles of Different Elements
The second way In which lonization energles show us the delalls of electronic configuration Is to loak,
,haw the first lonization energles of elements vary with atemle numbers. The following figure shows a pj

for the first B8 elements.
2500] pa
Ponod 3 | Pored 3 Farad d Ponsd §
il
- 2000
L
g F
e Ad
= 1800 =
& |l / 3
= " " . B
Lo Rnj
= 1000 : £ P i i
o = To T
3 o af® | [ L T’
E o0 ca Ga £r 1“;
u Ma [§ In fﬂi Ha
L3 R Cr
. 10 18 ET) 7] 1]
Aloenle namber

Flgure: A plot of the lonlzatlon energles of first B8 elements agalnst atomlc number

This graph tells us the followlng:

All loniration energles are strongly endothermic it takes enérgy to separale an electron fram an atom.
Down the Group: As we go down a particular group, e.g., from Hellum to Neon to argon, or [
Lithlum to Sodium to potassium, lonization energles decrease, The larger the atem, the easier i
separate an ebectron fram it Acteally, down the groug, number of shells increases, hold of nucleusi
the volence electrons decreases, hence removal ef electrons becomes easler.

Along a Period: The lonlzation energles generally Increase on golng ocross o perfod. The grou
elements, the alkall metals, have the lowest lonlzation energy within each perlod, and the noble gai
have the highest. It Is due to the reason that across the perlod shell number remalns same, Ast
proton number Increases, clectrons are added In the same shell. Therelore, nucleus attracls |
valence elecirons more stronghy. As a resull, lonlration energy Increases across the perlod,
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! QUICK CHECK 2.2 !
la) Write equations that describe: |
i I.  1stlonltatlon energy of calelum i
y Ans. Ca, —Ca’ AH, =k) fmal i
li.  3rdlonization energy of potassium |
i Ans, Kii——K" 410 AH, =k fmael i
. Ind lonization energy of lithlum i
Ui, 2Znd lonizatl 1 lithi
Vans, ul—u' 4160 AH, =ki/mol !
| v,  Sthlonlzation energy of sulphur, |
5. The onization energy of Sulphur mal, 3
! Ans, The 5™ lonizatl f Sul 15 70043 ki I
| b}  For the element aluminlum (Z = 13), draw a sketch graph between the log 10 of the successive |
E lonlzatlen encrgles [y-axls) agalnst the number of electrons removed [x-axls). i
i' Ans. -
|
: ] :
| § |
' B i
| § g |
] n
. | .
1] n
| rrpTe—
1 . ansrgis of Al VOSToN FOmOTEd)—e !
| e}  Thefirst AH, and the second &H, lonization encrgles (ki/mol) of a few elements are given Intable. |
i Element BH, My i
I I 2372 5251 H
| 1l 520 - 7300 |
! I 800 1760 i
! 0 1680 3380 I
| Which of the above element Is lTkely to be: i
o I areactive metal, M
| Ans |
' Elament aH, AH, '
! i 520 7300 '
I Il. areactive non-metal, "
y ANZ ,!
I Element AH,, aH, |
! [ 1680 3380 '
L, |
I Ans. i
1 Element aH, aH, . i
! 1 2372 5251 |
I Iv. ametal that forms a stable binary halide of the formula AX,{X =halogen). i
1 Ans, i
| Element BH, fH, |
(]
b R 500 weo | 3
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QUANTUM NUMBERS

S ercieToy

Q. What are quantum numbers? Describe briefly principal and spin quantum numbers.

The Bohr model was a one-dimensional model that used one quantum
number to describe the distribution of electrons in the atom.

The only Important Informotion was the siee and energy of the
erbit, which was described by the Principal (n) quantum number.
Since Schrodinger's model allowed the electron to occupy three-
dimensional space, therefore, it required three coordinates, or
three quantum numbers, o describe the orbitals in which electrans
can be found.

The three quontum numbers that come from Schrédinger's wave equatfons are the princlpal fn), engule,
(4. end megnetic (m) guantum numbers.

These quantum numbers describe the site, shape, and orientation
In space of the orbitols in an atam.

@ Rock Your Brain!

3. Quantum number values for rg
oehital will bet
(Aln=3, L=0
[Cjn=3,L=2

(Bine3, tay
[Dn=3, [y

—

@ Rock Your Brein!

= Principal Quantum Number (n)
4, Quantum number value for 34
* The principal quantum number, n, can have positive [ntegral arbials ane:
values 1,2,3,4... designated by K, L, M, N..., and it correspands ne2 =1 (0jn=1l=3
the quantum number (number of orbit) in Bohr's model of the (Cn=1,t=0  (O)n=2L=0
hydrogen atom. =
= This quantum number, n, describes the slre and energy of the -
orbital. @ Rock Your Braoin!
* The collection of orbitals with the same values of n ks called an 5, What Is the value of [ + &) for the
electron shell, 2d subeshell?
= The larger 'n' is, the greater the average distance of an electron [A)3 (o) 4
in the orbital from the nucleus and therefore the larger the 15 1B
orbital.
= An Increase In "n' also means that the electron has a higher i
energy and Is therefore less tightly Bound to the nucleus. @ RM!
= The principal Quantum number, n, can also be used to calculate | {n+ 1] value for 55 orbital will be:
the makimum number of electrons in a shell by the formula 20", {8)3 [B)5
=  Therefore shells K, L, M and N can accommodate maximum <7 (o) 8
electrons. 2, 8, 18, 32 respectively.
Q. Draw the shapes of 5, p and d-orbitals, Justify these by keeping In view the azlmuthal and mognetkc
quantum numbers.
2 Azimuthal Quantum Number (I}

Arimuthal quantum number also called Angular Momentum
Quantum Number, [, can have integral values 0 to {n - 1) for
each value of n.

This guantum number describes the shope af the orbital,

The values of "' are integers that depend on the value of the
principal quantum number,

= Ifn=1,there is only one possible value of 't Le, =0 [n=

1, wheren= 1],

= ifn=2,there are two valuesof 'L’ le. O and L

= [fn=3there are, three values of "' Le. 0,1 and 2.
= |fpn=4, there are four values of 't', le. 0,1,2, and 3.

@ Rack Your Brain!

7. For atlmuthal guantum number
L= 3, calculste the total walaes
el magnetle quantum number
{m}. ;
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The values of ' ore designated by the letters 5.p,d, and [, with which stand for sherp, principal,
diffused ond fundamental, respectively, These are the spectral terms used to describe certain features
of spectral lines,
Subshell: The set of orbitals that have the same n and £ values Is called a subshell. The number of
electrons In a subshell can be caleulated by the formula 2{2L + 1) as given In the Table

Table: Shapes of orhital

Value ef L la] 1 2 3

Orbital designation 5 p d f

shape of orbital spherical polar [dumb bell) cloverleal (double complicated
dumb bell)

No. of electrons [n a 2 6 10 14

subshell, 2(2¢+1) ;

The number of subshells In a shell is equal to its shell number, For example 151, Znd, 3rd, and ath shells
have one, two, three and lour subshells respectively,
Table: Relatlonship between n, L and subshells

Princlpal v
shall n[:am;l:!l.lra:tum IMIm::II:::’IEI:I_?;mum subshells Mo n{:::::-lml!sln
K 1 0 1z 1
L 2 1] 25 2
1 p
L] 3 1] 3s 3
1 p
2 id
N 4 ] 43 4
1 4ap
2 4d
3 41

=2

Magnetin Quantum Number {m) (Orbital Orientation Quantum Number)

L B I

The magnetic guantum number "'m' describes the orlentation of an orbital in space.
Within a subshell, the value of m depends on the value of L For o certain value of L there are (2L + 1)
integral values of m as follows:

o (PRI « R ¥
The values of m Indicate the number of orbitals in a subshell,
IF L = 0, [s-subshell) there Is only one possible value of m, e, 0. It means s-subshell has only 1 orbital.
If &= 1, (p-subshells) there are three values of m; =1, 0 and +1. It means p-subshells has three orbitals,
If £ =3, (d-subshell}, there are five values of m,
namely, =2, =1, 0, +1 and +Z. It means d-subshells
have 5 orbitals.
IFL = 3, (f-subshell) there are seven values of m: Le.
=3,=2,-1, 0, 41, 42, +3, It means f -subshells have 7
orbitals.
Degenerate Orbitals: Orbitals of the some subshell hove some energy ond ore colled degenerate
orbitals, These degenerate orbitals are differentiated from each other In the presences of magnetic
field, hence the name of this quantum number, |.e. magnetic quantum number, The relationship
between the magnetic quantum numbers is provided in Table,

[-8: Dld You Know?

