Classification of
Elements and
Periodicity in
Properties

The elements of the penodfr: tabie can be found everywhere; in Fact. they comprise
everything. When fired from artillery shells, white phosphorus, for example, flares in
spectacular bursts with a yellow flame and produces dense white smoke. It is used to
hide troop movements and to illuminate a battlefield

Topic Notes

2 Periodic Table and Properties

& Properties of Elements and their Periodic Trends
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PERIODIC TABLE AND

PROPERTIES

'TOPIC1
WHY DO WE NEED TO CLASSIFY ELEMENTS?

The maortter is made up of elements. There are now
118 elements known The newly found elements
are oll mon-maode. Attempts to synthesize new
elements are still underwau. k is quite difficult to
examine the chemistry of oll of these elements
and their numerous compounds individually due
to the enormous number. A method of classifying
the elements or to orgonising them methodicallu.
will rotonolise existing chemical focts regarding

elements and will help w accurately predict new
ones for future research

Arranging the elements in such o way that similar
elemente are placed together while dissimilar
elements are separated from one another is caolled
the classification of elements. "Periodic table is the

arrongement of the known elements according to
their properties in a tabular form”

Toble: Different periodic classification and its Discoveries

Cl.np:sl'.r?;i;un Discovered by Description Reasons for failure
Low of Triods Johann Dobereiner Each Triod's middle elementhad  Because it appeared w
an atomic weight that was very waric only for a few ele-
close to the arithmetic mean ments. it was dismissed as
of the other two elements In coinadence
addiion. the middle element’s
charoctenstics were in the middle
of the other two elements Eg.
LiNa Kk CaSr.Bax CLBr.l
Law of Ocoves John Arranged the elements in Only for elements up to
Alexander Newlands | ascending order of atomic caloum Newlands' Low of
weights noting that every eighth  Octoves appeared to be
element possessed chorocteristics  valid
coamparable to the first element
like the eighth note of musical
scale
EgLlBeBCNOFE
' No.Mg.ALSLP.S.A.Kand Ca
Mendeleev's Per- | Dmutn Mendslesy Similorities in physical and Same of the elements did
odic Table and chemical properties arise at not fit in wath hiz echeme of
Lothar Meyer regulor intervals when elements  dossification if the arder of
(Worlang independ=wiy) | are arranged in ascending order  atomic weight was strictly
of their atomic weights. followed.
For example, indine with o
lovver atomic weight thon
that of tellurnum (Group
V1) was placed in Group

Vil along with fluonne.
chlorine. and bromine

becouse of eimiloritiea m
propertbes
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Mendeleev's Periodic Table

The Periodic Low wos first published by Mendeleev
according to which “The physical ond chemical
properties of the elements are a penodic function of
their atomic weights” Mendeleev orgonized atomns in
o table's horizontol rows and vertical columns in order
of increasing otomic weights. so that elements with
comparable properties were grouped in the some
vertical column in such a way that the elements with

similor propertiss occupied the same vertical column
or group. Hs realized thot some of the elements

did not fit in with his echeme of clossification if the

order of atomic weight was strictly followed. He
ignored the order of atomic weights. thiniang that

the atomic nneasurements might be incorrect. and
placed the elements with similar properties together.

For example. iodine with a lower atomic weight than
that of tellurium (Group VI) was ploced in Group VI
olong with fluonine, chlorine and bromine because of
similarities in properties

He proposed that some of the elements were stll
unidentified and. as a result. created some gops in the
table by grouping elements with similar properties
together. Gollium and germanium. for example.
were uninown at the time Mendeleev published in
his penodic table He termed these elements Ela-

Aluminium and Elko-Silicon because he left a space
under oluminium and a gap under silcon

Periodic Table of Elements
bosed on Mendel eev’s Periodic Lauwr

|
H
0 101 1| 1] v Vv vi va
He Li Be BE |ec N o) F
400 694 901 108 | 120 i4D 180 190
Ne Na bg Al S = @S a
202 | 230 | 243 | 27D | 281 | S1p | 321 355 Vil
Ar K Ca Se T v Cr Mn @ Fe Co 5
400 | 391 401 | 450 479 | s09 520 549 559 | 5839 | SA7
Zn Ga Ge As Se Br
654 | 697 726 | 749 790 798
s Rb Sr Y Zr Nb Mo Te Ru Rh Pd
B9 8 855 B76 @ B&9 912 | 929 959 (@) 101 103 106
@Ag cd in ® Sn S T I
108 112 | 135 119 | 122 128 127
Ne C= Ba Lo Hf To W Re O= r =3
391 133 137 139 179 | 181 184 180 194 192 195
®Au  ©Hg T @FPb B Po e
197 201 204 207 209 (2100 (210
Rn Fr Ro [@Ac @Th @FPa | @U ) }
@222 | (223) (@26 | (27) | 232 | (@3Y))| 238 Lanthanide series
. : © Actinide soripe
Dobmeiner & winds iCnowun o Mendaleey 2 nown o Ancenge

Mendeleev's Penodic Table publehed In 1905

Example: 1.1: Case Based:

Following the discovery of o signficant number
of elements, it became necessary to classify ond
arganise them in a logical sequence bosed on their
periodic properties. Johann Wolfgang Dobereiner
attempted to group elements with simiar properties
in 1817. He discovered Dobereiner’s triads. which are
groups of three elements with comparable physical
and chemical properties John Newlands grouped
all lmown elements in increasing atomic maoss order

in 18G5 ond discovered thot the properties of every
eighth element are comparable to the qualities of the
first element

(A) According to Newlonds' low of octaves, the
characteristice of magnesium are similar to
those of:

(o) Beryllium
() Sodium

(b) Lithium
(d) Potassium

ucnrene €9

(B) A and B are two elements with similor quolities

that follow Newlands' octave lovs How mnany
elements exdst between A and B?

(@) 9 (®) 8

(c) 6 d 7

Give an example of Dobereiner's triad.

On what basis are the elements In Dobereiner’s
triad arranged?

(E) Assertion (A): Newlonds’ law of octave shows
that Li ond Na hove the same
chemical properties.

©
(8)

Reason (R): Newlands Low of octave
depends on ascending order of
atomic weight.

(@) Both (A) and (R) are true and (R) is the

carrect explonation of (A).

Both (A) and (R) are true but (R) s not the
correct explanation of (A).

(b)
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(c) (A)is true but (R) is false.
(d) (A)is false but (R) is true.

Ans. (A) (a) Berylium
Explanation: According to Newlands'
low of ocrtoves. every eighth element
possessed chaoraocteristics comparable to
the first element Thus. the choracteristcs
of mognesium are similar to those of
Beryllum.
B) ©6

Bwplanation: According tw Newlands'
octove rule. every eighth element possessed
choracteristics comparable to the first
element Thus. 6 elements exast between A

and B

(C) L. Na. K
Bxplaonation: Each trind’s middls element
haod an oromic weight that was almost

midway between the other twao. In addition.
the middle element's chaoractenstics were

m the middle of the other two elements
(D) Atomic nnoss

Explanation: Each triod’s middle element
hod an aromic weight that was almost

Periodic Tabl e of Elemenis

[ Al sesms [ Hologens

midway between the other two. In addition,
the middle element’s characteristics were

in the middle of the other two elements

(b) Both (A) and (R) are true but (R) is nat
the correct explanation of (Al

Explanation: Newlands in 1885 that. i the
chemical elements are arranged according
to increasing otomic weight. those with
similar physical and chemucaol properties
occur ofter each intervol of esven elements

Modern Periodic Law and the Present
Form of the Periodic Table

Henry Moseley noticed potterns in the elements’
characteristic spectra. The plot of J; (where v s

the frequency of X-roys emitted) versus the atomic
number (Z) uyelded a stroight line. wnereos the

plot of -j;us atamic moss yielded o curved bne As

a rasult he established that an element's atomic

number is more elementory thon its otomic moss.
As o result. Mendeleev's Periodic Low was omended

correspondinglu

o group [0 Atoline-oarth metols [ Nobio goees
s 1 O Tronsitionenatols [ Raro-carth alamants 21 39.57-71) __aF
. £ ik fnatala and lonthanodd elonents (57-71 only) 9
~ IEH 13 14 1S 16 17 | He
— [ Other non-mneuwis ] Actingid elempnis et
NE 5 5 7 B 9 | 10
A B C N O F Na
11 |12 13 | 14| 15 | 16 | 17 | 18
No Mg 3 4 S 6 7 8 9 10 11 12| A | S| P 5| a| ar
d1o P20 22 |22 2225|2528 | 272 | 28| 22| 30| 21 | 32 [ 33 | 25 | 35| 35
MR - B | Cr'[ﬁ.ﬂ-n‘l:m Co| 6 |Qu | Zn | Go | Ge | As | Se B | &
<| 37 [EEl 3o | 40 | 41 | 42 | 43 \ 44 | 45 | 46 | 47 | 48 | 49 | s0 | 51 | 52 | S3 | 54
b | S | Y| Z |M | Mo|Tc |Ru|[Ra|Pd|Ag|CGB| b |Sn | |Ta| ]l | X
ss | 56 | 57 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | B1 | 82 | B3 | B4 | 85 | BF
Cs Bo Lo | H | To | W e | Os ‘ Ir Pt | Au | Hg | Ti FPb Bi Po | At Rn
, B7 | @8 | 89 | 104 | 105 | 106 m?i 108 | 209 | 110 | 111 | 282 | 119 | 134 | 3315|116 | 117 | 118
| Fr | Ro | Ac | RF | Db | Sg | Bh | Ho | Mt | Ds | Rg | Cn | N H | Mc | Lv Te Og |
——— S3 | 60 | 61 (62| 63 | B4 65| 66 |67 68 | € | 70 | 71
; Pr Nd Pm |Sm | Eu G4 T Dy |Ho E | Tm | ¥  Lu
Actinold serios 7| 80 | 91 | 92 | 83 | 99 | 65 | 96 | 97 | 88 | 99 | 100 | 101 | 102 | 103
N b Th | Poa | U | Np | Pu | Am | Cm | Bk CF| Es | Fm | Md | No | Lr
Maodern Pertodic Table

Modern Periodic Low can be stoted os: Periods are the horizontal rows (which Mendeleev

The physical and chemical properties of the elements  nomed eeries) and groups are the vertical columns.

are perniodic functons of their atomic numbers

Get More Learning Materials Here : &

In o neutraol otom. the atomic number e equaol
to the nucleor charge (number of protons) or
the number of electrons. The periodic variation in
electronic configurations. which control the physical
aond chemicol properties of elements and their
compounds. is what penodic low = all about

[ﬁ:}’ Important

we Repetition of the zmidor propertes of ohe elements
placed in a certain group and separated by a certaln definite
gap of atomic number ls bnown as perfodiciy.

Groups or fomiliee are made up of elements that
hove similar extermnol electronic configurotions in
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their otoms and are grouped in vertical columns.
The groups are numbered from 1-18 on the
recommendaton of the Internotional Union of Pure
and Applied Chemistry (JUPAC). replacing the earlier
notaotion of groups.

IA_VILVIILIB_VIIBand O

&J/\]’ Important

== There are seven periods in total The princpal quantum
number (n) of the elements comesponds to the pesfod
number. There are two elements in the first period The
number of elements [n the subsequ=snt periods. are A 8. 18
18 and 32 elements respectively The seventh perfod hos
a madmurmn possible number of elements (32) (based on
quantum numbers)

Example 1.2: What is the basic theme of

orgonisotion of elements in the periodic table?
[NCERT]

Ans. The primary subject of element organisation in

the periodic table is to simplfy and systemaotise
the study of the properties of all elements
and millions of their compounds Because the

properties of components are now researched
in groups rather thon mdividually. the study hos

become eimpler.

