Classification of Elements
and Periodicity in Properties

The need for classification

The present form of the periodic table

Types of elements : s-, P, d- and £ blocks.
Periodic trends in properties :
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SECTION -1
PERIODIC TABLE

4.1. General Introduction— Need

for Classification of Eilements

Before the beginning of eighteenth century,
only a few elements were known. Therefore, it was
quite easy to study and remember the properties of
these elements and their compounds individually.
But gradually this number went on increasing and
now as many as 112 elements, either natural or
synthetic, have been discovered. It thus became
rather difficult to study individually the chemistry
of these elements and millions of their compounds.
At this stage, scientists felt the need of some simple
method to simplify and systematize the study of the
properties of various elements and their com-
pounds. This necessity led to the classification of
various elements into groups.

Although every element is different from
every other element, yet some elements have cer-
tain similarities. Based upon these similarities, the
scientists after numerous attempts were ultimately
successful in arranging the various elements into

The significance of (£ Mendeleev’s periodic law, (i) Atomic number and periodic law

The UPAC nomenclature of the elements withZ > 100
Electronic configuration of the elements and periodic table.

jonization energy, electron affinity, atomic radii and valency.
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groups or chemical families in such a way hat
similar elements were grouped together and dis-
similar elements were separated from one another.
This arrangement of elements is called classifica-
tion of elements and this led to the formulation of
a periodic table. Thus

s

Periodic table may be defined as the table which

separated from one another.

4.2. Historical Development
of the Periodic Table :

In 1808, John Dalton proposed his Atomic
Theory. According to this theory, atoms of one
clement can be distinguished from the other on the
basis of their atomic weights. Thus, all earlier at-
tempts on the classification of the elements were
based upon their atomic weights.

1.. Doebereiner’s Triads. The first attempt
towards the classification of elements was made by
J. Doebereinér, a German chemist in 1817.
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He arranged similar elements in groups of three and showed that the atomic weights are either nearly the
same or the atomic weight of the middle element is approximately the arithmetic meuan of the other {two. These
groups of three elements are called Doebereiner’s Trinds, :

Some examples of these triads are

Iron

1. Triad Cobalt

At wi, 5585 58-93
2. Triad Lithium Sodium
Arowi 7 23

3. Triad Chlorine Bromine
At wi. 355 8¢

4. Triad Calcium Strontium
A ow, 40 87-5

Nicke)
58-71 Atomic weights are
nearly the same
Potassiem Mean of 1st and 3rd
7+ 39
39 P Sy 23
Iodine
127 M =81.25
Barium
137 &;—E =885

The major darwback of Dobereiner’s classification was that the concept of triads could be applied

only 1o the limited number of elements.

2. Telluric screw (or Helix). The first real periodic classification, in the sense in which the term is
now uscd, was the Telluric screw (or Helix) proposed by de Chancourtois in 1862. The underlying concept
15, however, complex and is beyond the scope of this book.

3. Newlands Law of Octaves. In 1865-66, an English chemist, John Newlands observed that

When the lighter elements are arranged in order of their increasing atomic weights, the properties of every
eighth element are similar to the first one like the eighth note of a musical scale. This generalization was

named as Newlands Iaw of octaves.

For example, consider the following elements :

Sr. No. 1 2 3
Element Li Be B
Sr. No. 8 9 10
Element Na Mg Al
Sr. No. 15 16

Element K Ca

Thus, sodium, the eighth element is similar to
lithium and so is the next eighth element potassium.
The same is true of beryllium, magnesium and cal-
cium ; boron and aluminium and so on. In the
beginning this idea was not widely accepted and
was actually ridiculed. However, his work was
recognized much later by the Royal Society, Lon-
don by awarding him the Davy Medal in 1887.

This generalization was also discarded since
it could not be applied to elements having atomic
weights greater than that of calcium, ie. 40 am.u.
Furthermore, with the discovery of noble gases, the

C N (0] F
11 12 13 i4
Si P s L&

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

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

He plotted a graph between the atomic volumes
{gram atomic weight divided by density) and
alomic weights of the elements and observed that the
elements with similar properties occupied similar
positions on the curve (Fig, 4.1).
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FIGUBE 4.1. Lother Meyer’s atomic volume curves.

For example,

({) The most strongly electropositive alkali metals
(Li, Na, K, Rb and Cs) occupy the peaks on the curve.

(i) The less strongly electropositive alkaline
earth metals (Be, Mg Ca, Sr and Ba) occupy the
descending positions on the curve.

(i) The most electronegative elements Le,
halogens (F CI, Br and I) occupy the ascending
positions on the curve.

On the basis of these observations, Lother
Meyer proposed that the physical properties of the
elements are a periodic function of their atormic weights.
He arranged the then known elements in the tabular
form in order of their increasing atomic weights.

It may be pointed out that the general pattern
of the curve remained the same when atomic num-
bers were plotted in place of atomic weights as a
result of later developments.

1.3. Mendeleev's Periodic Law:

In 1869, Dmitri Mendeleev, a Russian
chemist, used broader range of physical and chemi-
cal properties to classify the elements.

He mainly relied on the similaritics in_the
empirical formulae and propertics of the com-
_pounds formed by the elements. On the basis of
these similarities, Mendeleev proposed his Peri-
odic Law. It states that

_~The physical and chemical properties of elements

- are a periodic function of their atomic weights, i.c.
when the elements are arranged in order of their
increasing atomic weights, elements with similar
properties are repeated after certain reguler inter-
vals.

Although both Lother-Meyer and Mendeleey
working independently reported very similar
results, the credit for designing the Periodic Table
is usually given to Mendeleev because he was cer-
tatnly the first to fully recognize the significance of
periodicity of properties of elements when ar-
ranged in increasing order of their atomic weights.

ments in order of their increasing atomic weights,
grouping together elements with similar properties
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and leaving out blank spaces wherever neces- ary.
He also made the bold prediction that there vere
some unknown elements which, of course, would be
discovered in due course of time and would fill
thesc blank spaces. He even predicted their
properties in the light of the properties of the other
clements in the same group. Later on, these un-
known elements were discovered and were found
to possess exactly the same propertics as predicted
by Mendeleev. For example, both gallium and ger-

O L e D R g A

TABLE 4.1. Comparison

manium were not known at the time Mendeleev
proposed his periodic table. Mendeleev named
these elements as eka-alwninium and eka-silicon
because he believed that these would be similar to
aluminium and silicon respectively. These ele-
ments were discovered later and Mendeleev's
predictions were found to be remarkably correct.
For example, the properties of ekasilicon as
predicted by Mendeleev and those found by
Winkler for germanium are given in Table 4.1.

of the properties of cka-aluminium and eka-silicon as predicted by

Mendeleev and those found experimentally

PROPERTY Eka-aluminium (M) Gallium ¥Eka-silicon (M) Germanium
(predicted) {Found) {predicted) {Found)
Atomic mass 68 70 72 72-6
Density (g cm ™) 59 5-94 55 5-36
Melting point (K) Low 303-2 igh 1231
Formula of oxide M,04 Ga,0, MO, GeO,
Formu!a of chloride MCl, GaCly MCi, GeCly

44.1, Characteristics of Mendeleev’s Peri-
odic Tabte, Mendeleev’s periodic table consists of :

(i) Eight vertical columns called groups. Thesc
are designated as I, I1, 111, IV, V, VI, VIl and VIIL
Except for group VIII, each group is further
divided into two sub-groups designated as A and B.
The elements which lie on the left hand side of each
group constitute sub-group A while those placed
on the right hand side form sub-group B. This
sub-division is made on the basis of the difference
in their properties. Group VIII contains nine ele-
ments in three sets each containing three elements.
Group zero consists of inert gases.

(i) Six horizontal rows called periods. These
are numbered from 1 to 6.

4.42. Significance of Mendeleev's Periodic
Table. Some important contributions of the
Mendeleev’s periodic table are listed below :

1. Systematic study of the elements. The
Mendeleev's periodic table simplified and sys-
tematized the study of the elements and their com-
pounds since their properties could now be studied
as groups or families rather than individuals. Thus,
knowing the properties of one element in a group,
the properties of the other clements in the group
can be easily predicted.

2. Prediction of new elements. At the time
when Mendeleev's periodic table was formulated,
only 56 elements were known. Therefore, while
arranging the elements according to their proper-
ties, Mendeleev left some blunk spaces or gaps.
These gaps represented unknown elements. Fur-
ther, Mendeleev predicted the properties of these
unknown elements on the basis of their positions.
For example, he predicted the propeties of gallium
(eka-aluminiwm) and germanium (eka-silicon)
which were unknown at that time. Later when these
elements were discovered, their properties were
found to be similar to those predicted by Men-
deleev (Table 4.1).

3. Correction of doubtful atomic weights.
Mendeleev's periodic table has helped in correct-
ing the doubtful atomic weights of some clements.
For example, beryllium was assigned an atomic
weight of 13- 5 on the basis of its equivalent weight
(4-5) and valency (wrongly calculated as 3). I
beryllium has an atomic weight of 135, it should
have been placed between carbon (atomic weight
12) and nitrogen (atomic weight 14). But no vacant
place was available in between Cand N and further-
more properties of beryllium did not justify such a
position. Therefore, valency 2 was assigned to
beryllium which gave it an atomic weight of
4-5 % 2 = 9 and it was placed at i:. | roper position
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MENDELEEV’S PERIODIC TABLE"r
GROUPS—> I 11 III IV A% VI VII VI ;
Formulac R,0 RO R,0, RO, R,05 RO, R,0, RO,
of Oxides o
Formulac RH RHZ RH3 RH4 RH3 RH2 RH
of Hydrides
} PERIODS A B | A B|a B |A Bl A B |A Bla B
1 H
1-008
2 ,Li 4B sB «C N Xo) oF
6-919 9012 10-81 12-011 14-007 15-999 18-998
3 nNa 12Mg 1381 1451 1sP 165 17¢1
2299 24-31 26-98 2809 30-974 32-06 35453
39102, /45 40-08 44-95 4790 5094 52:00 54-94 | 55-85 58-93 58-71
29Cu 3023 Z = 33AS 15¢ 3sBr
63-54 65 b -2 74-92 78-96 79-909
5 37Rb 3831' 39Y 4021’ 41Nb 42M0 43TC 44Ru 45Rh 46Pd
85-47 87-62 85-91 91:22 9291 9594 (99) | 10007 10291 1064
4748 45Cd | goln soSn 515b s21e s3l ™
107-87 112-40 | 11482 11869 121-75 127+60 126-90
132-90 137-34 : 57 17849 180-95 18385 1862 | 190-2 192-2 195
79AU ‘sotg Tl 1389 1 ¢,Pb g3B1 gabo = =
196-97 200-59 [ 81 207-19 208-98 210)
20437

TAtomic numbers of elements are given on the left hand lower corner of their symbols while atomic weights are given under their symbois.

S311H3d0Hd NI ALIDIAOIH3d ANV SINIWITE 40 NOILYOIHISSY1D
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between lithium (atomic weight 7) and boron
(atomic weight 11).

443, Defects in the Mendeleev’s Periodic
Table. In spite of many advantages, Mendcleev's
periodic table suffers from many serious defects.
Some of these are discussed below :

1. Ancmalous position of hydrogen.
Hydrogen is placed in group IA. Howcver it
resembles the elements of both the group TA (alkali
metals) and group VII A (balogens). Therefore, the
position of hydrogen in the periodic table is
anomalous or controversial.

2. Anomalous pairs of elements. Some ele-
ments with higher atomic weight precede the ele-
ments with lower atomic weight. For cxample, Ar
(at. weight = 39-9) precedes potassium (at. weight
= 39-1}; Co (at. weight = 589) precedes Ni (at.
weight = 58:7) and Te (at. weight = 127-6)
precedes I (at. weight = 126-9}. No justification
has been provided for this ambiguity.

3. Position of isotopes. Isotopes arc the atoms
of the same eclement having different atomic
weights. Therefore, according to Mendeleev’s clas-
sification, these should be placed at different places
in the periodic table according to their atomic
weights. For example, isotopes of hydrogen ie.,
protium, deuterium and tritium with atomic
weights 1, 2 and 3 should be placed at different
places. However, isatopes of an element have not
been given different places in the periodic table.

4. Some dissimilar elements are grouped
topether while some similar elements are placed in
different groups. For example, alkali metals such as
Li, Na, K ete. (group LA) are grouped together with
coinage metals such as Cu, Ag and Au (group 1B)
though their properties are quite different. At the
same time, certain chemically similar elements likc
Cu (group IB) and Hg (group II B} have been
placed in different groups.

5. Position of elements of group VIII. No
proper place has been allotted to nine elements of
group VIII which have been arranged in three (ri-
ads without any justification.

4.5. Atomic Number and Modern Periodic Law

In 1912, Moseley, a young English physicist
measured the frequencies of X-rays emitted by a
metal when bombarded with high speed elecirons.
He discovered that the square root of the frequency
(v) of the prominent X-rays emitted by a metal was
proportional to the atomic number and not to the
atomic weight of the atom of that metal

ie, _ Vv=a(Z-b)

where ‘@ is the proportlonallty constant and
b’ is a constant for all (he lines in a given series of
X-rays.

_Thus, a plotof Vv versus Z gave a straight line.
This Ted Moselcy 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 of classification of the elements.
This forms the basis of the modern periodic law.
Thus,

Modern periodic law states that physical and
chemical properties of the elements are u periodic
function of their atomic numbers, ie., if the ele-
ments are arranged in order of their increasing
atomic numbers, the elements with similar proper-
ties are repeated after certain regular intervals.

Theoretical Justification of the Modern peri-
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 of protons
and neutrons in the nucleus whereas atomic num-
ber implies the number of electrons in the ex-
tranuclear part or the number of protons in the
nucleus. Now, the chemical properties of the ele-
ments depend, among other things, upon the inter-
action between the atom and the reagent. 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 clements. Electrons, however, are
exposed to the environments and hence can inter-
act with the reagent. As a result, the physical 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 of elements could be different
depending upon the number of electrons and their
electronic configuration in any atom.

Let us now discuss why the elements with similar
properties recur after certain regular intervals.

4.6. Cause of Periodicity

According to the Modern Periodic Law, the
properties of the elements are repeated after cer-
tain regular intervals when these elements arc ar-
ranged in order of their increasing atomic
numbers. Further, critical examination of the
electronic configuration of the various elements
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{discussed in Unil 3) clearly indicates that with a
gradual increase in atomic number there oceurs a
repetition ol similar outer electronic conligurations
alter certain regular intervals. By correlating these
two observations, we can say that

The cause of periodicity in properties is the repeti-

fion of similar outer electronic configurations at
certuin regular intervals.

Consider the following examples for illustra-
tion.

All the elements of group IA (or 1) i.e. alkali
metals have the similar outer electronic configura-
tion, e. ns! where n refers to the number of the
outermost principal shell. These clectronic con-
figurations are given below in Table 4.2,

TABLE 4.2. Electronic configuration of atkali metals

SYMBOL ATOMIC NUMBER ELECTRONIC CONFIGURATION
Li 3 152 25! or [He] 2
Na 11 152 252 2p° 35! or [Ne] 3!
K 19 152 252 2p5 352 3p5 45! or [Ar] 45
Rb 37 157 257 2p 352 3p% 30'? 452 455 551 or [Kr] 5!
Cs 55 1% 252 2p5 352 3p5 3010 457 4pb 4410 552 5p% 6+1 or [Xe] 65!
Fr 87 152 252 2p8 357 30 3410 442 4p5 4410 414 552 5p% 5d'0 642 6p% 75!
or {Rn] 7s

Thus, it is because of similarity in clectronic configuration that all the clements have similar

properties.

In a similar i) allthe halogens, i.e., elements of group VII A (or 17) have similar outer electronic
conhgurdtlonz e. n1s? np® and as such possess similar properties. The electronic configurations of halogens

arc given n Table 4.3.
TABLE 4.3. Electronic configuration of halogens
ELEMENT | ATOMIC NUMBER ELECTRONIC CONFIGURATION
F 9 152 262 2p°
Cl i 152 252 2p% 352 3p°
Br 35 157 25% 2p8 352 395 452 4p°
I 53 152 252 296 367 3p6 3410 442 48 4410 542 5p°
At 85 | 122225352 3553010 452 495 410 4% 52 55 5410 62 5

Again all the elements of group 0 (or 18) i.e.,
inert gdseq thC similar outer electronic conﬁgura—
tion, L.e. 52 np® and also have similar properties.

Now, it follows from Tables 4.2 and 4.3 that
there is a repetition in the electronic configurations
of alkali metals and halogens only after certain
regular intervals. These regular intervals being 2, 8,
8,18, 18 and 32. These numbers are also sometimes
callcd magic numbers,

4.7. Pre t Form or Long Form of the
F“rl.. dic Table — Bohr's Table s

Based upon Modern Periodic Law, a number
of forms of periodic table have been proposed from
time to time but the general plan of the table
remained the same as proposed by Mendelecv. The
table which is most commonly used these days and
which is based upon the electronic configuration of
elements is called the Present form or the Long



4/8

cp's Mew Course Chemistry ML)

form of the periodic table. Thisis also called Bohr’s
table ginice it follows Bohr's scheme for the arran-
gement of various electrons around the nucleus.

Structural Features of the Present (or Long)
From of the Periodic Table. The long form of the
periodic table consists of eighteen vertical columns
and seven horizontal rows. These have been ob-
tained by arranging the clements in order of in-
creasing atomic numbers in such a way that the
clements with similar clectronic configurations are
placed under each other in the same vertical
column. These vertical columns are known as
groups or families while the horizontal 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
of the outermost shell (valency shell). These groups
are numbered from 1 to 18. Earlier in the modified
Mendeleev’s periodic table, these eighteen vertical
columns were divided into sixteen groups desig-
nated as TA, 1T A .. VIIA;IB, 11 B ... VII B, VIi1
and zero. Both these systems of numbering the
groups are shown in the long form of the periodic
table given on page 4/9.

(if) The elements of the first two groups, r.¢.,
1 and 2 on the extreme left involve the filling of
s-orbitals while those of the last six groups, ie.,
13 — 18 lying on the extreme right involve the filling
of electrons in the p-orbitals of the valence shell.

