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CLASSIFICATION OF ELEMENTS AND PERIODICITY IN PROPERTIES

Dobereiner’s Triads
In the triad of elements, the atomic weight of middle
element is the arithmetic mean of other two.

Newland’s Law of Octaves
Elements are arranged in increasing order of their
atomic weights, the properties of every eighth
element are similar to the first one.

Mendeleev’s Periodic Table
Elements are arranged such that the properties of the
elements are the periodic function of their atomic
weights. Table contains 8 groups and 7 periods.

Mobern Periopic TABLE

Modern Periodic Law

(8

The physical and chemical properties of elements
are periodic function of their atomic numbers.
Elements are arranged in order of increasing atomic
numbers.

It has seven horizontal rows known as periods and
eighteen vertical columns known as groups.
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Elements in Periodic Table

al
s-block elements

® Group-1to?2

® EC.:ns

® Group-1 elements form M ions.
® Group-2 elements form M*" ions.

«1 >
p-block elements
® Group-13to 18

e EC.:ns ﬂpl"ﬁ (excluding helium)
® Except noble gases and fluorine, all other
elements show variable oxidation states.

<
d-block elements

® Group-3tol2

® Lies between s- and p-block elements

¢ EC.:(n- l}dl"mnsﬁ =

® Show variable valencies and oxidation states.

--‘

«
f-block elements

® 4f-series: lanthanides

# Sf series : actinides

& s (n —Z)fl 4 n-1)d"" lﬂ.’:‘
@

Vanable oxidation states, most common in +3.

—ﬂ

———




Periopic TRENDS

Atomic Radius

Crystal or metallic radius : It is one-half of the
internuclear distance between the two nearest atoms
in the metallic lattice. It is generally used for metals.

van der Waals’ radius : It is one-half of the
internuclear distance between the two adjacent
identical atoms belonging to two neighbouring
molecules of an element.

Covalent radius : It is one-half of the distance

between the centres of the nuclei of two similar

atoms joined by a single covalent bond. This is
generally used for non-metals.

» The atomic radii of noble gases or inert gases
are, in fact, van der Waals’ radii since they do
not form molecules.

» van der Waals' radius > metallic radius >
covalent radius (for an atom)

lonic Radius

It is the distance between the nucleus and the
point where the nucleus exerts its influence on the
electron cloud.

» Cation is smaller and anion is larger than
the parent atom of the element. In case of
isoelectronic ions, the size decreases with
increase in the nuclear charge.

lonisation Enthalpy

It is the energy required to remove an electron from
an isolated gaseous atom in its ground state.
1 + -
M(g} + LLE. — M{g} + €
]

size of atom

LE. o ~ Effective nuclear charge

1
Screening effect

Completely or half-filled orbital has higher LE.
because of higher stability.

L

Electron Gain Enthalpy

(10

It is the amount of energy released when an electron
is added to an isolated gaseous atom.
A[{g] g e ot _}A{g};‘ﬁﬂgH

1 « Effective nuclear charge
Size of atom 1

S

AgH o

Screening effect

CHEMISTRY TODAY | AUGUST ‘18

Electronegativity

It is the tendency of an atom to attract the shared
pair of electrons towards itself in a covalent bond.

Mulliken scale of electronegativity

1
x= 5 [AH + AGH

Pauling scale of electronegativity

¥4 —Xg =0.1017\/A

]
where, A=E,_p - E\/EAmﬂ +Ep_p

Here, E represents bond dissociation enthalpy
(in kJ mol ™).
Percentage of ionic character

=16(x,~%p) + 3.500, — X )
» If y4=xp = 1.7, bond is 50% covalent and 50%

ionic.

» Ify,—xp > 1.7, bond is predominately ionic.
» Ifxa=xg> A — Bbond is purely covalent.

SUMMARY OF SOME GENERAL TRENDS

PERIODS

Ionisation enthalpy Increases
Electropositive character | Decreases

Metallic character Decreases
Non-metallic character Increases
Reducing power Decreases
Atomic size Decreases
Electronegativity Increases
Basic nature of oxides Decreases >
Basic nature of hydrides Decreases >

VVVVVVVV

Decreases
Increases
Increases
Decreases
Increases

Increases

< Decreases

GROUPS

Increases

< Decreases
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I CHEMICAL BONDING AND MOLECULAR STRUCTURE

The phenomenon of union of two or more atoms
involving redistribution of electrons, so that each atom
involved in bonding acquires stable configuration in
order to gain stability is known as chemical bonding.

e Atoms form bonds since it leads to decrease in
energy.