Example 1.3: Case Based:

Tke physical and chemical properties of elements are
periodic functions of their atamic numbers. according
to the modern penodic law:

The atomic number of o meutral atom equals

the nuclear charge (number of protons) or the
number of electrons Periodic variation n electronic
configurations. which determine the physical

ond chemical properties of elements and their
compounds. is the focus of Peniodic Law:

Periods are horizontal rows (called ssmes by
Mendeleev) while groups are vertical columns

Groups or familbes are made up of elements in

vertical columns that hove comparable externaol
electronic arrangements in their atoms.

(A) Who discovered the Modern periodic law?
(o) Mendeleev (b) Bohr
(c) Rutherford (d) Moseeley

(B) Modern periodic law is based on:
(o) atomic mass (b) atomic numbers
(c) noofporotons (d) no.of neutrons

(©) Define periods in a periodic table.
(D) Define groups in a periadic table.

(E) Assertion (A): Mendeleev’s periodic Law is
based on atomic number.

Reason (R): Periods are horizontal rows
while groups are vertical
columns.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) (d) Moseley

Bwplanation: Modern penodic law was
discovered by Henry Moseley He noticed
patterns in the elements' characteristic

spectra. The plot of J': (where v is the
frequency of X-rous emitted) versus the
agtomic number (Z) uielded a swaight

line. whereas the plot of J\_r'u*s atomic
nnass yielded o curved Lne As a result
he established that aon element's atomic
number is more elementary thon its atomic
nnasa As a result. Mendeleev’s Periodic Law
wase amended correspondingluy

(B) (b) Atomic Numbers

Bplanotion: According to the modemn
periodic low the phuysical and chemical
propertes of elements are perodic
functions of their atomic numbers.

(C) Periods are the horizontal rows of the
penadic table The perniodic table hos o total
of seven periods.

(D) In the periodic table. a group is defined
as a vertical column. A group i= a series
of elements with the some outermost
electronic configurations in terms of atom
electronic structure. In the long form of the
periodic table there are 1B group=.

() (@) (A is false but (R) is true

Bplanotion: Mendeleev's penodic low is
bosed on atomic weight

'TOPIC2
NOMENCLATURE OF ELEMENTS WITH ATOMIC NUMBERS >100

Until o new element’s discovery & proven and its
nome is formaolly recognized. [UPAC recommends thot

o systematic nomencloture be derived directly from
the element’s atomic number wsing the numerical
roots for 0 and digits 1 -9

Di_git | Root - Abbreviation
0 - S -
1 | Un | u
m &N www.studentbro.in




Digr Root Abbreviation Digit Root Abbreviation
2 I b | 6 Hex h
I 3 Tn t 7 Sept s
‘ 4 Quad q 8 Oct o
s _ Pem P 9 Enn e
Notation for IUPAC Nomenclature of Elements
Atomic Number Nnn: f’JSifmg Symbol e 2L IUPAC Symbol
Nomenclature | Haee B
101 _ Unniluniwam Unu Mendeleviumn Md
102 . Unnilbiuwm Unb _ Nobeliunn No
103 Unniltriwnm Unt | Lowrencium 1F
104 Unnilquadium Ung Rutherfordiunn RF
105 _ Unnipentium Unp Dubniumn Db
106 ~ Unnilheyswnn Unh - Seaborgium | ' Sg
107 | Unnilseptismn Uns Bohrium Bh
108 ' Unniloctium Uno Hassium | Hs |

There hove been dizcovertes of elements wirth atomic numbers up to 118 thuws far. The roots are combined n the arder of the

Get More Learning Materials Here : &

atomic number’s digits and "ium?® s added ot the end

Electronic Configurations of Elements
and the Periodic table

A combinoton of four quontum numbers
characterizes an electron in an aotom. with the
principol quontum number (n) defining the major
energy level lknown os the shell The electronic
configuration of an atom refers to the arrangement
of electrons in different orbitals. The filing of
electrons into a different subshell also known
as orbitals (s, p. d ) in an atom. There is a direct
link between the electronic configurations of the
elemente and the periodic table in its lengthy
form. The quontum numbers of the lost orbital
filed determine an element's position in the
periodic table

Electronic Configurations in Periods

The value of n for the outermost or valence shell &
shown by the period The filling of the next higher
main energy level (n = 1. n = 2, etc) is reloted to each

succeeding penod in the periodic table

Each period has twice as many elements as there
are atomic orbitals accessible in the erergy level

being filled.

(1) The first period (7 = 1) hos two elements [H(1sY)
and He (159))

(2) Second period (n = 2) involves the filling
of 2s and 2p orbitals. Thus, there are eight
elements ronging from Llithium ([He]2s!) to

neon GHE]?E] 2pe).

cnrene €9

(3) Third period (n = 3) involves the filling of 3s
and 3p orbitals Thus there are eight elements
ranging from sodium (z = 11) to argon (z = 1B).

(4) The fourth period (n = 4) involves the filling
of 45 and 4p orbitals In between the filling
of 4s and 4p, 3d orbitals are also filled. Thus.
oll nine orbitals are filed ond therefore. these
are eighteen elements in fourth penod from
potassium (Z = 19) to louypton (Z = 36)

(5) The fifth period (n = 5) involves the filing of
S5s and S5p orbitals. In between the fillmg of
Ss and 5p. 4d orbitals are al=o filled Thus. all
nine orbitals ore filled and therefore. there are

eighteen elements in fifth period from rubidium
(Z=137) to xenon (Z=54)

(6) The sixth period (n = 6) contoins 32 elements.
aond consecutive electrons enter 8s, 4f. 5d. and Gp
orbitals. The filing of the 4f orbitals begina with
cerium (Z=5B) and finishes with lutetium (Z=71)
resultng m the lonthonoid seres

(7) The seventh period (n=7) & charactenzed by the
sequentiol filing af the 75, 5f. 6d. and 7p orbitals.
and it contoing the majority of mon-made
radiooctive elements. The period terminates at
the element wath atomic number 11B. which
belongs to the noble gos family. Rlling up the
Sf orbitals after actinium (Z = 89) produces the
aoctinoid series. which is a S5f~nner transion
EETIES.

(8) To mointain the penodic table's structure and
to mnointoin the princples of cdassification by
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grouping elements with comparable properties
in a eingle group, the 4f and S5f~inner transition
series of elements are ploczsd eeparately ot the
bottom of periodic table

Groupwise Electronic Configurations

Electronic configurations of valence shells. number
of electrona i outer orbitals. and characteristics are
all comparable ocross elements in the some vertical
column or group. This resemblance originates from
the fact that the outermaost orbitals of these elements
hove the some amount and dstribution of electrona

Depending on the sort of atomic orbitals that are
being filled with electrons. elements are diwded into
4 groups

s-blodc. p-block. d-block ond f~blocc

Excepuons mclude:

(1) Helium & an s-blodc element. but &s location
in the p-blode olongside another group of
1B elements & justified since © possesses a
filled valence chell (1s?) and hence shows
charocterstics similar to other noble goses.

(2) Because hydrogen only hos one s-electron. it
belongs to group 1 (olkoli metaols). It moy also
gain an electvron to become o noble gos and so
act ke a group 17 (halogen fomily) element
Hudrogen is plaoced at the top of the penodic
table geparately becouse i's a special case

Exomple 1.4: Write the atomic number of

the element present in the third period and
seventeenth group of the periadic table.

Ang. Chlonne. The atomic numberis 17.

CO BJECTIVE Type Questions)

[ 1 mak ]

Multiple Choice Questions

1. Who gave the first periodic classification?
(o) Dobereiner (b) Newlond

(c) Moseley (d) Mendeleev

Ans. (g) Dobereiner

Explanation: Johann Dobereiner (1780-1B49).
a Germon chemist. clossified various groups
of three elements as triods in 1829. Lithium_
sodium. and potassium were one such trinity
Triads were formed using both physical and
chemical features.

2. The last element of the p-block in the >
period is represented by the outermost
electronic configuration.

(a) 752 7p°©
() 5% 8d'° 752 7p°
(c) 4F*¢ 540 gs? gp°
(d) 4¢ 54'° 65 6p*
Ans. (c) 4F¢ 540 657 6p°
Explanation: The last element of the p-blode
in the 6% period is represented by 4F¢ sd'°
6s’ EpE.

[NCERT Exemplar]

3. The two exceptions to the classification of
the periodic table into groups are:

(a) Hydrogen and Lithium
(b) Hydrogen and Helium
(c) Helium and Nitrogen
(d) Nitrogen ond Bodium

Ans. (b) Hydrogen and Helium

Explanation: Helium is a s-blodc element but
&8s locaton in the p-blodk alongside the group

of 18 elements i justified since it possesses
o filled valence shell (1s%) and hence shows

choracteristics similor to other noble gases
Hydrogen only has one s-electron. it should
belong to group 1 (olkali metals). It may also
so act ke a group 17 (halogen family) element
which can gaoin an electron to becomne a noble
gos and thus hydrogen is ploced at the top of
the perniodic table.

[N

In the long form of the periodic table,

elements are arranged in the increasing
order of:

(o) Atomic mass

(b) Atomilc number

(c) Several nucleons

(d) Principal Quantum number

Ans. (b) Atomic number

BExplanation: Modermn penodic low con be
stated as: the physical and chemicol propertes
of the elements are perodic functona of their

atomic numbers

5. The number of elements in the sixth period
is:

(o) 18 (b) B
(c) 32 (d) 1B
Ans. (c) 32

Explanation: The formulo to find the number
of elements in a given period &

o (n+ 2)7
if n is even. number of elements = N
|
if nis odd. number of elements = (z+1)
m @) www.studentbro.in



(6+2) (o) in the systematic and easy study of the

So. number of elements in 6~ penod = > properties of elements
84 (b) to know the type of different compounds
= el =32 that different elements can form
where n is the period number. (c) to correlate the properties of elements
all of the above Diksha
Coutl (d) all of the ab [ ha]
5.5 ution

Ans. (d) all of the above

= n ks not the principal quanturm n fn s case Explanation: Classifiication helps in the easy

6. The elements in which electrons are segregation of elements as well as the valency
progressively filled in 4f-orbitals are called: of the element can be determined which
(a) actinoids (b) transition elements helps to lmow the wpe of compound which be
(c) lanthanoids (d) halogens formed.

[NCERT Bxemplar]

Assertion-Reason (A-R)

Ans. () Iam:l'.'n-nmds ' ) _ _ In the following question no. (10-14) a statement of
Explanation: Flling up of the £f-orbiols begms asgertion followed by a statement reason is given

with ceriu_m £Z=5EI}_IEH'IE| E"[dﬂ ot btetium Choose the correct answer out of the following
(Z=71) 4f-inner transition seres s called the cholces.

lanthanoid series. (o) Both (A) and (R) are true and (R) is the correct
While actinoids are filled in the Sf-orbitals explanation of (A).

Haologens are filled in group 17 whereas ®)

rantian metalsare maitks in thedblack Both (A) and (R) are true but R is not the correct

explanation of (A).
7. Which of the following is not an actinoid? (c) (A)is true but (R) is false.
(@) Curium (Z=96) (b) Califormium (Z = 9B) (d) (A) is false but (R) is true.