The elements of these eight groups, i.e, 1, 2,
13, 14, 15, 16, 17 and 18 are collectively called
normal or representative elements. Their outer
electronic configurations are ns',ns®, ns*np',
ns?np?, nstnp®, nsnp* ns*np® and ns® np®
respectively. The elements of group 18 are also
called inert gases or noble gases. As stated above
their valence shell electronic configuration is
ns* npS.

(iii) The elements of groups 3,4, 5, 6,7, 8, 9, 10,
11 and 12 are called transition elements since their
properties lie between the properties of the reactive
metals (alkali and alkaline earth metals) placed on
the extreme left and non-metals (halogens and chal-
cogens = axygen family) placed on the extreme right
of the periodic table.

In these elements, both the outermost shell
and penultimate shell (next to the outermost) are

incompletely filled but filling of the d-orbitals of the
penultimate shell occurs. As such their general
outer electronic configuration is (n — 1)d'~*
ristard

(iv) Two series of elements each containing 14
elements are placed at the bottom of the periodic
table. The first series of elements with Z = 58 to
Z = 71 which occur in the periodic table after
lanthanum are called lanthanides or lanthaneids
while the second series of elements with Z = 90 to
Z = 103 which occur in the periodic table after
actinium are called actirides or actinoids. These
elements are also called inner transition elements.

In both these series of elements, the outer-
most shell and the penultimate shell are incom-
pletely filled but the filling of only f-orbitals of the
ante-penultimate shell occurs. As such their
general outer electronic configuration s
(=2 (n-1)d"" ns

2. Periods. As stated above, the long form of
the periodic table consists of seven horizontal rows
called periods. These are numbered as 1,2, 3,4, 5,
6 and 7 from top to bottom. Each period consists of
a series of elements whose atoms have the same
principal quantum number (n) of the outermost
shell. In other words, each period begins with the
filling of electrons in a new energy shell, For ex-
ample,

The first period corresponds to the filling of
electrons in the first energy shell, i.e. # = 1. Since
this energy shell has only one orbital, i.e. 1s which
can accommodate only two electrons, therefore,
first period has only two elements. These are
hydrogen (1s') and helium (15%).

The second period corresponds to the filling
of electrons in the 2nd energyshell,i.e. n = 2.Since
this shell has four orbitals (one 25 and three 2p)
which can accommodate eight electrons, therefore,
second period contains eight elements. It starts with
lithium (Z = 3) in which one electron enters the
2s-orbital and ends up with neon (Z = 10) in which
the second shell is complete.

The third period corresponds to the filling of
electrons in the third shell, i.e. n = 3. This shell has
nine orbitals (one 3s, three 3p and five 3d). How-
ever, we know from energy level diagram for mul-
ticlectron atoms (Unit 3) that 3d-orbitals have even
higher energy than 4s-orbital. Thereforc 3d-orbi-
tals are filled only after filling 4s-orbitals. Conse-
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s-BLOCK (ns1-2) p-BLOCK (np1-6)
LONG FORM 3
I 1
FC;‘ROUPS —*o OF THE PERIODIC TABLE ®
ERIODS (ns1) (ns? np®)
: 1 . 2
H He
(1s) Hydrogen 2] ® (14 {1°] [1¢] (17] Helium
181 th} ins2np')  (ns2np?) insZnp?) (ns2np%}  ins2 npd) 182
3 4 5 6 7 a 9 10
Li Be B c N ] F Ne
(2s 2p) Lithium | Beryllium Boron Carbon_ | Nitrogen | Ox Fluorine Neon
261 252 d-BLOCK (TRANSITION ELEMENTS) 252 2p1 | 2022p2 | 2522p3 | 252 2p? | 252 2p5 | 252 2p6
1-10 g0~
11 12 lin=1)d"39 ns02) 13 14 15 16 17 18
Na Mg A Al L] 4 s cl Ar
(3s 3p) Sodium | i I 1 | Aluminium@  Silicon | Phosphiones | Sulphur Chlorine Argon
361 % (3] 4] (5] (] (7] 0 (o) (1] (11 D@ | 352350 32302 | 352353 | 3s23p% | 352 3p5 | 352 36
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc T v Cr Mn Fe Co NI Cu Zn Ga Ge As Se Br Kr
(4s 3d 4p) Polassium | Calcium | Scandium | Tilanium | Vanadium | Chromium | Manganese iron Coball Nickel Copper Zinc Gallium | Germaniumil  Arsenic Seleniurn | Bromine Krypton
as! 452 | 30" 4s2 | 3d24s2 | 3d34s2 | 3d54s! | 3d54s2 | 306 4s? | 3d7 452 | 308452 | 3010451 | 3010452 | 4s2ap! | 4s2 4p? [ 452403 | 452454 | 452 4p5 | 452 46
37 38 ag 40 41 42 43 a4 45 46 47 48 49 50 51 52 53 54
Rb Sr Y zr Nb Mo Te Ru Rh Pd Ag cd In Sn Sb Te ) Xe
(5s 4d 5p) Rubidium | Strontium | Ytierium | Zi Niobium | & Technetium| Ruthenium | Rhodium | Palladium | Silver Cadmium ¢ Indium Tin Antimony W Tedlurium lodine Xenon
551 552 | 4d?5s- | 4d25s2 | 4g 55! | 40555 | 405552 | 4d7 557 | 408 55! | 4d10 550 | 410551 | 4d10 552 | 552 5p1 | 5825p2 | 552 5p3 W 52 504 | 552 505 | 552 5p6
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
[ 6] Cs Ba La* Hf Ta w Re Os Ir Pt Au Hg m Pb BI Po At Rn
(6s (40) 5d 6p) Cesium Barium |1 Hafnium | Tantal Tungslen | Rhenium | Osmium Iridium Platinum Gold Mercury | Thallium Lead Bismuth | Polonium @ Aslaline Radon
6s! 652 | 5d16s2 |4r' 502 6s?| 5036s2 | 5d% 652 | 505632 | 5d66s2 | 507 652 | 50%6s! | 5d106s? 5010652 | 6s26p! | 6526p2 | 6526p3 | 6526p* f 652605 | 652 6p6
87 88 89 104 105 106 107 108 109 110 11 112 114 115
7 Fr Ra Ac** Rf Db Sg Bh Hs Mt Uun Uuu Uub i Uuq Uup®
(7s (5f) 6d) Francium | Radium Actl Dubnium Bohrium | Hassnium | Meftnerium || u Ununks L L NOBLE
751 752 | 6d17s2 |sMed? 7sY| 6d3 752 | 6d% 7s2 | 6d5 752 | 6d6 752 | 6d7 752 | 6dB 752 | 6410 751 | 6410 752 752 7p2 | 752 7p3 GASES
SRETREENTATVED: f-BLOCK/INNER-TRANSITION ELEMENTS (RARE EARTHS) & REPRESENTATIVE ELEMENTS
[(n-2)f%-14 (n-1)d*! ns?] METALS ON-METALS
———
I =]
. 58 59 60 61 62 63 [ 85 66 67 68 69 70 7
“LANTHANOIDS (4f-series) Ce Pr Nd Pm sm Eu Gd T Dy Ho Er m Yb Lu
(4{1414 5d0.1 652) Cerium N F 8 i E i Gadoli Terbium | Dy Erbium Thullium | Yiterbium | Lutefium
4f! 507 682] 46 500 652 4 50 62| 45 540 62| 416 500 652|417 5d0 652] 417 541 657 419 50 8572 410 500 65| 4 e is? 412 5 62 }4r13 510 A ar14 500 652|414 541 Bs?
X 90 91 92 93 94 95 96 a7 98 99 100 101 102 103
**ACTINOIDS (5f-series) Th Pa ) Np Pu Am cm Bk cf Es Fm Md No Lr
(5f°'14 6d0.1 752) Therium " Uranium | N. Plutonium | Americium | Curium Calforni Ei i Fetmiiam [k i !
50 6d2 752|512 5! 752| 563 6d1 752| 51 6d" 7s2| 56 6d0 752|517 6d0 752 | 517 8d" 7s¥| 59 60 752|510 600 752 5111 6072|514 5a0 7525113 640 752 5114 60 752] 5114 64" 752

® Discovered most recenlly by Russian and US scientists by hitling amercium (Z=95) with calcium (Z=20) accelerated in a cyclotron. The calcium nucleus simply fused into lhe amercium nucieus
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quently, third period involves the filling of only four
orbitals (one 35 and three 3p) and thus contains eight
elements from sodium (Z = 11,3s") to argon (Z =
18, 352 3p%).

The fourth period corresponding to the filling
of electrons in the fourth energy level, ie.n = 4.1t
starts with the filling of 4s-orbital. However, after
filling 4s-orbital, the filling of five 3d-orbitals begins
since the energy of 3d-orbital is lower than those of
4p-orbitals but higher than that of 4s-orbital. Fur-
ther, the filling of 4d and 4f-orbitals does not occur
in 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, five
3d and three 4p) occurs which can accommodate at
the maximum cighteen electrons. Therefore, fourth
perivd contains eighteen elements from potassium
(Z = 19) to krypton (£ = 36).

The fifth period, like the fourth period also
conlains eighteen elements since only nine orbitals
(one 53, five 4d and three 5p) are available for filling
with electrons. It begins with rubidium (Z = 37) in
which one elcctron enters the Ss-orbital and ends
up with xenon (Z = 54) in which the filling of
Sp-orbitals is complete.

The sixth period corresponds to the filling of
sixth energy level, i.e., n = 6. Since in this period,
only sixteen orbitals (one 6s, seven 4f, five 5d and
three 6p) are available for filling with electrons,
therefore, sixth period contains thirty-two elements.
It begins with caesium (Z = 55) in which one
electron enters the 6s-orbital and ends up with
radon (Z = 86) in which the filling of 6p-orbitals is
complete. In this period, after the filling of 6s-orbi-
tal, the next electron (ie., 57th) enters the 5d*-
orbital against the aufbau principle and thercafter,

the filling of seven 4f-orbitals begins with cerium (Z
Emﬁa‘fup with lutetium (Z = 71J. Thesc
fourteen elements constitute the first (or 4f) inner
transition series called lanthanides or lan-
thanoids. These are separated from the main frame
of the periodic table and are placed at the bottom
of the periodic table.

The seventh period corresponds to the filling
of seventh energy shell, i.e. n = 7. Like sixth period,
it is also expected to contain thirty-two elements
corresponding to the filling of sixteen orbitals (one
7s, seven 5f, five 64 and three 7p). However, this
period is still incomplete and only 28 elements are
known at present. In this period, after the filling of
7s-orbital, the next two electrons (i.e., 89th and
90th) enter the 6d** orbital against aufbau principle
and thereafter the filling of seven 5f-orbitals begins
with proactinium (Z = 91) and ends up with
lawrencium (Z = 103). Although thorium (Z = 90}
does not have any electron in the 5f-orbital, yet it is
considered to be a f-block eclement. Since its
properties resemble more the f-block elements
than the d-block elements. These fourteen ele-
ments from thorium (Z = 90) to lawrencium (Z =
103).

These fourteen elements constitute the

_second (or 5f) inner transition series which is com-
monly called as actinides or actinoids. It mostly
includes man-made radioactiVeéléments. 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
type of orbitals being filled up is given in the
Table 4.4.

. *This anomalous behaviour can be explained on the basis of greater stability of the xenon (inert gas) core. After barium (4
\%56), the addition of the next electron {f.e., 57th) should occur in 4f-orbital in accordance with aufbau principle. This will, however,
tend to destabilize the xenon core (Z = 54, [Kr] 44 4f° 557 5p® 54 since the 4f-orbitals lie inside the core. Therefore, the 57th
electron prefers to enter 5d-orbital which lies outside the xenon core and whose energy is only slightly higher than that of 4f-orbital.

In doing 5o, the stability conferred on the atom due toxenon core more than compensates the slight instability caused by the addition

of one electron to the higher energy 5d-orbital instead of the lower energy 4f-orbital. Thus, the outer electronic configuration of
La{Z =5T)is 5d" @? rather than the expected -1f £x%, Once Sd-orbital has one electron, the next electron (Le. 58th) enters the
innerdf-orbital {instead of the outer Sd-orbital) due to greater nuclear charge and thereafter the continuous filling of the 4f-subshell

oceurs till it is complete at lutetivm (Z = 71, 4" 54" &%),

- #*lere due to (i) smaller energy difference between 5f and &d-orbitals than between 4f- and Sd-orbitals, and (i) grester

* ; stability

aof the raden eore, the next two electrons (f.e. 89th and 90th) after the filling of 7s-orbital prefer to enter td-orbitals before

" filling of 5f-orbitals begins with proactinium (Pa = 91) and continues tll it is complete with lawrencium (Lr = 103).
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Period No. of the energy o Orbitats being filled No. of electrons or elements
level being filled in the period

1 n=1 1s 2

2 n=2 2s,2p 2+6=8

] n=73 v, 3p 2+6=8

4 n=4 4y ,3d , 4p 2+10+6=18

5 n=>5 5s,4d , 5p 2+10+6=18

6 n=6 Oy, 4f, 5d , 6p 2+14+10+6=32

7: n=7 Ty .,5f,6d,7p 2+14+10+6=2732
(Oul of these only 28
elements are known

l at present)

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

4.8, |UPAC Nomenclature
of Elements with Z> 100 i

Allthe elements with Z = 101 —112and Z =
114 have been identified. Some of these are known
since long while others have been discovered only
recently. Although names and symbols to many of
these clements have been assigned but these are
still not universally accepted. Also some of these
elements have been assigned two names/symbols.
For example, element with 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 these

difficulties, the TUPAC appointed 4 Commission on
Nomenclature of Inorganic Chemistry (CNIC) in
1994 to suggest a rational system of nomenclature
for clements with Z > 100 (also collectively called
as super heavy elements). After having discussions
with chemists around the world, the TUPAC in 1997,
approved the official names for clements 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 :

(/) The names are derived directly from the
atomic numbers using numerical roots for ¢ and
numbers from 1—9 and adding the suffix jiim. 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

Digit 0 1 2 3 4 5 6 7 ] 9
Hoot nil un bi tri quad pent hex sept oct enn
ihhbrwiatian | mn u b t

q P h s o e

(if) Tn certain cases, the names are shortened.
For example, bi iurn and #7 jum are shortened to
bium and triurm and enn nil is shortened to ennii.

(iii} 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 Table 4.6 :

4.9. Electronic Configuration of the
Elements and the Periodic Table:

The present (long) form of the periodic table
is based upon electronic configuration of elements.
Withits help, it is very easyto find out the electronic
configuration of any element. The outer electronic
configuration of all the elements along with their
symbols are given in the present form of the peri-
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TABLE 4.6. Recommended and Official names of elements with Z > 100

Z | Recommended name Symbol TUPAC official name IUPAC symbol
101 Unnilupium Unn Mendelevium Md
102 Unnilbium : Unb Nobelium No
103 Unniltrium Unt Lawrencium Lr
104 Unnilquadium Ung Rutherfordium Rf
105 Unnilpentium Unp Dubnium | Db
106 Unnilhexium Unh Seaborgium Sg
107 Unnilseptium Uns Bohrium Bh
108 Unniloctium Uno Hassnium Hs
109 Unnilennium Une Meitnerium Mt
110 Ununnilium Uun . o
111 Unununium Unu > "‘
112 Ununbium | Uub " "
113 Ununtrium | Unt e, —_
114 Ununquadium Uugq 4 v
115 Ununpentium Uup 4 >
116 Unurhexium Uuh L —
117 Ununseptium Uus (e -
118 Ununoctium Uuo o —
119 Ununennium Ve | e —
120 Unbinilium Ubn ] o —

odic table on page 4/9. 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 Elements
into s, p, d-and f-blocks

Elements in the long form of the periodic
table have been divided into four blocks, ie.,
s, p, d andf. This division is based upon the name of
the orbital which receives the last electron. These are
briefly discussed below.

1. s-Block Elements. Elements in which the last
electron enters the s-orbital of their respective out-
ermost shells are called s-block elements. Since
s-subshell has only one orbital which can accom-
modate only two electrons, therefore, there are
only two groups of s-block elements. Thus, ele-
ments of group 1 (hydrogen and the alkali metals)
and group 2 (alkaline earth metals) and helium
comprise s-block elements, Consider, for example,
clements of group 1. Hydrogen has only one

electron and this enters Ls orbital. The rest of the
elements, i.e. Li, Na, K, Rb, Cs and Fr receive the
last electron in 2s, 35,45, 55, 65 and 7s- orbitals
respectively. These elements are, therefore, said to
belong to s-block and have s’ as the general outer
shell electronic configuration.

Now consider 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 s-orbitals, ie.
15, 25,35 ,4s5, 55, 6s and 7s-orbitals respectively.
Hence these elements also belong to s-block and
have ns? as their general outer shell electronic
configuration,

Thus the elemends of groups 1 and 2, including
hydrogen and helium in which the s-orbitals are being
pragressively filled in are called s-block elements. In
all there are 14 s-block elements in the periodic
table.

General outer shell electronic configuration of s-

black elements : ns'~?

———¥FTements have heen discovered but their official IUPAC names are yet o be announced.

*#Flements yet to be discovered.
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respective  outermost p-orbitals,
therefore, their outer shell

|152

Elamonss d-Block Elements
ng'2 {n—1)a'-10 ns0-2

electronic configurations vary from

-Block ns® np! to ns? np as we move from
nfe':::‘_tg’ group 13 onwards upto group 18.

Thus, the elements of groups

[

13, 14, 15 16, 17, 18 (excluding
helium) in which p-orbitals are

j 1-Block Elements (m—2)f%'4 (n—1)a%ns?

being progressively filled in are
J called p-block elements. Since each

group has five elements, therefore,

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

General characteristlcs of s-Block Elements

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

(if) They have low ionization ethalpies (ener-
gies) and are highly electropositive.

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

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

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

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

(vii) They are strong reducing agents.
(viif)y Al are good conductors of heat and
electricity.

