LLgcie R B2 CHEMISTRY XI 5

~ PERIODIC TABLE AND
01 PERIODIC PROPERTIES

he Pariodic Tabla: The Symbol of Chamist
One of the most important luming pomls in the istory of scicoce was the creation of the periodic
table, which led to many important innovations. It 15 accurate to refer to the periodic table of elements as the
"Symbol of Chemistry.," In the modem periodic table, 118 elements are amanged in tabular form in the

cument periodic table based on their atomic number,

Many elements, such as Gald, Silver, Iron, Phosphorus, Sulfur, Zine, and Arsenie have been known
since the pre-historic era. However, the {irst elassification was made in the 18% century. Antoine Lavoisier
attempted to classily known elements as metals and nonmetals,

(i) Dobereiner's Triads

In 1829, a German chemist, J.W Doberciner grouped the clemenis into triads {(a group of three) with
similar properties. According to his law of Trads:

“The atomic weight of the middle element wos roughly the average of the other two

elements of a triad.”

Some Doberelnar's Trlads

Triad Li Na K ] 7+ 390
= =g

Alomic mass 7 23 19 Alomic mass of Na 3 Pk

Triacd Ca Sr Ba , 40+ 137
Alomic mass 40 %8 137 Atomic mass of St="—"—5 =885

Triad Cct Br I : 355+ 127

At sof Br=""—5——=8125

Alomic mass 333 &0 127 OUIE mass ol Br 2

(il) Newland's Law of Octaves
In 1864, an English chemist, John Newlands first time observed periodicity in the 62 known clements.
According 10 his law of Octaves;
“If the elements are arronged in the increasing order of their atomic masses, every eighth
&™) efement hod some properties in common with the first one.”
He elassified the elements into groups so that every eight elements resembled the first clement in propertics.
Newiand's Octaves

Li{7) Be(9) | B(11) | C{12) | N{14) | O(l16) F(l19)
Na(23) | Mg{24) | AL{27) | Si(28) | P(31) 5(32) | CL(35335)

K(39) | Ca(40) | Ti(48} | Cr(52) | Mn (55) | Fe(36) | Ni& Co

(lil) Mendeleev's Periodic Table

A Russian chemist, Dmitd Mendeleev, is considered the father of the Periodic Table.

In 1869, Dmiti Mendcleev armnged 63 known clements in order of increasing nlomic mass. He
organized them into eight vertical columns (groups), placing elements with similar properties together. The
success of his table lay in the intentional gaps he lefi for undiscovered elements. He predicted their atomic
masses and properties. which proved aceurate when these elements were practically found.

Mendeleev's Perlodic Law

“If the elements are arranged in ascending order of their atomic masses, their chemical properties repeat
in a periodic manner.”
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6 Chapter 1 (Pericdic Table and Periodic Properties)

{iv} Lothar Meyer Atomic Volume Curves

In 1869, Lothar Meyer developed his famous curves by plotting a graph between the atomic weights
and stomic volumes of elements. These enrves also demonstrated periodicity.
{v) Moseley's Contribution

In 1913, Moscley determined the exact atomic numbers of known elements using X-ray emission. In
this way he resolved Maws and discrepancies in Mendeleev’s table by armnging the elements by atomic
numbers instead of atomic masses.

This significant breakthrough led Moseley to modify the Periodic Law to siate that the propertics of
elements are periodic functions of their atomic numbers.

THE MODERN PERIODIC TAELE

In modern periodic lable, all the elements are arranged in ascending arder of their atomic numbers.
Modern Periodic Law

"If the elements are arranged in oscending order of their otemic numbers, their

chemicol properties repeat in o periodic manrer.”

This kaw was introduced by Moseley in 1911, On the basis of modem periodic law, Bohr intreduced
modem periodic table.
Essentinl Features of Modern Periodic Table

*  Presently, |18 clements are prouped in the table in ascending arder of their respective  atomic
numbers,

#  There are seven honzontal rows called perieds and eighteen vertical columns called groups. (In older
versions of the table, there were 8 vertical groups were divided inlo two types of groups: Eight A
Groups and Ten B-Groups,

* ln the periodic table, elements within the same group exhibit similar chemical properties because they
have the same number of valence electrons. However, they show a gradual change in physical
propertics from top to boitom in & group.

* Elements in a period show a gradual change in propertics moving from lefl 1o right in periods.

Significance of Modern Periodic Table

The classification of clements in the modem peniodic lable helps in the casier understanding of their
properics.
1. Groups

"Elements with similar properties are placed in vertical columns called groups.”

s  Therce are cighteen (18) groups.

# In older versions of the table, there were 8 vertical groups which were divided into two types of
ETOupS.
=+ Sub-group-A: Conlaining representative or nermal elements.
=+ Sub-proup-B: Coniain less typical elements, called transition elemenis and are arranged in the
center of periodic table
¢ Elements of same group hove similar chemical properiies due to same valence shell electronic

configuration,
*  Usually number of valence electrons is same as that ol group number,
2. Periods

“The horizontal rows of elements in periodic toble are colled periods.”

s  There are 7 periods in the penodic ble numbered by Arabic numerals | to 7.
The period number indieates the principal gquanium number (n), representing the number of electron
shells surrounding the nucleus.
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8 Chapter 1 (Periodic Table and Periodic Properties)

3. Metals, Non-Metals and Metalloids
On the basis of metallic character, elementz can be broadly clossified as;
(i} Metals
*  Meltals gre elements which tend to lose electrons lo form positive ions.
*  Generlly, elements on left-hand side, in the center and at the bottom of the peniodic table are metals.
(ii) Non-metals
*  Non-metals are elements which tend to gain electrons to form negative ions.
s  Elemenis in the upper right comer of the periodic table are non-metals,
« |n the periodic table elements ol groups IVA 1o VILA, at the 1op right-hand cormer above the stepped
line, are non-metals.
(i) Metalloids
«  The metnlloids seporme the metals and nonmetals oo a penodic table. The metalloids exhibit some
properties of metals and some of non-metals.
+  Mostly periodic tables have a “stair-step line™ on the table identifying the metalloids. The line begins

at boron { B) and extends dawn to polonium (Po) including Si, Ge. As, Shoand Te.
Metallic Elements Nonmetallic Elements

= Distinguishing luster (shinc) »  MNon-|lustrous, varous colors

= Malleable and ductile {Mexible) as solids | »  Bnle. hard or soft

& Conduet heat and electricity ¢ Poor conductors

«  Metallic oxides are basic, ionic » Nonmetallic oxides are acidic, covalent

s  (alions in aqueous solution s Anions, oxyanions in agueous solution
4. Blocks

Based on the subshells conmtaimimg their valence electrons, elements in the periodic lable ¢an be
classified into following lour blocks;
(i} s-block
Elements of group | (alkali metals) and group 2 {alkaline earth metals) including Helivm {He) have
valence electrons in the *s” subshell so they are s-block elementis. e.g. |Na=1s?, 25%, 2p°, 35’
(ii) p-block
The elements of group 13 1o group |8 except Helium (He) are known as p-block elements as their
valence electrons are present in p-subshell. e.p. yCl=152, 26°, 2p*, 3%, 3p°
(iii) d-block
In transition elements, d-block constitutes four series of elements. In these elements the valence
clectrons are in the d-subshell. c.g. »Fe=1s%, 257, 2p®, 357, 3p°, 457, 3d*
(iv) f-hlock
In Lanthanides and Actinides valence electrons are present in f-orbital hence these elements are called
[-block clements. e.g. Ce=15%, 257, 2p", 3%, 3p, 457, 3d'", 4p”, 557, 4d", Sp°, 657, 41

s-block
1 p-block =
=15 17 4 o1s s 17 |1S
e 25 ] _ ——2p—
*==35+31 a s ndahlufki w o1 -=
- a5 e — T —
-5 e ad —_ ——
- G5 5d —_ —
-75 6d —— —
f-block
ar
- 5f
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CAlFamilies in Periadic Table
A set of clements sharing commeon properties is ealled an element family. On the basis of common
properiics, elements in periodic table are classified inte following five famous families of elements;
(1) Alkall Metals
Elemenis in the group | of the periodic table are known as alkali metals because they produce alkalis
when they react with water.
s  They include the elements lithium (Li), sodium (Na), potassivm (K), rubidium (Rb), cesium (Cs) and
francium (Fr).
Characteristics
*  Alkali metals have one valence electron, making them monovalent.
o  They have low densities, relatively low melting points, and low ionization encrgics.
¢  These are the most reactive metals.
*  These are s-block elements.
(i) Alkaline Earth Metals
Group 2 elements are melals primarily found in the earth and form alkalis; hence they are referred to as
alkaline earth metals.
& They include beryllium (Be), magnesium (Mg), calcium {Ca), strontium {Sr), barium (Ba) and radium
(Ra).
Characteristics
*  These clements have two electrons in their valence shell, making them divalent.
*  They arc metallic solids that are harder ond denser than alkali metals.
« [Easily oxidized, with high thermal and clectnical conductivities.
e These are s-block elements.
(iii} Transition Elements
The transition metals make up the largest family of clements in the middle of periodic table. They are
further classified into two groups;
{n} d-hlock clements (outer transition elements).
These include four series, each containing 10 elements. They are found in the center of the periodic table.
(b) [-block elements (ioner transition elements).
These include the lanthanides and actinides, which are placed in two separate rows below the main body
of the periodic able.
Characteristics
s They exhibit high thermsl and electrical conductivities. high melting points and high density.
*  They show variable oxidation states,
*  They mostly form coloured compounds,
(iv) Chalcogens
The group 16 elements are called Chalcogens because most ores of copper (Greek chalkos) are oxides or
sulfides.
In this group, oxygen (O) & sulphur (5) are non-metals, selenium (Se), tellurium (Te), polonium (Po) ane
metallsids and Livermoriom {Lv). _
Oxygen and sulphur ore nonmetals, whife seteniuvm and rellurivm ore metallaids, ond polonivm is o metol
(v) Halogens
Elements in group 17, known as halogens. The term “halogen™ means “sall-former™ because these
elements easily react with alkali metals and alkaline earth metals 1o form stable halide salts.
«  They include fluorine {F}, chlorine (CL), bromine (Br), iodine (1) and astatine (At).
Characteristics
= Halogens are nonmetals,
*  They are highly reactive nonmetals with high electron affinities.
*  They can casily accept one electron to complete their outermost shell.
(V1) Nobla Gases
Elements in group |8, known as noble gases, inent puses and zero group. They are present ar the extreme
right of the periodic table.
s They include helium {He), ncon (Me), argon (Ar), krypton (Kr), xenon (Xe) and radon (Rn).
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10 Chapter 1 (Periodic Table and Periodic Properties)

Characteristics
* Duc o their stable electron configuration (complete omermost shell), they are almost entirely
unreactive under normal conditions and rarcly form compounds with other elements.
*  These clements are monoatomic in nature.
Exception: Although, noble gases are unreactive, however they have some compound. An example is
compounds of xenon such as xenon hexafluoroplatinate (XePiFa), the word inert gases was changed to

noble gases.
=

=,

Quick Check 1.1

a} Why are the elements in Groups 1 and 2 known as s-block elements?