(c), Uraniism (£ =92) (d) Terblum (Z'=62) 10. Assertion (Ax Second period consists of 8

[NCERT Bxemplar]
) elements.
Ans. (d) Terbiumn (Z=62) Reason (R Number of elements in each
Explanation: Actincids are elements wath period is four times the
Z =90-103. Therefore. Terbium (Z=65) m not an number of atoric orbitals
actinoid. Terbium (Z=65) is a lanthanoid. whose available in the energy level
electronic configuration is [Xe]4f°5dP8s. that is being filled.
B. The period number in the long form of the Ans. () (A) = oue but (R) is false
periodic table is equal vo: Bxplanation: The number of elements in each
(o) magnetic quontum number of any period is twice the number of atomic orbitals
element of the period availoble in the energy level that is being filled.
(b) atomic number of any element of the ) .
period. 11. Assertion (Ax According to Mendeléev, the

properties of elements are

a periodic function of their
atomic masses.

(c) maxdmum principol quantum number of
any element of the period.

(d) maximum Azimuthol quontum number ) )
of any element of the period. Reason (R): Atomic number is equal to

[NCERT Exemplar] the number of protons.

Ans. (c) madmum prindpal quantum number of Ans. (b) Both (A) and (R) are true but (R) is not the

any element of the period correct eplanation of (A)
Explanation: Becouse each period begins Explanation: Mendeleev arranged elements in
with the filling of electrons in a new prindpal honzontol rows and vertical columns of o table
quontum number. the period number in m order of their increasing atomic weights in
the periodic table's long-form refers w the such o way that the elements with similar
momdmum prindpal quantum number of any properties occupted the some vertical column
element in the period. or group.

The period number iz equal to the momdmunmn

n of any element (where n is the prinopal
quantum number).

12. Assertion (Ax The three elements in a triad
hove the some atomlc mass

gaps.
9. Clossification is mecessory and significont Re@son (R): The properties of the
because it helps: elements in a trio are
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14. Assertion (A): Mendeleev's

comparable.

Ans. (d) (A)is false but (R) is rue.

Explanation: In o triod. the atomic mass of the
middle element is equol to the mean of the
atomic masses of the first and third elements.

13. Assertion (A): The element ununbium hos

an atomic number of 112_

Reason (R): In Latin terms, the momoo for
numerals 1 and 2 are un-and

bi-respectively.

Ans. (g) Both (A) and (R) gre rue and (R) iz the

correct explanation of (A)

Explanation: For 112, the root will be bi and
the symbol will be b. As o result it will be
lnown o8 wnunbium, and its symbol will be
Uub. Rnollu. we moy deduce that the name
and eymbol for an element with the otomic
number 112 are ununbium and Uub.

periodic low
states that the properties
of elements ore o periodic

numbers.

Mendeleev's periodic low
could not account for the
phenomenon of anomaolous
pairs.

Reason (R):

Ans. (d) (A)is false but (R) = true

Bgplanation: According to Mendeleev's
perodic low. the atomic weight iz the
bosis for oll attributes. This meons thot
the assumption thot the properties of
elements ore a pernodic function of their
atomic numbers is tnoccurote. [t foiled
because they did not totolly correspond
to the sequence of atomic mass ond were
unable to identify hydrogen in the penadic
table. The incregse in atomic mass was
discovered to be uneven when travelling
from one element to onother. They foiled
due to anomolous poirs. in which atoms
are ploced in the penodic table according
to their otomic masses, with the element
with the lowest atomic weight coming first
These are lcnown as anomolous pairs. as

function of their atomic they defy the rule.

@ASE BASED Questions (CBQSD

[ 4 &5 marks ]

(B) There i= o distinction between Lanthanides
and Actinidss. The filing of 4f-orbitals is
done m lanthonoids. while the filing of
Sf-orbitals ia done in actinoids.

Read the following possages and onswer the
questions that follow:

15. Elements mn the contemporary penocc table

Get More Learning Materials Here : &

are listed in increasing atomic nwnber order.

which is related to the electronic configuration
The elements in the periadic table have been

separated mto fowr blocks s p. d and fbased on
the type of orbitals receiving the last electron
namely. the contemporary periodic table
& dwided into seven periods and eighteen

groups. Each period starts with the formaotion
of a new energy shell According to the Aufbau
concept. each of the seven periods (1 to 7) hos

2 8 8 18. 1B. 37 and 32 elements To keep the
periodic table from becoming excessively long.
the lonthanoids and octinoids series of f—bloac
elements are placed towards the borttom of
the main body of the periodic table

(A) How mony elements are there in the
f~block?

(B) Which concept is used to determine the
number of elements in each period?
(C) Whot s the difference between

Lanthonoids and Actinoids in terms of
position in the periodic table?

Ans. (A) Aufbou concept © wsed to determine the

number of elements. each of the seven
pertods hos elements

16.

S

© () d-block

Explanation: The position of on element
in the penodic table is determined by the

quantum numbers of the last orbitol filled
Lanthanum hos the atomic number 57.

Asg the valence shell of lonthonum is 5d.
lanthanum belongs to the d-blodc of the

periodic table

The modern table is bosed on Mendeleev’s
table except the modern table arranges the
elements by mcreasing atomic number instead
of atomic mass. Atomic number s the number
of protons in an atom. and this number is
vnique for each element The modern table
hos more elements than Mendeleevs table
because many elements have been discovered
since Mendeleev’s time.

Rows of the modem periadic table are caolled
periods. as they are in Mendeleevs table From
left to right across a period, each element has

one more proton than the element before
it Some periods ;mn the modern periodic

table are longer than athers. Columns of the
modern table are called groups, as they are in
Mendeleev’s table However, the modern table
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has many more groups—18 compared wath
just B in Mendeleev’s table Elements in -the
same group howve similor properties Periodsc
table i divided into 4 blods viz s-blooc
p-block. d-blodc and f-bloclc

(A) Which of the following is a f-block

element?
(a) Sodium (b) Argon
() Samarium (d) Zinc

(B) s-block elements are:
(a) Groups I-A ond llI-B elements
(b) Groups I-A and lI-A elements
(c) Groups I-A aond I-B elements
(d) Groups I-A and II-B elements

(C) The number of groups ond periods
respectively in modem periodic table is:

(a) Seven, eighteen
(b) Eighteen, seven
(c) Seven, seven

(d) Eighteen, eighteen

(D) The element with atomic number
57-belongs to:
(o) s-block (b) p-block
(c) d-block (d) f-block

(E) Assertion (A): Helium is ploced im

group 18 along with
p-block elements.

Reason (R): It chows properties
similar to p-block
elements.

(o) Both (A) and (R) are true and (R) is
the correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not
the correct explanation of (A).

(c) (A)is true but (R) is false.
(d) (A)is false but (R) is true.

Ans. (A) (c) Samarium
Bxplanation: Samarium @ o f-bloce
element with the atomic number 62 and
the periodic toble symbol Sm.
(8) (b) Groups I-A and lI-A elements
Bplanation: s-block elements are

elements from groups I-A (alkali metals)
and UI-A (glkaline earth metals).

(O (b) Eighteen. seven
Explanation: There are seven periods and

eighteen groups o the modern perodic
table

(D) The elements of the f-blodc are listed

indwidually at the bottom of the periodic
toble because they resemble each other

but do not resemble any other group
elements

(D) (©) (A) is rue but (R) is false.
Explanation: He (1s?) chould be ploced
along with s-block elements because of
fte electronic configuraton but it has a
completely filled valence shell and os a
result. it exdwbis propertiss of noble gases
thus it is ploced olong with noble gaosss
(ns.np)

(E) There are 2B elements belonging to the
f-blodk element and have been grouped in
two horzontol rows

(VERY SHORT ANSWER Type Questions (VSA))

['lrnﬁri{]

17. Define periodicity

Ans. The recurrence of amilor properties of

elements after definite ntervals when
elements are arranged in increasing order of

their atomic numberrs

1E. What Is modemn periodic low? Define it

Ans. According to modern periodic low. “The
physical and chemical properties of elements

are penodic functions of their atomic numbers”.
19. Who is responsible for the development of
the modern periodic table?
Ans. Henry Maoseley and Dmitri Mendeleex
20. Write the electronic configuration of
Cr(Z=24). Justify your answer. [Diksha]

Ans. The expected configuration of Cr is [Ar]3d* 452
but the actual electronic configuraton of Cr
@ = 24) & 1572572p°3%3p% 3 45 JAr]3L 4™

This configuration is exceptional as half-flled
orbitals have extro stabibty.

21. |dentify the group ond valency of the
element having on atomic number 119.
Also, predict the outermost electronic
configuration and write the general formula
of its oxide. [NCERT Exemplar]

Ans. The group i ane and the valency iz also one
The outermost electronic configuration iz Bs®
and the formulo of oxide is M;0.

Z2. Why is Hydrogen considered an exceptional
element in the periodic table?

Ans. Because hydrogen only hos one s-electron
it belongs to group 1 (olwoli metals) It maoy
also gain an electron to become o noble gos
and so act like a group 17 (hologen family)
element Thus, hudrogen is considered os an
exceptional element and is placed at the top of

the penodic toble.
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(SHORT ANSWER Type-l Questions (SA-ID

[ 2 marks ]

23. An element hos an outer shell electromic
configuration 4s° 4p3. Find:
(@) The atomic number of the element
placed next below it
(b) The atomic number of the next noble gas.

[Delhi Gov. QB 2022]

Ans. (0) Assenic with otomic number haos an
electronic configuration, [Ar] 3d™ 45 4p°

Then the atomic number of the element
ploced next below it will be 51 which = Sb.

(b) Noble gos after arsenic ia loypton wwhich
hos atomic number 36.

24. What did Dobereiner's law of triads state?
What are the limitations of the triads?

Ans. Each tiod's middle element had an aotomic
weight thot was almost midway between the
other two. In addiion. the middle elements
charoctenistics were in the middle of the other
two elements.

Limitation: Becouse it appeared to woarl only
for o few elementa it was dismissed ae o flue

25. (A) What is the basic difference in approach
between Mendeleev's Periodic Low and
the Mademn Periodic Law?

(B) Why do elements in the some group
hove similar physical and chemical
properties?

Ans. (A) The basic difference m approach between
Mendeleev’s Periodic Low and Moaodermn
Periodic Low is the change in the baosis of
the closstication of elements from atomic
weight to atomic number.

(B) The elements in o group hove the some
volence shell electronic configuration and
hence hove similor physicol and chemical
propertbes.

@ Related Theory
== Flemente [n the same group have simidar chemicol
properies ond ocan be clossiffed as metais
metollolds. and non-metals, or as maln group
elements. ranaiton elements. and tnner ransition
elements

(SHORT ANSWER Type-Il Questions (SA-I))

[ 3 marks ]

26. Determine the group and valemcy of
the element with the atomic number
119. Predict the outermost electronic
configuration as well as the overall formula
for its oxdade.

Ans. The current conmfigurotion of the penodic
toble's long form can hold 0 momamum of 118
elementa Following thot occordmg to the
Aufbou pringple. the Bs-orbital should be filled.