splitting of small Nas Hres In the presence of magnetic
Neld and there three dimensianal arienlation In space
Intficate the presence of arbitals In subshells,
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Table: Relationship between Land m — MMM_T__J
subishell Azlmuthal f angular | Magnetle Quantum number (m) | Number of degenerate orbitals In.  Azimuthal Quantum Number ({) I
Quantumn number () =L errrrinllisirirn b L (2£+1) ! i = The presence of several fine lines In an Individual line spectrum can be explained in term of | I
5 o 0 One orbital ! v Azimuthal quantum number. Azimuthal quantum number is also known as angular momentum orf |
=1 | secondary or subsidiary quantum number. |
P 1 0 Three degenerate p-orbitals 1% s ltisrepresented by 'L, |
1 | & |tsvalues are L=0,1,2,3,....[n=1) |
+2 1 = [isvalue depends upon the value of n. !
d 2 +1 Five degenerate d-orbitals ! . Magnetlec Quantum Number (m) !
=1 | To explain one of the defects of Bohr's model Le, Zeeman effect (splitting of spectral lines due 1o strong I
=3 - i magnetic field) a third quantum number called magnetle quantum number (m) has been proposed. i
- I =  This quantum ne. |5 represented by ‘m". |
s 3 * Wherem=0,+1,£2, +3 t
+1 | Iv. Spin Quantum Number (s) |
f 3 0 Seven degenerale f-orbitals i = The doublet line structure of line spectrum can be explained by spin Quantum number. H
-1 - =  Alkali metals have one electran in thelr outermost shell. We can record thelr emission spectra, when E
=2 | the outermost electron jumps from an excited state to a ground stale. When the spectra are
-3 H ubsen-edfh\r rm;ans of high resolving power spectrometer, each line In the spectrum s found to |
N consist of pair of lines, this is called doublet line structure,
> Spi uantum Number (s ! b} Foranelectron{s): E
= Eectrons are thought of spinning around thelr own axes (a5 l1. W n=2 and £=1, how many erlentations In space are possible? |
the Earth does). ' Ans. 2p has 3 orlentations Le. p, p. o !
» According to electromagnetic theory, a spinning charge ll. 1 n=3 and £=2, which shell and subshell does the electron belong to? I
generates a magnetic field. - ! Ans. 3d :
# |tis this motion that causes an electron to behave like a magnet. [¥ ! Shell number 3 (M-shell) !
Figure shows the two possible spinning motions of an electron. 1 Subshell =d |
One Is clockwise and the other is anticlockwise, ' i, I £=2, find all possible values of m and maximum number of electrons for m. '
= To take the electron spin into account, it Is necessary to | Ane. d subshell |
introduce a fourth quantum number called the electron spin ; It has five orientation m = 42, +1,0,—1, =2, ;
guantum number (s]. o) ) R T R T AT e S S e e o T e
a
= lts values are +% and -%. Flgure: (a) clockwlse SHAPES OF ATOMIC ORBITALS
= The anti-clockwise spin is represented by an arrow [T) pointing Ih}munlerillu:::i! it Atamic Orbital
”f""“‘::ﬁ “"::h' the i::lt::m spin Is represented by an arrow An atemic erbital Is defined as the three dimensfonal reglon In space around the nucleus in which the
[+) pointing downwards. [;-I’.'lld You Know? probability of finding the electron Is maximum.
# Each orbltal can accommodate at the most two electrons . ’ Let us discuss the different orbitals one by one
provided the two electrons have opposite spins. o S A FENICIpE LR Al tbers ;
= Thus it takes three quantum numbers to describe an orbital but ::!;11::1; ::hﬂl:m:::'r :zr: S sorbital
forth quantum number to differentiate between the two | .uetrans * Theshape of an's' orbital Is spherical.
electrons that can occupy an orbital, .

The electronic density around the nucleus In an s orbital is uniformby distributed in a1l directions.

n 1 2 3 4
Shell K L M N

2 p-orbitals
_ These value of 'n’ tells us about the radius soforblt. At Dol L LR | *  The distribution of electron density for a 2p orbital Is shown In Figure.
|

Flgure: The boundary surface for, (a) 13 (b] 2 5

! [:I QUICK CHECK 2.3 SR e ! i SINEN. [t Incwdniy i X F-rintfn:l quantum number, the size of s orbital also becomes larger.
|a) Whatinformation about an electron n an atem can be abtained from: | ¥ y

1.  Princlpal Quantum Number{n) !

I « The differant energy levels In Bohr's atom are represented by “n'. This Is called principal qu:nlum I x X
'i number by Schrodinger, i

. = |tsvalue is non-zero, positive Integers upto infialty. i

I n=1,2,3,4, .. [n#=0,~ve, fractional) | . 25

1 = Thevalue of 'n' represents the shell or energy level inwhich the electron revolves around the nucleus. B n=1, 20, m=D (B} p=2,t=0,m=0
I |

i i

I I
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«  The electron density Is not distributed In a spherically symmetric fashlon as in an s orbital. Rather, 1y
erbital has two lobes on any of the axds.
= The p orbitals are named as py, p, and py, accordingly Lo their axes.
2 z z

:r' ". O/"
7

2p, aehidal Ip, arbdal Zp, ceital -
f=1i,m==1 {=1,m==1 {=1.m=0
Figure: The 2p erbitals shapes of 2P orbitals

= dand f orbitals

» Inagiven shell, 'd’ orbitals have different shapes and orientations In space.

*  Thed,, de and d, lie in the xy, xz and yz planes, respectively.

*  The lobes of the da-y lie along the xand y axes. The d,! orbital has two lobes along the 2 -axis ang,
"doughnut” in the xy plane.

» The shapes for the five d orbitals (L= 2) are shown in Figure.

i ¥ [ ¥ i iy i 2
o ey Gy e %

Figure: The shapes of the five 3d orbltals
An f subshell has seven orientations In space, |e. there are seven f orbitals. However, the shapes of|
orbitals are very complicated.

— — - .“_.-..'_-._.._________u..--o.___.._l

QUICK CHECK 2.4

Distribution of Electrons in Shells

= The electronic confliguration of an atom describes the
distribution of alectrons in its atomic shells.
#« The shells, denoted as K, L, M, N, and so on, correspond to the
principal quantum number (n) of the orbitals.
= Shell capacities each shell has a specific capacity for electrons:
*  Kshell(n=1): 2 electrons maximum (1 5 orbital)
= Lshell ("=2): B elactrons maximum (2 s and 2 p orbltals)
* Mshell (n=3): 18 electrons maximum (35, 3p, and 3d orbitals)
= Nshell [n=4): 32 electrons maximum (45, 4p, 4d, and 4 farbitals)
For example:
« Hydrogen [H): 15! [K shell)
« Helium [He): 157 [K shell)
« Sodium [Ma): 15257 2p" 35 (K, L, and M shells)

Diztribution of Electrons in Subshalls

Fallowing rules are applied to fill the orbitals of multi-electron atoms.

Aufbau Princlple

Aufbau principle s also known as the bullding up principle, This principle says thot the subshells In an
atom are filled with electrans In on Increasing order of thelr energy values.

Arrangement of the subshells energy wise:

The energy of @ subshell in the absence of any magnetic fleld, depends upon the principal guantum
number (n) and the azimuthal quantum number (L).

Thus the order of filling subshells with electrons may be obtained from the summation (n + £}, [n + L)
values are given In Table.

@ Rack Your Eraln!

B Caloulate the number af electrond
In 5, p, d and | sub shells lrom the
Torrmula and write separately.

Table: [n+ L) values of various sub-shells.

What does an orblital represent according to the wave mechanical model of atom? |

a)

Ans. According 1o the wave mechanical model of atom, an orbital represents a reglon of space around the!
nucleus where there is high probability of finding an electron. It Is a 3-D wave function that dﬁ:ribu!
the electrons state and energy.

b) There are three orientatlons of p-orbital due to three values of magnetic guantum number. Justify it

Ans. Forp-orbitalvalueof L=0,m =0, 41, =1 |
So there are three orientations of p-orbital.

e —— i — — S e  — — — — o — — i — |

ELECTRONIC CONFIGURATION

“Electroniec configuration is the distribution of electrons omong ovalloble shells, subshells, or orbitols of

@n atom or fon®,

= In case of subshells, the electronic configuration s described by a notation that fists the subshel
symbols, one after the ather,

Principal quantum no. | Azimuthal quantum no. Subshell (n+¢£) value
)] 0]
1 o 1s {Et0ies
2 o1 2s2p (2+0)=2
(2+1)=3 ot
3 012 353p3d (3+0)=3
(3+1)=4
(3+2)=5
a 0123 s dp 4d 4f (4+0)=4
(a4+1)=5
(4+2)=6
{4+3)=7

a)  The subshell having lewer (n+ L) value has lower energy and s filled first.

* Each symbol has a superscript an the right. This gives the number of electrons In the subshell. Fer
example, the configuration of {Be atom with two electrons In the * 15 * subshell and two electrans it b)
the ' 2s' subshell is written 1s%2s% .

* Each group of orbitals In a subshell is labeled by its subshell notation.

* An electron In an orbital Is shown by an arrowe The armow polnts upward, when s=+1/2 and|
downward when s=-1/2. The orbital diagram of boron (}'8) Is as follows I

+yB=1s', 25" 2px’, 2py", 2p2*

For example, 4 5 orbital has (n+ L) = 4 + 0= 4 and 3d orbital has [n+ L) =3 + 2 = 5. Since (n + L) value of 45

orbital is lower than that of 3d, hence 4 £ subshell has lower energy than 3d and 45 will be filled first.

In case there are two subshells are having equal [n + L) values, then the subshell with lower 'n' value will

be filled first.

For example, both 4p and 3d subshells have n+ 1value equal lo 5{dp=d+1=5)and [3d =3+ 2=5); 3d"

subshell will be preferred to be filled because of its low n value.