Ans:  Elements of group 1 (alkall metals} and group 2 (alkaline earth metals) have valence electrons
in the s subshell so they are s-block elements. e.g. 1 Na=1s, 2s¢, 2p®, 35

B) Mame the elements in the chalcogen family. Give their two characteristics.

Ans: Chalcogen family (Group 18) includes axygen (O, sulphur (S}, selenium (Sel, tellurium (Te),
polonium {Po} and Livermariurm (Lv),
Characteristics of chalcogen:
(i) All the elements of group 16 show the property of allotropy.
(ii) They have high reactivity with metals, forming oxides and sulphides.

A8
U TV e Ty Lo oTesl-To 1 ] @ ST T 6] (Arrangement of elements in periodle table)

In periodic table, the elements are armanged in rows {(penods) and colunmns {groups) based on their
atomic numbers, chemical properties and electronic configuration. This armungement offers valuable insight
imto their physical propertics, such as their physical state and aromic radii, as well as their electronie structure
and chemical reactivity.

Steps to right electronic configuration of an elements
(i} Elecironic shell

The period number indicates the principal quanium number {n}, representing the number of electron shells
swrrounding the nueleus. e.g, an element X in the 3" period has three electron shells, with its valence electrons
located in the 3™ shell,
(i) Sub-shell

The specific subshell where the valence electrons are found, depends on the element’s block (azimuthal
quantum number). I an element X in the 3™ peried is in the s-block, its valence elecirons are in the 33
subshell.
(iii) Valence clectroms

The group number indicates the number of valence electrons; e.g., an element. X in the 3" period and
group 2 has lwo valence electrons in its outermost shell. Thus. the element Z in the 3™ period and group 2
(s-block) has twa valence clectirens in the 3s subshell, which means that X would be magnesium [Mg).
How Periods and Groups Reflect Electronic Configuration?
Suppose ‘X" belongs to group 13 and period 3.

Since the element X belongs 1o group 13 of periodic table so it has 3 valence electrons; and it is found in
period 3 so it has three shells around its nueleus. It means that the 3 valence electrons are in the 3™ shell. The
eonfipuration will be:

1s? 2s% 2p* 3¢ 3p!
4 + l
1* shell 2% ghell 35 ghell

Periodicity Of Properties
Modern Periodic Law

“The physical and chemical properties of elements are periodic functions of their otomic
numbers.”

Periodicity of Properties
“The repetition of properties of elements In periadic table after regulor intervols is
colled periodicity.”
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Explanation

e Modem periedic low is the “cornerstone” of the perniodic able, indicating that elements with similar
propertics appear ol cortain imtcrvals.

s  When elcments are arranged in order of increasing atomic number, those in the same group like lithium,
sodium, potassium, and cesium show similar physical and chemical propertics becouse they share the
same valence electron configuration.

s However, due to the gradual increase in the nuimber of protons in nucleus and the addition of new electron
shells, the phvsical and chemieal properties of elements vary systematically within a proup and a period.

a) X-belongs to group 14 and period 2
{i) Write electronic configuration of the element X.

(ii) Identify block of the element. ldentify this element from periodic table.

Ans:  Since the element X belongs to group 14 of periodic table sa it has 4 valence electrons; and it
is found in period 2 so it has two shells around its nucleus. It means that the 4 valence
electrons are in the 2" shell. The configuration will be:

(i) X = 1s%, 252, 2p", 358, 3p?
(i) Since valence electrons are in p-subshell, therefore "X’ belangs to p-block.
Periodic table shows that ‘X' is silican (5).

b) Identify an element that is in Period 4 and Group 177

Ans:  Since the element belongs 1o group 17 of periodic table so it has 7 valence electrons; and it
iz found in period 4 so it has lour shells around its nucleus. It means that the 7 valence
electrans are in the 4" shell. The configuration will be:
1Br = 152, 252, 2p"%, 357, 3p", 457, 3d'0, 4p°

Exams Short Answar Quastions
Q. Define Dobereiner's law of Idads - Also pive two examples.
). What 15 Newlmnd's law of Comves? Q. Dafine Mendeleey®s and modern pcrEn{Iil: feuw,
Q. Winte two defects of Mendeleev's peniodic table,
. Deline peniodic table, Tlow meny groups ond penods are present in in?
. d ond ~Block elements are ealled tronsition elements,
). Lanthanide contraction controls the atomic sizes ol clements of 6" and 7 perfod,
Q. Define Growp und perod. How muny clements are there in period nimber 17
Q. Wrile the names u:‘PI'nm:']I:s in periadic lable.
(). Give essentind features ufpc:rind faiir {4} m modemn pl:riudic table?
(). How the classificatnan of elements in different blocks helps i undersianding their chemisiry?

ATOMIC RADIUS
“Half of the distance between the centers of two identical atomns bonded together is
colled atomnic radius.”
The stomie radius ean vary depending on;
(i} Type of bond:

{van der Wanls radius > metallic radius > anionic radius > covalent radius = cationic radins.}
(it) State of the atom:
The atomic radius is typically measured in picomelers {(pm) or Angstroms {A).
Faclors affecting atomic radius
(i) Atomic number (ii) Effective nuclear charge (i) Shiclding effect of inner electrons
Periodic Trend
(a) Across the Period: “'llii.‘l! of the following clement
Alomic radivs decreases neross a period (from left to right) jn | Pas smaller size? ,
e s h ; . fmiMa (MK (e} Al {dj Li
the periodic table due to increasing nuclear charge, which pulls | [FFTH Atomic radius of Al = 143 pm
the clectron cloud closer. Atomie radius of Li = 152 pm
() Down the Group:
Atomic radius increases down a group (from top to bottom) because additional electron shells are added,
so more shielding makes the atom larger despite the increase in nuclear charge (which is outweighed).

Atomlec radius
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12 Chapter 1 (Periodic Table and Periodic Properties)

ulomic size decreases >
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Variation in atomic radius across periods and down the groups
lonic Radius|
“The distance from the nucleus of an ion to the outermost electron shell is called tonic radius.”
=  The ionic radius 15 a measure of the siz¢ of an jon in a crystal lattice.
+  ltis measured in picometers {pm) or angstroms {ﬁ.}.
Size of cation (Catlonic Radlus)
When a peutral atom loses one or more electrons, it becomes a posilive ion IL‘.—'.IIJ:]I'I.]
The size of cation i smaller than its parent atom due to;
(i} Removal of one ar more eleetrons lrom a neutral etom usoally resulls
in the loss of the outermost shell. ! ,
(ii) Removal of clectrons causes an imbalance in proton-clectron mtio. " g5pm
Duc to the greater attraction of the nuclesr chorge, the remuining  186pm
electrans of the ion ore drawn closer 1o the nucleus. Thus, a positive 1on is always smaller thon the
neutral atom from which it is derived.
Example: Ma {18fpm) —— Na® (95pm) + le”
Size of Anion [(Anionic Radius)
When a neutral atom gains one or more electrons, it becomes a negative ion (anion ).
The size of anion is grealer than its parent alom. This is because the
addition of elcclrons increases clectronic repulsion, as a result the
nuelear pull on electrons decreases and Lthe electron cloud expands.
Example: CL(9opm) + 1 —— CLU (181pm)
Periodic Trend
(a) Across the Period:
When we move across a period from left to right;
(i} The cationic radius decreases due 1o the increasing nuclear eharge which pulls the electrons closer.
(i) The anionic radius also decreases across a period because the increasing nuclear charge also pulis the
electrons closer to the nucleus.

Radil of iso-alectronic ions

lon

Number afl eleelrons

Charge on the +7

nuclens

Radius {pm) 171 140 136 05 6f)
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(b) Down the Group:

13

Both cations and anions increase in size as we move down a group, This is because the principal
quantum number (n) increases, leading 1o an increase in the number of electron shells. Consequently, the
distance between the nucleus and the outermost electrons becomes larger, outweighing the effect of increased
nuclear charge. The additional electron shells make the ions larger.

Ans:

-

u-
152

50 | B¥=m 3y

i

K gy
1

O w520
[

P@H‘

Ma®
95
O}

Mg e

160 mn@.ﬁ!

K .
@1]3 ot
231

Gal

9% 3
157 122

RhS L "
148 11
@

In"@

a1
i6l

Varlation in lonic Redius

Which factors affect atomic and ionic radii?
Factors affecting atomic radius and lonlc radii
(I} Atomic number (i) Effective nuclear charge (il} Shielding effect ofinner electrons
Using your knowledge of Period 3 elements, predict and explain the relative sizes of:
(i) the atomic radii of lithium and fluorine

(ii) a lithium atom and its ion, Li*
(iii) an exygen atem and its ion, 0%"
(iv) a nitride ion, N¥-, and a fluaride ion, F~.
(i} Lithium has a larger atomic radius than fluorine. It is because, across a period, atomic
radius decreases because more protons pull the electrons closer without adding new shells.
(i) The Li* ion is much smaller than a lithium atom. When lithium becomes Li°, it loses an
electran shell. Fewer electrons and more pull from nucleus make the ion smaller,

{iii) The ©* jon is larger than the oxygen atom. The addition of two extra electrons increases
electron-electron repulsion and there is less effective nuclear attractlon per electron, so the
electron cloud spreads cut more, increasing the radius.
{iv) N' is larger than F~. Both are isoelectranic (same number of electrans), but N~ has only
7 protans pulling an 10 electrons, while F~ has 9 pratens pulling an the same number. 5o,
the nuclear attraction is weaker in N, making it larger.

ol

& 1
%

'@

,_
Os

&
3

o

[ZMET3 Describe the factors affecting and periodic trends of lonization energy.
IONIZATION ENERGY

First lonization Energy (AHq)
“The energy required fo remove one electron frem each atem in one mole of gasecous
atoms to form one mole of gaseous 1+ lons is called the first lonization energy (4H:).”