As a resulr the outer electronic configuration

of element 119 with atomic number 119 is
[Og] Bs'. Becouse it possesses one electron in
the outermost s-orbital &s valency is 1. and

it should be classified as o group 1 metal
along with alkab metals. [ts oxade will have the
general formula M50, where M is the element

1* group. Valenoy 1
Outermost electronic configuration = Bs*
Oxide formula = M;0

(LONG ANSWER Type Questions (LA))

[ 4 &5 marks ]

Z7. What are the general characteristics of the
modern periodic table's lengthy form?
Ans. The following are some of the general

propertiee of the long version of the perodic
toble

cnrene €9

(1) Groups are 1B vertical columns.
(2) Fom left w right thewr groupings are
numbered 1-18

(3) The term ‘periods” refers W Eeeven
horzontol rows
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(4) The primary group components are those number 11B(0g). which are wholly synthetic

foundingroups 1.2 and 13-17. and are called ransuranium elements
() Transilfinn elements are the elements 29. Write the drowbacks in Mendeleev’s periodic
found in groups 3-12 table that led to its madification.
(6) The elements are ordered in ascending [NCERT Exemplar]
order of atomic number. Amns. Mendeleevs periodsc table has the following
(7) The mert goses. such os He. Ne. Ar and so drowbacks
on (1) Hydrogen's paosition: Hydrogen location
(8) BExcept for the 0 and VUl groupa all of the iz not fixed. It does, however, resemble the
groups in the contemporary periodic table elements of the group 1 (alkali metals)
are eeparated into subgroups A and B. as well as the elements of the group 17
(hologens) As o result, the positon of
@ Related Theory hydrogen in the periadic table is incorrect
= |anthanolds and actinolds howve been ghen a (2) Anomalous pairs: The oscending order
separate ploce at the bottom of the perlodic toble of atomic masses were not followed in
due to their analogous behoviour certoin pairs of elements. Mendeleev
. arranged the elements in  these
2B. Explain the characteristice of each of the drcumstances boced on  similorities in
gseven periods. their properties rather thon the increasing
Ans. The first period. with only two elements F:rder of their atomic wtaights. Argon (Ar)
hydrogen and hebium, i thought to be the iz ploced before potassium. for example

Lekewise, cobalt comes before nickel while
tellurium (Te) comes before iodine. These
positions were not supported by evidence.

ghortest

Both the eecond and third periods include eight
elementa rangmg from lithium to neon in the

3) Isoto ition: lsoto toms of
gecond and sodium to argon in the third. (3) Isotope position: Isotopes are atoms o

the some element with differing atomic

Both the fourth ond fifth penods include 18 weights but the some atomic number.
elements. ranging from potassium to laypton As a result. occording to Mendeleev's
in the fourth ond rubidium to xenon in the fifth duggiﬁcﬂﬁm these should be dassified
The soth period. which begins with coesiumn differently bosed on their atomic masses.
and ends with rodon. has 32 elements and = For example, hydrogen isotopes with
cloimed to be the longest different atomic weights should be stored
The seventh period also containe 32 elements. m three different locations. 0'“ the _arher
it begins with frandum, which hos an atomic hand. Isotopes. do not have their spot in the
number of 87 and continwes wnbl atonnic pestodic table.

R 4
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PROPERTIES OF ELEMENTS AND
THEIR PERIODIC TRENDS

- TOPIC1
PERIODIC TRENDS IN PROPERTIES OF ELEMENTS

Periodic Trends in Physical Properties

We observe o common trend in physical ond

chemical properties o= we move ocross a period
from left to right or down the group. This wend
in properties i lnown s periodic properties.
Some important periodic properties bke atomic
size, metallic character. non-metallic chaoracter.
ionisotion  potentiol.  electron affinity  and
electronegotvity are discussed here:

Atomlc radius

As we lknovv otoms are tiny sphencal bodies so they
hove atomic radii Atomic radius in uncomplicated

words can be defined aos the distance between
the centre of its nucleus to the outermost shell
It is difficult to determine the exact radius of an
atom. Thus. atomic radius iz generolly estimoted

by lknowing the distonce between the atoms in
the combined form. The atomic radius iz of the

following types:
(1) Covalent Radius: A covalent radiue & a rodius
between the elements that form a covalent bond.

A covalent bond is the bond-forming by two
non-metallic elements. Half of the internuclear

distonce between the nuclel of the two bonded

atoms of the some element in a molecule =
referred to as covalent rodius.

Covaolent radius = E x ]
Intermuclear distanpe (d) 2

covalent radius
(otomic radius=)

Covalent radius

(2) Metallic radius: The atomic rodius of a metal =
lnown as metaollic radiva it is defined as haolf of
the distonce between two consecutive nuclei of

adjocent metol atoms in solid state.
For example. the metallic radus of iranis 126 pm

o= the sesparation between two adjoining ron
atoms in sobid ron s 252 pm_

(3) van der Waals radius: Van der Waoals radus s
described os the holf of the distance between
the nuclei of two non-bonded neighbourng
atoms of adjoining molecules in o stoble state.
Here we can see in the diogram. the chlonne
atom's van der Waoals radius @ 180 pmo

-
S9 pm

Covfant rodSiud
Chiorines van der Waols radaues
Wihere. d is the internuclear distance betwaen the
two non-bonded neighbouring atoms

Van der Waols radius = % =980 pm

(ﬁ Important

= The decreasing order of acomic radiue between Covalent
radius. Metallic rackus and van der Waaols radius & as fellows:
Van der Waals radius > Metallic radtu=s > Covalent radius

- e cee exwecptionol Behodour in the noble gos The
atomic rodd of inert gases steaddly increaze in comparlzon to
the hologen group. becauze in noble gases atomic radi refer
to the van der Waaols radius but in other elements, it relages
to the covalent rodius

= 1B0 pm

@ www.studentbro.in



Get More Learning Materials Here : &

For calculotmg atomic rodius. both covalent and
metallic rode are considered depending on whether

the element is o non-metol or metol Below are o few
elements with their otomic radit These trends could
be explained on the basie of nuclear charge and
energy levell

Table: Atomic radiif(pm) across the periods

Atom Atomic Atom Atomic
(Peﬁm:l in Radius | (Period i) Radius
Li 152 Na 186
. Be 111 Mg 160
B _ B8 Al 143
c 77 S 117
N 72 | P 110
o) 66 | S 104
F 64 | a | 99

Toble: Avtomic rado (pm) down the groups

Atom Atomic Atom Atomic
(Group I) Rodius (Group 17) Rodius
G | 12 | F | e
Na 186 a a9
K | 231 Br 114
Rb 244 | | 133
Cs 262 At 140 |

From the obove tobles we con notice the trends in
atomic rado across the penod and down the group.
the atomic size normally reduces across the perod
while there ® o rise m atomic size down the group

Across the period the atomic raduo decrease due to
an increose in the the effective nuclear charge This s
because ocross the pertod. the addition of electrons
takes ploce in the some valence shell that grodually
increaees the force of atraction of the electrona to

the nucleus. However. we see thot down the group.
there ia an increase in the atomic rodius. In o group.

there & o constant increose in the prmcpal quantum
number (n) due w the addmwon of o new shell By
adding o new shell the distance betwsen the valence
electrons and the nudeus increases which results ma
rise in the atomic size.

@ Important

w The atomic radi of naoble guesz are not considersd
as their non-boanded radd are very large. Far comparing
the rodii of noble goses with other elements one should

consider van der Woals rodd of other elements and not their
covalent rads

160
140 +
'5‘ 120
=
E 100
<
gn &
m 1 1 L 1 1
2 4 & B 10
Atomlc number (Z)
Vaviotion of atomic radl with atamic number
across the secand period
300
250
- 200
B 150 s
£ {133)
s 100 Br(114)
=4 apgm9)

SO H72)

| 1 | | | |
Atamic number (2)

Vavkatlan af atomic radil with an atemic number for
aloli metols and halogens

(4) lonic radius: lonic rodius s the distance from the
nucleus of an ian up to which it has an influence
on ite electron cloud. lonz are formed when an
atom loses or goms electrons. When an atom
loses an elecwon it forms o cation and when it
goins an electron it becomnes an anion. The ionic
radiue can be described as the distance between
the nucleus of an ion and the outenmaost shell of
the ion The atomic size of a cation will be smaller
than that of the parent atom. This is because as
it loose electrons &s effective nudear charge
increasea An anion is relatively larger in size than
ite porent otom. This is becoause when an atom
gains electrons the totol number of electrons
increases which tends to oreate more repulsion
between electrons and thus overshadowz the net
effective nuclear charge
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Tanion + Toaton

- :

fonic Radius

Isoelectronic species

An isoelectronic series is o senes of elements and ons
thot hove equol numbers of electrons. In o seres af
isoelectronic species, as the nuclear chorge increases.
the force of attraction by the nudeus on the electrons
also increoses. As o result of this. ionic rodius
decreasea Higher the maognitude of #s negobtive
charge the more will be @ts fonic radas and higher the
magnitude of &s positive charge the emaoller will be &is
ionic radiL

Example 2.2: Which of the following species
will hove the largest and the smaollest size?
Mg, Mg?°, Al*°. [NCERT]

Ang. The atomic rado decreases across the period
Cations are relatively smaller than their parent
atoms in size Thus. Mg?® @ smaller than Mg
Among all the iscelectronic species. the atom
with the lorgest positive nucleor chaorge will
hove the smallest radius. Thus. AP® is smaller
than Mg?®. Hence. in the obove question. the
lorgest species is Mg and the smallest is A2

@Reluted Theory

= [coelectranic species are known 0s atoms or fons nat
howe the zame number of electrons In the cose of such
specles gs the magnitude of nuclear charge increases the
lonic radius decregses.

lonisation Energy

The omount of energy required to remove the most

loosely bound electron from an izoloted goseous
atom is referred to os lonisation enthalpy The first
ionisotion entholpy chaonge for the reoction can be

shown as
+IE—= A%y + e
@

Similorly. the second and third ionisotion entholpy
is the energy required to remove the second ond
third most loosely bound electron respectivelu
It's SI unit is kJ/mol ond always hos o positive
value. The ionisation energy of o multvalent
atom increases with o consecutive removal of
an electron. This is due to an increase in effective
nuclear charge on the valence electron thot mokes
it difficult to ionize o cation. Therefore. IE; < IE5 < IE5

Factors governing the ionisation energy

(1) Effective nuclear charge
(2) Azomic size

3
(%)
&)
1)

2

(3)

(%)

ucnrene €9

Penetrotuaon effect of electrons
Screening effect of inner electrons
Electronic configuration

Effective nuclear charge

[t i the met nucleor ottroction towards the
valence cshell electrons. The greater iz the

effective nuclear charge the more tightly the
outer electrone are held by the nucleus and thus

rmore will be the ionisation enthalpuw
Atomic size

As we lcnow the gtomic rods vary invessely to
the effective nudear charge. Thus. ionisation

enthalpy will also vary inversely w atomic
rada. Therefore. the smoller s the atomic rada

of an element the greater will be &s ionisation
enthalpy.
Penetration Effect

Penetration means the proxamity of an electron
in an orbéal o the nucleus. For each shell and
subshell it can be observed as the relatve
density of electrons neor the nucleus of an
atom. Now & we look into the radiol probabibty
distribution functions. we see that the electron

density of s-orbitals s closer thon that of p-and
d-orbitalsThe order of penetration power will be

25> 2p > 3s > 3p > 4s > 3d. Thus. the more is the

penetration effect, the mare will be the ionisation
enthalpu.

Screening effect of inner electrons

The electrons n the inner shells operate as
a screen or shield between the nucleus and

the electrons in the outermost shell This

phenomenon s referred to os the shielding or
screening effect Due to this. the outermost

electrons experience o low effective nuclear
charge and not the actual nuclear charge. The

effective nuclear charge can be given o=
L emoma =4 -0

Z omacina = Eftective nuclear chaorge

Z = actuol nuclear charge

G = sCreening constont

Thus, the larger is the number of electrons within
the inner chells, the larger will be the screening

effect and the smaoller is the force of attracton

and thus. the lesser will be the ionisation
enthalpu.
Repulaion between outer e’
and innere
Attrocton between the
nucleus and outar
elecran
Nucleus

L—) QOurter electran

L lnner electron
Sieelding or Screening effect
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(5) Electronic configuration

hoving holf-filled and fully-filled
orbitals are stable So i we will try to remowe
an electron from these orbitals. then it will male
them less stoble. Hence. more amount of energy
is required w remove an electron from these
orbitals. Thus. thege elements will hove higher
ionisation energu

Elements

Variation of lonisation enthalpy in the Periodic
Table

lonisotion enthalpy depends upon the shielding efect
nuclear charge. penetroton effect and electronic
configuwration. On moving left to right in o penod. the
ionisation entholpy increoses ae the effective nuclear
chorge increases. Thus in o period. noble goses hove
nioximum ionisation enthalpy However. on moving

down the group. it's volus deareases. This is because
the number of shells increoses down the group.
The outermost electrons will be far away from the
nucleus. and the effective nudear charge will be less.

