3 Classification of Elements and
O Periodicity in Properties

Facts that Matter
e Genesis of Periodic Classification

Dobereiner’s Triads

In 1829, Dobereiner arranged certain elements with similar properties in groups of three in
such a way that the atomic mass of the middle element was nearly the same as the average
atomic masses of the first and the third elements. A few triads proposed by him are listed.

Triad : Lithium Sodium Potassium Atomic mass of
39+7
Atomic mass : 7 23 39 Na = > =23
Triad : Chlorine Bromine Iodine Atomic mass of
127 + 35.5
Atomic mass : 35.5 80 127 Br=—— = 8125
Triad : Calcium Strontium Barium Atomic mass of
40+ 137
Atomic mass : 40 88 137 Sr= — = 885

Limitations of Dobereiner’s Triads

The triads given by Dobereiner were helpful in grouping some elements with similar
characteristics together, but he could not arrange all the elements known at that time into
triads.

e Newlands’ Law of Octaves

John Newlands proposed the law of octaves by stating that when elements are arranged
in order of increasing atomic masses, every eighth element has properties similar to the
first. Newlands called it law of octaves because similar relationship exists in the musical notes
also.

This can be illustrated as:

Li Be B C N @) F
@ O ay @1 a4y @ (19
Na Mg Al Si P S Cl
(23) (24) (27) (28) (31) (32) (35.5)
K Ca
(39)  (40)
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Limitations of Newlands’ Law of Octaves

(i) This classification was successful only upto the element calcium. After that, every eighth
element did not possess the same properties as the element lying above it in the same
group.

(i) When noble gas elements were discovered at a later stage, their inclusion in the table
disturbed the entire arrangement.

e Mendeleev’s Periodic Table

Mendeleev’s Periodic Law: The physical and chemical properties of the elements are a periodic
function of their atomic masses.

Mendeleev arranged the elements known at that time in order of increasing atomic masses
and this arrangement was called periodic table.

Elements with similar characteristics were present in vertical rows called groups. The horizontal
rows were known as periods.

Description of Mendeleev’s Periodic Table

(/) In the periodic table, the elements are arranged in vertical rows called groups and
horizontal rows known as periods.

(if) There are nine groups indicated by Roman Numerals as I, I, IIL, IV, V, VI, VII, VIII and
zero. Group VIII consists of nine elements which are arranged in three triads. The zero
group contains elements belonging to inert gases or noble gases and elements present
have zero valency.

(iii) There are seven periods (numbered from 1 to 7) or, horizontal rows in the Mendeleev’s
periodic table.

Importance of Mendeleev’s Periodic Table

(i) This made the study of the elements quite systematic in the sense that if the properties
of one element in a particular group are known, those of others can be pridicted.
(1) This helped to a great extent in the discovery of these elements at a later stage.
(1ii) Mendeleev corrected the atomic masses of certain elements with the help of their
expected positions and properties.

Defects in Mendeleev’s Periodic Table

(/) Hydrogen has been placed in group IA along with alkali metals. But it also resembles
halogens of group VII A in many properties. Thus, its position is the Mendeleev’s
periodic table is controversial.

(if) Although the elements in the Mendeleev’s periodic table have been arranged in order
of their atomic masses, but in some cases the element with higher atomic mass precedes
the element with lower atomic mass.

(ii1) We know that the isotopes of an element have different atomic masses but same atomic
number. Since, periodic table has been framed on the basis of increasing atomic masses
of the elements, different positions must have been allotted to all the isotopes of a
particular element.

(iv) According to Mendeleev, the elements placed in the same group must resemble in
their properties. But there is no similarity among the elements in the two sub-groups of
a particular group.

Classification of Elements and Periodicity in Properties M 87



Jolliea paysiiqnd ajqe dlpoldd S.A8djepusyy L°¢ B4

<

€

¥

HI HI HI HI
SANNOJNOD NHDOYAAH SNOHSYD ¥HHOIH i
fou ‘0% foy ‘0% ‘oy ‘0% oY oY Bi
SAAIXO ANITVS YAHOIH
6£T 144 ¥ce
n YL ey
wniuern wnLoy [, wnipey 1
80T 690C 1%0T 0°00T TL6L
1q ad IL SH ny 1T
&aSEmwm— Umm@ ESJHMLH bSthz m:OU
6761 €61 161 781 €81 YA
(nvy) I SO M el qx
EDCEQMQ Eﬁ:—uim Eﬂ.—wamo Cw“ﬁwwcz.ﬁ Eﬁ;muﬁwrﬁ ES«@HQ—&% OH
6
l0jas 6€T ¥LET 6'TET 8CL
D e eq E) ax 8
ESCQU ESEM&&EMM wnrreg Ez_mwmu COE@X
69¢1 9'/TT 0°0zT 0'61T 0¥LL ¥TIL 601
I oL qs ug up PD 3y VA
QGMVOH Ez_hﬂw:w.ﬁ %EOEﬁG«Q E~H ES_ﬁCH ESHEGNU .Hw\/zm
G901 0°€0T £10T 096 076 906 068 9°/8 ¥'a8 8’18
Bv) prd 0l ny o aN 1z X 15 aQa S| 9
Eﬂiﬁﬁ:m& Ez:uOLM ESMGQL«EM ESC&—DQ%MOE ES~QO~Z ESMCOUMMN ESTE«> Eﬂ.—ﬁﬁo.ﬂm EH:—H;QSN— COa&%HVH
G6'6L 6L G/ €T 00z ¥'69 9°€9
g g sy Cl) ) uz ny
aurwoIg WNIUd[dg DIURSIY WNIUewLD) | wnipjeo) oury raddop G
69 69 6'GS 0°6s 128 e 1'8¥ 187 1T'0¥ 1'6€ 8¢
(nD) IN 0D CE| U D A IL 58 o) i v i
ﬁmvﬂuﬁz “:mO—Ou CO.HH mwmcmwﬁmz EBMEOHLU eﬁ%ﬁﬁﬁ\/ Esﬁﬁmtﬁ ESW@CMUW ESNUHMU Eﬂdmmmaom COWH{
el 90°Ce 0°1¢ v'8¢ 042 v gee 661
D S d 1S v SN eN 9N €
QCEOMSU Hzﬂnﬁzm mSHOLQmOS& GOU:_m ESﬂGMESM< ESEQCM&E Esﬂuow CO@Z
06T 0091 POFL 0Tl 01T I'6 €0 (04
d fe) N D d ag ] °H z
uLIon| ua84xO uadonIN uoqreD) uoIog wniArg W] wnIpPH
800'T
H
ua8oIpAH] 1
IIA A IA A Al III I I 0
SINANATA 40 dNOUD SATYAS

SAIYAS ANV SdNO¥D NI SINAWATA HHL 40 WHLSAS DIAONIAd

Chemistry—XI

88



(v) In some cases, elements with similar properties have been placed in different groups.
(vi) Lanthanoids and actinoids were placed in two separate rows at the bottom of the periodic
table without assigning a proper reason.
(vii) No proper explanation has been offered for the fact that why the elements placed in
group show resemblance in their properties.

e Modern Periodic Law

Physical and chemical properties of the elements are the periodic function of their atomic
numbers.

e Present Form of the Periodic Table (Long form of Periodic Table)

The long form of periodic table, also called Modern Periodic Table, is based on Modern periodic
law. In this table, the elements have been arranged in order of increasing atomic numbers.

e Nomenclature of Elements with Atomic No. more than 100
TABLE 3.1. Notation for IUPAC Nomenclature of Elements

Digit Name Abbreviation

0 nil n

1 un u

2 bi b

3 tri t

4 quad q

5 pent P

6 hex h

7 sept s

8 oct o

9 enn e

TABLE 3.2. Nomenclature of Elements with Atomic Number above 100
Atomic Number Name Symbol IUPAC IUPAC
Official Name Symbol

