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SECTION _ I

PEI{IODIC T.A'BLE

1.1. General lntroduction; N"1q

a periodic table. Thus

sepuruletl lrrtm one unolher-

of the Periodic Table ,i:i:iL+ ::r:l::ri:i:::::;::i:::::iil:iri:i:jii:iii:::;l:irl::i:::::i:::i::

In 1808,

Theory. Acco
element canb
basis of their
tempts on the ctassification of the elements were

b asi d up on their atomic weights'

1.. Doebereinet's Thiads. The first attempt

towards t'-f,e?Ia*itieafiOn of?fements was made by

I. DoebereinAr, a German chemist in 1817'

4t1
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He arrunged similar elemenlJ in groups o! three and shrwed lhtt lhs oromit ||eighlt qre eithar nearl! the
same or tha atomic htei9fu of the midills element is (pproximalel! the urithmetic min of the other two. ihesc
groups of three elemenls are called Doebereiner's Triadr ,

Some examples of thesc triads arc :

l. Triad
/t. wt

2. Triad

ALt.
3. Triad

/1t. wt

4. 'IFiad

/1t- trt

Iron
55.85

Lithiulrl

'1

ChloriDe

35.5

Cnlcium

40

Cobalt

58.93

SodiuIn

23

Btomine

80

Strontium

87.5

Nickel

5a 71

Potossiurn

39

Iodine

127

Barirrm

13',7

Atomic weights are
nearly the same

Mesn of 16t and 3rd
7+39 ^.

,t.tarr, 
=r,..r,

40+137_885

The major darwback of Doberciner's classilication was thaI the conccpt of triads coukl hc applicd
only to the limited number of elements.

2. Iblluric periodic classihcation, in thc sensc in rvhich the term is
now uscd, was th sa<1b'1 de Chancourtols in 1g62. The unilcrlying concept
is, however, com this book.

3.-Newlands Law of octaves,. ln 1865-66, an English ahemist, lohn Newl,andr observecl that

are otrafiged in,order of tlteir i creqsing atomic weights, the properties of evcry
to lhe first one like the eighth note oI (1 tnusical scale. This generalizaiion wa.s
foctaves.

For e,rample, consider the following elements :

1

Li
8

Na

15

K

3

B

l0
Aj

4

C

1l
si

5

N
12

P

6

o
13

s

7

F
l4
CI

5r No.

Elament

Sr Na
Elcttent
St No-

Elzment

)
Be

9

Mg

16

Ca

Thus, sodium, to
lithium and so is the m.
The same is true of al-
cium ; boron and aluminium and so on. In the
begrnnfug this idea was not widely accepted and
was actually ridiculed. However, his work was
recognized much laterby the Royal Society, Lon-
don by awarding him the Davy Medal in 1887.

ThLs generalization was alstr discarded since
it could not be applied to elements having atomic
weights greater thar that of calcium, i.e. /l{) a.m.u.
Furthermore, with the discovery ofnoble gases, the

properties of the eighth element were no longer
similar to the first one.

4. -Lother-Meyer arrangement. In 1869,
Lother Meyer, a German chemist, stridied the
physical properties such as atomic volume, melting
point and boilhg points of various clements.

He ph
(gon
dlomicveiglS of E elencnts and obsumed that thc
ehnens wiih similsr propertizs occupid similar
posiliorx on tlu cume (Fig. 4.1).



CLASSIFICATION OF ELEMENTS AND PERIODiCITY IN PBOPERTIES 413

E

LIJ

l
J
o
o
oF

FIGUBE 4.1. Loiher Meyer's atomic volume curves_

For example,
(i) The most sttongly elecb-oposiiye alkali nrctqls

(Li, Na, K, Rb ond Cs) occupy Arc peqks o the cune.
(ii) The less strongly electrcpositive alkaline

earth metals (Be, Mg Co, Sr an(l Ba) occupy the
descending positions on the auye.

(iii) The most elcctronegotive elaments i.e.,
halogens (E Cl, Br qnd t) occupy the ascending
positions on the cufle.

t thc general pattern
o whcn atomic num_
atomic weights as a

,13- Mendeleev's Periodic Law

_ lo 1869, Dmitri Mencleleev, a Russian
chemist, used broader range of physical and cbemi_
cal properties lo classifo lhe elemeots.

these similarities, Mendeleev proposed his _ftri-
odic Law. It states that

propcrtia an nputd $t€r certain regk r ilrter-
vak.

tahly tbe first to fully recognize tbe significance of
periodicity of properties of elements when ar-
ranged in increasing order of their atomic weights.

4,4. Mendeleev's Periodic Table.isn:,;.+:lirri4r:i.:til+:r...,:::::r1:1:iL

Mendeleev arranged the then known ele-
ments.in order of their increasing atomic weights,
grouping together elements with similar propeities

ATOMIC WETGHTS 

--+
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and teaving out blank spaces wherever neces' .rty'

Ho also made the bold prediction that there r'ere

sonre uoknown elements whic[ ofcourse, wouldbe
discoverod in due course of time and would fill
thes(' l,lank spaces. Hc even predicted their
propertiss in th; [ght ofthe properties ofthe other
ilements in the sirme group. Later on, these uu-

known elements were discovered and were found
to possess exactly ihe same properties as predicted
by'Mcndelccv. For exa-mple, both gallium and ger-

.ulaDiuo were not
proposed his peri
these elements as

because he believe
alurninium and silicon resPectively. These ele-
ments wcre discovered later and Mendeleev's

ect.
as
by

ted the ProPeties of gallium
germanium (eka-silicon)

that time. Later whenthese
elements were discovered, their properl.ies were

fouad to be similar to those predicted by Men-

deleev (Table 4.1).

3. Correction of doubtful atomic rYeights'

TABLE 4.1. Comparison of the properties of cka-atuminium and eka-silicorr as Predicted by

Mendeleev and those found experirnentally

4.4.1. Characteristics of Mendeleev's Peri-

orlic Table, Mendeleey's periodic table consists of:

Q) Eight veftica
are designated as I,
Except for group
divided into two sub

The elements which lie on the left hand side of each

group constitute sub aced

on the right hand s This

sub-division is made ence

in their properties. Group VIII contains nine ele-

metrts in tfuee sets each containing three elements'

Group zero consists of inert gases-

(ii) Six hoizontal tows called periods These

are aumbered from 1 to 6.

4.4r. Sig[iticance of Mendeleev's Periodic

thble. Some imPortant contributions of the

Mendeleet's periodic table are listed below :

can be easilY Predicted.

PRoPERTY

Atom:c mass

Density (g cm-3)
Melting point (K)
Formula of oxide

Formula of chlorid€

68

59
Irw
Mzor

MCt3

70

5 .94

3U3.2,

cEor
GaCl3

55
I Iigh

Moz

MCI4

'12.6

5.36
1237

Ge02

&ol

callirm
(rbrnd)

lrkt-silicor (M)
(Prcdicted)
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(;ROUI'S+ I

Rzo

RH

B

II

RO

RHz

B

m

Rzo:

RH:

B

ry

Roz

RH+

B

v
Rzos

RH:

B

vI

RO:

RHz

B

\,lI

Rzo;

RH

AB

,,rt
Roq F

rn

Formulac
of Oxides

Forntulae
of Hydrides

I PERIODS

1 rH
I 008

2 :Li
6 919

lBe
9 012

5B
10.8',1

6c
12.01t

7N
14.007

ro
15.999

eF
18.998

3 trNo
2299

tzMg
u.3t

r:Al
26.9a

r+Si
28.09

rsP
10.914

irS
32.06

ncl
35 453

(

1 rqK
39.102

zlcu
63 54

zocu
40 08

nZy
us.:f,

zts"
44.9(

zzTi
47 90 50 94

::A'
14 92

uc,
52.00

vS"
78 96

zsM,
54.%

sBt
79.9@

26Fe 17Co 2gNi
55.85 58.93 58.?1

5 :rRb
85.47

qtAg
107.87

:eS.
a7.62

oacd
1't2.40

:SY
85 91

aslo
t14 82

qoz'
91 22

soS,
118 69

O'M
92 9t

srSb
121.75

,rzMo

95 91

szt
12'7 60

,:t
(ee)

S:I
126 90

*Ru .5Rh ouPd
101.07 102.91 106.4

..Cs
132.90

lsAo
196.97

seBa
137.34

aoHg
- 200.59

slLo
138 9

arTl
2M.3',7

,zHf
118 49

gzPb

201 19

ltTu
180 95

s:Bi
208.98

zw
183 85

tlPo
(210)

lsRe
186.2

76Os /r BPt
1 .2 t92.2 t95

tAtomic Dumben of elements are gircn on thg hft hand losEr comer of their syrnbols while atomic weights are giwn under tbeir symbob.

or
aa
Io
I
oz
o_n

mr
m

mzia
zo
!
m
4
0
6
=
z
!rlo-o
m
II
m
o)

l

6
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betwcen lithium (atomic weight 7) and boron
(atomic weight 11).

4.43. Defccts in the Mendeleev's P€riodic
Thbl€. In spite of many advantages, Mendeleev's
periodic table suffers from many serious defects.
Some oI these are discusscd below :

l. Anomalous position of hydrogen.
Hydrogen is placed h group IA. Howcver it
resembles the elements ofbotlr the group IA (alkati
metals) and group VII A (halogens). Therefore, the
position of hydrogen in the periodic table is

anomalous or controversia[.

2. Artomalous pairs of elem€nls. Some ele-
ments with higher alomic weilht pre6ede the cle-
ments with lower atomic weight. For example, Ar
(at. weight = 39.9) precedes potassium (at. weight

= 39'1) ; Co (at. weight = 58 9) precedes Ni (at.

weight = 58.7) and 'Ib (at. rveight = 127 6)
precedes I (at. weight = L26'9). No justification
has been provided for this ambiguity.

3. Posiiion ofisotopcs. lsotoPes arc tho atoms
of the same element having different atomic
weights. There[ore, according to Mendeleev's clus-
sificatioo, theseshouldbe placed at different places
in the periodic table according to their atomic
weights. For example, isotopes of hydrogen i.e.,
protium, deuterium and tritium with atomic
weights 1,2 and 3 should be placed at differeut
places.-flowever.-isotopqs of an element have not
been given differeot places in the periodic table.

4. Some dissimilar elements ar€ grouped
together whlle some similar elements are placedin
differcnt groups. For example, alkali metals such as

er wil.h

x,iil
same time, certain chemically similar elements likc
Cu furoup IB) and Hg (group II B) have becn
placed ia different groups.

5. -Position of elements of group YIII. No
proper pTac?Fas been allotted to nine elements of
group VIII which have been arranged in three tri-
ads without any justifi cation.

4.5. Atomic Number and Modern Periodic Law i

i"" ._9 =a(Z-b)
where 'a' is the proportionality constant and

'b' is a constant for all tbe lines in a given series of
X-rays.

Tlu s, a plot of y'7 versus Z gave a str,'aie!.t_llng.

This-led Mosetey to conclude that atomic number
was a better fundamental property of an element
than its atomic weight. He, therefore, suggested
that atomic number (Z) instead of atomic weight
should be the basis ofclassification of the elements.
This forms the basis of the modem peiodic law.
Thus,

odic Law. We know that an atom consists of a
nucleus (which contains protons and neutrons) sur-
rounded by electrons. Atomic mass is a nuclear
property and depends upon the number ofprotons
and neutrons in the nucleus whereas atomic num-
ber implies the number of electrons in the ex-
[ranuclear part or the number of protons in the
nucleus. Now, the chemical proporties of the ele-
ments depend, among other things, upon the inter-
actionbetween the atom and thereagent. Since the
nucleus is deep seated in an atom and is also
shielded by electrons in the extranuclear part so
atomic mass has little effect on the chemical
properties of elements. Electrons, however, are
exposed to the environnents and hence ca-u inter-
act with the reagent. As a rssult, the physiczrl and
chemical properties of the elements depend upon
their atomic numbers rather than atomic masses.

Further, it is understandable that the physical and
chemical properties ofelements could be different
depending upon the number of electrons and their
electronic con-figuration in any atom.

Let us now discussvihy the elementswith similar
properties recur after certain regular intervals.

4.6' Cause ol Periodicity ' ': 
:' 

':i'i'r 
i: :i i 

'::i!r;;:: 
:: :':i i:r';:i::r : :::l il:i :'': 

'i:

According to the Modern Periodic Law, the
properties of the elements are repeated aftet cer
tain regular intervals when these elements are ar-
ranged in order of their increasing atomic
numbers. Further, critical examination of the
electronic conhguration of the various elemenls

h 1912, Moseley, a young English physicist
measured the frequencies of X-rays emitted by a
metal when bombarded with high speed electrons.
He discovered that the square root ofthe frequcncy
(z) of the prominent X-rays emitted by a me[al was
proportional to thp atomic number and not to thc
atomic weight of the atom of that metal
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(discusserl in Unit 3) clcarlv ;ndicates that wirh a
gradual incrcase in atomic number thcrc occurs a
rcpctition ol similar outer olcctronic conligurations
a[tcr cerlain rcgular intqrvals. By correlaling thcsc
t\\,o ()bscrvutions, we can say that

Tht caute oJ periodicily in propertics is tha repeli-
fitii of ,similar outer electronic conliguraliotL\ ul
ce rlui n regu lar inlem u ls.

Consider the following examples for illtstra-
tion.

All the elements of group IA (or 1) i.e. alkali
metals have the similar outer electronic configura-
tion, r'.e. nsl where n refers to the number oJ the
o[termost principal shell. These electronic con-
hgurations are given below in Table 4.2.

TABLE 4.2. Electronic configuration ofatkali metals

SYN{BOL ATOMIC NUMBER

Li

Na

K

Rb

Cs

Fr

3

,1

t9

37

55

a7

l.tx z\t ot [Hef x1

1r2 2r2 ?p5 3r1 or [Ne] 3Jl

1t2 ztz 2p6 at2 3P6 ltl or [Ar] tu1

tsz ztz 2p6 a\2 3p6 3d1o 4t2 4p6 5St or [I(I] 5r1

1.r2 x2 2p6 3sz 3p6 3r11o 4tz 4p6 4,110 5r2 spc 6rl or [Xe] 6,rl

kz 2t2 4,6 3sz 3p6 3(l1o 4<2 4p6 4dt0 4i4 ssz 5p6 5dto 612 6p6 7r1

or [Rn] 7,rl

Thus, it is because of similarity in clectronic configuration that all the elements have similar
properties.

In a similar manner all the halogens, i.e., elements ofgroup VII A (or 17) have similar outer electronic
configuration i. s- /rJz rtps and as such possess similar propirtiei. Thc eicctroiric configurations of halogens
arc given in Thble 4.3.

TARLD 4.3. Dlectronic configuration of halogens

I'I,I!MI]NT ATOMIC NUMBER ELECTRONIC CONFIGUMTION

F

CI

Br

I

At

9

35

53

85

7sz z\2 2p5

7t2 ztz 2p6 3.\2 3ps

b2 2t2 2P6 at2 3f 4s2 4f
l.t2 2t2 4)6 3,tz 3p6 3d1o 4tz 4p6 47to trz tS
1!t2 2t2 2p6 1t2 3p6 3d1o 4$2 4p6 Mlo 4J11 5sz 5p6 sdro e? 6pF

Again all the elemeuts of group 0 (or 18) i.e.,
inert gases_havc similar outer electronic confrgura-
tior,, i, . nsz np6 tnd also have sirnilar properties.

Now, it follows from thbles 4-Z arrd, 4.3 that
there is a repetitionin the electronic configurations
of alkali metals and halogens only after certain
regular intervals. fhese regular interyals being 2. 8,
8, 18, 18 and 32. Tbese numbers are alsosometimes
called magic numbers.

4.7.

Ba-sed rrpon Modern Periodic Law, a number
of forms ofperiodic table have beenproposed from
time to time but the general plan of the table
remainedthe same as proposed byMendeleev. The
table which is most commonly used these days and
which i-s based upon the electrouic configuration of
elements is called the Present lirrm or the Long

T

I'LIiCl'RONIC CONFIGUR TION
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Neu/ Coursc Cheotistrg

-calkidBohr's
for the arran-
he nucleus.

Structural Featur€s ofthe Present (or Long)
From ot the Feriodic Thble. The long form of the
periodic table consists ofeighteen vertical column-s

and seven horizontal rows. These have been ob-

tained by arranging the elements in order of iu-

creasing atomic numbers in such a way that the

elements with similar electronic configurations are

placed under each other in the same vertical
column. These veftica| columns are lotown as

groups or flaailies while the hoizontal rows are

called periods-These are discussed below :

1. Groups. (i) The present (long) form of the

periodic table consists of eighteen vertical columns

called groups. Each group consists of a number of
elements having the same electronic configuration
ofthe outermost shell (valency shelJ). These groups

are numbered from 1 to 18. Earlier in the modificd
Meudeleet's periodic table, these eighteen vertical
columns were divided into sixteen groups desig-

nated as IA, II A ... VII A ; IB, II B ..... VII B, vlII
and zero. Both these systems of numbering the
groups are shown in the long form of the periodic
table given on page 4/9.

(ii) The elements ofthe frrst two groups, i.c.,

1 and 2 on the extreme left involve the frlling of
s-orbitals whi-le those of the last six groups, i.e..

13 - 18 lying on the extreme right involve the filling
of electrons in thep-orbitals of the valence sheU.

The elements of these eight groups, i.e., L,2,
13, 14, 15, 16, 17 and 18 are collectively called

their valence shell electronic configuration is

nsz np6.

(iii') The elements ol groups 3, 4' 5, 6' 7' 8' 9' 10,

1l and 12 are cslled trmrilion elements since lhei
properties lie beia,een the ProPetties of the reactive

metak (alkali and alkaline ea h metals) placed ott

the extreme left and non-metals (lfilogens and chal'

cogens : rxygen fatnily) placed on the oLlreme iqht
of the peiodic table.

In these elements, both the outermost shell

aDd penultimate shell (next to the outermost) are

incompletely filled but filling ofthe d-orbitals of the
penultimate shell occurs. As such their genera.l

buter electronic configuration is (n - 1)dl-10
nso-Z.

(iv) Tko series of elements each containing 14

elements are placed at the bottom of the periodic
table. The first series of elements with Z : 58 ao

Z : 77 *hich occur in the periodic table after
lanthanum are called lanthanides or bnthanoid-s
while the second series of elements withZ : 90 to

Z : 103 which occur in the periodic table after
actinium are called aclinida ot actbnids. These
elements are also called lnner transition elements.

In bcth these series of elements, the outer-
most shell and the penultimate shell are incom-
pletely filled but the filling of only/-orbitals of the

ante-penultimate shell occurs. .{s such their
general outer electronic configuration is

(n - 2\ lo-ra (n - L) d-t ns2.

2. Periods. As stated above, the long form of
the periodic table consists of seven horizontalrows
called periods. These are numbered as 1,2,3,4,5,
6 and 7 from top to bottom. Each period consists of
a seies of elements whose atoms have the same

pincipal quanrum number (n) of the outermost

sftell. In other words, each period begins with tho

filling of electrons in a new energy shell For ex-

ample,

The lirst p€riod corrcsponds to the filliog of
electrons in the first energy shell, i.e. n = 1. Since

this energy shell has only one orbital, i.e. 1s which
can accommodate oDly two electrol]s, therefore,
fint Deriod has onlv two elements.'lhese are

t ydrog.n (rr1) and h;lium (1-t2).

The seconrl period corresponds to the Iilling
of electrons in the 2nd energy shell, i.e. n : 2. Since

this shell has /our o,;bitals (one 2s and three p)

the second shell is comPlete.

The third period corresponds to the frlling of
electrons in the third shell, i.e. n = 3. This shell has

nine orbitals (one 3, three 3p and five 3d). How-

ever, we know tiom energy level diagram for mul-

tielectron atoms (Unit 3) that3d-orbitals have even

higher energy than 4s-orbital. Therefore 3d-orbi-

tals are filled only after r ing 'tr-orbitals' conse-
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MODERNGROUPNOS +

s-BLOCK (ns1-2; P-BLOCK (nP1-6)

LONG FORM
OF THE PERIODIC TABLE

58
Ce

Cerium

4fl 5d1 tu:

59
Pr

60
Nd

61
Pm

62
Sm

63
Eu

64
Gd

65
Ib

Tertium

.P kP 83

66
Dy

67
Ho

68
Ef

Erbium

69
Tm

Thullium

70
Yb

a1

Lu

4F sdo 6s, 4F sdo 6s 4r7 fto 6s2 It7 sdl 6s:

90
Th

Thorium

sP u2 7s2

91
Pa

92
U

93
Np

94
Pu

95
Am

96
Cm

Cudum

it7 6d1 7si

97
BK

98
cf

99
E3

100
Fm

101
Md

102
No

Nob€lium

5f{ 6d 7s

103
Lt

t,:6dl 7s2 iP 6d1 7s, il{ 6dl 7s: 5F 6do zs2 sf 6do 7s2 5,9 6do 7s2 910 6do 7s, tf1 6do7s: <4: 6do 7si J13 tuo 7sj tfla6d1 7sl

383ts8:1"?,
+

@
ns2 np6

E
(1s)

a
(2s 2p)

E
(3s 3p)

E
(as 3d 4p)

E
(ss 4d 5p)

E
(6s (ar) sd 6p)

a
(7s (50 6d)

'LANTHANOIDS (4f-series)

1+tl-14 SOo-t Os2;

-ACTINOIDS (sf-series)
(5P-14 6do-1 7s2)

B VB V8 VB \ IIB B B VIA VIIA 0

,1

2 3 4 5 6 7 9 10 11 12 13 't4 15 16 17 '18

1

H
Hyd.ogon

1sl

d.BLOCK (TRANSITION ELEMENTS)
[(rl )dl-10 nso-2]

@@(E@o
nsz npl) nsz np2) ns2 np3 1ns2 np4 ,s2 np5

2
H.

H.llum
'le2

3
LI

L hium

2s1

4
B!

B.rylllm
2s2

5
B

B@
k2 2p1

6
c

Carbon

zc2 zi

7
N

Nill*n
z"2io3

I
o

Oxre$
2s2 zg4

I
F

Fludim
2s2 2ps

10
N.

N@n

2s2 2pG

11
N.

Sodluh

3sl

12
M0 AI

14
st

Slli@
L2 an2

't5
P

16
s

Sulphur

3s2 3p4

17
cl

Chloire
3s2 3p5

18
Ar

tu9oo

3s2 3p63s2 ooo oooo (D@@ 3s2 3p1 3s2 3p3

19
K

Pobsium
4s1

20
Ca

CalciuD

6a2

21
Sc

S€ndium
ca1 t.2

TI
Iilanium

3d2 4s2

23

Vanadium

3d3 4s2

24
Cr

Chromrum

3d5 4s1

25
J'N

3d5 4s2

26
F.
lrcn

3d6 4s2

27
Co

Coball

N7 4s2

28
NI

Nckel

3d8 4s2

29
Cu

Copp€.

