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Student Learning Oulcomes

After studying this chapter, students will be able to:

PERIODIC TABLE AND

01 PERIODIC PROPERTIES

Explain the arrangement of elements in the periodic table. (Understanding)

Identify the positions of metals, non-metals and metalloids In the periodic table. (Understanding)
Explain that the periodic table is arranged Into four bﬁlacl:s associated with the four sublevels s, p, d

and f. (Understanding}

Recognize that the period number {n) is the ouler epergy level that is occupled by electrons

(Understanding)

Deduce the electronic configuration of an atom from the element’s position on the periodic table,

and vice versa (based an s, p, d and f subshells). (Understanding)

State that the number of the principal energy level and the number of the valence electrons in an

atom can be deduced from its position on the periodic table. [Knowledge)

Deduce the nature, possible position In the Periodic Table and Identity of unknown elements from

given informatian about physical and chemical properties. (Understanding)

Predict the characteristic properties of an element in a given group by using knowledge of chemical

periodicity, (Application)

Explain that vertical and horizontal trends in the periodic table exist for atomic radius, ionic Rdius,

Ionization energy, electran affinity and electronegativity. (Understanding)

Explain the trends in the ionization energies and electron affinities of the Group 1 and Group 17

elements. (Understanding)

Recognize that trends In metallic and non-metallic behaviour are due to the trends in valence

electrons. (Understanding)

Suggest the types of chemical bonding present in the chlorides and exides [rom observations of their

physical and chemical properties. (Understanding)

Describe (including writing equations for) the reactions, if any, of the oxides (acidic and basic) with

water [including the llkely pHs of the solutions obtained). (Understanding)

Explain with the help of equations for, the acid / base behaviour of the oxides and the hydromdes

MaOH, Mg{OH]; including, where relevant, amphoteric behavior in reactions with acids and bases

[sodium hydroxide only) (Understanding)

Explain with equations for, the reactions of the chlorides with water including the likety pHs of the

solutlons abtained. (Understanding)

Explain the variation in the exidation number of the oxides and chlorides (NaCl, MgCLs) in terms of

their outer shell {valence shell) electrons. (Understanding)

Write equations for the reactions of Na and Mg with axygen, chlorine and water. (Application)

Explain the variations and trends in terms of bonding and electronegativity. (Understanding)




2 Chapter 1 ¥ Perlodic Table and Periodic Propenje
=2 Introduction
s The perlodic table of elements is rightly referred as the "Symbol of Chemistry.”
it is a vital and thorough source of chemical knowledge and much more than just a simple chart,
« It would be difficult to explore and comprehend the enarmous area of chemistry withoul its systematie
categorization and arrangement of elements.
= One of the most Important turning palnts In the history of sclence was the creatlon of the periodlc tabl,
which led to many Impartant innovations,
s In modern perfodic table, efements ore orranged In tobular form in the current perlodic toble bosed on
thelr atomic number, electricol configuration, ond recurrent chemlcal choracteristics.
= Perodic table provides the foundation for comprehending 118 elements and thelr properties, making it
a cruchal tool In chemistry.
+ The creatlon of the periodic table, provides a framework for researching the periodic behaviour,
= Itisasignificant accomplishment In sclentific history.
HISTORICAL BACKGROUND =

s Just three cepturies ago only less than a dozen [12) elements were
known to humanity. @ Rack Your Brain!

[ ; nise " 4. Classification of olements In the
erary, Phosphorss Soshur, Carbom, e and. Asenicere | | modemporodic tbllabasedor

g g . g A} Law of Triads
recognized. B) Law of Oclaves

«  Overtime, more elements were discovered, encouraging sclentists to C) Moseley's law
organize them systematically. - B Antales & PRt Lo

(I} Laveisier: Up tothe end of 18th century, Antolne Lovolsler attempted to clossify known elements as metols
and nonmetals. )

(i} Dabereiner: in 1829, Daberelner grouped the elements Into triads |a group of three) with simifor properties
im such @ way that the atomic weight of the middle element was roughly the average of the other two.
Examples of such triads include lithlum, sodium, and potassium.

Element of Triads Li| Na| K Mean Value
Atomic massesof Triads | 7 | 23 | 38 | Atomicmassof Na= 738 =23

{iii} John Newlands: English chemist John Newlands, in 1864, first time
observed periodicity in the 62 known elements, noticing that the
properties of every eighth element were similar when arranged by the
increasing arder of their alomic masses.

He classified the elements Inte groups so thot every elght efements
resembled the first element In properties. Ao -

(iv) Mendeleev: In 1868, Aussian chemist Dmitri Mendeleev is considered the | pmitd Mendeleev  arranged
father of the Periodic Table, He arranged 63 elements into eight vertical | elements according fo their
columns by Increasing atemic mass, aligning elements with similar :‘:?ﬂ?;:’;:;x“m m
properiies inlo vertical groups. in the classification of elaments.
The great success of Mendeleev's table was hidden In leaving gaps for
undiscovered elements and predicting their atomlc mass and propertles,
which proved accurate whan these elements were practically found. @ Rock Your Broin!

(v} Luther Meyer: In the same year 1869, Lother Meyer developed his | 2 What ara [he basis of

famous curves by plotting a graph between the atomic weights and
atomicvolumes of elements. These curves also showed periodicity, Thase

arrangement of elemenls In
Mendeleev's and Moseley's
perodic lables?

curves also showed periodic perfodicity.
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(vi} Moseley:in1913, Moseley determined the exect otomic numbers of known elements using X-ray emission

« He resolved Naws and discrepancles In Mendeleev's table by arranging the elements on the basis of
atomic numbrers instead of atomic masses,
= This significant breakthrough led Moseley to modify the Periodic Law.

= Moseley or modern perlodic law states that “the properties of elements are perfodic functlons of their
atamlc numbers”.

MODERN PERIODIC TAELE - MAIN FEATURES

The classification of elements In the modern periodic table helps in the easier understanding of their properties.

»

Maln features of the modern perlodic table:

{I} Presently, 118 elements are grouped In the table In ascending order of thelr respective atomic numbers.

(1) There are seven (07} horlzontal rows called periods and elghteen (18) vertical columns called groups.
{In uld'z;wrsluns of the table, there were elght {B) vertical groups were divided inta two types of groups
l.e,, 08 A-Groups and 10 B-Groups.

{11} In the perlodic table, elements within the same group show similar chemleal propertles becouse they
have the same number of valence electrons. However, they show a gradual change in physical
properties from top to bottom In a group.

(v} Elemants in a period show a gradual change in prop-:i'lles moving fram left to right in periods,

.. - Note; Other than groups and periads in the periodic tables, there are different ways of grouping the elements

Into variows blocks, families and categories in order to enhance understanding.

METALS, NON-METALS AND METALLOIDS

The elements can be broadly classified into:
(i) Merals (il) Nonmetals (1) Metalivids
(i} Metals: Elements which tend to lose electrons to form positive fons.
Examples: Iron, copper, gold and silver etc.
(i} Non-metals: Elements which tend to gain electrons to form negative ions.
Examples: Chlorine, Sulphur, phosphorous ete,
(i} Metallolds: Separates the metals and nonmetals on a periodic table. The metalloids exhibit some
properties of metals and some of non-metals.
Mostly periodic tables have a “stair-step line" on the table to help in identifying the elements. The line
begins at boron (B) and extends down to polonium (Po) including 5i, Ge, As, 5band Te.

* Elements to the feft of the line are considered metals.
» Elements fust fo the right of the line exhibit properties of both metals and non-metols and are termed os

metallofds or semimetols,

= Elements ta the farright of the periodic table are non-metols. The exception is hydrogen, the first element

on the periodic table.
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Flg: Medern perlodle tnble

BLOCKS IN PERIODIC TABLE

* The elements in the periodic table can be classified into four blocks based on the subshells containing
their valence electrons.

= s-hlock = p-block = d-block = f-hlock
For example:
= Thevalence electrons of elements in the first two groups are in the " £ " subshells, placing these elements
in the s-black.
s In d-block elements, the lasl
| alectrons enters in d-orbilal of
B e ] e penullimale  (lnner 1o the
- - S Dl K oufermast) shell Le, Il goes o
o [HS £ :a-f- oy I {n=1) d orbital
FilL ot AT + In Fhlock elements, last electron
- o =1 enfers In  forbitsl  of
ox -] o | bt e anlipenullimate  (nner 1o
I - - —— penultimats) shefl.
'r.B-f\I:r-!j: L -Id.-- ::.!I#.._..T I.au
) el ) (5 (2 P P2
Flgure: Blocks In perodle table

Tronsitlon elements befong to the d-block, and the elements In the two series at the bottom of the table
(known as Lonthanides and Actinides) ore cotegorited as f-block efements.