2. p-Block Elements. Elements in which the
last electron enters any one of the three p-orbitais of
their respective outermost shells are called p-block
elements. Since a p- subshell has three degenerate
(same energy) p-orbitals, each one of which can
accommodate two electrons, therefore, in all, there
are six groups of p-block elements. These are 13,
14, 15, 16, 17 and 18 (excluding helium), The atoms
of the elements belonging to these groups receive
the last electronin 2p , 3p , 4p , 5p and 6p-orbitals
respectively.

In all these elements, the s-orbital of their
outcrmost shells is already complete but their
respective p-orbitals get progressively filled in by
the addition of one clectron at a time as we move
from group 13 to 14, 15, 16, 17 and 18. Since these
clements contain one to six clectrons in their

in all, there are 30 p-block elements
in the periodic table.

General outer shell electronic configuration of p-
block elements : ns* np! ¢

The elements of group 18 are called noble
gases. Each period ends in a noble gas. Except
helium all the clements have closed shell ns? np®
electronic configuration in the outermost shell.
Helium, however, has 152 electronic configuration,
In these elements, all the energy levels which are
occupied are completely filled and this stable arran-
gement of electrons cannot be easily altered by addi-
tion or removal of electrons. As a result, these
elements are highly stable and hence exhibit very low
chemical reactivity.

The elements of group 17 are called halogens
(salt producers) while those of group 16 are called
chalcogens (ore-forming). These two groups of ele-

“ients have high negative electron gain enthalpies
(or electronegativity) and hence readily add one or
two electrons respectively to attain the stable noble
gas configuration.

The elements of s- and p-block are collectively
called representative, or normal or main group
elements. These include elements of group 1 (alkali
metals), group 2 (alkaline earth metals) on the ex-
treme left and elements of groups 13-18 on the right
hand side of the periodic table.

. fieperal characteristics of p-Block Elements

1% "Af) p-Block elements include both metals and
non- metals but the number of non-metals is much
higher than that of metals. Further, the metallic
character increases from top to bottom within a group
and non-metallic character increases from left to
right along a period in this block.

(i) Their ionization energies are relatively
higher as compared to those of s-block elements.

(1) They mostly form covalent compounds.
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(iv) Some of them show more than one (vari-
able) oxidation states in their compounds.

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

3. d-Block Elements. Elements in which the
last electron enters any one of the five d-orbitals of
their respective penultimate shells are called d-block
elements. Since a d-subshell has five d-orbitals,
each one of which can accommodate two electrons,
therefore, in all there are ten vertical columns com-
prising ten groups of d-block elements, namely 3, 4,
56,7,8,9,10,11 and 12.

The atoms of the elements belonging to these
groups usually have 1 or 2 (zero in some cases)
electrons in the s-orbital of the outermost shell, 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, i.e., (n — 1) d-orbi-
tals. Thus,

General outer shell electronic configuratio
block elements : (n — ) d' ¥ns2

Since the properties of these elements are
midway between those of s-block and p-block ele-
ments, they are also called transition elements. All
these elements are further divided into four series
called first, second, third, and fourth transition series.

The first transition series forms a part of the
fourth period of the long form of the periodic table.
It contains ten elements from scandium to zinc
(5;S¢ — 30Zn) in which 3d-orbitals are being
progressively filled in.

The second transition series which forms a
part of the fifth period also contains ten elements
from ytterium to cadmium (3, — 43Cd) in which
4d-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 ( s;La) and from hafnium to mercury

(,,Hf — goHg) in which 5d-orbitals are being
progressively filled in.

The fourth transition series which forms a
part of the seventh period also contains ten cle-
ments, i.c., actinium ( gyAc) and elements from,
rutherfordium ( ,o,Rf), to ekamercury or Unun-
bium (Z = 112). In all these elements, 6d-orbitals
are being successively filled in.

Thus the elements of groups, 3,4, 5, 6,7, 8 9,
10, 11 and 12 belonging to fourth, fifth, sixth and the

incomplete seventh periods in which the last electron
enters the d-orbitals of their respective penultimate
shells are collectively called d-block elements.
eneral characteristics of d-Block Elements.

(i) They are hard, malleable (i.e., can be con-
verted into sheets) and ductile (i.e., can be drawn
into wires) metals with high melting and boiling
points.

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

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

(iv) They show variable oxidation states.

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

(vi) Their compounds are generally coloured
and paramagnetic.

(vii) They form coloured complexes.

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

(ix) Most of the transition metals form alloys.

(®*) Zn, Cd and Hg which have the
(n — 1) d"®ns? clectronic configuration, do not
show most of the properties of transition elements.

4. {-Block Elements. Elerments in which the last
electron enters any one of the seven f-orbitals of their
respective ante- penultimate shells are called f-block
elements. In all these elements, the s-orbital of the
last shell () is completely filled, the d-orbitals of
the penultimate (7 — 1) shell invariably contains
zero or one electron but the f-orbitals of the ante-
penultimate (1 — 2) shell (being lower in energy
than d-orbitals of the penultimate shell) gets
progressively filled in. Hence

configuration of |-
# .2)‘[0#14&:. ; — 1) dD‘-‘I ns!

There are two series of f-block elements each
containing 14 elements. Threfore, in all there are 28
f-block elements in the periodic table. These are
placed at the bottom of the periodic table.

The elements of the first series, i.e, cerium to
lutetium ( ;3Ce — ;;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

tronic co

o
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scarcely in the earth’s crust. In lanthanides, 4f-or-
bitals are being progressively filled in.

The elements of the second series, i.e., thorium
to lawrencium ( ggTh — |,Lr) which forms a part

of the incomplete seventh period are collectively
called actinides or actinoids since all these ele-
ments follow actinium in the periodic table and also
closely resemble actinium (Ac) in their properties.
In actinides, 5f-orbitals arc being progressively
filled 1n.

All the actinoids are radioactive clements.
The first three elements, i.e., thorium (Th),

protoactinium (Pa) and uranium (U) occur in na-.

ture but the remaining 11 elements, i.e. from nep-
tunium to lawrencium ( ¢;Np — ;L) have been
prepared artificially through nuclear reactions.
These eleven elements are called transuranic or tran-
suranium ciements since they follow uranium in the
periodic table and aiso have been derived from it
through nuclear reactions.

All the f-block elements, i.e., lanthanides and
aclinides are also called inner transition elements
since they form (ransition series within the transi-
tion clements of d- block.

_General characteristics of [-Block Elements

‘(i) They are heavy mctals.

(if) They have generally high melting and boil-
ing points.

(iti) They show variable oxidation states.

{iv) Their compounds are generally coloured,

{v) They have a high tendency to form com
plexes,

(vi) Most of the elements of the actinide series
are radioactive.

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

Metals. Metals comprise 75% of all the known
clements and appear on the left hand side of the
periodic table. With the exception of mercury, gal-
lium and francium which arc liquids, all other me-
tals are solids at room temperature. They are good
conductors of heat and electricity, malleable {can
be converted into thin sheets by hanmering) and
ductile (can be drawn into wires).

Non-metals. Non-metals may be gases, liquids
or even solids with low melting and boiling points.

Most of the non-metallic solids are brittle and are
neither malleable nor ductile.

Trends in metallic and non-metallic charac-
ter. The metallic character increases from top to
bottom within a group and non-metallic character

_increases from left to right along a period. This
change from metallic to non-metallic character is
not abrapt as shown by thick zig-zag line in the long

- form of the periodic table given on page 4/9. The
clements silicon, germanium, arsenic, antimony and
tellurium (bordering this line and running diagonal-
ly across the periodic table) show the properties of
both metals and non-metals. These elements are

“¢alled semi-metals or metalloids.

4.11. Advantages of the Present {or Long)
form of the Periodic Table

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

(i) Tt relates the position of an element in the
table to its electronic configuration more clearly.

(#) It is easy to remember and reproduce. The
elements can be reproduced more casily in se-
quence of atomic numbers.

(iii) The clements in the same group show
marked similarities due to similar outer electronic
configurations. Thus, there is a logical classification
of groups in it.

(v) The elements are classified into normal
elements belonging to 1, 2, 13— 17 groups and tran-
sition elements belonging to 3—12 groups on the
hasis of their outer electronic configurations.

(v) The elements are also classified as active
metals placed in groups 1 and 2, heavy metals
placed in groups 3— 12 and non-metals placed in
the upper right corner (groups 13— 18) of this pe-
riodic table.

(vi) Based on their electronic configuration,
elements have been grouped into s, p, d and f-
blocks. This has helped us to understand their
properties easily.

(vii) The transition elements of fourth, fifth,
sixth and seventh periods are assigned proper posi-
tions in this periodic table.

(viii) A satisfactory position has been
provided to the elements of groups 8 — 10 consist-
ing of nine elements in three triads (Group VIII of
the Mendeleeve's periodic table).
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Since long form of the periodic table corre-
lates the position of elements to the electronic con-
figuration of their atoms, it is, therefore, nearly an
ideal arrangement.

4.12. Defects of the Present {or Long)
form of the Pericdic Table :

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

;,(’i'f Position of hydrogen is not settled though
it has been placed alongwith alkali metals in
group 1 and halogens in group 17 since it shows
many properties similar to both alkali metals and
halogens.

(ii) Lanthanides and Actinides have not been
accommodated in the main body of this periodic
table.

FE‘BE’LEM&BN PREDICTING PERI

FNANMPLE 4.1, (a) Write the electronic con-
figurations of the elements given below :

A (At. No. = 9), B (At. No. = 12), C (At No.
= 29), D (At. No. = 54), and E (At. No. = 58).

(b) Also predict the period, group number and
block to which they belong.

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

(i) The period of an element corresponds 1o
the principal quantum number of the valence shell.

(i) The block of an element corresponds to the
type of orbital which receives the last electron.

(it} The group of an element is predicied from the
number of electrons in the valence shell orfand penui-
timate shell (last but one, i.e.n — 1) as follows :

(@) For s-block elements, group number is
equal to the number of valence electrons.

{b) For p-block elements, group numberis equal
to 10 + number of electrons in the valence shell.

(¢) For d-block elements, group number is
equal to the number of electrons in (n — 1) d-subshell
+ number of electrons in valence shell (nth shell).

D, GROUP AND BLOCK OF ELI

R

fc) Classify them as representative elements,
noble gases, transition and inner transition elements.

Solution. (@) Electronic contfiguration of the
elements A, B, C, D and E are as follows :

Element At. No. Electronic configuration
A 9 152 252 2p°
B 12 152 252 2p8 352
c 29 152 252 2p5 352 3p5 3d'0 4!
D 54 152 252 2p5 352 3p8 31" 457 4p 44'0 567 5p°
E 58 152 252 2p8 357 38 3d1® 457 4p8 2d'0 547 5p° 657 54" 4f

(») Element A receives the last electron in2p-
orbital, therefore, it belongs to p-block elements
and its group number = 10+ No. of clectrons in
the valence shell = 10 + 7 = 17. Further the
period of the element = No. of the principal quan-
tum number of the valence shell = 2nd.

Element B receives the last electron in 3s-or-
bital, therefore, it belongs to s-block elements and
its group number = No. of electrons in the valence
shell = 2. 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
3d-orhital, therefore, it belongs to d-block elements
and its group number = No. of electrons in the
penultimate shell and valence shell = 10 + 1 = 11.
Further, the period of the element = MNo. of prin-
cipal quantum number of the valence shell = 4th.

Element D receives its last electron in the
5p-orbital, therefore, it belongs to p-block elements
and its group number = 10 + No. of electrons in
the valence shell = 10 + 8 = 18. Further, the
period of the element = No. of the principal quan-
tum number of the valence shell = 5th.
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Element E receives its last electron in the
4f-orbital, therefore, it belongs to f-block elements.
It may be noted here that the filling of 4f-orbital
occurs only when one electron has already entered
5d-orbital. Therefore, element E belongs to f-block
elements and not to d-block elements. Since it
belongs to lanthanide series therefore as such it
does not have any group number. However, its
period = No. of the principal quantum number of
the valence shell = 6th.

(c) Elements A and B arc representative ele-
ments since their last clectron entres p- and s-orbi-
tal respectively.

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

Element D is a p-block element with complete-
ly filled 5- and p-orbitals of the valence shell. Such
a type of p-block element is called a noble gas.

Element E is an inner transition element since
it receives its last electron in the f-orbital.

ENANPLI 4.2, The electronic configuration of
some clements are given below :

(i) 1s* 25* 2p* (ii) 152 252 2p5 35!
(iii) 152 252 2P6 352 3176 452

(iv) 15? 25% 2p¢

(V) 132 25'2 zpﬁ 351 3p2
(vi) 152 2s% 2p°
(vii) 152 252 2p5 352 3p® 45?2 345

(viii) 1s% 25? 2p% 352 3p°

Name these elements and indicate which of
them is (a) an alkali metal, (b) an alkaline earth
metal, (c) a halogen (d) a noble gas (e) belongs to
group 15 (f) belong to second period (g) has lowest
chemical reactivity (h) belongs to p-block elements
and (i} is a transition element.

Solution. Narmnes of the elments :

(¥) Oxygen (ii} sodium (iii) calcium (iv) neon
(v) silicon (i) nitrogen (vii) managanese and
(viii) chlorine,

(a) (§i) i.e/ sodium is an alkali metal

(b) (ifi} i.e. calcium is an alkaline earth metal

(c) (viii) i.e. chlorine is a halogen

(@) () i.e. ncon is a noble gas

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

() () ie. oxygen, (iv) ie. neon and () i.e.
nitrogen belong to 2nd period

{g) (iv) i.c. neon being a noble gas has lowest
reactivity

(h) (i) i.e. oxygen, (iv) i.e. neon, (v) i.c. silicon
and (v/) i.e.nitrogen are p-block clements and
(i) Manganese i.e. (vii) is a transition element.
P AR Predict the position of the ele-
ment in the periodic table satisfying the electronic
configuration, (n — 1y d’ ns? forn = 4.
(N.C.E.R.T)

Sulution. For nn = 4, the electronic configura-
tion = (4 — 1) d' 42 = 3d" 452, The element cor-
responding to this configuration is scandium which
is a d- block elemnent.

Group number = No. of electrons in (1 —1)
d subshell + No. of electrons in the nth shell

= 194-1=i3

EXANMPLE 44 Elements A, B, C, D and E
have the following electronic configurations.
c1s5225%2p!

5 dsf 2ls? 25362 3p!
» 15% 2572 pEis B
$1522522p3523p°
21522522p%323p84s?

Which among these will belong to the same
group in the periodic table 7 (N.CE.RT

Solution. We know that elements having
similar valence electronic configuration belong to
the same group of the periodic table. Therefore,
elements A and B having three electrons in the
valence shell,i.e.,25* 2p' and 3 52 3 p! respectively
belong to the same group, ie., group 13 of the
periodic table,

EXANMPLE 4.5, The elements Z = 117 and Z
= 120 have not yet been discovered. In what Jamily
or group would you place these elements and also
give the electronic configuration in each case.

(N.C.E.R.T)

Solution. In the long form of the periodic
table, each period ends with a noble gas. Therefore,
the element with Z = 118 will be the noble gas with
the configuration [Rn] 414 54" 752 7 p8 and will
lie in group 18 of the periodic table. If thisis so, then
the element withZ = 117 will belong to the halogen
family (group 17) and its electronic conliguration
would be [Rn] 414541752 7p°.

Working on similar lines, the element with Z
= 120 will belong to the family of alkaline carth
metals (group 2) and its electronic configuration
would  be [Rn]4f¥54107:27,6852 4
[Uuo] 8 5* since the symbol for the element with Z
= 118 is Uuo.

oo mn
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PROBLEMS FOR PRACTIC

1. Write (he names and atomic numbers of the follow-
ing clements

(£) The fourth alkali metat
(éi) The Lhird alkalinc earth metal
(éit) The lifth element of the first transition series
{iv) The first inper transition element and
{v) The sixth noble gas.
2. The outer electronic configuration of some ele-
ments are given below :
()32 3p3 (i) 3d% &1 (iii) 357 3p® 4s?
(iv) 5V 652 (v} 4f' 54 6o

State to which block of (he periodic table each of
these elements belongs.

3. An element ‘X’ with atomic pumber 112 has
recently been discovered. Predict its electronic-con-
figuration and suggest the group in which this ele-
ment would be placed.

4. Arrange the tfollowing elements in the increasing
order of metallic character : B, Al, Mg, K.

INC.ERT)

5, Write the electronic configuration and the block to
which an element with Z. = 90 belongs.

6. How do the electronic configurations of the elements
with Z = 107 — 109 differ from one another ?

AN S w ;_:'rg's

1. (i) Rb (Z = 37), (i) Ca (Z = 20), (iii) Mn (Z = 25)
(iv) Ce (Z = 58), (v) Ra (Z = 86).

2. (iyp, G d, (i) s, (V) d, (V) f

3. [Rn] 57" 64'° 752, 12th group.

4 B<Al<Mg<K

5. [Rn] 64 7s*, f-block elements.

6. Element with Z = 107 has five, Z = 108 has six
while Z = 109 has seven 5 f-electrons.

Thus these elements differ in the number of
electrons in the 5 f-subshell.

SECTION—II

ATOMIC OR PERIODIC
PROPERTIES OF ELEMENTS

The various properties of elements may be
divided into the following two categories :

(i) Properties of the individual atoms.
Propertics like valency, atomic and ionic radii,
ionization enthalpy, electron gain enthalpy and
¢lectronegativity are the properties of the in-
dividual atoms and are directly related to-their
¢lectronic configurations.

(ii) Properties of the group of atoms. Proper-
ties like melting point, boiling point, density, atomic
volume etc. are the bulk properties, i.e., the proper-
ties of a collection or a group of atoms and are only
indirectly related to their electronic configurations.

All these properties which are directly or in-
directly related to the atomic structure or the
electronic configuration of the elements are called
atomic properties. Since the electronic configura-
tions of the elements are a periodic function of
their atomic numbers, (i.e., get repeated after cer-
tain regular intervals) thercfore, these atomic
properties are also a periodic function of atomic

numbers of the elements. That is why atomic
properties are also called periodic properties. Here,
the word periodic means that with the rise in the
atomic number of the elements in the same period
or group, there is a regular gradiation (i.e. increase
or decrease) in a particular property of the ele-
ment. Thus,

The properties which are directly or indirectly re-
lated to their electronic configuration and which
show a regular gradation when we move from left
to right in a period or from top to bottom in a group
are called periodic properties.