310 4"1

30
Zn
Zinc

310 4s2

31
Ga

Gallium

u2 a"1

JZ
Ge

k2 
^n2

33
A!

12 ,^3

34
Sc

Selenrum

4s2 4p4

35
Br

BMire
qs2 lp5

36
Kr

Krypton

4s2 4pG

Rb
38
Sr

39

Ytu.ium

4dl 5s-

40
Zr

4',1

Nb
Niobium

4d4 ss'l

42
llo

43
Tc

44
Ru

45
Rh

46
Pd

47
Ag

Silver

4d10 5sl

48
cd

49
ln

lndium

5s2 sp1

50
Sn
Tin

st2 sp2

51
Sb T€

53
I

ldine
5s2 sp5

54
Xe

Xercn

ss2 sp65s2 4d2 5s2 4d5 5sl 4a5 ss2 4d7 5s1 4d8 5s l 431 0 q"0 4d10 5s2 ss2 sp3
55
C!

C€sium

6s1

56
Ba

Banuh

6s2

57
L.'

Ianthenum

5d1 632

72
HI

H6fnlum

73
T.

Tanblum

sa%s2

74
w

Tun96tff

soa s*

75
R.

RlEnium

5d5 6s2

76
O.

Osmlum

5d6 6s2

77
lr

lddium

5d7 6s2

78
ft

Plollnum

5d9 631

79
Au

Gold

56105s,|

80
Hg

310 5s2

81
TI

Thallium

6s2 6p1

82
Pb

Loed

6s2 6p2

83
BI

Bismulh

os_ op"

q
Po

Polonium

6s2 6p4

E5
At

Asbline

6s2 6p5

86
Rtr

Radon

6s2 6p6

8l
Ft

88
R!

Radium

7P

89
Ac"

104
Rf

105
DI

Ouhium

6d3 7s2

106
Sg

107
Bh

6d5 7s2

108
X!

109
llr

110
tun

't 11

Uuu
112

Uub
114

uuq
115
uup'

NOBLE
7s1 6d'l 7s2 5y'4 6d2 7s: 6d ts2 6d6 7s2 6d7 7s2 6d8 7s2 56'lo 7"1 6d1 0 7s2 7s2 7p2 7s2 7p3

I.BLOCIOINNER.TMNSITION ELEMENTS (RARE EARTHS)

{(r2)Pia (rl)dGr ns2l
ELEMENTS

-I,4ETALS

'Dis@ered rct rc@ntly by Ru$ian aDd US scbntist by hining arrcium (Z=95) with @ldum lZ=20) ?@teated in a cyclotron The calciurn nucleus simply tsed into the arrcium nuctous

|1 fl



4110 ..,1t . t' : Neu, Course t

quently, third period involves the filling sf only four
otbitols (o]ne3s and three 3p) and thus c ot.ltains eiSht

e/enrentri from sodium (Z : 11,3s1) to argot (Z =
18,3s2 3P6).

The fourth period corresponding to thefilling
of electrons in the fourth energy level, i.e. n = 4.lt
starts with the filling of,tu-orbital. However, after
filling4r-orbital, the hlling of hve 3d-orbitaLs begins

since the energy of 3d-orbital is lower than those of

9-orbitals but higher than that of 4s-orbital. Fur-
ther, the filling of ,ld and 4/-orbitals does rot occur
iu this period since their energies are higher than
that of even 5s- orbital. Therefore, in the fourth
period, the filling of only nine orbitals (one 4s, hve
3d and three 4p) occurs which can accommodate at

the maximum eighteen electrons. Therefore, ftitrth
peiod contoins eidteen elemenls from Potassium
(Z: 19) to krtpton (Z : 36).

The lifth period, Iike the fourth period also

contains eighteen elcments since only nine orbituls
(one 5s, five 4d and three 5p) are available for filling
witb electrons. It begins with rubidium (Z = 37) in

which one electron enters the 5s-orbital and euds

up with xenon (Z = 54) in which the filling of
5p-orbitals is complete.

The sixth period corresponds to the filling of
sixth energy level, i-e., n = 6. Since in this period,
or.ly six'teen oftitals (one 6s, seven 4/, five 5d and
three 62) are available for hlling with electrons,
lherefore, sixth period contains thirty-fivo elemeats -

It begins with cae.sium (Z : 55) in which one

electron enters the 6t-orbital and cnds up with
ratlon (Z = 86) in which the filling of6p-orbitals is

the fillinsof seven 4f-orhitals begins with ceri.um (Z
= 5o-6i-ana ends upwith lutetlum (Z = tl).'Thrsc
foirteen elements constit,'tc the flr!l,furi0ilqgr
transition series called lanthanides or lan-
thanoiils.These are separated frori the main fiiiic
of the periodic table and are placed at thc bottom
of the periodic table.

The seventh period corresponds to the filling
ofseventh energy shell,i.e. n = 7. Like sixth period,
it is also expected to contain thirty-two elements
corresponding to the fi)ltng of sixteen ofuitqb (one
7.r, seven 5/, five 6d and three 7p). However, this
period is still incomplete and only 28 elemcnts are

knowtr at present. In this period, after the hlling of
7s-orbital, the next two electrons (i.e., 89th and

90th) enter thc 6df * orbital against aulbau pincipk
and thereafter the filling of seven 5/-orbitals begins
with proactinium (Z = 9L) and ends up with
lawrencium (Z : 103). Although thorium (Z : 90)

does not have any electron in the 5/-orbital, yet it is
considered to be a /-block element. Since its
properties resemble more the /-block elements
than the d-block elements. These fourteen ele-

ments from thorium (Z : 90) to lawrencium (Z =
103).

These fourteen elements constitutc thc
seconrl (or5f) innertransition series which is com-

- 
moily ialled as actinides or actinoids. lt mostly
includes man-made raalioacd\re-dlements. In order
to avoid the undue expansion of the periodic table

actinides like lanthanides, have also been placed

separately at the bottom of the periodic table

The number of elements in a period and the

tlpe of orbitals being tilled up is given in the

Table 4.4.

f=156), the addition of ihc ncxt electton (ia.5?th) shorld^occ!

tend ;o destabilize thc renon core (z = sq,lxrlUlo nf stz
electrofl preferc to entcrsd-olbitalwhich Iics outsidc the xenon

differcncc bctwEen 5/ and
,rsrabiti lectrons (i e 89th and mt h) a fte r thc filling of ?s-orbital prefcr tocntcr 6.r-orbitals bcfor€
/ irliil ium (Pa : 91) and conlrnues till it is completewith lawEncium (Lr = 103)

of fu-orbi-
enters the 5d*-
and thercafter,

complete.
tal, the nff electron (i.e.,
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'fAIlLE 4.,1. Numbel of elemcnts in different periods

Orbrt:r Is ,einE Ii lerl

I
2

3

4

5

6

7

n=2
n=3

n=5

Lt

Zt ,2p
at,3p
4s ,3tl ,4p
5t -M,5p
6t ,4f , 5d ,6p
1t ,51 , ,7p

)
2+6=8
2+6=t:
2+10+6=18
2+10+6=18
2+14+lO+6=32
2+74+70+6=32
(Out of these only 28
elenlcnls are kIlown
at present)

The frst three periods (1st,2nd and 3rd)
coutaining 2, 8, 8 elements respectively are known
as short p€riods while the next three periods (4th,
5th and 6th) containing 18, 18, 32 elemeqts respec-
tively are called long periods.

4.8. IUPAC Nomenclature

All the elemcnts withZ : 1o1-l72aulZ =
114 have bcen identihed. Some of these are known
since long while others have been discovered only
recently. Although names and slrnbols to many of
these clements have been assigned but these are
still not uriversally accepted. Also some of these
elements have been assigned two nameVsymbols.
For example, element vith Z = 104 is called either
Kurchatovium (Ku) or Rutherfordium (R) while
element with Z : 107 is called Neilsbohrium (Ns)
or simply Bohrium (Bh). To overcome all thesc

ditficulties,thelUPACappointed aCommissionon
Nomenclature of Inorganic Chemistry (CNIC) in
1994 to suggest a rational system of nomenclature
for clements with Z > 100 (also .^l t..tively c"lled
gs super heary elements). After having discussions
with chcmists around theworld, theIUPACin 1997,
approved the official names for elements with Z :
104 to Z = 109 (Table 4.5) and suggested a sys-
tematic nomenclature for naming other elements
with Z > 100 till their names are officially an-
nounced. The main points of this nomenclature
are :

(i) The names are derived directly from the
atomic numbers using numerical roots for 0 and
numbers from 1-9 and adding the suftix iran. A
strange mixture of Latin and Greek roots has been
chosen to ensurc that the symbols are all different.
The roots for the numbers 0-9 are :

TABLE 4.5. Roots for IUPAC nomenclature of elements

01234567E9

nil un l)i tri qund pent hex sept oct enn

nubtqphsoe

(ii) Iu certain cases, the names are shortened.
For example, bi iwn and tri ium are shortened to
bium and. trium and enn n/ is short eted to ennil.

(ur) The symbol of the element is then ob-
tained from the first letters of the roots of numbers
which make up the atomic number of the element.
The recommended and official names of some
super heavy elements are given in Thble 4.6 :

4.9. Eleclronic Configuration ol the
Elements and the Pedodic Table ::iii:ii:ii::iilrittiiitii::tit::

The present (long) form of the periodic table
is based upon electronic conliguration ofelements.
With its help, it isveryeasyto find out theelectronic
configuration of any element. The outer electronic
conhguration of all the elements along with their
symbols are given in the present form of the peri-

l'eriod No. ol the energy
level being Iilled

No. ol clcctrons or elcmetrLs
ilr the period
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IABLE 4.6. Recoruncnded and Olficial names of Glements with Z > 100

Z Ilecommended Ileme Svmbol IUPAC ollicllll Dam€ IUPAc syEllrol

l0l
toz
103

104

105

106

107

l0t
109

110

ltl
ttz
113

114

115

116

tt7
l1E

tL9
120

Uonilunium

Unnilbium

UDniltrium
Unnilquadium

UnDilpentiunl

Unoilhsxium

Unnilseptium

UDniloctium

Unnilen[ium

UIlunnilium
Unununium

UIrunbium

Urluntrium

Ununquadiunr

UnuDpentium

Ununhexium

Ununseptium

Ununoctium

UnunenDium

Unbinilium

Unu

Unb

Unt

unq

unP
Unh
Uns

Uno

Une

Uun

Uuu

Uub

Urlt

Uuq

urP
Uuh

Uus

Uuo

Uue

Ubn

Mendeleviun]

Nobelium

Lawrencium

Ilutherlbrdiun'r

Dubnium
Seaborsiunl

Bohrium

Hassoiun]

Meitnerium

Md

No

Lr
Rf
Db
Sg

Bh

Hs

Mt

odic table on page 419. However, comPlete
electronic configurations of all the elements along
with their names and symbols have already been
given in unit 3.

4.10. Division of Elemenls

electron and this enters fu orbital. The rest of the
elemeats, i.€. Li, Na, K Rb, Cs and Fr receive the
last electron in 2r, ls , rls , 5s , fu and 7J- orbitals
respectively. 'I'hese elements are, therefore,,said to
belong to s-block and have nsr as the general outer
shell electronic confi guration.

Now considcr He and the elements of group
2, i.e. Be, Mg, Ca, Sr, Ba and Ra. The last electron
in these elements also enters the r-orbitals, i.€.

fu,2r,3s ,,ls ,5s, (rs and fu-orbitals respectively.

Hence these elements also belong to s-block and

have ns2 as their general outer shell electronic
configuration.

Thus the elemens of groups I dnd 2' including
ch the s-orbitals arebeing
lled s-block elements' In
lements in the Periodic

table.

c,cfiBt$I AAls aefiguiltun { s'
blMkthirto,k

Elemeots in the long form of the periodic
table have been divided into four blocks, i.e.,

s, p, d atdf. This division is based upon the name of
the orbital which receives the lasl elcctron. These are

briefl y discussed below.

1. s-Block Element s. Elements in which tlv last

electron enters the s-orbital of their respective out-
ermost shells are called s-block elements. Since

"Elemcntsyct to be discoveled
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,s 1s2

s-Block
Elemenls

ns1 2

o-Block
Elements
n*npl4

d-Block El6ments

@-1)dt-l0 nso-'2

I

Division of periodic table into s, p, d- and f-blocks.

Gencral characteristlcs of s.Block Elements

t-Block ElornEnts (rFz)P-ta 1n-t 1d-t n*

respective outermost p-orbitals,
therefore, their outer shell
electronic confi surations varv from
nsz npt lo nsz nl6 a. *a -oua fro-
group 13 onwards upto group 18.

Thus, the elements of groups
13, 14, 15, 16, 17, lE (excluding
Irelium) in which p-orbitaLs are
behg progressively filled in ate
c ol I e d p -block elementJ. Sio ce each
group has five elements, therefore,
in all, there are 3Op-block elements
in the periodic table.

* ' (i) They are soft metals with low melting and
boiling points.

(r'i) They have low ionization ethalpies (ener-
gies) and are highly electropositive.

(iii) They lose the valence (outermost)
electron(s) readily to form * 1 (in case of alkali
metals) and + 2 ions (in the case of alkaline earth
metals).

(iv) They are very reactive metals. The metal-
lic character and the reactivity increase as we move
down the group.

(v) The compounds of s-block elements with
the exceptioa of those of beryllium are
predominantly ionic.

(vi) Most of the metals of this block impart
cbaracteristic colours to the flame.

(ui) They are strong reducing agents.
(uu) All are good conductors of heat and

electricity.
2. p.Block Elem€nts. Elements in which the

last electron enlers any one of the three p-orbitals oI
their respective outermost shells are called p.block
elements. Since ap- subshell has three degenerate
(same energy) p-orbitals, each one of which can
accommodate two electrons, thet€fore, in all, there

In all these elements, the s-orbital of their
outermost shells is already complete but their
respective p-orbitals get progressively filled in by
the addition of one electron at a time as we move
from group 13 ao 14, 75,16, 17 and 18. Since these
elements contain one to six electrons in their

The elements of group 18 are called noble
gases. Each period ends in a noble gas. Except
helium all the elements have closed shell nsz np6
electroDic configuration in the outermost shell.
Helium, however, has 1s2 clectronic configuration.
In these elements, all the energt levels which are
occupied are completely flled dnd this stable anan-
Eement of electrons cqnnot be eqsily altered by addi-
tion or rcmoval of eleclrons, As a result, these
elernents qrc highly stable and hence exhibit very lot ,
chemical reactivity.

. . The_elements.of group 17 are called hdegll
Gallprodteer.s) wbile those of group 16 are ia-liEd=-
chalcogen s_(ore -f o tm i n g).

-hents have high iregafive
(or electronegativity) and
two electrons respectively to attain the stable noble
gas configuration.

, General characteristics ofp-Block Elements
. (r)p-Block elements include both metals and

non- metals but the number ofnon-metals is much
higher than that of metals. F!fiher, the metallic

m top to bottomwithin a group
aracter increases from left to
this block.

.. _ (ii) Their ioni"ation energies are relatively
higher as compared to those ofs-block elements.

(iri) They mostly form covalent compounds.

General outer sheu
block elements : n?
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(iv) Some of them show more than one (uan'-

able) oidation states in their compounds.

(u) Their oxidising character increases from
left to right in a period and reducing character
increases from top to bottom in a group.

3. d-Btock Elements. Elements in which the

last electron enters any one of the ftve d-orbitals of
their respective penultimate shells are culled d'block
elements. Since a d-subshell has frve d-orbitals,
each one of w. hich can acco[rmodate two electrons,
therefore, in all there are ten vertical columns com-
prising ten groups of d-block elements, namely 3, 4,

5, 6, 7,8, 9, 10, ll and L2.

The atoms of the elements belonging to these
groups usually have 1 or 2 (zero in some cases)

electrons in thes-orbital of the outermost shel7,i.e.,

ns-orbital while the electrons are being progres-
sively filled in, one at a time, in the d-orbitals of their
respective penultimate shells, r.e', (n - L) d-orbi-
tals. Thus,

Since the properties of these elements are

midway between those of .r-block andp-block ele-

ments, they are also called transition elements. All
thcse elements are further divided into four series

calledfirst, second, thirL and fotfih trawition seies.

The first transition series forms a part of the
tburth period of the long form of the periodic table.
It contains ten elements from scandium to zinc
( rrS" - ,oZn) h which 3d-orbitals are being

progressively filled in.

The second transition series which forms a

part of the hfth period also contains ten elements

from ytterium to cadmium (:sY - arCd) in which

4ri-orbitals are being progressively filled in.

The third transition series which forms a part
of the sixth period also contains ten elements, i'e.,
lanthanum ( srLo) and from hafnium to mercury

( rrHf - s.Hg) in which 5d-orbitals are being

progressively filled in.
The lburth transition series which forms a

part of the seventh period also contains ten ele-

ments, i.c., actinium (acA") and elements from,

rutherfordium (,*RI), to ekamercury or Unun-

bium (Z : Li}).In all these elements,6d-orbitals
are being successively hlled in.

Thus the etements of groups, 3, 4 5, 6, 7, 8, 9,

10, I1 and 12 belonging to fotuth, fifth' sirth and the

incomplete seventh peiods in wlich tlrc lqst electron
enteni the d-orbitals of their respective- penultimate
shells are eollectively called d-block elements.

yffiineralcharacteristics of d-Block Elements.
' (i) 'l'hey are hard, malleable (i.e.. can be con-

verted into sheets) and ductile (i.e., car, be draum
into wires) metals with high melting and boiling
points.

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

(iii) Their ionization enthalpies are between
.s-andp-block elements.

(iv) They show variable oxidation states.

(v) They form both ionic and covalent com-
pounds.

(vi) Their compounds are generally coloured
and paramagnslis.

(rzl) They form coloured complexes.

(viii) Most of the transition metals such as !
Cr, Mn, Fe, Co, Ni, Cu etc. and tlreir compounds
are used as catalysts.

(u) Most of the transition metals form alloys'

(x) Zn, Cd and Hg which have the

0r - 1) dto rt*Z clectronic configuration, do not
show most of the properties of transition elements.

4. f-Block Elemelnts. Elements in which the lqst

electron enters any one of the seven f-orbitals of their
respective ante- penultirnate shells are colledf'block
elcmenls.In all these elements, the s-orbital of the

last shell (n) is completely filled, the d-orbitals of
the peuultimate (n - 1) shell invariably contains

zeto or one electron but the/-orbitals of the ante-

penultimate (" - 2) shell (being lower in energy

than d-orbitals of the penultimate shell) gets

progressively filled in. Hence

There are two series of/-block elements each
Threfore, in all there are 28
periodic table. These are
the periodic table.

Tlrc elements of the first series, i.e., cerium to
lutetium ( rrC" - ,,Lu) which form a part of the

sixth period are collectively called as lanthanides
or lanthanoids since all these elements follow lan-
thanum in the periodic table and also closely

resemble lanthanum (La) in their properties. These

are also called rare earth elements since they occur
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scarcely in thc earth's crust. In lanthaoides, 4/-o.-
bitals arc bcing progressively filled in.

77tc eletner s of rc secottd setics,l.c., thorium
to lawrencium ( e6Th - ln Lr) which forrns a part
of tho incomplete scventh period arc collectively
called actinides or actinoids since all these elc-
ments follow actinium in the pcriodic tablc and also
closely rcsemblc actinium (Ac) in thcir propcrties.
In actinides, s/-orbitals arc being progrcssivcly
fillcd in.

All the actinoids are radioactivc elenrents.
Thc llrsl threc clements. i.L, thorium (Th).
protoactinium (Pa) and uranium (U) occur in na--
ture but the remaining 11 elements, i.e, from nep-
tunium to lawrencium ( rrNp - ,nrLr) have been
prepared artificially through nuclear reactions.
Tlrcsc eleven elemet s are cqlled transuranic or lrsn-
suranium elcments rince tlrcy follote urqnium in the
pctiodic tqblc oruL ulso haye been deived. from it
tltrough nucleat reoctions.

All the/-block elements, r.c., lanthanides and
actinides arc also called inner transition elements
sincc they form transition series within the transi-
tion clements ofd- block.

. General characteristics off-Rlock Elements
'(i) They are hea\y mctals.
(ii) Theyhavc generally high melting andboil-

ing points.

(ri) They show variable oxidation states.
(ir) Their compounds are generally coloured.
(u) They have a high tendcncy to form com

plexcs.

(ui) Most ofthe elements of rhe actinide scries
are radioactive.

Metals, non-metals and metalloids. In addi-
tion to the division of the elements into r, p, d and
/-block elements, all the elements can be broadly
divided into metals and non-metals.

letals. Metals comprise 75% ofalt the known
clements and appear on the left hand side of the
periodic table. With the exception ofmercury, gal-
lium and francium which arc liquids, alt other me-

d

I
Non-metals. Non-metaLs may be gases, liquids

or even solids with low meltiag and boiliog poinls.

Most of the non-metallic solids are brittle and are
neithcr malleable nor ductile.

Thends in m€tallic and non-metallic charac-
ter. 'llc-rnetallic character ilcreascs from top -t!
bottom within a group and non-metallic charaol.er

_r4creases from left to This
change lrom metallic t er is
not abrupt as showu by long

- form of the periodic table given on page 4/9. The
elements silicon, germanium, arsenic, antitnony and
tellwiunt (bo
ly across the
both metals
callcd semi-metals cir mCGII6iili.

4.11. Advantages ol the Present (or Long)
,orm ol the Periodic Table i,,r.,,,

The present form of the periodic table has a
large number of advantages since it classifics [he
elements on the basis of electronic configurations
of their atoms. The important advantages are :

(i) It relates the position of an element in ths
table to its €lectronic configuration more clearly.

(ri) It is easy to remember and reproduce. The
elements ca.n be teproduced more easily in se-
qucnce of atomic numbers.

(ir'i) The elomeuts in the same group show
marked similarities due to similar outer electronic
configurations. Thus, there is a logical classification
ot groups ro rt.

(iv) The elements are classified trrto tronrul
13- 17 groups and azn-
to 3 - 12 groups on the
nic configurations.

(v) The elements are also classified as actiyc
and 2, heavy metals
no,t-nletab placed in
ps 13- 18) of this pe-

_ (rz) Based on thei electronic configuration,
9fe1ent1,h9v9 been grouped into s, p, d arr'l l-
block. This has helped us to understand their
properties easily.

ments of fourtb" fifth,
sixth assigned properposi-
tiom

(viii) A satisfactory position has been
s 8- 10 consist-
(Group VIII of
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Since tong form of the periodic table corre-
lates the position ofelcments to the electronic con-

figuration of their atoms, it is, therefore, nearly an

ideal arrangement.