The remaining elements in groups 13 to 18, Including the Inert [noble) gases In the last group (18],
belong to the p-block, 1

Note: Enowing the block to which an element belongs provides valuable @ Reck Your Braln!
information about its characteristics, chemical reactivity, oxidation states. | 3, In which block of periodic lable
and other properties such as electronegativity and lonlzallon energy, nabls gases are present?

ren filling, ete. A) s-block B) p-block
eiect ng, elc C) d-block D) I-bock
5o there are four blocks in the periodic table:

{1} s-block (11} p-block (i) d-block  (Iv) f-block
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FAMILIES IN PERIODIC TABLE

Elements may be categorized according to element families. An element family is a set of elements sharing
common properties. There are slx famous famiiles of elements In Lhe periodic table

1]

i)

Iv)

v)

{1} Alkali metals (LI, Na, K, Rb, Cs, Fr} = Group-1A
{ll) Alkaline earth metals (Be,Mg,Ca,Ba,Ra ) —» Group-lIA
(iH) Transition metals | S¢, T1, ¥, Cr,Mn, Fe,Co, Ni, Cu, Zn ) —» 3d-Serles or 1" Transition Series
{Iv) Chalcogens (O, 5, 5e, Te, Po} —» Group-VIA
(v} Halogens (F, CL, Br, |, At, Ts} — Group-VIIA
{vl) Noble gases [He, Ne, Ar, Kr, Xe, Rn, Og) = Graup-VIllA
Alkall Metals (ns')
The efements in the group 1 of the perlodic table are known as alkall metols becouse they produce alkalls
when they react with water.
o Sodium (Na)and potassium (K] are notable examples of these elements.
» Alkali metals are characterized by:
* Onevalence electron
*  Low densities
= Relatively low melting points
= Low ionlzation energies
=  Maost reactive metals.
Alkaline Earth Metals {ns?)
The group 2 elements ore metals primarlly found [n the earth and
form alkalis that [s why they are referred to as alkaline earth metals.
Examples: Berylilum (Be), Magnesium (Mg), Calcium {Ca) etc.
# These elements have two electrons in their valence shell, making them divalent,
* Theyare metallic solids that are harder and denser than alkali metals.
= They are easlly oxidized, with high thermal and electrical conductivities.
Transition Elements (d & {-block elements)
The transition metols moke up the largest family of elements in the middie of periodic table. They Include
four serles of d-block efements (n—1) d'*° ns'%, as well os the lonthanldes and actinldes [f-black elements)
{n=2) I [n—1) d** ns® found In the two rows below.
s They exhibit high thermal and electrical conductivities, high melting points, high density, and variable
oxidation states.
«  They mostly from coloured compounds,
Chalcogens (ns? npY)
= The group 16 elements are called Chalcogens (Ore Forming Compounds) because most ores of copper
(Greek chalkos) are oxides or sullides,
* In this group, oxygen & Sulphur are non-metals, Se, Te, Po are metallaids and Livermorium (Lv] is a metal,
Halogens (ns® np9)
Elements In group 17, known as hafogens, are non-metalflic. The term “halogen™ means "salt-former”
because these efements easlly react with alkall metals and alialine earth metals to form stable halide salts.
s« Examples: Fluorine, Chlorine, Bromine and lodine.
* Halogens are highly reactive non-metals with high electron affinities.
s Halogens can easily accept one electron to complete thelr outermast shell.
Noble Gases (ns? np%)
The noble goses ore o group of unreactive elements present at the extreme right of the periodic table In
Group 18.
» Examples: Helium, Neon, Krypton, Argon elc.
¢ Due to their stable eleciron configuration (complete outermost shell), they are almost entirely
unreactive under normal conditions and rarely form compounds with other elements.
= These elements are monoatomic In nature.

@ Rack Your Braln!

4. d and I-Block elements are called
Iransition elements Explain

Eﬁ Interesting Informationl

Alomic Number = 118
Alpmic Mass = Z5 (Mol stable sotope)
Group = 16 (Chaleogens)
Penod =7
Eledronic canfguratian
= [Rn] SM6d"*Ts'Ta"
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Although, nobla gases sre uneachve, however they have somo compounds a.q,
compaunds of xencn such as renon haxauaroplatinale (XePFe). Due lo the formation
of some compounds, the word ingrf gases was changed fo moble gases.

QUICK CHECK 1.1

! :
| a) Whyare the elements in Groups 1 and 2 known as s-block elements? |
! ans. The valence electrons of group 1 and 2 are in the s-subshell so they are called s-block elements. . !
! Group 1: ns* Group 2: ns' !
| b) MName the elements in the chalcogen family. Glve thelr two characteristics. I
1 Ans. Members of Chalcogens: i
| 0,5, 5e, Te, Po, Lv (Livermorium). I
i Characteristics of Chalcogens: i
| (i} Theyareore-forming elements because many metal ores e.g., copper ores contaln them in the form of oxides |
i or sulphidese g, ﬂualmp-,rme (Cu Fess). i

PERIODIC ARRANGEMENT AND ELECTRONIC GDHFIG!JRATIQH

Understanding the periodic armngement of elements in the periodic table gives valuable insight into thelr physical

properties, such as their physical states and atomic radii, as well as their electronic structures and chemical reactivity.

. Period Number: The period number indicates the principal quantum number {n ), representing the number
of electron shelfs surrounding the nucleus.
Example; an element X in the 3rd period has three electron shells, with its valence electrons located in the
3rd shell. The specific subshell where the valence electrons are found, depends on the element’s block
{azimuthal quantum number). If an element X in the 3rd period is in the s-block, its valence electrons are in
the 3 5 subshell.

. Group Number: The group number [ndicates the number of velence elecirons,
For Instance, an element X in the 3rd period and group 2 has two valence electrons in its outermost shell,
Thus, the elerment Z in the 3rd period and group 2 (s-block) has two valence electrons in the 3 5 subshell,
which means that ¥ would be Magnesium [Mg).

*  Example to relate both period number and group number: Example to relate period number and group
number with electronic configuration and position af element in the period table.

Xﬁhehngs to group 13 and parod 3
In this example, the element X belongs to 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 nucleus,
it means that the 3 valence electron are in the 3rd shell. The configuration will be:

152 29338 as?ap
L e L
T shall 2" shall Fshall

und:rstandmg tht perlodic arrangem,an': of clerntms pra-.-lide: an explanation of an element's electronlc

i @ quu:x CHECK12

ia)

A e e |

- %
}( belongs to group 14 and peniod 2
! L. Write electronlc configuration of the element X,
BI 25’.1p’

|An: Xy
i s = st shell 2nd shell

i
]
|
i
and period number 2, it is carbon. !
I
1
|

I . identlfy block of the element. Identify thiz element from perlodle table.
. | ! Ans, p-block, group 14 (Carbon Group). It is carbon having six electrons,
Predict the electronic configuration of an element that Is In perlod 4 and group 17 without consulting |
| the perledic table? |
+ Ans. Group 17 [Halogens), Period 4, it means It is Bromine eg _ __ b | O —1
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PERIODICTY OF PROPERTIES

hia

2

Modern Periodic Law:

+  The Modern Periodic Law states: "The physical ond chemical properties of elements are periodic
Junctions of their atomic numbers.”

& The atomic number correspands to the number of prolons in an atom.

s This law Is the "cornerstone” of the periodic table, indicating that elements with similar properties
appear at certaln intervals,

s For example, when elements are arranged by Increasing atomic numbers, sedium, potassium, and
cesium exhibit many physical and chemical characteristics similar to lithium, as they are all placed in the
same group of the table.

= However, due to the gradual Increase in the number of protons In the nucleus and the addition of new
electron shells, the physical and chemical properties of elements vary systematically within a group and
a period.

Atomic Radius
The atoemic rodius is o meosure of the site of on atom. It Is holf of the distonce between two identical
otoms bonded together. The otomic radius ean vary depending on the type of bond.
R .
it is holf of the distonce between nuelel of two ldenticol etems bended together, whether by covalent,
metallle or van der Waaols force, depending on the state of the atom.
For example, the radius can be differant In a covalent bond compared to an jonlc bond.
The atomlc radlus Is typlcally measured In picometers (pm) or Angstroms (A).

>

6 7 @

alomic size dacreases
2 3 4 5

<Euml= size incroases |
QOO
DO

©

®

9]

©

©

@

Flg: Variatlon In atomic radius aeross periods and down the groups
Perlodic trends in atomic radius:
* The factors affecting the atomic radius are:

() atomic number (1} effective nuclear charge (i) shlelding effect of Inner electrons

* Ina Perlod: Generally, atomic radius decreases across a period
(fram left to right) in the periodic table due to increasing nuclear @ Rock Your Broin!
charge, which pulls the electron cloud closer, 5 Which statement is comect?

+ Down the Group: The atomic radius increases down 3 group g;‘ﬁ: :m:::;::;r:n.?(l:?;m
(fram top to bottom) because additional electron shells are ) F alom is smalter than F~
added, so more shielding makes the atom larger despite the O} F atom ks larger than F-

increase in nuchear charge [which is outweighed).

lonie Radius

# The ionlc radius is a measure of the size of an fon in a crystal lattice.
= Jtis typically defined as “the distance from the nucleus of an lon to the cutermost electron shell”™.
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———

It is measured In pleometers [pm) or angstroms ().
When an atom lases one or more electrons to become a positive
ion, It generally becomes smaller than the neutral atom. This is
because the loss of electrons reduces electronle repulsion and
allows the remalning electrons to be pulled closer to the nucleus,
« Contrarly when an alom gains one or more electrons to become
an anlon, It generally becomes larger than the neutral atom. This
is because the addition of electrans increases electronic
repulsion, as a result the nuclear pull on electrons decreases and
the electron cloud expands.
« Along a Period: As we move across a period from left to right, the lonic radius of cations decreases,
= Reason: It Is due to the increasing nuclear charge which pulls the electrons closer. For anions, the lonle
radius also decreases across a peried because the Increasing nuclear charge also pulls the electrons
closer to the nucleus. !
Down the Group: Both cations and anlons increase in size as we move down a group.
s Reason: As the princlpal quantum number (n) Increases, there |s an increase in the number of electron
shells, As a result, the distance between the nucleus and the outermosl electrons becomes larger,
outwelghing the effect of increased nuclear charge. The additional electran shells make the ions larger,

@ Rack Your Brain!