Moy, — Na'y+e

Examples:

ionization energy, more stable will be the atom.

Coyy ——+

Ca'ypyte

*  lvis measured in kJ mol, keal mol ' oreV.
= Moble gases have the highest values of jonization encrgy due to complete outermost shell in them, the

removal of electron is extremely difficoll
*  Alkoh metals hove lowest values of 1onization energy.

AHy = 494 k] mol !
AH, = 590 kJ mol !
*  lonization energy is actually the qualitative measure of the stability of an isolated atom. Greater the

[leV = 96,485 k) mal |
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14 Chapter 1 (Periodic Table and Periodic Properties)
Higher lonization Energles

An element can have severn] ionization energies: the exoet number corresponds Lo its atomic number,
Second lonization Energy (AHg)

If a second electron is removed from cach jon in 8 mole of gaseous |+ jons, it is called 2™ junization
energy, AHz. e Ca'yyy ——rCa¥'ip+e AHa = 1150k] mol !
Third lonization Encrgy (Alls)

If o third electron s removed from each ton in a mole of gascous 2+ ions, it is called 3™ jonization
cnergy, AHs. e.g. Ca*'yy —— Cal'pu+c AHa = 4940k] mol !

Factors Affecting the lonization Energies
The magnitude of the jonization encrgy of an ¢lement depends upon the following factors:
(i} Muclear Charpe [[.I-! o Nuclear I:I:arga
The preater the effective nuclear charge, the stronger the electrostatic foree ol attraction berween the
nucleus and the electrons. As a result, it beecomes more difficult 1o remove an elecron from the aswom.
Therefore, ionization encrgy increases with un increase in effective nuclear charge.
(it) Size of the atom or fon
In bigger atoms, force of attraction between the nucleus and the outermost [ po——
electrons is weaker, Therefore, the ionization encrpy decreases as the size of the atom atomic radius
inereases and vice-versa.
{iii) Electronic arrnngement
It is observed half-filled and completely-filled orbitals are found 1o be more swble. Therefore, the
ionization energy is higher when en electron is to be removed from a fully filled or half-filled-shells.
(a) Noble gases have highest ionization energies in their respective periods. It is due 1o highly stable
fully-filled shells (ns® np),
(b) Oxygen has lower ionization energy than nitrogen. The electronic configuration of oxygen and
nitrogen are:
N = 1s* 2¢% 2p.! 2py' 2p,! AH = 1403 kI mol !
w0 = Is* 2s* 2p 2py' 2p. AHa = 1365 kI mol”!
Although, nitrogen has one unit less positive charge in its nucleus than oxygen, but due to the extra-
stability of the half-filled sub-shell of nitrogen it is difficull to remove an electron from N atom.
(iv) Shiclding Effect
Greater the shiclding, casier it is to remove the valence electrons from an LE « !
atom, Larger the number of inner electrons, greater s the screening effect, therefore, |7 Shiehling effect
lower is the jonization energy.
(v} Spin=Pair Repulsion
When electrons are spin-paired in the same orbital, the repulsion between them ean lead to a slightly
lower jonization encrgy compared to removing an unpaired electran. This 1s becouse the paired electrons
expenence increased repulsion, making it slightly casier to remove one of the paired electrons.
Example: Chromium (Cr) has two spin-paired electrons in its 45 orbital. The jonization energy 1o remove one
of these paired electrons is relatively lower doe 1o the increased repulsion between the paired electrons, In
contrast, Manganese (Mn) has three unpaired electrons in its 4s orbital. Removing one of these unpaired
electrons requires more energy due 1o the absenee of spin-painng repulsion.
24Cr = [Ar] 4d=4z1 (less stable)
23sMn = | Ar| ddsdsi {more stable) ’[

ariation of lonization Enargy in the Pariodic Table

Across the Period: In moving from left to nght across a
period, number of shells remains unchanged while the
cffective nuclear charge increases. Therefore. the ionization
encry mereases from lefl 1o right.

Down the Group: Going down in a group, ionization
energy decreases from top to boltom due to increase in the
gtomic size and shiclding effect. cg. In Group |, the
ionization encrgies decrease in the following order: Abbnle i [13 ,

Li>Na>K>Rb>Cs. Variation in lonlzation Energles Across periods

lentrnrisn smergy
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CQuick Check 1.4

a) Explain with reasoning following facts about lonization energy:
I. 1" ionization energy of Boron is lesser than Beryllium.

ii. 1" lonization energy of Aluminum is lower than Magnresium.

Ans: (i) Beryllium (Be) has a higher 1% ionization energy than boron (B) due to jts stable, completely
filled 25 orbital. On the other hand, [n boron, the valence electran is in the 2p arbital, which is
higher in energy and mare shiefded by inner electrons. This makes it easier lo remove the 2p
electran from boron, resulling in a lower ilonization energy compared to Be
(i} Magnesium (Mg) has a higher 1" ionization energy than aluminum (Al) due to its stable,
completely filled 3s orbital, On the other hand, in aluminum, the valence electron is in the 3p
orhital, which is higher in energy and more shielded by Inner elactrons. This makes it easier to
remove the 3p electron from aluminum, resulting in a lower ionization energy compared o Mg.

b) What trend Is observed in lonization energy as you go down group 37 Give reason

Ans: Down the group, increase in nuclear charge does not affect LE considerably. These are
atomic radii and shielding efiect which Increase down the group and cause decrease In
attraction between nucleus and valence electrons. Therefore, LE decreases as we go down
group 3.

N

m Describe the factors affecting and periodic trends of electron affinity.

ELECTRON AFFINITY

First Electron Affinity (AHC,,)

"The enthelpy change lnvolved when 1 mole of electrons is added to 1 mole of gaseous
atoms to form T mole of gaseous uni-negative lons under stondard conditions s called

first electron affinity, (AH__,.”
Example#l: Cly + e —— CL AT, =-348.8 kJ mal ™

This is amount of energy released when 6.02x10™ atoms of chlorine in the gascous stale are
canverted inta Cl, , ions.

Example#2: Oyt e — D*_kl AL ==142 k] mol !

First Electron Affinity

Oxygen Eleciron Monovalenl oxygen lan
[pavecus sate) lgavecun ehate)

Energy Released, ﬂ.H“, =-141 kJ mel?

s Since, energy is released, so [irst electron afTinity carries negative sign.

s FElectron affinity is the measure of the attraction of the nucleus of an atom for the extra electron.
Units: Its units are kJ mol ™', k cal mol™', electron volt.
Second Electron Affinity (AHZ.)

“The amount of energy required to add electruns to 1 mele of uni-negotive
gaseous ions to form 1 mole of gaseous 2- lons vnder stondord conditions is called

second electron affinity, AH® ear  E-Gr
O, te —— 0, AH, = +84 kI mol ™!
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84 kJ mol™! of energy is absorbed on adding second electron 1o a uni-negative (OF) jon. Since,
energy is absorbed. so second electron allinity carrics postlive sign.

Second Electran Affinity
e e

® }+°—{ @

Monovalent oxygen lon  Electron Oxide
[paseoun atatel [guiwoun slate)

Enargy Absorbed, AHS,, = +844 kJ mol*

Factors affecting Electron Affinity

Important factors afTecting the magnitude of ¢lectron affinity values of elements are as follows:
(i) Size of atom

The smaller the size of an atoin, the greater i1s electron affinity. and vice versa. This is because in
smaller atoms. the nueleus exerts a stronger attraction on the incoming electron.

—————
alomic radius

(§i) Nuclear Charge
Greater the magnitude of nuelear charge of an element swronger is the anraction of its nucleus for the
incoming eleciron. Thus, with the increase in the mapnitude ol nuclear charge, electron afTinity also increases.
[E.A = Nuclear chargy]
(i) Shiclding Effect of inner clectrons
Girealer the shiclding effect, lesser will be the electron alfinity.

1
EAx Shielding efTect

(iv) Electronic Canfiguration of Atom

The electron alfinity is low when the clectron is added to a hall-filled sub-shell than that for partially
filled one. e.g. Electron allinity values of *N° and *P° group-15 (V-A), atoms are very low. This is because of
the presence of half-filled *np” orbitals in their valence shell (N = 257 2p', P = 35? 3p'). These half-filled p-
subshells, being very stable, have very little tendency to accept any extra electron to be added to them.
Variation in the Periodic Table
Across the Period

Generally, electron affinities become more negative as we move from left to right in a period. This is
firstly due 1o increase in the nuelear charge, which attracts additional electrons more strongly and secondly
due to decreasing alomic mdius.
Down the Group

As the atomic size inereases down the group, the larger electron cloud causes the incoming clegtron to
experience less attraction from the nucleus. Consequently, electron affinity generally deereases down the
group. This trend is observed in the halogens (At< 1< Br<F < Cl).

Electron Affinities (kJ mol™"} for Group 1 and Group 17
Groups 17 | EA (kJmal") | Group1 | E.A (kd mol™)

Fluurine =328.0 Lithium —fl.0
Chlorine =349.0 Sodium =530
Bromine =324.0 Potassiam 8.0

Todine -295.0 Rubidium —17.0
Astatine -270,1 Cesinm —46.0
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4
Explain with reasoning following facts about electron affinity:
a) 1" electron affinity of Oxygen Is —141 kJ mol™ but 2" electron affinity is +844.0 kJ mol™\.
Ans: Usually the electronegative elements release energy when first electron is added into
them. But when a secand electron s added in a uni-pegative ion, the incoming electron is
repelled by the already present anion. In order to overcome this repulsion, energy is
absorbed duning the process. Thus, the formation of a di-negative ion is an endothermic

process and its EA. is shown with positive sign,
= a

O +e— O, AH,q = =147 k) mal!

D[_] +E —rﬂf_! .HI.H:aJ_= +844 k) mol!
b) Which of nitrogen and phosphorus has the higher electron affinity? Justify with reason.
Ans: Phosphorus has a higher electron affinity than nitrogen because its larger size makes

it easier 1o accept an extra electron. In nitrogen, the atom is smaller and its electrons are
maore tightly packed, so adding another electron causes repulsion. This makes nitrogen less
willing to gain an extra electron.