4.12. Dciecls ol the Present (or Long)
f orm o, the periodic Table : .:: :.r r.: :: .:: i ,: r: i :j .:i..:.:::..::rl

Although the presetrt form of the periodic
table has removed most of the shortcomings of
Mendeleet's original and modified periodic table'
yet it suffers from the following defects :

.<:ff?osition of hydrogen is not scttled though

it fias been placed alongwilh alkali metals in
group 1 and halogens in group 17 since it shows

many properties similar to both alkali metals and

halogcus.

(ii) Lanthanides and Actinides have not been

accommodated in the main body of this periodic

tablc.

4.13. Prediction ol Period, GrouP
and Block ol a Given Element

t.\ \\ ,t.tr 1,1. (s) Wite the electronic con-

figtuotions of the elenwtls given below :

A (At. No. = 9), B (At. No. = I2)' C (At. No'
: 29), D (At. No' = 54), and E (At. No. = 58)

(b) Also prcdicl the peiod, group number and

block to which they belong.

The period, group and block of an element
can be easily predicted from its electronic con-
hguration as folows :

(i) T'\rc peiod ol an elenrcnt conesponds to

tlrc pincipol Emnlrun ntunber of the valence shell.

(ii) The block of an elenrc t corespottds to the

ty?e ol oftitol wl'.ich rcceives the last eleclrun.

(iii) T'lu Sroup oI an elemeat is Predicted from the

number of electrons in the valence shell orland Penul'
timate shell (last bul one, i.e. n - 1) asfollows:

(a) For.s-block elem€nt$ gtoup rutmber is

eEtal to the n,lumber ofvalence electrons.

(l) Forp-lrlockeleme 5 gntup number is eqrul
,o 10 + number of electrons in the Yalence sh€ll.

(c) For d-btock elements, group number is

equal to the number of electrons in (n - l) d-su bshell
+ number ofelectrons ln valence shell (nth shell).

(c) Classify them as rcpresentqtive elements,

noble gases, transition ond, innet transition elements.

Solution. (a) Electronic conliguration of the

elenr B, C, D and E are as follows :

B

C

D

E

9

1t

29

54

58

ti x2 zf
bz zs2 2p6 3s2

1'2 L\2 2p6 !t2 3p6 3dto 4t1

kz zt2 2p6 3s2 3p6 3d1n 4tz 406 47to 5<2 506

Ls2 Zf 2p6 3rz 3p6 3d1o 4r7 4p6 4dto 5.2 5p6 6sz 5d1 4f

(D) Element A receives the last electron in ]p-
orbital, therefore, it belongs to p-block elements

and its group numbcr : 10 + No. of electrons in

the valence shell = 10 +7 -- l7- Further the

period ofthe element = No. of the principal quan-

ium number of the valence shell = 2nd.

Element B receives the last electron in 3s-or-

hilal, thereforc, it belongs to s-block elements and

its group number = No. ofelectrons in the valence

rt iit = Z. Further the period of the element = No'

of the principal quantum number of the valence

shell = 3rd

Element C receives the last electron in the

Element D receives its last electron in the

5o-orbital, lherefore, it belongs to p'block elements

uod it. g"oup nurrrber = l0 + No. of electrons in

the valJnce-shell : 10 + 8 : 18. Further, the
perlod ofthe element = No. oIthe principal quan-

ium numher o[ rhe valence shell = Sth.
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Element E receives its last electron in the
4/-orbitat therefore, it belongs to f-block elements.
It may be noted here that the filling of 4f-orbital
occurs only when oae electron has already entered
Sd-orbital. Therefore, element E belongs to f-block
el€m€nts and not to d-block cleneDts. Since it
belongs to lanthanide series t-herefore as such it
does oot have atry group number. However, its
period : No. of the principal qua-ntum number of
the valence shell = 5th.

(c) Elements A atd, R arc representatiee ele-
raezrs since their last electron entres p- and s-orbi-
tal respectively.

Element C is a transition element sincr it
receives its last electron in the d-orbital.

Element D is ap-blo ck element '.ith complele-
ly filled s- andp-orbitals of the valence shell. Such
a type ofp-block element is ca-lled a noble gas.

Element E is an ,nn er transition element siace
it receives its last electroa.it the f-o,bital.

.The electronic configuraion ofsome ven below :
(i) 1s2 2s2 2p1 (i) ltz zsz zp6 3st

(iii) 1s2 2s2 2p6 x2 3p6 *2
(iv) ls? ?sz Zp6

(v) 1s2 ?sz 2p6 3sz 3p2

(vi) 1s2 kz 2pt
(vii) 1s2 2s2 2p6 3s2 3p6 $2 3d
(iii) lsz 2s2 2p6 x2 3p5

Natne these elements and indicate tyhich oI
them is (a) an alkali metal, (b) an alkatine eanjt

Solutlon. Narnes of ihe elments :

. . (i) Oryge" t,r) sodiun (ra) calcium (iv) neon
(v).siligon (ra) nitrogen (rzi) mauaganesi and
(nit) chlorine.

(a) (ii) r'./ sodium is an alkali metal
(b) (iii) ie. calcium is an alkaline earth metal
(c) (viii) ie. chlorine is a halogea
(a) (w) i.e. neon is a noble gas

(e) (vi) i.e. nitrogen belotrgs to group 15

. (f) (i) i.e. orygen, (iv) i.e. neon and (ra) i.e.
nitrogen belong to 2nd period

€) (ir) l.e. neon beirg a noble gas has lowest
reactrylty

([) (i) i.e. orygen, (iv) i.e. neon, (u) i.c. siticon
and (vi) i.e.nitrogen are2-block clements and

(i) Manganese i.e. (vii) is a transition elcment.
L ,.' ii .i !.Predict the positbn oJ thc clc-

meti in the peiodic table sotisfying tltc clectronic
configuotion, (n - l) dt ns2 foru : 4.

(N.C.E.R.T)
Sulution. Forlt = 4. the elec(ronic configuru-

lion =-J4=l) 71 4s2 = 3d14s2. Thc elcmcnl- cor-
responding to this configuration is scortditun wlticlt
is a d- block element.

Group number = No. of electron in (a - l)
d subshell + No. of electrons in the nth hell

:7+2=3
Il\ \\ll'r.l 1.1. Elcments A, B, C, D ancl E

have the following electronic cottfigltto lhns.
A: 1s2 2s22pt
B: ls22s22p63P3pt
c:1s22i2p63s2Jl
D: I s2 2s2 2p6 3s2 3f
E:1s22s22p63s23p64s2
W4tich among these will bclong to tlte sunrc

group in the periodic table ? (N.C.E.R.T)

. .- 
Soluggn. We know that elements having

similar valence electronic configuration belong t6

I,I\ANIPI_E {.5. ?7, e elements Z : I 17 and, Z: 120 have not yet been discovered. In what lamily
or group would you phce lhese elements qnd qlso
give the electronic configumtion in each csse.

(N.C.E.R.T)

Working on similar lines, the element with Z
alkaline carth
configurution
7 p6 8sz or

= 118 is Uuo. 
lement with z
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l. Write the names and atoDlic numbcrs ofthe lollow-
lDg clements :

(i) The tburth alkali metal

(ii) The lhird alkaliDc earth metal

(,ii) The tifth element of the first transition series

(iv) The tirsl lnner traDsitio[ elemeDt afld

(v) 'l}le sixth uoble gas.

2. Ths outer electronic mnfiguration oi some ele-

lnents are given below :

(i) 3s2 3p3 (ii) 3(15 ,\t 1iii1zt2 3p6 +t2

(iv) 511 6e2 Q) 4f1 5dr (,,t1

r. (,) Rb (Z = 3?), (i i) ca (z = 2o), (iii)Mn (Z = 25)
(,v) Cs (Z = 58), (r) Ro (Z = 86).

2. (i) p, Qi) tt, (iii) s, (iv) d, (v) f
r. 1nn1 5/a ralo tr2, l2th group.

4. B <A.l <M8<K

State to which blook of lhe periodlc table each of
lhese elemerts belongs.

3. An elemeDt 'X' with atomic nur,lber 112 has

recently been discovered. Predict its clectroniccoD-

figuration ancl suggest the SrouP in lvhrch this ele-

ment rvould be placed.
4. Arrange the lbllowing eleD'lents il1 the incrcirsing

order of nretallic character : B, At, M8, K
tN.C.E.n.r)

5. W'ite the electro[ic configuration aDd tbe block to
which an element with Z = 90 bclongs.

6. How do the electronio configurations of the elements

with Z = 107 - 109 differ fiom onc arother'l

5. 
1Rn1 6d2 2r2,1-utock elements-

6. Elenrent with Z = 1o'1 has five, Z = 103 has slx

while Z = 109 has seveD 5/-electrons.

Thus these elements differ in the number o[
electroDs io the 5f-subshell.

The various properties of elements may be

dividcd into the following two categories :

Clectronic confi gurations.

their atomic numbers, (i.e , get repeated after cer-

tain resular intervals) tberelore, these atomic

prop.rii". are also a periodic function of atomic

S EC-TION_II

AI'OMIC OR I'ERIODIC
PROPERTIES OF ELEMENTS
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M(g) + encrgy ......_ M+k) + e- (g)
whore M(g) and M +fu) rcpresent the gaseous atom
and the rcsultant gaseous cation (a positive ion),

Ionizstion enthalry it also known as ionizaion
potenlial since it is tlre minimnn poteltill dif-
lerence (ia a dischwge tabe) required to remove tite
most looxly hoanil ehctmn lmm an isohted
g$eout alom to lorm gsseouJ cation.

4.142. Units of I.E,/LP It ismeasured inunits

I electron volt (eV) per atom

: 3.83 x l0 20 cal per atom

= 1.602 x 10-re J pcr atom (t cal : 4.184.1)

= .1.83 x It)-20 x 6.02.1 x 1021 cal mol- I

: 23.06 kcal rnol I

= 1.(r0 x 10-1e x 6 O23 x 1023 .1 mol-l
= 96.49 k.l mol-1

. . I electron volt (eV) per atom

= 23.06 kcal mol-l
: 96.49 kJ mol- 1

For cxample, when hydrogon gas under Llr.
pressure is taken in the discharge tubo, a suclden
very large increase in current flo\v occurs when the
voltage is 13.58 volts. Thus. ionization potentiat ot
hydrogen is 13.58 electron volts. Therefore, the
ionization enthllpy of hydrogen atom is 13.5g eV
or 13.58 x 96.49 : 1310.334 kJ mol-1

4.143. Successive Ionization Enthalpies. The
energy rcquired to remove the most loosely boLrnd
electron from lhe isolatcd gaseous atom is crllecl its
first ionizution enlhalpy and is dcnoterl by IE,

MG) + IEr ........_ M+(q') + r- G)
Similurly, the encrgies required tr) knock {)ul

second and third clcctrons arc called second rrnd
third ionization cnergics rcspectivclv c.g.

M+(q) + IEr..-......- NI,+(f) + c- k)
M'?+k) + IE3...._ M3+(g) + c- (g)

whcre IE, and IE, are thc seconcl and the
third ioniaton onthalpies respectively.

The successive ionisation encrsies of somc
elcmcnls (in kJ mol- I 

1 arc given in Tirhlc -1.7

ri40-54

H

He

Li

Be

B

C

N

o
F

Ne

l,rl

112

lt2 zsl

1r2 2r2

7? z? 2p1

1.t2 2r2 2pz

1tr2 2t2 2oz

b2 zr2 zp1

tsz 2.tz lt'
\t2 2P 2p6

1312

2312

520

899

801

1086

t40z

t3t4

l68l

2080

5250

7zvt

175't

un
x52
2a58

3388

33'15

3962

1rc?n

12186

15160

t5236

11810

14850 21000

3638 250

4619 6220

3?l24

3'1820 4',1280

4516 7413 9443 5325-5 6432u

5296 7468 10987 t3323

6045

6226

8408

9361

17564 92012

TARLE 4.7. Successiye ionization enthalpies ofsome of clements (kJ mol- r)
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Neul Course

It maybe seen that,IE, is alwalt greater than

IE, and IE, is always greater than Iq, and so on

l€' IE3>Iq>IEl
Explanation. This may be explained as follows:

When one electron has been removed from
the neutral gaseous atom, the + vely charged ion
formed has 

-one electrotr less than the number of
orotons in the nucleus. As a result, the electrostatic
Ittraction betweeo the nucleus and the remaini-og

electrons in the cation increases, i.e,, effective

the fust, i.e., Iq must be higher than IE1.

Further the removal of two electrons from the
neutral atom gives a doubly +vely charged ion

which will hold its remaining electrons even more
energy required to remove
e gaseous atom should be
required for the second
be greater than IQ. Thus,

ions present in 24 mg of magnesium vapours ? First

andiecond ionimtion enthalpies of Mg are 7i7 76

urd 1450.7i kl mot-I respectivety.

Accordi.trg to the defiaition of suc-

ces n energies.
IEr ._ Mg+@)+e-@);

IEr = 737'76 kJ mol-l
Mc* G) + IE; ........ Me+ @) + e- (s) i

IEl = 1450 ?3 kJ mol-l

AI+ G) ;

1"? zsz 2p6 k2

IEr = 579 kJ mol-l

el'* @) ;

1s2 2s2 2p6 3s1

IEz : 179.5 kJ mol-1

alr* G) - " Alr* G) ;

1.2 x.2 2p6 3"1 u'z? zpu

I4 = 2758 kJ mol-l

= 731 76+ 1450'73kJmol-r

= 2188 49 kJ mol-1
)4U

24 mg ot Mg = f.O t = 10ffi ^ot.
= 10-3 mole

. . Amount of energy needed to ionize 10-3
mole of Mg vapours = 2188 49 x l0-3

= 2.18t kI.

Iq>Iq>IEr.
For example,
AIG) -e-

t"2 ztz 2p6 x2 3p1

Al* G) - e-
u2 zsz 2p6 3tz

Therelativestabilitiesofvariousoxidationstatesofanelementcanbeeasilypredictedonthebasisoftheir
successive ionization e halpies.Il lhe dwfence in ionizalion entlnlpies of two succet\ive staleN is aPprc* eEul

k) 10_15 eV pef otom (or 965-1150 kl mol- ll or let, the lower oxjdation state ir hot ttable. conversely, if the

diffetence it'mofe thdn 15 eY the lower oidation slole is more stoble' Fot example' in case of Al'

te, = SZe U mot-1,I% = 1?95 kJ mot-l,IE3 = 2758 kJ mol-l and IEn = 11580 kJ mol-1'

Difference in successive io zation enthalPios.

IEz-IE1 = 1'795 -57g = 1216kJmol-r ; lEl - lF2 = 2'158 - 1795 =963kJmol-l

IE4 - Iq = 11580 - 2758 = 8822 kJ mol-

Since the differenc' in succ€ssiw ioniu tion energies bet reen IE2 - IE I and IE3 - IEz is less than 1450 kI n:ol - 1 and

rhat ofIEa _ IE3 is much more thaD 1450 kJ nrol-1, therclorc, + 3 oidation State ofAlitthemo stoble.

.F'''n-pip7,fiEa*ap.,|."I,,t.ttt:(.\I 
( l I,(ll()N ()1, l()}l/\1.I()\ l.N'l ll\|,l,ll,s

I ,:.:r:r i::::r '.:l

l.lx,ltr\ll{,E ;1.6 calculate the energ required . . Total amount of energy needed to convert

to convetl all the atoms ol magnesium to iagnisium Mg @) atom into Mgl+G) ion = IEr +IEz
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1. Calculate the eDer$/ in joules required to convert
all the atoms ofsodium to sodium ions pres€ot iD
2.3 mg of sodium lzpours ? Ionizatioo e[thalpy of
sodium is 495 kJ mol - I (Aromic mass of Na = 23).

[.:tns. ll.s .1T;

2. Thc ionizatioD potential of hydrogen is '13.60 eV
Calculate the enerry in kJ required to produce
0. I mole of H+ ioDs. civen, I eV = 96.49 kJ
mol-l; [.\lls 131.226|dl

3. The first and second ionizatio[ potentials ofhelium
atoms arc 24.58 eV aod 54.4 eV respectively.
Calculate the e[ergy in kJ required to produce 1

mole of He2+ ions. [.1,D.. 7620 7t0 kI]
4. The IEr aDd tE2 of Mg G) arc 740 and 1450 kJ

n)ol-1. Calculate the percentage of Mg+ (f:) and
Mg2+ (g) if I I of Mg k) absorbs 50 kJ of ener$'.

[,rr,.. Mg+ (g) = et.35% enrl Mg+ (g = 31.6s%l

H INlfS FoRDtFFtcuEr 
"RortElvs

No. of moles ofNa present is 2.3 mg ofNa
23 11

= ro xibi0 xlf =1 x l0'mole

..,Required eDergy = I x to-a x 495 x ld
= 49.s J

2. Required energ)' = 0 1 x 13.60 x 96 49

= l3l 226 kJ
3. Required energy = t x (24 58 + 54.4) x 96.4g

= 7620.1AO kl.
4. No. of Doles of Mg vapours present in 1 I = lZ4

= 0 0417

Energy absorbed in the ionizatioD of 0 0417 nrole
of Mg k) ro M8+ k)

- 4'14.4.Factors Governing the Ionization Enthalpy. Ionization enthalpy depends upon thr: followingfactors:
(a) Nucleor charge
(b) Atomic size

(c) Penetration effect of the electrons
(d) Screening effect of inner electrons.
(e) Effect of a,angement ol erectrons, i.e. Effect of etactty half Jified or completely ftlled orbitats.

to
he
he
ge

= 0 0417 x 740 = 30.83 kJ
Ener!5/ feft unused = 50-30.83 = 19.1'1 kJ

Nqw 19 17 kJ witl be used to ionize Mg+ G) to
Mg'* G)

.. No. of nroles of Mg+ G) mnverted iDto

Mg2* G) = tg 1'.,11450 = o ot32

No. ofntoles of magnesiunl ions left as Mg+ G)
= o.o4l?-4 0132 = O.t2A5

.. %age otMg+ tg1= (0.028s,/0.0417) x 100

= 6a 35qa

aIiEa a+eof M*+ G) = 100 - 68.3s = 3t.6Sjo.

'IABLE4,8. First ionization enthalpies of 2nd r.o\1,elemelts in kJ mol I

Element

Nuclear charge

Ionization enthalpy (kJ nrol-l)

Li BeB
+3 +4 +5

520 899 801

CNO
+6 +'.l +8

1086 1402 1314

FNe
+9 +10

1681 2080

"RACTICE-
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Net Coutse Chent istrg

(fr) Atomic size or Raditts. lonizatkn energt

oI the outer electrons tiom the nucleus iocreases

thc ()uter elgctrons decreases. As a result, outer elcc

encrgy is required to knock them oul. Thus, ionizati

io, 
"*o*pl", 

ionization enthalpy is found to decrease on moving down a group as is evident from

'Iirhlc 4.9.

l'AIll,E 4.9. liit \t ioniT.rtir)n crrlh'tiIi{ r "i all(xl: rrx lrrl- i)i i : I ' 
:

ffect of th
as the Pen
is a well

iase-5f ;uiai--;Lciron atoms, the electrons of the

s-orbital has the maximum probability of being

found near the nucleus and this probability goes on

decreasiog in case ofp, d and/- orbitals ofthe same

shetl. In olher words, s-electrons of any shell are

more pe[etrating towards the nucleus than 2-
clectrons of the same shell. Thus, within the same

shell, thepgqqtlation effect decreases in the or{er :

" s>P>d>f
Obviously, if the pcnetration effect of the

elqctron is m!r!c, ifiEtrtt eloser to the nucleus and

Iflnce will be held more hrmly by the nucleus'

Cooscqucntlv, the ionization enthalpy will be high'

ln ot hcr worJs. ionization enthalpy increases with

the in
'fhus,
out g
which
tctnove a d-clcctron qnd so on.

For example, fitsl ionization enthalpy ol
alumitium is loier than that of magnesirm' This is

due to the fact that in case of aluminium
(l;2 2\2 3\2 3p)), we have to pull out aP-electron to

is lower than that of Be.

td)6hielding or Screening Glfect of the inner

*h"f dl""trrrns. As the shielding ot lhe suecning

effect ol lhe iruur electrons increase$, the ionimtion
entlulpy decrcases.

In mu-iilEGctron atoms, the electrons in the

th
in

charBe and the repulsive force felt by the valence

ih"ll-"l""trot. from the electrons presenl in the

inner shclls is called the shielding elf-ect q!'ggreen'

[ng etfect. Therefore, the eflective nuclear charge

(Z"y) is given bY the relation

2., = Total nuclear charge (Z) - Screening

constart (d).

where screening constant (d)i takes into ac-

count the screening effect of the electrons present

in the inner shelk. 6bviously greater the number of
electrons in the inner shells, larger will be the

tends to (lecrease the ionization enthalpy'

the apptication of Sldr€| 
'ty'ct
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enthalpies and hence dre highly reactive. In con-
trast, noble gases with stable zs2 np6 configuration
have highest ionization enthalpies and hence are
chemically inert. Similar trends are observed for
eachperiod a; maybe seen fromthe a graph plotted
betrveen the firstionization enthalpies along Y-axis
and atomic number along X-o<is for the hrst 60(iirrl_2",2pt,?!iubrr"Ts,":,l:l_:iH::Ti;d:frTi,,,l,:]il;f;,nf 

L".H::,1:tion enthalpy than qryEs os2x22p12p1r2?1,). i;;;'i;r:i iil;.t;_r-"#;;;.;#:C;;?H;
This is because \ contains exactly !4ll tilled p-or- most electropositive elem€nt.
bitals. Such an arrangement gives extra stabilitytd
ff,iitom. As u r"*ri trr" i"ilou"r of electron be-

From thc above discrssion it follows thatzore 6
stsble the electronic confi,gurotion, grester is the
bnization enthqlpy.

4. 14.5. Yariation of louiz:tion Enthalpy in the
Periodic Thble. The first ionization enthalpies of
the representative elements and noble gaies are
given in the Thble 4.10.

It can be readily noticed that the ionization

noble gases. Thus, alkali metals with one electron
in the outermost r-orbital have lowest ionization

(a) Variation along a period.ln general, as we
movc from teft to ight in a peiii!,-t-he ioiliiiion
enthalry itrcresses y)ilh increosint qtomic nunthers-
This is evident from the values of the first ionization
cnthalpies of the elements of second period as
given in Thble 4.8 or 4.10 and Fig. 4.3. The obscruetl
trend\ cqn be casily explained on the basis of in-
creased rutclear churge snd s,naller alomic rodii.