101 Unnilunium Unu Mendelevium Md
102 Unnilbium Unb Nobelium No
103 Unniltrium Unt Lawrencium Lr
104 Unnilquadium Unq Rutherfordium Rf
105 Unnilpentium Unp Dubnium Db
106 Unnilhexium Unh Seaborgium Sg
107 Unnilseptium Uns Bohrium Bh
108 Unniloctium Uno Hassnium Hs
109 Unnilennium Une Meitnerium Mt
110 Ununnillium Uun Darmstadtium Ds
111 Unununnium Uuu Rontgenium® Rg*
112 Ununbium Uub * *
113 Ununtrium Uut A
114 Ununquadium Uuq * *
115 Ununpentium Uup +
116 Ununhexium Uuh * *
117 Ununseptium Uus +
118 Ununoctium Uuo +
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e Structural Features of the Periodic Table
Groups

The long form of periodic table also consists of the vertical rows called groups. There are in all
18 groups in the periodic table. Unlike Mendeleev periodic table, each group is an independent
group.
Characteristics of groups:
(i) All the elements present in a group have same general electronic configuration of the
atoms.
(if) The elements in a group are separated by definite gaps of atomic numbers (2, §, 8, 18,
18, 32).
(i) The atomic sizes of the elements in group increase down the group due to increase the
number of shells.
(iv) The physical properties of the elements such as m.p., b.p. density, solubility etc., follow
a systematic pattern.
(v) The elements in each group have generally similar chemical properties.

Periods

Horizontal rows in a periodic table are known as periods.
There are in all seven periods in the long form of periodic table.

Characteristics of periods:

(/) Inall the elements present in a period, the electrons are filled in the same valence shell.
(if) The atomic sizes generally decrease from left to right.

s-Block Elements

General electronic configuration: ns' =2

Characteristics of s-block elements:

(i) All the elements are soft metals.

(i1) They have low melting and boiling points.

(i) They are highly reactive.

(iv) Most of them impart colours to the flame.

(v) They generally form ionic compounds.

(vi) They are good conductors of heat and electricity.
p-Block Elements
General electronic configuration: ns’np' ~
Characteristics of p-block elements:

(i) The compounds of these elements are mostly covalent in nature.
(ii) They show variable oxidation states.
(i11) In moving from left to right in a period, the non-metallic character of the elements
increases.
(iv) The reactivity of elements in a group generally decreases downwards.
(v) At the end of each period is a noble gas element with a closed valence shell ns* np®
configuration.

(vi) Metallic character increases as we go down the group.
d-Block Elements
General electronic configuration: (n — 1) A0 g2
The d-block elements are known as transition elements because they have incompletely filled
d-orbitals in their ground state or in any of the oxidation states.

6
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Characteristics of d-block elements:

(i) They are all metals with high melting and boiling points.

(if) The compounds of the elements are generally paramagnetic in nature.

(i) They mostly form coloured ions, exhibit variable valence (oxidation states).

(iv) They are oftenly used as catalysts.
f-Block Elements
General electronic configuration: (1 — 2) ]d Mn-1)d" 'ns
They are known as inner transition elements because in the transition elements of d-block, the
electrons are filled in (n — 1) d sub-shell while in the inner transition elements of f-block the
filling of electrons takes place in (1 — 2) f subshell, which happens to be one inner subshell.

2

Characteristics of f-Block elements:

(i) The two rows of elements at the bottom of the Periodic Table, called the Lanthanoids
Ce (Z=58) — Lu (£ =71) and Actinoids Th (Z = 90) — Lr (Z = 103).
(if) These two series of elements are called Inner Transition Elements (f-Block Elements).
(i) They are all metals. Within each series, the properties of the elements are quite similar.
(iv) Most of the elements of the actinoid series are radio-active in nature.

e Metals

(i) Metals comprise more than 78% of all known elements and appear on the left side of
the Periodic Table.
(i1) Metals are solids at room temperature.
(i17) Metal usually have high melting and boiling points.
(iv) They are good conductors of heat and electricity.
(v) They are malleable and ductile.

¢ Non-metals

(i) Non-metals are located at the top right hand side of the Periodic Table.
(i1) Non-metals are usually solids or gases at low temperature with low melting and boiling
points.
(i17) They are poor conductors of heat and electricity.
(iv) The non-metallic character increases as one goes from left to right across the Periodic
Table.
(v) Most non-metallic solids are brittle and are neither malleable nor ductile.

o Metalloids

The elements (e.g., silicon, germanium, arsenic, antimony and tellurium) show the characteristic
of both metals and non-metals. These elements are also called semimetal.

e Noble Gases

- These are the elements present in group 18.

- Eash period ends with noble gas element.

- All the members are of gaseous nature and because of the presence of all the occupied filled

orbitals, they have very little tendency to take part in chemical combination.
- These are also called inert gases.

e Representative Elements

The elements of group 1 (alkali metals), group 2 (alkaline earth metals) and group 13 to 17
constitute the representative elements. They are elements of s-block and p-block.
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e Transition Elements

The transition elements include all the d-block elements and they are present in the centre of
the periodic table between s and p-block elements.

e Inner Transition Elements

Lanthanoids (the fourteen elements after Lanthanum) and actinides (the fourteen elements

after actinium) are called inner transition elements. They are also called f-block elements.
The elements after uranium are also called transuranic elements.

e Periodic Trends in Properties of Elements

Trends in Physical Properties

Atomic Radii: It is defined as the distance from the centre of the nucleus to the outermost shell
containing the electrons. Depending upon whether an element is a non-metal or a metal, three
different types of atomic radii are used. These are:

(a) Covalent radius (b) Ionic Radius (c) van der Waals radius (d) Metallic radius.
(a) Covalent Radius: It is equal to half of the distance between the centres of the nuclei of two

atoms held together by a purely covalent single bond.
(b) Ionic Radius: It may be defined as the effictive distance from the nucleus of an ion upto

which it has an influence in the ionic bond.
(c) van der Waals Radius: Atoms of Noble gases are held together by weak van der Waals
forces of attraction. The van der Waals radius is half of the distance between the centre of

nuclei of atoms of noble gases.
(d) Metallic Radius: It is defined as half of the internuclear distance between the two adjacent

metal ions in the metallic lattice.
e Variation of Atomic Radius in the Periodic Table
Variation in a Period: Along a period, the atomic radii of the elements generally decreases

from left to right.
TABLE 3.3. Atomic Radii/pm Across the Periods

Atom (Period II) Li Be B C N (0] F
Atomic radius 152 111 88 77 74 66 64
Atom (Period III) Na Mg Al Si P S Cl
Atomic radius 186 160 143 117 110 104 99
160
Li
E 140_
g,
=
2 120
g Be
; 100+
g B
<
8ol C_ N
60 1 1 1 O 1 F|

2 4 6 8 10
Atomic number (Z)

Fig. 3.2 Variation of atomic radius with atomic number across the second period.
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Variation in a group: The atomic radii of the elements in every group of the periodic table
increases as we move downwards.

TABLE 3.4. Atomic Radii/pm Down a family

Atom Atomic Atom Atomic
(Group I) Radius (Group 17) Radius
Li 152 F 64
Na 186 Cl 99
K 231 Br 114
Rb 244 I 133
Cs 262 At 140
300 —

Atomic radius/pm

| | | | |
Atomic number (Z)

Fig. 3.3 Variation of atomic radius with atomic number for alkali metals and halogens.

e lonic Radius

The ionic radii can be estimated by measuring the distances between cations and anions in
ionic crystals.

In general, the ionic radii of elements exhibit the same trend as the atomic radii.

Cation: The removal of an electron from an atom results in the formation of a cation. The
radius of cation is always smaller than that of the atom.

Anion: Gain of an electron leads to an anion. The radius of the anion is always larger than that
of the atom.

Isoelectronic Species: Some atoms and ions which contain the same number of electrons, we
call them isoelectronic species. For example, O>, F~, Na* and Mg®" have the same number of
electrons (10). Their radii would be different because of their different nuclear charges.

e lonization Enthalpy
It is the energy required to remove an electron from an isolated gaseous atom in its ground
state.

M (g) + LE - M (g) + e
The unit of ionization enthalpy is k] mol™" and the unit of ionization potential is electron volt
per atom.
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Successive Ionization Enthalpies

If a gaseous atom is to lose more than one electron, they can be removed one after the other
i.e.,, in succession and not simultaneously. This is known as successive ionization enthalpy (or
potential).