2500 T Ba e
2000
1 Ar
E 1500 Kr
— Xe
=
T 1000 [
«]
seo T e !
e =
0 1 i | I 1 i
(0] y10] 20 N0 40 50 e0
Atomic number ()
Variotion of firat [onization enthalpies
2500
2000
T,
£
3 iso0r
T
<]
imoor-
S00i i
0 2 ) G 8 10
Atonmnlc number (A
Fliat lonisatlon enthalpies of elements of the second perfod
as a function of atomic number

S5ar
LH520)
E 450t
=
]"é 40
s00F @9 —
C=(374)
iS50 i 1 I 1 ! ]
0 10 20 30 40 50 60
60

Atomic rumber (2)

Firer lonkation enthalpy of alkoll meeals
as a function of atomic number.

u‘J/\} Important

= Beryllium has more IE; than Baran as it has a fully filled
s-orbital a= mare energy s required to remove an electron

fram haolf or fully-fifed orbitols The lonlsotion enthalpy of
che inert gcses s unusually higher because of the ztoble

configuration.

The first ionisoton enthalpy IE; of N (nitrogen) is
greater than thot of O (oxygen) because af stable
haolf-filled 2p-orbitals in nitrogen.

24cr and “Cu haove higher eecond ionisation. [£5 thon
other transition elements of the 3d-series because
of the half-filled and fully-filled stoble d-orbitals
respectively

Electron gain enthalpy (EGE or AH, )

Elecron Goin Enthalpy the enthalpy change
accompanying a process when an electron is added
to o neutral isoloted goseous atom to form the
negative ion. During the addition of an electron.
energy can either be released or absorbed. Its Sl unit is
ldJ/mol It can be positve (k2. endothermic process) or
negobve (Le. exothermic process) depending upon the
nature of an element. For example. hologens hove a
strong tendency to accept electrons in aorder to attain
noble gaos configuration. eo they have moxdmum
negative electron goin enthalpy (because the energy

is being releosed in the proosss) in their respectve
periods of the periodic toble, whereos noble goses

have large posmive electron goin enthaolpies because
the electron hose to enter the next higher principaol
quantum level leading to o very unstoble electronic
configuration

Successive Electron Gain Enthalpies

The magnitude of the first electron gain entholpy is
generolly negative. However. the eecond and further
electron gaoin enthaolpies are generolly positive. For
example

Og+e —> 07y AHgq = - 141 kJ aual™
O+ — 0% AHgq = 780 k) morl™
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Factors governing electroan gain enthalpy and
variation in periodic table

(1) Atomic size

(2) Nuclear charge

(3) Electronic configuration
(1) Atomic size

As the size of the otom increoses. the distance

between the nucleus and the last shell which
receives the incoming electrons increases. This
decreases the force of attrocton between the

nucleus and the incoming electron. Hence. the
electron goin enthalpy becomes less negative.

(2) Nuclear charge

As the nuclear charge increases, the force of

attraction between the nucleus and the incoming
electron increosea Hence. the entholpy becomes
more negouve

(3) Electronic configuration

Elements with exactly holf-filled or completely
filled orbitals are very stable. You hove to supply

energy to add an electron. Hence. their electron
gain enthalpy has large positve values.

Variation of Electron Gain Enthalpy in the periodic
table

As we move awoss a period from left to rnght the
atomic size decrecses ond the nuclear charge
imncreoses. Both these factors tend to increase the
attraction by the nucleus for the incoming electran.
Hence. electron goin enthalpy becomes more and
mnore negotive in a period from left to nght As
we move down o group, both the atomic size and
the nuclear charge increoses But the effect of the
incregse in atomic size is much more pronounced
than the nudear charge With the mcrease in atomic
size. the attraction of the nucleus for the incoming
electron decreoses. Hence, the electron goin enthalpy
becomes less negotive We con measure electran gain
enthalpy by the Bom-Haber cyde.

Those which hove excess ﬂ.Heg. are good oxadzmng
agents

Group 1 AgH Group 16 ;‘g H Group 17 AgH Group 18 AggH
—H -73 N —He + 48
Li - 60 (@ -141 F -328 Ne + 116
Na - 53 S - 200 a -348 | Ar + 96
K - 48 Se -195 Br -325 Kr + 96
Rb - 47 Te -190 i - 295 | Xe + 77
Cs - 48 Po -174 At - 270 Rn - @8
Election Gain Enthalples (&J mol™)

we The electran gain enthaipies of some of the elements

of 27 pesiod te. N. O and F are less negabwe than the
carresponding elements of the thid period e P. S and L
This [= becouse the elements of the s=cond perfod have the
emallest atamlc sire amang the elements in their respective
group. As a resull there are considerable eiectraon-electran
repulsione within the atom te=lf and hence the additional
electran [z not accepted vath the same egee as & the case
with the remaining elements [n the zame group Thus
chlorine has the maximum negative electron gain enthalpy
in the periodic table

Example 2.3: Which of the following will have

the most negaotive electron goin entholpy ond
which will have the least negative? Exploin your
QnNEVVES. [NCERT]

Ang. When we prooeed m a period from left to nght

the more negotive the electron gain entholpu
becomnes and the less negotive. it becomes

os we proceed down the group. When in the
2p-orbital. an electron enters couses greater
repulsion os compared to when an electron
enterg to the 3p-orbitals. As a result. chlorine
has the largest negative electron goin enthalpu.
while phosphorus hoa the lowest

Electronegativity

The tendency of an atom in o molecule to attract
the shored pair of electronz towards reelf =
lmown os electronegotivitu. It i@ not a measurable
quantty ke ionisotion enthalpy ond electron gain
enthaolpu etc Although varnous numerical scales of
electronegativitu. such as the Pouling, Mulliken-Jaffe.
and Allred Rochow scaoies, hove been devised. Among
oll scales. the Paubing ecale is the most broadly used.
In 1922_an American edentst Linus Paulng ossigned
arbitranly o volue of 4.0 to fluorine. the elements are
talken mnto consideration to hove the finest tendency
to drow the shared poir of elecrona Approxamate
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volues for the electronegotivity of eome elements are
given beneath. within the table

Table: Electronegativity values on the Pauling

scale
Element 7 Electf:::;:ﬁuitg
C 255
N 3.04 |
o | 3.44
Br | 35 296
Pk | 78 228
- A | 79 254 B
m | e 162

The order of some elements based on Hectoonegativity
(on the Pauling scale) i

F>0 >N =04 > Br
(0) (35) (o) (5 (22

The electronegativity of any given element is mot

canstant but depends on the following foctors:

(1) Atomic size: Electronegaotivity iz inversely
proportionol to atomic size ie. as the atomic size
increases the electronegativity decreoses

(2) Starte of hybridisation: =p-hybridised carbon
is more electronegative than sp?-hybridised
carbon. which = turn iz more electronegotive
than sp?-hybridised carbon

Electronegotivity of carbon aton:

CH, <CH, <CH,

(3) Oxidation state: The electronegobvity increases
os the oxddotion state of on atom increoses.

(4) Effective nuclear chorge: Electronegotiity &=
directly proportionol w effective nuclear charge
ie. as the effectve nuclear charge increases
electronegotivity of an atom also increoses.

Variotion of Electronegativity in the Periodic Table

As we move across o period from left to right
the nuclear charge increases aond the atomic size

decrenses. therefore the vaolue of electronegoutvity
increases across o penod in the modemn periodic

table. For example. the electronegobvity trend across
period 3 in the periodic toble is depicted below

Electronegativity Values (on Pauling scale) Across
the Pertods

The value of elecronegotivity decreases as we moue
down the group because there is an increase in the

atomic number as we move down the group in the

modern perodic table. The nucleor chorge also
increoses but the effect of the increase in nuclear

charge @ overcome by the oddition of one shell

Atom | Hectro- Atom Electro-
(Group 1) mnegotivity (Group 17) negativity
.~ value value
Li 10 F 40
Na 08 a 30
K o8 | Br 28
Rb 08 I Z5
Cs 07 At 2

Electronegativity value (Pauling scale) down the
group

It is o general observation thot metals show o lower
value of electronegotivity as compored to the nom-
metals. Therefore. metals are electropositive and nomn-
metols are electronegatve m notwre. The elementa in

period two differ in properties from their respective
group elements due to the small size and higher value

of electronegotivity.

Example 2.4: Case Based:
Groups 13 (ie. group llIA)- 17 (Le. group VIIA) of the
periodic table os well as elements from the group
18. ie. the zero group. make up the p-block of the
periodic table. The furthest p-orbital is occupied by

the final electron in the p-blocc elements. They have
3 to B electrons in the outermost shell Because the

number of p-orbitals is three. the momdamum number
of electrons that moy be compelled in a p-orbital

arrangement is sic As a result. the periadic table
hos sox groupings of p-block elements. The p-block

contains all three categories of elements merals

non-metals. and metalloids. The crossing bne in the
p-block sezparates the metals from the non-metals

in the p-block Non-metals are on the right of the
ine. whereas metals are on the left The metalloids

Am{ﬂ s |5 B ‘ € N [Q [F are discovered along the way The p-block exhibits
(Periad [) | . considerable vanabilty in attnbutes due to the
Electro- 10 | 15 | 20 ‘ 25 |13.0 35S |40 proxamity of a wide spectrum of components. Except
negobvity for He. the valence shell electrical design of p-block
[— p— | elements is ns’np*=¢

Atonn No Mg |Al |[§ |P S |a
(Period ) | | (A) The electronegativity of O, F and N should be
el ool 19| e | vl loe Mo in the sequence of:
n;ﬁ;m @ N>O>F ®) O>F>N

S (c) O>N>F (d F>0O>N
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(B) Match Column | to Column Il and use the
supplied codes to pick the right answer.

Column |

 (Atoms) | Column ll (Properties)
(A 'He ' (1) Highest electronegativity
—[E] F .('u'j Maost el.ectra_pnshiue |
(© Rb (ui) Stwongest reducing agent
.(D} Li (v) Highest ionisation

‘energy

Select the correct option:

A ® © O
(@ @) @@ @@ @
G O ) @ (@@
© o @O @ @
d M 0O @ @

(C) What is the increasing order of

electronegativity of Si, P, Cand N elements?
(D) Which element haos the highest lonisotion
energy In the hologen group?

(E) Assertion (A): Generally, ionisation enthalpy
tncrecses from left to right in a
period.

Electron enters in o mew shell

when moving from left to right

in o period.

(@) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explonation of (A).

(c) (A)istruebut (R) is false.
(d) (A)is false but (R) is true.
Ans.(A) dF>0>N
Explanation: Mowing from left to nght in a
period the electronegotivity increases. As

o result. the electronegotivity of O. F and N
should be in the following order- F>0>N

®) (3 Ak B (Of6): O}i)

Bxplanation: The appropniate match i

Reason (R):

Helium  Due to its noble gos nowre
(He) and tny size. it hos the
12 highest ionisation energu.

|

Huorine Becaouse of its tiny size and
(3] oxadotion state of -1, It hos

12952  the highest electronegotivity.
2p5

Rubidium Becouse of @s mossive

(Rb) aotomic size. it is the most
1 electropositive element
[Kr] 5s

ucnrene €9

Becouse of its uny sze and

positive  oadation  state

(+1). It i= the most powerful

reducing ogent

(C) Going across the period electronegotivity
increases and going down the group
electronegativity decreases in general As a
result. the following is the progressive arder
of electronegabivity:

Si<P<C<N
(D) Huorine. as it is the smallest element n the
group.
(B) (c) (A is rue but (R) = false

Explanation: Electran entere in a new ghell
when moving down the group.