TABLE 4.10. First ionization enthalpiqs ofsome elements (kI mol- r)

20 30 40 50

N
t4uz

P
1011

As
946

Sb
884

Bi
703

F
l68l
CI

1255

Br
1142

I
1009

At
917

I{e

Ne
2080

1520

KI
1350

Xe
1170

Rn
103',7

o
1314

S
999

Se
941

Ib
869

Po
813

c
lm6
si

786

Ge
760

SIl
708

Pb
715

TI
1312

I-r Be B520 899 801

Na Mg Aj496 73'1.6 517
KCaca

119 590 579
Itb Sr In,103 549 558

Cs Ba Tl374 502 589

AToMIC NUMBER (Z) 

--+
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l**io
=5 1500

5
I
Fz 't ooo
u.,
z,
oE
N sooz
o

Ne

N (1402)
(1681)

o (1314)

Be (E99)
(1086)

B (801)

Li (s20)

2 4 6 6 t0
ATOMIC NUMBER (Z) +

irrst ionization enthalpy ofB is lower than that of
Be.

B to c to N. As we move from B to C to N, the
keeps on
g nuclear

i,r

o
following reasons :

(i) Tbe electronic configuration of N

(Ltz xi 2p1,2pty2pt") in which the ?-orbitals are

exactlv half-hlled is more stable than the elec-

irlri.' 
"orfigrrutio 

t ot o (7s2 bz 2piU'r2pt) i"

o.
(ii) The removat of an electron ftom O gives a

stable electronic configuration with exactly. half'
lrlled 2p- subshell, i.e. o+ $\2 zsz 2pt,2ptyzP:)

while this is not so in case of N, i e N+

(1t' 2"'2p1,2p)2pY). Since the removal of an elec-

tron from O gives

figuration than tha
the hrst ionization
of N.

O to F to Ne. The fust ionization euthalpy

increases from O to F to Ne because of the increas-

irg
has

the
(ns2 np6) electronic configuration.

Similar variations iu the lrst ionization en-

thalpies of the elements of the third period have

been observed.
(b) Yadation down a group. The ionizalion

enthelpies keep on decreasing rugularl, as vtelnqe
down'a group fibm one element to the olfter' This is

evident from the values of the first ionization en-

thalpies of the elements of group 1 (alkali uretals)

as given in Thble 4.9 and Fig. 4.4.

FIGURE 4.3. Variation oI Iirst ionization

"nt-halpy 
with atomic number in second period'

simultaneous decrease in atomic radius, the

valence electrons are more and more tightly hcld

by right in 
.ape energy rs

rl9 ce lontza_

Li to Be, As we move from Li to Be, the

ionization enthalpy increases due to increased

nuclear charge and smaller atomic radius of Be as

compared to that of Li.
is

mol
Bng
reasons.

(i) The outermost electron in B is present in

Z4- oiUita while in Be it is present in Zs-orbilal'

dince 2s-electrons are more penetrating towards

the nucleus than ?p-electrons, therefore, lesser

amount of energy is required to knock out a 2p-

electron than a fu- electron. Consequently, the first

ionisation enthatpy of B is lower than that of Be
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1.*
-! +soo
=g
_u 400

Li (s20)

5 15 25 35 45 55
ATOMIC NUMBER (Z) 

--+
FIGURE 4.4. The variation of first ionization

enthalpies with atomic number in
group I (alkali metals) ofthe periodic table

Ex;rlanatlon. The above tend can be easily
qlained on the bo$is oI inoeasfug atomic size and.
scrcening effect as follows :

As a result, the distance of the valence electrons
tiom the mrleus increases. Consequeotly, the
force of attraction by the nucleus for the valence
electrons deceases and hence the ionization en-
thalpy should, deoease .

(ir) Wrth the addition of new shells, the num-
bcr ofinner electronshells whichshield the valence
electrons from the nucleus increases. In other
,r'rctdsJhg sbieldilg ot the screening efrect increates.
As a result, the force ofattraction ofthe nucleus fof
the valence electrons further decreases and hence
the ionization enthalpy should decrease .

(iii) Nucleor charye increases with increase in
atomic oumber. As a result, the force of attraction
hy the nucleus for the valence electrons should
increase and accordingly the ionization entha@
should increase.

- .'' Tlrc. combined elJect oI the increase in the
' atornii size and ihe screening fiecl more fhan com-

pensates the efrect of the inoeased nucleor charge.
Consequently, thevalence elecfions becorne less and
less finnly held by the nucleus and hence the ioniza-
tion entlrulpies gaduolly decrease as we moye down
the goup.

(i) On moving d.own the goup, the atomic size
htueases gradrually due to the addition of onc new
principal energy shell at each succeeding element.

l.). 1\ I l'!,1,. t.7 The electronic configtratiotr
for the following neutral atoms are given for use in
Eteslion.

(a) lsz , h2 ,2p6 ,3s2 ; (b) Is2 ,2sz , 2p6 , 3s1 ;
(c) lsz,h2,2p4: (d) ts2,2s2,2ps;
(e) 1s2,2s2,2p6.
(i) Wich of tlrc electrcnic configuratiott givet

above wouldyou expect for the noble gas ?

(ii) Wticlt of lhe elecIonic confrgurotions given
obove wortld you expect to ltote the lowest ionization
enthalW.

(iii) List the above configurations in order of
i n cre o s ing ionization enthalpy.

Solutlon. (i) Arrange the electronic con-
hguralion o[7ll the atoms in order of increasing
atomic number in such a way that atoms containing
tho same outer energ5r shell are group€d together.
Thus, we have

1:7 zrz 2p4 l:2 2s2 2ps b2 %2 2p6
(.) (d) (")

...L-shell
L\2 'b2 zp6 k2 1s2 2 zp6 at1 ...M-shell

(,) (6)

Since the M-shell is more distant from the
nucleus than L-shell, so lesser amount of energr is
required to remove an electron from M-shell than
from the L-shell. In other words, ionization enthal-
py (IE) of atoms (a) and (b) shoutd be lower than
that of atoms (c), (d) and (e).

Further, in case of atom (a), the electron is to
be removed from tbe more stable completely filled
3s-orbital whereas in case of atom (b) it is not so.
Therefore, the IE of atom (D) should be lower than
that of atom (a).

The nuclear charge on atoms (c), (d) and (e)
is +8, +9 and +10 respectively. Since the IE
increases withincrease in nuclcar charge so theIEs
of atoms (c), (d) and (e) follow the sequetrce:
c < d < e.

From the above discussion, we conclude that
the ionization enthalpies of the fivc atoms increase
in the following order :

b<a<c<d<e
i.e., Lr? 'b2 2p6 k1 < b2 2s2 2p6 3s2

. 1", b, Zp, . 1", 2"" d . 1", b, bo
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(ii) Evidently, atom
figuration, Ltz '2s2 2p6 k1
enthalpy.

(ri) Since the outer
of ncble gases is ns2 np6,
conlrgura-tion, '!:2 2s2 2p6

noble ga-s.

I,lx-Al l!'l.l- +.s nu fint (IE) qnd tlrc second

(IE2) ioniz(ttio,t enthalpies (kJ mol-i) of a few ele'

men$ (lesigruted by Ronwn nwneruls ore sltown
bektw :

Element IEt lE,

I 2i72 5251

II 520 7i00

Irr 900 1760

u t6t]0 jiEq

Whiclt of the above elements it likely to be

(a) a rcsctive metdl (b) a reactive rtttn-metol

(c) a noble gas

(b) with elcctronic con- (d) a metqt lhatJotms a stable binary halide of
has the towest ionization the fonnul& AX2 (X = halogen). (N.C.E.R.T,)

electronic conhguration l;:tl"":
therefore, the electronic is fikely to
[atom (€)l represents an

(b) Since the IE1 of element IV is very high

and its IF., is not so high (actually almost double),

it is likely to be a rec ctive non-metal (i.e., a halogen) .

(c) Among the elements listed,IE, of element

I is the highest and its IE, is also not so high,

therefore, it must be a noble gas.

(d) The IE' of element III is higher than that

of element II, but unlike element II, its IQ is only

about twice its [El, therefore, it is likely that ele-

ment III has two electrons in the valence shell (i.e.,

skaline earth metal). As such it will form a stable

binary halide of the fornula AX, where A is the

metal and X Ls the halogen.

5. For each of tbe follclwing pairs, Predict which one

bas lower first ionization enthalpy ?

(i) N or o (ii) Na or Na+ (iii) Be+ or M82+

(iv) I or I- l^ns. (i) O, (ii) Na, (r ) Be+ (lv) I I
6. The first (IB1) and the second (IEz) ionization

enthalpies (kJ mol-l) of tbree elements I, II, III
are given below :

Which ot these electronic conliSuration would b€

exp€ctcd to have the hiShest

(a) IEI (b) IEz (c) IE, (d)IEn?

t/ rs. (a) (iv)' (r) (rir), (c) (r, (d) (i,)I

3. Among the eleDentsLi, K Ca, S and Kr, which one

has the lowest first ioniztion enthalPy ? Which has

the highest first iooization enthalPy ? 0VC E R.I)
fu1s. Lowest : K, Iltghcst : Krl

4. Which of the follo[ing pairs of elements wou ld you

expect to have loerer first ioDization enthalPy ?

Explain. (i) Cl or F (ii) Cl or S

(iii) K or Ar (iv) Kr or Xe. (N.C.E.R.I:)

I\,r. (0 cl (,0 s (ii') K (ir) Xel

I
IEr 403

tE2 2640

ldentifu the elemeDt which is likely to be (4) non-
metal('6) an alkali metal (c) an atkaline earth metal.

(N.C.E.RT) [.415, (a) III (,) I (c) II]
7. Predict which atom io each of the follo$'ing pairs

has the Sreater f,rst ionization enthalPy and exPlain

your a Ner.
(4) B ard C (D) N and O (c) F aDd Ne

(N.C.E.LT.) s. (c) c (D) N (c) Nel

t. From each set, choco the atom wtlich has the

largest ionization enthalpyand exPlain your answer'

(a) E o, N (b) Mg, P, Ar (c) B, Al, Ga

(N.C.E.R.T,) t 
',ts. 

(a) r (') Ar G) BI

(i b2 ztz

(iii b2 2t2 2p4

(ii)Ls2 2 2pr

1iv1 tP z? 2p3.

II III
549 1742

1060 2080

l Arrange tbe following in the order of iocreasing

ionizatron enthalpy :

(i) 1t22rz 2p6 lsz (ii) ls? 2 2p6 3sr

(ii, h2 2t2 2p6 (v) B2 2\2 zpx

1v1 tt2 2.r2 zp3

[\r,,. (ii) < (i) < (iv) < (,) < (ii')l
2.'fhe electronic configurations of some Deutral

atoms are giveo belo\, :
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H;N:T9 FOR|;JIFFICULT ?F..ODLE|r',fj-
l. In a period, noble gas ,.e 1? ztz ?p6 (n, has the

highest IEl. Our of C, 1] 2]z 2p2 (.y) and N,

b2 2sz 2p3 (y), N has higber IE, due to higher

nuclear cbange and stable qtscdy half-filled clectronic
configuration. B€caus€ of bigger sizE both Mg,
t-tz 2t2 416 *2 (D and Na, b2 2f2 2p6 3rl (n) bave
loc/E{ IEI than q N, O. Out (, and (ii), (i) has higher

IE, due 0o higher nuclearcharge and cornpletelyfiled
r.orbital. Thus, the overa[ order of inqeasiDg IEl is

(n) < (t) < (rv) < (y) < (rli,).
2. (aHrv) has highest IEI due to srable emcrly half-

filled electronic configuratioo. (DHi r) has highesr
IF2 since the second electron has to be remorr'ed

from the stable exactly half filled electronic con-
figuratio[ lefl after remo,/al of Ist electron, ie.,

IE. IE
tr z? zpa -i t? lr2 d J
(c){i) has the highest Iq since rhe rhird etecrroD

has to be remor'ed from the stable inefl gas con-
IF. IF. 

^ 
IE,!

fiSuration, l?2? --; B2 zst --: k" -,(d)-(r'i) has the highesr IE1 sinc€ the fourtll
electroo has to rcmoved from the stable inert gas
configuration,

IE, IB IE. IE.
Llz 2rz 2pt -: b2 xz -: b2 2rl -J 1rz -;.3. Among rhe elements Li, K Ca, S and Kr, thc
elements K, Ca and Kr belong to 4th period. SiDce
itla period, alkalimetal has the lowest and inen gas
has the highest IEl, therefore, K bas the lowesr

IEt and Kr has thc highest IEl.
4. (, Because of the bigger sbe and stronger sbielding

effect, Cl has lo er IEr thaD E
(r'i) Among S ard Cl, S ha6 tower IEI due to bigger
size and lower Duclear charge,
(ri) K has lower IEl tban Ar because K has one
more electron than Ar and hence can easily 16€ this
electron to aaquire stable Ar has mnfiguration.
(iv) Xr because of its bigger size aod stronger
shielding effect has lower IEI than Kr.

5. (i) O has lower IE r rh4n N because iD case of O, loss

of an clectron gives O+ which bas stable exactly

half-filled electronic coDliguratiol'l while in case ()1
N, an electroo has to be lost from a stable hall-filled
eleclronic configuration.

(ii) Na hB lotver IE1 thah Nl?+ because of the

following two reasons :

(a) In casr ofNa+, an electron ltas to be lost fron'l
a stable inefi gas coDfiguration but it't cilsc of Na,
loss ofan electron gives stable inert gas configura-
tion.

(6) Na is neutral but Na+ is +!ely chargeci.

(iii\ Be+ hat lower I E', tlnn Mq2* hccitusc in case

of Be+, the loss of or]e eleclroD givcs a stablc iDert

-[as configuration but rn case ofMgz+, the electron
has lo be lost fronl thc stable tnert gas contigura-
tion

(iv) I hat lowet IEr than 1- because in case of l-,
an electroD has to be lost front a stablc inert gas
configurahon.

6. (a) IEr ot elenrcot III is rhc highest of rhc rhree

elements listed, thereforc, il is a non-tnetaL.

(6) SiDc€ IE ofelement I is very trigh Ns coorpared

to rts IEt, therefore, it it an alkoli rnetal.

(c) Since the IIll of etemen( II is higher than rhat

of element I and lower thaD rhat of clcntent III,
therefore, it is an a/*aline eonlL tnelaL

7. (a) C has hiBber IEI rhaD B because oI higher
Duclear charge.
(D) N has higher IEr thirn O becausc in cdsc ot N,
the electroD bas to be lost from a morc srablc
exaclty half-fi lled eleutronlc conlidurctirr.t.
(c) Ne has higher IEt than F because ofsta btc inert
gas configurarion.

t. (.r) E O. N allbelong lo znd period. Antong lhcse,
F has the highest I Et because ( rfiLs solallesr size and
highest nuclear charge.
(D) Mg, P, Ar all lie in the 3rd period_ AmoDg these.
Ar has the highest IEI because it has stable xlert
gas configuratioD.
(c) B, Al, ca all lie io group 13. B has rhe highesr
IEt due ro its smallest size.

l. l5. Eleclron Gain Enthalpy. :ji:xj,tiii:ilsl,lliirj fiti

4.15.1. Delinition and Units. Just as energy
(called ionization enthalpy) is required to remoie
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This process may be represented as :

x (c) +e- ""--, X' (E) i
ncutml Saseous atom

ariT'L., H . 1,y

Evidently, greater the arnount of energy
released in the aboveprocess, higher is the electron
gain enthalpy of the element.

ln oth er words, the electron gain enthalpy oI an
elemmt is a meastre of the firmness or strength h)ilh
which an extra electron is bound to it. Like ionization
enthalpy, electron gain enthalpyis measured either
in electron volts per atom or kJ per mole.

Depending upon the nature of the elemenl the
process of adding an electron to the atom can be
eithier exothermic or endothermic. For majority of the
elements, energy is released when atr electron is

ing an extra electron.
latge posilive elecion
oitra electron ha.s to
principal quantum enerry lewl thereby producing
highly unstable electronic configuration.

4.15.2 Successive Electron gain enthalpies.
Like second and higher ionization enthalpies,

second and higher electrongain enthalpies are also
possible. However, after the addition of one
electron, the atom becomes negatively charged and
the second electron is to be added to a negatively
charged ion. But the addition of second electron is
opposed by electrostatic repulsion antl hence the
enety hos to be supplied fot the addition of second
electron. lhus the
an element is po
electron is added
energy is released. But when aqother electron is

added to O- ion to form C)2- ion, energy is ab-
sorbed to overcome the strong electrostatic repul-
sionbetween the negatively charged O- ion and the
new electron being added. Thus,

First electron galn enthalpy,
o (s) +e- 1"1 '-"' o- (s);

AH"' = - 141kJ mol-l
(EnaE/ is releatu,

Second electron gain enthalpy :

o-(s)+e-G)+ o'?-G)'
AH"' = a 780 kJ mol-1

(Enet is absotb.d)

Similarly, the second elecEon gain enthalpy of
S is also positive. Thus,

Flrst electron gain enthalpy,
s(6) + e- G) + s- G)

6H.r = - 200 kJ mol-r
(Enct&/ is rcleasctr)

Second electron gain enthalpy,
S- (q) + e- (8) -'----'--- S'?- G) ;

AH". = a 590 kJ mol-r
- 

lEnetR' is ahttbeA

is relessed when i'55 g of chloine is converted

completely into Cl- ion in the gsseoLt stsle.

Sotutlon. According to the definition of
elect nthalpY.

ct(s) + e_ .,_ 
ftno -o,_,

. . Energy released when l mole ( : lJ.J g)

of chlorine atoms change completely into Cl- k)
=3491rJ

.In ma.iority of the text books, thc negativc of thc cnthalpy changp accomPanying thc addition of an clectrcn to an isolatcd

g"""orr" 
"to,i 

i. o'.fin"d as .tccaron 6m ti(A"). Thc ctcctron irfinitfis said to be 'oslllv., il arcr&l is tclcoscd whcn dn isolat d

gt,],cous otorn acccpi on ctectron dnd it is osighed a n gald,v. slg3rt if eneryl is to bc wPlied to odd an exlfa dectort to the isolnlcd

i,ruseorer atom Thii is, hollrclrr, contrary to th; thermodynanlic con!€ntion. Further, since electron affinity is de{incd at absolutc

;ero, thcrcforc, at any othcr temperaturc heat capacitics instead of elcctronaffinity of the rcactents and Produc6 should.bc

considercd. TherEforc, in vicrr o] thesc tso ncasons, the term clectron gain enlhalpy is used instead of clcctron_affinity

Thc ts'o terms arc rclatcd to each other as
^H.s=-A.-;Rr

Thus numcrically clecrron gain cnthalpyis highcr than that of clcctrcfl affinity by52 RT. Sincc thc !rluc of52 RTat 298 is

iust 2.47/ kJ nrol- l, thercfore, this 6mall differEncc is oftcn ignor€d and thc two tcnns arc uscd indistingpishably with thc only

;ifferancc lhat .t.clmn aeln cnthalPy b Jura th. nlEnllr'r ol'l'ctrcn smnlty'

Electron gain enthalpy oJ ot element mty be defmed
os the energ relatwl when a ncufialisolded gltilttt
dlom uccepl\ un elra elslron lo lorm lhe gascous

negative ion, i.e., anion. Il is dcnoled b! L"s H.
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Energ5r relased when 3 . 55 g of chlorine atoms
change completely into CI- k)

= 9"3.5s = 34.err.I.35.5 - --
- The anount of energ
atoms of chloine in vapour
Cl' ions according to tlrc

Cl(g) + e- -----.....+ Ct- (g) is 57 .86 x n-1o L
Calculate the electron goin enthalpy o! chloine

alom in tems ol kJ mol-l and eV per atom.
The amount of energy released

when 1 x 1010 atoms ofchlorine invapourstate are
converted to Cl- ions, accordirg to the equation.

Cl @) + z---.-....- Cl- G) is 57.86 x 1o-r0 J.

. .'. The dectron gain enthalpy of .hlorine, i.e.,
the amount of energy released whea 1 mole
(6 023 x lG1 atoms of chlorine are converted
into Cl- ions rccording to the above equation will
be

57.86 x 1o-ro
= _ - -- "; x6.0Z3xtcE

I x 10ru

= - 348.49 x ld rmol= - 3llE.49*J/mol
Now l eVlatom = 96.49kJmol-l
.'. Electmn gain enthalpy of chloine

w.49=- %4'g = - l'61eY/*om

"RACTICE-1. The elerfion affiDity of bromioe is 3 . 36 eV Ho\, muci
encrsr in kcal is released \rten gg of bromiDe is com_
pletely corFErted to Br- ioDs in the gasrous state ?

(1eV=23.66 1q'1 .o1-tr. I ADs.7.74t kcatl
2. The amount of erierry released wheo one million

atoms of iodine are completely converted into I-

ions in the vapour state according to the e4uation,
l(g)+c- 

- 
I- (t)is4.9x t0-13J.

Calculare thc ele.{ron af6nity of iodine in
(t) k /mol and (n) in ev pcr arom.

I Ans . 295 hl/Eol rnd 3 . 06 cVlatoml

1. No. of moles ofBr = 8/80 = 0.I
Required enerry = 6 .1 x 3.36 >< 21.06

= 7.7{8 kcal
2. Elecrron afliniry

= 6.023 x 1023 x 4.9 x 10-13 x 10-6

=29.5x1oix1O-3H
= 295 k! mot-1

= 295 /96.49 eV / atom
= 3 06 eV / atom

4'153' Factors on which the Erectron Gain Enrharpy d€pends, some important factors on whichelectron affinities depend are discussed below :

a
which i eases

and the As a

4.L7). the e

{t'i) Nuclear charye. As the nuclear charge increases, the force of attraction between the nucleusand the incoming electron iacre ases ara ruo""irr"'"i""t.oo gii" 
"ltrrpy u""omes more negative.

exactly half_filled or completely hlled orbitals are
d an electron. Hence theii electron gai, 

"rtlutr;""additional electron so easily.
n the periodic Thble. The electron gain enthalpies of
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id#;.i;. ;i;il il;ffi;i;;i;i;; ;i ""-"'"i"-"ii"'ii r.i-"i'

Period
I GrouP - 1

1.H
-'73

z. Li
-60

3. Na
-53

1513

N
+31

74

C
-122
si

-119
Ge

-116
Sn

-7?t
Pb

-101

16

o
- l4l

S

-200
Se

-195
1U

- 190

Po
-114

1'7

F
-324
cl

-349
Br

-325
I

-295
At

-n0

Ne
+ 116

18

He
+rl8

+96

KI
+96

Xe
+1'7

Rn
+68

5.