According Lo this rule the energy wise arrangement of orbitals should be.
lielsedpelseIpcdscIdcdpcSed deSascdl <Sd<B<T 3
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Fig The diagram shows the enerpy of each subshell, Cach box on the diagram represents an atomic orbial,
b the arder of Tling of various subsheils with electrons obtained by this rule is given below Figure.
Paul xclusion Principlo
Agcordmg 1o tha pringiple
“No two electrons in an atom con hove the same volues for oll the four quantum numbers”™

Or

“Two electrons in on orbitol will olways hove opposite sping”,
Explanation:
in the first shell of helium (He) atom, there are two electrons. They are present in 1 5 orbital, According 1
the concept of guantum numbers and Paul's exclusion printipal, the values of their quantum numbers are:
Table values of guantum numbers of two eleciions in the same orbital

Clectron  |n|Ll|m 1
Electron1 |1 |0 |0 t%[cluﬂmml
Clectron2 |1 |00 -% [anticlockwise)

The two electrons having the same values of ‘o', ‘U and 'm’ can have dilferent values of 's". It means thi
their spervs are in Lhe opposite directions

Hund's Rule

This rule gives an des for Lilling electrons into the orbitals having equal energies. For example, three p
orblali, Le, po Py and p, have equal energy. To understand i1, lel us take an example in which three
electrons are o be filled into three p-orbifals. There are Iwo different ways to do this as shown below:

AR h R A

I {wrong)
The strutture Il correct. Hund's rule, states thal,
When degenerate orbitals are avallable and more than two electrons are to be placed in them, they should
be placed in separate orbitals with the same spin rather than In the same orbital with opposite spins.
*  According 1o the Hund's rule. the correct way of filling three electrons in three p orbitals is that n
whith each orbital s singly occupied
Filling the Orbitals

& wieful way of representing electronst configurations is @ diagram that places electrons in baxes Figure.
*  [ach bowx regresents an atomic orbital

= The boses [orbitals) can be armanged in order of increasing energy from bottom to top

i {ngni)
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43

s Anelegiron i represented by an arow
¢ The direction of the armow represents the "spin’ of the elecinon
»  When there are Two clectrony in an arbital, the ipnd’ of the glectrons are oppodite 40 the bwo arows

in this box point in oppasite directon

s Electrons in the same region of space repel each other because they have the wame charge
* 50 wherewer posuble, electrons will oliupy

=] U O
=1y
“[t4]

Figure: The electronic configuration of baran
Figure: shows the electronic structures of carben, nllmnn and axygen to llusirate theve points

GG ED i El £ &)
2‘5
“ @ u@m

carbon e
1s' 25’ 2’ 1s' 2 2p’ 18 28' 2p*

separate ortitals in the same subshell lo
minimize this repulsion. These electrons have
the same 'speng’ indifferent orturals

Electrons are only paired when there are no
more emply arbitals avalable within a subshell

Tigure: When adding electironitoa particular subihell, the electrons are only pakred when no more smpty orbitals are availabile

The electron configurations of some elements af the periodic table in the light of the abovementioned
principles are gven In Table
Table; Electronle confliguration of ground states of elements 2 = 1-16,

i Element Conliguration F 4 Element Conliguration
1. H 15! 19, K ' 2 2p* 1ad aptay!
Z He 18 20 Ca 187 20" 2p" 17 apt '
u 15’ 25 21 13 126" 2p" 1 ap® a4y’
4, Be 1524’ 22 T 1 2d) 2pt e apt g e’
5. B 157 257 2p" 71 v 125" 2p" 4t ' Ay’
6. C 125’ 2p! a4, Cr 10267 2p" 1! 30" 10t
7. N 15" 1’ 2p’ 15 Mn 1 24" 2p" w3t vty
8. o 15° 24" 7p" 6. Fe 18724 2p" 1" 1p° 10t e’
9, F 1s' 25" 2p 7. Co 157 28" 20" 30" 2p* 3 4y’
10 He 15 25" 2p° 28 M 13 24" 2p" 35" 3p" Ws* 2y’
11 Ha 15" 25" 2p" 34 29, Cu 180 25" 2p 3¢’ 3p" 30" 4!
12, Mg 1s' 2% 2p* 3¢ 0. In 159 26" 2p" 34" " 4!
13, AL 15" 257 2p" 35" 3p* 3L Ga 15°2¢' 2p" 12" 3p® 1™ as’ ap'
14, 5i Is' 25" 2p* 34" 3p’ 32 Ge 15" 25" 2p" 3" 3p" 30 a8’ ap’
15. P 15'25'2p" 35 3p’ 33 As 15' 25" 2p* 35" 3p" 30" 4y’ 4p"
16. 5 125" 2p* 357 3p* 34 Se 194 25" 2p 1Y p* 10 s apt
1. o 15" 26" 2p° 3¢ 3p? 35 Br 1525 29" 34’ 39" 30" 4" ap"
| 18 Ar 1s' 2 2pt 350 3’ 36 Kr 11 24 2p* W' 1p* 3™ aa' ap*

|




ELECTRONIC CONFIGURATION AND THE PERIODIC TABLE

—
»  We have seen that the electron configurations of elements are related to their position In the perigg,

table, The periodic table is structured so that elements with the same pattern of ouler-shell ':‘ﬂhn:q

electron configuration are arranged In same groups.

s We can easily write the electron configuration of an element based @ Rack Your Braln!
an its location in the periodic table. The pattern Is summarized In e e
Figure. Notice that the elements can be grouped in terms of the "::::ﬂ:}:f"“"" conflguration o

type of arbital Into which the electrons are placed.

. On the left ere two columns of elements, These elements, known os the alkoll metals ond alkaline gw
metels (grovps 1 and 2}, are those ln which the outer-shell s orbitals are being filled.

. We see that the group 1 and 2 elements all have ns' and ns’ outer configurations respectively.

= Whenwe jump to group 13 elements, we find that they have ns'np' configuration.

= On the right [s @ block of slx columns, These are the elements In which the outermest 'p’ orbitals o

belng filled,

In the middie of the table Is a block of ten columns that contaln the

transition metals. In these, the d orbitals are belng filled.

. Below the main portlon of the table are two rows that contain
fourteen columns. These elements are often referred to as the [-
block elements. These are the ones in which the 'f orbitals are being
filled. Recall that the numbers 2, 6, 10, and 14 are precisely the number of electrons that can fill the g, p, ¢
and fsuhsheﬂs, respectively,

B et e I L ————— e,

-

@ Rack Your Braln!

10, Distribute electrons fn the orblyly
of:[A) Cag  [B) Ca3a

Spx’, Spy', Spz’
'd]  Write down the electronlc confguration of valence shell of the following in terms of orbitals:
i} wél 1) 1451 nNI
! Ans. The valence shell efectronic configurations In terms of orbltals for the given elements:
1) Nickel IuHIL.id' 4;'

! QUICK CHECK 2.5 |
la) With the help of periodic table, write the electronic configurations for the following elements by|
; giving the appropriate noble-gas Inner core plus the electrons beyond It (1) ,Cd; (1) 4 La. :
Ans. (JuCd = 1s% 24, 2p", 352, 3p5, 4¢%, 30", 4p%, 55°, 4d® !
I = [Krjad®ss? |
! () soLa - lslf 25!: zp‘J 35’! a'Piu 4s%, 3d"™, 4p%, 5%, 4d", SP'. 65%, 5d° 1
I = [Xe)5d'6s? ) I
i b) Write the complete electron conflguration for antimany (5b) with atomic number 51. !
s Ans. ssSh = 1s?, 251, 2p5, 357, 3p5, 4s!, 3d'0, 4p", 4d™, 541, 5p! |
I = [Kr}ad®5si5p? ; |
1e) How many unpalred electrons are there In each atom ol ,5b7 i
! ns. Mumber of unpaired electrons in 55b =03 [three) !
| I

I

|

]

|

I

I 1) Aluminlum (1s41): 357 3p! 11) Silicon (uS1): 35" 3p7

1Y s, s . e . i i
2 Valence Electrons
The electrons In an atom In the outermost shell are called valence electrons. These are such electron
that are primarily invalved In chemlcal reactions.
The similorities omong the conflgurations of volence efectrons account for simifaritles of the ehemi

properties omong groups of elements.
Figure shows a periodic table which Include the valence shell configurations included. Note the similarityh
eleciron configuration within any group (column) of elemenis.
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Flgure: The electronle distribution of elements of modern perlodic table
Classification of Elements of Periodic Table
The maln-group or representative elements all have valence-shell conflgurations ns'np". They have some
chalce of "2’ and 'b'. In other words, the outer 's* ar 'p’ subshell is being (led. Similarly, in the d-block
transitlon elements, a 'd' subshell is belng Miled. In the fblock transition elements or Inner-transition

elements, an 'f" subshell is belng Niled.
There is a definlte pattern to the order of Niling of the subshells as we go through the elements in the
periodic table. From this we can write down the bullding-up order. The overall sketch of periodic table is

glven in Figure, This shows the blocks of elements.

(12 1]
x 7
3 3
4s 3’# P
s id L4
O [ s &
Tf (L] #
: 7
e i:r

Flgure: Modern periodic table showlng 5, p, d and f-block elements.

Flgure shows a pericdic table Indicating this pattern. For example, In the blue colored area, an "ns' subshell

is belng filled. In the green colored area, an np subshell Is being filled. in the yellow area, an (n - 1)d

subshell s being fMiled. In the light galden area and (n =21 subshell is being filed.

We start bullding-up order by starting with the first perlad, In which the *1s' subshell Is belng filled. In the

second perfod, we have '25%; then staylng In the same period but jumplng across, we have '2p". In the third

perlod, we have "3s' and '3p'; In the fourth period, '45', *3d" and then '4p’, This pattern should become clear
enough to visualize with a perlodic table.