The ionization enthalpies required to remove first, second and third electron from a gaseous
atom are known as first (A,H,), second (A;H,) and third (A;H,) ionization ethalpies respectively.
The successive ionization enthalpies for Al () atom are as follows:

Al (g) - AT (g) + ¢

AH, = 577 k] mol™
Al* (§) — A (g) + e AH, = 1816 k] mol ™
AP () — APY (g) + ¢ AH, = 2744 k] mol™

Thus A, H, > A, H, > A, H,
e Variation of lonization Enthalpies in the Periodic Table:
Variation of Ionization Enthalpy Along a Period

Along a period ionization enthalpies are expected to increase in moving across from left to the
right, because the nuclear charge increases and the atomic size decreases.

Variation of Ionization Ethalpy in a Group

The ionization enthalpies of the elements decrease on moving from top to the bottom in any
group.

The decrease in ionization enthalpies down any group is because of the following factors.

(i) There is an increase in the number of the main energy shells (1) in moving from one
element to the other.

(if) There is also an increase in the magnitude of the screening effect due to the gradual
increase in the number of inner electrons.

2500 |- 550 |-
Ne Li(520)
2080
~ 2000 ( ) 500 [~
g s
= =
< 1500 - = 450 -
uy ~
< T
<
1000 |- 400 —
(419)
Cs(374)
500 L | 350 | | | | | |
0 2 4 6 8 10 0 10 20 30 40 50 60
Atomic number(Z) 60 Atomic number(Z)

(a) (b)

Fig. 3.4 (a) First ionization enthalpies (AH) of elements of the second period as a function of
atomic number (Z), (b) AH of alkali metals as a function of Z.
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e Electron Gain Enthalpy

Electron Gain Enthalpy is the energy released when an electron is added to an isolated gaseous
atom so as to convert it into a negative ion. The process is represented as:
X@) +te — X (g)
neutral anion
gaseous atom

AH = AegH
For majority of the elements the electron gain enthalpy is negative. For example, the electron
gain enthalpy for halogens is highly negative because they can acquire the nearest noble gas
configuration by accepting an extra electron.
In contrast, noble gases have large positive electron gain enthalpies because the extra electron
has to be placed in the next higher principal quantum energy level thereby producing highly
unstable electronic configuration.

Successive Electron Gain Enthalpies

We have studied that electrons from a gaseous atoms are lost in succession (i.e., one after the
other). Similarly, these are also accepted one after the other, i.e., in succession. After the addition
of one electron, the atom becomes negatively charged and the second electron is to be added
to a negatively charged ion. But the addition of second electron is opposed by electrostatic
repulsion and hence the energy has to be supplied for the addition of second electron. Thus
the second electron gain enthalpy of an element is positive.
For example, when an electron is added to oxygen atom to form O™ ion, energy is released. But
when another electron is added to O™ ion to form O~ ion, energy is absorbed to overcome the
strong electrostatic repulsion between the negatively charged O™ ion and the second electron
being added. Thus, first electron gain enthalpy:
0@ +e (@ — O ()
AH = =141 K] mol™
(Energy is released)
Second Electron Gain Enthalpy:
0 () +¢ (9 — 0*~ (g)
AGH=+780K mol™
(Energy is absorbed)

Factors on which Electron Gain Enthalpy Depends

(i) Atomic size: As the size of an atom increases, the distance between its nucleus and
the incoming electron also increases and electron gain enthalpy becomes less negative.

(i1) Nuclear charge: With the increase in nuclear charge, force of attraction between the
nucleus and the incoming electron increases and thus electron gain enthalpy becomes
more negative.

(i) Symmetry of the Electronic Configuration: The atoms with symmetrical configuration
(having fully filled or half filled orbitals in the same sub-shell) do not have any urge to
take up extra electrons because their configuration will become unstable.

In that case the energy will be needed and electron gain enthalpy (A eg H) will be positive.
For example, noble gas elements have positive electron gain enthalpies.

Variation of Electron Gain Enthalpy Across a Period

Electron gain ethalpy becomes more negative with increase in the atomic number across a
period.
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Variation of Electron Gain Enthalpy in a Group
Electron gain enthalpy becomes less negative as we go down a group.

TABLE 3.5. Electron Gain Enthalpies/(k] mol™) of Some Main Group Elements

Group 1 AegH Group 16 AegH Group 17 AegH Group 0 AegH
H -73 He +48
Li - 60 (0) - 141 F - 328 Ne +116
Na -53 S -200 Cl -349 Ar + 96
K -48 Se -195 Br -325 Kr + 96
Rb - 47 Te -190 I -295 Xe +77
Cs -46 Po -174 At -270 Rn + 68

e Electronegativity

A qualitative measure of the ability of an atom in a chemical compound to attract shared
electrons to itself is called electronegativity. Unlike ionization enthalpy and electron gain
enthalpy, it is not a measurable quantity.
However, a number of numerical scales of electronegativity of elements viz, Pauling scale,
Milliken- Jaffe scale, Allred Kochow scale have been developed. The electronegativity of any
given element is not constant; it varies depending on the element to which it is bound.
Across a Period
Electronegativity generally increases across a period from left to right.

In a Group

It decreases down a group.

>

Electronegativity
Atomic Radius

| Electron Gain Enthalpy >

| Ionization Enthalpy > /\ /\

Atomic Radius |

| Electronegativity >

Ionization Enthalpy

Electron Gain Enthalpy

Fig 3.5 The periodic trends of elements in the periodic table.
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TABLE 3.6 (a) Electronegativity Values (on Pauling scale) Across the Periods

Atom (Period II) Li Be B C N o F
Electronegativity 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Atom (Period III) Na Mg Al Si P S Cl
Electronegativity 0.9 1.2 1.5 1.8 2.1 2.5 3.0
Table 3.6 (b) Electronegativity Values (on Pauling scale) Down a Group
Atom Electronegativity Atom Electronegativity
(Group I) Value (Group 17) Value
Li 1.0 F 4.0
Na 0.9 Cl 3.0
K 0.8 Br 2.8
Rb 0.8 I 2.5
Cs 0.7 At 2.2

e Periodic Trends in Chemical Properties along a Period

(@)
(i)
(i)
(iv)

Metallic character: Decrease across a period maximum on the extreme left (alkali metals).
Non-metallic character: Increasess along a period. (From left to right).

Basic nature of oxides: Decreases from left to right in a period.

Acidic nature of oxides: Increases from left to right in a period.

e Variation from Top to Bottom on Moving Down a Group

(i)
(i)
(i)
(iv)
(©)
(0i)

Metallic character. Generally increases because increase in atomic size and hence
decrease in the ionization energy of the elements in a group from top to bottom.
Non-metallic character. Generally decreases down a group. As electronegativity of
elements decreases from top to bottom in a group.

Basic nature of oxides. Since metallic character or electropositivity of elements increases
in going from top to bottom in a group basic nature of oxidise naturally increases.
Acidic character of oxides. Generally decreases as non-metallic character of elements
decreases in going from top to bottom in a group.

Reactivity of metals. Generally increases down a group. Since tendency to lose electron
increases.

Reactivity of non-metals. Generally decreases down the group, Higher the electro-
negativity of non-metals, greater is their reactivity. Since electronegativity of non-metals
in a group decreases from top to bottom, their reactivity also decreases.

e Anomalous Properties of Second Period Elements

The first element of each of the group 1 (lithium) and 2 (beryllium) and group 13-17 (boron to
fluorine) differs in many respect from the other members of their respective groups. For
example, lithium unlike other alkali metals, and beryllium unlike other alkaline earth metals
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form compounds which have significant covalent character; the other members of these groups,
pre-dominatly form ionic compounds.
It has been observed that some elements of the second period show similarities with
the elements of the third period placed diagonally to each other, though belonging to
different groups.
For example,

Group 1 Group 2 Group 13 Group 14

: \ ) \ B \ )

Na Mg Al Si
This similarity in properties of elements placed diagonally to each other is called diagonal
relationship.