Nig + & —— Ny, AH3,, = +7 K mol-!
Pigt + &= — P;g} .-.‘iH:J.I ==72 kl mol-'
c) F has lower electron affinity than Cl although its size is smaller. Explain why?
Ans: Actually, fluorine has very small size (72 pm) and seven electrons in 25 and 2p

subshells have thick electronic cloud. This thick electronic cloud repels the incoming electron.
Thus, fluorine has electron affinity less than that of chlorine.

Fig + 18 — 1:;9‘J AHZ. | = -328 k) mol

Clig + & —— Cly AH,, =-348.8 kJ mol '
dj Why noble gases {group-18} have positive 1" electron affinities? Explain in terms of
electronic configuration.
Ans; MNoble gases have stable ns? np® configuration and hence the atoms of these gases,
do not accept any extra electron. This is evident from their positive 1* electron alfmities.

ELECTRONEGATIVITY

"The power of an atom to ottract shored pair of electrons toward itself in a molecule is
colled electroneqativity.”
& 11 has no unil.
*  Higher clectroncgativity values signify a stronger attraction
for clectrons compared 1o lower values,
Meusurement of clecironegativity/Tauling seale
Linus Pauling, an American chemist, developed a scale of
dimensionless electroncgativity values for elements. According to

Pauling scale; - ]
(i)  Alkali metals have minimum electronegativity (0.8). Linus P““"“F is the only person
(ii) Halogens have maximum values (F=4.0). to have reccived wo unshared

(iil) Normally, metals being on the lefi side of the periodic table, | Nobel Prizes, one for chemistry
possess lower electronegativity values than those of non-metals. | ™0 1954 for his work on the nature
(iv) Metals are electropositive and non-metals are electronegative, | ©f chemical bond {‘"d one f‘"
relatively. peace in 1962 for his opposition
Factors Affecting Electronegativity to weapons of mass destruction.
(i} Atomic sire
A larger atomic size will result in a lower value of electronegativity. This is because electrons being
far away from the nucleus will experience a weaker lorce of attraction.
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(ii) EfTective nuclear Charge
A higher value of the effective nuelear charge will result in a greater value of electronegativity,
because an increase in nuclear charge causes greater attraction to the bonded clectrons. This is why the

electronepativity in a period increases from left to Aght.

Acrass the period
When we move from left 1o right along the period, the electronepativity increases, This s due to;
(i} Increase in nuclear charge (ii) Decrease in atomic size
The electronegativity of Li in period 2 is 1.0 and F has a value of 4.0.

Down the Group
Electronepativity decreases down the group due 1o:
{i) Increase in atomic size due to addition of shells {ii) Increase in shiclding effect

e.g., the elecironegativities of halogens in group 17 are inthe order: F>Cl>Be> |

Eloctrome pativity

1.0 15 L0 15 a0 3.5 4.0

Mo Mg Al i r 5 Ci
a9 1.2 1.5 LE zl 15 a0

-

[ Ca Br =

0.8 1.0 i8 A
Bh &r 1 g é

0.8 1.0 25 e
] (=

Variatlen of electronegativity In groups and pericds
METALLIC AND NON-METALLIC CHARACTER

Metalllc Character

"The tendency of an element to lose electron and form a positive lon Is called metallic

chaoracter.”

«  Elements on the lefi side of the periodic table have a greater tendency 1o lose their outermost elecirons

to achieve noble gos configuration. Therefore, these elements are metals that Torm positive ions,

The metallic character of an element largely depends on iis valence shell electronie conliguration.

The increase in metallic chamcter {ease of lesing electron) makes the element mere reactive. e.g

Among alkali metals, cesium s far more reactive and electropositive than sodium or lithivm,
Non-Metallic Character

“The tendency af an element to gain electren and form a negative ion is called non-

metallic character.”

Elements on the right side of the periedic table have a greater tendency to gain their outermost
clectrons to achieve noble gas configuration. Therefore, these clemenis are nop-metals that form negative
1ans.

Periodic Trend in Metallic Character
Across the period:

Metallic churacter decreases across a peried from left to right due 1o an increase in nuclear chorge and a
decrease in slomic radius. As a result, the atiraciion between the nucleus and the valence electrons increases,
making it more difficult for the atom to lose electrons.

Down the Groop: Metallic character increases as we move down a group i the periodie table due to the
increase in atomic size and the shiclding effect. These factors reduce the nuclear aliraction on the valence

electrons, making it easier for the atom 1o lose electrons.
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Trends In various physical properies In the parlodic table

Quick Check 1.6

Hlustrate how does the metallic character vary in group 147

Ans:  Metallic character increases down Group 14 due to the jncrease in atamic size and the

shielding effect. As a result, carbon (C) is a nonmetal, silicon (%) and germanium (Ge} are
metalloids, while tin (%n) and lead {Pb) are metals,
Identify semi metals in groups 14, 15 and 16. Why they are semi metals?

Ans:  Ingroups 14, 15 and 16, the semi-metals are:

(i) Group 14: silicon (5i) and germanium (Ge)

(ii) Group 15: arsenic (As) and antimony (Sb)

(iii) Group 16: tellurium (Te} and polonium (Po)

Semi-metals are elements that exhibil properties inlermediate between those of metals and

non-metals,
Exams Short Answer Quastions

Why the atomic radivs decreases from lefl o the mebn wihin a period and increases fram top 1o bottom
down the proup? Q. Why the size of catlon is always smaller than ils parent atam? Give example also.
Why the ionic radii ol negative jons are laorger than the size of their parent atoms? / Why the size ol anjon is
grenter than its parent atom? Give example. / ). Define shielding effect.

Drefine ionization encrgy. Give its trend across a period and down a group. /

Define ionization coergy with an example.

What is the role of shielding effect on lonlzation enerpy?

Why does the jonization enerpy decrese down the group and increases alimg o peripd?

lonization energy af AL s greater than My Give the reason.

Why second, 1. value is nlways greater than first LE value?

Give varintions of electnon affinity down the group and across the period.

Why the secord value of clectvon affinity of an elemen is usuntly shown with a positive sign? /

Why 1® electrons alTinity is negative and 2™ i8 positive sipn’?
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Write equations for the reactlons of Na and Mg with oxygen, chiorine, and water.
Compare the reactivity of both elements with these In terms of metalllc character.

REACTIONS OF SODIUM AND MAGNESIUM
(I} Reactions with Water
Reaction of Sodium with Water:

Sodium is more reactive than magnesium towards water. Na reacts
vigorously with water 1o form sedium hydroxide and hydrogen. The reaction is
highly exothermic and sometimes hydrogen gas catches fire,

2May.y + 2H00 —— 2Na0 + Hag
Reaction of Magnesiom with Waier:

Mg reacis with water more slowly than Ne and forms magnesium
hydroxide and hydrogen. However, magnesium reacts with steam more
vigorously to make magnesium oxide and hydrogen gas.

Mgr_.l + 2H:0py ——» Mg{ﬂ”}yq: - l'l,}up

T'l'lgln + EHJ'DU: BE— MEDI'I + H:'ll ;
{ii) Reactions with Oxygen Magnesium  powder
Reaction of Sodium with Oxygen: bums very mpidly

Sodium bums in oxygen with a golden yellow Mlame o produce a white | b an intense white
solid mixture of sodium oxide and sodium peroxide. Sodium is kept under | poe This has led to
kerosene oil to prevent its reaction with air. its use in Rreworks

*  Na reacts vigoroosly with oxygen m open air 1o form peroxide. and 5.0.5. lares,
ENIHH * G:lp ' ENII.! K
»  Under special conditions like limited O or high iemperature, sodium oxide is formed.
ANny + Oy — 2Ny,
Reaction of Magnesiom with Oxypen;
Magnesium bums in oxygen with an intense white flame to give white solid magnesium oxide.
1""1];’51] + Oy ——2MgOyy
(ili} Reactions with Chlorine
Chilorine reacts with both metals 1o give soluble salis.
Reaction of Sodium with Chlerine:

Chlorine reacts exothermically with sodium, polden yellow flame is seen and white solid. sodium
chiloride is formed. 2Ny # Clayyy ——» 2NaCly,y
Reaction of Magnesium with Chlorine:

Magnesium reacts with chlorine to give white solid, magnesium chloride.

Mg+ Clyy, » MaCla

(

(a) What is the nature of oxides and hydroxides of Na and Mg?

Ans:  The oxides and hydroxides of sodium [Na} and magnesium {Mg) are basic in nature.

e Sodium forms strongly basic compounds |lke sodium oxide {MNa;0) and sodium hydroxide
(NaOH), both of which readily dissolve in water 1o produce highly alkaline solutions.

+ Magnesium forms weakly basic compounds such as magnesium exide (MgQ) and magnesium
hydroxide (Mg(OH).), which are only siightly soluble in water and produce weakly alkaline
solutions.

{b) What could you predict about the reactivity of Ca, a group 2 element. when reacted with
water and oxygen?

Ans: Reaction of Ca with Water: Calcium reacts with water to produce calcium hydroxide and
hydrogen gas. This reaction Is relatively slow and a white precipitate of calcdium hydroxide is
formed. CE“; + EH;G.M — CH{DH}N.N + H;|g|
Reaction of Ca with Oxygen:

Calcium reacts with oxygen to form calcium oxide (Ca0), also known as quicklime.
2Ca W D..'Jul ¥ El'.'aﬂm

2
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rands in Bonding in Oxides of Paeriod 3
As we move from left 10 nght across Period 3, the electronegativity of elements increases, which
leads o a decrease in the wonic charpeter and an increase in the covalent character of their oxides.
(iy Oaxides of Groups 1, 2, and 3 are more ionic in noture. These oxides form giant ionic lattices wilh
strong clectrostatic forces between oppositely charged jons. Examples include No:O and MgO.
(il  Oxides of Groups 4, §, 6, and 7 are more covalent. These exist as molecular eovalent compounds with
relatively weak intermolecular forces. Examples include 50: and Cl:0h.
Cxides of Period 3

DF"‘I‘;III::::' Na:0 MgO ALy S8i0: Pallin 50 iy

Bonding lonic lonic ._P“m:" Covalent | Covalent | Covalemt | Covalemt
Covalent

Structura Gianl lonie | Giant lonic Gm."i Giant Muobeeular | Maleculir | Molecular
tonmie Covalent

rends in Bonding in Chlorides of Period 3

As we move lrom lell to nght across Period 3, the covalent charncter in chlorides increases due 1o
decrease in difference of electronegativily between the halogen and the other atom.
(1) Chlarides of Groups 1, 2, and 3 are predominmely ionic. e.g., NaCl ere.
{it) Chlorides of Groups 4, 5, 6 and 7 are covalent e.e,, CCls, PCls, 5.0 ele.