»  The classification of elements of perlodic table has been done into metals, non-metals, representative,
transitlon elements, perieds, groups and blocks (s, p, d, ). This divislon s done on the basls of
electronic configuration and thelr valence electrons. The chemical properties of various categories of
elements discussed above can be easlly assessed,
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| |Fd] Quick cHECK 2.6

! a)  Anelement has the electranic configuration; 1s'2s'2p* 357 3p" 3d% 45% ap® ad'*557 Sp*
. Which black In the Periodic Table does this element belong ta?
y Ans. p-block
| Il.  Which group does it belong to?
1 Ans. Halogens
| . Which period does it belong to?
" Ans. 5
liw. Identify this clement.
! Ans. lodine
I by Which block In the perlodic table does the element with the electronic configuratig,

15247 2p" 3s%3p"3d" 25" belong to? Mame It
1 Ans. d-black and the element Is Chromium {Cr).

———— S S A S e — — e R S S S

ELECTRONIC CONFIGURATION OF IONS AND FREE RADICALS

2 lons
Paositive lons: Pasitive fons are formed when electrons are removed from atoms.
The sodium lon, Na* {proton number = 11), has 10 electrons. So, its electronle canfiguration Is 15 257 2

Mote that this is the same as the electronic configuration of nean, the element with 10 electrons in each atoy
Negative lons: Negotive fens are formed when atoms gain electrons.

The sulfide lon, § (proton number = 16), has 18 electrons. Is electronic configuration
157257 2p* 35 3p® , which [s the same as argon, the element with 18 electrons in each atom.
Mote that, in general, electrons in the outer subshell are removed when metal atoms form the posit
ions. However, the d-block elements behave slightly differently, Reading across the Periodic Table fro
polassivm to zinc, the 4 s subshell fills before the 3 d subshell, But when atoms of a d-black element I
electrons to form ions, the 4 s electrons are lost first.
For example:
= Tiatom:1s'2s’ 2p° 36" 3p% 3d" 45!
= T ion:1s'2s  2p* st 3ptad’
= Cratom:1s'2si2p®3s?3p"3d%4s!
= Cr'" jon:1st25 2p" 351 3p% 30"
= Free Radicals
"A free radical Is a species that has one or more unpaired electrons”.
For example: Free chlorine atom:
cL*: The electron configuration of this radical Is 1s'2s'2p°35°3p% . In the 2p subshell, two orbitals ha

paired electrons whereas, the third one contains a single unpalred electron. The unpaired electron
shown by a single dot as in CL*, Apart from single atoms, groups of atams can also be free radicals. K

example, OH*", CHy", Ell: |
[ 4] quick cHEck 2.7
| Write electronlc configurations far the following lons and free radleals:

'L Ag(z=13) i o (z=g) . Fe**(z2=26)
1 Ans. 1¢?, 268, 2p%, 347, 3p Ans, 157, 2%, 2pf Ans. 1s®,257,2p 357, 2p", 3d*
f iv. cu'(z=29) v. Cu(Z=29)

| Ans. 1s?,25%,2p%,35%, 3p%, 3d° Ans. J.-s’ 2s%,2p%,35, 3pf, 34" 45t

—-—ll'————r-—-q.-—-—.-—-—...,.—-—---l'
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ELECTRONIC CONFIGURATION AND THE FORMATION OF
SEMICONDUCTORS

=

Semi-Conductors

“The materials whose electrical conductivity lles In between that of conduciors and Insulalors are called

semiconductors®.

According to number of elements, these are classification inte two elasses:

{l} Elemental Semlconductors (ifj Compound Semiconductors

Semiconductors are materfals that can conduct electricity under some conditions. They are used in many

electronic devices, including smartphones, laptops, and cars,

Examples: Silicon, germanium and arsenlc ete, The formation of semiconductors s possible because of a

unigue electronic configuration of these elements.

Sillcon as Semiconductor:

Consider the example of 5l and explore how it can be converted Into

a p-lype and n-type semiconductors.

The electron configuration of ,51=2,8,4; meaning that It has 4

electrons In its valence shell. In the pure crystalline form, each S

atom Is bonded to four ather Si atems. In this form, there is no

possibility of electronic conduction through the 5i crystal,

P-type ond N-type semiconductors are formed by "doping™ @ pure

semiconductor moterlal with impurlty etoms, where odding

trivalent J'mpun:ll‘es (ke boron or aluminum) creates a P-type

semiconductor, while odding pentovolent Impurities (like

phosphorus or arsenlc) creotes an N-type semiconductor.

The difference lies in whether the added impurity creates "holes” (positive charge carriers) in the lattice,

leading to P-type, or extra electrons (negative charge carriers) leading to N -type.

P-type Semiconductor Formation

« Impurity atoms with three valence electrons (like Al) are added to the pure semiconductor.

+ Some of the trivalent atoms take place of the 51 atoms in the crystals.

*  The sllicon atoms cannot make four bonds due to the lack of electrons.

# For this reason, there are created holes in the crystal lattice, which act as positive charge carriers as
shown in Figure.

#  This process creates a positive-type semiconductor ar N-type semiconductor.

s Electrons from an external current source can move through the semlconductor and it can act as a
conductar.

N-type Semiconductor Formation

* When impurity atoms with five valence electrons (lke phosphorus) are added to the pure
semicanductor, some of 5i atoms are replaced with the pentavalent phosphorus atoms.

s The 5l atoms in the vicinity of these atoms can make four bonds and the fifth electron 1s an extra electron.

*  These impurity aloms contribute extra electrons to the crystal lattice, which become free to move and
act as negative charge carriers as In Figure.

®  The result is an N-lype semiconductor that can conduct electricity when connected to an external source.

alame
Flgure: A erystal of pure siilcon
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s .
m::_:"' L. -—‘:::m::::‘ i (:) Q.I Fourcholces are given for each question. Select the correct cholce.
. é- i @- .  Thequantum number ' m ' of a free gaseous atom Is assoclated with:
a) the effective volume of the orbital
Y :m-m:h:l:.r e R b} the shape of the orbital
& A= Teraiend impunty alam » P =Peniavalent mmaurty alom €] the spatial orientation of the orbital
anrm:llun ol P Iype exirinsic semiconductor ” Formation of N type extrinsic seml:undumnr] d) the energy of the orbital in the absence of a magnetic Neld
Flgure: Doping and the farmation of P-type and N-type semiconductor il.  When 3d subshell is completely filled, the next entering electron goes Into: i
, i = g \ 1 :: : t ber val b:*‘“z bital % e R
s / ; s . Quantum num ues for 2p orbitals are:
\ ~Solution flﬁ—’@ R“'{“T"“’T Brain! / al n=2,f=1 b) n=1,0=2 ¢} n=1,0=0 d) n=2,/=0
V. :;12:Tactrnn having the s:; ;: values: nE%tzu.m;i:nd s=+1/2 llesin: -
1. D P=6,n=8,e=6 = tolal= 20 lundamental particles.
In the absence of any electric or magnetic field, cathode rays move in straight ling| V-  Thequantum number values for the fourth electron of {Be atom are:
perpendicular to the surface of cathode, 2)1,0,0 b)2,0,0 €210 dj1,1,1
2 s.q In 1895, J. Perrin showed that when cathode rays are passed between the poles of the| VI, The correct order of first lonlzation energles Is:
magnel, the cathode rays was deflected which showed that they have charge. al F>He>Mg>N>0 b)He>F>N>0>Mg c) He=0>F>N=>Mg d} N>F>He>0>Mg
Im 1897, Sir 1J. Thamson established their electric charge by the application of electric fiefd. Vil. A p orbital has a characteristic shape with how many lobes?
The cathode rays defiected towards positive plate showing their negative nature. a)1 b) 2 E d)a
3. Cc Quantum number values for “3d° orbital willben=3,L=2 Vill. The three p orbitals in a glven energy level are oriented:
4. D Quantum numbervalue for 2s orbitalsaren=2,L=0 3) Along the same axis.
5. = The value of {n+ L) for the 3d sub-shell=3 +2 = 5. b} At 45* to each other.
6. a The value of [+ L) for the 55 sub-shell =5 +0=5, ¢} Mutually perpendicular to each other along the x, v, and 7 axes.
For 1=3 d) In a complex tetrahedral arrangement.
as L=3 and subshell iz . I¥. How many d orbitals are there in 3 given energy level?
This shows that f-subshell has 7 different ways of arientation in space because it has 7 values a)1 b} 3 €5 d)7 L
7. 5.q of magnetic quantum number ¥. What information does the principal guantum number (n) glve us about orbitals? o
i Whenl=3,thenm=0, 21, #2, +31= 7 values a) Sire b) Shape ) Size and shape d} Spin
LI R PR LS PR O P L TP U PUPT L P ¥l. How many unpaired electrons are present In an atom of cobalt? <
The formula for caleulating electrons is 2{2L+ 1), 3] Twe b) Three ¢} Four d) Five \.%
When L= Os-subshell total electrons =2 Answer Key with Explanations
A L=1 p-subshell 1otal electrans = 6 sr.No. | (Option! | Answer | Explanation
£=2 d-subshell 1o1al electrons = 10 the spatial orlentation of | = The magnetic quantum number [m) determines the
L=3 f-subshell 1otal electrons = 14 b & the orbital orlentation of an orbital In space (e.g.. pa By Pi).
Element Electronie Configuration = After filling 3d, the next electron cnlnr; 4p |Aulbau arder;
9, 5.0 | Copper29{Cu) 15" 25" 2pF 35" 3pf 45t 3g¥° i : B 3d —» dp),
ledine 53(1) 15" 25’ 2p" 3¢* 3p* ds? 30" 4p* 57 4d P 5t » For2p orbitals:
Elemant Eleclronlc Conflguration il om a n=2,L=1 & Principal guantum number (n) = 2,
10. | s | Calcium 20(Ca) 1s' 25" 2p° 3p 3p° a5 o Azimuthal quantum number (L) = 1 (for p-subshall).
Ceslum 55(Cs) 1s? 257 2p® 357 3p° 45 4d' 557 SpFEs! ) W F « Quantum numbers n=4, L=0 indicate a 4s orbital (£=0 for s- L
= i . orbitals), =
{
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2,0,0

e
Berylium (Be, Z = 4): Electron configuration = 1s* 5L )

The 4th electron is in 252 n=2, {=0, m=0.