Words that Matter

e Mendeleev’s Periodic Law. Physical and chemical properties of elements are periodic
function of their atomic masses.

e Modern Periodic Law. Physical and chemical properties of the elements are periodic
function of their atomic numbers.

e Groups. There are 18 groups. These are vertical rows.

e Periods. There are 7 periods. These are horizontal rows.

e Representative Elements. The S and P block of elements are known as representative
elements.

e Transition Elements. They are also called d-block elements. They have general
electronic configuration (n — 1) A0 "2,

e Inner Transition Elements. Lanthanoids (the fourteen elements after Lanthanum) and
actinides (the fourteen elements after actinium) are called inner transition elements.
General electronic configuration is (n —2) f*~'* (n — 1) d°~ ! ns,

They are also called f-block elements.

e Metals. Present on the left side of the periodic table. Comprise more than 78% of the
known elements.

e Non-metals. Mostly located on the right hand side of the periodic table.

e Metalloids. Elements which line as the border line between metals and non-metals
(e.g., Si, Ge, As) are called metalloids or semimetals.

e Atomic Radii and Ionic Radii. increase down the group decrease along the period.

e Ionization Enthalpy. Increases along the period and decreases down the group.

e Noble Gas Elements. Elements with symmetrical configuration are chemically inert
in nature.

e Electric Nuclear Charge. Z = Nuclear charge — Screening constant.

o Electronegativity. Increases along a period decreases down the group.

e Chemical Reactivity. Chemical reactivity is highest at the two extremess of a period
and lowest in the centre.

e Oxides of Elements. Oxides formed of the Elements on the left are basic and of elements
on the right are acidic in nature.

Oxides of elements in the centre are amphoteric or neutral.
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NCERT TEXTBOOK QUESTIONS SOLVED

What is the basic theme of organisation in the periodic table?
The basic theme of organisation of elements in the periodic table is to simplify and
systematize the study of the properties of all the elements and millions of their
compounds. This has made the study simple because the properties of elements are
now studied in form of groups rather than individually.
Which important property did Mendeleev use to classify the elements in this periodic table
and did he stick to that?
Mendeleev used atomic weight as the basis of classification of elements in the periodic
table. He did stick to it and classify elements into groups and periods.
What is the basic difference in approach between Mendeleev’s Periodic Law and the Modern
Periodic Law?
The basic difference in approach between Mendeleev’s Periodic Law and Modern
Periodic Law is the change in basis of classification of elements from atomic weight to
atomic number.
On the basis of quantum numbers, justify that the sixth period of the periodic table should
have 32 elements.
The sixth period corresponds to sixth shell. The orbitals present in this shell are 6s, 4f,
5p, and 6d. The maximum number of electrons which can be present in these sub-
shell is 2 + 14 + 6 + 10 = 32. Since the number of elements in a period corresponds to
the number of electrons in the shells, therefore, sixth period should have a maximum
of 32 elements.
In terms of period and group where will you locate the element with z = 1142
Period - 7 and Group - 14
Block-p.
Write the atomic number of the element present in the third period and seventeenth group of
the periodic table.
The element is chlorine (Cl) with atomic number (Z) = 17.
Which element do you think would have been named by

(i) Lawrence Berkeley Laboratory

(i1) Seaborg’s group?

(i) Lawrencium (Lr) with atomic number (z) = 103

(if) Seaborgium (Sg) with atomic number (z) = 106.
Why do elements in the same group have similar physical and chemical properties?
The elements in a group have same valence shell electronic configuration and hence
have similar physical and chemical properties.
What does atomic radius and ionic radius really mean to you?
Atomic radius. The distance from the centre of nucleus to the outermost shell of
electrons in the atom of any element is called its atomic radius. It refers to both covalent
or metallic radius depending on whether the element is a non-metal or a metal.
Ionic radius. The Ionic radii can be estimated by measuring the distances between
cations and anions in ionic crystals.
How do atomic radius vary in a period and in a group? How do you explain the variation?
Within a group Atomic radius increases down the group.




Q11.

Ans.

Q12.

Ans.

Q13.
Ans.

Q14.

Ans.

Q15.

Ans.

Reason. This is due to continuous increases in the number of electronic shells or orbit

numbers in the structure of atoms of the elements down a group.

Variation across period.

Atomic Radii. From left to right across a period atomic radii generally decreases due

to increase in effective nuclear charge from left to right across a period.

What do you understand by isoelectronic species? Name a species that will be isoelectronic

with each of the following atoms or ions.

(i) F~ (ii) Ar (iii) Mg”* (iv) Rb*

Isoelectronic species are those species (atoms/ions) which have same number of

electrons. The isoelectronic species are:

(i) Na* (iii) Na*
(ii) K* (iv) Sr**

Consider the following species:

N, 0%, F, Na*, Mg**, AP

(a) What is common in them?

(b) Arrange them in order of increasing ionic radii?

(a) All of them are isoelectronic in nature and have 10 electrons each.

(b) In isoelectronic species, greater the nuclear charge, lesser will be the atomic or
ionic radius.

AP* <Mg®* <Na"<F <O* <N*

Explain why cation are smaller and anions larger in radii than their parent atoms?

A cation is smaller than the parent atom because it has fewer electrons while its nuclear

charge remains the same. The size of anion will be larger than that of parent atom

because the addition of one or more electrons would result in increased repulsion
among the electrons and a decrease in effective nuclear charge.

What is the significance of the terms — isolated gaseous atom and ground state while defining

the ionization enthalpy and electron gain enthalpy?

[Hint: Requirements for comparison purposes]

(a) Significance of term ‘isolated gaseous atom’. The atoms in the gaseous state are
far separated in the sense that they do not have any mutual attractive and repulsive
interactions. These are therefore regarded as isolated atoms. In this state the value
of ionization enthalpy and electron gain enthalpy are not influenced by the presence
of the other atoms. It is not possible to express these when the atoms are in the
liquid or solid state due to the presence of inter atomic forces.

(b) Significance of ground state. Ground state of the atom represents the normal
energy state of an atom. It means electrons in a particular atom are in the lowest
energy state and they neither lose nor gain electron. Both ionisation enthalpy and
electron gain enthalpy are generally expressed with respect to the ground state of
an atom only.

Energy of an electron in the ground state of the hydrogen atom is —2.18 x 10™'® J. Calculate

the ionization enthalpy of atomic hydrogen in terms of | mol ™.

[Hint: Apply the idea of mole concept to derive the answer].

The ionisation enthalpy is for 1 mole atoms. Therefore, ground state energy of the

atoms may be expressed as

E (ground state) = (—2.18 x 107"* J) x (6.022 x 10* mol ™)
= —1.312 x 10°J mol™
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Ionisation enthalpy = E_ — E ground state

0—(-1.312 x 10° ] mol %)

1.312 x 10° ] mol ™.

Q16. Among the second period elements, the actual ionization enthalpies are in the order:
Li<B<Be<C<O<N<F<Ne
Explain why

(i) Be has higher A, H, than B?
(i1) O has lower A, H, than N and F?

Ans. (i) In case of Be (1s® 25%) the outermost electron is present in 2s-orbital while in
B (1s* 2s* 2p") it is present in 2p-orbital. Since 2s - electrons are more strongly
attracted by the nucleus than 2p-electrons, therefore, lesser amount of energy is
required to knock out a 2p-electron than a 2s - electron. Consequently, A; H, of Be
is higher than that A, H, of B.

(if) The electronic configuration of
N, = 15?25 2p,' 2p, ! 2p !
Op = 15728 2.2 2p " 2p.!
We can see that in case of nitrogen 2p-orbitals are exactly half filled. Therefore, it
is difficult to remove an electron from N than from O. As a result A, H of N is
higher than that of O.

Q17. How would you explain the fact that the first ionization enthalpy of sodium is lower than that
of magnesium but its second ionization enthalpy is higher than that of magnesium?