® ‘Whenever atoms come close, both attractive and
repulsive forces operate and if the magnitude of
attractive forces is more than those of repulsive
forces, a chemical bond is formed.

KosseL-Lewis ApproacH To CHEMICAL BonbinG

Atoms can combine either by transfer of valence
electrons from one atom to another or by sharing of
valence electrons in order to have an octet in their
valence shell (octet rule).

Types ofF Bonp

h 4 h 4

Between atoms of Between atoms of
same mnieLule different molecules
W v
[onic | [Covalent Fﬂnrdlnate MLtdlllc
bond bond bond bond
v v

[ Hydrogen bDﬂdJ {van der Waals’ attraitimnj

Bond Formation

® Nature of bond formed between two atoms depends
upon electropositive and electronegative character
of bonded atoms.
» Ionic bond : Electropositive element +
Electronegative element
» Covalent bond : Electronegative element +
Electronegative element
» Metallic bond : Electropositive element +
Electropositive element
Jonic bond is non-directional in nature while
covalent bonds are directional in nature.

lonic Bonb

® 'The bonds formed between atoms by transferring
of valence electrons from one atom to another

is said to be electrovalent or ionic bond, and the
compound so formed is an ionic compound.

® Conditions for the formation of electrovalent
bond :
» Number of valence electrons : The atom
which changes to a cation must contain 1, 2
or 3 valence electrons and the one changing to
anion must contain 5, 6 or 7 valence electrons.

> Electronegativity difference : Higher the
electronegativity difference between the atoms,
more ionic will be the bond formed.

» Low ionisation energy :
of the element forming the cation i.e., metal,
should be low.

» High electron affinity : Electron affinity of the
element forming anion i.e.,, non-metal, should
be high.

» High lattice energy : Higher the lattice energy,
greater is the ease of formation of ionic

compound.

lonisation energy

Born Haser GYCLE

® Born Haber cycle is based on Hess’s law of constant
heat summation and it correlates the energy
changes taking place in various steps involved in
the formation of ionic compounds.

® The steps can be represented in the cycle as :

IE

+
Mig) > Mg
A ﬂHEH +_
X(g >X(g
M
AH, |
EﬂHfﬁ_ﬁs U
ith
M{b} = Xz(gr'} MX{S}

1
AH¢= AH, + IE + 3 AH o+ AH,o + U

where, AH¢= Enthalpy of formation,
AH = Enthalpy of sublimation,

IE = Ionisation energy,

AH ;.. = Enthalpy of dissociation,
AH,, = Electron gain enthalpy

and U = Lattice energy.
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CovaLent Bonp

¢ Bond formed by sharing of electrons between the
combining atoms is called covalent bond and the
compound so formed is a covalent compound.

CoorpiNATE Bonp

® A covalent bond in which both electrons of the
shared pair are contributed by one of the atoms
only, is called a coordinate bond or dative bond and
the compound is called a coordinate compound.

POLARISATION

¢ Fajan’srule: Inionic bond, some covalent character
is introduced because of the tendency of the cation
to polarise the anion. In fact, cation attracts the
electron cloud of the anion and pulls electron
density between two nuclei.

Polarisation
>

Cation Anion Cation Polarised
electron cloud
of anion

® According to Fajan’s rule :

» Smaller the size of cation, larger is its polarising
power.

> Larger the size of anion, more will be its
polarisability.

» More the charge on cation and anion, more is
the covalent character.

» Cations having 18 electrons in outermost shell
bring greater polarisation than the other which
have 8 electrons in outermost shell.

IMPORTANT TERMS AND FORMULAE

® Formal charge of an atom in a Lewis structure
= Total no. of electrons in the free atom - Total

no. of electrons of lone pairs (non-bonding
electrons) —-1/2 x Total no. of shared electrons
(bonding electrons)
ie, F= V—L—lS
2

® Bond length : Equilibrium distance between the
nuclei of two bonded atoms in a molecule.

I

bond order
¢ Bond angle : Angle between the orbitals containing

» Bond length o< size of atoms, o<
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bonding electron pairs around the central atom in a
molecule/complex ion.

¢ Bond enthalpy : Amount of energy required to
break one mole of bonds between two atoms in a
gaseous state.

¢ Bond order : Number of bonds formed between
two atoms in a covalent compound.

® Resonance : The phenomenon of existence of a
molecule in different structural forms, each of
which can explain most of the properties of the
molecule but none can explain all the properties of
the molecule.