& Why the size of calion is akways
amailer than ils pareni alom?

—

In an isoelectronle lons, order of
callonic radil,
Ha* = Mg = Al

Li* Halt i ot F
50 3 174 140 126
® 5 LI o &6 054
N gs | Mlanes [ =g ol el J
{‘..' 186 160 @.-ﬂu 104 O“
K o 2 > Br,
133 [ o “"'@n o Y 185
23 ) 10y 122 ur] K e
-
[ P N
@ 148 @1; In** g e 221 I'Oz-ul
244 15 162 tar 133

: [H] Quick cHECK13

! a)  Which factors affect atemle and lonlc radli?
| Ans. Factors
. {1) Atemic number (2) Effective nuclear change, shielding effect
| b}  Using your knowledge of Perlod 3 elements, predlict and explain the relatlve slzes of:
i, the atomic radii of lithium and fluorine
| Ans. U>F: Ina period (U and F are In period number 2} atomlc radii decrease from left to right Le. from Ll ta F.
"I alithium atom and fts fon, LI*
Ans. Ll > LI*: After the loss of one electron from Ui, now U* has now 3 protons but 2 electrons so control of
nucleus on remaining electron increases,
U —s Li" +187
f153pm) )
an oxygen atom and Its Ton, 02
ns. 0" Y0
The size of 0% (oxide lons) Is greater than its neutral atom.
O, +2e”—0"
iF

I

O ———— e —
e ————— — - —— o — i —

- 10W [t i i b e

l______.____._...._......_.__-————-—-p-_-—.——--._-—--p_.__—-—-—
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| These extra electn:ms increase e!e:lmnvzluctmn repulsion in the atoms owter shell :au_;lng the eltmnn |
cloud to expand. Moreover, the nuclear charge decreases.
Itv. 3 nitride lon, N=, and a flucride lon, F-.

| Ans. N> F
N~ and F- have 10 electrons each and thus are lso-electronie.

Reasons:
{a) Lower Nuclear change of N°':
W3 has 10 electrons and 7 protons so it has lower nuclear charge as compared to F~ having 9 protons

e e e — e w— —

and 10 electrons.

{b) More electron-electron repulsion In N
WY has gained three electrons thus the elactron-electron repulsion increases causing electran cloud
o expand more as compared to F~, i

Funhalinﬂ Enargy
1zt ionlzation energy:
"The energy needed to remove one electron from eoch atom In one mole of atoms of the element in the

goseous state fo form one mole of gaseous 1* fens [s known as 1st lonfzation energy {dHu). "
Ma, —sNaj, +1e”  AH, =+494 kI mol™

&M, =+590 K mol™

|

i

|

'

|

'

|

'
I-'-—-
=
-

ﬁm — c'r“ +1e”
# 2ndlionlzation energy:
“The minimum emount of energy required to remove o second efectren from the valence shell of o pasitive
fon is called second fonizotion energy.”
If a second electron is removed from each fon in @ mole of gaseous 1+ lons, we call it the 2nd lanization
energy, AH, . Agaln, using calcium as an example:

Cajy —>Cajg +e”
3rd lonization energy:
"The minimum ameount of energy n!qi.rirzd to remove third electron from the valence shell of o dipositive
lan is called third fonlzation energy.”
Removal of a third electron from each fon in a mole nl'gasr_nusz + lons is corresponding to the 3rd ionization
energy. Again, using calcium as an example:
ca::, -—rcam +o° AH, =+4940 ki mol™

An element can have several lonization energies; the exact number corresponds Lo ils atomic number.

AH, =+1150 ki mol™

"f

Q. Describe the factors affecting and periodic trends of ionization energy.

¥  Factors affecting the lonization energy
The magnitude of the lonization energy of an element depends upon the fatfowing factors:
i} MNuclear charge
Greater the effective nuclear charge, greater is the electrostatic
force of attraction, more difficult is the removal of an electron
from the atom. For this reason, lonization energy increases with
an increase in the effective nuclear charge.
il) Slre of the atom orion
In bigger atoms farce of attraction between the nucleus and the outermost electrons is weaker, Therafore,
the ionization energy decreases as the siie of the atom Increases and vice-versa.
i) Electronic arrangement
It Is observed half-filled and completely-filled orbitals zre found to be more stable. Therefore, the ionization
energy is higher when an electron is to be remaved from a fulfllled or half-fillad-shells.
(a) Noble gases have highest ionization energies In their respective periads. It is due to highly stable fully-
filled shells (ns*np®).

Elfective nuclear charge Is the nel efed of
nuchear force and screening of elecirons
and Infact ks responsible for controling
lenizalion energy.
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b} Exceptlon: lonization energy of N> 0
Oxygen has lower lanization energy than nitrogen. The electronic configuration of oxygen and nltrogen are:

sM=15"2s"2p0 2p! 2p] AH, = 1403 kW mol™

3O=1s"25"2p] 20 2p]  &H, = 1365 kI mol™"
Reason: Nitrogen has one unit less positive charge in Its nucleus than oxygen, but due to the extra-stabiljy
of the half-filled sub-shell of nitrogen it is difficult to remave an electron from M atom.
Shielding [Screening) Effect

Greater the shielding, easier it is to remove the valence electrons from an atom. Larger the number of lnngp .

electrans, greater ls the screening effect, therefore, lower is the lonization energy.

Spin-Pair Repulsion

When electrons are spin-paired In the same orbital, the repulsion between them can lead to a slightly lower
ionization energy compared to removing an unpalred electron, This Is because the paired eleciron;
experience increased repulsion, making it slightly easier 1o remove one of the palred electrons.

Oxygen (0) has two spin-paired electrons in Its 2 p orbital, The jonlzation energy to remove one of thage
paired electrons is relatively lower due 1o the increased repulsion between the paired electrons, Nitrogen
{M) has three unpaired electrons In Its 2 p orbitals. Removing one of these unpalred electrons requires mors
energy due to the absence of spin pairing repulsion.

Periodie Trends in lonization Energy

* Down the Group: Going down In a group, the nuclear charge
increases but as the size of the atom and the number of electrons ?R@Lﬁh:_:;

. 7. lonizatlon energy um 5
causing the shielding effect also increases therefore fonization et hen elsmant,
energy decreases from Lop to bottom. A) Strontium  B) Magnesium

= In Group |, the lonkzation energies decrease in the following C) Barium b) Sodum

order:li=Na>K>Rb>Cs,
s For example, the 65 valence electron of Cs Is farther from the
nucleus and thus easier 1o remove compared to the 55 valence

[b Interesting Informatlon]
Manganese (Mn} has two spin-pared
electron of Ab. eleciions In ils 45 Dltl'ltll.P’TH
lonlzation enargy lo remove one ol
these paired election. In contrast,
Chramium (Cr) has one unpalred
electron in ts 45 orbilal, Remaoving
one of these unpalrad elecirons
requires mofe enorgy dua fo lhe
absence of spin-palring repulsion,
» uCre= (4] 3d%4s' (mere stable)
= mlMin = [Ar] 3d%4e7 (less stable)

[ij Interesting Information

Helium (Ha) has the highast firsd
—_— 1
Alomic rumber (2] fanizalion energy amang all elements
Flgure: Varlallan In lonlzation Encrgles acrass perlods In the perodic table,

s Along aPeriod: As we move from left to right across a period, no.
of shells remains unchanged while the effective nuclear charge increases, making It more difficult to
remave an electron, Although the number of electrons also Increases across a period, the shiekding
effect within the same shell Is same so not consldered. Consequently, the lonlzatlon energy Increasts.
So, the ipnization energy Increases.