Ans. Electronic configuration of Na and Mg are

Na = 1s% 25% 2p° 3¢
Mg = 1s% 25% 2p° 35
First electron in both cases has to be removed from 3s-orbital but the nuclear charge
of Na (+ 11) is lower than that of Mg (+ 12) therefore first ionization energy of sodium
is lower than that of magnesium.
After the loss of first electron, the electronic configuration of
Na* = 1s% 26 2p6
Mg" = 1s% 257 2p° 3
Here electron is to be removed from inert (neon) gas configuration which is very
stable and hence removal of second electron requires more energy in comparison to
Mg.
Therefore, second ionization enthalpy of sodium is higher than that of magnesium.

Q18. What are the various factors due to which the ionization enthalpy of the main group elements
tends to decrease down the group?

Ans. Atomic size. With the increase in atomic size, the number of electron shells increase.

Therefore, the force that binds the electrons with the nucleus decreases. The ionization
enthalpy thus decreases with the increase in atomic size.
Screening or shielding effect of inner shell electron. With the addition of new shells,
the number of inner electron shells which shield the valence electrons increases. As a
result, the force of attraction of the nucleus for the valence electrons further decreases
and hence the ionization enthalpy decreases.
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Q19.

Ans.

Q20.

Ans.

Q21.

Ans.

Q22.
Ans.

The first ionization enthalpy values (in k] mol™) of group 13 elements are:
B Al Ga In Tl
801 577 579 558 589
How would you explain this deviation from the general trend?
The decrease in A, H, value from B to Al is due to the bigger size of Al.
In Ga there is 10 3d electrons which do not screen as is done by S and P electrons.
Therefore, there is an unexpected increase in the magnitude of effective nuclear charge
resulting in increased A; H, values. The same is with into T1. The later has fourteen Af
electrons with very poor shielding effect. This also increases, the effective nuclear
charge thus the value of A, H, increases.
Which of the following pairs of elements would have a move negative electron gain enthalpy?
(1) O or F (ii) F or Cl.
(i) O or F. Both O and F lie in 2nd period. As we move from O to F the atomic size
decreases.
Due to smaller size of F nuclear charge increases.
Further, gain of one electron by
F—F
F ion has inert gas configuration, While the gain of one electron by
0—-0"
gives O~ ion which does not have stable inert gas configuration, consequently,
the energy released is much higher in going from
F—F
than going from O — O . In other words electron gain enthalpy of F is much
more negative than that of oxygen.
(i) The negative electron gain enthalpy of Cl (A eg H = — 349 k] mol ") is more than
that of F (A eg H = — 328 kJ mol ™).
The reason for the deviation is due to the smaller size of F. Due to its small size,
the electron repulsions in the relatively compact 2p-subshell are comparatively
large and hence the attraction for incoming electron is less as in the case of Cl.
Would you expect the second electron gain enthalpy of O as positive, more negative or less
negative than the first? Justify your answer.
For oxygen atom:
O(g)+e — O (g) (Aeg H=—141k] mol ™)
O (g)+e¢ — 0% () (Aeg H =+ 780 k] mol ™)
The first electron gain enthalpy of oxygen is negative because energy is released when
a gaseous atom accepts an electron to form monovalent anion. The second electron
gain enthalpy is positive because energy is needed to overcome the force of repulsion
between monovalent anion and second incoming electron.
What is basic difference between the terms electron gain enthalpy and electronegativity?
Electron gain enthalpy refers to tendency of an isolated gaseous atom to accept
an additional electron to form a negative ion. Whereas electronegativity refers to
tendency of the atom of an element to attract shared pair of electrons towards it in a
covalent bond.
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Q23.

Ans.

Q24.

Ans.

Q25.

Ans.

Q2e6.
Ans.

How would you react to the statement that the electronegativity of N on Pauling scale is 3.0 in
all the nitrogen compounds?
On Pauling scale, the electronegativity of nitrogen, (3.0) indicates that it is sufficiently
electronegative. But it is not correct to say that the electronegativity of nitrogen in all
the compounds is 3. It depends upon its state of hybridisation in a particular
compound, greater the percentage of s-character, more will be the electronegativity
of the element. Thus, the electronegativity of nitrogen increases in moving from sp?
hybridised orbitals to SP hybridised orbitals i.e.,, as SP* < SP* < SP.

Describe the theory associated with the radius of an atom as it:

(a) gains an electron (b) loses an electron?

(a) Gain of an electron leads to the formation of an anion. The size of an anion will be
larger than that of the parent atom because the addition of one or more electrons
would result in increased repulsion among electrons and decrease in effective
nuclear charge.

This the ionic radius of fluoride ion (F") is 136 pm whereas atomic radius of Fluorine
(F) is only 64 pm.

(b) Loss of an electron from an atom results in the formation of a cation. A cation is
smaller than its parent atom because it has fomer electrons while its nuclear charge
remains the same. For example, The atomic radius of sodium (Na) is 186 pm and
atomic radius of sodium ion (Na*) = 95 pm.

Would you expect the first ionization enthalpies of two isotopes of the same element to be the

same or different? Justify your answer.

Ionization enthalpy, among other things, depends upon the electronic configuration

(number of electrons) and nuclear charge (number of protons). Since isotopes of an

element have the same electronic configuration and same nuclear charge, they have

same ionization enthalpy.

What are major differences between metals and non-metals?

Metals Non-Metals

@

1. Have a strong tendency to lose electrons to 1. Non-metals have a strong tendency to accept
form cations. electrons to form anions.

2. Metals are strong reducing agents. 2. Non-metals are strong oxidising agent.

Metals have low ionization enthalpies.

4. Metals form basic oxides and ionic 4. Non-metals form acidic oxides and covalent
compounds. compounds.

@

Non-metals have high ionization enthalpies.

Q27.

Ans.
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Use periodic table to answer the following questions:

(a) Identify the element with five electrons in the outer subshell.

(b) Identify the element that would tend to lose two electrons.

(c) Identify the element that would tend to gain two electrons.

(a) Element belonging to nitrogen family (group 15) e.g., nitrogen.

(b) Element belonging to alkaline earth family (group 2) e.g., magnesium.
(c) Element belonging to oxygen family (group 16) e.g., oxygen.




Q28.

Ans.

Q29.
Ans.

Q30.

Ans.

Q31.

The increasing order of reactivity among group 1 elements is Li < Na < K < Rb < Cs whereas
that of group 17 is F > Cl > Br > I. Explain?
The elements of Group I have only one electron in their respective valence shells and
thus have a strong tendency to lose this electron. The tendency to lose electrons in
turn, depends upon the ionization enthalpy. Since the ionization enthalpy decreases
down the group therefore, the reactivity of group 1 elements increases in the same
order Li <Na <K <Rb < Cs. In contrast, the elements of group 17 have seven electrons
in their respective valence shells and thus have strong tendency to accept one more
electron to make stable configuration. It is linked with electron gain enthalpy and
electronegativity. Since both of them decreases down the group, the reactivity therefore
decreases.
Write the general electronic configuration of s—, p—, d—, and f-block elements?
(i) s-Block elements: ns' where n =2 - 7.
(ii) p-Block elements: ns* np'™® where n =2 — 6.
(iii) d-Block elements: (1 — 1) d 1% ns"2 where n =4 - 7.
(iv) f-Block elements: (1 — 2) ]‘0_14 (n—1) d> ns* where n =6 - 7.
Assign the position of the element having outer electronic configuration,
(i) ns® np4for n=3 () m-1 & ns for n =4 and (iii) (n — 2) f7 (n —1) d' ns? for
n = 6 in the periodic table?
(i) n=3
Thus element belong to 3rd period, p-block element.
Since the valence shell contains = 6 electrons.
group No = 10+ 6 =16
configuration = 1s% 257 2p6 3 3p4
element name is sulphur.
(i) n=4
Means element belongs to 4th period belongs to group 4 as in the valence shell
(2 + 2) = 4 electrons.
Electronic configuration.
= 1s% 2% 2p° 3s% 3p° 3d* 4s”
and the element name is Titanium (T)).
(i) n=6
Means the element belongs to 6th period. Last electron goes to the f-orbital,
element is from f-block.
group = 3
The element is gadolinium (z = 64)
Complete electronic configuration = [X,] 4 f” 54" 65>
The first (A, H,) and the second (A; H,) ionization enthalpies (in k] molil) and the (Aeg H)
electron gain enthalpy (in k] mol™) of a few elements are given below:

Element A H, A H, Aeg H
I 520 7300 - 60
II 419 3051 —48
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1 1681 3374 -328

1% 1008 1846 —295
\% 2372 5251 + 48
VI 738 1451 -40
Which of the above elements is likely to be:
(a) the least reactive element (b) the most reactive metal
(c) the most reactive non-metal (d) the least reactive non-metal

(e) the metal which can form a stable binary halide of the formula MX, (X = halogen)

(f) the metal which can form a predominantly stable covalent halide of the formula MX
(X = halogen)?