6

B
-83

Be
+66

Mg
+67

?
tj
Ba

K
-€
Rb
-47
G
-46

AI
-50
Ga
-36
Irl
-29
It

-30

P

-74
As
-71
Sn

- 101

Bi
- 110

lows.

bromine to iodine.

and the electron
) is less negative
It may be noted
s the Eost trega-

.tive electron gain enthalPY.
geberul' elec'ron
ore negative Imm
be explained as

follows :

below :
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I gso

I
z^
2i325
d>
z=
Y soo
Fo
tr.l

r (-2es) . .(ri) enthalpy olnoble gases k
pos ,vc. e fact that the atoms of
these ele letely fiJlcd subshelJs. As
a result, in their valence orbitals
and the additbnal electron has to be placed in an
orbital of nexldgher shell. As a resuli energr has
to be supplied to add on additional electrl-n. In
other words, lhe electron gain enthalpy of noble
gases is positive. Further, as we movi'down the
group, the size of the atom increases and hence
electron gain enthalpies have lower positive values.
For example, electron gain enthalpyof Ar ( I 96) is
lower than that of Ne ( + I l6).

9173553
ATOi C NUMBER (4 _______)

FIGURE 4.5. Variation of electron
gain enthalpies of halogens.

. The element (chlorine) cor-resp he electronic confisuration /iii\ \vi

.11. Which of he followhg ele-
negative electon gah enthalp! ?

(i) [Nel 3s2 3p3 (ii) [Nel 3s2 3p4 (iii) INel3? jps

- (b) Cl has more negative electron gain enthal_
py than I.i

Reasoa. As explained in Example 4.11.

, (c) S has more negative electroi gain enthalpy
thqn O.

. (d) C has more negotive elecnon gain enthalpy
that Si.

Reason.
thao Si-atom.
sions in these
contaiu ody4

of the following pain
negative electron gain

(i)NorO
(ii) F or Cl

(N.C.E.R.T)
(N.C.E.R.T)
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Wich of the Jtllowing will

luve tlz most negative electron goin thalry ond

wllich the lcosl negqtive ?

ES,CI,F
(N.C.E.R.T.)

given a'oms into dif-

lere order of increasing

atomic nurnbers :

GrouP No. 15 76 1'7

2nd Period F

3rd Period P S Cl

l. Arranre the elemenls wilh the folloxing eleclronic'- 
.""it""u.ntiona in order oI lncreasing electron Eain

entha"lPy.

(i) b2 ztz 2p5 OD \2 ztz 2p4 Qii)82 2] 2p3

(tu) b2 2t2 2P6 3? 3P4

I (D < (i') < ('i) < (ii')l

2. Arranle the following elements in otder ofdecreas-

rng ele-ctron gain enthalpy: B C, N' o'
Ir' N' D' C' OI

t. out or F .s2 2\2 2p5), o osz zt2 2P4)

N (k2 2r2 2p3) arld s <|sz ztz .2p6.3t1 '/1t "lY^I

enthalP".

3. Which ofle (atom/ion) in the followiDg Parrs has

higher electron gain enthalPY'l

(i) o-, s (ii) o, s- (tiD o- , s- (it') N- 
' 

P

I .' - (DO- > S(i4s- > o (iii) o- > s-
(iv) N- > Pl

4, The electron gain enthalPies of haloge[s dcorea'\e" 
inirr" oro", f:, Cl > Bi > l. Conment upon the

statement. I The statement is lvronS'

The nctual orrler is I > Br > l- > Cll

FOROIFFICULT ?RObLE*N49
ffi"*rg -d;.f "leotron 

garo enthalpies is N' B'

c, o.
3. (i) Due to rePulsions between the eledrons on

O- aDd the additional incoming eleclron' lhe

elecron Eain cnthalpy of O- is Positive while that

O a -ve.
(ii) On similar grounds, tbe electron Eain eDthalPy

of S- is +ve while that of O is -ve

(iii) Due to smallsize, repulsions between O- and

the incoolin8 electroD is much more than in S-'

Therefore, electro[ gain enthalpy of 
')- 

is n]ore

+ve ihan that of S-

(iv) Due to repulsions bctwcen N- and the incom-

ing electron gain enthalPy ot N- is Pcsitive while

lhat P is -ve.

i:i:ii:;:ii::iiilil:lit:riiii:iii:i::iiiiiiiili,Il:llgliixii:irliiji:iii:l:l:l:

4.16.1. Dcfinitton.The size of an atom, i e'' the

atomic.size is a vcry important property of an atom

since many other physical and chemical propemes

of atom is co'tsidered

to given bY the radius'4 lonwn as atomlc

ra
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The distance lrom the centrc of ,he nudctlt to thc
oukrmost shzA containing rht electmns.

Or
The distance trom the centre oJ the nutler$ ,o thc
point upto which thz dewity o! the elqtron cloud
(i.e. prohability of finding the elqtron) k mari-
mum.

4.162. Difliculties in determining atomic
radius. Atomic radius cannot be delermined
precisely due to the following reasons :

- . 
(rr) It is not possible to isolate a single atom

for the purpose of determination oI its rajus.

(ir) The atomic radius also changes whcn the
atom is present in different bonded stites.

(i) Covalent rudii (ii) van der Waols,radii
and (iii) Metottic rldii.
(a) Covalent radius.

is defrned as bdweqt thc
rurclei of tvo co of the same
elemgnt in a. mo

Thus, for a homonuclear diatomic molecule,
1

/couatenr = ; llnternuclear distance between

two bonded atomsl

. .Since the internuclear distance betweeu two
bondcd atoms is called the bond length. Thereforel

I
rco,alenr = j [bond Ieugthl

For enmple, the internuclear distance be_

(6) van der lVaals, rartius.

It is dqlitd as om-W thc .Iistarce betueen tlz
nucw o! tvo lderticsl twn-hondei! isolttd stot tt

COVALENT
RADTUS = 99 pln

FIGURE 4.6. Covalent and yan der
Waals radii of chlorine

Wa and yan der

isa fanelemenr

the s bccause ol

VAN DER WMLS'
RADIUS = l!9 p61
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derWaals'radii.

FIGURE 4.7 ' OverlaPping o{ atomic
- -orbitolt 

to fotrn u tolalent bond

tracted bv a number of metal ions This simul'

,i-"ii io", ol attaction between the mobile
""tiiiniana 

*"'posirive kemels k colled the melal'

lic bond.

: lt k iffitpi! as N,r.tt4{,hB inkrnuclzu dUgT z
;;,,;; i; *" ;dir-;, nctat io,,o in tt* 

"Ptnuic
lsltbe.

metallic radius > covalZnt radius'

Out of the threc typcs of atcmic radii(covalent' van

cleternrine and hente atomic radius ofan atonl s us

'fhe aiom rc usuallY exPress

iil;;;; Dtry a number of

pr"pared. ius of xenon can

covalenL radius.

4.16.5. Variation of Atomic Radli in the Feriodic Thbl'e

ovalent or ean det Wsah' decrease with i?u:!u i,?

ior example, consider the atomic (covalent) raqr

. 4.8).

Neu/ CouYse Chen' istnJ
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Elemcnt

Nuclear chotge

Outer ekctt onic
configtration
rudii (pn)

Li
+3

2v1

152

BeBC
+4 +5 +6
x2 2"r2p, 2r2 2oz

N

+7
'>"2 tJ

75

b,2po zt, d

Ne

+10

2t2 206

160+

t
g
f
o-
(r
o

I

20

00

'|

1

'|

u (152)

Be (11r )

B (EE)

N Os) F (72)
c (77) o (741

radii also
a period.
N, O and
tively.

246a
AToMlc NUMBER (a--+

FIGURF 4.a. Variation of atomic radius withatomic number across the second perioJ. "'

From the above table, it is evident that_
. " !),m" alkali metals b,hich are at the utreme
lelt 

-of_the 
peiodic tuble have the laryes size in iperiod

(ii) The halogens which ue prcsent at rhe ex-
trcnte ngl olthe peiodic table hqve the smollest size.

TAHLt,l ;1.1--t. Incr.(xse in xtonlic l, o r alent) rarlii of tlre alkali mttals.

clear that the atomic r
metals. Similar trend is

Elemenl

()t 
a ter electTonia c onfg |olion

(:otllcnt todii (pm)

U
+3
'2Jt

152

Na

+t1

3l
186

K
+19

4ol

B1

Rb
+37

J,r'

244

G
+55

6rl
262

Fr
+a7

,t:

+van der Waals,radius.
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300

| 2so

E zoo

f, rso

E
o 100

=o--

K (231)

0ffi6-;6-uo 60
ATOMIC NUMBER (Z) ------->

,, Lt;*ilt k'"lY:ll1'f t ;t;i:"'s';ii'ii:x:l'l

and 215 Pm resPectivelY'

4,i7, lonic Radii +Lriiililrt:iliii:

dii corresPond to the radii ofions
iont, i" iuto, are formed. when

ttlt.----+
'INTERNUcLEAR

DISTANCE

FIGUBE 4' 1 O' Internuclcar
distancP and ionic radius'

Pradeep's
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from themeasured internuclear distturce in its com-
pound. For cxample, based upon Pauling's method,
the absolute value of the ionic radius of Na+ ion
has been determined to be 95 pm. Therefore, the
ionic radius ot Cl- ion = 2i76-95 = 181 pm.
Further , the radius of Na+ ion thus obtahed may
bc used to calculatc the radii of other anions, such
as Br- and I- ions, by measuring the internuclear
distances in NaBr and NaI. Sirnilarly, the radius of
the CI- ion may be used to calculare the radii of
other cations such as Li+, K+ etc. by measuring
internuclcar tlistances in LiCl and KCI crvstals
respectively.

4.17.1. Comparison of the ionic radii with
corresponding atomic radii. A study of ionic radii
o[ cations and anions reveals the following two
generalizations :

(a) The radlus ofthe cation is always smaller
than that ofits par€nt atom. A cation is formed by
loss of one or more electrons from the neutril
gaseous atom. This generally causes the removalof
the whole of the outermost (valence) shell of
electrons,

e.8,, Na .-..-.....r Na+ + c-
1s2 2spz 2p6 3s1 ts2 x2 zp6

Due to the removal of the valence shell, the
number of sbells in the cation decreases. ds a

6) 6)
\=/ \--l
ATOM CATION

11 ELECTRONS 10

+11 NUCLEAR CHARGE +11

157 pm S|ZE 95 pm

FIGURE 4.1 I . Relative sizes of
Na atom and Na+ ion

rcsult. thc sizc o[ 1he cation is smallcr than the
parcnt atom lrom which it is lormcd. Fulther. due
to thc remoyll of elcctrons lrom thc parent atom,
the numbcr ol electrons in the cation dccreascs
(Fig. .1.ll ) but its nuclear chargc rcmains thc same
as that of thc atom. As a result, the force of attrac-
tion hy the nuclcus on lhc clectrons increases (i.e.
cffecl it'c ttucleur ch trge increases) anrJhencc the sizc
oI the atom decreascs. Thus, in nutshcll,

The size oJ a catitn is always smallzr lhun that oJ
lh.e correwndinq slom due to (i) decrease in lhe
number o! shells (ii) increqse in lhe e[fective
nuclear charge resuUing in geafer lorce oJ altrac-
tion by the nucleus on thc clectro$.

This is illustrated in Tablc 4.14.

TAIILE 4.14. Comparative sizes of atoms and their catioru

I.iAtonl
Atotnic raclii (pm) I tSz

Crne:ponding cationt I Lr+
l,,nt nt,lii llttttt j r,u

Na

186

Na+
95

K
2i1

K+
133

Be

1

Be2 +

39

Mg
160

Mg'*
65

Al Mn
143 126

Al3+ Mn4+

-50 16

Variation of ionic (cationic) radii within a

is 133 pm.
(D) The radius of the anion is always larger

than that of its parent aa(rm. An anion is fonned
when a neutral gaseous atom gains one or more
electrons (Fig. 4.12). This increases the number ot
electrons in the anion while its nuclear charge
iemains the same as that on the neutral atom. Sinie
the same nuclear charge now attracts greater num-
ber of electrons, therefore, the force of attraction
by the nucleus on the electrons of all the shells

decreases (i.e., effective nuclear .r).
Hetrce the elecoon cloud of the In
other words, the distance betwoe he
nuclcus and the last shell that contains electrons
increases thereby increasing the ionicradius. Thus,

^9, oANION
17 ELECTRONS lE

+17 NUCLEAR CHARGE +17

99 pm SIZE 181 pm

FIGURE 4,12. Relative sizes oI
Clatom and ct- ion
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The size oJ an anion is always brger than the corrcsponiling ulom mainly becausv of decreuse in lhe efrective

nucbar charge i.e. leser force of attmction by the nucltttr on lhe el$tror"\.

This is illustratetl in Tahlt 4.15.

IARLE 4.15. Comparative sizes ofatoms and their anions

Alom
Atomic ndii (pn)

Con'esponding anion

Ionic radij (ptn)

F
72

F_
136

CI

99

cl-
181

Br

1"t4

Br-
196

I
133

I-
219

o
74

02-
142

s
102

s2-
184

N

75

N3-
17t

Variation of ionic (anionic) radii lvithin in
group. Lik covaletll rudii, the ionic rudii of anions
also increase as we move down the group pimaily
due to an increase in the number of shells. For
example, the ionicradii ofF-, Cl-, Br- and I- ions
are 136, 181, L96 and 21.9 pm respectively.

4.172. lsoelectronic ions or species.

. Iis oJ the difroent elnntnt J vhich hwe thp scrae
nanibt o! ewrons bw ilitsat mognit& of fla
nucbr &arye w calld lsohlccftolrlc lons.

For example, sulphide ion (S2-), chloride ion
(Cl-) and potassium ion (K+) are isoelectronic
ions because each one of them has 18 electrons but
have different nuclear charges, i.e., +76, +17 ar.d
+ 19 respectively.

Besides ions, a neutral atom may also have

same number of electrons. For example, besides

S2-, Cl- and K+ ions, argon (Ar) has also 18

electrons. Therefore, Ar is also isoelectronic with
S2-, Cl- and K+ ions. In order to cover all thcse
species, the term isolectronic species is used. Thus,

lsoel€ctronic speci es may be delined as neutral
or ionic species which have tlrc sante number of
electrons but different ttucleat charges .

Thus, nitride ion (N3-), oxide ion (o2-),
fluoride ion (F-), neon (Ne), sodium ion (Na+),
magnesium ion (Mg3+) and aluminium ion (Al3+)
are all isoelectronic species since each one ofthem
contains 10 electrons but different nuclear charges
of + 7, + 8, + 9, + 10, +tl, + lZ aad * 13 respec-

tively.

Variation of ionic size among isoelectronic
ions. Within a series of isoelectronic ions, as the
nuclear charge increases, the force of attraction by
the nucleus on the electrons also increases. As a

result, ionic radii decrease.In other wotds,lhe ionic
rudii oI isoelectronic ions deueose with the increase

in the magnitude of the nucleqr chatge . For example,
consider the isoelectronic ions: N3-, O2-, F-,
Na+, Mg3+ and Al3+. All these ions have 10

electrons but their nuclear charges vary i.e. these

are +7, +8, +9, + 11, + 12 and + 13 as showr in
Thble 4.8. Therefore, their ionicradiiincrease in the

order:

Al3+ < Mg+ <Na+ < F- < 02- < N3-.

This is illustrated in Table 4.16.

TABLE 4.16. Variation of ionic radii in an isoelectronic series

lonv I N'- 02-
+8
140

F_
+9
136

Na+
+11

95

Mf*
+12
65

Al3+
+13
50

Nuckor chatge I *1
lonic roditu (pmt | 171
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The ionic size of isoelectrionic species can be easily conrpared on the basis of their atomic Dumber/number of
electrons, r'.e. 7tre rutio. Sm4ller the val e of Zle, lorger the izz of the ryecies. For example,

Ion Z zle lonic radlrrs (pm)

N3-

o2-
F_
Ne

Na+

Mg'*
Al3+

1

8

9

10

11

t2

13

l0

10

l0

l0
l0

10

l0

o.'t

0.8

0.9

l.o
1.1

12
13

771

l,!0

136

112

95

65

50

,p;.[$ r,t,.,- o I r t ; rs oELl,]c.t.R( )N l (,
SPECIES AND COI\IPARISION OF THEIR RELATI\IE RADII

IiXANIPt,tr 4.14. Nar?re the species that will be
isoelectronic with the {ollowing otonx or ions :

(iiil F (iv) M!+
(v) Cl- (vi) AF+
(vii) Ne.

Arrange them in decreasing order of their size.

Solution. The number of electroDs in these

No. of electrons

8+2 = LO

:11

t2-2:10
17+1:18
13-3:10
:10

(i) Ne
(iii) Caz+

(ii) ct-
(iv) Rb+

(N.C.E.R.T,)

Solution. Isoelectronic species are those
which have same number of electrons.

- (i) Ne has 10 electrons. Therefore, the species
N3-, o2-, F-, Na+, Mg2+,AI3+ etc. each ofwhich
ha-s also 10 electrons, are isoelectroaic with it.

(ii) Cl- has 18 electrons. Therefore, the
species P3- , S2-, Ar, K+ and Ca2+, each one of
which contains 18 electrom are isoelectronic with
it.

(ii) Ca2+ has 18 electrons. Therefore, the
species P3-, S2-, Ar and K+, each of which also
contains 18 electrons, are isoelectronic with it.

(iv) Rb+ has 36 electrons. Therefore, the
species, Br-, Kr or Sl+ each of which also has 36
electrons, are isolectronic with it.

0 oz- @) Na

speciEi aid:
Atom or ion

02-
Na
F

Me*
cl-
Al3+

Ne
Thus, O2-, Mg2+,

which has 10 electrons)
Now nuclear charse on
AP+ is + 13 and fre is
species decreases as the nuclear charge increases,
therefore, their size decreases in the order :

02- > Ne > Mg3+ > 4;:+.
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l. Which oneoftbe following pairswould havea large
size ? Explain.

1i) K or K+ (ri) Br or Br-
(iii) 02- or F- (iv) Li+ or Na+

(v) P or ds (vi) Na+ or Mg2+
(N.C.E.R.T)

t.r'tr (t) K, (,r) Br-, (ii4 o2-, (iv) Na+,
(r) As, (Yi) Na+l

2. Arrange the following in order of increasing radii ?

(D r, r+, r- (i,) c, N, si, P

(iii) 02- , N3- , s2-, F-
lAns.(i)I+ < I < I- (ii) N < c < l'< si

(iii) F- < 02- < N3- < s2-I
3. Select froDr each group, the species which has the

srnallest radrus stating appropriatg reasoD.

(a) o,o- ,o2- (r) K+ , sr2+ , Ar
(c) si, I cl. (N.C.E.R.T)

lADs.(4) o (r) Sl+ (c) cU

1. (i) Due to higher effective nuclear charge, K+ has

lower atomic size than K
0D Due to lower effcctive nuclear charge, the size

ofBr- is higher than that ofBr.
(iii) 02- and F- are isoelectronic species. Since

effective Duclear charge of 02- is lower than that

of F-, therefore, 02- has higher atomic size than

F-.
(Ju) Li+ and Na+ both belong to Sroup 1. Bccause

of greater number of shells (2 in case ofNa+ aDd

1 in case of U+), Na+ has biggcr atomic size than

Li+.
(v) As has four shellswhile P has three. Therefore,
atomic size ofAs is hiSher than that ofP.

(u) Na+ and Mg3+ are isoelectronic cations.
Therefore, due to lower effective nuclear charge,

ionic radius of Na+ is higher than ihat of Mg2+.

2. (i) Size of a cation is always smaller while that of an

anion is atwals bigger thaD the ncutral atom, t.e.,

I+<I<I-.
(O C and N lie in 2od period while Si and P lie belo$'
them in the 3rd priod. Since elements in the 3th
priod haw higher atomic size than tbce in the 2nd
period, thercfore, aiomic radii of Si and P are higher
than thce of C and N respecrivEly. Since atomic radii

4.18. Valency r:iii;:j:iiiri:ii1i;riili:ii::ili:lili:i::jii:ii!:iliiii;i:li:t'irr:ir:,:l:ili:iiillriili;::i:i:i:r

deceas€ tom left to right in a period due to higher
nuclear charge, therefore, C has higher atomic
radius than N and Si has higher atomic radius thao
P Thus, the ovcrall order of increa.sing atonic radii
is:N<C<P<Si.
(ni) AmoDB Lsoelectronic ions, the size of anions

increases as the nuclear charSe decrsases : F- <

02- < N3-. SiDcE S belongs to third pcriod while
F; O, N all beloDg to thc semnd period, therefore,

ioDic radius ot s2- is bigger than those of F-,
02- and N3- ions. Thus, the overail order of

i[creasing ionic radii is : F- < 02- < N3- < s2--
3. (a) AmoDg the different sP€cies ofthe same atom,

the size increases as the magnitude of negative

charge increas€s : Therefore, among O, O- and

02-, O has the smallest radius.

(b) Although SP+ has I<I gas configuratioD (I.e.,

has four shells), but K+ has Ar gas coofiguration
(r'.e., has three shells), nevertheless ionic size of
Sf+ is smaller than that of K+ obviously due to
higher nuclear chargewhich outweiShs the effect of
an additional shell.
(c) Si, P and Cl all belong to 3rd period. Since
atomic size decreases as the nuclear charge in-
creas€s. Therefore, Cl with the hiSbest nuclear
charge has the smallest radius.

It has been observed that the chemical
properties of the elements depend upon the num-
ber of electrons present in the outermost shell of
the atom.

The elcctmns present in the oulermost shEU of dn
utom dr6 ttlleil valence electrons and rlu number
of thesu electtons determine lhe valertrce or lhe
valency oJ the atom. It is becuuse of this reuton thal
lhe ourermost shEll is ako calkd lhe valelAce shell
ol the a,om anil the orbitals present in the vaknce
shcll the cullsd valerce orbitals.
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Summary of the Tlends in the Periodic Properties of Elements in the periodic Thbl€.

Alomic radiid6creas6

lonization enthalpy increasss )
H

I
-g

z

Non l\,4etals

Transition metals

.q

.9
E

lnner kansition elements

In case of representative elements, lhe valency
of an atom is generally equal to either the number
of valence electrons (s- and p-block elements) or
equal to eight mirus the number of valence
electron-s. In contrast, transition and inner transi-
tion elements, exhibit variebte vdencedtrdto iniol-
vement of not only valence elecirbiiSu -'64
/-electrons as well. However, their most com-Eon
valence are 2 and 3.