= The trend of lonization energles of period {1-3} Is shown In Figure. TheTigure shaws reveals that noble
gases have Lhe highest values of fonlzation energy due to complete autermost shell In them, the remaval
of electron is extremely difficult, whereas alkall metals have lowest values of lonkzation energy.
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E QUICK CHECK 1.4

|
'
I =I'I' Explaln with reasoning following facts about lonlzation encrgy: |

1" lonlzation energy of Boron Is lesser than Berylllum. i
! Ans. Electronlc Canfiguration of :
I 4B: 1%, 251, 2p!  (p-orbital Is partially filed) |
" 4Be: 1s%, 247 (s-orbital is complete) F
| LE.ofBe>B |
1 Be has greater effective nuclear charge due to Its stable 25* electronic configuration and smaller size !
| making It harder to remove an electran. Boron has lesser jonization energy due to a single electron in 2p- I
- orbital and removal of 2p electron ls easier due 1o higher energy level and shielding effect. i
! ii. 1" lonlzation energy of Aluminum Is lower than Magnesium, i
| Ans. Electronie conflguration of |
i uMg: 157, 257, 2p°%, 38! i
| uAl 15, 2¢%, 2p5, 35, 3p° |
J LE. of AL<Mg : i
! Mg has 2 stable 357 electronle configuration making It harder to remove an electron. 3p electron in ALis |
| shielded by the 35 electrons making it easier to remove, |
i1b)  Whattrend Is observed In lonization energy as you ge down group 37 Give reason, [
| Ans. First fonization energy generally decreases from top to botiom In group 3 (8, Al, Ga, In, TI) I
! This is because atomic radius increases down the group due to additlon of an extra shell successively. 5o !
! valence electrons are further away from the nucleus, leading to a weaker attraction and lower lonization !
| energy. Moreover, shlelding effect increases, In group 3, trend is not smooth, |
' LE. of Ga (579 kJfmol) = LE. Al [S77 kd/mol) due to poor shielding effect of 3d electrons of Ga '

|__ _ LE.of 158 k/mal) > LEof n (558 k/ml) dueto poo hildng ffectofaf and 54 n Thaliom__ _ |
2  Electron Affinity (Hg,)
¥ First Electron Affinity: @ Rack Your Brain!

= The firstelectran affinity, (8H2,, ) is the enthalpy change involved | & Which Group 17 element has the
5 mast negalive elacton affinity?
when 1 mole of electrons is added to 1 mele of gaseous atoms to £) Flupnne 8) Chlorine
form 1 mole of gaseous unl-negative fons under standard €} Bromine 0 ledine

conditions. Electron affinity of chiorine atom.
Cf{l. +e —rtﬁ’.l AH,, =—3488 mol™

»  Thisls amount of energy released when 6,02x 10" atoms of chlorine in the gaseous state are converted
inta Cey, lons.
» Since, energy Is released, so first electron affinity carries negative sign,
¥  Second Electron Affinity:
* The second electron affinity, AH;,, 15 the amount of energy required to add electrons to 1 mole of uni-

negative gaseous lons to form 1 mole of gaseous 2-lons under standard conditlons.
= Example: 1% and 2* Electron Affinitles Oxygen: when first electron Is added to a neutral oxygen atom,

141 ki mol™ energy Is released.
Oy +& — 0], 8H;,, =-141 kI mol™
*  But 798 K mol™ of energy Is absarbed on adding second electron to a uni-negative {07 lon,
Opy +&"—0; BH;,, =+798 ki mol™
* The net enthalpy change for the formatien of the oxide lon (0% can be calculated by adding the first
and second electron affinities.
O +2e"— 0y BHG,, +8H;,, =(-141)+(+798) = +657 kI mal™
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Q. Describe the factors affecting and periodle trands of electron affinity.

*  Factors affecting electron affinity
Important factors affecting the magnitude of electron affinity values of elements are as follows:

I} Sizeofatom
For small sized atoms the attraction of the nucleus for the incoming electran is stranger.
Thus, smalter is the size of the atom, greater is its electron affinity.
11}  Nuclear charge
Greater the magnitude of nuclear charge of an element stronger is the attraction of its nucléus for the
Incoming electron. Thus, with the increase in the magnitude of nuclear charge, eleciron affinity alsy
increases.
Electronie configuration of atom
The electron affinity is low when the electron is added to a hall filled sub-shell than that for partially filled ona,
= Half-filled p-subshells: Electron affinity values of * N ' and * P * group-15 (V-A), atoms are very low. This
is because of the presence of half-filled 'np' erbitals in their valence shell |:N=25'!;|’.P= Biap‘:l . These

half-filled p-subshells, being very stable, have very little tendency 1o accept any extra electron to be
added to them,

= Moble gases: Noble gases group-18 (VIII-4) have stable ns’np® configuration and hence the atoms of
these gases, do not accept any extra electron, this is evident from their positive 1st electron affinities,

¥ Perlodic trends in electron affinity

+ Down the Group: As the atomic size increases down the group, the larger electron cloud causes the
incoming electron to experience less attraction from the nucleus. Consequently, electron affinity
generally decreases down the group. This trend is observed in the halogens {At<l<Br<F<C{).

¢ Along a Perlod: Generally, electron affinities become more negative as we move from left to right
period, This is firstly due to increase In the nuclear charge, which attracts additional electrons more

strongly and secondly due to decreasing atomic radius.
Table: Electron Affinities (KI/Maol) for Group 1 and Group 17

)

ELEMENT | ELECTRON AFFINITY (ki/Mol) | ELEMENT | ELECTRON AFFINITY (ki/Mal)
Flugrine -328.0 Lithium —60.0
Chlorine =349.0 Sodium =53.0
Bromine =324.0 Potassium -48.0
lodine =295.0 Rubidium =47.0
Astatine =270.1 Cesium =160
: {Fd] QUICK CHECK 15 !

| Explaln with reasoning followling facts about electron affinity:
a) 1"electron affinity of Oxygen Is —181K1 / mol but 2™ electron affinity Is +844.01 / mol.
1 Ang. Usually the electronegative elements release energy when first efectron is added Into them. But whena
second electron |s added in a uni-negative lon, the Incoming electron is repelied by the already present— |
ive jon (charge). In order ta evercome this repulsion, energy Is absorbed during the process, Thus the !
formation of a di-negative lon Is an endothermic process and its E.A. Is shawn with positive sign.
Og+e—— D_[:j EA—141 k) molt
O +o"— O EAz=+ 780 ki mal™
Which of nitrogen and phosphorus has the higher electron affinity? Justify with reason.
. The electran affinities of both Nitrogen and Phosphorus are low with value =7 kJfmol {or zero E.A.) and =
72 kfmol respectively. 5o, phosphorus has a more negative electron affinity or In other wards greater o

— e — —

— — — ___—-—————.-—.u,-.._.._...____—-—_.._.____.___-—
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1e) ~ F has lower electron affinity than CL although Its size Is smaller, Explain why?

|
! Ans. Electron affinlty of i
ct |

F > i

. -322 Wmal =349 Khmolt |

Explanation: S i
Fluorine has unexpectedly lower electron affinity than Chlorine. it may be due to small size of Fluarine |
atom and its thick electronic cloud, The addition of an extra electron produces high eflectron density which |
Increases strong electron-electron repulsion. The repulsive forces between electrons result in low I
electron affinity. ;
L]

|

L]

d} Why noble gases (group—18) have positive 1" electran afflnitles? Explain In terms of electronic
configuration.
Ans. Noble gases have positive electron alfinity because thelr outermaost shells are completely filled (e.g.,

Me: 1s? 257 2p%) Adding an extra electron forces |t into a higher energy level [new shell), which is |
unfavorable. Thii pmcess requlru energy, so electiran affinity is positive (endothermic), unlike most i

— — e — — —— —— —

= Mﬂﬂ_ﬁ'ﬂ! -
Electronegativity is the power of an atom to attract shared pair of
electrons toward ltself In a molecule Linus Pauling, an American
chemist, developed a scale of dimensionless electronegativity values,
which range from Just below ane lor alkall metals 1o 3 maximum of
four for fluorine, Higher electronegativity values signify a stronger
attraction for electrons compared to lower values.

[-};nld You Know?

Linus Pauling is the only person io
have recewved bvo unshared Mobel
Prizes, ani for chemisiny in 1854 for
his work on the nalure of chemical
band and one for pesce in 19582 for
his opposition lo weapons of mass

#  Factors Affecting Electronegativity iR
I} Atomlcsize
A larper atomic size will result in a lower value of electronegativity, @ Rack Your Mind!
This is because electrons being far away from the nucleus will | 9. Which element shows the most
experience 31 weaker force of atirection. For example, the mﬁiﬁnm behavior?
efectranegathitles of halogensin group 17 are in the order: A) Lilhéum B) Magnesium
FaCl>Br>| C} Sulfur D) Fluarne
i} Effective nuclear Charge
A higher value of the effective nuclear charge will result in a greater value of electronegativity, because
an Increase In nuclear charge causes grealer attraction to the bonded electrons. This is why the
electronegativity ina peried increases from left 1o right. The electronegativity of Ll in period 2 is 1.0 and
F has 2 value of 4.0.
¥  Perlodlc Trends in Electronegativity

When we move from left to right along the perlod, the electronegativity Increases this is due to Increasing nuclear
charge and decreeing size. In the groups, it decreases from top to battom this is due 1o the Increase In size dus
to the addition of shells and increasing shielding effect. For example, in the halogen group, the electronegativity
value decreases from fluorine (4.0) to fodine (2.5) (as shown In a part of the periodic table in Fig).

U | B | B e M a L
o) as | 38 | 25 ) 3@ | 39 | 40

e | g | oA 3 P 5 =]

oo | w2 | wa | e | 24| 25 | 30

L] Cs Br

a8 | 1o 28
D i

o8 | 10 13

Figure: Variation of electronegativity In groups and perlods
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Generally, metals being on the left side of the periodic table, possess lower electronegativity values tha,
those of non-metals, Hence, metals are electropositive and non-metals are electronegative, relatively,

Figure provides a summary of all the variation trends in various physical properties of elements in 1,

perodic table. >

lonization energy

-

| Eleclon alfinity

Alomic radius

\
Electron affinity
lonizatien enargy

Atomic radius |

Flgure: Trends In vatious physical properties In the perlodic table

Varlatlon in Metallic Character

» The metaliic character of elements s typlcally thelr tendency to lose electrons,

= |t Is observed that the elements on the left side of the periodic table have a greater tendency to loge
their outermaost electrans to achieve noble gas configuration, &

« Incontrast, elements on Lhe right side of the table tend to gain electrons.