In this section, we shall discuss the periodic
trends in three physical properties of the elements
such as ionization enthalpy, electron gain enthalpy
and atomic size and one important chemical
property, viz., valence.

4.14. lonization Enthalpy s

4.14.1. Definition. If energy is supplied to
an atom, electrons get promoted tothe higher ener-
gy levels. If sufficient energy is supplied, electron
may be removed resulting in the formation of a
positively charged ion.
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_-_-.-:?ﬁé}m'nimummﬂﬂum of energy required to remove

the most Ipasely bound electron from an isolated
paseous @lom so ax fo convert il into a paveous
cittion is called its ionization enthalpy or energy.
This process may be represented as
M(g) + encrgy ——= MT (g} + e (g)
where M(g) and M ™ (g) represent the gaseous atom
and the resultant gaseous cation (a positive ion).

fonization enthalpy is alse known as ionization
potential since it is the minimum potential dif-
Jerence (in a discharge tube} required to remave the
most loosely bourd electron from an isolated
gaseous atom (o form gaseous cation.

4.14.2. Units of LE/LP It is measured in units
of electron volts (eV) per atom or kilo calories per
mole (kcal mol™") or kilo Joules per mole (kI
mol ™). One electron volt is the energy acquired by
an electron while moving under a potential difference
of one volt,

1 electron volt (eV) per atom

= 3.83 x 10~ 2 cal per atom

= 1.602 x 107" J per atom (1 cal = 4.184 1)
=3.83 x 1072 x 6.023 x 10%* cal mol™!

= 23.06 kcal mol !
= 1.60 x 1071% x 6.023 x 10 ] mol~!
= 96.49 kJ mol ™!

" 1 electron volt (eV) per atom

= 23.06 kcal mol™!

= 96.49 kI mol~!

For example, when hydrogen gas under low
pressure is taken in the discharge tube, a sudden
very large increase in current flow occurs when the
voltage is 13.58 volts. Thus, ionization potential of
hydrogen is 13.58 electron volts. Therefore, the
ionization enthalpy of hydrogen atom is 13.58 eV
or 13.58 X 96.49 = 1310.334 kJ mol ™!

4.14.3. Successive Ionization Enthalpies. The
energy required to remove the most loosely bound
electron from the isolated gaseous atom is called its
first ionization enthalpy and is denoted by IE,

M(g) + IE;—— M™¥(g) + e~ (g)
Similarly, the energies required to knock out
second and third clectrons are called second and
third ionization energies respectively e.g.
M*(g) + IE,—— M2*(g) + ¢~ (g)
M**(g) + IEy;—— M3*(g) + ¢ (g)
where IE, and IE, are the second and the
third ionizaton enthalpies respectively.
The ionization enthalpies required to remove first,

second, third etc. electrons from an isolated gaseous
atom are called sucessive ionization enthalpies.

The successive ionisation encrgies of some
elements (in kJ mol™") are given in Table 4.7,

TABLE 4.7. Successive ionization enthalpies of some of elements {kJ mol™ !

Element * Electronie 18,  TE; &, 1, W I 15 5 |
configuration . ; } o
H 4 Bt 2= = = o o : '
He 152 L . — P = e !
| Li 152 251 SZOmueTnd2ONT 11810 ez - s E 2 !
Be 152252 899 1757 14850 21000 _ a2 - e |
B 15222250 801 2427 3638 25024 32824  — = et |
C L2227 1086 2352 4619 6220 37820 47280  — 0 |
N 122227 1402 2858 4576 7473 9443 53255 6418 —.
O 152 252 2p* 1314 3388 5296 7468 10987 13323 15160 84054
E 1226725 1681 3375 6045  B408 11020 15160 17564 92012
Ne 122225 2080 3962 6226 9361 1218 15236  — e
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It may be seen that, IE, is always greater than
IE, and IE, is always greater than IE;, and so on
IE, > IE, > IE,
Explanation, This may be explained as follows:

When one clectron has been removed from
the neutral gaseous atom, the +vely charged ion
formed has one electron less than the number of
protons in the nucleus. As a result, the electrostatic
attraction between the nucleus and the remaining
electrons in the cation increases, i.e., effective
nuclear charge increases. In other words, the +ve
ion holds its remaining electrons more firmly.
Therefore, the energy required to remove another
electron from this +vely charged ion or second
electron from the neutral atom must be higher than
the first, i.e., [E, must be higher than IE,.

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

e

ADDTOYOUR KNOWLEDGE [

which will hold its remaining electrons even more
tightly. As a result, the energy required to remove
third electron from the gaseous atom should be
even more than that required for the second
electron, i.e., [E; must be greater than IE,. Thus,

IE, > IE,; > IE,.
For example,

Al(g), =€ = AL
.152 25,2 zpﬁ 33,2 3}71 lsz 252 206 36‘2
IE, = 579 kJ mol™!
Alitdis wemiie—=—" A E)ses
152 252 2p% 35 152 257 2p® 35!
IE, = 1795 kJ mol ™1
Alt @ - —— APt (®) ;
157 257 2p° 35! 157 257 295

IE, = 2758 kJ mol ™!

o

The relative stabilities of various oxidation states of an element can be easily predicted on the basis of their
successive ionization enthalpies. If the difference in ionization enthalpies of two suceessive states is approx. equal

to 10—15 eV per atom (or 965—1450 kJ mol ™1y or less, the lower oxidation state is not stable. Conversely, if the
difference is more than 15 eV the lower oxidation state is more stable. For example, in case of Al

IE, = 579 k) mol ™!, IE, = 1795 kI mol ™', I, = 2758 kI mol~ ' and IE, = 11580 kJ mot~ L.

Difference in successive ionization enthalpies.

IE, - IE, = 1795 — 579 = 1216 I mol ™" ; B, - IE, = 2758 — 1795 = 963 kJ mol ™'

IE, — IE, = 11580 — 2758 = 8822 kI mol ™!

Since the difference in successive ionization energies between 1E, - IE; and IE,; — IE, isless than 1450 kJ mol ~land

EXAMPLE 4.6, Calculate the energy required
to convert all the atoms of magnesium (o magnesium
ions present in 24 mg of magnesium vapours ? First
and second ionization enthalpies of Mg are 737-76
and 1450.73 kJ mol~! respectively.

Solution. According to the definition of suc-
cessive lonizalon energies.

Mg () + IE;, — Mg* (g) +¢” ();
IE, = 737-76 k] mol

Mg* (g) + IE, — Mg?* () + ¢~ ()
COIE, = 1450-73 k) mol ™!

d THI CALCULATION OF LONIZATION E!

that of IE, — IE; is much more than 1450 kJ mol ™!, therefore, + 3 oxidation state of Al is the most stable.

FHALPHES

Totz;l .am.ount'of cnefgy needed td convert
Mg (g) atom into Mg?T (g) ion = IE; + IE,
= 737-76 + 145073 kJ mol ™!
= 218849 kJ mol ™!

24 mg of Mg = mole

i) P
1000 & = 1000 x 24
= 1073 mole
. Amount of energy needed to ionize 1073
mole of Mg vapours = 218849 x 1072
= 2-188 kJ.
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1. Calculate the energy in joules required to convert
all the atoms of sodium to sodium ions present in
2-3 mg of sodium vapours ? lonization enthaipy of
sodium is 495 kJ mo! ™! (Atomic mass of Na = 23).

[4ns. 49.5 ]

2. The ionization potential of hydrogen is 13-60 eV,
Calculate the energy in kJ required to produce
0-1 mole of H* ions. Given, 1 eV = 96-49 kJ
mol~1) {ans 131-226 k]]

HINTS

e A LA A o im0

3. The first and second ionization potentials of helium
atoms are 24-58 eV and 54-4 eV respectively.
Calculate the energy in kJ required to produce 1

mole of He?t ions. [40s. 7620-780 KJ]
4. The IE, and IE, of Mg (g) are 740 and 1450 kJ
mol~!. Calculate the percentage of Mg™ (g) and
Mg** (g)if 1 g of Mg (g) absorbs 50 kJ of energy.

[Ans. Mg™" (g) = 68-35% and Mg ™ (g) = 31-65%]

FOR DIFFICULT PROBLEMS

b

1. No. of moles of Na present is 2-3 mg of Na

=f—3xﬁx£§=l x 10 % mole
~.'Required energy = 1 x 10 ™% x 495 x 10°
=49-5]

2. Requiredenergy = 0-1 x 13-60 x 9649
=131-226kJ

3. Required energy = { X (24-58 + 54-4) % 96-49
=T7620-780 kJ.

4. No. of moles of Mg vapours present in 1 g = 1/24

=0-0417
Energy absorbed in the ionization of 00417 male
of Mg (g} o Mg (g)

= (0417 x 740 = 30-83 kJ
Energy left unused = 50—30-83 = 19-17kJ

Now 19-17 kJ will be used to ionize Mg* (g) to
Mg @)

. No. of moles of Mg* (g) converted into
Mg?t (g) = 19-17/1450 = 0-0132

No. of moles of magnesiun ions left as Mg+ (g)
= 0-0417—0-0132 = 00285

%age of Mg* (g) = (0-0285 7 0-0417) x 100
= 68-35%

and % age of Mg?¥ (g) = 100 - 68-35 = 31-65%.

4.14.4. Factors Governing the Ionization Enthal
factors :

(@) Nuclear charge

(b) Atomic size

(c) Penetration effect of the electrons

(d) Screening effect of inner electrons.

py. Jonization enthalpy depends upon the following

(e) Effect of arrangement of electrons, i.e. Effect of exactly haif filled or completely filled orbitals.

(a) Nuclear charge. The ionization enthalpy incregses with increase in nuclear charge, This is due to
the fact that with increase in nuclear charge, the electrons of the outer shell arc more firmly held by the
nucleus and thus greater energy is required to pull out an electron from the atom. For example, the
lonizallon energy mcreases as we move along a period from left to right due to increased nuclear charge

as 15 evident from Table 4.8

R

TABLE

L L e B R M e

4.8. First ionization enthalpies of 2nd row elements in kJ mol~ °

AR LA B L R M

Element Li Be
Nuclear charge +3 +4

Tonization enthalpy (kI mol ™) 520 899

B & N O F Ne
+5 +6 +7 +8 +9 +10
am 1086 1402 1314 1681 2080
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() Atomic size or Radiuns. [onization energy decreases as the atomic size increases. As the distance
of the outer electrons from the nucleus increases with increase in atomic radius, the attractive force on
the outer electrons decreases. As a result, outer electrons are held less firmly and hence lesser amount of
energy is required to knock them out. Thus, ionization enthalpy decreases with increase in atomic size.

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

Table 4.9.
TABLE 4..‘).. First il)‘I:li?"‘.ltilln iflil‘l..l][!ii s of allaali H]t'-!-:;'?‘»m:.?i et i~ |
- Element ; : Li Na K Rb Cs
520 496 419 403 374

Tonization enthalpy (k) mol ™)

(¢) Penctration effect of the electrons. Joniza-
tion enthalpy increases s the penetration ¢ffect of e
electrons increases. 1t is a well known fact that in
pase 6F muiti- electron atoms, the electrons of the
s-orbital has the maximum probability of being
found near the nucleus and this probability goes on
decreasing in case of p, d and f- orbitals of the same
shell. In other words, s-electrons of any shell are
more penetrating towards the nucleus than p-
clectrons of the same shell. Thus, within the same
shell, the penctration effect decreases in the order :

s>p>d>f

Obviously, if the penetration effect of the
electron is more, iITWITbe eloser to the nucleus and
‘hence will be held more firmly by the nucleus.
Conseguently, the ionization enthalpy will be high.
In other words, ionization enthalpy increases with
the increase in the penctration effeet of electrons.
Thus, the ionization enthalpy will be more to knock
out a s-electron than p-electron of the same shell,
which in tum, will be more than that required to
remove a d-electron and so on.

For example, first ionization enthalpy of
aluminium is lower than that of magnesium. This is
due to the fact that in case of _aluminium_
(15 257 352 3p1), we have to pull out a p-electron to

form Al* ion whereas in case of magnesium
(152 22 2p® 35%) we huve to remove an s-clectron of
the same energy shell to produce Mg™ ion. Since
the energy required to remove a p-electron is lower
than that required to knock out a s-electron of the
same energy shell, therefore, the first ionization
enthalpy of aluminium is lower than that ol mag-

nesium, Similarly, the first ionization enthalpy of B _

is lower than that of Be.

1/(ﬂ)fShielding or Screening effect of the inner
shell electrons. As the shielding or the screening

*The screening constant (o) s calculated by the application of Slater rules.

effect of the inner electrons increases, the ionization
enthalpy decreases.

In multi-electron atoms, the electrons in the
valence shell experience an attractive force from
the nuclens and a repulsive force from the electrons
in the inner shells. The overall effect of these two
opposing forces is that the attractive force exerted
by the nucleus on the valence shell electrons is
somewhat reduced by the repulsive force exerted
by the electrons present in the inner shells. In other
words, the valence shell electrons do not feel the
full charge of the nucleus. The actual charge felt by
the valence shell electrons is called effective nuclear
charge and the repulsive force felt by the valence
shell clectrons from the electrons present in the
inner shells is called the shielding effect or screen-
ing effect. Therefore, the effective nuclear charge
(Zggp) 1s given by the relation

Zy= Total nuclear charge (Z) — Screening
constant (o).

where screening constant (0)* takes into ac-
count the screening effect of the electrons present
in the inner shells. Obviously greater the number of
electrons in the inner shells, larger will be the
screening effect. As the screening effect increases,
the effective nuclear charge decrcases. Conse-
quently, the force of attraction by the nucleus for
the valence shell electrons decreases and hence the
ionization enthalpy decreases. In other words, an
increase in the number of electrons in the inner shells
tends to decrease the ionization enthaipy.

(e) Electronic configuration i.e. Effect of ex-
actly half-filled or completely filled orbitals. [f an
atom contains exactly half-filled or compleiely filled
orbitals, then such an arrangement has extra stability.
Therefore, the removal of an electron from such an
atom requires more energy than expected, e.g.,
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(i) Be (15% 25?) has higher ionization enthalpy
than B (15* 25% 2p"). This is because Be has fully
filledGrbitals which is a stable electronic arrange-
ment, Similarly, Mg (15% 25* 2p% 3?) has higher
ionization enlhalp;,‘ than aluminium
(15 252 2p% 352 3p) ). .

(i} N(1s? 25% 2p] 2p} 2p!) has higher ioniza-
tion enthalpy than oxygen (1s? 252 2p% 2p! 2pl).
This 1s because N contains exactly half filled p-or-
bitals. Such an arrangement gives extra stabilify to

the atom. As a result, the removal of electron be-
comes difficult and hence the ionizatior enthalpy is

high. For similar reasons, ionization enthalpy pf P

(1s? 2% 2p° 357 3p] 3p) 3p!) is higher than that of S
(15% 2% 2p° 3% 3p2 3p) 3p)).

(iif) Noble gases have the highest ionization
enthalpy in their respective periods. For example,
tonization enthalpy of Ne is more than any other
clement of the second period. So is the case with
Ar. This is due to the fact that ns® np® arrangement
which occurs in noble gases is highly stable and
hence larger amount of energy is needed to remove
an electron from this stable arrangement.

From the above discussion it follows that rmore
stable the electronic configuration, grealer is the
tomization enthaipy.

enthalpies and hence are highly reactive. In con-
trast, noble gases with stable ns? np® configuration
have highest ionization enthalpies and hence are
chemically inert. Similar trends are observed for
each period as maybe seen from the a graph plotted
between the first ionization enthalpies along Y-axis
and atomic number along X-axis for the first 60
elements (Fig. 4.2). It may be noted that Cs has the
lowest first ionization ¢athalpy. Hence Cs is the
most electropositive element.

zs00 [
Ha
Na

<" 2000
g
2 1500
E IH
< 1000 [~
E
- 4
T7]
§ 500 [~
4
o 10 20 3¢ 40 50 60

ATOMIC NUMBER (Z) ——

4.14.5. Variation of lonization Enthalpyinthe FIGURE 4.2. Variation of first ionization anthalpies

Periodic Table. The first tonization enthalpies of
the representative elements and noble gases are
given in the Table 4.10.

It can be readily noticed that the ionization
enthalpy of an element strongly depends upon its
electronic configuration and thus shows periodic
variation. In each period, the minima are found at
the alkali metals and the maxima are found at the
noble gases. Thus, alkali metals with one electron

in the outermost s-orbital have lowest ionjzation

of elements with atomic numbers 1 to 60,

(a) Variation along a period. In general, as we
move from left to right in a period, the ionization
enthalpy increases with increasing atomic nunibers.
This is evident from the values of the first ionization
enthalpies of the elements of second period as
given in Table 4.8 or 4.10 and Fig. 4.3. The observed
trends can be casily explained on the basis of in-
creased niuclear charge and smaller atomic radii.

T
1312
Li Be B C
520 899 801 1086
Na Mg Al Si
496 737-6 577 786
K Ca Ga Ge
419 590 579 760
| Rb St In Sn
| 403 549 558 708
Cs Ba Ti Pb
374 502 589 715

He |

23728 0 |
N 0 F Ne
1402 1314 1681 2080 |
P S cl Ar
1011 999 1255 1520
As Se Br Kr
946 941 1142 1350 |
Sb ™ 1 Xe
884 869 1009 1170 |
Bi Po Al Rn
703 813 917 1037
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FIGURE 4.3, Variation of first ionization
enthalpy with atomic number in second period.

Explanation. As we move across a period
from left to right, the nuclear charge increases and
the atomic radius decreases though the principal
guantum number of the valence shell remains the
same. As a result of increased nuclear charge and
simultancous decrease in atomic radius, the
valence clectrons are more and more tightly held
by the nucleus as we move from left to right in a
period. Consequently, more and more energy is
needed to remove the electron and hence ioniza-
tion enthalpies keep on increasing. However, some
elements show irregularities in this general trend.
These are due to (i) type of electron to be removed
and (ii) the extra-stability of the exactly half-filled and
completely filled electronic configurations. To il-
Justrate this, let us consider the first ionization
enthalpies of the elements of the second period.