Lithium
1)
1 g_lzsl

Periodic Trends in Chemical Properties

The elements within the perodic table display
chemical properties with noticeable periodicity. Here
we will talk about the penodicity of the volence state
indicated by elemnents. and onomalous behaviowr of

the elements of the second period (from Lthium to
fluorine).

Here are the few properties which couse perodic
variotion in the periadic table

Valency

The combining ability of the element s referred to as
valency. It is related to the electronic configuration
of an atom of the element and is usuolly deaded by
electrons present in the valence ehell

Valency increases from 1 w 4 before decdlinng to
zero (for noble goses). while moving along o period
from left to right ond wvalenoy remaine constant
when maoving down a group. Transition metols
show off varioble valency due to the foct that they
can use electrons from the outer in oddition to the
penultimate shell

Valence is the mmomum chaoracteristic property of
an element ond maoy be understood in the wards of
several electrons exssting wathin the outermost shell
of the atom. The volence of illustrative elements s
narmaolly the same os the number of electrons within
the outermost orbitols (s and p-blode elements) or
the some to eight minus the number of outermost
electrons as expressed below

Table: Periodiaty of Valence or Oxddation States.

Number of valence

Group e Valency
1 1 1
? K K
= = 2
- 4 4
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15 5 3.5 |
16 6 26
17 7 | 17
18| : | os |

Variotion along a period

Notang the number of volence electrans from =t to
right in o period. it will increose from 1 to B. But the

valency of an element first increases from one o four
and then decreases to zero. These trends found within

the valence of the element in hydrides and oddes are
given beneath within the table.

Table: Periodic trends in the valency of elements
as shown by the formulae of their compoundes.

Group Formula ofhydride Formulo of oxdade

U‘_;D. NGQO.. K]G

1 LiH, NaH. KH
| MgO. CaO. SrO.
2 | CaHo ¢ s
| | B0, ALO
3
= B}SHE' NHB GEIO} II"IJD]
s | CHe SHe GeH | 0Oy SO, GeO,
- SnH, Sn0,, PbO;,
N202 N;O¢ P4Og
15 | NHa PH3 AsH3 P4O10 As;02
SbH- | As;0c Sb,0,
Sb,0c. BiO4
16 HJO-';?_S;H?S& | SO5 Se0s TeOs
21€ ) -
17 | HE HQO HBr HI | Q,0;

In the 3% penod. elements show varioble valences The
gradation found with respect to oiygen which grows
up to seven. Nowadoys the term oxidotion stote

nnore regularly used for valence To represent the idea
of oxidotion states. consider two oxygen-containing

compounds, OF; and K;0. The three elements (K O
and F) involved within bonding in these compounds

hove electronegotivity in the order of. F> O > K The
electrical configuration of F is 15225%2p°, while O's i

1522522p° Therefore within the formation of OF;, the
molecule. each of the two aotoms maokes contributions

to one electron in sharng for the formotion of a
bond with the exajgen atom at the same time as the

O atom shares two electrons with F atoms F being

the maamum electronegative element = given an
oxidation state of —1 ot the some time as O being

less electronegobtive thaon F is given an oxddation
stote of +2 In K;0. oxygen is more electronegatbive

and accepts two electrons from which hove the
electronic configuration 1522512;333573,96&5

consequently disploying an oxidaton state of -2

K. on the other hond. goins an mu::lnt:un state of =1
by losing one electron from the 4s! to axygen Thus.

ocnrone €9

the charge obtained by on element’s atom bosed
on electronegative consideration from other atoms

within the molecule con be choracterized as &s
oadotion stote in an individual compound.

Variotion within a group

When we nnove down the group. the number of
valence electrons stays identical. consequently. oll of
the elements in o group show off the identical valence.

Anomalous Properties of Second

Period Elements

Each group's starting elements. such as group 1
(bthium). group 2 (berylbum), and group 13-17 (boron
to fluorine) are different in many respects from the
rest of the group members. Although all the members
of alkali metols and ollialine earth metals form ionic
compounds. Lthium and berylium form covalent
compounds. In foct. the properties of Lithum and
beryllium are maore similar to the second element of
the following group. ie. mognesium ond aluminium
respectively. This similority is commonly referred
to os diogonol relotionship Also. the mmdmum
covalency exhibited by the first members of each
group is 4 whereas the other members of each group
can expand their valence shell to show a covalency of
6.

The main reason for the different chemical behaviour
of the first member of a particulor group of elements
in the s- ond p-blocks compared to the other
mmembers of the some group is due to its

(@) small size. (@) large chargef radius rauo. (m) high
electronegativity and (iv) absence of d-orbitals

Dilagonal relationship

NN

M Na Mg Al S
Diagonal relotionzhip between the eiemenm aF’
the zecand and third periods

Periodic Trends and Chemical Reactivity

So for loolang ot the periodic trends in certain
essentiol properties such aos atomicfionic radi,
ionisation entholpu. electron goin entholpu. and
valence. determined that periodicty in those
properties and their electronic configuration is going
on hond in hand. This meons that the chemicol and
phusical properties of elements are exceptionally
dependent on their electronic configuration. Trends of
some chemical properties are as follows:

Electronegativity and non-maetallic character

Reactivity of non-metols will increase with the
increose in electronegaobtivity in addition to electran
gain enthaolpy and reduction in atomic radic
Reactivity of metol wall rise with the reduction in IE
electronegativitu, and rise in atamic size. Thus the
hologens are highly reoctive non-metols and their
reactvity decreases on moving down the group.
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Electropositivity or metallic character

It i2 the tendency of an element to develop a
posidvwe ion by losing valence electrons. The
higher the electropositive character. the higher is
metallic charocter. On moving ocross the period.
electropositive chaoracter decreoses whnile on
moving down the group. it increases.

In their respective periods. hologena ore the leost
electropositive elements. while alwli metals are
among. the most electropositve elements.

Example 2.5: Show by a chemical reaction with
water that Na;0 is a basic oxdde and Cl;0y is an
acidic oxde. [NCERT]

Ans. When Na,0 reacts with vvater. it generates a
strong base. whereas ;05 forms o strong oad
when it reacts with water.

Na,;0 + H;0 —» 2NaOH

G;D} + H;O —> ‘2HC104
We can test thewr aadic and basic noture by
using litmus poper.

Example 2.6: Case Based:

The electron gain enthalpy is the change in enthalpy
thaot hoppens when in its ground state. the additon
of an electron to o gaseous atom Lransmules it to a
negative ion (A.gH) It's a measurement of how easily
an atom can attract an electron to form an anion
Xig) + € — gy AH =&egH

An atom's ground state iz its most stable state. The
reoson being that when the isolated goseous atom
is in the exated state. a lesser amount of energy
is released when it gets converted into goseous
anion after accepting an electron. As a result. in the
definition of electron gain entholpy. the phrases
ground state. and isolated goseous atom howve been
included. Similar to ionisation enthalpu. electron gain
enthalpy is expressed in electron volts per atom or
per mole

(A) Noble goses consist of a positive electron goin
enthalpy os a result of:

(a) staoble configuration
(b) large size

(c) high reactivity

(d) unstaoble configuration

(B) O and F have a lower electron gain enthalpy
thon S and CL It's because of:

(o) smaoll size

(b) less repulsion

(c) large size

(d) high electronegotivity

(C) Huorine, chlorine, bromine, and iodine have
different electron goin enthalpies (in kJ/mol).
Write them.

(D) Electron goin entholpy of Mg is positve.
Explain.
(E) Assertion (A): The enthaolpy of electron gain is
influenced by atomic radii.

cucnrone €9

Reason (R): The distance between two
atoms when they are bound
together by o single bond in a
covalent molecule is known as
covalent radii
(a) Both (A) and (R) are true and (R) is the
correct explanation of (A).
(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).
(c) (A)istrue but (R) is false.

(d) (A)is false but (R) is true.
Ans. (A) (o) stable configuration

Bplanation: Noble gases do not accept an
electron becouse of their stable structure,

and hence hove o positive electron gaoin
enthalpu

(B) (o) small size

Bxplanation: When the atom's size =
small. there is higher repulsion for the
approaching electron

When an electron ig introduced o O or
F. it moves w a lower (n=2) lewvel and

experiences greater repulsion thaon an
electron odded to S or Cl which moves to

o larger (n=3) level and experiencea less
repulsion

(C) Electon goin enthalpies of fluonme.
chlorine, bromine, ond iodme are -333.
-349.-325 and -296 ld/mol respectively.

The enthalpy of electron goin (A-,H) is the

enthalpy change for transforming 1 mol of
isoloted ataoms to anions by the additon of

electrons. A__H ia negative for all hologens
(exathermic)l™ In general ﬂEgH becomes
lese megotive. when compared to aother

components of the same group from top to
bottom

However. there i= a difference in fluonne
from othesrs Because of s small =ize.

Huorine hos o greater repulsion for extro
added electrons os compaored to other
atoms. Thus, H isn't o8 exothermic as

expected for the F-atom. As a result. the
proper values of electron gain enthalpies:

F <d > Br > |
et (533) () (925) (—=9)

(D) Metals lke sodium, potassium. magnesium
etc. lose electrons to obtain the inert gaos
configuration. Hence. Magnesium atoms

will not add electrons easily Some externol
energy iz needed to add the electrona in

their atoms. Hence. electron goin enthalpy
for metals will be positve.

(E) (b) Both (A) and (R) are true but (R) is not
the correct explaonation of (A)

Bxplanation: The enthalpy of electron gain
i@ inversely proportional to atomic size. ie.
with the increaee in atomic size value of
electron goin entholpy decreases.
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(OBJECTIVE Type Questions)

[1 mark ]

Multiple Choice Questions
1. Which of the following groups of two

elements show a dlagonaol relotionship?
(a) Silicon and Boran

(b) Aluminium and Boron

() Gallium and Borom

(d) Carbon and Boenon

Ans. (g) Silicon and Boron

Explanation:

(@) Within the perodic table Silicon ond
Boron are placed diogonolly They hove
similar properties. They both hove high
melting and boibng point and are non-
metallic elements. Both are non-conductor

of electriaty ond are =semiconduciom
Both subsist in amorphous and howve o

crystalline structure.
(b) Aluminium and Boron are in the same
group. They do mnot howe a diogonal

relotionship. Even though it has the some
properties. it is due to the reason that they

are in the some group.

(c) Gallum and Boron belong to the some

familu There is no diogonaol Link between
them. Even though they hove the some

properties. they are in the some group.

(d) Carbon and Boron are in the same penod.
They do not hove any similorities and do

not show a diogonol relotionship.

@ Related Theory

= The diagonal relationship exsts between csrtaimn

elements In the pertodic table These elements are
placed dlagonally adjacsnt in the second and third
row of the periodic tabie. among the flst Bweily
elements

= The diagonal elements wsually show sémilarieiss @

their properties. which s exnfbized on mosing from
left to right and down the group In the periodic tabie

2. First ionisation enthalples of Na, Mg, Al and

Si are in the order:
(o) Na<Mg>Al<Si
(b) Na>Mg>Al>Si
(c) Na<Mg<Al<Si

(d) Na>Mg>Al<Si [NCERT BEcemplor]

Ans. (@) NacMg>Al<S

Explanation: As ongoing across o period from
left to right the nuclear chorge exceeds the

shielding. As o consequence. the ionisotion
enthalpy will nse and the outermost electrons

Ans.