#  Thus, elements on the left side of the periodic table are metals that form positive lons, while elementy
on the right side, particularly in the right carner, are nonmetals that form negative ions.

»  Thus the metallic character of an element largely depends on its valence shell electronic configuration.

increasing melalliz characler
Fa

.

Metallic Character

increasing melallic character
Inereasing nonmelallic character

inereasing nonmelaliic :-haracler

Flgure: General trends for the metalllc -:l'rar;mr of elements
*  Agaresult, the metallic character of the elements decreases.
In other words, the increase in nuciear charge pulls the electron cloud closer to the nucleus, making it
maore difficult for the atom to lose electrons and thereby decreasing across the period, the nuclear
charge increases while the at size decreases, which results in stronger attraction to the valence elecirons
" making its difficult. Therefore, metallic character [m.c) decreases from left to right. Its metallic character,
Thus, metallic character decreases across a period from left to right.
«  On the other hand, metallic character increases as one moves down In a group of the perlodic table,
This is due to the increases In at size and the shielding effect which reduce the nuclear attractlon

an the valence electrons. The Increase In metallic character [ease of losing electron) makes the

element more reactive.
= Example: Ceslum is far more reactive and electropositive than sodium or lthium,

SCHOLAR T2 CHEMISTRY (11%) 15
I - | QUICK cHECK 1.6 |
la)  1ustrate how does the metallic character vary In group 14, |
i Ans. InGroup 14 (Carbon group) of the periodic table, metallic character increases, down the group. i
' € = Non-metal 1
| 5i= Metallold |
i Ge = Metallold I
1 Sn = Metal 1
| Pb = Metal |
i Reason: As the atomlc size Increases and lonlzatlon energy decreases, making to easier for atoms to lose ;
1 electrons. Tendency to lase electrons s one of the key trail of metallic character. i
| b}  Identlfy seml metals In groups 14, 15 and 16. Why they are seml metals? |
i Ans, Group 14 =5l and Ge i
i Group 15 = As and Sb .
! Group 16 =Te and Po |
I__ .. Sembmetals (etalolds) have Intermediate properties between metals and nonmetals. |

REACTIONS OF Na AND Mg WITH WATER, OXYGEN AND CHLORINE

|Exercise LL0.2]

Q. Write equations for the reactions of Na and Mg with oxygen, chlorine, and water. Compare
the reactivity of both elements with these in terms of metallic character.

O With water
Sedium is more“reactive than magnesium towards water. Ma reacts
vigorously with water to form sodium hydroxide and hydrogen while Mg
reacts more slowly In forming magnesium hydroxide and hydrogen.
However magnesium reacls with steam more vigorously to make
magnesium oxide and hydrogen gas.

INay, +2H, 0 —+2NaOH,, +Hy,

Mg,y #2H, 0y — Mg [OH)yy,, #Hyyy

M, #2H,0p, —+Me0y, +H,,

S With Oxygen A
Sodium burns In axygen with a golden yellow flame to produce a white | Magnesium powder bums
solid mixture of sodium oxide and sodium peroxide. Sodium is kept ;:ﬂ:?T:r:‘haTle:ﬂ: u:.:'.m
under kerosene oil to prevent its reaction with alr. It reacts vigorously | firewarks and 5.0.5. Nares
with oxygen in open air to form peroxide.
Way + 0,y —ermreem*Na,0,
]
Under special conditlons like limited O or high temperature, sodium oxide is formed.
ANa, +0y, —+INa3,0,;

Magnesium burns in oxygen with an Intense white flame to give white salid magnesium oxide.
Mg, + 0, —+2Me0,,
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= With Chlorine
Chlorine reacts with both metals to give soluble salts. It reacis @ Raock Your Braln! :

exathermically with sodium, golden yellow flame Is seen and white

Ans. Reactlon of Ca with Water: Ca0+H,0——Ca[OH),

Calciumn reacts relatively slowly with water to produce calcium hydroxide and hydrogen gas and a white
precipitate of calcium hydroxide |s formed.

Reaction of Ca with Oxygen: 2Ca+0, —2Ca0
Calcium reacts with oxygen o fnfm ul:mm oxide.

o 1ﬂwﬁ‘l= down the Rﬂiﬂ]nn’ of
solid, sodium chloride is formed. Magnesium also reacts with chlorine Ma with waler, oxygen ang
to give white solld, magnesium chloride. chlanne

ZH:[.] +E!‘M“—>2Nattlll
Magnesium also reacts with chlonne Lo give white solid, magnesium chloride.
Mg{ ¥ ll:f a3 MgCt‘w
| ——— e — e e  — — — — i — " — " — - —— . — i —— —_—
|l
: [Fd] Quick CHECK 1.7 :
y [3)  What Is the nature of oxides and hydroxides of Na and Mg? !
| Ans. The oxides and hydroxide of sodium (Na) and Magnesium (Mg) are basic in water. |
' Sodium (Group 1A-Alkali metal) i
! «  Owide: Na;O |
I
| N3, 0+H,0—2Na0H |
i Ma;0 reacts strongly with water to form batic axide. !
' « Hydroxide: NaOH !
1 NaOH is strong base and it completely dissociates as follows; |
; NaOH,,, —Na,, +OH,, i
i pH of solution when dissolved inwater=13-14 i
| Magnesium (Group IlA-Alkaline Earth Metal) |
i =  DOulde: MgO I
i Mg0+H,0—Mg[OH), !
| Mg is basic. |
'
| Mg{OH), —MgO +H,0 |
' MglOH)z is sparingly soluble in water. pH of solution when dissolved in water = 10 1
! {b) What could you predict about the reactivity of Ca, a group 2 element, when reacted with water and |
I oxygen? f
i ]
| |
[ '
| |
n L}
| |
L] )

TRENDS IN BONDING IN OXIDES AND CHLORIDES OF PERIOD 3
=  Oxidesofgroup1,2 813 (eg., Na,?] have mare ionlc character. These oxides [, - Strength
exist as giant fonlc laltices with sirong electrostatic forces between | 502> 50:
oppositely charged lons. N:O = NO = N:Oy
*  Oxidesofgroupd, 5, 6 &7 (e.g, S0,) are mare covalent. Th ides exisy | 1204 > M:Os
e .8, 50, nt. These oxides exist | (oo o in axidation. siate
as covalent molecules with weak Intermolecular forces. This transitlon ls a | increases acidic strenglh

|
result of the increasing electronegativity and decreasing ionle character. |
. Chlorides of group 1, 2 and 3 (e.g., NaCl) are predominately lonic, }

*  Chlorides ol elements from group 4, 5, 6 and 7 (e.g., PCE, | are covalent. The covalent character in chlorldes
increases due to decrease in difference of electronegativity between the halagen and the other atom.

SCHOLAR 2 CHEMISTRY (11%)
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Q. Explaln with the help of equations acldlc and baslc behavlour of oxides and chlorides.
¥  Classification of Oxides
1) Oxides
Ouldes are binary compounds formed by the reaction of oxygen with ather elements, Oxides are classified
into neutral, amphoteric and basic or acidic based on thelr characteristics.
I} BasicOxldes
A basic oxlde Is an oxlde that when combined with water gives off an alkall. Metals react with oxygen to give
basic oxides. These oxides are usua!ly ionic In nature. The elements of group 1 and 2 form basic oxides when
rexct with oxygen.
Examples: Na,0,Ca0,Bal.
Group 2 hydroxides salubility Increases down the group so alkalinity also Increases down the group.
Ha,ﬂm + H‘,ﬂm-—lrl".'h'am-lt_]
Ca0y,) +H,0py —>Cal0H)y
1) Amphoteric Oxldes
Amphoteric cxides are oxides that can react with both acids and
bases. So they have the ability to behave as elther an acld or a base, @ Rack Your Brain!
depending on the conditions. Aluminum oxide (A£,0,] isinsolublein | 11.820 Is empheleric oxde. Justify
water but reacts with hydrochloric acld to farm aluminium chlaride & by giving roactions,
and water, and with sodium hydroxide to form sodium aluminate and water.
AL Oy +BHLL , ——IALCE,, +3H,0p, Examplea of Amphotaric Oxldua:
BeD, Zn0, BizCy ele.
M,D,{.J +:;'.I'Iih‘.'.!l-lm:I —}Na:.ﬁ.t‘,ﬂ‘[.} +I-l,0{,],
Iv] Acidic Oxldes:
An acldic oxide Is an oxide that when comblined with water gives off an acld. Non-metals react with oxygen
to form acidic oxides which are held together by covalent bonds. Sillcon dioxide Is acldic oxide as it can react
with bases.
Examples: Acidic oxides in period 3 =P,0,,P0,,50,,50,
POy +HyOpy —H,PO,
50y +H Oy ——H30,,5
Reactions of theses oxldes with bases are glven below: L]
§10,,) +2N20H,, —Na,SI0y ., +H0
FyOyy) +6Na0H, ) —» N3P0, +3H,0
50 +INAOH,,  —> Na,50,, +H,0.,
¥  Classificatlon of Chlorldes
Chlorine forms compounds with other elements known as chlorides. These chiorides show characteristic
behaviour when we add them Into water, resulting In solutions that can be acidic or neutral.
I}  Meutral Chlorides