Li to Be. As we move from Li to Be, the
jonization enthalpy increases due to increased
puclear charge and smaller atomic radius of Be as
compared to that of Li.

" Be to B. Although the nuclear charge of B 1s
more than that of Be, yet the ionization enthalpy of
B is lower than that of Be. This is due o the Tollowing
reasons.

(/) The outermost electron in B is present in
2p- orbital while in Be it is present in 2s-orbital.
Since 2s-electrons are more penetrating towards
the nucleus than 2p-clectrons, therefore, lesser
amount of energy is required to knock out a 2p-
electron than a 2s- electron. Consequently, the first
jonisation enthalpy of B is lower than that of Be.

(iiy The electronic configuration of B
(15 242 2p") is less stable than that of Be (1s? 25%)
which has completely filled orbitals. As a result,
2p-clectron of B is not as strongly attracted by the
nucleus as the 2s-electron of Be. Consequently, the
first ionization enthalpy of B is lower than that of
Be.

B to C to N. As we move from B to Cto N, the
first ionization enthalpy of these elements keeps on
increasing due to progresssively increasing nuclear
charge and decreasing atomic radius.

N to O. The first ionization enthalpy of oxygen
is lower than that of N although the nuclear charge of
O is higher than that of nitrogen. This is due to the
following reasons :

(i) The electronic configuration of N
(152 252 2p! 2p} 2p}) in which the 2p-orbitals are
exactly half-filled is more stable than the elec-
tronic configuration of O (1s? 25 2p2 2p; 2p}) in
which the 2p-orbitals are neither half-filled nor
completely filled. Therefore, it is difficult to remove
an electron from N than from O. As a result, the
first ionization enthalpy of N is higher than that of
0.

(if) The removal of an electron from O gives a
stable electronic configuration with exactly half-
filicd 2p- subshell, ie., Ot (Ls*25® 2p} 2p) 2p})
while this is not so in case of N, ie. N*
(152 25% 2p} 2p} 2p?). Since the removal of an clec-

tron from O gives a more stable electronic con-
figuration than that obtainable from N, therefore,
the first jonization enthalpy of O is lower than that
of N.

O to F to Ne. The first ionization enthalpy
increases from O to F to Ne because of the increas-
ing nuclear charge. Neon, the noble gas, however,
has the highest first ionization enthalpy amongst
the elements of the 2nd period because of its stable
(ns® np®) electronic configuration.

Similar variations in the first ionization en-
thalpies of the elements of the third period have
been observed.

(b) Variation down a group. The ionization
enthalpies keep on decreasing regularly as we move
down a group from one element o the other. This is
evident from the values of the first ionization en-
thalpies of the elements of group 1 (alkali metals)
as given in Table 4.9 and Fig, 4.4.
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FIGURE 4.4. The variation of {irst ionization
enthalpies with atomic number in
group | (alkali metals) of the periodic table

Explanation. The above frend can be easily -

explained on the basis of increasing atomic size and
screening effect as follows :

() On moving down the group, the atomic size
increases gradually due to the addition of onc new
principal encrgy shell at each  succeeding element.

’FEGELEME ON

The electronic conf guratmn
Jor the following neutral atoms are given for use in
question.

(alidls? 4255 0SS 35 1 b 52 . 252

el uises 252, 2% ; (d) Is? , 257

(G 25 25,

fi) Which of the electronic configuration given
above would you expect for the noble gas ?

(ii) Which of the electronic configurations given
above would you expect to have the lowest ionization
enthalpy.

(iii} List the above configurations in order of
increasing ionization enthalpy.

Solution. (f) Arrange the electronic con-
figuration of all the atoms in order of increasing
atomic number in such a way that atoms containing
the same outer energy shell are grouped together.
Thus, we have

e G5
! 2p5 ;

1.3‘1 25‘2 2p4 152 252 zps 1.5'2 25‘2 21)6
© @) ()
w.L-shell
152252 298352 1522522p535"  ..M-shell

(@ ®)

As a result, the distance of the valence electrons
from the nucleus increases. Consequently, the
force of attraction by the nucleus for the valence
electrons decreases and hence the jonization en-
thalpy should decrease.

(if) With the addition of new shells, the num-
ber of inner electron shells which shield the valence
electrons from the nucleus increases. In other
words, the shielding or the screening effect increases.
As aresult, the force of attraction of the nucleus for
the valence electrons further decreases and hence
the ionization enthalpy should decrease.

(ifi) Nuclear charge increases with increase in
atomic number. As a result, the force of attraction
by the nucleus for the valence electrons should
increase and accordingly the ionization enthalpy
sh ou[d increase.

,,,,,,,,,,,

pensates the effect of the increased nuclear charge.
Consequently, the valence electrons become less and
lesy firmly held by the nucleus and hence the ioniza-
tion enthalpies gradually decrease as we move down
the group.

Smce the M shf:ll is more dlstant from the
nucleus than L-shell, so lesser amount of energy is
required to remove an electron from M-shell than
from the L-shell. In other words, ionization enthal-
py (IE) of atoms (@) and (b) should be lower than
that of atoms (c), (d) and (e).

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

The nuclear charge on atoms (c), (d) and (¢)
is +8, +9 and +10 respectively. Since the IE
increases withincrease innuclear charge so the IEs
of atoms (c), (d) and (¢) follow the sequence :
c<d<e.

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

b<a<c<d<e
e,  15225%2p% 351 <« 157 257 2p0 352
< 152252 2p* < 152 252 2p° < 152252 28
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(it) Evidently, atom (b) with electronic con-
figuration, 1s* 252 2p% 3s! has the Jowest ionization
enthalpy.

(iii) Since the outer electronic configuration
of noble gases is ns? np®, thercfore, the electronic
configuration, 152 252 2p® [atom (e)] represents an
noble gas.

[SXANPLE 4.8 The first (IE,;) and the second
(IE,) ionization enthalpies (kJ mol™1) of a few ele-

ments designated by Roman numerals are shown
below :

Element IE, IE,
I 2372 5251
i 520 7300
Hr 200 1760
i 1680 3380

Which of the above elements is likely to be
(a) a reactive metal (b) a reactive non-metal
{c) a noble gas

PROBLEMS FOR

1. Arrange the foltowing in the order of increasing
ionization enthalpy :
(i) 152 262 2p® 3¢
(iif) 152 252 2p8
(v) 182 2% 2p?

[ (i) < (i) < (iv) < (v) < (it)]

2. The electronic configurations of some neutral
atoms are given below :

() 152 252 (i) 15% 2% 2p!
(i) 152 252 2p* (iv) 152 252 2p°.
Which of these electronic configuration would be
expected to have the highest

@TE, (HIE,  (©)TBy @)IE,?
[ans. (@) (iv), (B) Gii), (c) (), (@) (D))
3. Among the elements Li, K, Ca, S and Kr, which one

has the lowest first ionization enthalpy ? Which has
the highest first ionization enthalpy 7 (N.C.E.R.T)

[4ns. Lowest: K, Highest : Kr]

4. Which of the following pairs of elements would you

expect to have lower first ionization enthalpy ?
Explain. (f) Clor F (if) Clor S

(i) K or Ar (W)KrorXe. (NCERT)

[voe @ClGD S @) K (iv) Xe]

(i) 152 25% 2p5 351
(iv) 15* 25% 2p*

(d) a metal that forms a stable binary halide of
the formula AX, (X = halogen). (N.C.E.R.T))

Solution. (a) Since element II has a very low
IE, bui a very high IE,, therefore, it has only one
electron in the valence shell and hence is likely to
be a reactive metal (i.e., an alkali metal),

(p) Since the IE, of element IV is very high
and its IE, is not so high (actually almost double),
it is likely to be areactive non-metal (i.e., a halogen).

{c) Among the elements listed, JE, 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 II is higher than that
of element II, but unlike element II, its IE; is only
about twice its IE,, therefore, it is likely that ele-

ment 111 has two electrons in the valence shell (i.e.,
alkaline earth metal). As such it will form a stable
binary halide of the formula AX, where A is the

metal and X is the halogen.

PRACTICE 1

5. For each of the following pairs, predict which one
has lower first ionization enthalpy ?

()NorO (i) Naor Na* (i) Bet or Mg?*
(WMTorl™ (4. (i) O, (if) Na, (iii) Be (iv) I']
6. The first (IE;) and the second (IE,) ionization

enthalpies (kJ mol'l) of three elements I, II, II1
are given below :

I | 1l
IE, 403 549 1142
IE, 2640 1060 2080

Identify the element which is likely to be () non-
metal (b) analkali metal (c)an alkalinc earth metal.

(NC.E.RT) | (a) 1 &) [ {c) IT]
7. Predict which atom in each of the followinyg pairs

has the greater first ionization enthalpy and explain
your answer.

(a) B and C (b) N and O (¢) Fand Ne
(N.CE.RT) [rns. (@) C (6) N () Nel

8. From each set, choose the atom which has the
largest ionization enthalpy and explain your answer.

(@), 0,N (b) Mg, P, Ar (c) B, Al, Ga
(NC.ERT) (... (@) F () Ar(c) B}

4L©
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FOR DIFFICULT PROBLEMS

In a period, noble gas ie 152 25% 2p5 (iii) has the
highest TE;. Out of C, 1s22s*2p? (&) and N,
152 2p> (), N has higher IE, due to higher
nuclear change and stable exactly half-filled electronic
configuration. Because of bigger size both Mg,
152 252 2% 352 (i) and Na, 15% 252 2p® 35! (&) have
lower IE, than C, N, O. Out () and (i), () has higher
IE, due tohigher nuclear charge and completely filled
s-orbital. Thus, the overall order of increasing IE, is
@) < () <(v) < (v) < ().

(a)(v) has highest [E, due to stable exactly half-

filled electronic configuration. (b)}—(#) has highest
IE, since the second electron has to be removed
from the stable exactly half filled electronic con-
figuration lefi after removal of Ist electron, ie.,

IE, IE,
15 252 2p% —s 15222 25° —»
(c)(f) has the highest TE, since the third electron
has to be removed from the stable inert gas con-

IE, IE, IE,
figuration, 15 22 —» 1522s! — 152 —.
(d)(if) has the highest IE, since the fourth
electron has to removed from the stable inert pas
configuration,

IE, IE, IE, _IE,
152252 2p! — 152 25— 152 25! s 152 s
Among the elements Li, K, Ca, S and Kr, the
elernents K, Ca and Kr belong to 4th period. Since
ina period, alkali metal has the lowest and inert gas
has the highest IE,, therefore, K has the lowest

IE; and Kr has the highest IE,.

() Because of the bigger size and stronger shielding
effect, Cl has lower IE, thanE

(#) Among S and Cl, § has lower IE, due to bigger

size and lower nuclear charge.
(@) K bas lower IE; than Ar because K has one

more electron than Ar and hence can easily lose this
electron to acquire stable Ar has configuration.

(iv} Xe because of its bigger size and stronger
shielding effect has lower IE, than Kr.

() O has lower IE, than N because in case of O, loss

of an electron gives O which has stable exactly

half-filled electronic configuration while in case of
N, an electron has to be lost from a stable hatf-filled
electronic configuration.

(if) Na has lower [E, than Na™ because of the
following two reasons :

(@) In casz of Na™, an electron has ta be lost from
a stable irert gas configuration but in case of Na,
loss of an electron gives stable inert gas configura-
tion.

(b) Na is neutral but Na¥ is +vely charged.

(iii) Be *has lower IE, than Mg ™ because in case

of Be™, the loss of one electron gives a stable inert

gas configuration but in case of Mg® * | the electron
has to be lost from the stable inert gas configura-
tion.

(v} L has lower 1E, than I~ because in case of [,
an eleciron has 1o be lost from a stable inert gas
configuration.

6. (7) 1IE; of element IIT is the highest of the three
elements listed, therefore, it iy a non-meral.
() Since [E; of element T is very high as compared
to its [E, therefore, it iy an alkali metal

(c) Since the I, of element I1 is higher than that

of element I and lower than that of element 111,

therefore, it is an afkaline earth meral,

(a) C has higher IE, than B because of higher

nuclear charge.

{b) N has higher IE, than O because in case of N,

the electron has to be lost from a more siable

exactly half-filled electronic configuration.

(¢} Ne has higher IE, than F because of stable inert

gas configuration.

8. (@} F, O, N all belong to 2nd period. Among (hese,
Fhasthe highest IE, because of its smallest size and
highest nuclear charge.

{b) Mg, P, Ar all lie in the 3rd period. Among these.
Ar has the highest IE;| because it has stable inert
gas configuration.

() B, Al, Ga al lie in group 13. B has the highest
IE| due to its smallesl size.

7

4.15.1. Definition and Units. Just as energy

(called ionization enthalpy) is required to remove

an electron from an isolated gaseous atom so as to

convert it into a positive ion, energy is released
when an electron is added to an isolated guseous
atom so as to convert it into a negative ion. This
energy is called electron gain enthalpy, Thus,
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Electron gain enthalpy of an element may be defined
as the energy released when a nettralisolated gaseos
atom uccepls an extra electron to form the gaseous
negative ion, i.c., anion. It is denoted by A, H.

This process may be represented as :
X&) e~ i X Bk
neutral gaseous atom anion

AH=A_H ()

Evidently, greater the amount of energy
released in the above process, higher is the electron
gain enthalpy of the element.

In other words, the electron gain enthalpy of an
element is a measure of the firmness or strength with
which an extra electron is bound toit. Like ionization
enthalpy, electron gain enthalpy is measured either
in electron volts per atom or kJ per mole.

Depending upon the nature of the element, the
process of adding an electron to the atom can be
either exothermic or endothermic. For majority of the
elements, energy is rcleased when an electron is
added to the atom. Therefore, for such elements, the
electron gain enthalpy is negative, For example, the
electron gain enthalpy for halogens (i.e., elements of
“group 17) is highly negative because they can acquire
the nearest stable noble gas configuration by accept-
ing an extra electron. In contrast, noble gases have
large positive electron gain_enthalpies because the
extra electron has to be placed in the next higher
principal quantum energy level thereby producing
highly unstable electronic configuration.

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

PROBLEMS ON 1 CALCU

EXAMPLE 4.9, The electron gain enthalpy of
chlorine is — 349 kJ mol™. How much energy in kJ
is released when 3-55 g of chlorine is converted
completely into Cl~ ion in the gaseous state.

Solution. According to the definition of
electron gain enthalpy.

TION OF ELE(

second and higher electron gain enthalpies are also
possible. However, after the addition of one
electron, the atom becomes negatively charged and
the second clectron is to be added to a negatively
charged ion. But the addition of second electron is
opposed by electrostatic repulsion and hence the
energy has to be supplied for the addition of second
electron. Thus the second electron gain enthalpy of
an element is positive®, For example, when an
electron is added to oxygen atom to form O~ ion,
energy is released. But when another electron is
added to O ion to form O®~ ion, energy is ab-
sorbed to overcome the strong electrostatic repul-
sion between the negatively charged O ionand the
new electron being added. Thus,
First electron gain enthalpy,
O} +e” (g) — O~ @&);
AH,, = — 141k} mol ™!
(Energy is released)
Second electron gain enthalpy :
OF i(g)ie (B s=musniE)s
AH,, = +780K) mol ™!
(Energy is absorbed)
Similarly, the second electron gain enthalpy of
S is also positive. Thus,
First electron gain enthalpy,
Sl +e gy —> 35" En
AH = — 200kJ mol~!
(Encrgy is released)
Second electron gain enthalpy,
§Tgy+ e @) — ()3
AH. = +590kJ mol ™!
(Energy is absurbed)

TRON GAIN ENTHALIY

Cligy+e (g — CI” (g)
+ 349 kJ mol ™!
Energy released when 1 mole ( = 35.5g)
of chlorine atoms change completely into Cl™ (g)
= 349 kJ

*In majo;iiy.of the text b.ogkahe negati\.n.-,. of the éntha.lp;y ;hangc ac;omp_anying the addition of an electron to an isolated

gaseous atom is defined as ¢lectron affinity (A,). The electron affinity is said to be positive, if energy is released when an isolated
gaseous atom accepis an electron and it is assigned a negative sign if energy is to be supplied 10 add an extra eleciron to the isolated
gaseous atom. This is, however, contrary to the thermodynamic convention. Further, since electron affinity is defined at absclute
zeto, therefore, at any other temperature heat capacities instead of electron affinity of the reactants and products should be
considered. Therefore, in view of thesc two reasons, the term electron gain enthalpy is used instead of electron-affinity.

AH,, = —-Ae—%RT

Thus numerically electron gain enthalpy is higher than that of electron affinity by 5/2 RT. Since the value of 572 RT at 298 is

just 2-477 kJ moi"‘, therefore, this small difference is often ignored and the two terms are used indistinguishably with the only
difference that electron gain enthalpy is just the negative of electron affinity.

The two terms are related to each other as
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Energy relased when 3 55 g of chlorine atoms

change completely into C1™ (g)
349
= 35_5><3 55 = 34-9Kk].

EXAMPLE 400, The amount of energy
released when 1 % 10'° atoms of chiorine in vapour
state are converted to CI™ jons according to the
equation,
Cllg) + e~ —— CI™ (g)is 57-86 x 10719,

Calculate the electron gain enthalpy of chlorine
atom in terms of kI mol™1 and eV per atom.

Solution. The amount of energy released

when 1 x 10! atoms of chlorine in vapour state are
converted to C1™ jons, according to the equation.

Clg) +e=—— CI™ (g)is 57-86 x 10710,

. The dectron gain enthalpy of : hlorine, i.c.,
the amount of energy released when 1 mole
(6:023 X 10®) atoms of chlorine are converted
into CI™ ions according to the above equation will
be

_ 5786 x 10710
1x 101°

= — 348-49 x 10° J/mol = — 348-49 kJ/mol

Now 1eV/atom = 96-49 kJ mol~!