Vi

He>F>N>0>Mg

—

lenlzation energy trend:
Noble gases [He) > halogens [F) > N > O > metals (Mg).
N > O due 1o hall-filed 2p subshell stability.

Vil

2

A p orbital has two lobes (dumbbell shape) with a nod|
plane at the nucleus.

Vil

Mutuvally perpendicular
to each other along the x,
y, and ¢ anes

The three p orbitals (p., . pi) are oriented S0° apart algng
Cartesian axes.

c 5

s Each energy level has 5d orbitals [dxy, dxz. dyz, de’-2, df) |

E] Size

The principal quantum number (n) determines the size of 5
orbital, As the value of n increases, the size of the orbital al,
increases.
The principal guantum number (n) does not determine ths
shape of an orbltal; that's determined by the azimuthy)
quantum number {I). Spin of orbital Is determined by Magnei
quantum number.

b Three

Cobalt's atomic number is 27. Its electronic configuration is [A]
3d" 45”. According to Hund's rule, the 2d electrons occupy the
orbitals with maximum spin multiplicity, resulting in 3 unpalred
electrons.

SHORT ANSWER QUESTIONS

0.2 Attempt the following short-answer questions:

2. There are three arlentations of p-orbital due to three values of magnetic quantum number. Justify it.

Ans. It is correct. There are three orlentations of the p-orbital due to the three values of the magnet

quantum number (mi). Here's the justification in simple sclentific terms:

Quantum Numbers:

Each electron in an atom is described by fowr quantum numbers:
Principal quantum number (n) — energy level
Arimuthalfangular guantum number [} = shape of orbital
Magnetic guantum number (my) = orientation of arbital
Spin quantum number {m,) = spin direction of electron
For a p-orbital:

1.
2.
3.
d.

The azimuthal guantum number (L} =1

(Because p-orbitals correspond to £=1)

The magnetic guantum number (m;} can have three values: .
ml==10,+ImlL==1,0, +1ml ==1,0,+1

R

‘Iy* of Mg Is much blgger than (s "Is". Justify.
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Electronlc Configuration of Magnesium:

Neutral Mg atom:

Mg (Z=12)= 15" 25" 2p* 35?

=  First lonlzatlon (i) removes one electron from 35 —» becomes Mg®

= Second lonlzation (1;) removes second 35 electron —» becomes Mg?*

« Third lonization (I, would now try to remove an electron from the 2p® (inner, noble gas core)

After removing two outermost 3s electrons, Mg has the stable configuration of Neon (Ne):
Mgt =157 257 2p8

Now, the third electron to be removed Is from a completely filled inner shell (2p), which:

» Isvery stable (nable gas configuration)

» Iscloser 1o the nucleus

« |5 more strongly attracted by nuclear charge

Hence, much mare energy is needed to remove this tightly bound electran.
c. Among the elements L, K, Ca, 5 and Kr which one has the lowest first lonlzatlon energy? Which has the
highest first ionization.
Ans. lonization Energy Trend Recap:
* Increases across a period (left — right) due to increasing nuclear charge.
* Decreases down a group (top —» bottom) as outer electrons are farther from the nucleus and more shislded.

Element Group | Period | Electron Configuration | Notes

Li (Lithium}) 1 2 154 25! Alkali metal {low IE)

K [Potassium) 1 4 [4r] 45 Lower IE than Li (further down)
Ca (Calcium) 2 4 [Ar] 45t Elightly higher IE than K

5 [Sulphur) 16 3 [Ne] 352 3p* Menmaetal (higher IE}

Kr (Krypton) i8 4 [Ar] 3d" 45t 4p® Woble gas (very high IE)

Lowest first lonlzation energy = Potassium [K)

Reason: II's a Group 1 element in Period 4 — outermaost electron Is loosely held and easily remaoved.
Highest first lonlzation energy = Krypton (Kr)

Reason: Noble gas with a full outer shell — very stable = requires lots of energy to remove an electron.

d.  Conslder the electronlc conflguration of the potassium atam (atomilc number 13).
Ans, Element: Potassium (K}

Atomic Number; 19

5ot has 19 electrons.

Electronlc Configuration:

15% 257 2p® 357 3" 45!
{I}  Write the full electranic conflguration of potassium using the s, p, d, f notation.
Ans, Element: Potassium (K}

Atomic Number: 19

So it has 19 electrons.

Electronle Configuration:
15? 267 2p* 357 3p* 45

Ans. The third ionization energy () of magresium (Mg) is much bigger than its secand lonization enerﬁ{g
Here's the scientific justification:
lonization energy is the energy needed to remove one electron from an atom or lon.

Ii: Remove 1st electron
1z Remove 2Znd electron
Iy: Remove 3rd electron

(1)  Explain why the 4s subshell Is filled before the 3d subshell in potasslum, even though the principal
quantum number of the 3d subshell Is lower. ‘

Ans, Even though:
= 3d has a lower principal quantum number (n = 3)
» s has a higher principal quantum number (n=4)
The 4s subshell has Jlower energy than 3d at the time potassium's electrons are being placed.
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52 Steuctuy
_Key Principles: SCHOLAR £ CHEMISTRY (11%) 53
1. Aufbau Principle
-State Electron Configuration:
Electrons fill orbitals in order of Increasing energy, not just by n value. According to the Aup, :lr:nr::r: is:a transitlon metal a:nd its full electran configuration ls:
|building-up) principle: A g B4 o Bl A0 Bl gk g F
ls<2s<2p<Is<ipds<id<dp - u-lsa 25" 2p* 35" 3p* 45" 3d" 4p" 557 4d" 5p® 65T 4™ 54"
As you can see, 45 comes before 3d, by AR g Sy e W] 411 5019 gs?
2. Energy Level Overlap [Xe] a
= 4z orbital is farther from the nuclaus but has less electron-electron repulsion, making it bowgr; 1. How many electrons occupy atomle arbltals with n= 37
energy than 3d., Ans. Electrons can occupy atomic orbitals where the princlpal quantum numbern=3n=3n=3,
* 5o, the first 19 electrons (in potassium) go into the & before starting to fill 3d. For n=3n=3n= 3, the possible subshells [values of &) are:
Patasslum [Z = 19): = L -
= Configuration: 1s* 25" 2p® 35* 3p* 45! o iipieiian =535
= The 3d subshell remains empty in potassium because it's higher In energy at this point. s L=l\ell=18=1-3p
Conclusion: s L=Nell=2L=2 - 3d
The 45 subshell s filled before 3d in potassium because, despite having @ higher principal quan. Each subshell has a certaln number of erbitals, and each orbital holds 2 elsetrons:
number, it Is lower in energy at the point when electrons are added, following the Aufbau principle, Subshell | Orbitals | Electrons
e.{l} Anatom of element X has an atomic number of 17 and a mass number of 35, Determine the numberg ET 1 2
protons, neutrons, and electrons In this atom. T 3 6
Ans. Number of Protons = Atomic Number = 3 5 10
Protens = 17
Number of Heutrons = Mass Number = Atomic Number Total electrons whenn =3n=3n=13;
Heutrons = 18 2 (3s) + 6 {3p) + 10 (3d) = 18 electrons
Humber of Electrons = Mumber of Protons (in a neutral atom) %0, 18 electrons can occupy atomic orbitals with principal quantum numbern=3n=3n=3.
Electrons = 17
e : — : = i = il.  How many electrons occupy 4d atamlc arbitals?
L t L harge of = 1 tro ct
(i pr:::n:I:T::Iu:?ms ke o =l o Wany: Brotont; neUtGas. SN Siectrons Wik Ang. The 4d atomic erbitals can hold a maximum of 10 electrons. This is because the 4d subshell cansists of 5
Ars. J elemenithas: orbitals (each orbital can hold a maximum of 2 electrons), s0 5 arbltals x 2 electrons = 10 electrons in total.
«  Atomic number = 17 i, How many electrons occupy 4p, atomic orbital?
:'-I’E Fh-:::ﬂl:-:m.:;: :ti-‘;"sed itas chiorine (Cl Ans. The 4pz atomic erbital can hold a maximum of 2 electrons. Each atomic orbital, including the -ﬂpl orbital,
I 9
Niow, E's corsider the CE fon [chiaride fonl, whic hns <L charge; can accommuodate up to 2 electrons, with each electron having opposite spins.
Protons it e 2
« The number of protons never changes, even when forming lons. Iv. How many electrons In the valence shell have spln "up” [;--E}?
Protons= 17 1
Neutrons Ans, Inan atomicorbital, each electron can have ane of two possible spins: "up” [denoted as 5= +—) or "down”
+« Mass number = 35, Atomic number = 17 3
HNeutrons = 18 1
d ===]
Electrons (for CI™ ion) Wenoted ass 2 !
= Neutral chlorine atom has 17 electrons 1
s A=1charge means it has gained one extra electron If you are asking how many electrons have a spinal 5= e Ina particular orbital, it depends on how many
Electmns = 1741 %18 - electrons are present in that orbital. For example:
f.  Inthe ground state of mercury wHE: t * In 2 single atomic orbital (such as the 4pz orbital), a maximum of 2 electrons can occupy it, one with
Ans, In Lthe ground state of mercury (Hg), which has an alomic number of 80, we can determine m'ﬁ; .

important features of the atam, such as its electron confifuration, and the number of protons, neutns
and electrons.
Baslc Information for Mercury (Hg):

spin +-;1 and one with spin —-;— .