Neutral chlorides are salts that, when dissolved in water, produce a neutral solution with a pH close to 7. At
the start of period 3, chloride sodium and magnesium do not react with water. The solutions farmed contain
the positive metal lons and negative chlorkde lons surrounded by water molecules, These lons are now
known as hydrated lons and this process is known as hydration. For example,

NaCliy) —#Najyy +Cliuq (PH=7)
M;:rm:_—sh!gf;, +204 G, (PH=6.5)
Group 1 and group 2 chlorides are also neutral with few exceptions.
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Acidic Chlorides:
If we move in peried 3, from Aluminlum to Sulphur, all chlorides react with water to make acldic solutigy

with pH less than 7. This process Is called hydralysis, when ALCL Is added to water, aluminium and chiorg,
ions in selution, AL ion is hydrated and causes a water molecule to lose an H' fon, this process is hydrolysy
This turns the solution acidic, The lollowing reaction ocours:
.M'Ci.’“ll +3H,0py—> ﬁ.({ul-l'_i,m +3HCL
Other examples of acidic chlorides are glven below.
SICC, gy + 2H, 0y —» 510, +4HCL
PCLy + 3,0y —>HPO, ) +3HCE

§I1 QUICK CHECK 1.B

- — —— S — O —

Zn0 reacts with HCL to glve ZnCl; and with NaOH to give Na;Zn0y. Give equations and also predict th;.'

type of this oxide?

ns. Zn0 Is amphoteric in nature, It is explained by following two reactions,

When Zn0 reacts with an acid:
Zn0 + Hi50s —— In50; + Hy0 (Basic character}
When Zn0 reacts with a base:
Zn0 + 2Na0H + Hi0 ——» MNay [Zn{OH)] [Acidic character)
[Sodivm Tincate]
Why ALCL; is an acidic halide, but NaCL not?

ns. when ALCL; is added to water, aluminium and chloride ions In solutlon. ALY lon is hydrated and causesa

water mofecule to lose an H' ion, this process is hydralysis.
ALCLy ) +3H,0() —> ACOH),,, +3HCL,
MaClis a neutral salt with pH about 7,
HCL +NaOH—NaCl +H,0
Strong acid and base react here to form newtral s2lt and water,

€)  Predict whether the chlorides PCL, NCE, would be aeldic or basic, glve reason.
Ans. PCLyy +3H,0., —rH,P‘ﬂj[:} +3Hl.'.f{“|
NCE +3H,0 —>NH, +3HOCE
HCEO=—2H" +CI{O"~
Bath PCLy and NCL in water show acidic in nature.
d) Would 50, and P,0; react with HCLand H,50, or with NaOH?
Ans, 50; and P10s will react with NaOH.

50y +2NaOH , — Na, S0y, +H,0py
PO, +6NaOH—2Na3P0, + 3H,0
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VARIATION IN OXIDATION NUMBER IN OXIDES AND CHLORIDES

D Oxidation Number:
“The oxldation number af an atom Is the farmal chorge on thaot atom In @ molecule or fon™,

The oxidation number is also rofs red Lo as the oxidation state.
In lonic compounds the oxidation number of an atom Is defined as the charge which appears Dnlhe ions.

Let's examine the oxldation numbers In oxldes and ehlorldes of the third period.

The oxidation number of an element of 2 Period in its oxide or chlorlde corresponds to the number of
electrons used for bonding and is always positive because oxygen and chlorine are more electronegaltive
than any of these elements.

The oxidation number matches the group number, reflecting the total number of valence alectrons.
Consider the following table for oxidation states of various elements of the periadic table.

In the oxides, the oxidation number increases frem +1 in Na ta +6 in S. In chlorides, the oxidation number
increases from +1 in Na to 45 in P,

Phosphorus and sulphur show several oxidation numbers because they can expand their octet by
exciting electrons into empty 3d orbitals. For Instance, in 50,, sulphur has an oxidation number of +4
because anly four electrans are wsed for bonding, while In 50y, sulphur has an oxidation number of +6

because all six electrons are used for bonding.
Table: Oxldation Numbers in Oxides and Chlorldes of 3™ Perlod elements

Oxlde Oxidatlon Number Chloride Oxidation Number
Nain Na,0 +1 Ma in NaCL +1
Mg in Mg0D +2 Mg in MgCt, +2
ALlin AL0, +3 Alin ALCE, +3
Siin 5i0, +4 Siin SICE, +i
Pin PO, [P In PO, +5/+3 Pin PCL, +5
Sin 50O, +6 Pin PCE, 43
5in 50, +4 5in SCL, -2

-—-—iH-H-HH-—F—.--—I_-H-_H—-———-_-_-_-_-_-_I

.I] QUICK CHECK 1.9

(]
Calculate the oxidation number of sulphur in 50, and 50,. |
'

. 503
(Oxidation Number of 5) + 2{Oxidation number of 0) = O !
5+2(-2)=0 I
5=4=0 T i
S=44 LY |
504 L
(Oxidation Number of S) + 3{Oxidation number of 0) = 0 |
5+3(-2)=0 I
[
I
i
|
(]
|
(]
|
:

1

S=6=D
5=4f
b}  Why some p block elements show varlable oxldation state?
. Some p-block elements with higher atomic number show variable valence due to inent pair effect in p-
block elemeants.

Group [lIA: ns? I'Ip"
Group I114; ns® np*



Chapter 1 ¥ #zrfodic Table and Perlodic Propertles

——

Sr. # | Option !

1

c
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Explanation
Classification of elements In the modern periodic table s based on Moseley's law

rA

50Q

Mendeleev’s periodic 1able was arranged on the basls of Increasing atomic mass.
Maoseley's periodic table was arranged on the basls of Increasing atomle number.

—]

Moble gases are present on the extreme right side of perlodic table in p-block.

4.

50

The d-block and the f-block elements are calied transition elements because they are placed
between the s and p-block elements and their properties are In transition between the
metallic elements of the s-block and non-metallic elements of the p-block.

5.

Fatom Is smaller than F~

50

A cation is formed by the loss of one or more electrons from a neutral atom. The size of cation |
is always smaller than its parent atom.
Reasons:
(i} There isimbalance of electron-proton ratio (No. of Protons are greater than no. of efectrons),
(11} Mucleus holds the rémalning electrons with a stronger force,
(lif) Usually loss of shell occurs during removal of electron/s.
Examples: U — L'+e

123 pm B0 pm

Ha —— HNa"#e”
186 pm S5pm

The 1" jonization energy of Mg = 738 ki/mal, while Calelum = 590 kJfmol approx.

Cliy+e” —CE,  AH, =-348.8 K mol™

Fluorine is highly electronegative with strong non-metallic character.

10.

sa

2Na, #2H,0,,, —>2NaOH,,, +H,,

M3y, +°:{;}mma i)
[P etarw)

Na, +Ct‘m—-—1~2NaCt=l}

11.

5.0

BeD = An Amphoteric Oxide:
“an oxide which acts as a base when reacts with strong-acld and as an acld when reacts with
strong base is called an amphoteric oxide.”
Be0 is an amphoteric oxide,
= With aclds, BeO behaves as a base and gives salt and water,
BeO + H;50y—— BeS0,+ H: O

# With bases, BeD just like acids.

BeD +2NaOH—s Na; Be0; + H;0
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MULTIPLE CHOICE QUESTIONS (MCQs)

Q.1 Fourcholces are given for each question. Select the correct cholce.

.

1.

Vil

Vil

M.

X

Ml

Sr.No| | Dption |

Which sclentlst flrst time observed the perlodicity In the elements?

a) . Newlands b) L. Meyer c) J.W. Déberelner d) D. I. Mendeleev

Recognize the element if It has 3 electron shells, belongs to "s" block and has 2 electrons In its outer
maost shell.

a) Calclum b) Sodium c) Magnesium
Which ene do you think Is correct about metalllc character?

a) It decreases from top to bottom in a group. b) It Increases from top to bottom In a group.
¢} It remalns constant from left to right In 2 period. d) It increases from left to right In a period,
Which property Increases as you go down a group In the perlodic table?
a) Atomilc radlus ¢ b) Electron Affinity €) Electronegativity
Which set of the follewlng condltlons results In higher lonization energy?
a) Smaller atom and greater nuclear charge. b) Smaller atom and smaller nuclear charge

¢} larger atom and greater nuclear charge d} larger atom and the smaller nuclear charge
Which of the following atoms show more than one (variable) oxidatlon states?

a) Sodium b) Magnesium c} Aluminum d) Phosphorous
Which Is the correct general trend In the varlation of electron affinity In a group?

a) It becomes less negative from top to bottom.

b) It becomes more negative from top to bottom.

c) It remalns the same.

d) It has no definite trend and changes irregularly.