Chlorides of Pariod 3 MNaCl Mp(ls AlCT SiCl. PCls 85-Cl-
Bonding lome lonic Covalem | Covalent | Covalent | Covalent
Structure Giant fonic | Giamt fonic | Polvmerie | Molecular | Molecular | Molecular

[EXXER Explain with the help of equations acidic and basic behavior of oxides and chlorides.

“Binary compounds farmed By the reaction of oxygen with other elements are called oxides.”

Cixides have guite unusual properties & there is an extensive and varied chemistry of these compounds.
Crices can b claselc o 1 bais GF:

(A) Nature of bonding (B) Oxidation state of oxygen (C) Acidic and basie characler

{A) On the basis of oxidation state of oxygen
Oxida Oxidation State of Oxygen Examples

Normal oxide =2 iz, Mg, Zn0, ALO,, CLO;
Peroxide -1 [0, Naa()s, o),

Super oxide -2 EQ:, RhiDs. Cs0s

Sub oxjde _— 30 (Average 0.5 of Carbon = 4/3)
Oronide =1/3 KO

(B) On the basis of acidic or basic character
On this basis there are following three types of oxides;
{I) Basic oxides
“An oxide that when combined with woter gives off an olkoli is called basic axide.”
«  Metals of group | and 2 (except Be) form basie oxides when react with oxyren.
*  These oxides are vsunlly ionic in nature.
+  Onadding in water: they give basic solutions. e.g. Na:0O, MgQO, CaQ, BaO ete.
Na:0u + H:0p —— ZRa0l iy
Calyy + H2Opy—— Cill.D”]:lm
s Group 2 hydroxides solubility increases down the group so alkalinily also increases down the group.
{ii) Amphoteric oxides
“Amphoteric oxides ore oxides thot con reoct with both ocids and boses.”™
They have the ability to behave as cither an acid or a base, depending on the conditions,
s They behave as bases when react with strong acids and behave as ucids with strong bases.
*  The |ess electropositive elements (Be, Al, Zn, Ga, In) form amphoteric oxides. e.a. BeO, Al:Oy, Zn0,
Bi:0; ete.
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Aluminum oxide (Al:(s) 15 insoluble in water bul reagts with hydrochlene acid to form alumimum chionide
and water, and with sodium hydroxide to form sodiom aluminate and waler.

AlOy, + 6HC » 2AIC Ly + 3HOy

Al:O3. + INaOH g —— Na:AlLOy + HaOy,

{ill} Acidic oxides
“An oxide that when combined with waoter gives off an acid Is called an acidic oxide.”
+  Non-metals (C, N, O, P etc.) react with oxygen to form acidic oxides which are held together by
covalent bonds,
*  On adding in walter, they give acidic solutions, e.g. COz, PiOw, SOy, CLOsete.
P20 + HaOQy ———  HiPOyiagy
S0y + H00 — ”:5{.'5[;.“
Silicon dinxide {Si0;:) is acidic oxide as il can react with hases.
s Reactions of theses oxides with bases are given below:
810y + 2NaOHug ——+ NasSiQsaq + H20y,
[0y, + 6Na0I I,."—! JNHJI'UHW. + 3H00,
50+ INaOH,uy — Na:30y.,, + H:Q,)
“Binary compounds of chlorine with other elements ore colled chlorides.”

These chlorides show charactenstic behavior when we add them into water, resuliing in solutions that
can be acidic or neutral.

lassification of Chlarides

{I) Neutral Chlorides:
“The chioride that, when dissolved (n waler, produce a neutral solution with a pH close
to 7 are called neutral chlarides.”
s Al the start of period 3, chlordes of sodium and magnesium do not react with water. The solutions
formicd contiin the positive mietal ions and negative chlonde ions surrounded by water molecules.
s These 1ons are now known as hydrated ions and this process is known as hydration.

Examples: NaCljy———+ Nn;qr + II'_‘II';_ill (pH=7)
MeClyy—— M‘l:_l';:“-i- 2CL, (pH=6.5)
Group | and group 2 chlorides are also neutral with few exceptions.
{ii) Acidic Chlorides:

“The chiorides that, when dissolved in water, produce on ecidic solution fwith a pH less
than 7) due to hydrolysis, are called acidic chlorides.™
Il we move in period 3, from aluminum to sulphur all chlorides undergo hydrolysis w make acidic solution.
Hydrolysis of AICDy:
When AICH is added to water. it dissoeiates into aluminum ions and chloride tons. Al** ion is hydrolyzed
to produce H* jons. This lurns the solution acidic.
AlChny + 3H:00 ———» A(OH )y + 3HCLyy,
Hydralysis of SiCL and PCla:
SiC Ly + 2H:0y —— SiOy.) +4HCli
PCly + 3H00 ——— H:POs, + IHC Ly,

{a) Zn0 reacts with HC to give ZnCl; and with NaOH to give Na:Zn0;. Give equations and also

predict the type of this oxide?

Ans  ZnD + HCl —— ZnCl; + H;0
Znl + ZMaDH —» MaZnQ: + H;0
Zinc oxide (Zn0) behaves as a base when it reacts with a strong acid like HCL and as an acid when
it reacts with a strong base like NaOH. Therefare, Zn0 is classified as an amphoteric oxide.

{b) Why AICI; is an acidic hallde, but NaCl not?

Ans: Al is an acidic halide because i reacts with water 10 produce H™ ions due o its covalent nature
and acts as a Lewis acid. In cantrast, NaCl is ionic and neutral in water, so it does not show acidic
behaviar.

rF.
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ri.'cl Predict whether the chlorides PCls, NCly would be acidic or basic, give reasan.

Ans:  PCly can act as a Lewis acid because it has an empty d orbital that can accept an electron pair from
a Lewis base. NCly, on the other hand, can act as 3 Lewis base because the lone pair on nitrogen
can be donated to a Lewis acid.

(d} Would $0; and P;0; react with HCl and H;50; or with NaOH?

Ans:  50; and P,0; are acidic oxides, so they do nat react with acicls like HCE or H,50,.

Instead, they react with bases like NaQOH to form salts:
S0, + 2NaOH — Na,50, + H,0
L P05 + BNaOH = 2Na,PO, + 3H;0

OXIDATION NUMBER

"The formaol charge on an atom in a molecule or ion is colled the oxidation number of
that atom.”

« [1 may be zero, pusitive, negative or in fraction.

= The oxidation number is also refemed 1o as the oxidation state.

Oxidation Number and Nature of Specles

+ In ionic compounds, the oxidation number of an atom is the charge which appears on the, jons. In
sudium chloride oxidation state of Nu is +1 and chlorine 15 - | e Na', CcL®,

* In covalent compounds, it is decided on the basis of difference in their relative electronegativities.
c.g. SnCh is a covalent compound in which oxidation state of Sn is +4 and of CL is =1. Similarly,

oxidation states of oxygen are H:0, OF:.
« In free (Native) state; (CLs, Bre, 02, H: etc.) oxidation state of clements is zer.
Oxidatlon Numbers in Oxides and Chlorides of 3« Pariod elements

s  The oxidation number of an element of 3% Period in its oxide and chlorides corresponds 1o the
number of electrons used for bonding.

o It is always positive because oxyeen and chlorine are more electronegative than any ol Lhese
clements.

«  The oxidation number matches the proup number, reflecting the total number of valenee electrons.

* Phosphorus and sulfur exhibit several oxidation numbers because they can expand their octet by
exciling electrons into empty 3d orbitals. e.g. In S02, sulfur has an oxidation number of +4 because
only four electrons are used for bonding, while in SOy, sulfur has an oxidation number of +6 because
all six electrons are used for bonding.

(i) looxides, the oxidation number increases fram +1 in Na lo +6 in S.

[ Period 3 Flements Na Mg Al 5i P 5 5
Oxides NagO | MeO | ALO; | SiO | PO/ POy | 50; | 50,
Oxidation Numher =] +2 +3 +4 +5/43 +4 +6
(ii) lochlorides. the exidation number increases from +1 in Na to45in P
PPerind 3 Elements Ma Mgz Al i P P 5
Chlorides WNaCl | MpCl: | AICL | 5iCL | PCL | PCls | SCI
Oxidation Nomber +1 +2 +} +d +1 +5 +2
Quick Check 1.9

(a) Calculate the oxidation number of Sulphur in 50z and 50;.

Ans: Dxidation Number of Sulphur in 50; | Oxidation Number of Sulphurin 50;
ONofO=-2 ONofO=-2
ONofs =7 DNofsS=7
{ONofS5)+2(ONofO)=0 (OMNofS) + 3{OMNefQ)=0
OMNofS+2(-2)=0 ONofS+«3{-2)=0
OMNofS=-4=0 ONgofS-6=0
ONof5=+4 OMof5=+6

CamScanner


https://v3.camscanner.com/user/download

24 Chapter 1 (Periodic Table and Periodic Properties)

(b} Why some p block elements show variable exidation state?

Ans:  Some p-block elements exhibit variable oxidation states because they can expand their octet
by promoting electrans into empty d-orbitalse. For example, In 50, sulfur has an oxidation
stale of +4, as it forms bonds using four of its valence eléctrans. In 504 sulfur has an exidation
state of +6, as all six valence electrons are involved in bonding.

Exams Short Answar Quastions

2. Whai is the dilference between oeidic and baste ogides? Give one example of each,

). What are amphoteric oxides? Give one examgple,

). Name different classes of oxides nnd mention trend of oxides across the period?

Q. Althouph bod sodium und phospliorous are present in the shme period ol the perlodie table
yel their oxides dre dilferent in nolure, Nu=0 s basie while ;04 is aeidie in choracter.