* If there are multiple orbitals {such as In a subshell like the 4d or 4p), the electrons will fill the orbitals

Symbol: Hg according 1o the Paull exclusion principle, with one electron having spin +% +-;- +-;i and the other

Atomic number (2}: 80 —» Protons = B0, Electrons = 80 (In a neutral atom)

Mass number (most common Isolope): 200 -+ Sa, Neulrons = 200 - 80 = 120 having spin - 1 P
o 1
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1
Sg, in general, hall of the electrons in any set of orbitals would have spin s = T assuming the Electroy,

are pawed and fill orbitals according to Hund's rule and the pauli excluslon principle.
Conclusion: 80 electrons in total and thus 40 orbitals in Hg.

E-  Thesuccessive lonization energles for an unknown element are
I, =835 k1 mol 1; =1752 kl f mol
1, =14,807 kd / mol 1, =17,948 kd f mal
To which family in the periodic table, does the unknown element most likely belong?
Ans. As there is greatest difference between 2 and 37 jonization energies, it means this element belongsy,
group 24 {Alkaline Earth’s metal). ’

. Conslder the following lenlzation energles for aluminum:

—

Al ——ALj, +e” I, =580kl / mal
AL e 1, =1815k! / mol

Al —> AL +e™  1,=2740k) /mol

ALl —ALlL +e” 1,211,600 k/mol

(1} Account for the trend In the values of the lonlzation energies.
{ii) Explain the large increase between Iy and ;.
(lii) List the four aluminum lons given In order of Increasing slze, and explaln your ordering.

Ans.
(M h=h=h>lh
{1i) As there is greatest difference between 3™ and 4™ lonkation energies, it means this element belong

to group 3A (Boron family).
{lli) After loasing 3™ electron, Aluminium gets stable electronic configuration of noble gas.
AL — A" 436"
183 1
.ﬂf"{ﬂf"{ﬁ.fhl:ﬁfh
T T T
L1] (=] L (F

In AL™ there are 13 protons and 12 electrons 5o, control of nucleus is lesser on outer electrons so Its ;Iukl
greatest among above. |
In AL there are 13 protons and 9 electrons, there is more Imbalance between proton to electron rath 50,
control of nucleus s greatest and its size is the least amang above,

[

h. (I} 5tate the general erder of filling orbitals up to the dp subshell.
(1l) Explain why the 45 subshell Is filled before the 3d subshell, according to the Aufbau principle.
Ans. (1) 15° 25 2p° 35 3p* 4% 3d" ap* Sl
() The 4s subshell Is filled before the 3d subshell according to the Aufbau principle because the 4
orbital Is lower In energy than the 3d orbital when these orbitals are empty or partially filled
neutral atoms.
1. Energy Considerations:

= Even though 4s has a higher principal quantum number (n = 4) than 3d (n = 3), the energy of @}

orbital depends on both the principal quantum number n and the azimuthal quantum number &
* Fordsin=4,l=0,50n+1=4
» For3d:n=3,L=2,50n+1=5

SCHOLAR 12 CHEMISTRY (11"} -
» According to the (n+ L) rule (used in the Aufbau principle), orbitals with a lower n + L value are
Mited first.

2, Electron Shielding and Penetration:

= The 45 orbital penetrates closer to the nucleus and experiences less shielding than the 3d orbital

s asaresult, electrons in the 45 orbital are more tightly held and thus eccupy a lower energy level initially
However, once electrans are added to the 3d subshell, the energy levels shift slighthy. In lons of transition
metals, for example, the 45 electrons are usually lost before the 3d electrons, because the 4s orbital

becomes higher in energy after the 3d subshell is filled or partially fillad.

i. Draw the orbital box diagram for the valence electrons of a phospharus atom [atemic number 15,
ensuring that your diagram adheres to Hund's rule and the Paull Exclusian Principle.

"P

Mg

—{1

- DESCRIPTIVE QUESTIONS -

0.3 What are quantum numbers? Describe briefly principal and spin quantum numbers.
Ans, See Page No. (36)

Q.4 Draw the shapes of 5, p and d-orbitals, Justify these by keeplng In view the azimuthal and magnetic
quantum numbers.
Ans. See Page No. (36)

Q.5 What do you mean by successive lonlzallon energles? How the electronic shell structure of magnesium
(Mg) Is derived fram the successive lonlzation energles?

Ans, See Page No. (33)

- ADDITIONAL SLOs BASED MCQs m

1. What does the electron configuration 15°25%2P* represent?

Phosphorus (P):

Eneigy

15 electrons
1s' 25’ 2p' 35" 3p’

A. Carbon [C) B. Oxygen (0) C. Neon {Ma) D. Helium (He}
2. Whichsubshell can hold a maximum of 10 electrons?

As B.p C.d o.f
3.  How many unpalred electrons are there In the electron configuration d*?

A D B.1 C.2 D.5
4. Which element has the electron conflguration s'25%2p"3523p"4s%3d%?

A. lron [Fe) B. Zinc (Zn) C. Nickel (N} 0. Copper (Cu)
5. What is the electron configuration of a chiorine lon (CL)7

A, 1522672 pFast b B. 15%2¢%2p"35'3p° C. 1s*25%2pf3stap” D. 1s*2s%2p%35"3p"
6. Aswe move away from nucleus the distance between the adjacent orbits goes on;

A. Increasing B. Decreasing

C. Aemains same D. May Increase or decrease
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7. Which of the following has the same number of electrons as that of a-particles:

ALl B H* C. He' D. Be
8.  Which of the following orders with respect to relative energy Is Incorrect:

A2s<ip B.2p<3p C.3pe3d D.4d<3s
9. ARter filllng the 45 orbital the entering electron goes Into:

A 4dp B. 55 C3d D. af
10. 'Which of the following particles contalns 20 neutrons, 19 protons and 18-electrons?

AR B.2K C.SAr D.2Ca
11. Which of the following has maximum number of unpalred electrons?

A Fe” B.Zn" C. NIt 0. Cu*
12. According te (n + 1) rule. Which one of the following has the highest energy?

A.2s B 3 Cip D.2p
13. How many unpaired electrons are In the 3d sub-shells of an element with an Z= 247

A2 B3 C.4 D.5

With Increase In the value of principal quantum number ‘0’ the shapes of the s-orbital remain sam,
although thelr sizes.,
A. Increase

C. Remain the same

B. Decrease
D. May or may remaln the same

The correct order of sub-shells, within a shell w.r.t decreasing energy Is:
Af=ds>ssp B.f>d>p>s Cs>padaf D.prs>i>d
Answer Ky with Explanations

Explanations

The electronic configuration of Ne = 1s? 25 2p% it correspends to a total of 10 electrons.

1, G Neon [Ne) Is a noble gas.

The d subshell can hold a maximum of 10 electrons, as it has five orbitals, with each

SCHOLAR 2 CHEMISTRY [11%) 57

Fe''=1s",25",2p" 357, 3P",3d" 45" e, 5 unpaired electrons In 3d
NIt =15 257, 2p% 351, 3p%,3d", 45° Le., 2 unpalired electrons In 3d

A o cu' =15 26 27 ,35° 30" 3d"" 45" Le, no unpalred electrons in 3d
In' =1s',25%,2F* 35", 3%, 3", 45" Le., no unpaired electrons in 3d

, 25=2+0=2 33=3+0=3

12, c 3p=3+1=4 p=141=3
Highest [:.lr+ f}wlue is for 3P
Z=24 isCr,

13, “ Cr,, =1s%,2¢,2P%,35%, 3% ,3d" s
With the increase n value. [principal quantum number), the size of s-orbital Increases

" A where as the shape remains the same. e.g. the size of 2s5-crbital is greater than 1s-orbital.
1s Is

15. B The correct order of sub-shells, within a shell w.r.t decreasing energyisf>d>p>s.

ADDITIONAL SHORT ANSWER QUESTIONS

Q.1 According to Moseley, the atomic number Z was a fundamental property of an element. How?

Ans, 1n 1913, Moseley v observed that when different elements were bombarded with cathode rays, the
¥-rays of some characteristic frequencies were produced. It was found that the square root of the
frequency of the X-rays was directly proportional to the atomic number of an element Z.

w.||'frequenq.r (Vjaz

He concluded that this number, i.e, the atomlc number Z was a fundamental property of an element.
0.2 What s effect of electric field on the fundamental particles?

Ans. The behavigur of particles in an electric field depends upon their mass and charge. They show thelr
behaviour as lollows.
= MNeutrons belng neutral are not deflected but travel in a stralght path perpendicular to the
direction of electrlc field,
* Protons being positively charged are deflected towards the negative plate.
= Electrons being negatively charged are deflected towards the positive plate.