What Is the oxldation state of sulphur In the sulfate lon {SD:' )
a)+4 b} +2 c) 46 djo
Which Is the correct trend In variation of electronegatlvity along a period of the perlodic table?

a) It decreases from left to right across a peried.  b) It Increases from left to right acrass a period.
¢} It remalns constant. d} It has no definite trend,

The atomle radius generally ..........across a period In the perlodic table.
a) Increases b) Decreases ¢} Remains constant  d) First increases then decreases

d) Potassium

d) lonization energy

Which one of the following elements has the highest lonlzatlon energy?
b} Magnesium [Mg)

a) Sodium |Na) ) Aluminium (AL)

Answer Key with Explanations

d) Argon [Ar)

Explanation
« John Newlands proposed the Law of Octaves (1864), nntmg

L a . Newlands periodicity in properties every Bth element.
= Mendeleev later formalized the perlodic table (1869).
* 3 electron shells {n = 3) + 2 outer electrons (5*) —» Group 2
(alkaline earth metals).
In. a Magnesium s Calclum: [Ar] 452 (n=4)

Magnesium [MNe] 35).
The correct answer s {c) Magnesium [n =3, 2 valence electrons).
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itincreases from top to | » Metallic character Increases down a group as atomic size
. b boltom In a group rows, reducing lonizatlon energy. d. What are the faclors that affect electronagativity?
v g Atamie radius « Down a group, atomic radius Increases due 1o additicnal | Ans. Factors AHacting Electronegativity
: electron shells. = I} Atamlcsize
Smaller atom and + lonlzation emergy Increases with smaller slze (Stronger A larger atomic size will result In a lower value of electronegativily. This is because electrons being far
i i greater nuclear charge altraction) and higher nuclear charge. away from the nucleus will experlence a weaker force of attraction. For example, the electronegativities
« P shows variable oxidation states (=3, +3, 45) due to vacanl d- | of halogens in group 17 are In the order:
Vi d Phosphorous arbitals, | F>Cl>Br>|
- gt s 121 T B i i ik b gl
el g wve nuclear charge will result in a greater value of electranegativity, because
Vi, a " l::::‘::’ ?u“b:ft?m' = Ele:trlunl::lrnl? :’:Z"‘;::?cli:;‘:“:::;:m I':::r ::il:;:lﬁn? an Increase In nuclear charge causes greater attractlon to the bonded electrons. This is why the
e = am;? LI - electronegalivity Ina period increases from left to right. The electronegativity of Ll in periad 2 is 1.0 and
VI " +6 + S0, Let oxidation state of 5= % F has a value of 4.0,
* A+d|-d)=-2-px=+6 e. What factors are responsible for the Increasing reactivity of alkall metals as you move down
. b It Im';:easu from Iell't;n . Elutrunzaatwll;.ra:n:reaila: IIEII to right due to higher nuclear the group?
right scrois » perlo SUAIRE At smathe Slomic ig, e 1) y Ans. Down the group [In alkall metals), Alomlc size Increases and lontzatlon energy decreases. It results in greater
X b Decreases * Across a perlod, atomic radlus decreases dug to increasing tendency to form positive lons and they react more readlly.
! nuclear charge pulling electrons closer.
+ Noble gases [eg, Ar) have the highest ionization energy In a f. Why some of the elements show variable oxidation numbers while others do not?
Xl d Argon (Ar) petiod due to stable full valence shells. Ans, The variability In oxidatlon numbers among elements Is primarily due to differences in electronic

SHORT ANSWER QUESTIONS

Q.2 Attemnpt the fellowing short-answer questions:

a. Whatlis 1* lonlzation energy? Give an example.

Ans, 1stlonlzation energy:
"The energy needed to remove one electron from each atom In one maole of atoms of the element in the

gaseous state 1o farm one mole of gaseous 1* lons Is known as 15t fonization energy { AH, )."

Na, —Na' +1e”  AH, =494 kmol™

b. Explaln why sulphur has a lower first ionlzation energy than phesphorus.

Sulphur has a lower first lonization energy than phosphorus due to electron-electron repulsion In its 3p
orbitals, which makes it easler to remove an electron,
Electronlc Confguration:

« Phosphorus: 157 257 2p® 35t 3p?

« Sulphur: 15* 25% 2p* 3s* 3p*

Hall-filled stabllity {Phosphorus):

= Phosphaorus has a hall-filled 3p subshell {3p"), which 1s relatively stable due to s'.rmmelrlcal distribution

and minimized electron repulsion.

=  This stability makes it harder to remove ane of its electrons.

Increased electron repulsion In Sulphur:

= Sulphur has one more electron than phosphorus, giving It a 3p* configuration.

= In this case, one of the 3p orbltals contains a palr of electrons, which experience increased repulsion.

= This repulsion makes it easler 1o remove one of the palred electrons, hence lowering the ionization energy.

Why the elements In Group 13 to 17 are called p-block elements?

In Group 13 to 17 elements, the last electron enters In p-orbital of their respective shells, That Is why they
are called p-block elements e.g., B, C, N, O, F.

Ans,

Ans.

configurations, atomic structure, and position In the pericdic table. Here's a breakdown of why some
elements show variable oxldatlon states while others do not:
1. Transition Metals and Varlable Oxldation States
= Transltlon metals (like iron, copper, manganese) show varfable oxldatlon states because they have
partially filled d-orbitals,
= Thelr outer electron configuration typically ends In {n=1)d***ns*?, so both s- and d-electrons can be
Involved in bonding.
= Example: Iron (Fe) can loge 2 electrons to become Fe® or 3 e!etlmns to become Fa'",
2. Relativistic and Inert Palr Effects (In heavier elements)
= Heavler p-block elements (like 5n, Ph) show varlable oxldatlon states due to the inert pair effect,
where the s-electrans are less available for bonding due to relativistic stabilization.
= Example: Lead (Pb) shows both +2 and +4 axidation states,
3. Main Growp Elements and Flxed Oxidation States
*  Group 1and Group 2 metals (ltke Na, Mg) almost ahways show a fixed oxldation number (+1 and +2
respectively) because they lose thelr valence s-electrons easily, and further loss would require
breaking into a stabte inner shell, which |s energetically unfavorable,
= Similarly, monmetals like fMuerine always have an oxldation number of =1 because it is the most
electronegallve element and can only galn one electron 1o complete Its octet,
Stabllity of Electronic Conflgurations
= Some elements achleve stable noble gas configurations after gaining or losing a specific number of
electrons. Once this stability Is reached, further changes ane energetically unfavarable.
= For example, oxygen typically forms =2 oxidation state to complete its octet,

g. Identify the element which Is In period 5 and group 157
Ans. Antimony [Sb)

h. Why oxldes of sodium and magnesium are more lonic than the oxides of nitrogen and
phosphorous?

Ans. Oxides of sodium (Na) and magnesium {Mg) are more lonic than the oxides of nitragen (M) and phosphorus
(P} due to differences in electronegativity, metallic character, and bonding tendencies of these elements.
1. Nature of Elements (Metals and Non-metals) .
= Sodlum and magneslum are metals (from Groups 1 and 2). Metals tend 1o lose elecirons easily and
form catlons,
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*  Nitrogen and phospherus are non-metals (Group 15). Non-metals prefer to share electrons rathe
than form lons, leading to covalent bonding.
2. Electronegativity Difference
* lonlc character Is stronger when there Is a large electronegativity difference between the metal ang
oxXygen.
* Sodium (0.93) and magnesium (1.31) have much lower electronegativitles than oxygen (3.44),
resulting In highly polarfionic bonds.
= Hitrogen (3.04) and phosphorus (2.19) have cioser electronegativity values to axygen, leading g
covalent bonds,
3. Bond Formation Tendencles
*  N2,0 and MgO form lonle lattices, with strong electrostatic attraction between lans (e.g., Na* and 0%,
= NyO; and PaOss, oxides of nitrogen and phosphorus, exist as molecular compounds with covaleny

bonds (electron sharing).
1. Glve reason for the different chemlcal reactivitles of Na and Mg toward oxygen and chloring,
Ans. With Oxygen =

Sedium burns In oxygen with a golden yellow fame to produce a white solid mixture of sodlum oxide ang
sodlum peroxide. Sodium Is kept under kerosene oll to prevent Its reactlon with alr. It reacts vigorously with
oxygen In open air to form sodlum peroxide. r

Mag, +0,, —Na 0,
imae Tatou)
Under special conditions like limited Oy or high temperature, sodlum oxide Is formed.
-tl!'«la[‘}-lvﬂam—ilﬂquil}
Magnesium burmns In oxygen with an Intense white flame to give white solid magnesium oxide.
Mgy + Oy —>Me 0y
With Chiorine
Chlarine reacts with both metals to give soluble salts. It reacts exothermically with sodium, golden yellow

flame is seen and white solid, sodium chloride is formed. Magnesium also reacts with chlorine to give white
solid, magneslum chloride.