0. Why the metals ure good conductors?

Q. Why Na20 is basic while 504 is acidic in nature.

LIJ. Why the basicity of 1IA group metal oxides increase on descending a group of periodic 1able?
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B MULTIPLE CHOICE QUESTIONS [

EXERCISE MCQs

(iy Which scientist Tirst time observed  the
perindicity in the clements?
(2) 1. Newlands (b) L. Meyer
(c) .W. Doberciner {d) . I. Mendeleey
(ii) Recopnize the clement IF it has 3 eleciron
shells, belonps 1o 5™ block nnd has 2
electrons in its outer most shell,
() Calciwm {b) Sudiam
(¢) Magnesium {d) Potassimm
(iii)Which one do you think is correct about
metfallic character?
(2) It decreases [rom Lop o botlom in a group.
(b) It increases from lop 1o bellom in o group.
(&) It remains constam from def te right in a period.
(d) It increases from lelt to right in a penod.
(iv) Which property increases as you go down a
group in the periodic table?
(1) Atomie radius (b) Electran Allinity
(¢) Electroncgativily {d) lonization energy
(¥v] Which set of the following conditions resulls
in hipher jonizativn encrgy?
{a) Smaller atom and greater nuclear charge.
(b) Smaller atom and smaller nuelear charge
(¢) larger atom and greater nuelear charge
(d) larger atom and the smaller nuelear charge
{vi} Which of the Jollowing atoms show more than
one (variable) oxidation states?
(a) Sedivm {b) Magraesinm
(c) Aluminum {d) Phosphorous

(vii) Which is the correct pencral tremd in the
varintion of clectron afMinity in a group?

(1) It becomes less nepative lrom p to boltom.
(B} 1t becomes more negative Toom lop W bottom.

() Wt rernains the same.

(d) It has no definite trend ond chonpes
irregularly.

(viii)What is the oxidation state of sullur in the
sulfate ion (SO;7),

{a)+ 4 (b)+2
{c)+6 (d) 0 _

(ix) Which is the correct trend in variation of
electlronegativity along a  period of the
perindic table?

(1) It decreases from lefi o nght ucross a peried.
{b) It increases from left o right across a period.
() It rernains consiand,
{3 It has ne definite trend
(x) The alomic radius generally ACTOss A
perind in the periodic tahle,
{2} Increases
() Decreases
{¢) Remains constant
{d} First mereases then decreases
Which one of the following elements has the
highest ionization cnerpy?
(1) Sodium (Na) (b} Magnesium (Mg}
(¢) Aluminum (Al)  (d) Argon (Ar)

(xi}

ADDITIONAL PRACTICE MCQs

1. Maximum cleciron affinily values of N are:

(A} ] {H) 2
()3 (D) None
2. The oxides af elcctropositive clements are:
(A} Acidic {B) Basic
(C) Amphoteric (D) Meutral

3. Which of the following elements form
polymeric halides?

(A) Be {B) Ga

(Cy Al (D3 All of these
4. Fincoxide is;

(A} hasic {B) Amphoteric

(C) Acidic {2} Newtral

5. The elements of group 11-A are called:
(A Alkali metals
(B} Alkaline carth metals
() Coinuge metals
(D) Metalloids

6. In modern periodic 1able, the elements are
arranged in the ascending order of:
(A) Atomic mnsses (B} Valeney
(C) Valenee electrons (D) Atomic number
7. Memorahle contributions in the classification of
clements were mude by
{A) Al-Rar (3) Dobereiner
() Mewlonds (D} All of them
8. The longest period in the periodic table is:
{A)Tth (B) 6™
(C) 5th (D) 4"
D). [-block clements are also called:
{A) Non-typical transition elemenis
(B) Quter mnsition elemenis
(<) Inner transition elements
(D] Mormal tansition elements
10, The number of elements in fourth period of
periodic table is:
(A) 32
(C) 10

(B} I
(D &
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11. Hydrogen can be placed with the elements of
group 1V A because both:
(A} Act as strong oxidizing agent
(B} Act as sirong reducing apent
(C) Possess the property of catenation
(D} Form neutral oxides

1L Most of the clements are:
(A} Crystalloads {B) Metals
(C) Metalloids (D) Non-metals

13. The decrease in atomic sizes is not much
prominent across rows containing elemenis
of:
(A} s-Block (B) p-Block
(C) d-Block (D) f-Block

14. Elements of the periodic table are classified
inta blocks:

(A) Four {B) Three
(CYFive (D} Six

15. How many clements are present in 5™ period
of the periodic table?
(A)32 (B &
(CY1E8 (1) 28

16. Which of the foltowing oxide is different in
nature?
(A) MgO {B) BeO
()50 (D) CaO

17. Beth hydrogen and alkali metals have:
(A} One ¢lectron In valence shell
(B) Valence shell is completely filled
(C) Lack one electron in valence shell
(D} Valence shell is partially filled
18. Lithium and beryllium in 2™ period resemble
in properties with:

(AYCa & Be {(B) Mg & Al
(C) Oy, Ha {D) Na & O:

19. Non-metallic character is tendency to
electron,
(A} Gain {B) Losc
(Claand b {D) None of these

20. The inner transition elements of 7" period are
called:
(AY Lanthomides (B) Actimdes
(C) Rare carlh ¢lemenis (D) Bothb & ¢

21. Which of the following sets of elements are
metalloids?

(AJC &S {H) As & Sh
(C)Mg & Na (DY Hothaand b
22. From which we can remove c¢lectron casily?
(A} Cesium {B) Lithium
(Cy Aluminum {D) Muagnesium
23. Which of the following order is correct for the
first ionization energics of following clements?
(AJB<Be<N=<=0 (BRI B<Be<O<N
(CyBe<B<N=0 (MB=0<RBe<N

24.

5.

26

27,

8.

29,

30.

3l.

31

33.

34,

Which of the following species has the highest
ionization potentinl?

(A)Li" {B) Al'

(Cy My~ (D} Ne

For which ¢lement is the gaining of an electron
muosl exolthermic?

(A) Li (BN

CYF (DyB

Which property decreases as you move down 4

column in the periodic table?
(A) atomie size | B} isnization energy
{C) metallic character (D) nuclear charge

The sutermost conliguration of mosl
clectronegative clement is:

(A) ns® np’ (3 ns® np®
(C) ns” np' (D) ns?
Which of following will show maximum
penetration effect?

(A} 4f (B)4d
(C)dp (D} 4s

The first four innization encrgies of an clement
Z are 738, 1451, 7730 and 10541 k] mol.
Which one of lollowing ions is most likely 1o be
formed when Z reacts with Muorine?

(A) 2+ By "
(Cy " D)2
Magnitude of ionization energy depends upon:

(A) number of positive charges

(B) shiclding effiet increases

(C} spin pair repulsion

(D) All of the ubove

lonization energy between last element of one
period and first clement of next period
receives a rapid:

(A) increase (13} decrease

(C) constancy (D} newtral

Force of attraction between nucleus and
clectrons increases across periods because:
{A) nuclear charge increases

B} disiance remaiins constant

(C) shielding effeet almost constant

(DY All of the above

Electrons always reside in certain energy level
outside:

(A nueleus (B) axis

(C) zone (D) lobe

Which of the follawing would have the lowest
first ionization energies?

(A) Alkali metals

(B} Transition melals

(C) Halogens

(D) Alkaline Earth metals
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35. Which equation correctly represents the first
ionization of aluminum?
(A) Al — Al +¢
(B) Aly + ¢ — Al
(CY AL — Aln+ ¢
(D) Al —> Al +e

36. Which of the following atoms would have the
largest second lonization enerpy?
(A) Mg B a
(€)S (D) Na

37. Removing an eleciron from sndium is an
process &nd nidding an electron to chloring is
an process:
(A} Endothermie, exothermic

(B} Exothermie, endothermic

1<) Endothermic., endothenmie
(D) Exothermic, exothermic
J38. When atomic radius increases electron
alfinily:
(A} decroases (B) increases
[C) renuting constant (D} unprediclable
39. For clectron affinity of halogens, which of the
following is correct?

(Al Br<I (BYF=Cl
(C) Br>Cl (D) F>1
40. The ionization energy is to the size
of un atom.
(A) dircetly proportional  (B) equal 1o
(C} mversely proportional (D) independent

ANSWERS TO MULTIPLE CHOICE QUESTIONS
Hints and Explanations

EXERCISE MCQs

Gilom  Wewlmds was the first to recopmize and propase
periedicity clenrly and systematically

i) e pMp= 1524 2p* 357

fiii}. b Metallic chameler increases down the group due
o mereasing afomic stze amd decroasing
inmiEniion cnergy.

fivl.n  Atomic size invreases due to the addition of new
electron shells.

(v)-a A srall atem with a high nuelear eharpe holds
clectrons tightly, requiring more cnergy 1o
remove an electron,

{vijp d  Phospherus can show muliiples oxidation staes: -

3, 43, +5, vic.

ADDITIONAL PRACTICE MCQs

(1.1 Blectron affinity of Nitrogen i3 -7klfmal, Which
is very small because of its sioble electronic
configuration?

(2). B Electroposilive clements are metals (Ma, Li, K)
and metals form basic oxides.

(3). 1 BeCl: AICH, GaCl; are polymeric halides.

{4). B Reocts as acid with base and rencis as bise with
aiil.

Zn0) + H:804 — ZnS0, + H0
(£nC ns o base)
FnO+2NaOH+ 20— Nao[ZnfO0 1]
(Zn0 az an scid)

(5)- B (I) They give alkalies in water.

(i) Exist abundanily on eurth erust in form of
carbonates apd silicates.

(6). ¥  In moddern periedic tnble the base of ammangement
is number of protons in nucleus (atomic number),

(7). All these have comribution in classifying
elements.

(K). B Ithas 32 clements and is a longest period,

(). C  Inthese elements, three outermost shells are not

completely filled, The last electron in them enters
in the (n - 29 subshells.

(10). B Fourth period is called long period.

(vl a  As atomie size increases down a group, atoms
atraet electrons less strongly, resulting in o less
exothermie (less negative) electron aftinity.

Let oxidution state of 5= x,

Oxygen =-2, and there are 4 O atoms:

At -y~ sx-E=-0—=x=+b

(viti). €

(ix). b Effective nuclear churpe incresses, attracling
bonding clectrons more stranply.

(x). b Asx we move seross a period, eleetrons are added
1o the same shell while nuclear charge increases,
pulling ¢lectrons closer,

(xi).d  Argon 15 a noble fut with o Tull auter shell,
muk:'lrig it very siahle, ”JIH:h enerry 18 meguired to
remove an cloctron,

{11).B H;+CuD — Cu+ ;0
C o+ SalDy—C0; + 5a

(12). B Ouwt of 118 clemenis, aboui BY elements are
melals,

(13). C Due 1o diffised d sub - shell.

(14). A (i} s-block (i) p-block (iit) d-block {iv) Fblock

(15). C 5™ pm‘fu-l.f i% alsw called long period.