<. Electron gain enthalpy of chlorine

348-49 :
e 3:61 eV/atom

% 6-023 x 102

PROBLEMS FOR PRAGTICE W) ]

1. Theelectron affinity of bromineis 3 36 eV Howmuch
energy in keal is released when 8g of bromine is com-

pletely converted to Br™ jons in the gaseous state ?
(1eV=23.-06 keal mol ). [ Ans.7-748 keal)
2. The amount of energy released when one million
atoms of iodine are completely converted into 1~

HINTS rForDIFFICULT PROBLEMS

ions in the vapour state according to the equation,
Ig+e”™ — 1™ (g)is4-9x 10713},
Calculate the electron affinity of iodine in
(¥) kJ/mol and (i) in eV per atom.

[4n5.295 kJ/mol and 3-06 eV/atom]

e S A A b A o i b b sidatieninna i
L. No. of moles of Br = 8/80 = 0-1 =295 x 10 x 10~3 ]
Required energy = 0-1 x 3-36 x 23-0¢ -1
=295 kJ mol

= 7-748 Kkeal
2. Electron affinity
=6-023 %102 x4-9x 10713 x 106

e A R et SantEn e e st

= 295/96-49 eV /atom
=3-06 eV /atom

g

4.153. Factors on which the Electron Gain Enthalpy depends. Some important factors on which

electron affinitics depend are discussed below -

) Atomic size. As the size of the atom increases, the distance between the nucleus and the last shell
which receives the incoming electron increases. As a result, the force of attraction between the nucleus
and the incoming electron decreases and hence the electron gain enthalpy becomes less negative (Table

4.11).

. .‘(ii)_ Nuclgar charge. As the nuclear charge increases, the force of attraction between the nucleus
and the incoming electron increases and hence the electron gain enthalpy becomes more negative.

{itf) Electronic configuration. Elements having exactly half-filled or completely filled orbitals are

very stable. As a result, energy has to be supplied to add an electron. Hence their electron gain enthaipies

have large positive values since they do not accept

the additional electron so easily.

4.15.4. Variation of Electron Gain Enthalpies in the Periodic Table. The electron gain enthalpies of

some elements are given in the Table 4.11.
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TABLE 4.11. Electr:r; gait; €n h.nlpn-s of S&IﬁéA;léﬁEl;(sl m k.lnmol‘ 1
Period
| Group—=1 2 13 14 115 16 17 18
1. H He
-73 +48
2. Li Be B N 0 F Ne
—60 +66 -83 -122 +31 -141 -328 +116
3. Na Mg Al P s Cl Ar
-53 +67 -50 -119 ~74 -200 -349 +96
4, K Ca Ga Ge As Se Br Kr
-48 = =36 -116 =77 -195 -325 +96
38 Rb Sr In Sn Sn T 1 Xe
-47 = -29 -120 -101 -190 —295 +77
6, Cs Ba Tl Pb Bi Po At Rn
-46 - -30 -101 -110 -174 =270 +68

From the Table 4.11, it is evident that electron
gain enthalpy does not show a perfectly regular
trend along a period or a group because of a
number of exceptions. However,.ingeneral, the
electron gain enthalpy becomes less negative in going

~from top to bottom in a group and more negative in
going from leftto night ina period as discussed below.

(a) Variation in a group. (i) In general, the
electron gain enthalpy become less negative as we

move down a group. This may be explained as fol- -

lows.

As we move down a group, both the atomic
size and the nuclear charge increase. But the effect
of increase in atomic size is much more pronounced
than the nuclear charge. Thus, with increase in
atomic size, the attraction of the nucleus for the
incoming electron decreases and hence the
electron gain enthalpy becomes less negative. For
example, the electron gain enthalpy of halogens
becomes less negative in going from chlorine to
bromine to iodine.

__{ii) The electron gain enthalpies of some of the
elements of second period, i.e, O and F are, however,
less negative than the corresponding elements (e, S
and Ci) of the third period.

This unexpected behaviour is due to the fact
that the clements of second pefiod have smallest
afomic size amongst the clements in their respec-
tive groups. As a result, there are considerable
“electron-electron repulsions within the atom itself
nd hence the additional electron is not accepted
wiih the same case as is the case with the remaining
elements in the same group. For example, electron
gain enthalpy of O (—141-0 k] mol 1) is less nega-

tive than that of § (=200 kJ mol ™) and the electron
gain enthalpy of F (—328 kJ mol~1) is less negative
than that of Cl (=349 kJ mol~"). It may be noted
that amongst halogens chlorine has the most nega-
tive electron gain enthalpy.

(b) Variation in a period. In general, electron
gain enthalpy becomes more and more negative from
left to right in a period. This may be explained as
follows :

As we move across a period from left to right,
the atomic size decreases.and the nuclear charge
increases, Both these factors tend to increase the
attraction by the nucleus for the incoming electron
and hence electron gain enthalpy, in general, be-
comes more and more negative in a period from left
to right.

Some Important Trends in Electron Gain En-
thalpies. Some important trends in the electron
gain enthalpies of the elements are discussed
below :

(i) Halogens have the most negative electron
gain enthalpies. The electron gain enthalpies of the
halogens (Group 17) elements are the most negative.
This is due to the reason that the valence shell
electronic configuration of the halogens is ns? np®
and as such they require one more electron o
acquire the stable noble gas configuration, L.e. ns*
np®. As a result, they have a strong tendency to
accept an additional electron and hence their
electron gain enthalpies are highly negative. How-
ever, as we move from Cl to 1, the electron gain
enthalpies become less and les negative (Fig. 4.5)
due to a corresponding increase in their atomic
radii. In Cl, the additional electron enters the 3p-
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FIGURE 4.5. Variation of electron
gain enthalpies of halogens.

subshell ;in Br it goes to the 4p-subshell while in 1
it goes to the Sp-subshell. As the distance of the
nucleus from the subshell which receives the addi-
tional electron increases, the force with which it is
attracted by the nucleus decreases and hence the
clectron gain enthalpies become less negative as we
move down the group from Cl—s Br—s [.

The electron gain enthalpy of F is, however,
unexpectedly less negative than that of CI, This is

EXAMPLE 4.11. Which of the following ele-
ments has the most negative electron gain enthalpy ?
Give reasons.

(i) [Nej 35 3p° (ii) [Ne] 352 3p* (iii) [Ne) 352 3p°

Solution. The element (chlorine) cor-
responding to the electronic configuration (i) will
have the the most negative electron gain enthalpy.
This is due to the reason that it contains one
clectron less than the stable noble gas configura-
tion, i.e., [Ne] 35? 3p° and hence, has a strong ten-
dency to accept one electron to acquire the stable
noble gas configuration.

EXAMPLE 4.12. Which of the following pairs
of elements would have more negative electron gain
enthalpy ? Explain ,

(i) NorO

(it} For CI

(iii) S or O (iv) C or 5i

Solution. () The electron gain enthalpy of O
is highly negative while that of N is slightly positive.

Reason. The electronic configuration of N is
quite stable since it has exactly half-filled 2p-orbi-
tals and hence has no tendency to accept an extra

(N.CER.T)
(N.CE.R.T)

T

due to its small size. As a result of its small size, the
electron-cledron replusions in the relatively com-
pact 2p-subskell are comparatively L ge and hence
the incoming electron is not accepted with the same
case as is the case with Cl. Consequently, the
electron gain :nthalpy of Fis less negative than that
of CL

(i} The dectron gain enthalpy of noble gases is
positive. This is due to the fact that the atoms of
these elements have completely filled subshells. As
a result, there is no room in their valence orbitals
and the additional electron has to be placed in an
orbital of next higher shell. As a result, energy has
to be supplied to add on additional electron. In
other words, the electron gain enthalpy of noble
gases is positive. Further, as we move down the
group, the size of the atom increases and hence
electron gain enthalpies have lower positive values.
For example, electron gain enthalpy of Ar (+96)is
lower than that of Ne (+ 116). :

The electron gain enthalpy of He is, however,
the lowest of all the noble gases. The reason for this
unexpected behaviour is that due to its smallest
size, it has much higher tendency to accepl an
additional electron than any other noble gas,

G ELECTRON GAIN ENTHALPY

electron. In other words, energy has to be supplied
to add an extra electron. Thus, electron-gain enthal-
Py of Nis slightly positive. In contrast, the electronic
configuration of O is not so stable but it has higher
nuclear charge and lower atomic size than N and
hence it has a high tendency to accepl an extra
electron. In other words, electron gain enthalpy of O
i highly negative.

(b) Cl has more negative electron gain enthai-
pythan F

Reason. As explained in Example 4.11.

(¢) S has more negative electron gain enthalpy
than O,

Reason, The size of O is much smaller than
that of S. As a result, the electron-eleetron repul-
sions in the smaller 2p- subshell of O are com para-
tively larger than those present in the bigger
3p-subshell of S. Therefore, S has higher tendency
to accept an additional electron than O,

(d) C has more negative electron gain enthaipy
than Si.

Reason. This is because C-atom has smaller size
than Si-atom. (Note that the electron-electron repul-
sions in these atoms are not very large because they
contain only 4 electrons in the outermost shell),
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CNANMPLE 1% Which of the llowing will
have the most negative electron gain mthalpy and
which the least negative ?

PiSHGLE

Explain your answer. (N.CER.T)

Solution. Arranging the given aioms into dif-

ferent groups and periods in order of increasing
atomic numbers :

As we move across a period from left to right,
the electron gain enthalpy becomes more and more
negative while within the group from top to bottom,
it becomes less and less negative. Therefore, F
should have the most negative clectron gain enthal-
py while P should have the least negative electron
gain enthalpy. But adding an electron to smaller
2p-orhital leads to greater inter-electronic repul-
sions than adding an electron to larger 3p- orbital.

GroupNo. 15 16 17 Hence C1 has the most negative electron gain en-
2nd Period = = F thalpy while P has the least negative electron gain
3rd Period P S Cl enthalpy.

PROBLEMS FOR PRACT

1. Arrange the elements with the following electronic 3.

configurations in order of increasing electron gain
enthalpy.
() 152 22 2p% (i) 152 257 2p° (i) 15?2 252 2p°
(iv) 152 242 2p8 362 3p*
[Ane () < () < (i) < @)
. Arrange the following elements in order of decreas-
ing electron gain enthalpy : B, C, N, O.

[\:.

4.

N, B, C, 0]

ICE

= L
e Gl ey

Which one {atom/ion) in the following pairs has
higher electron gain enthalpy ?
()yO~,S (#)0,5 (@) (O A5 A A
[Lo () O >SGNST >0 @H0" > S
(i yN~ > P]
The eleciron gain enthalpies of halogens decrease
in the order F > Cl > Br > 1. Comment upon the

statement. [ Ans. The statement is wrong.
The actual orderis 1> Br > F > 1

HINT S FORDIFFICULT PROBLEMS

T LRI AL L e Al i 2 R S O P T e e e e S

TG Pt R A L e et Mo e i hﬁ:"‘” P

Louw of F (s2222%% 002272
N (1s? 2+% 2p%) and § (157 2¢* 2p% 352 3p%), only N
hecause of its stable exactly haif-Diled ejectron £on-
figuration has +ve electron gain enthalpy while all
others have —ve electron gain enthalpies. Since F
needs only one more electron toacquire the nearest
inert gas configuration, therefore, it has the most
—ve electron gain enthalpy. Out of O and §, O has
less negative electron gain enthalpy than § because
of electron-electron repulsions present in its small
compact 2p-orbital. Thus, overall order of increas-
ing electron gain enthalpy is: ()< (iv) < (i} = (i)

N has +ve electron gain enthalpy while all others
have -ve electron gain enthalpies. Since size
decreases in moving from B—s C— O, therefore,
electron gain enthalpies become more and more
negative from B — C —+ 0. Thus, the overall

3

BEs s L B i

Ry

decreasing order of electron gain enthaipiesis N, B,
C 0

({) Due to repulsions between the electrons on
O~ and the additional incoming eleciron, the

electron gain enthalpy of O™ is positive while that
Oa-ve.

() On similar grounds, the electron gain enthalpy
of 7 is +ve while that of O is —ve.

(i) Due to smali size, repulsions between O™ and
the incoming electron is much more than in 87,
Therefore, eleciron gain enthalpy of O~ is more
+ve than that of 7

(iv) Due 10 repulsions between N~ and the incom-
ing electron gain enthalpy of N7 is positive while
that P is —ve.

g M A G i

4.16.1. Definition. The size of an atom, i.e., the
atomic size is a very important property of an atom
since many other physical and chemical properties

of the atom are related to it. [f an atom is considered
to be a sphere, the atomic size
of the sphere and is commonly known as atomic
radius. It may be defined as

is given by the radius
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The distance from the centre of the nucleus to the
oulermast shell containing the electrons.

Or

The distance from the centre aof the nucleus to the
point upto which  the density of the electron cloud
(i.e. probability of finding the electron) is meri-
.

4.16.2. Difficulties in determining atomic
radius. Atomic radius cannot be determined
precisely due to the following reasons -

(¥) The size of an atom cannot be determined
precisely since the electron cloud surrounding the
atom does not have a sharp boundary. This is due
to the reason that the probability of finding an
electron never becomes zero even at large distances
from the nucleus,

(ir) 1t is not possible to isolate a single atom
for the purpose of determination of its radjus.

(ifi) The probability distribution of electrons
of an atom Is appreciably affected by presence of
other atoms within its molecule or in its neighbour-
hood. Thus, the atomic radius may change in going
from one environment to the other.

(iv) The atomic radius also changes when the
atom is present in different bonded states.

4.16.3. Types of atomic radii. Despite the
above limitations, we need some opertional defini-
tion for the radius of an atom or an ion. This s
necessary in order to explain a number of chemical
properties of different elements in terms of the size
of their atoms or ions. There are three operational
concepts whih have been widely used. These are -

(1) Covalent radii (ii) van der Waals’ radii

and (iii) Metallic radii.

(z) Covalent radius.

1t is defined as one-half the distance between the
nuclei of two covalently bonded atoms of the same
element in a molecule (Fig. 4.6).

Thus, for a homonuclear diatomic molecule,
1 :
Feovalent = 5 [Internuclear distance between

two bonded atoms)

Since the internuclear distance between two
bonded atoms is called the bond length. Therefore,

1
Tecovalent = '2_ [bond Icugth]

For example, the internuclear distance be-
tween two hydrogen atoms in H, molecule is 74 pm
(0-74 ﬁ;]. Hence the covalent radins of hydrogen is
74/2 = 37pm (0-37 A). Similarly, the internuclear
distance between chlorine atoms in Cl, molecule is
198 pm (1-98 A),the covalent radius of chlorine is
198/2 = 99 pm (0-99 A).

(&) van der Waals’ radius.

It is defined as one-half the distance between the

nuclei of two identical non-bonded isolated atoms

or two adjacent identical atoms belonging to two

neighbouring molecules of an element in the solid
_state (Fig. 4.6).

The name van der Waals’ radius simply means
that the forces existing between the non-bonded
isolated atoms or neighbouring molecules are the
weak van der Waals’ forces of attraction, Conse-

" quently, the magnitude of the van der Waals’ radii

depends upon the packing of the atoms when the
element is in the solid state, These are obtained
from X-ray studies of the various atoms in the solid
state. For example, the internuclear distance be-
tween the adjacent chlorine atoms of the two nei h-
bouring molecules in the solid state is 360 pm or
36 A (Fig. 4.6). Therefore, the van der Waals’
radius of chlorine atom =360/2 = 180 pmorl-8A.
Similarly, the internuclear distance between two
adjacent hydrogen atoms of two neighbouring
molecules in the solid state = 240 pm. Therefore,
its van der Waals’ radius = 24072 = 120 pm or
1:2A

VAN DER WAALS'
RADIUS = 180 pm

COVALENT
RADIUS = 99 pm

FIGURE 4.6, Covalent and van der
Waals' radit of chiorine.

Comparison of covalent radius and van der
Waals' radius. van der Waals’ radius of an element
is always larger than its covalent radius because of
the following two reasons :
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(i) Since the van der Waals’ forces of attrac-
tion are weak, therefore the internuckar distances
i oase-of atoms held by van der Wagls' forces are
much larger than those between covalently bonded
atoms. Therefore, van der Waals® radii are always
larger than covalent radii.

(ii) Since a covalent bond is formed by overlap
of two hali-filled atomic orbitals, a part of the
electron cloud becomes common (Fig. 4.7). There-
fore, covalent radii are always smaller than the van
der Waals’ radii.

FIGURE 4.7. Overlapping of atomic
orbitals to form a covalent bond.

{c) Metallic radius

According to Electron-sea model, a metal lat-
tice of crystal consists of positive kernels or metal
joms (left after the removal of valence electrons)
arranged in a definite pattern in a sea of mobile
“valence electrons, Thus, each kernel (i.e., metal
ion) is simultaneously attracted by a number of
mobile electrons and each mobile electron is at-

i
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. 1 Out of the three types of atomic radii (covalent, van der Waals’
determine and hence atomic radius of an atonl is usually expressed

KNOWLEDGE |

tracted by a number of metal ions. This simui-
taneous force of aitraction between the mobile
electrons and the positive kemels is called the metal-
lic bond.

It is defined as one-half the internuclear distance
between the two adjacent metal ions in the netallic
lattice. s

The internuclear distances are determined by
X-ray studies and the metallic radius is usually
expressed in angstrom units or picometers.

Since in a metallic lattice, the valence
electrons are mobile, therefore, they are only weak-
ly attracted by the metalions or kernels. In contrast,
1 a covalent bond, a pair of electrons are strongly
attracted by the nuclei of two atoms. Thus, a metal-
lic radius is always longer than its covalent radius.
For example, metallic radius of sodium is 186 pm
(1-86 A) whereas its covalent radius as determined
from its vapours which exist as Na, is 154 pm (1-54
A). Similarly metallic radius of potassium is 231 pm
while its covalent radius is 203 pm. Likewise metal-
lic radius of copper in 128 pm while its covalent
radius is 117 pm.