Ans. (a) The element V has highest first ionization enthalpy (A; H;) and positive electron
gain enthalpy (A,, H) and hence it is the least reactive element. Since inert gases
have positive A, H, therefore, the element-V must be an inert gas. The values of A,
H,, A; H, and Aeg H match that of He.

(b) The element II which has the least first ionization enthalpy (A; H;) and a low
negative electron gain enthalpy (A,, H) is the most reactive metal. The values of A,
H,, A; Hy and A, H match that of K (potassium).

(c) The element III which has high first ionization enthalpy (A; H;) and a very high
negative electron gain enthalpy (A,, H) is the most reactive non-metal. The values
of A, H,, A;H, and Aeg H match that of F (fluorine).

(d) The element IV has a high negative electron gain enthalpy (A,, H) but not so high
first ionization enthalpy (A; H,). Therefore, it is the least reactive non-metal. The
values of A; H,, A; H, and A H match that of I (Iodine).

(e) The element VI has low first ionization enthalpy (A; H,) but higher than that of
alkali metals. Therefore, it appears that the element is an alkaline earth metal and
hence will form binary halide of the formula MX, (where X = halogen). The values
of A; H;, A, H, and A, H match that of Mg (magnesium).

(f) The element I has low first ionization (A; H;) but a very high second ionization
enthalpy (A; H,), therefore, it must be an alkali metal. Since the metal forms a
predominarly stable covalent halide of the formula MX (X = halogen), therefore,
the alkali metal must be least reactive. The values of A, H,, A, H, and A, . H match
that of Li (lithium).

Q32. Predict the formulas of the stable binary compounds that would be formed by the combination

of the following pairs of elements:

(a) Lithium and oxygen (b) Magnesium and nitrogen
(c) Aluminium and iodine (d) Silicon and oxygen
(e) Phosphorous and fluorine (f) Element 71 and fluorine.
Ans. (a) LiO, (Lithium oxide) (b) Mg.N, (Magnesium nitride)
(c) All; (Aluminium iodide) (d) SiO, (Silicon dioxide)
(¢) Phosphorous pentafluoride hz=71

The element is Lutenium (Lu). Electronic configuration = [X ] 4 f* 5d" 6s>. With
fluorine it will form a binary compound = Lu F;.
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Q33.

Ans.

Q34.

Ans.
Q35.

Ans.
Q3e6.

Ans.
Q37.

Ans.
Q38.

Ans.

In the modern periodic table, the period indicates the value of

(a) atomic number (b) mass number (c) principal quantum number (d) azimuthal quantum

number?

In the modern periodic table, each period begins with the filling of a new shell.

Therefore, the period indicates the value of principal quantum number. Thus, option

(c) is correct.

Which of the following statements related to the modern periodic table is incorrect?

(a) The p-block has six columns, because a maximum of 6 electrons can occupy all the orbitals
in a p-subshell.

(b) The d-block has 8 columns, because a maximum of 8 electrons can occupy all the orbitals
in a d-subshell.

(c) Each block contains a number of columns equal to the number of electrons that can occupy
that subshell.

(d) The block indicates value of azimuthal quantum number (1) for the last subshell that received
electrons in building up the electronic configuration.

Statement (b) is incorrect.

Anything that influences the valence electrons will affect the chemistry of the element. Which

one of the following factors does not affect the valence shell?

(a) Valence principal quantum number (n)

(b) Nuclear charge (Z)

(c) Nuclear mass

(d) Number of core electrons.

(c) Nuclear mass.

The size of isoelectronic species— F~, Ne and Na" is affected by

(a) nuclear charge (Z)

(b) valence principal quantum number (n)

(c) electron-electron interaction in the outer orbitals

(d) none of the factors because their size is the same

(a) Nuclear charge (Z).

Which of the following statements is incorrect in relation to ionization enthalpy?

(a) ionization enthalpy increases for each successive electron.

(b) The greatest increase in ionization enthalpy is experienced on removal of electrons from
core noble gas configuration.

(c) End of valence electrons is marked by a big jump in ionization enthalpy.

(d) Removal of electron from orbitals bearing lower n value is easier than from orbital having
higher n value.

(d) is incorrect.

Considering the elements B, Al, Mg and K, the correct order of their metallic character is:

(a) B>Al>Mg>K (b) Al>Mg>B>K (c) Mg >Al>K>B (d) K>Mg>Al>B

In a period, metallic character decreases as we move from left to right. Therefore,

metallic character of K, Mg and Al decreases in the order: K > Mg > Al. However,

within a group, the metallic character, increases from top to bottom. Thus, Al is

more metallic than B. Therefore, the correct sequence of decreasing metallic character

is: K> Mg > Al > B, i.e., option (d) is correct.
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Q39.

Ans.

Q40.

Ans.

Considering the elements B, C, N, F and Si, the correct order of their non-metallic character is:
(@) B>C>Si>N>F(@®)Si>C>B>N>F(c)F>N>C>B>Si(d)F>N>C>Si>B
In a period, the non-metallic character increases from left to right. Thus, among B, C,
N and F, non-metallic character decreases in the order: F > N > C > B. However,
within a group, non-metallic character decreases from top to bottom. Thus, C is more
non-metallic than Si. Therefore, the correct sequence of decreasing non-metallic
character is: F > N > C > B > §Sj, i.e.,, option (c) is correct.

Considering the elements F, Cl, O and N, the correct order of their chemical reactivity in
terms of oxidising property is:

(@) F>CI>O>N®B)F>0>CI>N(c)CI>F>0O>N () O>F>N>CI

Within a period, the oxidising character increases from left to right. Therefore, among
F, O and N, oxidising power decreases in the order: F > O > N. However, within a
group, oxidising power decreases from top to bottom. Thus, F is a stronger oxidising
agent than Cl. Further because O is more electronegative than CI, therefore, O is a
stronger oxidising agent than Cl. Thus, overall decreasing order of oxidising power
ist F>0O>Cl> N, i.e, option (b) is correct.

MORE QUESTIONS SOLVED

. VERY SHORT ANSWER TYPE QUESTIONS

Q1.
Ans.

Q2.
Ans.

Q3.
Ans.

Q4.
Ans.

Q5.

Ans.
Qeé.

Ans.
Q7.
Ans.
Qs8.

Ans.

Q9.
Ans.
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State the Modern Periodic Law.
Modern Periodic Law states that physical and chemical properties of the elements
are a periodic function of their atomic numbers.
Why is ionization enthalpy of nitrogen greater than that of oxygen?
Nitrogen has exactly half filled p-orbitals.
Why are electron gain enthalpies of Be and Mg positive?
They have fully filled s-orbitals and hence have no tendency to accept an additional
electron. That's why energy is needed if an extra electron is to be added. Therefore,
electron gain enthalpies of Be and Mg are positive.
Give four examples of species which are isoelectronic with ca®*.
Ar, K*, CI7, S*, or P> are isoelectronic with ca>".
Which two elements of the following belong to the same period?
Al, Si, Ba and O
Al and Si.
Explain why chlorine can be converted into chloride ion more easily as compared to fluoride
ion from fluorine?
Electron gain enthalpy of CI is more negative than that of F.
What are horizontal rows and vertical columns of the periodic table called?
Horizontal rows are called periods and vertical columns are called groups.
Which has a larger radius?
(i) Mg or Ca (i) S or CI
() Ca (i) S.
What are representative elements?
The elements of group 1 (alkali metals), group 2 (alkaline earth metals) and group 13
to 17 constitute the representative elements. They are elements of s-block and p-block.