(I6). B He)is omphotenie in nature,

BeO + ;50— DeS0; + HAO
B + 2MuH —— NaBe(d; +Ha0

(IT) A Valenee shell electronic configuration of
H=1s" & | Na=1s"2¢2p" 35!

(14).B LI & Be resemble in properties with Mz & Al
respectively due 1o diagonu] relationship.

(19). A Greater the temdency of non-metals 1o gain
electron, greater is the non-metallic charmeter.

(20). D Actinides are elements of 7% period which are
rarc carth clements.

(21 B Metallie chameter inereases down the group, N & P

ane non - metals. As & Sboore metallowd & Bi is
mietal.
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(22). A

(23). B

(24). A

(25).C

(26). B

(27)- A

(Z8). 0

(29). A

(30). D

(31). B

It 15 easy 1o remove an electron from cesium due
to its large size.
These elements belong to same pened (2) of
periodic  tahle.  Adloms  with  hal-filled  and
completely filled orbitals in the outer shell are
more  stable and possess  higher  jomzation
energics. s-orhilely bove greater. penctration
power than p-orbials, Hence the removal of
electrons from s-orbitls requires more energy.
Boron, B is smaller than beryllium, Be atom,
Hence, we expect increase in jonization cnergy
from Be to B.
However, Be atom has greater Janization CNCIgyY
thun B atom. It is due 1o stable 2¢* configuration
and the presence of valence clectron in the s-
orbitnl, Remwval of electron from  s-orbital
requires more epergy than from p-orbital as
stnted above.
2'2p' confipuration is more steble  than
2"2p'due to half-filled p-sublevel, Hence
nitrogen, M otom has preater fonizetion encrpy
than oxygen, O atam.
Li* has 1s® configuration, which is the
confligurntion of He atom. Hence it should
possess highest IP valoe,
Fluoring (F) has the highest electron afMfinity
among the piven elements. This meuns it
releases the most energy when il goins an
electron, making the process highly exathermie
I.E docreases down the group [column) due to
incrense in plomic rodivs and shiclding effect,
Halogems (VIL A} are most  electroncgative
elements having ns*np? outermost configuration.
Closer 1o orbital o a nucleus, more will be its
penctration effect. Order of penelration effeel is;
45> dp > 4d > 4r
A huge gap between 2™ and 3™ LE values shows
that it exists usually as 7.
Magnitude of ionizalion cnergy depends upon
MNumber of positive charges Shiclding effect
inereases Spin pair repulsion.
LE of Ne (Last element of period 2) = 2081 ki mal '

(32). A

(33} A

(34). A

(35). 0

(36). D

(37). A

(38). A

(39). Dy

(40). C

LE ol Ma (First element of penod 3) =496k mol !
As we more wcross the period, muclear charge
increases while atomic mdius decroases. This
inerease force of sitmction between nueleus and
clectrons,
Electrons are located in cmergy levels or shells
that surrourd the nucleus of an mtom. These
encrgy fevels are fixed und quantized. ool
random or found m 2ones, lobes, or axes.
Alkali metals have one loosely held electron in
their outer shell, making them the casiest to
ionize. Their low effective nuclear charge and
I.ul'gc atomic si2¢ menn they give up their outer
electron cusily,
Mecessary canditions for LE;
(i) Isolaied goseous nicm
{il) Loss of valence eleciron
(i) Formotion of cation
Wa loses its one electron in vialence shell to have
stable electronic configuration.

Na'l = 15 262 2p*
Mow it becomes difficult 10 remove one mone
electron (2™ LE) from Na'l,
Ny — Nag) + I LE = +496 kI mol!
Clg+ 12— C1), E-A =344 kI mo!
Removing en electron (LE) 15 an endothermic
(+ive} while adding an electron (ELA) is an
exothermic (-ive),
With the increase mn atomic mds, the force of
atraction between valence electrons and  the
nucleus decreases, As a result, the clectron
affnitics usually decrease.
Fluerine has the highes electron otTinity smong
the halogens. As we move down the group from
F ta 1. the atomic size increases, and the
incoming eléctron is less strongly atmcied, so
the eleetron aflinity decrenses.

LE = alirmic radms
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[B/:: SHORT ANSWER QUESTIONS : [

EXERCISE SHORT ANSWER QUESTIONS
Q.2a. Whal Is 1" lonization energy? Give an example.
Ans: 1" lonizatlion Enargy (AHn)
The energy required 1o remove one ¢lectron from cach atom in ene mole of gascous aloms to
form one mole of gascous positive jons is called the first lonization encrgy (Ally),

Example: Nagy —— Nag+e Aty =494 k) mol !
Q.2b, Explain why sulphur has a lower {irst ionlzation enargy than phosphorus,
Ans: Sulphur has a slighily lower first tontzation energy than phosphorus because of the presence

of paired electrons in its 3p orbitals, which increases eleciron-electron repulsion and makes it easier o
remove an clectron.. In conirast, phosphorus has holf-filled 3p orbitals, which are relatively mare
slable due 1o exchange energy, thereby requinng more energy to remove an clectron.

S ¥ S F o Ay = 999.6 kI mol !
Py— Fig+e AH, = 1012 kI mol
Q.2¢. Why the elaments in Group 13 to 17 aro called p-block elements?
Ans: The elements of group |13 to proup 17 arc known as p-block clements as their valence

clectrons are present in p-subshell. c.g. 7Cl=1¢%, 2%, 2p®, 35°, 3p*

Q.2d. What are the factors that affect electronegativily?

Ans: Faclors affecting Electronagativity
(i) Atomic size: A larger atomic size will result in a lower value of clectronegativity. This is because
clectrons being far away from the nucleus will expenience a weaker force of atiraction.
{ii} Effective nuclear Churge: A higher value of the cffective nuclear charge will result in & greater
value of clectronegativity, because an increase in nuclear charge coauses greater nttruction to the
bonded electrons. This is why the electronegativity in a period increases from lefi 1o Aght.

Q.2e. Whal factors are responsible far the increasing reactlvity of alkall metals as you move
down the group?

Ans: The reactivity of alkali metals increases as we move down the group due to the following reasons:
(1) Incrense in alomic st
{ii} Decrease in ionization energy

Q.2f. Why soma of the elements show variahle oxidation numbers while others do not?

Ans: Some elements exhibit variable oxidation numbers by utilizing empty d-erbitals lo
accommodale additionnl electrons after promoting outer-shell electrons, As a resull, they can forin
more bonds than sllewed by the octet nile, leading to vanable oxidation numbers.

I:I.Eg. ldantify the element which is in period 5 and group 157

Ans: Since the element belongs 1o group 15 of periedic able so it has 5 volence electrons; and it is
lound in period 5 so il has five shells around s nucleus. It means that the 5 valence electrons are in
the 5™ shell. The configuration will be:

uSh = 17, 2s%, 2p", 357, 3p®, 457, 3dY, 4p", 557, 4d", 5p

Q.2h. Why oxldas of sodium and magnesium are more ionic than the oxides of nitrogen and

phosphorous?

Ans: Sodium and mognesium oxides are more fonic because of the large electroncgunvity
differcnce between the metals and oxygen. In contmst, mitrogen ond phosphorus have higher
electronegativities, so their oxides are more eovalent in nature und exhibit weaker jonie character.

Q.2i. Give reason for the different chemical reactlvities of Na and Mg toward oxygen and
chlarine.

Ans: Sodium (Na) and magnesium (Mg) exhibit different reactivities toward oxygen and chlorine
due 1o differences in their electronic configurations and ionization energies. Sodium has one valence
electron and a lower jonization energy, making it more reactive than magnesivm, which has twe
vilence electrons and a comparatively higher ionization encray,
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Q.2]. Why tha lonization eneray of lithium is much lower than that of helium despite the fact
that the nuclear charge of lithlum is +3 and that of helium Is +27

Ans: The ionization energy of lithium is lower than helitun because Tithium's outermost electron is
in the second shell (2s). farther from the nucleus snd more shielded by inner electrons.. In contrust,
helium’®s elecirons are in the ficst shell (1s), closer 10 the nucleus with minimal shielding, leading 1o 2
stronger electrostatic attraction and » higher ionization energy.

Q.2k. The lonlzatlon energy of Be (atomic no. 4) Is higher than that of B {atomic no. 5),
despite the fact that the nuclear charge of Be Is +4 and that of B is +5.

Ans: In boron (B), the eleciron is removed from a p-orbital, which is more extended than the s-
orbital in beryllium {Be). Additionally, in beryllium, the electron is removed from a paired s-orbital,
which requires more cnergy to remove. In contrast, the unpaired electron in baron’s p-orbital results
in a lower iomzation encrgy for boron.

Q.21. What is common in Na*, Mg®, AP, Ne® and F~? Arrange them In increasing crder of
sizes.

Ans: No', Mg, Al". Ne"and Fhave 10 electrons each so they are isoelectmnic species.

Number of electrons 1] 1 1] [[¥] 10}

Hadins (pm) [ 36 a5 712 [ih] 53
Increasing order of sizes: F~> Na™ > Mg®™ > Nev > Al”
0.2m. Consider the chlorides of sodium, magnesium, and phosphorus (V): NaCl, MgCl., and
PCls.
(i) Classify each of these chlorides as acidic, basic, or noutral.
(i) For each chloride, briefly explain the reason for your classification, referring to
their behavior when dissolved In water.
Ans: Classification
(i) NaCl - Neutral (i) MgCl: - Slighily acidic {lil) PCls — Acidic
{1y Sedium chloride (NaCl):
Reason: MaCl is a salt of a strong acid (HC1) and a strong base (NaOH). When dissolved in water, it
dissociates completely into Na* and CI- jons, neither of which hydrolyzes water,
In water:

MaCl » WNa™ +CI”
No effeet on pH — neutral solution.
{ii) Magnesium chloride (MgCly):
Reason: MgCly comes from a stromg acid (HC1) and a weak base (Mg(OH)2). The Mg™* jon 15 small
and highly charged. 56 it can hydrolyze waler to a small extent, releasing H° ions.
In walter:

Mg + 61,0 = [Me(H:O)F" = [Mg{H;O) (O] + 11

Slightly lowers pH — slightly acidic solution.

{iii) Phosphorus{¥) chloride {PCls):

Reason: PCls is a covalent chloride that reacts with water in o hydrolysis reaction to form phosphoric
acid (HiPOy) and hydrogen chloride (HCL), both of which are acids.