® Dipole moment (1) = Charge x Distance of separation

THEORIES OF GovALENT BoNDING
VSEPR Theory (Nyholm and Gillespie)

® The shape of a molecule depends upon the number
of valence shell electron pairs (bonded or non
bonded) surrounding the central atom.

® Electron pairs tend to occupy such positions in
space which minimise repulsions.

® 'The repulsive interactions of electron pairs decrease
in the order:lp-Ip>Ip—bp > bp - bp

Valence Bond Theory (Pauling )

® A bond is formed between two atoms when the
forces of attraction are greater than forces of
repulsion.

® A covalent bond is formed between two atoms by
pairing of electrons present in the valence shell
having opposite spins.

® During bond formation, only valence electrons
loose their identity.

® Bond formation is accompanied by release of
energy and this accounts for the stability of bond.

® Sigma (o) bond is formed by the head on overlap of
atomic orbitals.

® Pi(m)bond is formed by lateral overlap of half-filled

atomic orbitals, perpendicular to internuclear axis.

Molecular Orbital Theory (F. Hund and R.S.
Mulliken)

® Molecular orbitals are formed by the linear
combination of atomic orbitals.

® The number of molecular orbitals formed is equal
to the number of atomic orbitals combined.




® When two atomic orbitals combine they form one
bonding molecular orbital of lower energy and one
anti-bonding molecular orbital of higher energy.

® The molecular orbitals are filled in accordance with
Autbau principle, Paulis exclusion principle and
Hund’s rule.

® Energy order for molecular orbitals upto N, is
Cls< G'1s < 02s < G*2s < M2p,
=M2p, < O2p, <T2p, =T"2P, < O2P,

® Energy order for molecules beyond N,
Ols < 0*1s < 625 < 6*25 < O2p, < 2P,
=T2p, <W'2p, =T2p, <02 p,

e Bond order (B.O.) = % (N;} = Na)

where, N, is number of electrons present in BMO
and N, is number of electrons present in ABMO
» If N, > N_; B.O. = +ve, the molecule is stable.
» If N, < N, B.O. = —ve, the molecule is unstable

or does not exist.

» If N, = N,; B.O. = 0, the molecule is unstable or
does not exist.
» Isoelectronic species have same bond order.

HYBRIDISATION

¢ Hybridisation is a hypothetical phenomenon. It
is introduced to explain shapes of molecules and

bonding parameters such as bond angle, strength
of bonds.

® The structure of a molecule can be predicted on the
basis of hybridisation by using the formula :

1
H=—(V+M=C+A)

where, H = number of orbitals involved in
hybridisation, V =

valence shell of the central atom, M = number

number of electrons in

of monovalent atom, C = charge on cation and
A = charge on anion.

|IT-Delhi tops MHRD mandate, enrols 16% girls in all its courses

t a time when engineering institutes are struggling to admit girls. IIT-

Delhi has touched an all-time high number of female students this year.
The HRD ministry had mandated that all 23 IITs increase the enrolment of
girls to 14% in 2018. lIT-Delhi has already recorded a 16% enrolment of
girls in every course, before the admission season gets over.

"Our faculty members conducted special interaction sessions with all JEE-
qualified girl students and their parents both last year and this year to
explain the prospects of studying at IIT," said Aditya Mittal, professor and
chairman of Joint Entrance Examination-Advanced at [IT-Delhi.

The sessions for two consecutive years are already showing results. In 2016,
IIT-D admitted 70 girls, which increased by over 30% to 93 in 2017 and this
year it is likely to reach 150 out of a total 851 seats.

The idea behind the initiative was to help qualified female candidates
make their choices during the JEE/JoSAA (Joint Seat Allocation Authority)
2018 counselling process. “The session saw over 150 students attending it
where not just faculty members, but even student mentors interacted with
potential candidates,” Mittal said.

Asked why fewer girls enrol in lITs despite getting good ranks, Mittal
attributed it to several factors. " Qur [IT-Mandi director Timothy Gonsalves in
his four-year research found that there are many girls who get good ranks in
JEE Advance but don't enrol in lITs. Several parents we interacted with had
the perception that engineering sectors like mechanical and chemical are
not viable for girl students. Many avoid IITs as they prefer institutes closer
to their homes,” he added.

There were some parents who didn't agree to send their daughters for
specialised preparations as they would do for boys. “The central idea to
bring in more girls was based on the IIT ethos that we don't provide literacy
but education. It is also because we revise curriculum frequently. While 40%
of our curriculum is core, 60% are electives chosen by the students,” Mittal said.