Q1o0.
Ans.

Q11.
Ans.

Q12.
Ans.

Q13.

Ans.

Give general electronic configuration of f-block elements?
General electronic configuration of f-block elements = (11 —2) f* ~ Yin-1)d ! ns’
What are inner transition metals? Why are they called rare earth metals?
Lanthanoids (the fourteen elements after Lanthanum) and actinides (the fourteen
elements after actinium) are called inner transition elements.
Define ionisation enthalpy.
It is the energy required to remove an electron from an isolated gaseous atom in its
ground state.
M(g) + LE.—> M" (g) + ¢
The electronic configuration of an element is 1s* 25> 2p° 3s* 3p° 4s'. Locate the element in the
periodic table.
(/) As the principal quantum number for the valence shell is 4, the element is present
in the 4th period.
(i) Since the last electron has been filled in 4s sub-shell (or orbital), the element
belongs to s-block.
(ii1) As there is only one electron in the valence s-sub-shell, the element is present in
group [.

Il. SHORT ANSWER TYPE QUESTIONS

Q1.
Ans.

Q2.

Ans.

Q3.

Ans.

Q4.

What is the cause of periodicity in properties of the elements? Explain with two examples.
The cause of periodicity in properties is the repetition of similar outer electronic
configuration after certain regular intervals.
For example, all the elements of group IA i.e., alkali metals, have similar outer electronic
configuration as ns".
Where n refer to the number of outermost principal shell.
In a similar manner all the halogens i.e., elements of group VIIA have similar other
electronic configuration i.e., ns* np> and hence possess similar properties.
Show by a chemical reaction with water that Na,O is a basic oxide and Cl,0, is an acidic
oxide.
Na,O reacts with water to form sodium oxide which turns red litmus blue.
Na,0+H,0O — 2NaOH
Sod.oxide Sod.hydroxide
Therefore, Na,O is a basic oxide
In contrast, Cl,O, reacts with water to form perchloric acid which turns blue litmus
red.
CLO,+HO — 2HCIO,
perchloric acid
Therefore, C1,0, is an acidic oxide.
What do you understand by ‘Representative elements’? Name the groups whose elements are
called representative elements.
The elements of s and p-block are collectively called representative or main group
elements. These include elements of group I (alkali metals), group 2 (alkaline earth
metals).
Name different blocks of elements in the periodic table. Give general electronic configuration
of each block.
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Ans.

Q5.

Ans.

Qeé.
Ans.

Q7.
Ans.
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Elements in the long form of the periodic table have been divided into four blocks i.e.,
s, p, d and f. This division is based upon the name of the orbital which receives the last
electron. General electronic configuration of
s-block elements: ns' ~? where n =2 -7
p-block elements: ns” np" ~® where n =2 — 6
d-block elements: (1 —1) d' =" ns’ "2 where n =4 -7
f-block elements: (1 — 2)fO "M n-1)d " ns*> wheren=6-7
Elements A, B, C and D have atomic numbers 12, 19, 29, and 36 respectively. On the basis of
electronic configuration, write to which group of the periodic table each element belongs.
Electronic configuration of A (Z = 12)
= 15?257 2p° 357
period = 3, Element’s name = Mg
block = s, Group =11
Electronic configuration of B (Z = 19)
Element’s name = K (potassium)
1s% 257 2p6 3 3p6 4s'
4, period = 4
Block = s, Group =1
Electronic configuration of C (Z = 29)
= 15?257 2p° 357 3p° 34" 4s'
n = 4, period =4
Block = d
Electronic configuration of D (Z = 36)
= 1% 25% 2p° 3s? 3p° 45 3d"° 4p°

n

period = 4
Block = p-Block
group = 18

Define the term ionization enthalpy? How does it vary along a period and along a group?
Ionization Enthalpy. The minimum amount of energy required to remove the most
loosely bound electron from an isolated gaseous atom so as to convert it into a gaseous
cation is called its ionization enthalpy or energy. It is represented by A, H.
This process may be represented as
M) +AH—->M () +e (9)
where M (g) is isolated gaseous atom.
M (g) is the resultant cation (a position ion)
Variation along a period. Moving from left to right in a period, the ionization enthalpy
increases with atomic number.
Variation within a group. The ionization enthalpies keep on decreasing regularly as
we move down a group from one element to the other.
Discuss briefly the various factors on which ionization enthalpy depends.
(i) Atomic size. With the increase in the atomic size, the number of electron shells
increases. Therefore, the force that binds the electrons with the nucleus decreases.
Thus, the ionization enthalpy decreases with increase in atomic size.




Qs8.
Ans.

Q9.

Ans.

Q10.
Ans.

Q11.
Ans.

(i1) Nuclear charge. As the magnitude of the positive charge on the nucleus of an
atom increases, the attraction with the electrons also increases. Therefore, the
ionization enthalpy increases with the increase in the magnitude of the nuclear
charge.

(ii1) Screening or shielding effect. Greater the magnitude of the screening effect,
less will be the value of ionization enthalpy or potential.

What are Dobereiner’s triads? Name two such triads.

Dobereiner arranged certain elements with similar properties in groups of three in
such a way that the atomic mass of the middle element was nearly the same as the
average atomic masses of the first and third elements.

For example:

Triad: lithium sodium potassium
Atomic mass: 7 23 39
39+7
Atomic mass of Na = 5 = 23
Triad: Chlorine Bromine Iodine
Atomic mass: 35.5 80 127
127 + 35.5
Atomic mass of Br = 5 - 81.25

Give the electronic configuration of the transition elements. Write their four important
characteristics.
The d-block elements are known as transition elements.
Electronic configuration = (n — 1) d* =" ns' =2
Characteristics of d-block elements:
(i) They show variable oxidation states.

(1) Their compounds are generally paramagnetic in nature.

(iif) Most of the transition elements form coloured compounds.

(iv) They are all metals with high melting and boiling points.
What is screening or shielding effect? How does it influence the ionization enthalpy ?
In a multielectron atom, the electrons present in the inner shells shield the electrons
in the valence shell from the attraction of the nucleus or they act as a screen between
the nucleus and these electrons. This is known as sheilding effect or screening effect.
As the screening effect increases, the effective nuclear charge decreases. Consequently,
the force of attraction by the nucleus for the valence shell electrons decreases and
hence the ionization enthalpy decreases.
Define electron gain enthalpy. What are its units?
The energy which is released by an atom in gaining an electron from outside atom or
ion to form negative ion (or anion) is called electron gain enthalpy (A, H).
Unit of electron gain enthalpy is kJ/mol.
In some cases, like in noble gas, atoms do not have any attraction to gain an electron.
In that case energy has to be supplied.
For example,

Ne () +e — Ne™ (g)
A H=+116K mol ™
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lll. LONG ANSWER TYPE QUESTIONS

Q1. Discuss the main features of long form of the periodic table. What are the advantages of long
form of periodic table?
Ans. Main features of long form of periodic table:
(/) Groups. The vertical columns in the periodic table are known as groups. There
are 18 groups in the long form of periodic table.
Each group having the same electronic configuration in the outermost shell.
(i) Periods. There are 7 periods in the long form of periodic table.
It is denoted by n which means highest principal quantum number.

(i17) Lanthanoids. Group of 14 elements in the sixth period. They are placed after
Lanthanum.

(iv) Actinides. Group of 14 elements in the seventh period after actinium. Both
Lanthanoids and actinoids are placed in separate panel at the bottom of the
periodic table.

Advantages of long form of periodic table:
(i) It gives a suitable link between the position of element and its electronic
configuration.

(i1) On the basis of atomic numbers it easier to remember all the elements.

(i11)) The elements in the same group have similar properties due to their outer-most
(valence shell) configuration. Thus it gives is a logical classification.

(iv) Justified positions are provided to transition and inner transition elements.

(v) It makes the study of elements systematic and simple.