Periodicity ofYalence
(c) Variatlon in a pcriod. As we move aqoss

a period from left to right, the number of valence
electrons increases from 1 to 8. But the valence of
elements, ha[t H or O 6rst increases from 1to 4and
then decreases to zero. This is illustrated in Table
4.17 .

TABI,E 4.17. Periodic trends in valence of elements slown by
the formulae oftheir hydrides and oxides.

Groups -
J Periods

1213 14 15 16 17

Iiormulae oI

hydrides

)
3

4

5

LiH

J\AH

Ktl
RbH

cHr NH: Il2o
HzS

H2Se

Hzft

HF

HCr

HBr

HI

siHl PHr

ftHl aHr
SnH. SbH3

Formulae

of oxides

2

3

4

5

6

LizO BeO

NEo MgO

K2o CaO

Rb2O SrO

CEO Bao

BzO: COz

AzO: SiOz

G%Ot ceoz
Itlzo3 SnO2

Pb02

(D) Variation in a group. When we move
down the group, the number of valency electrons
remains the same, therefore, all the elements in a
goup exhibit the same valency. For example, all the
elements of group 1 (alkali metals) have valency

one while all the elements ofgroup2 (alkaline earth
metals) exhibit a valetcy of two.

Noble gases present in group 18 are
zerovalent, i.e,, their valency is zero since these ele-
ments are chemically inert.
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F B-@-;E- LE-M,6,0,N r rt. t..ri c t,;

I,l\Al\lPLL l.16. Predict tlw fomrulae of the
stqble binsry compounds that wouldbe lormedby the

following pairs of elentenfi.
(a) silicon and orygen (b) ahtminium and

bromine (c) calcium and iotlitrc (d)element l l4and
fluoine (e) element 120 and oryge,t. (N.CJ.R.T,)

Solution. (a) Silicon belongs to group 14. It
has four valence electrons and hence its valence :4
oxygen belongs to group 16. It has six electrons in
the valence shell and hence its valence = 8-6 =2.
Therefore, the formula of silicon oxide = SiOz.

(b) Aluminium belongs to group 13. lt has

three electrons in the valence shell and hence its
valence:3.

Brominc belongs to group 17. It has seven
electrons in the valence shell and hence its valence
= 8-7: 1.

Therefore, formula of aluminium bromide
:AlBr:.

(c) Calcium belongs to group 2. lt has two
electrons in the valence shell and hence its valence
: 2. Iodine belongs to group 17. lt has seven
valence electrons and its valence = 8-7 = l.

Therefore, formula of calcium iodide = CaIz.

(d) In the 7th period, the 4th transition series
ends at element with Z : lLZ, aherefore, filling of
7p-subshell will begin with element Z = 113.
Hence, element wrth Z = 114 witl have two
electrons in 7p-orbitals and two electrons in 7s-or-
bital. In other words, the element z : 114 will lie
in group 14 and hence its valence = 4.

Fluorine belongs to group 17 with seven
valence electrons and hence its valeqce
=8-7=1.

Tterefore, formula of compound formed by
element 114 and fluorine is MFn where M repre-

sents the element.
(e) The 7th period will end at element with Z

= 118. Therefore, filling of 8th shell i.e. 8 s-orbital
will begin with elemell.Z = lL9 and consequently
element with Z = 120 willbelong to group 2 and its
valence will be = 2.

Oxygen belongs to goup 16 with six valence
electronsandbenceitsvalence : 8 - 6 : 2.

Therefore, formula of compound formed by
element Z : 120 and orygen rvill be MO where M
represents the element.

1. Predict the formulae of the slable binary com-
pounds thatwould be formed lry the followinS pairs
of olements :

2. Prcdict the formulae of the stable binary c-om-
pounds formed by the following pairs ofelements :

(4) clcmeot with Z = 116 and hydrogen

(D) clemeDt with Z = 113 and fluorioe
(c) Uup aDd sulphur (d)UueandUus.

(a) silicon and bromioe

(6) aluminium and sulpbur

(N.C.E.R.Tl

(N.C.E.R.T)

(c) calcium aDd orygcn G1) aluminiuDr and carbon.

r. (a) SiBro (b) AlrS, (c) CaO (d) Alaq

2. (r) H2M (b) MF3 (c) MrS.whcreM (Z = 115) (d) MX where M (Z = 119)and X(Z = 117) are the elements.

1 Afulition of fnt electron to a ne trdl alont ir at energic process whle tlut ofrccond elecfo, it rzz endo€rgic Proc€ss.

). O,vnhun (Or) har the highe$ oidllion state (+ 8) ot valency (8).

t Among solid-t, osmiwn has irc higlAst den\ity of 22'6while anong Equids, mercury hat the highest den\ily of 13 6

i Among melalr, tuhgston (W) h.'it the highett melting point (j68j K) while anong non-melal:, cqbon han lhe
highe:i melting point (1000 K) Of all the ele,nenlt, heliun, however, ha.t the lowest boihngpoin @ 2K).
, ,l , i, ,' :, ,i:: :ri,r,:
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Q LWor d yorr r€gs,rd Zi <Z = $\Cd (Z = 4t)andIIC(z =t0) ss-s. ord-b:ock elements ? Cive reosors for
yo t answer.

Atrs. The la.st electron in Zr, Cd and Hg enleE the 4.r, 5r and tu-orbitals respectively. Tlrcreforc,on the batit of type
of orbital being fUed" Ese lhree elernenh sltould be rcgarded. as s-block elements. But thc properties of these
elemelts resemble more the d-block rather than J-block elemeoLs as listed below:

(i) Zn, Cd and Hg like other d-block elerDents form complexes but,r-block elcments usually do nor.
(r'i) Zn, Cd and HB like other d-block clemeots form maDy covalent compouDds whereas r-block elements
form ooly ionic compounds.

(iii) Like other d-block elements, the [i6t ionizalion eDergies of Zn, Crl aDd Hg are much higher than those
ofthes-block elements of the same period.

(iv) Like other d-block eleme[Ls, the atomic radii of Zn, Cd and Hg are much lower lhan those of ther-block
ele ments of the same period.

(v) Like otber d-block elements, the electrode potentials ofZn, Cd and Hg are much lEss negative rhan those
ofJ-block eleme[ts of the same period.

Fiom the above discu ssion, it is cleor that the properties of 'Zn, A and Hg resemble more the d-block elements
rather than the r-block elements-

Fhrther, to make the periodic classincation of clemenLs more rational, it is better to study tltem along with the
d-block elements.

Q 2 How many elemenb caD he accoEDodated in ihe pEsent set up ofthe lotrg foru ofthe p€riodic talrle? BplalIL
An6. In the present set up of the long form of the periodic table, we have seleD periods (ie., principal quantum

Dumber, n = 7) and four blocks (r, p, d- andf-block elemeDts). Thereforc, the maximum number ofelements
which can be accommodated in tbe prescDt set up of the long form of the peri(dic tablc in ac.cordaDce with
Aufbau principlc is I s2 2 ? 2 p6 3 t2 3 p6 4 s2 j dro 4 p6 5 ? + d1o s p6 6 s2 4 f1 s dro 6 p6
'l sz 5 tta 6 dro 7 p6 = 118.

Q,3. Crn an element with atomic nurrber 12,6, ifdiscovered, ie accommodated in ttre pre6ent set up ofthe lorg
fortE of the pertodlc t{bel ?

Atrs. No. The maimum numb€r of elemenb which cao be accommodated in the present set up of the long form
of the Periodic table is 118. Thereafter, filling of 8r{rbiEl shall begiD which will accommodaie ooly two
electroDs. After &-orbitals, the filling of sg-orbitals will begin. SiDce we do Dot havc any prcvisio[ for g-block
elements in the present set up of the long form ofthe periodic table, thercfore, ao element with 3tomic oumber
126, if disco\rered, cannot be accommodated in the prEsent ser up of the IoDg form of the periodic table.

Q. '1. What would be lhe rtomic nuEber ofthe rext (0 alk li lrelal (ii) alkaltne earth metsl (ii, hr.lo8en and (iy)
irert g8s, if dlscoYcrcd itr future ?

Ars. (i) The ocxt alkali metal, if discovered will, have to be placed io the eighth period and heoce its ouer electrcDic
coofi Suration will be &l - Therefore, its aromic numb€r will be (1 t8 + 1) = I 19.

(r'i) Similarly, the next alkaline earth metal, if discovered, will havo &2 as its outer electroDic configuration and
hence its atomic number will be (118 + 2) = lm
(ai) The next haloS€D, if discryered, willhave 7s2 7p5 as its outer eleatroDic configuration. Since the lilling of
7P-orbitals will begil after 6d- orbitals and up to 6d-orbitals, i[ ac{ordaDc€ with Aulbau principle, we can
actommodate oDly 1 12 elemeDts, t he refore, the atomic number of the next halogcD, if discovered, will be ( 1 12
+ 5) = 117.

(iv) Itr a similar way, we caD easily sxplaiD, that the n€xt inerr gas, if discovered, will have # 7p6 as its outer
electronic confisuratioD and its atomic number will be (l l2 + 6) = f 18.

Q. 5. What rrE super he{vy eleDents ?

Ars Elements with Z > 100 whici have high densities are callcd super hearT elements.

Q. 6. W'hat would be IUPAC rlame6 sDd syEbols lor elemelts vith otoDic truDber8 12a l?7r,.;l,ql4g andli0?
Ans. Ftom the Dble 4.5, the roots lot 2, 7 , 5 , 9 and 0 are bi, sepl pent, eru and ,n? respectivcty. Therefore, their

naDcs and symbols are :

4143
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z

127

735

149

150

Nome
Urbibium
Unbiseptium

Untripentium
Unquadennium
Unpetnilium

Syurbol

trbb
Ubs

UtP

uqc
upD

Q 7. Arrange the follo*irg elements
(i) in the increaslng order of metallic chrracter : Si, Be, Mg' Na, P

(r'i) in thc incr€asing order oftron-metallic charncter : B, C, Si' N, [,
(NC.E.R.T. )
(N.C.E-R.T)

Ahs. (i) ArrangiDg the elements into differeDt grouF and periods in order oftheir increasing atomic nuDlbers, we have,

1

Na

213 14 15

Si P

We know that the mstallic character increases dot n a Sroup and decrerses along a period as we mo!r'e fron'l

left to rigbt. Therefore, Na is the most metallic element, followed by Mg and Si, while P is the least metallic

element. Among Be and Mg, Mg is more metallic thaD Be. Tberefore, the overall increasing order oimetallic
aharacter is P < Si < Be < Mg < Na.

(ii) Aranglng the elements into different groups and periods in order of their increasing a tomic numbers, we have,

13 14 15 16 1',7

BCN-F
si-

Sitrc€ the metallic charactcr iDcreases do\rn the group aDd noD-metallic character increases along a period

from left to right, therefore, Si h the mct metallic or the least non-mctallic element. The ovcrall i[creasing

order of non-metsllic character is: Si <B<C<N<E
e. E. The elGmcnt 119 hss not been discovered. Wh6t could be the IUPAC nome ard symbol for tlris elemelt ?

On the basis of ihe periodic trble, predict the clectronic configurstion of t}is eleme[t and also thc formula
of its rnost st^hle chloride and oxidc. (N.C.8.R.7:)

Ans. (i) The roots fot l andg arcun a ) erw resp€ctively. Therefore, the name for the eleolent with Z = 119 is un

+ un + enn + ium = unuuennlurn and its symbol is Uue.

(ii) The mardmum number of clements wbich can be aclommodated iD the present set up ofthe long form of
itri perioAic taUte = 118 (For dehils refer to Q. 2 on page 4/43). Since this last elemeDt would be an inert 8as,

theiefore, the element with Z = 119 will be an alkalimetal and hence its outer electronic c.onfiguration will be

&l or its completc electronic configurationwrltbe Ls? 2t2 2p6 k2 3p6 Mto 4t2 4p6 M1o 4 f4
st2 sp6 sdto s f1 6"2 6rc 6aro *2lf 8,r.
(iri) Sinc€ the elemen twtrh Z = 119 witl be an alkali metal, therefore, fo.mula of its chloride will be MCI and

that of its sEble odde will be M2O where M is the alkali metal

Q.9. Why has the zcro group been placed at th€ extreme rlght ofthe perlodtc aable ?

Ans. This is in ac{ordance with their electronic configurations because each Period starts with the fillig of i-subshell

and is completo after the filling ofp-subshell of the saDrc principal shell.

e. 10, Wblch ofthe elemcnts Na, Mg, St and P woulal hsve the grcatest dilference betwcel the lirst ond the seco[d- 
ionlzatiou enthalplc+ Brielly explaln your anatier' <N'C'E'R T-)

Ans. ADong Na, Mg, Si aDd P, Na is ao alkali metal. It has only oDe electroo in the valence sbell, therefore, its IEt

is very low. However, after removal of one electron, it acquircs neon 8as configuratioD, l e,

Na+ 1ts2 *2lpt. Therefore, ils Iq is expected to be very high. consequenrly, the difference in first and

seco[d ionization enthalpies would be Sreatest is ca,se ofNa

Howcver, it may be noted here that in case of Mg, si and P, although their IEI will be much bigher than that

ofNa but their IE will be much lower tban that ofNa. As a result, the difference in their respective IE1 alld

Iq would be much lower than that ofNa.

Be

Mg
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Q ll Tlle lirst iohization enthnlPy ofmagnesirm is higher than that ofsodirlm. or the other haDd, the sccotrdiorizntion enthalpy ofsodium is much higher th; that ofmagnesium. Explain iN:C.;-i.f)Ans The first electroD in both the cises tlas to be remor'ed ftom the 2f orbital but nuclear charge ofNa is less than
tioD of Na + is lp zrz 2p6 , Le ., that of Doble
is very difficult. ln case of Mg, after the loss
tbe second electror. is to be remc,vcd from

Q. 12. Arrnngc the following ions in the order o[increasilg siz. ?

Be2+ , cl- , s2-. Na+ , Mg2+ , Br-.
Ans. Affanging thc given ioDs iDto differenl

rcsPcctivc clcmeDts. we havc.

(N.C.E.R.T.)
Sroups and periods in order of iocrcasing atomic Dumbers of their

Group No 1 2 16 t1
2nd period Bez+

Na+ Mg2* 52- Ct-

Br-
Clonsidcr rhe lollowirg poinrs :

(r ) rhe sizcs of a,ions arc usuafly biggcr than those of the cations, !'. a, the sizes of sz -, cr- and Br - ions are
bigger rhaD those ol Bcz+, Mg2+ anri Na+ ions.

(ii) Witlrxr a group, thc iooic sjze increases from top to bollom ,tbercforc,ionic $ize of Mg!+ ion ir bigger tlon
tltot of Be2 r 

. Likc$,i\e, ioni(. size of Br- i.r bilger than tltat of Cl- ion.
(iii) AnoDg isocrectronic roos, higher the +ve charge, smaller rs rhe size. Thus, rbarc rize ofNa+ b biger thonlm of M{+ Furthcr, anroDg isoereclronic ioDs, higher the -ve chargc, bigger is the size. Thus, rbntc rize o/
52- 1* hi.q4r lmn tlnt ol Cl' ion.
Furthcr' thc incrcasc ln ionic sizc (luc to addition ol onc nrore shell is usually greater thaD iDcreasing the
negativc charge by onc uDit. lhcretbre, //r c ionic .rize of Br- i e4tectett to be higer thon 52_ ion.
combiling alr the above vie\rs, the ionic size of aI the risted ions increascs in the order :

Be2+ < u/+ < Nat < cl- < s2- < Rr- _

Q I-1. Among the elemenls B, Al, C anrl Si
(a) Which hrs the higlrest lirst iorlizarion enthalpy ?
(r) Which has the most negrtive electron gaiD enth{lpy ?
(c) WIlich has the larEest atomic rndirs ?
(d) Which has the mosr metallic chnracter ? 

@.C.E.R.l..)Ans' ArraDgiDg the given aloms iI diffcrent periods aDd groups in order of their increasing atomic numb€rs, we

(;roup 13 14

2nd period B C
3rd period At Si

(o) since IEf iDcrcases arong a pedod but decreascs down a grou p,Thereforc c htl, the highe frfrt ionization
entlnlsty.

(r) Since electron gain eDrhalpres be(.omc more negarrye ak)ng a priod and less negativc down a group,thctefore, C ho.\ thc mott negative electron gain entloipy.
(c) siDce atomic radiidecrease arong a pen*r bur incrcase down a gro rp, therctorc,Ar rw he raryesl alomic rudhlt.(d) since meollic characrer dccrc.rses arong a pcflod. but iDcreases down a gfoup, th ercforc,Ar ho! rhe moNtnetollic charocter.

e, ll, Consider the elerDel|ts N. Ii O, S rrnrl armnge thetn in ord.r of
(a) increasing first ittrization enthfllpy

3rd period

4th period
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(r) tDcrqshs ueZstive clcthon gain enthalPy

(c) increasiag non'mctallic cherrctei (N C'E'R'I:')

Atrs. arraoging altine Sivc[ elcments i[to different groups aDd p€riods io order of their increasingatomic numbers'

we have,

OrouP 15 16

2nd poriod N O

3rd Period P s

(a) Since IEl decreases down a grouP, therefore' I

since N has more stable
difficult rc knock out an

has exactly half-filled ele

Thus, the werall increasing order of first iooization enthalPy of these clemeDts follo$'s the order :

s<P<O<,.V

similarly,Nhase)(acttyhalf-filledetectronicconfigurationinthe?-subshellbutohashiEhernuclearchar8e'
But thc addition of an efectron to'X causas repisions to such an extenl' thai electJon gain enthalpy of N is

alualty positive white that of o as sxPccted is Dega ivc'

Combidug to abwe r€sulls tie incf,easiDg order of ne8ative Sain enthalry of these eloments follou/s the order :

N<P<O<S.
(c) Since tron-metallic character dert€ases down a SrouP but increases alons a oeriod' therefore' O is the mGst

non-metaltic element wnire f isiiJ ilsi,io-n-rrfitti"'.t"rn"nt. Thc actuaf oider oi increasing non-metallic

ciaractet is: P<S<N<O
Q. t 5. Which of the following speciea will hav' thc lrrB'st strd the smollest slze ?

Lr8, [r82+, Al, At!+ N'C'E .-T)

ADs. (i) Mr and Al beloog to the third pcriod' Acr6s a period' atomic radii decrease due to i[cre'sed nuclear charge'
'-- 

\i.iZtor", oro-ic ;ize ol Al is snouer thu thot ol t
(ii) Further, cations are smaller than thcir Parent atoms' Therefo rc' M{+ i5 smaler than Mg and AP+ it

waller thstAl
liritMf,+andAl3+areisoelectroDicions.AmongisoelectroDicions,higherthe+vecharSe,smallerthesize,

\.r"ior",^o-n,riur of Al3+ it snoltzt than that of M{+'

From the abc've discussion, it follo\rys that Mg has the lorycs whileAP+ hzc hc smallast sia'

Q. 1.,. fularge the lollorviDg loDs ir order ofdecrissing iontc radli I Ll2+, He+, Bel+.
'or* 

;;;, i,'i""d Bei+ are all isocleclronic ions. Among isoelectronicions' ionic radius decreas€s as lhe P6itilr
charge increases. Th"r"ro'", tri'JiiJ*oiiJ"o*tt i"o tn" oto"t: Het > Li2+ > Be3+

Q. 17. Arra-nsc the folloninS ln oritGr of dec recNiiltgvat ilet Wazll radll: Cl' H' q N'

AD6.

Thuc, the ovemll dzneaskg ordo is :

cl>N>o>H.
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Q. r.
Ans.

Q. 2.

Ans.

Q. 3.

Als.
Q. 4.

AIls,

Q. s.

V ery .5 1t',.,q- 11" A 4 s we 1 Q u e?t;ipn?,, " 
cARB'r N G r :MABK

What are horizontat .-"" 
"rra "".ti""i "oil;;;;;;;;#;"';ii;Lr* ,

Horizontal rows are called peflods while vertical columns are call"O groupa. 
'

Ans. (a) Na+ < Na (6) Ct- > cl
Q. 6. AI atom loses electrons successiyely to form Al +,A12+ and AP+ ions lyh ich step will havehigh€.stionizationencrgy ?

Al2+- p;,3+ +e-

What is the bssis ofclsssilicrtion ofelements in ahe lolg form ofti" 1.foai" ,.lrt. fPh),sical and chemical properties of the elemeots are a periodic n,n"tio, oittr"ir utolDic numbers.Nsme the groups of elemerts classified as J, p and ., blocks.
,-block = 1, 2,p-btock = 13 to 18. d-btock = 3 ro 12.
What are the fltomic nurnbers ofelemeDts which constitute.lf.block 0srth{troids aDd actiDoids) ?LaDthanoids = 58 to 71, Actinoids = 90 ro 103.
Compflre the size of (a) Na atom with Na+ ion (l) Cl atom with Cl_ ioD.

Vt hy ioliz5tior eDthalpy of nitrogen is greater tban that oforygen ?
Nttrogen has exacrly half_fi lledZ_orbitals.

ive ?

accept an addlional elcctron. Conseouenrh.
lo the much higher enersy p_orbitals of rhc
are posilive.

MeDdereev used rhe aron,ic masses orrhe^crem",,, ,;'iUff;:ff:,il:ji:ffi#:,f,xl*re. Accordinrrohishw, I he propen ies of element5 are a periodic funoion oi n.,, 
",ori" 

*.,Sf,o.
State the modern periodie law.

ff."f :H.fl"ffr::rsrares 
that phrsical and chemicat properries of rhe elemenh are a periodic tunction of

K has the lowest lonlsntion enthalpy and I(r has the highest ionisation enthalpy,

H[1"#t;,:it":",ii[il:;J* n'"' in separate rows at the bottom oi'tr,. p""ioai" ,nbre. Exprain rhe

These have been praced seDararelv at the bottom of the periodic table for conveniencc. rf they are placed inrhc body ot lhe periodrc rabte. rheieriodrc ,uor. *iri t.oir.Iilr.n#iy iln!"unu 
"rro.^orr..Givc four exsmples ofspecies rvhich are isoelectronic with Ca2+.

Ar, Kr, Cl-, 52- or p3- are isoelectronic with Ca2+

:"T":f:H-"1;l;.'ir1'ilil'".;J,Yrlffi,l:tomi.veisht = 3e'e) has heen righrrv praced beforc potassium

This rs beouse argoo (Z = 1g) has lower atomic number than potassiunr (Z = l9).Which has a larger.adius ? (i) MgorCa (ii)SorCI-
(i) Ca (i,) S.

In terms ofelectronic configuration, what the elements ofa giver period snd o group hqve in commor ?

