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€. Both the metals burn in 0, and form oxides (BeO and Al ﬂ He Both

these axides are ampholeric in nature, i.e., they react with hnih acids and

nlkalies to form the salts.
BeO 4 2HCI — 5 BeCl,+ 1,0,
BeO 4 2NaOll — 5 Na,BeO, + 2H,0
ALO,+6HCl ——> 4AICI + 3H,0
ALO, + 2NaOHl ———> 2NaAlO,+H,0

5. Formation of complexes by Be'? and A1'? ions. Both these ions have
a strong tendency te combine with ligands and form chelated complexes
like

[Be(11,0),]" [BeF, ] [Be(C,0,),17

[Al(H,0),]7 [AIF,]” [ANC,0),] etc.,

The diagonal relationship between Be and Al is due to the reasons :
i The ionic potentials of Be*? and Al*?ions are almost the same.

ii.  The values of standard reduction potentials are almost the same,
ili. The electronegativity values of both the elements are the same.
iv. Both the metals have weakly electropositive character. .

v. The covalent radii of both the elements are almost the same
(Be =125 pm, Al= 130 pm).

1.2. Periodic Properties |
According to the modern periodic law, the properties of elements are
periodic functions of their atomic numbers, This means that when elements
are arranged in the increasing order of their atomic numbers there is periodicity
in their properties, i.e:(their physical and chemicatl properties are repeated
at regular intervals. This is referred to as periodicity in property.
.-
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If we analyse the electronic configurations of crlcmcnts. at regular
ar clectronic configurations.

AN A

intervals, elements have simil

These facts led to the conclusion th _
elements cloud be explained on the basis of their electronic structure.

Elements having similar electronic cnnﬁguratiur‘m have SIIPIIar k&
properties. This is shown below by studying the following propertics. ¢
1. Atomic Volume

One year after the publication of Mendelcefl’s periodic tahlc_. Lother  —-
Meyer published a curve showing the relation between atomic weights and

the atomic volumes of elements. s
Definition A 7he aromic volume is the ratio between atomic weight and

-

at periodicity in properties of C.

|
10 20 a0 40 + 50 60 0 20
Atontic Number

The atomic volume increases when we go from top to bottom in a
group of the periodic table. The members of each period of the periodic
table occupy successive positions on the curve. The members of each
group occupy similar positions. For example, the .elements of the alkali
metal group occupy the top points in the curve.

specific gravity of the element in solid state.) "!':'D' o
Variation along period and group o e
The atomic volume curve contains a series of well defined loops. Similar =
elements occupy, analogous positions. The ascending slopes of these loops —
contain the electroronegative elements and the decending slopes contain the
electoropositive elements. Alkali metals occupy the top positions in the curve.
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ﬁ[:actnrs affecting atomic volume 10 8
Nuclear charge : eles
c nug

“ :5 N nave from left to right in a period, the nuclear charge (atomic
ﬂ] m er}‘ increase by one. This increase in nuclear charge attracts the )
electronic cloud towards the nucleus. This results in a decrease in the h

y : atomic volume. ani
\ 4 ii.  Number of valency elecirons : .
\ As the numberof valency electrons increases atomic volume also fo
increases to accommodate the electrons. :
L
These two factors affect the atomic volume in opposite directions.
As a result, along the period atomic volume decreases, reaches a minimum
and then increases. i
iii. Number of energy levels : -
As the number of energy levels increases the atomic volume also 3
increases. i
- & & ] I' 1-!::.
. Atomic radii piP* i
' ){zﬂuﬁinu : The radius of an atom may be taken as the distance between 1'
the centre of the nucleus and the outer most shell of electrons. 6.

Variation along a period and group
There is periodic variation of atomic radii with atomic number.

Generally the atomic radii decrease in moving from left to right in any
given period. The atomic radii increases in moving from top to bottom in '
any given group.