% % orbital capable of holding two electrons.
; The electron configuration 3d* indicates five electrons in the d subshell. According to
ER D Hund's rule, each of these five electrons will occupy a separate orbital in the d subshell,
resulting In five unpalred electrons.
4 c The electron configuration 1s? 26! 2p® 35 3p 45 3d" corresponds to Nickel (Ni). The total
¥ 28 number of electrons, which shows the alomic number of Nickel.
5 A A chlorine fon (CI°) has gained one extm electron compared 1o the neutral chlorine atom,
- resulting in a full p orbital, The electron configuration of 01" thus becomes 15 25 2p° 35 3p*,
Distance between shells can be calculated by 0529n'A%;r, =0.5294°, So distance
between consecutive shells is Increasing eantinususly.
6. g (e
¥ 3 r, =4.761A°
r, =B.4A°

=< fh—=Mm<h—=nrn

Q3 Differentiate between atomic spectra and atomlc abserption spectrum,

Ans.

Atomle emission spectrum

Atomic ahsnrpﬂmpe:trum

When an element in Its gaseous state s heated
to high temperatures or subjected to electrical
discharge, radiation of certain wavelengths is
emitted. The spectrum of this radiation contalns

When a beam of white light is passed through a
gaseous sample of an element in cold state,
certain  wavelengths are absorbed. The
wavelengths of the white light that has been

e : ;
2 :;:T;E::::“::T: :lor:tr:lsa ERiE Do et = coloured lines and Is called atomic emission | absorbed by the atoms show up 35 datk lines on
ad<3s spactrum. the spectrum. The spectrum of this radiation s
D §42<340 called an atomic absorption spectrum.
6 < 3 Incorrect arder = Q.4 What is the trend of ionization energy In the periodic table?
C Accordingto m+ £ m_le after ds=>d40=4 - Ans. = Aswe go down a particular group, lonization energies decrease. The larger the atom, the easier is
Entering ¢ goes Into 3d= 3+2=5 to separate an electron from it. Actually, dewn the group, number of shells increases, hold of
A Among the following Potassium contaln 20 neutrons, 19 protons and 18-glectrons. j nucleus on the valénce electrons decreases, hence removal of electrons becomes easler.
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= The lonization energies generally increase on going across a period. It Is due to the reasan

across the period shell number remains same. As the proton number increases, electrons 5, ' SELF-ASSESSMENT |[CLE Lot (7
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added in the same shell. Therefore, nucleus attracts the valence electrons more strengly, g,
result, ionization energy increases across the period.

Q.5 Differentiate between shell and subshell.

B Total Mark: 30

Ans. Shell Subshell -q,_:l, Enclrcle the correct option. {1x6=6)
« The collection of orbitals with the same | The set of orbltals that have the same n ang (i} When 3d subshell is completely filled, the next entering efectron goes inte:
values of nis called an electron shell Lvalues is called a subshell. A ar B.4s C.ap 0. 4d
= |tis denoted by n. « They are denoted by s,p,d and f. (i} Whatisthe shape of a p-orbital?
A, Spherical B. Dumbbell C. Circular D. Vertical
Q.6 Define electronic configuration and give example. (i) Quantum number values for Zp orbitals are:
Ans, Electronic configuration is the distribution of electrons among available shells, subshells, or orbitals 5 An=2L=1 B.n=14=2 Cn=1L=0 D.n=2L=0
an atom or ion.
. Which principle states that electrons flll the lowest energy orbitals first?
ey ";ﬂe: !:E Hﬂ:ﬂmnm :nr;li,gu:atmn syt 1t ghven bela, o A Pa uli?; efk:ﬁjshn principle Hl; I-Iu:;g':r 5 rule
B= 25t 2 - 7
- ’n:" pX’, 29V, Ip.: === C. Aufbau principle D. Helsenberg principle
Q.7 State Hund's rule and Pual’s exclusion principle. [v) Whichof the fallowing specles has a zero bond order aceording to MOT?
Ans, Hund's rule: When degenerate orbitals are available and more than two electrons are to be placed A, Hylt B. Hey* C. Hey* D. Hey

them, they should be placed in separate arbitals with in rather than in the same orbiy| - :
with uppn:ite spins. i F MRS il the Same 4p orbita [vi} The number of protons, electrans, and neutrons In Na* are:

Puali's exclusion principle: According to this principle. No two electrons In an atom can have the A. 11p, 11e, 12n B.11p, 10, 12n C.11p, 12e,11n D. 10p, 11e, 12n
same values for all the four quantum numbers or, *Two elecirons in an orbital will always hav 0.2 Write short answers of the fallowing questions. (2 % B=18)
opposite spins”.

Q.8 Write the classification of the periodic table on the basis of electranlc configuration.

Ans. The classification of elements of periodic table has been done Into metals, nun-me[ﬁ'
representative, transition elements, periods, groups and blacks (s, p, d, f). This division s done ea

— {l) Size of Mg is bigger than AL, but lonization energy of Mg is more than that of AL Why?
(i} Define atomic number and how is it related to proton number?
{ii) How does lonic radius change compared to atomic radius in metals and nonmetals?

the basis of electronic configuration and their valence electrons. The chemical properties of variow (v} Define principal guantum number and orbital.
categaories of elements discussed above can be easily assessed. (v} Write the electronic configuration of Mg (2 = 12) using sub-shell notation.
Q.9 Write the electronic conflguration of lans with examples. {vi} Define degenerate orbitals.
Ans, Positive lons are formed when electrons are removed from ast'aThE sodium lon, Na® (protos [vil) Apply Hund's rule to explain why nitrogen has three unpaired electrons.
;:r:abtf:g iii]; :?: ::-:::ﬂ:f:;;:::;:ﬁi::::?ﬁ:;:dfinﬁ :f :.prnlo-n i {viil) Write the behavior of protons and electrons in an electric field.
18 electrons. Its electronic configuration s 1s* 25" 2p° 35* 3p¥, which is the same as argon, the element 0.3 Extensive Questions. [2x4=0"
with 18 electrons in each atom. {a) What are quantum numbers? Describe briefly principal and spin quantum numbers.
Q.10 What Is the trend of lonlzation energy In the perlodic table? (b) Draw the shapes of s, p and d-orbitals. Justify these by keeping In view the azimuthal and
Ans. “A free radical Is a species that has one or more unpaired electrons”. magnetic quantum numbers.
An example of a simple free radical is free chlorine atom ll;'r:l . The electron confllguration of this
radical is 1s? 2s* 2p* 3? 3p*. In the 2p subshell, two orbitals have paired electrons whereas, the third | _......,z....._
ane contains a single unpaired electron. The unpaired electron Is shown by a single dot as in CL
0.11 What s the trend of lonizatlon encrgy In the perlodic table? :
Ans. Property p-type Semiconductor n-type Semlconductor T_]
Doping Element Trivalent (like, Boron, Pentavalent [like, Phosphorus,
Aluminium). Arsenic). =1
Charge Carrlers Holes Electrons =X
Type of Conduction Mainly due ta hales. Mainly due to electrons. =
Electrons In Conduction Band | Few Many =
Effect of Doplng It creates more holes. Increases free electrons
Example Positive side of a diode {anoda). | Negative side of a diode [cathode).
i
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Student Learning Outcomes ~

After studying this chapter, students will be able to:

#  Analyze the formation of dative bond in CO, ozone and H,0" lon (resonance structures are not
required). (Understanding)

s  Recognize that molecular lons/polyatomic fons can have expanded octets e.g., sulphate and nitrate.
{Understanding)

#  Use the differences in Pavling electronegativity values to predict the formation of ionic and covalent
bonds. [(Application) !

=  Use the concept of electronegativity to explain bond pelarity and dipole moments of molecules.
{Understanding)

=  Explain the importance of VSEPR theory In the field of drug design by discussing how the shape and
bond angles of the molecules help chemist predict their interactions in the body. (Understanding)

#  Describe the shapes and bond angles in molecules using VSEPR theory (including describing
sketching). (Understanding) .

- Explain valence bond theory, (Understanding)

s Predict the shapEs. and bond angles in molecules and ions. (Understanding) .

»  Describe covalent bonding in molecules using the concept of hybridization to describe sp, sp®, and

sp’ orbitals. (Understanding}

Explain hybridization and types of hybridization. (Understanding)

Explain the salient features of molecular orbital theory (MOT). (Understanding)

Explain the paramagnetic nature of oxygen molecule in the light of MOT. (Understanding)

Calculate band order of N,, O, F,, and He,. (Understanding)

Describie the types of van der Waals forces. (Understanding)

Describe hydrogen bonding limited ta melecules including ammaonia and water. (Understanding)

Use the cancept of hydragen bonding to explain the anomalous properties of water. [Understanding)

Use bond energy values and the concept of bond length to compare the reactivity of covalent

molecules. (Application)

#  State that, in general, ionic, covalent, and metallic bonding are stronger than intermolecular forces,
(Understanding) .

*  Define electronegativity as the power of an atom to attract electrons to itself, (Knowledge)

*  Explain the factors Influencing the electronegativities of elements in terms of nuclear charge,
shielding by inner shells and subshells. (Understanding)

. Explain the trends in electronegalivity across a period and down a group of the periodic table,
{Understanding) )
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2 Chemical Bond

=4 chemicol bond is the force that holds together two or more atoms, molecules or 'ﬂﬂs

s The properties of a substance depend an the type of the chemical bond between its atoms,

» The term chemical bond includes fonic, covalent, dative, metallic bonds, as well as intermoleey,
forces, Le. van der Waals forces. However, being weak enough, van der Waals forces are usually o,
termed as pure chamical bonds.

* We shall discuss the types of bonds in the light of electronegativity and its effect on the natyp o
bonding, dipole moment, and polarity, Then, the modem bending theories such as VSEPR, W].
Hybridization, and MOT will be discussed in detail. The intermolecular forces, Le. van der Waals fop,,
will also be taken inte account. Finally, a comparison of the chemical bonds and intermolecular fory,
will be presented in terms of bond energies.