'i"J;J:ffiil:J:f.r&n# H:liiii;:'li*:i"q,ur""d r.; ";.;;;;,"n-"1,oup,,," n,,oerore,ec,rcns in
Whict two elements ofthe followitrg beloog ro the same perlod ? AI, Sl, Ba rnd O.Al il[(r Si

Ans.

Q. 7.

Q. E.

Ans,

Q. e.

Ans.

Q. 10.

Ans.

Q. 11. what wourtr rre the IUpAc Dame atrd syrnbor for the eremelt with atohic rumber r20 ?Ans. Unbinilium, Ubn
Q' 12 Which one amonE the fororving elemchls_has the rowesr first ionisation entharpy and whicrr one hns thehighest lirst ionisntion enthalpy ? Li, K, Ca, S and Kr. 

-

Q. lJ.

Ans.

Q. 14.

Ans.

Q. 1s.

Ans.

Q. 16.

Ans.

Q. 17.

ADs.

Q. It.
Aos.
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Q. 19. lvhich ofthe following elemenls has most positive electron gain enthalpy ? Fluorine' nitrogen' neon'

Ans. Bott niroser and neon havo Positive:r.'clri {iln:1t}.:lli::}:t:'l}l3L'l,li'l.l}[lfi:',1'ffif'J,'":i'811:
ffJf"lffi:H"'*H,!?,1;"';$:,}'ffi;""#;i"8ffi;6ffi;,h;o*,"r",,,tuur"d,",yharf-mrederectronic
configuration o[ l,litrogeo'

Q. ,0. U.oniu-on*"t Be, B and C, choose the element with higlrest tirst ioDization enthalpy'

Ans. carbon because of its higher nuclear charge and smaller size has the highest lE l amongst tne given elen-)enls

Q. 21. Which rmorlg the following ere transition anil wlrich are inner trnnsition elemenLs ?

58, Blq Er' fm' Fe' Pb' Cr, Co' Ar' Zr' Ce

Ans, TiaDsition elen'leDts : Sg, Fe, Cr, Zr

Inoer transition elenents : Bk, Er, Fm' Ce

Q. 22. Name the elements in the periolic table Yhich has the highest an'l lowest first ionization enlhalpies'

Ans. Highest : Ilelium and lowest : Francium

Q. 23. ExPloin why chlorine can be convertcd ilto chloride ion more easily as compared onrle'

-L.". 
Etectron gain enthalPy of Cl is rnore negative than that of F

e. 24. A monoatomic anior of unit charge coitains 45 nerrtrons {rnd J6 Electrons' wh"t !rl,l'- 
.l"ment ond in which group of the Periodic tahlc does it lie ?

Ans. No. of neutrons of the nlonoatomic anioll = 45

No. oI electrons of the nolloaton]ic anlon = 36

. No. of electroos of the monoatomic atom = 36 - 1 = 35

' Atomic number or tne atonr il = 35) Therefbre' the atomis bromine aud it beloogs to group 17'rc ;

haloBerl familY.

No. of Protons = No of eleotroDs = 35

. . Aiomic mass = No ol oeutrons + No of electrons = 45 + 35 = 80

Q. 25. Ib which block (s, P, d or, does the element with atomic nrmber 50 belong ?

Ans. E.C. o1 7=50 is 1? Bz 2p6 3s2 3Pt 37to 4',2 4p6 4dto 5t2 5f Plenceit a p-block elemert

Sec.4.1.
to 4.6.

1. What was the Deed for classlflcation of elements I

2. Define Modern Periodia law Give its theoretical justificailon'

3. What is the cause of periodicity in properties of the elements ? Explain with two exaolples

4. Predict the deDsity of Cs from the densrty of the following elements

( 0 86 9cm3 Ca

Sc 2 gg1 llcrll3 Rb

sr 2 68 8,/cm3 Y

Cs?Ba
La

1.548 g/cm3

1 .532 glcm3

l.zt glun3

3.51 9/cm3
6 16 g/cm3

IAns. Between I 532 and 2 6E g/cm3 nrotrnd I E

5. Describe the nlflin tcatures ot the long lorm of rhe Periodlc table

x 2.0 g/cm3l

Sec,4.7.
to 4.13.

6. State modem Periodic lBw' What are the maio teatures of the long form of the periodic table ?

7. ExPlain briefly'GrouPs' and 'Periods"Tiansition' and 'Normal' clements in the lo[g form of the

E, conf,guradons' justiry that thc.s€cond-alld thirdPriods contains 8 elements

coot"tn i'd 
"r"li'"niieach 

and the 6th Period contains 32 elemnents'

stion
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9.

I0.
Account for the fact that 4th period has eigbteen and not eight elements.
Name the four blocks inro which the etemeDts ofthe periodic table have beerl classified. Why are thsynamed so ? Lisr rhc groups of periodic rabte Oelongng to eactr Oi ;i.. 

- -*" -

_whaf 
doyou undcrstand by ,Representative 

elcments, ? Name the groups wh*o elemcnts arg calledrepresenlative elemeDts.

ll.

12. what are transition eleme[ts ? why are they so c€lled ? Name the differeDt transitiod serics.t' 
#i';Hi"f"Tfl'ate 

called inner transi oD elements ? Name the different irner transition seriqi. why

14. Describe the main ciaracteristics of ,, p d and/-block elemenls. @.C.E.R.T)15' Namedifferent brocf,s oferements in rhe poriodic table. Give the generar erectroDic coDfiguration of
16' Though coppcr, s ver a,,d gold atoms have completety fired sets of d-orbitars yct tbey ae caledtransition mekls. Wby ?

17. The values for rhree of lhe quanrum numbers for the tast electron iD A and , 
"r" 

,*ll.'*;#:llwhat families ofthe periodic Lbh are these .t"m"nt" pr"""rt:i 
" -" "' ''

A I +l +tD
83_2_lD

In. lAlrs. A= p.Btock el ntsl
19,29, and 36 respect oDtc

Src. -l. r,l. 19. c tabre each erement

20. 
it vary along a period

sive iooization enthalpies ? Explain whysecond ionization

21. Define ionization enrhatpy. whar are ,o ,r,ll?inar o ,0" principte of its measuremenr ?22. Discuss briefly the various factors on whrch ionizatioo enthatpy Oepends.,, 
#r"::?$: irsr 

ionizarion enrhatpy increase as we go from teft to rigbr acros.s a given period of lhe

24. Explain why ioniarion e own a group of rhe periodic tabte ? 'il.t:;X?,25. The first live successive i ofboronatonrare aOO, 2427, 3658, 25OU antJ32g24kI mol-l. Explain these res.
26. Explain rhc Iollowing :

(i) IonrzatioD eDthalpy of Mg is more than rhat of Na and Al.
(ii) Ionizarion enthalpy ofDrtrogen is more than that ofoxygen.

27. Why is rhe ionizahoo enrhalpy of Be ntorc than that of B ? Lphin.2t' If we coDsider ionizarion entharpies of erements in lhe second period from Li ro Ne, rhev ordinarikincrease but Be and N have rrigher ionizat;; endi;;;;;.' 
"il o;;$;;;J;il;iih":;,#"iJthem. Why is lt so ?

sre J.15. 29, Explain the term electron gain enthalpy ? How does it lEry along a group and across a period.30, Explain the terms jonization enthalpy and electron gain e;thatpy ?

" 
"'r'i,itJoo..ffi:f 

ean by successive electron Sain eoth;lpies? why is rhe second erectron eDtharpy ofan

32. Flalogens have very high ncgative electroD gain enrhalpies. ExplaiD.
33. Electron gain enthalpy oflluorinj is less negative thanthat oichlorine. Explain.
34,

35. 
ble dases in positive. Explain.

, srate which atom/ion has higher ionization entbalpy and more ncgative

(a) r, r- (D)Br,Br- (c)Li,Li+ (d)Br,r.
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qlso

36.

Scc.4.l6. 37.
to 4.lll.

3E.

39.

Arrange the following as stated : Increasing order of ionic size (N3- , N"* , F- ' 02- 
' 
Mg'*)

lAns. Mg2t < N'r < F- <-o2- < N3-.lAll':T3*::t1t:::l:i
tlor"" gr"at"r the nuclear charg", smaller is the-size)]

What do you understand by periodic properties of Jements ? Name any three such properttes'

Howdoatomicsizesvaryinagroupanclinaperiod?Givereasonsforthevariations'

whatismeantbyatomicandionicradii?ExplaingivingreasonswhythesizeofCl_ionisgreater
thanthatofClatonrwhereassizeofNa+ionissmallerthanthatofNaaton:?
The size of an anion is larger than that of its parent atom' Give reasons'

The size of a cation is smaller than that of its parent atom' Give reasons'

Mg2+ ion is smaller than 02- ion although both have the sanre electronic conftguratiot't'

What are isoelectronic species ? Give examples to illustrate your answer'

Thevalence of representative elements is either equal to the number of thevalence electrons or eight

minus ttris number. What is the basis of this rule ?

NIlSCltl.l. {]\'il'l()t js Qtllisl'I( )NS

Anrong the el Periocl, Li to Ne' Pick

(i) with the hi nergy (ii) with the hi

(lii) with the (iv) that is the

(v) that is the most reactive nretal' I (ir) F and (u) Lil

a*org the elements of the third period, Na to Ar' pick out the element

(i) with the highest first ionization enthalPy

(,,) with the largest atomic radius

(rir) that is the most reactive non-metal

(lv) that is the most reactive metal'

47. Fot the main group of the periodic table' the

with their position as shown in the table'

I
H
A
C

2 1314 15

(r) Will the mo B' C or D ?

(ii) Will the m at A' B' C or D ? tAns' (i) C ('i) Bl

4E.A,B,Caretbreotherthanhelium.withthisinfornrationcomplete
the following table'

Also exPtain the following:

(N.C.E.R.T) tAns' (') Ar ('4 Ar (iii) cl (ir') Nal

, metallic properties of the elements vary approxinrately

16 17 18

He

40.

41.

42.
43.

44.

45.

46.

B

D

(i) Electron affinity of element A is more than that of element C

il4 tonization energy of element C is less than that of element A

(iii) Electron affinity of B is zero'

N-o. or 
"looons 

in the valeoce shell Group to which the elenlent belongs
Elenent AtomicNum5er

A z-7
B Z

C Z+7

[Ans.A=[B=NeandC=Nn]
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Ii#:'*'.fli:T#: :i"1Til1,'* 
erenreots havins atomi@

[Ans E.C ofthe elemenawiti Z = ta is tJ Zl Zp6 fl 32d. tt trelonss to
group lt aod 3rd period. Its valency will he z!ro.

E C. of ahe element wi ah Z = 26 is Lsz * 4f g2 3re gt 4r2. It helongs totth group ard 4th period. lts most common 
"nt"rr"l". o"" Z urt- li

,. 
il:s#ff:ff:rfearures of tbe tong form of the priodic rabte. In what respecr.ei" it .up".io. ,o

Scc. 4.1.
k) 4.13.

Src.l.lJ
1,, J.l ti

4' Define erectron gain entharpy. Describe the factors which determiDe the magnitude and sign oferecrron gain entharpy whatare the generar trends ofvariation oi"il"i.l, guro 
"ntrrurpies 

in periodic

5. Discuss thc trends in atomic sizes ofelements iD the periodic table.6. Explain what 

'ou 
uodershDd bv c.y,/alent rcdius, van der Vrhal,s radius, ionicradtus and atomic radius.Holv do thsy vary in a perioO anO in a group?

'Lqag r-RueE-tiens_.
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d.

l€6.

For a heteronuclear diatomic molecule (AB) io whjchlhe atoms A and B are linked by a single covalent

t-o,ii" ut.il""sth aA-B) is given by the following relatiom'

(i)When thc aro,,s A o./t'l B lrcve nearly the sune eleclronegotivit!'

dA-B = tA+ rg

whore rA and rB are the cwalent radii ofthe atoms A and B respectively'

(ii\Whcn ,he atons A ond B have different elecn'onegaivitiet'

d^-s = ra + rB - 0'09 (rA -rB)

whererA andrB are thc electronegativities of the atoms A and B respectively'

This relation was given by Sboeiisker ond Stevenson'

1ls2
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Q. l. ArrEtrge tbe elcEeDte ofs€roDd lroriod ltr older
of ircrrasing s€coril ionizatiou enthalpies.

Ans. The electronic configuration ofthe ions obt2iDed
after removal offirst electron ftom the elements

Tbe follou,ing cooclusioDs caD be drawn from the
above configuratioos :

(r) Li+ basroble,gas, viz, He gas coDfgurarion,
thetetorc, IE2 of Li is tlu highest in thi secon;
petud

(ii) Shoc iD B+, thc ele(troD has to b€ Emoved
ftom a more stable tully filled 2 ,{rbilal while in
Be+, it has to be lost from the less stable balf_
fillcd 2r.orbital and furthcrmore, tbe lcs of an

more stable Be2* ioo
on, theteforc, IE 2 oI Be

(iri) SiDoe less ellerry is requircd to remove an.r_
clectron thaE a p_elestron of the same eners/
level, therefore, morc enerry is required 6
remove a 2r+ledroo rrom B+ ltfzf; tnan a
2p+t:d:!n from c+ 1e2i2pr). In orher
wor6,IE, of C is lowcr tlut that'of B.

(iv) As rrye mo!r'e from C to N to O, the nuclear
cbarge_jncreases by one uoit at a dme, therefore,
their IE also increase accordingly. IIr othe;
words, IE 2 of O i.s higher thdL that of N which ilt
turn, it Nghet thqn thar of C.
(v)_ ID case of o+ (1s2 zr2 ?3) an electron is ro
be lost from an exac y half-filled Zp_orbitat bul. in
case of F+ 17,s2 ?tz 2pa) this is not so. However,
lGs of atr eleclroD ftom F+ gives an exacly half-
filled 

.2p.orbirat (i.e., P+ 62 Nz Zp3;;, rher"_
Iore, lE 2 of F should be lower thaa tiai of O.
(vi) Lastlydue ro highesr nuclear charge in the
znd period, IE, ol Nc is qcckd. a Le much
htgher than thdt of LL
From rhe above discussion, it follows that IEz of
the clements of2nd period increase in thc ordcr :Be<C<B<N<F<O<Nc<Li

Q. ?, The tirst iotrization eDergy of carbou atom ls
greater than that of boroh whcr€ss the reycrse
is true for the second iorization energy ExplalD.

(u.T 1989)

s_more pnetrating and hence is more stroDgly
attracted by the nuc.leus than a p-orbital, the;e:
fore, IE2 of B is higher than tbat of C.

Q.3. ArraDSg the foltowilg ious h order of ttreir
bcEositrg iodc ndii I

AEs,

y)^l!!: :b, ?-,: ?p6) ant a3+ 6i yz 2oe1
are soetectrodc ioDs and each one of these 

-hai

shells and Mg2+ and Al3* have two sbells each,
therefore, ioDic radius of K+ is the largest fol_
loned by Mg3+ and then Al3+.

due to an increase in charge ftom + I irl Li+ to
+3 in AJ3+, therefore ,the ionb rad u ofAl3+ is
lower han thot of Li+
Thut, the ionic radii ol these lour iol, increaec in*o*' 

__ 
* to.

_.._.1:,1,: /. Classtry ahe elements havirg stomic
EumDers as vetr balow iEto three seDarate pairs on thebf,6ls of sirDlhr cheuical propenies. cive brlef
erectmDlc explanatiotr : 9, 12, 16, 34, 53, 56.

(West Beryat I.EE. 2003,

c&s.r. -P.ll.T.
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12+8+18+18=5(r
16+18=34

clectrooic configuration is :

1szzs}2p63?3P6 3dro 4i2 4f .

Ibtal number ofd€lectrons = 10

Tbtal number ofP'electroDs = 6 + 6 + 6 = 18

'Ibtal number of r-elecfioDs = Z + 2 + z + 2

=8
.. Differeflce in total number ofP-aDd 

'€loctrons
= 18-8 = 10.

Thus, the inert 8as is kryPton'

7. Which of the follov/iDg combinatioDs contains ooly
1- ln loDffrom ofthe periodictablc the properties of
" 

iii" 
"Lh"nt. 

,r" , periodic funcli()n of lheir

(a) 8

(c) lt ('/) 16

3. Number of elemcnts Present iD thr' 3rd period is

(c) atomic mass (d) atooric number'

2. Total number ot vertical columns (grouPs) in the

loDg form ofthc Periodic table is :

(d) atomic size (b) bnizntion enerry

(D) 18

(a) 6 (b)32

(o) 6

isoelectronicsPecies I

(4) N3-, O2-, cl-, Ne (b) F- 
' 
Ar 

' 
S2- , cl-

tiofl ofenergY ?

(.r) Cl + e- - Cl- (D) o- t c- - 02-

(c)O+e--O- (d)S+e--s-'
10. Which of the fbllowing elements will have bighest

electron affiDit), ?

(c) 18 (d) 8'

4. The number of periocls in thc Pcriodic table is

(b)7

(c) 8 Gi) 10

5, The generaloutsr oleclronic conliguration of tran-

sitioD nletals is

' (o) [Rn] s/4 6r,4 71 1t'; 1tn1 -s1ra oa5 l'1 
-

i"i inrt srtn r"f r'o ('l) lttnl s/14 611 7'2 7P3'

(a) CsI

(c) LiF

(b) LiI
(d) CsE

12. Wbich of the follo ing rePresents mGt elcctro-

P6itivc element ?

l.d 2.h 3I/ t tt 3 d 6'd 7'c ll a 9'b 10' c

ll, tl

i4UETT UES.Tr,0,
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13. The correct order ofelectron aflinities is

22. ADongsl the following elemenis (whose electronic
connguratrcns are given below), the one having the
highest ionization ener$/ is ;

(a) lHel2.tr
(c) [Xe] 6sl

(b) [}]lelzs2
(d) [xel 6".

(a)O>S>Se
(c)O<Se<S

(a) 3
(c) 4

(a) to't
(c) 1

(o) zoh
(c) ,oZn

(o) K*
(c) CI-

(") M*+
(.) F-

(a1 nsz np3

(c) ni nps

14.

(6)O<S<Se
(d)S<Se<O.

(D) 5

(,t)2.

(D) 118

(d) tzo

(D ca2*
(d) s2-

(r) 02-
@) caz*

(\ tG npa

(rt)*z ,p6. (LI.T tgsot

(4) [Nel313pr
(c) [Nel 3r2 3p2

2& The corred order
eDerry is

(a)C>B>Be>

(r) [Ne] 3rz 3p3

(rl) lArl uro 41 apt.

t c.B. :i. E. Mt[.T. 1 e s 3 )

of decre€siog first ionisation

U (r)C>Be>B>Li

15. Which of the elemenh whose atomic numbers aregivel below cannot be accommodated in the
presert set-up of the long form of the p€riodic

14. The five successive ionizatioD eoergies of afl ele_
ment are 800, UZ1, 3658, Zs(rU afi 32.5U kl
mol-1 respectively. The number of valence
electrons is

23. The sotemerr that is not correcl ror ;ii,Jr::X:sificatioo of elemeoB is
(4) The properties ofelemeDls arc a periodic ilDG

tion of their atomic numbers.
(6) Non-metallic elemenls are less iD number thar

metrllic elements.

(c) The firsl ionizlion energies of elements along
a period do not \,lary in a regular manner witi
lncreasc in atomic number.

(d)

24. Which pair of atomic numbcrs represents r_block
clemenb ?

(a)7,1s O) 6,12
(c)e,17 @)3,12

(M. L. N-R. Alatnbad L 92)25. fion of ahe elemert which
with atomicDUmber43 in
is

@)G*zpcaP 3pa3a1 4z
(b) 1s2 ztz 2pG rt2 3p6 3dto 4$z 4ps

@) G z? zp6 tP 3pa 3fi aot

(q 13 2s2 2p6 X2 3pc Uto 4rr 4p6.

' ()rL!,.r-.F, Artzhntud tt).)2t
25. Whicb of rhe follou,ing traDsitions invokes maxi-

mum amouDt ofeEerry ?
(a)M-G)- M6) (D) MG)- M-6)
(c) Mr6;- Yz+6) @)M2+@)- M3+@).

27, ion
be

(a)G,Nzzpc,3sr e) tp ,xz zp6 ,z? 3pt
(q #,* ?p6, # 3p2 91 G, zi 4f,3.z.

16. An element of the 4th period which has maximunl
number ofuDpaired clectrons is

(b) zact
(d) :rtu

17. Which ot the following iso€lectronic ions has lhe
lowest lirst ionization eners/ ?

It. Which among the following species has the same
number o[ electrons in its outermost as well as
peDultimate shell ?

19. The towest fISt ionization enerEr would bc as_
soqated with which of the folloudDg strudurcs ?

(a) 1i 2s2 zp6 xt @) bz 2? 2ps
(c11s22J2 2p6 @) t-323 ?p6 313p2

(4) Booding bebaviour (r) EtectronegatMty
(c) Iooization ener&r (d) Neutrodprotor ratio.

tD.l.T Randd tgso\
21. Tbe outerEct eledronic configuraaiotr oftbe mosr

etec.tronegative elemeDt is

12. c 13. c 16. b
26. d

a
d

15. c
23. a

17. d
27. cl

22. b 23. d 24. lE. d 19, a ZO. tt 21. c
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(c) B > C>Be>Li (d)Be>Li >B>C
(A l'I'M'S' 199i)

29. Tick the correct order of second ionisation onerry

(5)O>F>N>C
(d)c>N>O>F

(u.P c.E.E. 1996\

sP€cies has the highest

(D) o
(d) Na+
( Har.Yn ru C' L' li'X, I 99 6\

configuration of Gadolinium (At'

(4) txol4f s/6f (b)

(c) [xe]4P sd5 tu2 (d) 
tssn

32. T]ne incorrect statement among the following !s -
ra) Tbe first iotrizaiion poiential of Al is less than

the first ionization potentialof Mg'

/b l The second ionization poieniialof Mg is Sreater
' ' ihao ttre second ionizaiion Poteniull of Na'

r.\ Tbe first ionization porcntial of Na is less ihan
' ' the first ionization poteotial of ME

/l\ The third iodzation potential of Mg is geater

than the third ioDization PotentialofAl'
(I-I.T 19en

poEntial (eV) of Be and B

(b) e-32,8 2e

(d)8.2e,8 2e

tc.lJ.s.E. LM.T 19981

36. Which of the follo$'ing element has thc maximum

electron affinity ?

in lhe following:
(a)F>O>N>C
(c)O>N>F>C

30. Which of the following
electron affinity ?

(4) F-
(.) o-

31. The electronic
No. 64) is

33. The lirst ionization
resPectively are

(a) 8'29,9 32

(c)9'32,9 32

(a) CsF

ioniu tion Potential ?