ZNam +Cf,m—}1Nact
Mgy +Chypg —MaCt

)
)

. Why the lonlzation energy of lithium Is much lower than that of hellum despite the fact thal
the nuclear charge of lithium Is +3 and that of halium Is +2.
Ans. The lonization energy of lithium s much lower than that of hellum because of the following key factors:
1. Electron Configuration and Shell Structure
Hellum has the electron conflguration: 1s*
Both electrons are In the first energy level, very close to the nucleus and strongly held.
Lithlum has the electron conflguration: 157 25*
The outermost electron (2s) 15 In the second energy level, which is farther from the nucleus and shielded
by the Inner 15 electrons.
2. Electron Shielding Effect
In lithiurn, the two Inner 15 electrons shield the outer 25 electron from the full +#3 nuclear charge.
As a result, the effective nuclear charge felt by the 25 electron Is significantly less than +3, it Is roughly
around +1.
In helium, there's no shielding, both electrons are strongly attracted to the nucleus,
3. Distance from the Nucleus
The 25 electron In lithlum Is farther from the nucleus compared to hellum's 1s electrons,
Greater distance = weaker attraction = easler to remove = lower lanization energy,
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k. Tho lonization energy of Be (atomlic no. 4) Is higher than that of B (atomlc no. 5), desplte tho
fact that the nuclear charge of Be Is +4 and that of B s +5.

Ans. Berylllum (Be) has a higher lanfzation energy than boron (B) despite having a lower nuclear charge.

Berylllum (Be): Atomlc number = 4, Electronlc configuration: 157 257

Boron (B): Atomic number = 5, Electranic configuration: 15 25* 2p'

* In Be, the electron Is removed from a 2s orbital, which is lower in energy, more penetrating, and closer
to the nucleus.

s [n 8, the electron Is removed from a 2p orbital, which is Higher In energy, farther from the nucleus, less
penetrating and more shielded by the inner 15 and 25 electronsSe, even though B has a higher nuclear
charge {#5 vs. +4}, the 2p electron is easler to remove than the 25 electron in Be,

s 5o, 1porbitals are less Ughtly bound than 25 orbitals, despite belng In the same principal energy level (n=2).

This makes the first lonization energy of B lower, because you're removing an electron that's already
less stable.

.  Whatls commaon in Na*, Mgz'. ALY, Ne® and F~7? Arrange them In Increasing order of sizes.

Ans. A =MgeNa*<Ne<F
Thiey all have 10 electrons each 5o they are so-electronic species.
As the nuclear charge Increases (with constant number of electrons), the electron cloud Is pulled in tighter,
and the radius decreases.

ALY: Highest nuclear charge with 10 electrons — most tightly held — smallest
F~: Lowest nuclear charge with 10 electrons — weakest pull on electrons —» largest

m. Consider the chlerides of sedium, magnesium, and phosphorus (v): NaCL, MgCL, and PCls
{I} Classify each of these chlorldes az acldic, baslc, or neutral,

(i) For each chloride, briefly explain the reason for your classification, referring to their
behaviour when dissolved In water.

Ans.
(1) Neutral= NaCL, Basic = MgClz, Acidic = PCls
() NaCe —sNaf, +CEL, (pH=7)
MgCl, —Mgp, +2C0,  (pH=85)
=  Neutral chlorides are salts that, when dissolved In water, produce a neutral solution with a pH close to 7.

PCLapy+ AH; 0y —— HaPDliguqy + SHCL g
*  PCLreacts with water 1o produce phosphoric acid and hydrochloric acid Le. produces acidlc solution,

0.3 Wrlte equatlons for the reactlons of Na and Mg with oxygen, chlorine, and water, Compare the reactivity
of both elements with these In terms of metallle character.

Ans. See Page No. (15)

DESCRIPTIVE QUESTIONS

0.4 Explaln with the help of equations acldle and basle behaviour of oxldes and chlorides.
Ans. See Page No. (17) |

Q.5 Describe the factors affecting and perlodic trends of electron affinity.
Ans. See Page No, (12)

Q.6 Define lonization energy. Discuss the factors affecting and perlodic trends of lonlzatlon energy.
Ans. See Page No. (09)
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1.

B.

7.

8.

10.

11.

ADDITIONAL SLOs BASED MCQs

Livermarium (Lv} Is an element which is present In:

A) Group 1, Period 2 B8) Group 2, Period 3
C) Group 16, Period 7 D) Group 17, Period 7
The period number of an element shows:

A) Group number B} Number of valence electrans

C) Type of block D) Number of occupled shells

Which of the following has the conflguration 1s® 2s¥ 2p* 35" 3p"7

A} Na B} Mp c)aL D) sl

The element In group 2 and period 4 has which configuration?

A} [Ar] 3d? B} [Ar] 45 C) [Ar] 45 D) [Ne] 35
Anunknown gas forms a -1 lon and is highly reactive, It likely belongs to:

A} Group 1 B) Group 14 C) Group 17 D) Group 18

An element reacts with water to form a strong base and hydrogen gas. It Is likely:
A) A noble gas B} An alkali metal C) A halogen D) A metalloid

Which property Increases down Group 1 elements?
A) Electronegativity  B) Reactivily C} lonization energy
Why do Group 1 elements have low lonizatlon energy?

D} Non-metallic charactar

A) Small size B) High nuclear charge  C) Large atomic radius D) High shielding
Which factor malnly determines an element’s metallic character?

A) Number of neutrons B) Atomic mass C) Valence elactrons O} Density
Which oxide forms a basic solution In water?

A} 50y B) CO, C) MgO D) P10y

Which of the followlng oxldes Is acldic In nature?

A) CaD B) Na,O C) 50y D) Mg0

Which hydroxide Is slightly soluble and weakly basle?

A) NaOH B) Mg|OH); €] Ca{OH); D} KOH

Which chloride forms an acidic solution In water due to hydrolysis?

A) NaCL ) ALCL, C) KCL 0) MgcL,

Which equation correctly shows magneslum reacting with chlorine?

AlMg+CL—MgCL  B)Mg+Cly— MgCl,  C)Mg+2CL—MgCly D] Mg + 2CL; — MpCL,

Why Is MgO more ionlc than Al 0,7
A) ALis more reactive
C) Mg s less electronegative than AL

B) Mg has fewer electrons
D} AL has more orbitals

Ansiver Key with Explanations

Explanations

1. Cc Livermorium has atomic no. 116 and Is present in group 16 and period 7.
2. 1] Period number equals the number of electron shefls.

3. c Aluminum has 13 electrons; the confliguration matches.

4. B Group 2 elements end with 5% 45! Indicates period 4,

5. C Group 17 elements (halogens) form -1 lons and are reacthve.

6. B Group 1 metals react with water (o form strong bases and H,.

7. B Alkall metals become more reactive down the group,

B. C Larger atoms with shielding make elzctron removal easler,

2. c Fewer valence electrons = more metallic be havior,

10. c Mg0 + Hi0 —+ MglOHls, a baske solution.
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11. c 505 is an acldic oxide that forms Hy504 in water.

1z, B Mg{OH]s Is spanr_tgﬁnluhiu and weakly basic.

13, B Al causes hydrolysis, lowering pH of salution.

14. B Magnesium farms MgCls with Cl, gas.

15. c Greater difference In electronegativity makes Ma0 more lonic.

ADDITIONAL SHORT ANSWER QUESTIONS

Q.1 How are elements arranged In the modern periodic table?

Ans. Elements In the modern perlodic table are arranged In order of Increasing atomic number. Elements with
simifar chemical properties are placed In the same group, and the pattern of properties repeats periodically.
Q.2 What do the s, p, d, and f blocks In the perlodic table represant?

Ans. These blocks (s, p, d, and [} represent the type of atomic orbital being filled by the valence electrons, The s-
black Includes Groups 1 and 2, the p-bleck Includes Groups 13 to 18, the d-block contains transition metals,
and the f-block Includes lanthanides and actinides,

Q.3 What does the perlod number of an element Indicato?

Ans. The perlod number Indicates the number of occupled electron shells in an atom of the element. For example,
an element in Period 3 has alectrons in three energy levels.

Q.4 We determine the electron configuration of an element using its position on the perlodic
table. How?

Ans, The element of the period number represents the highest principal energy level, and the block shows the
type of orbital. The group number of the element helps to determine the number of electrons in the
cutermost shell.

Q.5 How can we Identify an unknown element based on its physical and chemical properties?

Ans, We can identify an unknown element based on its physical and chemical properties by comparing the
properties of an elements such as reactivity, ion formation, and bonding behavior with known trends in the
periodic table, we can estimate its possible group and period and [dentify it.

Q.6 How can we predict the properties of elements in the same group?

Ans. Elements in the same group have the same number of valence electrons, so they exhibit similar chemical
propertles and reactlons. For example, Group 1 elements all react with water to form hydroxides and release
hydrogen gas.

Q.7 How do atomic radius and ionization energy change across a period and down a group?

Ans. Across a period: The atomic radius decreases and lonization energy increases across a period due to greater
nuclear attraction on the valence shell electrons.

Down a group: The atomic radius increases and [onization energy down the group decreases due to added
electron shells and Increased shielding. 5o nuclear attractions decreases.

Q.8 How does the number of valence electrons affect metallie and nonmaetallic character?

Ans. An elements with fewer valence electrons [like 1 to 3) tend to lose them easily and show metallic character,
on the other hand, those elements with more valence electrons (like 5 to 7) galn electrons and show
nonmetallic character.

0.9 How do oxides of metals and non-metals behave in water?
Ans. The metal oxidas usually react with water to form baslc solutlons, on the other hand, non-metal oxides form
acldic solutions, For example, Na;0 forms MaOH, and 50, forms Hy504,
MNaz0y + HaOyy —— 2Na0H{ag)
503151 + H2Opyy =——> H25030:q)