4.16.4. Comparison of Different types of
atomic radii. A comparison of three types of atomic
radii discussed above reveals that van der Waals’
radius is the longest while covalent radius of an
atom is the shortest, i.e., van der Waals' radius =
metallic radius > covalent radius.

e BT
b
g

":‘"-°-<;.‘C?*tf?fvféi"'?ﬁ%-o‘i&‘?‘tﬂ-‘n.-f?:"-

and metallic) covalent radius is the easiest to
in terms of its covalent radius.

The atomic radii of noble gases are usually expressed in terms of {heir van der Waals' radii since they do not
form compounds. However, recently a number of compounds of xenon with fluorine and oxygen have been
prepared. Therefore, atomie radius of xenon can be expressed either in lerms of van der Waals' radius or

covalent radius.

S

4.16.5. Variation of Atomic Radii in the Periodic

(a) Variation in a period. In
atomic mumber as we move from |

to right in a period. For example, consider

Table
neral, the atomic covalent or van der Waals’ decrease with increase in

the atomic (covalent) radii

of the elements af second period (Table 4.12 and Fig. 4.8).
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TABLE 4.12. Décrease i

n atomic (covalent} radiiin'the second period

Element Li Be B 3 N Q F Ne
Nuclear charge +3 +4 +5 +6 i +8 +4 +10
‘Outer electronic 251 22 2221 2252 22257 22204 2225 242 2p8
configuration
radii (pm) 1552 111 88 T 75 74 72 160* |
nuclear charge, the electrons of all the shells are
pulled little doser to the nucleus thereby making
e i (152) each individual shell smaller and smaller. This
T o results in a decrease f:_lf the a@umi-:: radius as we
E move from lekt to right in a period.
@ 120 An inspection of the Table 4.12 further reveals
2 Be (111) that the atomic radius abruptly increases as we
=100~ move from halogen (F) to the inert gas (Ne). This
&) B (88) is due to the reason that in case of inert gases all the
g a0l N (75) F(72) orbitals are completely filled and hence the inter-
= ca7n 0 (74) electrdnic repulsions are maximum, Moreover in
60 - 3 5 T case of inert gases, the atomic size is expressed in

ATOMIC NUMBER (Z2) —a

FIGURE 4.8. Variation of atomie radius with
atomic number across the second period.

From the above table, it is evident that —

(?) The atkali metals which are at the extrerne
left of the periodic table have the largest size in a
penod.

(#) The halogens which are present at the ex-
Ireme right of the periodic table have the smallest size.

(iii) The size of the atoms af inert gases* are,
however, larger than those of the preceding halogens,

Explanation. As we move from left to right in
a period, nuclear charge increases by one unit in
cach succeding element while the number of the
shells remains the same. Due to this enhanced

terms of van der Waals’ radius since they do not

“Torm covalent bonds while in case of all other ele-
ments, the alomic size is expressed in terms of
covalent radius, Since by definition, van der Waals’
radii are larger than covalent radii, therefore, the
atomic size of an inert gasin a period is much higher
than that of the preceding halogen.

Like covalent radii, van der Waals' radii also
decrease as we move from left to right in a period.
For example, the van der Waals’ radii of N, O and
F are 150 pm, 140 pm and 135 pm respectively.

{b) Variation in a group. The atomic
(covalent) radii of elements increase with fncrease in
atomic number as we move from top to bottom in a
group. For example, consider the atomic {covalent)
radii of the members of the alkali metals group
(Table 4.13). These are represented graphically in
Fig. 4.9,

A AR s et

TABLI 4.13. Increase in atomic (covalent) radii of tie alkali metals,

Elemnent ; Li Na
Nuclear charge +3 +11
Ouiter electronic Conﬁgrb'a;rion 2! 351
Covalent radii (pm) 152 186

K Rb Cs Fr
+19 +37 +55 +87
45! 551 6s! 7s!
231 244 262 =

From the above table, it is clear that the atomic radii increase as we move down the group from
lithium to caesium among alkali metals. Similar trend is followed by halogens from fluorine (o iodine as

shown graphically in Fig. 4.9,

*van der Waals’ radijus,

— — =
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. atomic number for alkali metals and halogens.

Explanation. As we move down a group, a
new energy shell is added at each succeeding ele-
ment though the number of electronsinthevalence
shell remains to be the same. In other words,
electrons in the valence shell of each succeeding
element lic farther and farther away from the
nucleus. As a result, the attraction of the nucleus
for the electrons decreases and heice the atomic
radins increases. However, with increase in atomic
number, the nuclear charge also increases. As a
result, the force of attraction of the nucleus for the
electrons increases and hence the. atomic radii
should decrease. But the cffect of the increased
nuclear charge is reduced due to the screening or
shielding cffect on the valence electrons by the

electrons present in the inner shells. Thus, the ef-
fect of adding a new energy shell is so large that it
outweighs the contractive effect of the increased
nuclear charge. Hence, the increase in atomic radii
as we move down the group (from Li to Cs among
alkali metals and from F to I among halogens) is
primarily due to the addition of a new energy shell.

Like covalent radii, van der Waals’ radii also
increase as we move down the group, For example,
the van der Waal's radii of Cl, Br and 1 are 180, 195
and 215 pm respectively.

e

4.17. lonic Radii

The ionic radii correspond to the radii of ions
in ionic crystals. Tons, in turn, are formed when
nentral atoms lose or gain electrons. A positive ion
or cation is formed when a neutral atom loses one
or more electrons while a negative ion or anion 15
formed when a neutral atom gains one or more
clectrons, The effective size of these ions is CX-

pressed in terms of ionic radius. Tonic radius may
be defined in different ways as in the case of atomic
radius. However one of the most common defini-
tipn is as follows :

y be defined us the effective distance

/" from the centre of the nucleus of the ion upto which

it exerts its influence on its electronic cloud.
Theoretically, clectron cloud may extend up
to alarge distance. Nevertheless, itis stillimportant
to have some value of the ionic radius. For this
purpose, the internuclear distance in any ionic
compound is determined from X-ray measure-
ments. Assuming that the positive and negative ions
are touching each other; this ineriuclear distance is
then taken as the sim 0] the radii of two ions involved
(Fig. 4.10). Knowing the radius of one, that of the
other can be calculated.

RADIUS OF RADIUS OF

CATION ANION
1 lli £ ]

(] 1
] I
1 1
I i
]
1
!

'INTERNUCLEAR
DISTANCE

"~ FIGURE 4.10. Internuclear
-~ distance and ionic radius.

For example, the internuclear distance be-
tween Na* and C1™ ions in sodium chloride crystal
has been determined to be 276 pm from X-ray
measurements. This distance is then taken as sum
of the radii of Na* and C1~ ions. Unless the value
of one of them is known that of the other cannot be
calculated. Several methods have been used to fix
the absolute value of at least one ion (the details of
these methods are beyond the scope of this book).
However, Pauling’s method is the most widely ac-
cepted an values given here are based upon this
method. Once the absolute value of jonic radius of
one of the ions is known, that of the other can be
casily calculated by subtracting the value of this ion
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from the measured internuclear distance in its com-
pound. For example, based upon Pauling’s method,
the absolute value of the ionic radius of Nat jon
has been determined to be 95 pm. Therefore, the
ionic radius of ClI™ ion = 276—95 = 181 pm.
Further , the radius of Na* ion thus obtained may
be used to calculate the radii of other anions, such
as Br™ and [~ ions, by measuring the internuclear
distances in NaBr and Nal. Similarly, the radius of
the CI™ ion may be used to calculate the radii of
other cations such as Li*, K* etc. by measuring
internuclear distances in LiCl and KCl crystals
respectively.

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

(a) The radius of the cation is always smalier
than that of its parent atom. A cation is formed by
loss of one or more electrons from the neutral
gasecous atom, This generally causes the removal of
the whole of the outermost (valence) shell of
electrons,

eg., Na ——  Nat'+e~
152 2.~;pZ 2p6 35! 1s? 252 2p6

Due to the removal of the valence shell, the
number of shells in the cation decreases. As a

() —— @

ATOM CATION

11 ELECTRONS 10

+11 NUCLEAR CHARGE +11
157 pm SIZE 95 pm

FIGURE 4.11. Relative sizes of
Na atom and Na* icn

result, the size of the cation is smaller than the
parent atom from which it is formed. Further, due
to the removal of electrons from the parent atom,
the number of electrons in the cation decreases
(Fig. 4.11) but its nuclear charge remains the same
as that of the atom. As a result, the force of attrac-
tion by the nucleus on the electrons increases (i.c.
effective nuclear charge increases) and hence the size
of the atom decreases. Thus, in nutshell,

The size of a cation is always smaller than that of
the corresponding atom due to (i) decrease in the
number of shells (ii) increase in the effective
nuclear charge resulting in preater force of aitrac-
tion by the nucleus on the clectrons.

This 15 illustrated in Table 4.14.

TABLE 4.14. Comparative sizes of atoms and their cations

Atom Li Na K

Atoinic radii (pm) 152 186 231
Coresponding cations | Lit Nat K*
fanicradii (pr) o) 95 133

Be Mg Al Mn
111 160 143 126

Bcz+ Mgz+ A13+ Mn4+
39 65 50 46

Variation of ionic (cationic) radii within a
group. Like covalent radii of atoms, the ionic radii
af cations also increase as we move from top to
bewtom within a group primarily due to an increasein
the number of shells. For example, the 08¢ radii of
Li* is 60 pm, that of Na™ is 95 pm and that of K*
is 133 pm.

(b) The radius of the anion is always larger
than that of its parent atom. An anion is formed
when a neutral gaseous atom gains one or more
electrons (Fig. 4.12). This increases the number of
electrons in the anion while its nuclear charge
remains the same as that on the neutral atom. Since
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 charge decreases).
Hence the electron cloud of the atom expands. In
other words, the distance between the centre of the
nucleus and the last shell that contains electrons
increases thereby increasing the ionic radius. Thus,

) —

ATOM

ANION

17 ELECTRONS 18
+17 NUCLEAR CHARGE +17
99 pm SIZE 181 pm

FIGURE 4.12. Relative sizes of
Clatom and cI-ion.
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The size of an anion is always larger than the corresponding atom muinly because of decrease in the effective
nuclear charge i.e. lesser force of attraction by the nucleus on the electrons.

This is illustrated in Table 4.15.

TABLE 4.15. Comparative sizes of atoms and their anions

Atom F Cl Br

Atomic radit (pm) 772 99 114
Corresponding anion ET i Br™
Tonic radi (pm) 136 181 196

1 0 S N
133 74 102 75
I~ 2= e N3~
219 142 184 17

Variation of ionic (anionic) radii within in
group. Like covalent radii, the ionic radii of anions
also increase as we move down the group primarily
duc to an increase in the number of shells. For
example, the ionicradiiof F~, Cl~, Br~ andI™ ions
are 136, 181, 196 and 219 pm respectively.

4.17.2. Isoelectronic ions or species.

“fons of the different elements which have the same

number of electrons but different magnitude of the
nuclear charpe are called isoelectronic ions.

For example, sulphide ion (827), chloride ion
(C17) and potassium ion (K*) are isoelectronic
ions because each one of them has 18 electrons but
have different nuclear charges, i.e., +16, +17 and
+ 19 respectively.

Besides ions, a neutral atom may also have
same number of electrons. For example, besides
§2~, CI” and K* ions, argon (Ar) has also 18
electrons. Therefore, Ar is also isoelectronic with
§%2~, ClI~ and K* ions. In order to cover all these
species, the term isolectronic species is used. Thus,

Isoelectronic species may be defined as neutral
or ionic species which have the same number of
electrons but different nuclear charges.

Thus, nitride ion (N*7), oxide ion (0?7),
fluoride ion (F7), neon (Ne), sodium ion (Na™),
magnesium ion (Mg?*) and aluminium ion (APY)
are all isoelectronic species since each one of them
contains 10 electrons but different nuclear charges
of +7, +8, +9, +10, +11, + 12 and + 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, ionicradii decrease. In other words, the ionic
radii of isoelectronic ions decrease with the increase
in the magnitude of the nuclear charge. For example,
consider the isoelectronic ions : N°~, 0*~, F~,
Na*t, Mg?* and AP*. All these ions have 10
electrons but their nuclear charges vary i.e. these
are +7, +8, +9, +11, +12 and + 13 as shown in
Table 4.8. Therefore, their ionicradii increase in the
order :

APt <« Mgt < Na* < F~ <0 < N*~,
This is illustrated in Table 4.16.

TABLE 4.16. Variation of tonic radii in an iso¢lectronic series

fons N3~ 0% E#

Nuclear charge +7 +8 +9

lonic radius (pm) 171 140 136

Na+ Mg2+ A.|3+
+11 +12 +13
95 65 50
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The ionic size of isoclectrionic species can be easily compared on the basis of their atomic number/number of
electrons, i.e. Z/e ratio. Smaller the value of Z/e, larger the size of the species. For example,

Ien z e 1 £le Ionic radius (pm)_.
N2 - 7 10 0-7 i
ol- 8 10 0-8 140
e 9 10 09 136
Ne 10 10 1-0 112
Na*t 11 10 11 95
I Mgzt 12 10 12 65
ARt 13 10 1-3 50

R e e e

EMS OMN FINDING ISOELECTRONIC

SPECIES AND COMPARISION OF THEIR RELATIVE RADII

EXAMPLL 4.14. Name the species that will be (H)F (v} Mg**

isoelectronic with the following atoms or ions : v)ClI~  (vi) AP+
(i) Ne (i) Ci~ (vii) Ne.
(iii} Ca** {(iv) Rb* Arrange them in decreasing order of their size.
(N.CER.T) Solution. The number of electrons in these

Solution. Isoelectronic species are those  species are ;

which have same number of electrons. Atom or ion No. of electrons

(¢) Ne has 10 electrons. Therefore, the species oL Oy Sl
N*~,0%7,F~ Nat, Mg?*, AP* etc. each of which

has also 10 electrons, are isoelectronic with it. R i
(i) CI™ has 18 electrons. Therefore, the 3 iy gt
species P>~ 8§27 Ar, K* and Ca?*, each one of Mg’ 12-2 =10
which contains 18 electrons are isoelectronic with dl= 17+1 =18
1k Kip* 13-3 =10
(i) Ca’* has 18 clectrons. Thercfore, the Ne —10

species P>, §27, Ar and K*, each of which also
contains 18 electrons, are isoelectronic with it.

() Rb* has 36 electrons. Therefore, the
species, Br™, Kr or S&2* each of which also has 36
electrons, are isolectronic with it.

Thus, 02—, Mg?*, AP* and Ne (each one of
which has 10 electrons) are isoelectronic species.
Now nuclear charge on 0?7 is +8, Mg?™ is +12,
AP* is +13 and Ne is + 10. Since the size of the
specics decreases as the nuclear charge increases,

EXAMPLE 4.15. Which of following species therefore, their size decreases in the order :
are ivoelectronic ? O =—5Ne—= Mg+ > AP+,

(i) O*~ (i) Na
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:?;{zzighE?:;Ta?ﬁ lthe following pairs would have alarge (ENRT (i) C, N, Si, P
() KorK* (i) Brot Br~ (OSSR ? e F_
i) i i @) Li* or Na* [Ans. ()T <« T <1 HN<C<I<Si
GHF™ < 0 <N~ <527
(v PorAs (vi)Na™ or Mg?* 3. Select from each group, the species which has the
(NCERT) simallest radius stating appropriate reason.
[Ans. () K, Gi) Br™, (i) OF~, (iv) Na™, (o0 o Lol (O G S

) As, (i) Na*] (c)Si, P, CL. (NCERT)
. Arrange the following in order of increasing radii ? [ Ans.{a) O (8) Sr** (c) C1]

H i NTS FOR DIFFICULT PROBLEMS

..... Lttt v

(i) Due to hlgher effective nuclear charge, K+ has decrease from left o n},ht in a penod dve to higher
lower atomic size than K. nuclear charge, therefore, C has higher atomic

(i) Due to lower effective nuclear charge, the size radius than N and Si has higher atomic radius than
P. Thus, the overall order of increasing atomic radii

o.f“Br"zif higher t_han tr?at of Br. _ _ : e N AT e
(iiiy O~ and F~ are isoelectronic species. Since (i) Amony isoelectronic ions, the size of anions
effective nuclear charge of O is lower than that increases as the nuclear charge decreases : F~ <
of F~, therefore, O?~ has higher atomic size than 02~ < N3~ Since S belongs to third period while
Et F, O, N all helong to the second petiod, therefore,
() Li* and Na™ both belong to group 1. Because ionic radius of $2~ is bigger than those of F~,
of greater number of shells (2 in case of Na*t and 0%~ and N®~ jons. Thus, the overall order of
lincase of Lit), Na® has bigger atomic size than increasing ionic radii is: F~ < 0~ < N3~ < 82~
Tsiita 3. (a) Among the different species of the same atom,
(v) As has four shells while P has three. Therefore, the size increases as the magnitude of negative
atomic size of As is higher than that of P. charge increases : Therefore, among O, O™ and
(vi) Na¥ and Mg2* are isoelectronic cations. 0?7, O has the smallest radius.
Therefore, due to lower effective nuclear charge, (b} Although Sr** has Kr gas configuration (ie.,
ionic radius of Na™ is higher than that of Mg?*. has four shells), but K has Ar gas configuration
. (i) Size of a cation is always smaller while that of an (i.e., has three shells), nevertheless ionic size of
anion is always bigger than the neutral atom, i.e., Se2* is smaller than that of K¥ obviously due 1o
IT<I<I. higher nuclear charge which outweighs the effect of
(i) C and N lie in 2nd period while Siand P fie below an additicnal shell.

(c) Si, P and Ci all belong to 3rd period. Since
atomic size decreases as the nuclear charge in-
creases. Therefore, Cl with the highest nuclear

them in the 3rd period. Since elements in the 3th
period have higher atomic size than those in the 2nd
period, therefore, atomic radii of 8i and P are higher

than those of C and N respectively. Since atomic radii charge has the smallest radius.