Q2. Discuss the main characteristics of four blocks of elements in the periodic table? Give their
general electronic configuration.
Ans. s-block elements:
(/) They are highly reactive elements and thus occurs in combined state. On moving
down the group their reactivity increases.

(i) They have good reducing characters.

(i1i) They generally form electropositive ion by losing 1 or 2 electrons, that's why
they are electropositive in nature.

(iv) They are good conductors of heat and electricity.

p-block elements:
(1) Most of the p-block elements show variable oxidation states.

(i)) They include both metals and non-metals.

(i) They are generally covalent in nature.

(iv) As move from left to right the non-metallic character of the element increases.
On moving down the group metallic character increases.

d-block elements:
(i) d-block elements show variable oxidation states.

(if) They are generally paramagnetic in nature.

(i) Their compounds are generally coloured. Those which form complex
compounds.

(iv) Most of the elements and their compounds acts as catalyst.
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Qs.

Ans.

f-block elements:

(@)
(i)
(i)
(iv)

They are generally heavy metals having high melting and boiling points.
Their compounds are generally coloured.

Variable oxidation states are generally shown by these elements.

Most of Activities are radioactive.

General electronic configuration:

s-block — ns
p-block — ns®np'~

1-2
6

d-block — (n—1)d"' " ns’ 2

fblock — (n—=2)/"""*(m—-1)d"" ! ns

Define electron gain enthalpy. What are its units? Discuss the factors which influence the
electron gain enthalpy.

Electron gain enthalpy is the energy released when an isolated gaseous atom is
converted into a negative ion by adding an extra electron.

Electron gain enthalpy is denoted by the sign A, H.

The process may be represented by

M@)+te — M(Q)
neutral gaseous anion
atom

AH=A, H

electron gain enthalpy is negative or positive it depends upon the nature of the element.
For example. For halogens it is highly negative, because they can acquire the noble gas
configuration by accepting an extra electron.

In contrast. For noble gases have positive electron gain enthalpy because energy has
to be supplied to the element.

Factors on which electron gain enthalpy depends:

(@)

Atomic size. As the size of an atom increases, the distance between its nucleus
and the incoming electron also increases. Therefore, the force of attraction
between the nucleus and the incoming electron decreases and hence the electron
gain enthalpy becomes less negative.

Nuclear charge. As the nuclear charge increases force of attraction for the
incoming electron increases and thus electron gain enthalpy becomes more
negative.

Symmetry of electronic configuration. Elements having symmetrical
configuration (Either half filled or fully filled orbitals in the same sub shell)
having no attraction for electron because by accepting electron their configuration
becomes less stable. In that case energy has to be supplied to accept electron.
Thus electron gain enthalpy will be positive.

Q4. Discuss the factors that influence the magnitude of ionization enthalpy. What are the general
trends of variation of ionization enthalpy in the periodic table? Explain.
Ans. Factors affecting Ionization enthalpy.

(@)

Atomic size. With the increase in atomic size, the number of electron shells
increases and thus the force of attraction between the electrons and the nucleus
decreases. Therefore the ionization enthalpy decreases.
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(i1) Nuclear charge. As the nuclear charge increases the attraction for the electron
also increases that’s why ionization enthalpy increases.

(7)) Screening or shielding effect. In a multi-electron atom, the electron present in
the inner shells shield the electrons in the valence shell as a result these electrons
experience less attraction from the nucleus. This leads to lesser ionization
enthalpy.

Variation along a period. On moving from left to right in a period the nuclear charge
increases and the atomic size decreases as a result ionization enthalpies are expected
to increase.
Variation within a group. On moving down the group as the atomic size of the
elements increases that’s why ionization enthalpy decreases down the group.
Q5. (a) How does atomic radius vary in group in the periodic table?
(b) Explain
(i) Radius of cation is less than that of the atom.
(i1) Radius of anion is more than that of the atom.
(ii1) In iso-electronic ion, the ionic radii decreases with increase in atomic number.
Ans. (a) Variation of atomic radius in a group:

On moving down the group there is an increase in the principal quantum number

and therefore no. of electron shells increases and thus the atomic size increases.

Thus the atomic radii of the element increases.

(b) (1) Radius of cation is less than that of the atom:
Since the cation is formed by losing of one or more electrons.
For example,
Na— Na" +e¢”
Thus the radius of Na* will be less than the Na.

(i1) Radius of anion is more than that of the atom.

Since the anion is formed by gaining one or more electron. Therefore, the
atomic radius is larger than the corresponding atom.

(iif) In iso-electronic ions, atoms have same number of electrons but different
magnitude of nuclear charges. As the nuclear charge increases ionic radius
decreases.

For example.
N3_, OZ_, F have same No. of electrons = 10 but different ionic radii = 171,
140, 136 respectively.

IV. MULTIPLE CHOICE QUESTIONS
1. The highest ionization energy is exhibited by
(a) halogens (b) alkaline earth metals
(c) transition metals (d) noble gases

2. Which of the following oxides is neutral?
(a) SnO, (b) CO (c) AlLO, (d) Na,O
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Ans.

Which of the following is arranged in order of increasing radius?

(1) K" (ag) < Na* (ag) < Li" (ag) (b) K" (ag) > Na* (ag) > Zn?* (ag)
(©) K" (ag) > Li" (ag) > Na* (ag) (d) Li* (ag) < Na* (ag) < K* (ag)
What is the electronic configuration of the elements of group 14?

(a) ns®np* (b) ns?np® (c) ns®np? (d) ns’
Among the following elements, which has the least electron affinity?

(a) Phosphorous (b) Oxygen (¢) Sulphur (d) Nitrogen
In halogens, which of the following, increases from iodine to fluorine?
(a) Bond length

(b) Electronegativity

(c) The ionization energy of the element

(d) Oxidizing power

. Diagonal relationships are shown by

() Be and Al (b) Mg and Al (c) Liand Mg (d) Band P

. Which of the following species are not known?

(1) AgOH (b) Pbl, (c) PIL; (d) SH
(e) All of the above

Which one of the following is isoelectronic with Ne?

(a) N*~ (b) Mg* (c) APP* (d) all of the above
Which element has smallest size?
(a) B (b) N (c) Al (d P

1. (b) 2. (b) 3. (d) 4. () 5. (d)

6. (b) (c)and (d) 7. (a) and (c) 8. (e) 9. (d) 10. (b)

V.HOTS QUESTIONS

Q1.

Ans.

Q2.

Ans.

Arrange the following as stated: (i) N,, O,, F,, Cl, (Increasing order of bond dissociation
energy) (ii) F, Cl, Br, I (Increasing order of electron gain enthalpy) (iii) F,, N, Cl,, O, (Increasing
order of bond length).
() F,< Cl, <0, <N,
(i) I<Br<F<Cl
(iii) N, <O, <F, <(l,
The first ionisation enthalpy of magnesium is higher than that of sodium. On the other hand,
the second ionisation enthalpy of sodium is very much higher than that of magnesium. Explain.

The 1st ionisation enthalpy of magnesium is higher than that of Na due to higher nuclear
charge and slightly smaller atomic radius of Mg than Na. After the loss of first electron,
Na" formed has the electronic configuration of neon (2, 8). The higher stability of the
completely filled noble gas configuration leads to very high second ionisation enthalpy
for sodium. On the other hand, Mg" formed after losing first electron still has one more
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electron in its outermost (3s) orbital. As a result, the second ionisation enthalpy of
magnesium is much smaller than that of sodium.

Q3. Give reasons:
(i) IE, of sodium is lower than that of magnesium whereas IE, of sodium is higher
than that of magnesium.
(if) Noble gases have positive value of electron gain enthalpy.

Ans. (i) The effective nuclear charge of magnesium is higher than that of sodium. For these
reasons, the energy required to remove an electron from magnesium is more than
the energy required in sodium. Hence, the first ionization enthalpy of sodium is
lower than that of magnesium.

However, the second ionization enthalpy of sodium is higher than that of
magnesium.
This is because after losing an electron, sodium attains the stable noble gas configuration.
On the other hand, magnesium, after losing an electron still has one electron.

(i) Because of stable configuration.

aaa
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