ﬂh

Ans.

ucnrene €9

are held wghtly throughout a pericd Mgs
outermaost electron is in the Js-arbital which
= o stable gos configuration. and the subshell
hos o greater penetrating mnmpact thon Al's
outermost electron. which is in the 3p subshell

Which of the following has the largest size?

(a) Al (b) Al°
(e) AL?® (d) AL** [Diksha]
(a) Al

Explanotion: The atomic radi of catons are
less thon thot of an atom os the elecwron &=

lost by the atom. The more electrone are lost
the maore the gize of the atom decreases.

(@) Al hos the largest size annong oll as it is the
parent atom

(b) Al® size is less than the posent atom as it
loses one electron and forms o cation.

© Al*® is even smaller than the parent atom
as it lost two electrons

(d) AP® is the smallest among all as & lost
three electrona

What is the correct arder of radii?
(@) I*<l<IT

(b) Na > Mg > Al

() Na*® > Mg?* > APP®

(d) Al of the above

(d) All of the above

Explanation: We loiow that on moving down

the group, the atomic rade increose. ot the
same tme on moving olong o period from left

to right. atomic radi reduce as the effectve

nuclear charge increasea Moreover, the atomic
radu of cation are less than that of an atom

as the electron is lost by the atom wnile the

atomic roda of anions are more thon that of an

atom as the electron goins by the atom. Thus.

all the options given above are carrect

(1) Az we l;mow thot onions size is greater
thon the parent atom eo I” is the largest
aomong all while the caton is smaoller thon
the parent atom thus. I has a smaller size
among all

(2) As we lmow when we move from left to
right the size of the atom decrease &0 here
No haos the lorgest size and Al hos the
smollest

(3) In iso-electronic species os the positve
charge increoses, size of cation decreoses.

Hence. atomic size order isNa® > Mg”® > ALP*
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5.

Ans.

Ans.

The correct order of electron gaoin entholpies
of group 17 is:

(a) F<Cl<Br<l (b) F>CLBr>l

(c) F<Cl<Br>l (d) F<CLBr>l

(d) F<Cl>Br>1

Bgplanation: More negotive iz the electron

gain enthalpy as we proceed down the group.
In the coee of fluonne the repulsion between

electrong is greater thon in chlorine due to &s
smoll size. As a result chlorine hos the largest

negotive electron goin enthalpy.

The formotion of the oxide ion, 0?7(g), from

oxygen otom requires first an exothermic
and then an endothermic step as shown

below:
O + € — 07y [AH.g = -141k] mal™]

Thus, the process of formation of 0% in gas
phase is unfavourable even though 0% is

isoelectronic with neomn. it is becouse:
(a) oxygen is more electronegative.

(b) addition of electrons in oxygen results in
a larger size of the ion.

(c) electron repulsion outweighs the
stabllity goined by achieving noble gas
configuration

(d) O" ion has a comparatively smaller size
than an oxugen atom. [NCERT Exemplaor]

(c) electron repulsion outweighs the stabiity

goined by achieving noble gas configuration.
Explanation: When one electron ia added to
an O atom the energy is released to produce
an O% ion. As a result. the first electron gaoin
entholpy of oaygen is negatve. But when one
more electron is odded to O, it forms 0%
To overcome the strong electronic repulsions.
the energy hos to be provided. As a result. the
enthalpy of O's eecond electron goin is positive

Assertion-Reason (A-R)

In the following question no. (7-10), o statement
of assertion followed by o statement of reason is
glven Choose the correct answer out of the follows
cholces.

(0)

Both (A) and (R) are true and (R) is the correct

explonation of (A).

(b)

Both (A) and (R) are true but (R) is not the

correct explanation of (A).

(c)
(d)

7.
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(A) is true but (R) is false.
(A) is false but (R) is true.

Assertion (A): lsoelectronic spedes consist
of different radiL

There are a different number
of electrons in isoelectronic

species.

Reason (R):

Ans.

Ans.

10.

(c) (A is rue but (R) is false

BExplanation: Isoelectronic species do not
howve the some rado as they hove o dissimilor
number of protons ond neutrons. Moreover.
these are the type of ions or atoms which
contoin the some number of electrons. For
example. Mg?®, 0% Ne. etc

Assertion (A): Electron gain enthalpy
becomes less negotive as we
go down a group.

The size of the atom
increoses on going down the
group ond the added electran

would be farther from the
nucleus.

Reason (R):

[NCERT BExemplar]

(a) Bath (A) and (R) are true and (R) is the
correct explanation of (AL

BExplanation: Because the size of the atom
increoses os the electron is added farther
away from the nucleus of the atam. on moving
down the group, the ecreening effect increoses
resulting in making electron gaoin enthalpy less
negame

Assertion (A): Boron hos a smaoller first
ionisotion enthalpy than
beryllium.

The penetration of a 2s
electron to the nucleus is
more thaon the 2p electran
hence 2p electron is more
shielded by the inner core
of electrons thon the 2s
electrons. [NCERT Exemplar]

(@) Baoth (A) and (R) are true and (R) is the
correct explanation of (Al

Explanation: During ionisotion. the electron
removed in case of berylium iz from the
s-orbital and the electron removed from the
boron atom is from the p-orbital and the
penetration of 2s electron to the nucleus
s more than thaot of 2p electron hence, 2p
electron of boron is more shielded from the
nucleus thon the 25 electron

Reason (R):

Assertion (A): Generally, ionisation
enthalpy increcses from left
to right in a period.

When successive electrons
are odded to the orbitals in
the some principal quantum
level, the shielding effect of
the inner core of electrons
does mot increase very
much to compensate for the
increased attraction of the
electron to the nucleus.

[NCERT BExemplar]

Reason (R):
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Ans.

(a) Bath (A) and (R) are true and (K) = the
correct explanation of (Al

Explanation: The minimum amount of

energy required for the removol of the loosely

bound elecron from the isoloted goseous

atom iz referred to as lonisotion enthaolpu

Here because of the rmise in the attraction of
the nucleus resulting m o rising in ionisotion
enthalpy while moving olong the period from
left to Aght which is occurately exploined in
the reason. So. it is the correct explanation of
the given osseruon

@ASE BASED Questions (CBQsD

[ 4 & 5 marks ]

Read the following passoges and answer the
questions that follows:
11. The radius of the isoelectronic speces might

Ans.

12.

Get More Learning Materials Here : &

be dissimilar due to their dissimilor nuclear
charges. As already described the size of the
cation 8 usually smaller than its parent atom
whereos the size of the anion is usually larger
than its parent. The successful lode of electrons
from on atom raoises the effecthe nuclear
chorge whereos the successful achieverment of
electrons reduces the effective nuclear charge
This is the cause of the cation with an extra
positive charge having o smaller radius due to
the extranuclear attraction of the electrans
While the anion with the extra negative charge
has o bigger radius because. in this situgtion
The electrons' net repulsion surposses the
nuclear chaorge. causing the size to expand.

(A) Which of the following species has the
biggest size?
N,N*, Fand F

(B) Which of the following species hos the
smollest siza?
N,N* Fond F

(O) Give a reason for the answers of (A) and
(B).

(A) The biggest ion is N>~

(B) The smaollest specissis F.

(= N> and F~ are anions that indicate that
their size i greoter than ther parent
atome. As we lmow mare the electron
goins the size of the ion compared to &s
parent atom so N~ has the lorgest size

whereos F hos the smollest size as &ts
effective nuclear chargeis greater than N

Though elements are categorized into s
p. d and f-blocc it is possible to classdy
them further mto metals non-metals. and
metalloids More than 78 per cent of all
recognized elements are metols These
elements are found on the periodic table's left

i3.
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side and in the middle. These elements are
malleable and ductile. own lustre. have high
densities. and are good conductors of heat
and electriaty. Metals typically have excessive
meltung points and boiling points. and most
are solid at room temperature. Non-metals are
much fewer in number than metals There are
about 17 non-metals n total These elements

are found an the periodic table's upper right-
hand side. Their melting paoints and boiling
points are generally low. At room temperature

at non-metals typically are solids or gases
They aren't ductile or malleable in the least

They are poar heat and electrical conductors.
The non-metallic property rses from left to

right in a period. Metallic character nses down
the group.

(A) Name some metalloids.

(B) Arrange the following items in ascending
metallic characeer ordes:
Si, Be, Mg, No, P

The and position
in the periodic toble are tokem into
consideration.

atormic number

(C) Give a reason for the order obtained in
(B)-

(A) Sibcon. germaonium. arsenic. antimaony and
tellurium.

B) P<Si<Be <Mg<Na

(O We lomvow that on moving down the group
metallic choracter rses whereos on
moving along o period from left to right it
reduces, thus, the oscending aorder of the
metallic characteri=s P <Si<Be <Mg <Na

The quantity of energy liberated when an
electron is added to a remate gaseous atom
is referred to as electron gain enthalpy. The
fundamental electron affinity is usually
exothermic Becouse it tokes energy Lo
add an electron to an anion and overcome
the force of repulsion. the second electron
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affinity is endothermic. In general in a group.
electron gain enthalpy reduces as the size

rises and. in a period. electron gain enthalpy
rises as the atomic radius reduces. However.
there are numerous exceptions because of
the stable electronic configurations and due
to the smaller size of atoms.

(A) Which of the hologens haos the highest

electron affnity?
(@ C (b) F
(c) Br d 1
(B) Choose the chalcogen with the
maximum  negative electron gain
enthalpy.
(@) S (b) Se
(c) O (d) Po
(C) Element which hos more mnegatve
electron goin enthalpy is:
(@) F (b) O
© c (d) S

[Delhi Gov. QB 2022)

(D) Which of the following statements is
incorrect?

(@) Helium has the highest first
ionisotion enthalpuy in the periodic
table.

(b) Chlorine hos less megative electron
gain entholpy than fluorine.

() Mercury and bromine are liquids at
room temperature.

(d) In any period, atomic radius of alkalb
metal Is the highest.

Ans. (A) (@) A

Explanation: Among the species. the
highest negative electron goin enthalpy is
of d the atom. The reason for this is thot
os you move down the group. the electron
goin enthalpy gets eomewhot negobve.
But the introduction of an electron to the
2p orbiol creates extra repulsion than
the introduction of an electron to the 3p
orbnal

® ©O0
Explanation: Oxygen hos the momamunn
negotve electron goin enthalpy Becaouse
of the emoller atomic eize.

O ©@da
BExplanotion: Chlorine hos the highest
negotive electron gain enthalpy in the
periodic table.

(D) (&) Chlorine has less negotive electron gain

enthalpy than fluorine

Explanation: Chlorine hos more negotve
electron goin enthalpy thon fluorine. Due
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o the very emall size of fluonne. @ not
able o accommodate the newly coming

electron and hence hos lower negotive
electron goin enthalpy than fluorine.

14. The minimal quantity of energy required to
dispose of the outermost electron from a
remoted gaseous atom is colled the ionisation
enthalpy (IE) of the element Fom top to
bottom. the ionisation energy of a group
decregses. whereas the ionisation energy of
a period increases from left to right However,
there are numerous exceptions because of
stable electronic configurations. The energy
required to dispose of the 79 electron from
the maonovalent cation s referred to os secand
ionisation enthalpy (IE5) Similorly weve 3°

4% _ jonisation energy.

(A) Which one would have the highest
difference in their first and gecond
ionisation enthalpies?

Na, Mg, Siand P

Exploin.

(B) Why solor ponels are made up of
silicon?

(C) The ionisation enthalpy of Nitrogen is
higher than the Oxygen atom. Explain.

Ans. (A) Na (Sodwm). Sodium hos the greatest

ddference as after the removol of
an electron. gnwes stable noble gas
configuration

Hectronic configuration of Na = 1s225%2p%3s?