In water: PCls + 4HAO ——— iy + SHCI
1. d and -Block elements are called transition elemants.
Ans: The d and fblock elements are located between the *s™ ond p-bBlock clements and their

prepertics are in transition between the metallic elements of the s-block and non-metallie efements of
the p-block. Thus, they are called transition clements.
2. Lanthanide contraction controls the atomic sizes of elements of 6™ and 7'" pericd.

Ans: The loothanide contraction is the gradun! deereasc in the momic radii of clemenis as we move
from lefi to right across the lanthanide series. This contraction occurs due to the poor shielding effect
of the 4f electrons so that the elfective nuclear charge attracting each electron steadily increases
through the lanthanide series.
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Define Dobereiner’'s law of triads. Also give two examples.

Ans:

Doberelner's law of Triads
The atomic mass of middle element is the avernee of alomic masses of the other two elements of tHads.
Triad Li Won K . 7+319
Alvmic mass 7 23 39 Atomic mass of Na = 2 23
Triad Ca Sr  Ba 40137
Alomic mass 40 BR 137 2

What Is Newland's law of Octaves?

Alomic mass af Sr = =HR8.5

Mewland's law of Octaves:
If the elements are amranged in the mereasing order of their atomic masses, every eighth (8%)
element had some propenties in common with the first one.

Define Mendeleav's and modern periodic law.

Mendeleev's Perlodic Law: If ihc clements are amanged in ascending order of their atomic
muasses, theirchemical propertics repeat in a periodic manner,

Modern Periodic Law: II" the elements are arranged in ascending order of their atomic numbers.
their chemical properties repeat in a periodic manner.

Wrile two defects of Mendeleev's periodic table.

Defects of Mendeleev's Periodic Table

(i) Similar elements Separated: In Mendeleev's periodic lable, certain chemically similar elements
such as copper and mereury: gold and platinum have been placed in different groups.

(ii) Position of Hydropen: Hydrogen is placed in Group 1A. However. it actually resembles the
elements of Group-lA (alkali metals) as well as the elements of Group VII-A (halogens). Thus, the
position af hydrogen in the periodic table is nol clear,

Define periodic table. How many groups and periods are present in it?

Pariodic Table

A mble abtained by the arrangement of elements into periods and groups is called periodic 1able.
# There are eight {8) groups. which are usually numbered by Foman numerals 1 to VIIL

« There are 7 periods in the periodic Lable numbered by Ambic numerals ! 1o 7.

Glve essential features of period four (4) in modern periodic table?

Essential Features of Period 4

The penod 4 contains eighteen (18) elements and is called long peried. Oul of these, B are
representative elements which belong to sub-group A. Whereas the ether 10 elements, placed in the
center of the 1able, belong to subgroup B and are known as outer transilion elemenis.
Define Group and period. How many elements are there in period number 17

10.

Group: The vertical column of elements having similar properties is called group.

There are eight (8) groups. which are further classified in subgroup A and B. They are usually
numbered by Roman numerals, | to VIIL

Perlod: The horizontal row of elements in periodic table is called pertod.

There are 7 periods in modem periodic table numbered by Ambic numerals | 1o 7.

Elements in Period 1: There are two ¢lements in peried number 1 i.c., hydrogen (H) and helium (He).
Write the names of families in periodic table.

Familles In perods: Lanthanides and actinides
Families In groups: (i) Alkoli Mctals (i) Alkaline Entth metals (iii) Halogens (iv) Noble pases
How classification of elements in different blocks helps in understanding their chemistry?

12,

Classification of Elements in Blocks

Elements in the periodic mable can be classified imo lour blocks.

(i) s-block {ii} p-block (ifi) d-block (iv) f-block

This classification is guite usclul in understanding the chemistry of elemenis and predicting their
propertics especinlly the concept of valency or oxidation state,

Why lonizatlon energy decreases down the group and Increases along a period?

Ans:

(A) Across the period: The LE inereascs from lefi to right ina period. It is due to;
{i) deerease in atomic radios (ii] incrense in noelear charge
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13.

(b) Down the Group: The LE deereases from top te botiom in a group. It is due to;
{1} Increase in alomie radius (ii) Increase in shiclding effect
Why the second value of electron affinity of an element is usually shown with a positive sign?

14,

When an alom gains a second electron, the added electron experiences repulsion from the
negalively churped pnion already formed. To overcome this repulsion, energy must be supplled. Thus,
the formation of a di-nepative 1on is an endothermie process ond its electron affinity s shown with
positive sign. O+ e » O EA=-141 k) mol!

1

Q, +e —p CI",:“: E.A:=+780 kJ mol?!
Why the atomlic radius dacreases from left to the right within a perled and Increases
from top to bottom down the group?

Trend of Atomic Radius

{A) Across the period: Atomic radivs decreases from lefl 1o right in a peniod due to;

(i) Increase in atomic nunber (ii} Increase in nuclear charge

(b} Down the Group: Atomic mdius increases down the group due lo;

(i) Incrense in number of shells

{ii} Increase in shielding effect down the group due Lo inerease in intervening ¢lectrons

Why the size of cation is always smaller than its parent atom? Glve example also.

The size of a cation 15 smaller than its parent atom due to imbalance of clectron-proton ratio.
Nucleus holds the remaining electrons with a stronger force. Usunlly there is loss of shell occurs during
removal of electron, e.g., Na (186pm) —— Na' (102pm) + le
Glve variation of ionlc radlus across the period.

17.

Variation of lonic Radius across the Period

Within a period, isoclectronic positive ions show decrease in fonic radius from lefi to right
because of increasing nuclear charpe. Na'' y Mg™? ) A", Similar is in the case with isoelectronie
negative jons. e P'>8°>CL
Define shielding effect.

Ans:

18.

Shielding Efect/Screening EMect
The decrease in attraction of nueleus and valence electrons due to presence of intervening
electrons is called shielding effect or sereening effect.
* |t remains almost constant across the period.
# [l increases down the group due 10 inerease in number of intervening electrons.
Define lonlzation energy. Give Its trend across a period and down a group. or
Define ionization energy with an example.

19.

lonization Energy

The minimum amount of energy which is required to remove an electron from the outermiost
shell of its isolated paseous atom is called ionization energy,” e.p.

Nayy ———» Najy + le LE = 496 kI mol!

{A) Across the Period: The vuluc of LE inercases from lefl to right in o period. It is due (o,
{i) decrease i atomic mdius {ii) increase in nuclcar charge
{b) Down the Group: The value of LE decreases from top to bottom in a group. It is due to;
(1) Increase in ntomic radius (ii) Increasc in shiclding effect
What is the role of shielding effect on lonization enargy?

Ans:

20.

Role of Shilelding Effect on lonization Energy
An increase in shielding effect decreases the ionization energy and vice versa.
« Down the group, due 1o increase in number of intervening eleetrons, the shielding effect also
inereases, therefore jonization enerey decreases.
» Across the period, although the number of electrons increases but shielding effect is not very
effective within the same shell.

lonization energy of Al"? is greater than Mg_‘*. Give the reason.

Both AL and Mg®' are isoelectronic species, The effective nuelear charge of AC” is greater
and size 15 smaller than Mg®". So, it costs more energy to remove the outermiost electron from AL”
than from Mg, Therefore, ionization energy of AL is preater than Mg,
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21.  Why second, |.E value is always greater than first [.E value?
Ans: Encrgy required to remove electron from a uni-positive ion is called second ionization energy.
Mgy » Mg+l LE; =+738 k] mol™!
Mgy, —— Mgl + 1 LE:= +1450 kJ mol™
L.E: = LE due 1o;
(i) Small cationic radius than parent atom {ii) Greater nuclear attraction on the remaining electrons
22, Glve variatlons of electron affinity down the group and across the period.
Ans: Periodic Trand of Electran Affinity

Across the period, electron affinity increases duc 1o:

(i) Incrcase in nuclear charpe (i{} Decrease inatomic mdius
Down the Group, electron alfinity decreases due to;
{i) [Incresse in atomic mdivs (ii) Increase in shiclding effect

23. Although both sodium and phosphorous are present in the same period of the
pariodic table yet their oxldes are different In nature, Na:0 Is basic while P:0s is
acldic In character.

Ans: A mewl forms basic oxide while a non-metal forms acidic oxide. Sodium (Na) being a metal forms
basic oxide as il yiclds base in walter.

Ma:d+ H:0 ——— 2MNaOH (Basc)
While phosphorous (P) being a non-metal gives acidic oxide as i1 yiclds acid in water.
POs +3H:0 — 2HPOy
24, Whal Is the differance batwaan acldic and baslc cxides? Give one exampla of each.

Ans: Basic Oxides Acidic Oxides
These oxides when dissolve in water give the | These oxides when dissolve m water give the
basic solulion, acidic solulon.
Menals form basic oxides. Mon-metsls {om acidic oxudes.
Examples: LiCh. MeO. Cal elec. Examples: CO:, Pa0y, S04, ChO-ete.

25. What are amphoteric oxides? Give one example.
Ans: Amphoteric Oxides
Those axides which have bath acidic and basic character are called amphoteric oxides.
The less electropositive elements (Be, AL Zn, Ga, In) form amphoteric oxides.
eg. BeO, ALOY, Zn0, ele,
28, Name different classes of oxides and mention trend of oxides across the period?
Ans: Classes of Oxides
(1) Acidie oxides (i) Basic oxides (iii) Amphoteric oxides
Across the Period: In & piven period, the oxides progress from strongly basie through weakly
basie, amphoteric and weakly acidic to strongly acidic.

Naaf) MgO A0, Si0: Pihe 50, Chn
Strongly Less  Ampholenic  Weakley Acidic  Strongly  Even more
Basie basic Acidic acidie Acidic

27.  Why the metals are good conduciors?

Ans: Metals are good conductor of electricity due to:
(i) Presence of relatively loose eleetrons in their valence shell.
{ii} Euse of movement of electron in the metal luttice

28. Why the basicity of IIA group metal oxides Increase on descending a group of
periodic table?

Ans:  The basicity of A group metal oxides increases down the group due lo;
{i} Increase in atomic radius (ii) Increase in metallic characteristics (i) Decrease in ionization energy
The order of basicity is BeOQ { MpO { CaO { Sr0 { BaO

29. Why Na.D Is basic while S0, is acidic In nature?

Ans: Generally, metals form basie oxides while non-metals form acidic oxades. Sodium (Ma) isa
metal, so, NazO is a basie oxide. On the other hand, sulphur (S) is a non-metal, thus SOy is an acidic
oxide.
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