The variation of atomic radii in a period can be explained on the'basis
of electronic configuration of elcmen[t? s an example, we shall consider
the second period, beginning from lithium and ending with fluorine,) The |
atomic number increases from 3 to 9 and hence the nuclear charge increases l
from 3 to 9 as we move from lithium to-flourine. As the charge of the
nucleus increases step by step, the K electrons are attracted more and

more strongly towards and nuﬂe@gﬁ otherwords, there is more and
more contraction of the K shell in moving left to right in a period.

Thus the atomic radii decreases grogressively.‘}he L electrons are also :
n

attracted towards the nucleus but the K electrons, lying in between; tend
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to screen them from the nucleus. In spite of the screening effect, the L
electrons also experience greater and greater attraction towards the
nucleus.

LIhf: atomic radii increase as we move from top to bottom in a group.

This is because as we move down in a group, the number of shells increases
and therefo size of the 1 g y
efore the size of the atom ancreaszi'_‘ll Wyha | neredse s

Drawbacks in the definition of atomic radii :

The definition of atomic radii as given above is not precise for the
following reasons.

i  According to quantum meachanics, there is no certainly with regard
to the exact position of the electron. That is, it is impossible to
ascertain the boundary of an atom.

ii. We cannot have isolated atom.

Because of these drawbacks we have three operational concepts of
atomic radii, viZ.,
i  Covalent radii
ii. Van der Waals radii and
iii. lonic radii.
Covalent radii :
Definition : Covalent radius is defined as half the distance of separation
of nuclei in @ covalently bonded molecule. .

The distance hctv;'een the nuclei of any two neighbouring atoms is
called inter nuclear distance.

Eg.,

Molecule’ Internuclear ] Atomic |
distance in A° Radius d/2 in A®

| '_____________-———-—'__._ ¥ R

| H-H _ 0.74 037
Cl1-Cl 198 i 0799
Br— Br 228 1.14

e.g., HCl, the internuclear
the sum of the covalent radii of H and Cl.

: For molecules made up of different atoms.
distance will be equal to
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Variation along a period and group

There is a periodic variation of ionisation potential with atomic
number. When we move from left to right in a period, the ionisation
potential progressively increases. This tendency may be attributed to a
rising nuclear charge as the atomic number is increased. The ionisation
potential decreases from top to bottom in a group. This is due to the
progressive increase in the size of the atom. As the size of the atom
increases the outermost electrons are held less firmly. So they can easily
be removed. Thus the ionisation potential decreases as we move down
the group.

Factors affecting ionisation potential

1. Effective nuclear charge :

Greater the magnitude of effective nuclear charge, higher is the
ionisation potential needed to remove the outer most shell electron. Thus
on moving from left to right in a period, the effective nuclear charge
increases. So ionisation potential also increases from left to right.

2. Srate of the atom (r) :

Higher the size of an atom (r) lower will be its jonisation energy.
Thus as we move down a group the value of r, the atomic radius increases.
So the ionisation potential decreases as We move down the group. This is
because, as the r of an atom increases, the distance between the nucleus

‘and the electron in the outer most shell increases. " So the forces of

*

e il

attraction exerted by the nucleus on them will decrease. So they may be

easily removed.

3. Principal quantum number ;
The magnitude of the jonisation potential decreases'with an increase

in the value of the principal quantum number (n) of the orbital from which
the electron is to be removed. This factor is also used to -explain the
variation of ionisation potential of elements in a group. As we move
down a group, the value of the principal quantum number (n) of the orbital
from which the electron is to be removed increases. So the ionisation
potential dec ses. For examph.!heimiuﬁ ial of Group 1A
decreases in the order. ST 1 : :
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ii. Number of shells or energy levels :

As the total number of shells or energy levels that are present
increase, the atomic and ionic radii also increase, i.e., if n, the principal
quantum number increases the atomic and ionic radii also increase.