GIVING THEM A FAIR CHANCE

After MHRD's directive to admit at least 14%
women by creating supernumerary seats : [IT-Delhi
has been " gradually increasing enrolment”

Girls at lIT-Dehi for past three years

2016 70 (8%)
2017 93 (10%)
2018 150 (most likely)

1 &0 AL e a—l_'.-\.—\.- P I '-|I - = --\.-.---\."
16% in every branch (based on initial assessment)

Mote : Total seats are 851
Reason for increase

liT-Delhi looking 20%
17% - -
to increase 14% ';d””,mt,:'er EJD'”J
enrolment i i
. was given the task of
of girls , il
] S50 ensuring admission of
2018 2019 202 more girls
- . Counselling
IIT-D  using supermumerary Seats added  without

: session 1o
seats already present for affecting non-female seats ==
international students and DS

(defence services) seats

go on till

July 18

“We at IIT-Delhi are vying for more than 14% girl students this year. We
want to enrol 17% in 2019 and 20% in 2020. Eventually, we hope that
these steps would be enough to encourage more girl students to join the
institute,” said Mittal.

The chairman of the JEE counselling said that the increase in enrolment will
not be radical but gradual. “We have limited space in hostels, laboratories
and classrooms and this endeavour will not be affecting the seats already
allotted for non-female students,” Mittal added.

®®
Courtesy : The Times of India




_MDLECULES HAVING BOND PAIRS ONLY MOLECULES HAVING BOND PAIRS AND LONE PAIRS

No. of Type of |Hybridisation, Bond Actual |Examples
Type of hybrid Shape of | Bond Examples molecule angle shape
hybridisation orhitals molecule | angle AB,L sp° <120° V-shape SO,,
or Bent PbCl,
sp 2 Lineat 180° BELI%, AB,L, sp 1 <109°28" | V-shape H,0,
| BeF,, CO; or Bent Cl,O
, : Trigonal | o | o AB,L; spza’ 180° Linear XeF,
sp planar 3» BUI3 ABsL, spd 90° T-shape CIF;
: ABiL, sp <109°28"| Trigonal | NH;,
sp 4  |Tetrahedral | 109.5° | CHy, CCly pyramidal | PCl,
Fai? p Square - [Ni(CN)4]E_ AB4L, spd 120°,90° | See saw or | SF,, SCI,
sp plarids PLCl, 1> Distorted
tetrahedron
dsp® or sp°d 5 Trigonal 120° PCL.. PE. AB4L, spd” 90° Square Xek,
) bipyramidal | and 90° S planar
' 3 42 o , 3
d*sp” or sp’d” 6 Octahedral | 90° SF¢ ABsL, sp'd & Square ¥
| | | _ e | pyramidal
&sp? or sp’d’ . Pentagonal | 72° and IF- AB¢L, spd’ - Distorted XeFg
bipyramidal|  90° ’f octahedral

1.

SPEED;?DRACT/CE

Which of the following geometry is not possible
when the central atom is having sp’d-hybridization?
(a) Trigonal bipyramidal

(b) Trigonal planar

(c) Linear (d) T-shaped

(IT) The molecular geometry of XeF5 is pentagonal
bipyramidal having two different Xe—F bond
lengths.

(III) In SF,, the bond angles, instead of being 90°
and 120° are 89° and 117° respectively due to
the presence of a lone pair.

2. Five ionization energy values in kJ/mol are listed
below: (a) TTT (b) FTT
E, = 870, E, = 830, E, = 1010, E, = 1290, E- = 376. () TTE (d) TFT
These are Generally, the first ionisation energy increases along
(a) successive ionization energies for the element a period. But there are some exceptions. The one
with atomic number 5 which is not an exception is
(b) the first I.E. of successive elements in group 15, (a) Naand Mg (b) Beand B
16, 17, 18 and 1 respectively (c) Nand O (d) Mgand AL
(c) the first LE. of elements with atomic number 1 to 5 The bonds present in [Cu(NH;),]SO, are
(d) successive LE. for transition elements with four (a) ionic (b) covalent
electrons in d-subshell. (c) co-ordinate (d) all of these.
3. Which of the following statements are true (T) or 6. Compare bond angles for the following molecules :

14

false (F)?

(I) In SnCl, the bonding takes place in ground
state and the bond angle Cl—Sn—Cl is slightly
less than 120°.
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