Thus, to remove the secand electran from
sodium ion. more energy is required which
i= now harder as it hos o stable inert gas
configuration. Thus, sodium hos a higher
ddference in its first and second ionisation

enthalpu.

(B) Maostly Silicon is utilized in solar panels
@ea a semiconductor becouse it iz a
cost-efficient material that offers good
energy efficiency. Furthermore, silicon
hoe o higher corrosion resistance. a
longer Lifespon. ideol thermal expaonsion
properties, excellent photoconductivity,
and low toxacty.

(O Nitrogen (Z=7) has anomalously higher
first ionisation enthalpy (1402kd/mol) than
oxygen (Z=B). (1314kl/mol) This arises due
to the foct that holf-filled orbitals and full-
filed degenerate orbitals are extra sold
than the incompletely filled degenerate
orbitals. Here nitrogen(1s522s22p°) hos half-
filled p-orbitals while oxygen (1s22s22p9
lhae incompletely stuffed.
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(VERY SHORT ANSWER Type Questions (VSA))

[1mark ]

£5. Moke o note regaording the positive enthalpy i8. Give a reason why the locotion of inert

Ans.

i16.

Ans.

17.

of electron galn.

The positbve electron goin entholpy is
defined os the energy required by an isolated
goseous atom to occept an electron into

an atom. The elements hoving o completely
filled orbital do not accept electrons which

mokes them difficult Thus, by applying some
heot energy they tend to accept the electron

Electron gain enthalpy of F is less negative
than that of CL Explain [Diksha]

As F is of emaoller size than that of Cl resulting
in greater interelectronic repulsions s
correspondingly smaoll in 2p orbitals of F. Sa.
the arrving electron does not encounter much
attraction. Thus. F hos less negative electron

gain entholpy

Beryllium hos excessive ionisation enthalpy
than Boron. Why?

Ans. Thizs iz becouse Be{152252) has fully filled

20.

Ans.

21.

Get More Learning Materials Here : &

s-orbital The energy required to remove an
electron will be more due to presence of
stable configuration whereas. in the case of
8{1512522;:1}_ there i3 no such stable fully

filed configuration. Thus. it hos o stable
configuraton

gaoses Is on the extreme right of the periodic
table.

Ans. Inert gases are those elements that have a

stable electronic configuration which indicates
thot they are less reactive than ather elements
m their respective periods. Furthermore. their
electrical configuration &= also completely
filled.

19. Arrange the elements N, P, O and S in the

order of:
(A) increasing first ionisotion entholpu
(B) increosing non-metallic chaoracter.

Give a reason for the arrangement assigned.
[NCERT BExemplar]

Ans. (A) S<P<O<N

The ionisation entholpy increoses on
proceedmng from left to right along
the penod. But N hos higher ionisotion
enthalpy than O. due to stable haolf-filled
configuratiion.
B) P<S<N<O

The non-metallic nature increases as goes
from left to right in the period.

(SHORT ANSWER Type-l Questions (SA-1))

IZHEIIIIST

First member of each group of representative

elements (Le., s and p-block elements) shows
aonomaolous behaviour. llustrate with two

exomples. INCERT Exemplor]

The enormnous chargefradiue ratio. small size
strong electronegaotivitu. and non-ovoflability of
the d-orbitals in the valence shell all contribute
to second-period elements’ unusual behaviowr.
In comparison to subsequent members of
the group. the ability to create p—p, multiple
bondstoitself (eg. C=0.C=C.O=0.N=N)
is greatly demonstrated by the first member
of each group of p-block elements and
other by eecond-period elements (eg. C = O.
C = N. N = 0) which requires +91 Bkl mol™ of
energu.

All transition elemente are d-block elements,
but all elements do not transition elements.

Explain [NCERT Exemplar]

ucnrene €9

Ans. The few elements of d-arbital are referred to as

wransition elements as they show transitionol
behoviour between s-blode and p-blode
elements. Their properties are mntermediate
between metollic elements of s-block which
contain fonic matuwre aond the mnon-metallic
elements of p-blocie which consist of covalent
notwre But elements ke Zn. Cd. Hg do not
show transitionol character as they consist of
fully-filled d-orbitals.

22. Write four characteristic propertes of

p-block elements. [NCERT BExemplar]

Ans. (1) p-block consists of metols. non-metals. and

metallods.

(2) In most caoses. elementa molke covalent
bonds with other elemente

(3) Their ionisation enthalpy is higher than
that of s-blocis elementsa

(4) Some of them hove more than one
oxidation number.
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Ans. The
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23. Write a short note an s-block elements.

Ang. The elements discovered in groups 1 and 2

of the periodic table are lcnown os s-block
elements. Elements thar hove one electran

in their valence shell are the alkali metals

They are reactive elements as their ionisation
energies ore low. Elementa thot howe wwo
electrong in their valence shell are the alkoline
earth metals.

Z24. Nitrogen has positive electron goin enthalpy

whereas oxygen hos negaotive. However,
oxygen haos lower ionisation enthalpy thon
nitrogen. Exploin. [NCERT Bxemplar]

electronic configuraton

of nitrogen 25%2p® is very stable because
p-orbitols is holf filed. The additon of an extra
electron to any ofthe 2p-orbitals require energy

outermost

25.

Ans.

as it breoks the stabdity of N. Whereas oxygen
hos 4 elecuons in 2p orbitals and acquires

stable configuration ie. 2p° configuration after

removing one electron So. nitrogen hos positive
electron goin entholpy whereas axygen hos

negaotve. however. ooygen haos lower ionisotion
enthalpy than nitrogen

How waould you exploin the fact that
sodium’s first ionisotion enthalpy is lower

thhon magnesium's while its second lonisation
entholpy is higher?

When one electron is removed from o sodium

atom. the ion produced gives the configuration
of an inert gos. neon. Removing the second

electron from o stoble noble gos configurotion

requires maore energy. Thus the eadium’s fust
ionisation enthalpy is lower thon mognesium

while its second ionisation energy is higher.

(SHORT ANSWER Type-|

Questions (SA-IID

[ 3 narks ]

26. p-Block elements formn acidic, basic, and

aemphoteric oxides. Exploin eoch property

by glving two examples and elzn write the

reactions of these oxides with waoter.
[NCERT Exemplar]

Ans. Becouse of the following reasons. the oades

of p-block elements display acidic. basic and

amphoteric propertes

(1) lonisaton entholpy: More will be the
ionisation entholpu. the stronger will be
the odd. When the ionisation entholpy &=
greoter. its oyade will attoin acdic nature
whereas when it ie low it will attoin basic
motwre. And when & hos transitonol
ionisotion enthalpw, it will be amphoteric

(2) Oxadation states: The oadotion state of the

elements is directly reloted to the oadic
naoture of the elements.

The higher the oxddaton stote. the higher
will be on acidic chaoracter of the oxade

For example, SO is less acidic than SO4.

(3) Electronegaotivitu- electronegativity of the
element is directly proportionol to the
acidic noture of the elements oxide: the
more electronegotive the element. the

more acidic its oxide will be. For example.
B,0; = less oadic than N,O,y

8,0, +3H0 — 2H_BO,
Eoven ore=xin Orriesdoews sl

ao,

+H,0—~ 2HOO,
Dees Bgpoooiis

Ferpifars ok

7.

Ans.

ocnrone €9

Write the electronic configuration of

Cr (Z = 24). Justify your answer.

(A) Electron gaoin enthalpy of F s less
negative thon thot of CL Explain.

(B) Electronegotivity of elements increases
on moving from left to right in the
periodic table. [Diksha]

The electronic configuration of O (Z = 24)

ic 1s? 252 2p° 3s? 3p€ 3L 4slJAr] 3L 48

This configuration is exceptional as half-filled

orbitals hove extra stability.

(A) EGE of fluorine is less than thot of chlonne
due to two regsons

(1) Smoll size fluorine atom makes the 2p
gubshell more compoct This results
in repulsion among electrons of the
valence shell and also wath electrons to
be added. Due to this F atom has less
rendency to accept an elecron

(2) Becouse of the small size of fluorine.
there will be high electron density
around the nucleus. This high electron

density screens the nucleus. Because
of this effective nuclear charge gets

decreased. Thus. the electron is hoving

less attraction during addition. Hence.
electran offinity of fluorine gets

decreased.

(B) Electronegativity of elements increases on
moving from left to right in the periodic
table because of decrease in the size of the
atom and the increase in nuclear charge

@g www.studentbro.in



28.

Ans.

29,

Ans.
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(LONG ANSWER Type Questions (LAD

[ & &5 marks ]

Discuss and compaore the trend in ionisotion
enthalpy of the elements of the group 1 wath
those of group 17 elements.

[INCERT Exemplar]

On moving from Li to F. across the second
peniod. within the simior prinopol quontum
level. the introduction of consecutive electrons
to orbitals resulting in poor shielding effect by
the inner vitality of electrons to compensate
for the excessive attraction of the electron
to the nucleus. Thus. becouse of increasing

nuclear charge across a penod. it exceeds the
shielding.

As a result the ionsotion entholpy rises along
a perod from left to nght and the outermost
electrons are held more securely. Becouse
the outermost electron gets forther oway
from the nucleus as you travel down a group.
the nuclear charge is shielded more by the

electrons in the inner levels In this situation
the nse in shielding exceeds the increasing

nuclear charge and down o group, less energy
i required to cost off the outermost electron
As o result. the group ioniotion entholpy
decreases.

The energy of an electron in the hudrogen
atom's ground state i@ 2.18 = 1078

Calculate the atomic hydrogen fonisation
enthalpy in terms of J mal™.

To calculote the ionisowon energy of an
electron of the hydrogen otom. we will find the

difference between the energy of an electran
in its ground state which can be written aos E;

and the energy of an electron at infinity which
can be written as E_ i=.

E.-E;

In the ground state. an electron’s energy of the
hydrogen atom is 2.18 = 10™*EJ. (Given)

E, for the hydrogen otom = - 2.18 » 10~"8).

And at infintu. an electron’e energy e 0. Ths
means. E_ for the hydrogen atom = 0.

Thus, hydrogen’s ionisotion enthaolpy (M terms
of joules)

30.

Ans.

ucnrene €9

E_.-Ey=0+21B = 10°'8)) = 2118 = 10781
Hence. from o hydrogen atom. the required

energy for the removal of an electron in terms
of a joule iz 218 « 10™"8].

But in question. we need the ionisation entholpy
of atomic hydrogen in terme of J mol™ which
meane we have to find the required energy for
remaval of 1 mole of electrons.

As we lmow that 6022 = 102 particles ie.
Avogaodro's number of particles ie present in 1
mole

Hence. the amount of required energy for
removal 1 mole of electrons = 218 « 108 =
6022 »x 107® = 13.30 = 10°) maol™.

Define iomisation enthalpy Discuss the
factors offecting ionisation enthalpy of the

elements and their trends in the periodic
table. [NCERT Exemplar]

The quantity of energy required to cast off
the loosely bound electron from the remote

goseous atom = referred to os lonisation
enthalpuy

The following factors that mfluence osusaton
enthalpy are:

(1) the atom’s size

(2) nuclear power

(3) orbitals that are half-filled and fully-hlled
(4) the orbital shape

[tis trends in the periodic table

(1) The ionisaton enthalpies are usually in this
order (with a few exceptions)

(AHY < (AH) < (AHY)

(2) Moving from top to bottom in a group

reduces the ionisation enthalpy
(3) Moving from left to right in o periad roises
the ionisation enthalpuy.
be

Two elements must cansidered to

comprehend these wrends

(1) Electrons are drown to the nucleus by their
attraction

(2) Electron repulsion s the act of electrons

repelling one another.
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