4. lonisation potential (Ionisation energy)
The ionisation energy or ionisation potential is the most fundemental
property of an atom.
Definition : The ionisation potential is the energy required to remove
an electron from an isolated gaseous atom to form a positive ion.
l]
Mg ————> Mg +e

Successive ionisation potentials :

The energy required to remove the first electron is called the first
ionisation potential. The energy required to remove the an electron from
gaseous mnnopusnwe cation is called the second ionisation potential an
so on. The second ionisation potential is usually much higher than the
first.

I

M+{E} __...2_..} M2+[g] +_e‘ Iz} []

This can be explained on the basis of an increase in the effective
nuclear chrage of the gaseous cation. Thus when a cation is formed it has
lesser number of electrons than the parent atom or cation. As the number
of electrons decreases, the magnitude of the effective nuclear charge
increases as we move from Mg to Mz*m With the increase of effective
nuclear charge the magnitude of the force of attraction between the nuclcus

"and the outer shell electron-cloud also increase.

—e —£ -ne
Mg —m> My ————> MPg.. ——> M"

So the magnltud: of the energy to remove the outermost shcll
:Iectrnn, i, e., ‘the ionisation potent:al also increases.
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fie 5w soma are nor of the same slement. there is unegual sharing of

i dinig »leecreane The slectranegativity 15 the abilin of an atom fo

et he shared sleciran gair rowards itseif

wrmtavn along 2 period and Zroun

Tt slsenranegativity of an atom depends upon the ionisation energy
rief W slecmran 3finity of the stom concermed. When the ionisation
neryy ® moes s fitficalt fo draw oot an eleciron from the atom. The
“cnisn #¥iniry will alss se greater Thuas higher ionisation enerzy and
Ii'iater <lecivon yfSimity mgh - reater stecironeganvilty The elements of

) Ly igness paassor = eciraneganvities and the zlements of '_‘JTJU-!: vl

Visrng m 2 geriod of the periodic rable from left to rnight, the
slecfeansgativity nersases progressivei t 5 due o the progressive
ressase n he sueledr charae and the gproerassive increase n the atiractive
Wets Aeraessn he anclens and the sfecirons  In moving down a group of
ervrie able Qe slechroneganvity decreases When we move down a
1 snclear charge again mcre=ases. On this account we expect an
nessase o slechronegativity  Acmally it ‘s not sa. The =lecron shielding

#¥iars & mors fian fe ncerease in the nuclear charge
Faears aTfentiag slectramegativiry

e 7 s geoe

imailer e size ofF an ston greater is its tendency to attract the bonded
i of slesivane Soards self and hence more will be its elecroneganivity.
s U praefiore 38 srwer ghealls -

Tz atam with mors number of inner shells between the nucleus and
e antermaoss shell will jave less slectronegativity. This accounts for
Y1 dmersasing srder of the slectronegativities of halogens.
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iv. Number and nature of the other bonded atom :

Electronegativity of an atom is a property which depends ﬂﬂ'ﬁ;c '.
nature and number atoms bound to it. This is the reason why
electronegativity value of an atom is not a constant, E.g., The =
electronegativity value of P in PCI, and that in PF arc different p -

v. lonisation energy and electron affinity :
Atoms with higher ionisation energies and electron affinities will °
have higher electronegativity values also, Examples

Ionisation Electrons Electro

Energy Affinity Negativity
Halogens More More More
Alkali metals Less Less Less

iv. Type of hybridisation :

The mangnitude of electronegativity increases with an increase in
the s character of the hybrid orbital. This is because the s orbital has the d
tendency to come closer to the nucleus. Thus the electronegativities of
atoms with sp®, sp’ and sp orbitals increase in the same order as the
percentage of their s character viz., sp® < sp? < sp.

E.g., The electronegativities of C in CH,, C,H, and C,H, are in the

increasing order of CH, < C2H4 <C,H,.

sp

et

"f‘ﬂ‘: " f"ﬂ _ 1__ — .l "_.-. -

" Compound Type of % of - &J
hybridisation character | .":f (.J
CH, sp? 25% N ..‘ B

