- o - | 25 2
NacCL has lonlc bond and Is selld, but water |5 a covalent compound and liquid
TYPES OF BONDING

Lewis concept of bonding glves o simple explanation of the formation of all types of bonds. According rﬁ;

theory, atoms moke bonds to complete thelr outermost shells to have noble gas-like configuration. This i
mostly attolned through the formation of an octet In the valence shell,
2 lonic Bond
According to the Lewis theary, the lanlc bond s formed by the complete transfer of electrons from ee
otom with low fonization energy to another atom with high electron affinity.
= The Na atom (,,Na=2,8,1) tends to lose the outermast electron to form Na®(2,8) ion, which has th

electronic configuration of ,,Me, a noble gas nearest to it Chlorine atom C/(2,8,7) gains one electrn,

to form the chloride lon, Cf7(2,8,8), also galning the next noble gas electron arrangement. The

oppositely charged Na® and CL lons are held together by strang lonic bond In the crystal of NacCL
¢ A similar type of bond is expected between group land 2 metals and groups 16 and 17 efements.

© -

[2.81) 12.8.7) Iz, al' 12.5,8)
Hitlll'.lrl:r
Figure: lonic bond formation between Na and CL
= Covalent Bond (Electron Pair Bond
= Acovalent bond Is formed by the mutual sharing of electrons between two atoms.

= While sharing electrons, each atom completes Iis valence shell and attains the nearest noble (¥
configuration, The band formation between two CL atoms Is shown below (Fig.).

o

sCHOLAR “2r CHEMISTRY (11") 63
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1. The bond which b lormed by mutual
sharing of electrond it called:
[A) bonaz band
[B) Covalent bond

(a)

(b)

c)

«  Acovalent bond may be:
[1) Nen-polar In character {11} Palar in character.

« The bond between two CL atoms Is purely covalent and non-polar, The electronegativity of the two
atoms is exactly the same, due to which, the bonded -'l-lﬂn‘h‘- remain electrically neutral and there is no
charge on either atem. The other such molecules are H,, Fy, Bry and |, .

Examples of polar covalent bonds: H=CE, H=Br, H,0, et:

.67 287 {%E B (2,88 ) Metallic band
Figure; formatlan af a covalent bond between two CLatoms (O} Coordinate Covalent bond

Dative bond [Coordinate Covalent Bond

pefinition:

“a dative bond is formed between two atoms when the shared @ Rock Your Braoin!

pair of electrans is donated by one of the bonding atoms", T e —— T

L. Jumilly that Covalent Bonds [s

Examples: directbanal In nature,

Hydronlum lon

Let us consider the example of bond formation between H,0 and a praton (H*).

= H;0 has two covalent bonds and there are twa lona palrs of electrons on the oxygen atom,

« ©Onthe ather hand, the proton is deficlent in electrons. Therefore, the oxygen atom can danate its lane
pair of electrons to the acceptor H', and this results in the formation of a dative bond at in the
following diagr_am Figure {a).

SO . 0 _,,.r
W Su W Ny
Flgure : Dative bond farmatlaen {hydruﬂluml lon,

Carbon Monoxide

= Carben monoxide also contains a dalive band between oxygen and carbon atoms.

* Oxygen shares its two valence shell electrons with the carbon alom to make narmal double cavalent
bond. However, the valency of carben Is not satisfied with these bonds.

* It needs one more pair of electrons to complete Its octet. Oxygen atom donates ane of its lone pairs
for the formation of a covalent bond, which is a dative bond as exhibited in Figure (b).

€l o 16—0!
Lewls
structure
b} Carbon monoxlde

Ozone Molecule

» The structure of czone melecule Is presented in Flgure (c).

= ltisformed by a reaction between the oxygen molecule with an axygen atem (a free radical (O)).

* One af the oxygen atams in the molecule donates a pair of electrons to make a coordinate covalent
band with this free radical.

# Therefore, the central atom has total three bonds including a double covalent bond on one side and a
coordinate covalent bond on the other. It carries a positive charge, while the exygen atom that accepts
the lone pair carries a negative charge,

ao
D=E}(’:\& —r-o"".-# “\n—-

anygen
free roadical

{c) ozone molecule
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QUICK CHECK 3.1

|

(]

a) Draw the Lewls structures of Ny and C5; molecules? |
Ans. Ny NN |
€St 153 10T IS 1,

b} How many electrons are there in the valence shell of B in BF;7 Does It have the ability to accept a lone |
pair of electrons? |

&Ans. In BFy, the boron (B) atom has: |
s 3Jvalence electrons (Growp 13 element) 'I'

« Forms 3 bonds with Nuorine (F), using all valance electrons (no lone palrs). i

| Ability to Accept Lone Pair: |
y = Boron's valence shell has only 6 electrons (incomplete octel) . !
! = Yes, il canact as 3 Lews acd by accepting a lone pair (e.g., forming BF:™ with F7). |
I In short: i
" = Valence elzcirons in 8F: 3 [all banded) i
| & Electron-dehcent, accepls lone pairs to complate octet, |
'e) Show the formation of a dative bond between NH; and BF;, !
I Ans. H F H F |
(] [}
| I I | |
M H=N: + B=F —— H-N'—B"=F p
| B | I !
i H F H F il

donor acceptor complex
LR L R K _E___JR_N___E &% _ N X ]

2 Expanded Octet in Polyatomic lons
Polyotomic lons are the lons composed of more thon one type of otoms, d' ] 2.
s Thare formal charge is the net charge on them which is calculated basad ]
on the number of electrons in their valence shells after the formation of e " .
bands : U-,_,Sr,_,_{! B
* With the exception of ammonjum lon (NH;), these fons mostly carry a "
negative charge, for example the carbonate (COy), sulhlelscllf'} , and E -
nitrate (NOy ) ions. sulphate ion

* Insome polyatomic ions, the central atom violates the octet rule by expanding its electron density to
the higher orbitals. These are said 1o have expanded octets.

= Examples: 50}, CrO;, POY .
Sulphate 50, :

= From the Lewls structures of S0}, we can calculate the number of

Octet Rule:
The tendency of atoms 1o
attaln 3 masimum of eight
efectrons In the valence shell

electrons around the central § atom. Is known as the octet rule.
= The number of electrons in the valence shell of 5 atom can be calculated

as:
* HNo of valence electrons= 2 = (double bond electrons) + 2 = (single bond electrons)

=2(4)+2(2) = 12
Thus, § has 12 electrons in its valence shell and it exceeds the octet by 4 electrons.

* The expansion of octet is caused by the involvement of the d orbital in bending, which can
accommodate the extra electrons. The following electronic configuration of native 5(0) atom shows
that it has two unpaired electrons in the p orbitals. The presence of d-orbital allows this configuration
to extend to 4 unpaired electrons by the transfer of one electron from the 3 p pair. It explains not only
the variable oxidation states of 5, but also the possibility of accepting extra electrons in its d orbital,
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3. Octet rule by not lellowed In:
Iﬂ;;lﬂ [l [ 1] wew g

In the same way, we can calculate the number of valence electrons around the central lodine atom in the
tri-todide lon, The Lewis structure of the tri-lodide lon (") is given by:

l B
The number of valence electrons of the central atom can be calculated as follows:
Mo, of valence electrons = 2 = {no. of single bond electrons) + 2 = (no. of lone pairs)
= 2{2) + 2(3)
=10

The central iodine atom In tri-lodide ion (') has 10 electrons In the valence shell and the octet expands
by two electrons,

— i — i — i — — . — — i — i — i — i — — i — e e e S S S e S  —

QUICK CHECK 3.2

a) Canthe elements of period 2 of the periodic table have expanded octet? Explain why or why not?
Ans. No, elements of Perlod 2 cannot have expanded octets because they lack the necessary orbitals to
accommodate more than B electrons in their valence shell.
Detalled Explanation:
What [s an "Expanded Octet"?
« Anexpanded octet refers (o a situation where an atom has more than B electrons in its valence shell.
«  This is possible only if the atom has access to empty d orbitals, which can be used to hold extra
electrons beyond the typlcal s and p arbitals.
Electron Configuration of Perlod 2 Elements
Period 2 elements Include:
LUithlum (L), Beryllium (Be), Boron (B), Carbon (C), Nitrogen (N}, Oxygen (O}, Fluarine {F), Neon (Ne)
s« These elements have valence electrons In the second energy level (n=2).
* The second energy level has the following erbitals:
25 (1 orbital)
2p (3 orbitals)
= Total: 4 orbitals — can hold a maximum of 8 electrons (4 x 2 electrons)
Mo d orbitals In Period 2
» d orbltals first appear In the 3rd period (n= 3).
# Since Period 2 elements don’t have 3d orbitals, they are limited to the 2s and 2p orbitals only.
* Therefore, they cannet accommodate more than 8 electrons in their outer shell.

- ——— i — i e  — T — i — — — - ——

Examples:
Element | Normal Valency | Can it Expand Octet? Why/Why Not?
Carbon (C) 4 No 25 2p' —» Max Be
Nitrogen (N) 3 No 25t 2p" = Mo d orbitals 3
Oxygen (0) 2 No 25! 2p* = Octet only
Fluarine (F) 1 No 25" 2p* — Can't exceed octet
Contrast with Perlod 3 and Beyond
* Starting from Period 3, elements like phosphorus (P), sulfur (S), chiorine (CL) have access to 3d |
orbitals. 1
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