(a)1122?2P4

G)1?2?2P6ss1

(c) Lead (d)'fil t t'"1 !! )

38. Which of the following remaios unchaDged orl des-

cendi[g a Sroup in the Periodic table

(d) valence electrons (b) Atonlic size

(c) Density (d) Metallic char ter'

39. The radii of E F-, o and 02- are in the order of

(o)02-, F- > F> o (b)F- > C)2- > F> O

(c)02- > o > F- > F (d)02- >F- > o > F'

40. Which of the folloMDg has maximum ionization

(b) Br
(d) E

(c.R.s.l,. Pl,l.I: t 999)

3?. Which of ttle following is most eleckoDegative ?

(a) CarboD (D) Silicon

(b) K
(d) Ms

t.l.!-l.M.S. l9e9 \

41. The ionic radius of 'Cr'is minimum in which of ihe

followins comPounds 'l

(4) Krc;o4 (b) crF3

(c) cro2 (d) crcl3'

illarytm( l l l i t't"

42' The sPecies isoelectronic witb CN- ion is

(a) cl
(c) I

potential ?

(a) Be

(c) Na

(a) Fz

(c) si

(b) oz

@q-.

34, e following iooic com-

the maximum distance

and anions'

(b) CsI

(Hdr)\tt14 ( 'lt'lt 1: Il'9\

44. The eteatron afiniues of halogoDs are :

F = $2" A = *9,8r = 324,1= 295 kI mol-l'
m" t igft"t *fr" f- O as comPared to that of F is

due to
(d) Higher atomic radius of F

(b) Smaller eEcrroDegatMty of F

(c)LiI (

'{"8 \E I'11T I &KC'E7:2001)

35. Which of the following co[fiSuratioo rePreseots--' 
"i"rt 

oitt" element 
-having the hiShest secord

(b)1s22?2p6
(d)182232P63s2'

0h. ll .T 1e91t)

30., 31. ,
40, c 41, s

3Lb 33.b
42. c 13. b

37. a
2A. b 29. b
3E, a 39. d

34, b
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(c) Wbaker electron-electron repulsion in Cl
(d) more r?cantp-sub6hell in CI. t\D.C.l;. 199s.1

45. Among the following groupings, which represents
the collection ofisoelectronic species ?

(a) No+, C;-, cot, co
(6) N2, q-, co, No

(c) CO, NO+, cN-, C;-

(d) NO, CN-, N2, Ot. ,(.Lt \ t::. ey.l: 2ot)/j)
45. Electronic configuration of most electronegarive

element is

(o) 7 sz zsz zp6 3 s1 (b)tiz]zp63i3ps
(c) 1$2 2 12 2p5 (d) 1 s2 2 s2 2 p6 3 s2 3 p6 .

LtI:;. B.H.U. 20A0t
47. The bond lengrh in LiFwillbe

(4) Le&s than rhat of NaF
(b) Equal to thar ofKF
(c) More thar thar of KF
(d) Equal to that ofNaE jC p.tll:200t))

4E. The correct seque[ce ofatomic radiiis
(a)Na > Mg > AI > Si (r)At > Si>Na>Mg
(c)Sr>Al >Mg>Na (d)Si> Al>Na>Mg.

t(.1!U.I:2000)
49. The first ionization eners/ will be maximum for

(a) Uranium
(c) Lithium

(b) Hydrogen
(d) IroD-

(C.l!lI.T 2000; lV.PC.E.E. 2()001
50. Whicb of the following has teasr electron affinity ?

(c)I+>I->I (d)I->I>I+
\.c.R.s.8. t!]t.T 19e7 lt|.p. (..L.t:.2at)0)

54. The ionic radii of N3-, O2-, F- and Na+ fo ow
the order :

(o) N3- , 02- > F- > Na+

(b) N3- , Na+ > Ctz .l'

(c) Na+ > 02- > N3- > F-
(d)C2-rF->Na+>N3-.

(,t7. I P :,1.'t: ! 9 e tl, 2 0 00 )

55. The first ioniatioD ener$/ of Na, Mg, A.land Si are
in the order
(a)Na < M8 > Al < Si (b) Na > Mg > At < Si
(c)Na> Mg>Al >Si (d)Na<Mg<At<Si.

fiI.PPAr.r 20t)0\
56. What is the maximum number of electrons which

can be accommodated in an atom io which the
highesi principal quantum number is 4 ?

(?) lo (D) 18

(c)36 (d) 54. t1 1,1,11 1 1,1,1t1

57. The frst ionization energy for Li is 5.4 eV and
electroD affinity of Cl is 3.61 eV The AH (in
kJlmol) for the reaction,

Li (8) + cr G) + Li+ 1g1 + ct- 1g1,

iftbe resulting ions do not combinewith each other
is1tcv-16xlo-leJ)

(r) 1m

@)no.
(M.PPM.7.2000

5t. Which of the follo\dng is the smallesl cation ?

(a)'7o
(c) 170

(b) Argon
(d) Boron.

tA.IiM.C.200()t
51. Which ofthe follo\ving pairs is isoelectrooic ?

(D) Na+ and Ne
(d) Mg and Ne.

(a.8M.C.2000)
The elements inwhich 4r{rbitals are pro$cssively
Iilled in are called as

(a) Actioides (D) TtaDsition elements
(c) Lanthanides (d) Hatogens.

lHarya a (;. E E.T.2000)
Which one of the following is correct order of rhe
size ?

(qMf+
(4 At3+ .

ill.PI:M. [, 200t)\
59. T}ie conect stateme[t about d-block elemeDts is

(a) they are all merals
(D) tbey showvariabte yalency

(c) they form coloured ions and complex salts
(d) all the above statements are correcr.

t \l.Pl!tl 1: )t!a|,
60. The conect order ofradiiis

(4) Orygen
(c) Nitrogen

(a) Ar and Cl

(c) Na+ and Mg

(a) Na+

(r) C^2+

(a)N<Be<B
(c)Na<Li<K

(6) F- < 02- < N3-
(d) Fe3+ < Fe2+ < Fe4+

52.

44. c 45. c 4Gc
54. d 55. a 56. c

47. a 4E. a 49. b 50. 
' 

51, b
57. c SA. d 59, t 60. ,
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61.

62.

The set representing ihe correct order of first

ionization Potential is

(a)K> N,r > Li (b)Be > Mg > Ca

(c) B > C > N (d) Ge 
"' i,|,. .rr, ,

The correct order of Ist ionization potential among

following elements Be, B, C, N, O is

(a)B<Be<C<O<N
(b)B<Be<C<N<O
(c)Be<B<C<N<O

63. The atomic radius i[creases at w" move do$/n a

group because

(c) effectivo nuclear charge incf,easca

(6) atomic mass itrcreas€s

(c) addidve electroDs are accommod8ted in new

electron lwel
(d) atomic Dumber incre

t'tilnadu C ET 2ltAI)

64 The first ionization Potential of Mg, Al, P and S

folloqa the order :

(a)Mg<Al<P<S (6) AI s

(c)Al<M8<s<P (d) M P

001)

65. Eka-aluminium and Eka{ilicon are known as

(a) Gallium and Scrmanium

6.
block ?

(d) l (b) p

(4) caz+, cs+, Br

(c) N3-, F-, Na+

70. 'l}lc rons o2-, F-, Na.l-, M82r 'ncl 'N3+ are

isoalectronlc. Their lonic radii show

(a) l stgnilicant increase from 02- lo Al3+

16) a signilicant decrease fronr 02- to Al3+

(c) an increase from 02- to F- and then decrease

from Na+ to Al3+

(d) a decrease from 02- to F- and then rlcreasc

rionr Na+ lo Al3+

71. The ioniu radii of isoelectronic species N3-' 02-
and F- in A are in the order :

(a)136, I40, 171 (b) I36, 171 140

(c) 1'71, 1 40, 1 36 (d) 1 71, 1 36' 1 40

72. The arrangement of decreasiog sizes of H+, H-
al]dH$

(d)H+>H>H- (b)H>H->tl+
(c)H->H+>H ta]u- >u1u+

73, Arrange the following in proper order of size

(a)Mg < Si < Al < P (6)P > Al > Mg > Si

(c)Al < Mg <Si < P (d)Mg < Al > Si > P

74. The highly metalliceleorent willhave the configura-

tion of
(o)2,8,7
(c) 2, 8, 8, 1

(r) 2, 8, 8, 5

(d)2,8,2

(b) Na+, Ca2+, Mg2+

(d) Be, Al3+, cl-
(l.l li.li.li. )'4)-l

(c)tt @)I
67. Identify ttre le6t stablc lon amon

75. For electron affinity of halogeDs which of the fol-

lowin! is correct ?

ra)B;> F (D)F>cl
i.j ar, ct (d) F > I

76, Lanthanoids are

Id) l4 elen'lelrls in the sixth period (atomic no =90
lo 103) thal are filling 4l-sublevel

(6) 14 elements in rhe sevenlh period (atoolic no

= 90lo 103) that are llllin8 5f-sublevcl

(c) 14 elements in lhe sixlh period (alonlic no =58
to 7l ) that are fillinI 4/'sublevel

fr1) l4 etenlents in (he seventh period (atomic nt)'

= 58 to 7l) thal are filling 4/-sublevel

(a)Lt- (b) Be-

(c) B-
6& According to Periodic

tioD iD ProPerties of el

(a) nucle€r neuron-Proton number ratioc

(c)

6' srol
sPecl

Br = 35)

61, b
71. c

62. a 63, c
12. .l 13. .I

LUET<S
66. o 67.b 6A..1
76. c

69, c 10. b
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77. Ionic radii are

(a) inwrsely proponiooal to efieclive nuclear ciarge
(D) inversely propordooal ro square of effcctite

nuclear charge

(c) dircdly proportional to effective nuclear ciarge
(d)directty proportionat to square of effectiye

lruclear charge t.it\l-t\t.] .-
7& Which of the follo*,ing has highest value of ionic

radius ?

81, The clementswith atomic numbers 9, l?,35,53,g5
are all
(a) noble gases

(c) heary metats
(D) halogens

(d) Iight rnerals

(b)f>d>p>s
(d)

.2001
(o) u+
(") o,2-

(6) 83+

(d) F-
79. The formatioD of the oxide ion 02- 19; requires

Iirst an exothermic and then an endothirmic step
as shown below :

o G) + r-* O- E); AH. = - 142kJrnol-r
O- (g) + c- 

- 
02- 19;; aa" = + 844 kJ nrot-l

This is because

(a) Oxygen is more electro[egative
(D) o)rygen has high electron afliDiry
(") O- *itt tend to resisr rhe addirion of another

electron
(d)O- ion has comparatively larger size than

orygen atom.
EO. Which-one of the follol ng sers otions represents

thc mllection ofisoelectronic species ?

(4) K+, Caz+, SC+, Cl-
(D) Na+, Caz+, sC+, F-
(c) K+, ct-, M82+, sC+
(d) Na+, Mg2+, Aj3+, ct-

i1 ii".i-i-::,. i:.:.

82. In a gi/cD shell, lhe order ofscieeoiDg effect is
(o)s>p>d>f
(c)p<d,<t<l
(e)f>p>t>d

t3' Considrr rhc ions: K+, S2-, CI- and Ca2+. The
raox ol these ionic species follo$, the ordcr:
(a) Ca2+ > K+ > Ct- > s2-
(6) Cl- > Sz- > K+ > Ca2+
(.) Cu2+ , Cl- > K+ > 52-
(,i) K+ > s2- > ct- > caz+
(e) 52- > Cl- > K+ > Ca2+, i', r,, t ( t: r, )t)t,j

E4. Which of rhe follotring have Do u[it ?
(a) clcctroncgarivity (b) elecrron afhnity
(c) ionisarion encrry (d, *"i",,:l 

f:irli::.
t5, The last ei(:crron of the ?_block, in the present

periodic labtc cin be represented by contiguratioD
where In] represents inen gas

(a)ItnlTP 7p6 (b) Itnl7s2 5f 1 6dto ho

6. In heavier elements, HuDd,s rule is not alwa)6 fol-
lowed.

t. Since lhe size of K is larger than K+ fl .34 A) and
rhar of F is smalter than rhar of F- (l.t A),
therefore, optioD (o) is conect.

9. The second electron aflinity of an element is nega-
trve, re, energy is absorbed.

11. For ratio of anion size to catioD size to be lowest,
anion should be smallest (F-) and catioo ro be
biggest (cs+), rd , option (d) is correct.

14. IE abruprty increases (ria IEo > > > I%) wben an
electron is knocked out from the noble gas core.

(c) Url 6i2 fl4 5d10 6p6 (.r) None of these

E6. Ha is an alphabetical slmbot for
(a) HafniuDr (D) Hassnium
(c) Hahniuor di Hetium

ole
I5. Front z-= l2l s.138, rhe filtiog up of g. orbitals

oe€tns Iorr\hrch lhcre is no provision in he pres€nr
set-up of thc prriodic table.

17. Bigger rhe size, sma er rhc LE.

l& Ca2+ = 2,8, S.

22. B:th (h) irrr(l (l) have simitar fiacily half.filled
elc(tronr r,.ntiSUratron, bul rhe slzi of 1af is
snlaller lhal rhirt of (d,

ll2. a 3.!. r
77. a 7t. c i9. c t0. a al, b E4. a E5. c t6. c

Choice Q.uesLions
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29. IEz of O is higher than that of F because in case of

(). the second clectron has lo he renloved from fl

more stable completely hrlf-filled electronic con-

frguration,ia, O+ 1t s2 2s2 2Ptr}ptyzPbwnnein

case of E this is lrot so, ie- F+

(1 !7 2? 2p?,2 Ply? lt.\ r "ite^d removal o[

a[other electron from F+ giles a rnore stablc

conrptetely half filled electrooic cortfiSuration' 
' 
a'

rt+ 0 ,2 2s2 2 P:Z Ptyz plr).

30. Energy is released t hen an electron is added to O--' 
Urt 

"ln"tg, 
has to be spent when an electron is

added to o-, F- and Na+'

J1. The tilling of4 f-shellbegins onlywhen one elcctron

has alreaiy been added to 5 d-orhital'

32. lEz of Na in case

ofNa, the d fronl

the noble (wal of

second electron gives a nobe gas corc'

33. Be has higher IE, than B.

]4. Bi8ger the sizc of ions, larger is lhe distance be-

t\I'eeo the ccntres of their nuclel'

3t, Each SrouP has a fDGd number of valence elgctrons

39. The size ofOz- > F--and lhat ofo > E Therefore'

t}le o'r'erallorder is: Oz- > F- > o > F

40. Because of smalles! size, Be has the highest ioniza-

tion Poterltial.
41. Anrongst lqcroa, GF3, Cro2 and CrCl3, Cr has

lhe maximum oxidation number of + 6 iD

*rcroo ano trence tras thc rtrinimum ionicmdius'

42. CN- and Si both have 14 electrons'

43. In aoy period, r-block element has tbe largest size'

45. Allthe specieJ have 14 electrons'

46. F O sa 2 t2 2 Ps ) is I hc n]ost electroDegativc clenlen t-

47. Due lo smaller size ol Li tban Na ot K, LiF has

smaller bond leogth than NaF and KE

4E, In a period, atomic radii decrease from Ieft to rigbt'

49, Beiog smallest, hrdrogen has thc maximum IE1'

50. Inert gascs have zero clectron-affinity'

s1, Both Na+ and Ne have 10 electroos each-

s6. I s2 2 rz 2 p6 3 sz 3 p6 3 4to 4 57 4 p6' 36'

57. AH =(s.4 -3 6r) x (1 6 x lo-leJ)

x (6 023 x roz3;x10-3 = 1?2 5 kJ rnol-1

61. Witbin a grouP IEt decrease6 ftom top to httom'

62. Because of sxtra sEbility of exacily half-filled

electroflic conf,Euration ofN, its IEr h higher than

thnt of O. Furthet because of higher nuclear

charge, tE1 of C is higher thao that of Be and B'

Amongst Be and B, tbe IEr ofBe is hiSher than that

of ot Be a 2 J-clectron is to

re of B a 2P-electroD is to be

i. "ralt 
order is (a) ie , B < Be

<c<c)<N.
63. As th€ Dumber of shells iocreases, atomic radius

incl ea.ses accordiIlgly.

64. Because of extra stability of exactly hau-filled

electronic coofiguration of P ir IEt is hiShet thaD

that of s. Further the IEr of Mg is higher thaD that

of Al because in case of Mg, electroo is to be

removcd from a 3 J{rbital while in case of Al, ihe

electron is to be removed from a 3P'orbital Thus'

option P is conect'

67. Be has (2r2) and tberefore

shcnra I an extra elecfton to

lbffl Be-

ADDITIONAL ITfrSTT.

Aeaeracion-Reaeon Type Oleetione
T-he qucstions ertlotr' ln column I nnd thG'Resson'ln column 2' Use the follovitlg

coson ls tbe CORRECT GxPlsnation of the assertlon

on is NOT the CORRECT explanadon of t}!e assertion'

cT.

ECT.
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7.

t.

9.

10.

2. Each series ofd-block contains ..... elemeob.
3. The lirst ionization enersr of N is ..-.. than rhat of

O while thesecond ionization eDer$/ of..... is higher
than that of .....

4. The radii of Fe, Fe3+ and Fe2+
order. ....

5. In the second p€riod, the most €lectroDegative and
electropositive elements are........ and ...... respec-
tively.

6. The general outer 6hell electronic cooliguration of
/-block elements is .... .

9. Wben an elcclron is added to a uninegative ion,
eDerry s ..... .

10. AD clementwhich lies right abde and belc, Cd in
the preiodic table are .... and .... respectively.

decrea-se iD the 11. On thc Pauling electronegativity scate, the element
next to F is .... . (Roorkee 19E9)

12. Caz+ ion has a smaller radius that K+ because it

The last electroD eters the l-orbital.

Ionic radius of aluminium is smaller thaD rhar of mag-
ncsium. (A.I.I.M.S. 1994)

NO+ is isoelectroDic with N2. (4.1.1.M.5. Igen

u.r.r.M.s. 1997)
IoDizarion porenrial is as foltows : * . 

?o.].].r.r. ,rrq
Additional electrons are repelled Dtore effe ctively ty 3 p-
electroDs in Cl than bv 2p-electrons in F atom.

(I.I.T 199E)

The electrons are lost from 4,r-orbital to form Znz+.
2p-orbital is lo$,er in energy than 2 J-orbital.

(I.I.T 2001)

has (I.r.T. t9e3)
13. The radioactive series consisting of man-made ele-

ments is called ..... elsments.

(A.I.S.B. 1996)

Assertion (colrm[ 1)

The iolizatioD ofr-electrons requires more enerry
than that for the ionizatton ofp-electrons of rhe
same shell.

When traDsition n]etal ions ionize, the 4 .r-orbital
electrons are ionized before the 3 d-orbilat electrorrs.

Helium and beryllium have similar outc. electronic
contiguration of tbe typc , 12.

The element with electronic configuration

lxelsl 4f 5d1612 is a .r-btock etemenl.

The first ionization energy of aluo]inium is lower
than that of ntagnesium.

Bolh N2 and NO+ are diamagnctic substances.

ElectroD atfinity of orygen is less rhan rhat of
Iluorinc but greater tba[ thal of [itrogen.
F atom has a less negative electron affinity than Cl
atom.

zn- ' rs dtamagnetlc.

The first ionization energyofBe is greater than that
of B.

Reosot! (colupr 2)
J-Electrons are closer lo the nucleus tbaDp-electroDs and
hellce are more strongly attracted by the nucleus.

The eoer$/ of 3 d-orbital clectron is lower than that of
4 r-orbital electrons.

Both are chemically inert. (A.I.I.M.S. 1991)

TruelFalse Statemente

1

4.

An elenent with atontic number 47 is a transition
element.

The second period contaios 8 and the third period
contains l8 elen]eots.

The size decreases as Cu > Cu+ > Cu2+.
The Iirst ionization ener$/ of N is lower than that
of oxyge[.

5. SecoDd electron affiDity is always negative.
6. There are seven periods and eighteen groups in the

periodic table-

7. The size of CI- ion is smaler (han that ofs2- ion.
t. The decreasiDg order of electron affioity of E Cl,

BrisF>Cl>Br.
(I.I.I 199i)

Fill ln The Dlanks
1. Ar, elementwith atomic nunrber 35 belongs ro..... t. valency of ap-block elen]ent is equal to eight.....block. rhe nuntber ofetectrons prescot inthe -.... s[ell.

7. Among the isoelectroDlc ioos, the ionic size io- 14. The clectrooic configuration of atoms and
creases as the ..... charge on the ion .... . ...........provide a basis foi periodic classification.

6.
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Pradeep's

M atchinO Ty ? e Q.u estlons
Match tlrc item.g in cofumn I with those in columrr ll

Column I
1. Horizontal rows

2- Elements with electronic mnfiSuration a"^2 rPl-6
3. M(g) + EnerB/......... M+ g; + e -
4.X(g) + s- 

- 
X- G) + Eoergy

5. Electrons present in the outermost shell

Column II
(a) Ionization ener$/

(b) valence electrons

(c) Blectron affinity
(d)p-Block elemcDts
(e) Periods.

1. (a\ z. (a) 3. G) a. (e) s. (b) 6. (a) 7. (c) E. (c) r. (D) ro. (c)'

THUE,/FALSE STATEMENTS

l.Ttue2.False,bothcontain8olenrents,3.Ttue4.Fhlse,firstionizationenerslofNishiSherthao
that of O 5. Ttue 5. ltue 7. Ttue E False, Cl > F > Br.

FILL IN THE BLANKS

1.p- 2. ten 3. hiSher, oxySer, nitrogen, 4. Fe > Fe2+ > Fe3+ 5. Fluorine and lithiu m 6' 1n - ) f-ra
6 - y a0- | n?.7. negative, iocreases E. minus, valence 9. absorbed l0' zinc, meroury 11' qxygeo

i2. higher ouclear charge 13. transuranic 14. aufbau principle'
, MATCHING TYPE OUESTIONS

1 . (") z. (d) 3. (a) 4. (c) s. (b).

HINTS/EXPLANATION9 to

3. Coned ftawh : Nll,ough He and Be have siolilar

outer eiectrol]ic corEgulatiorl of thc type rr2, only

I{e (1$2) has inert 8as confiSuratioo afld henco is

chcmically irert bu t Be (l s2 2t2) does not have inert
gas configuration alld hEttceis l1ot ct]emic{lly inert

L:o\ect os.tcflion. Ba(OH)z is more ba$ic thar

NIg(OI I)2

Con'ect ftn\ort : Becaust of lower IEl of Ba than

that of M8, Ba(OH)2 ionises to a grester o.tent

rhan that o{ Mg(OH)z .nd heDce BB(OH)? is ol

1.

stroogcr base thtrn Irlg(OI-I)2