The electrons present in the outermost shell of an
atom are called valence electrons and the number
of these electrons determine the valence or the
valency of the atom. It is because of this reason that

It has been observed that the chemical

propexties of the elements depend upon the num- ) oyorimagr shel is also catled the valence shell

ber of electrons present in the outermost shell of

of the atom and the orbitals present in the valence

the atom. shell the called valence orbitals.
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Summary of the Trends in the Periodic Properties of Elements in the periodic Table.

Atomic radii decrease .
Electron gain enthalpy becomas more negative <.
§ @ lonization enthalpy increases T
alslel M -
gl = ¢ Non Metals
= al =2
s| 8| § b
sl E| o a
i [= (=]
el ¢l & 2
El ] o [ @
sl 2] 2 = 3z
<] s -g = Transition metals =z
a2
o
L 4 v h 2 I
E Inner transition elements 1
In case of representative elements, the valency Periodicity of Valence

of an atom is generally equal to either the number
of valence clectrons (s- and p-block elements) or
equal to eight minus the number of valence
electrons. In contrast, transition and inner transi-
tion elements, exhibit variable vatence due to invol-
vement of not only valence electrons Burd="or
f-electrons as well. However, their most common
valence are 2 and 3.

(a) Variation in a period. As we move across
a period from left to right, the number of valence
electrons increases from 1 to 8. But the valence of
elements, wrt. H or O first increases from 1 to 4 and
then decreascs to zero. This is illustrated in Table
4,17,

TABLE 4.17. Periodic trends in valence of elements shown by
the formulae of their hydrides and oxides.

Groups —» 1 2 13 14 15 16 17
|4 Periods
Formulae of |2 LiH CH, NH; H,0 HF
hydrides |3 waH SiH,  PH, H,S HCl
4 KH GeH, AsH, H,Se HBr
5 RbH SnH, SbH, H, Te HI
Formulae |2 Li,O BeO B,0, €O,
of oxides 3 Na,0 MgO Al O, 510,
4 K,0 Ca0 Ga, 0, GeO,
5 Rb,0 §rO In,0, 500,
|6 Cs,0 BaO — PbO,

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

one while all the elements of group 2 (alkaline carth
metals) exhibit a valency of wo.

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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PROBLEMS OM valLENCE

EXAMPLIC 416, Predict the formulae of the
stable binary compounds that would be formed by the
Jollowing pairs of elernents.

(a) silicon and oxygen (b) aluminium and
bromine (c) calctum and iodine (d) elemnert 114 and
Jluorine (e} element 120 and oxygen. (N.CE.R.T.)

Solution. (&) Silicon belonge 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 = SiO,.

(b) Aluminium belongs to group 13. It has
three electrons in the valence shel and hence its
valence = 3.

Bromine 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;.

(¢) Calcium belongs to group 2. 1t has two
electrons in the valence shell and hence its valence
= 2. lodine belongs to group 17. 1t has seven
valence electrons and its valence = 8 -7 = 1.

Therefore, formula of calcium iodide = Cal,.

1. Predict the formulae of the stable binary com-
pounds that would be formed by the fullowing pairs
of clements :

(a) silicon and bromine {(NCERT)
(b) aluminium and sulphur (N.CERT)

(¢) calcium and oxygen () aluminium and carbon.

(d) In the 7th period, the 4th transition series
ends at element with Z = 112, therefore, filling of
Tp-subshell will begin with element Z = 113.
Hence, element with Z = 114 will have two
electrons in 7p-orbitals and two electrons tn 7 s-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 scven
valence electrons and hence its valence
=8—-7=1

Therefore, formula of compound formed by
clement 114 and fluorine is MF, 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 element Z = 119 and consequently
element with Z = 120 will belong to group 2 and its
valence willbe = 2.

Oxygen belongs to group 16 with six valence
electrons and bence its valence = 8 — 6 = 2.

Therefore, formula of compound formed by
element Z = 120 and oxygen will be MO where M
represents the element,

2. Predict the formulae of the stable binary com-
pounds formed by the following pairs of elements :

(a) element with Z = 116 and hydrogen
(b) element with Z = 113 and fluorine
(¢) Unp and sulphur () Uue and Uus.

AN SWERS

1. (@) SiBr (b) Al,S, () Ca0 (d) AlL,Cy

2. (2)HyM (b) MF; () M, 8, where M(Z = 115) (d) MX where M (Z = 119)and X (Z = 117) are the elements.

. ADD TO YOUR KNOWLEDGE |

1. Addition of first electron to a neutral aton: is an exnergic process while that of second electron iy an endoergic process.

[

Osmium (Os) has the highest oxidation siate (+ 8) or valency (8).

1 Among solids, osmitm has the highest density of 22 -6 while among liquids, mercury has the highest density of 136,

highest melting point (4000 K). Of all the

Among metals, tungston (W} has the highest melting point (3683 K) while among non-metals, carbon has the
ernents, helium, however, has the lowest boiling point (4-2 K).
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Q.1

Ans.

Q.2
Ans.

Q.3.

Ans,

Q. 4.

Ans,

Q.5.
Ans,
Q. 6.
Ans.

Conceptual Questions

Would you regard Zn (Z = 30), Cd (Z = 48) and Hg (Z = 30) as s- or d-block elements ? Give reasons for
your answer.

The last electron in Zn, Cd and Hg enters the 4, 5y and &s-orbitals respectively. Therefore, on the basis of type
of orbital being filled, these three elements should be rcgarded as s-block elements. But the properties of these
elements resemble more the d-block rather than s-block elements as listed below:

(§) Zn, Cd and Hg like other d-block elernents form complexes but s-block elements usually do not.

(i) Zn, Cd and Hy like other d-block elements form many covalent compounds whereas s-block eiements
form only tonic compounds.

(i) Like other d-block elements, the first ionization energies of Zn, Cd and Hg are much higher than those
of the s-block elements of the same period.

(iv) Like other d-block elements, the atomic radii of Zn, Cd and Hg are much lower than those of the s-block
elements of the same pericd.

(v} Like other d-block elements, the electrode potentials of Zn, Cd and Hg are much less negative than those
of s-block elements of the same period.

From the above discussion, i &5 clear thal the properties of /n, Cd and Hg resemble more the d-block elements
rather than the s-block elements.

Further, to make the periodic classification of elements more rational, it is better to study them along with the
d-block elements.

How many elements can be accommodated in the present set up of the long form of the periodic table? Explain,
In the present set up of the long form of the periodic table, we have seven periods (fe., principal quantum
number, n = 7) and four blocks (5, p, d- and f-block elements). Therefore, the maximum number of elements
which can be accommadated in the present set up of the long form of the periodic table in accordance with
Aufbau principle is 152252 2p%3523p6 4523410 4p55524d105p5652 45145 d"’(ip6

75251 6d°7p% = 118.

Can an element with atomic nwinber 126, if discovered, e accommodated in the present set up of the long
form of the periodic tabel ?

No. The maximum number of elements which can be accommodated in the present set up of the long form
of the periodic table is 118. Thereafter, filling of 8s-orbital shall begin which will accommodate only two
clectrons. After &s-orbitals, the filling of 5g-orbitals will begin. Since we do not have any provisiot for g-block
elements in the present set up of the long form of the periodic table, therefore, an element with atomic number
126, if discovered, cannot be accommodated in the present set up of the long form of the periodic table.
‘What would be the atomic number of the next {i} alkali metal (i7) alkaline earth metal (i#i) halogen and (iv)
inert gas, if discovered in future ?

(i) The next alkali mezal, if discovered will, have to be placed in the eighth period and hence its outer electronic
configuration will be 8s'. Therefore, its alomic number will be (118 + 1) =119,

(it) Similarly, the next alkaline earth metal, if discovered, will have 8sZ as jts outer electronic configuration and
hence its atomic number will be (118 + 2) = 120

(iti) The next halogen, if discovered, wilt have 7s2 7p° as its outer electronic configuration. Since the filling of
Tp-orbitals will begin after 6d- orbitals and up to 6d-orbitals, in accordance with Aufbau principle, we can
accommodate only 112 elements, therefore, the atomic number of the next halogen, if discovered, will be (112
+5) =117.

(iv) In a similar way, we can easily explain, that the next inert gas, if discovered, will have 752 7p® as its outer
electronic configuration and its atomic number will be (112 + 6) = 118.

‘What are super heavy elements ?

Elemeants with Z > 100 which have high densities are called super heavy elements.

What would be IUPAC names and symbels for elements with atomic numbers 122, 127, 135, 149 and 150 ?

From the Table 4.5, the roots for 2, 7, 5, 9 and 0 are bi, sept, pent, enn and nil respectively. Therefore, their
names and symbols are :
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z Name Symbol
122 Unbibium Ubb
127 Unbiseptium Ubs
135 Untripentium Utp
149 Unguadennium Uge
150 Unpetnilium Upn
(). 7. Arrange the following elements
(i) in the increasing order of metallic character : Si, Be, Mg, Na, It (NCERT)
(if) in the incrensing order of non-metallic character : I, C, Si, N, F. (NCERT)
Ans. (i) Arranging the elements into different groups and periods in order of thelr increasing alomic nunibers, we have,
1 2 13 14 15
il Be = e e
Na Mg — Si P

Q.9
Ans,

Q. 10.

Ans,

We know that the metallic character increases down a group and decreases along a period as we move from
feft to right. 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 than Be. Therefore, the overall increasing order of metallic
character is P < Si < Be < Mg < Na.

(i) Arranging the elements into different groups and periods in order of their increasing atomic numbers, we have,

13 14 15 16 17
B C N — F
T Si -H 35 o

Since the metallic character increases down the group and non-metallic character increases along a period
from left to right, therefore, Si is the most metallic or the least non-metallic element. The overall increasing
order of non-metallic characteris:Si< B< C<N<E

The element 119 has not been discovered. What could be the [UPAC name and symbol for this element *
On the basis of the periodic table, predict the electronic configuration of this element and also the formula
of its most stahle chloride and oxide. (NC.ERT)

(i) The roots for 1 and 9 are un and enn respectively. Therefore, the name for the element with Z = 119 is un
+ un + enn + jum = ununennium and its symbol is Uue.

(if) The maximum number of elements which can be accommodated in the present set up of the long form of
the periodic table = 118 (For details refer to Q. 2 on page 4/43). Since this last element would be an inert gas,
therefore, the element with Z = 119 will be an alkali metal and hence its outer electronic configuration will be

8s! or its complete electronic configuration will be 152 252 2p% 352 3p© 340 452 4p© 4410 4 14

552 5p8 5410 5 f14 652 6p® 6410 752 7p8 &s'.

(éif) Since the element with Z = 119 will be an alkali metal, therefore, formula of its chloride will be MCI and
that of its stable oxide will be M,0 where M is the alkali metal.

Why has the zero group been placed at the extreme right of the periodic table ?

This is in accordance with their electronic configurations because each period starts with the fillig of y-subshell
and is complete after the filling of p-subshell of the same principal shell.

Which of the elements Na, Mg, S and P would have the preatest difference between the first and the second
ionization enthalpies. Briefly explain your answer. (N.C.ERT)

Among Na, Mg, Si and P, Na is an alkali metal. It has only one electron in the valence shell, therefore, its IE,
is very low. However, after removal of one electron, it acquires neon gas configuration, Le.,
Na‘ (152 25 2p%). Therefore, its IE, is expected to be very high. Consequently, the difference in first and
second ionization enthalpies would be greatest is case of Na.

However, it may be noted here that in case of Mg, Si and P, although their IE, will be much higher than that
of Na but their IE; will be much lower than that of Na. As a result, the difference in their respective IE, and
IE, would be much lower than that of Na.
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Q.11

Ans.

Ans.

The first jonization enthalpy of magnesium is higher than that of sodium, On the other hand, the second
ionization enthalpy of sodium is much higher than that of magnesium. Explain (NCERT)

The first electron in both the cases has to be removed from the 2s orbital but nuclear charge of Na is less than
that of Mg. After the loss of first electron, the electronic configuration of Na* is 152 252 2p%, ie., that of noble
gas which is very stable and hence the removal of second electron is very difficult. In case of Mg, after the loss
o one electron, electronic configuration is 15* 2% 2p% 35", Here, the second electrow. is to be remaoved from
3 orbital which is easier

. Arrange the following ions in the order of increasing size 7

B2t €17, 827  Nat, Mg?t, Br. (NC.ERT)

- Arranging the given ions into different groups and periods in order of increasing atomic numbers of their

respective elements, we have,

Group No. 1 2 16 17
2nd period — Be?* — —
3rd period Nat Mgt 84 Clyi
4th period - — — Bra

Consider the following points :
(¢} The sizes ol anions are usually brgger than those of the cations, i.e., the sizes of §27,CI™ and Br™~ ions are
bigger than those of Be**, Mg?* and Nat jons.
(1) Within a group, the ionic size increases from top to bottom, therefore, ionic size of My?+ ion is bigger than
that of Be* T Likewise, ionic size of Br™ is bigger than that of CI” ion.
{4ify Amony isoclectronic ions, higher the +ve charge, smaller s the size. Thus, ionic size of Na* is bigger than
that of Mg?*. Further, among isoclectronic ions, higher the —ve charge, bigger is the size. Thus, ionic size of
§27 is bigger than that of CI™ ion.
Further, the increasc in ionic size due to addition of cne more shell is usually greater than increasing the
negative charge by one unit, therefore, fhe ionic size aof Br™ is expected to be bigger than 82~ jon.
Combining all the above views, the ionic size of all the listed ions increases in the order :

Be?t < MPt < Nat <cim <52 < B,

. Among the elements B, Al, C and Si

{a) Which has the highest first ionization enthalpy ?

(b) Which has the most negative electron gain enthalpy ?

(c) Which has the largest atomic radius ?

(d) Which has the most metallic character ? (NCERT)

Arranging the given atoms in different periods and groups in order of their increasing atomic numbers, we
have,

Group 13 14
2nd period B O
3rd period Al Si

(@) Since IE; increases along a period but decreases down a group, Therefore C has the highest first ionization
enthalpy.

(b} Since electron gain enthalpies become more negative along a period and less negative down a group,
therefore, C has the most negative electron gain enthalpy,

(¢) Since atomic radii decrease along a period bul increase down group, therefore, A has the largest atomic radins.

(d) Since metallic character deereases along a periad, but increases down a group, therefore, A7 has the most
metallic character.

Consider the elements N, I2 0, § and arrange them in order of
{(a) increasing first iemization enthalpy
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(%) increasing negative electron gain enthalpy

(c) increasing non-metailic character. (NC.ERT)
Ans. Arranging all the given elements into different groups and periods in order of their increasing atomic numbers,

we have,

Group 15 16

2nd pericd N O

3rd period P S

(a) Since IE,; decrcases down a group, therefore, 1E, of N and O are higher than those of P and S. Further

since N has more stable exactly half- filled electronic configuration in the 2p-subshell, therefore, it is more
difficult to knock out an electron from N than from O even though O has higher nuclear charge. Similarly, P
has exactly half-filled electronic configuration in the 3p-subshell. Therefore, TE, of P is higher than that of 8.
Thus, the overall increasing order of first ionization enthalpy of these clements follows the order :
S<P<O<N

(b) Since adding an electron to smaller size 2p- orbital causes greater repulsion than adding an electron to
larger 3p-orbital, therefore, electron gain enthalpies of P and 5 are more negative than those of N and O
respectively. Further since S has higher nuclear charge but P has more stable exactly half-filled electronic
configuration in the 3p-subshell, therefore, il is easier 1o add an electron to S than to P. In other words, electron
gain enthalpy of § is more negative than that of .
Similarly, N has exactly half-filled electronic configuration in the 2p-subshell but O has higher nuclear charge.
But the addition of an electron to N causes repulsions to such an extent, that electron gain enthalpy of N is
actually positive while that of O as expected is negalive.
Combining to above results the increasing order of negative gain enthalpy of these elements follows the order :
N<P<O<S
(c) Since non-metallic character decreases down a group but increases along a period, therefore, O is the most
non-metallic element while P is the least non-metallic element. The actual order of increasing non-metallic
characteris: P<S<N<O

). 15. Which of the following species will have the largest and the smallest slze ?

Mg, Mg+, AL AP (NC.ERT)

Ans. ({)Mgand Al belongtothe third period. Across a period, atomic radii decrease due to increased nuclear charge.
Therefore, atomic size of Al is smaller than that of M.
(if) Further, cations are smaller than their parent atoms. Therefore, Mg?* is smaller than Mg and AP+ is
smaller than AL
(i) Mg2* and AIP* are isoelectronic ions. Among isoelectronic ions, higher the +ve charge, smaller the size.
Therefore, atomic radius of AR is smaller than that of Mg#™.

From the above discussion, it follows that Mg has the largest while AP has the smallest size.
(). 16. Arrange the following ions in order of decreasing ionic radii : Li¢*, Het, B,
Ans. He*, Li2* and Be3* are all isoelectronic ions. Among isoelectronic ons, ionic radius decreases as the paositive
charge increases. Therefore, the ionic radii decrease in the order : He't > L2* > Bedt.
Q. 17. Arrange the following in order of decreasing van der Waals’ radii : Cl, H, O, N,

Ans. The van der Waals' radii increase as the number of cnergy shells increases and decreases as the nuclear charge
increases. Since H has only one energy shell, and Cl has three, therefore, the van der Waals' radius of H is the
smallest while that of Cl is the biggest. Further both N and O have two energy shells but the nuclear charge
on O (+ 8) is higher than thaton N ( + 7), therefore, the van der Waals' radius of N is bigger than that of O,

Thus, the overall decreasing order is :
Cl>N>0>H.
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Q.1

Ans,

Q2
Ans,

Q.3

Ans.

Very Short Answer GQuestions

CARRYING 1 MARK

- What are horizontal rows and vertical columns of the periodic table called ?

Horizontal rows are called periods while vertical columns are called £roups.

- What is the basis of classification of elements in the long form of the periodic table ?

Physical and chemical properties of the elements are a periodic function of their atomic numbers,
Name the groups of elements classified ns 5, p and d blocks.

s-block = 1, 2, p-block = 13 to 18, d-block = 3to 12.

Q. 4. What are the atomic numbers of elements which constitute f-block (lanthanoids and actinoids) ?
Ans. Lanthanoids = 58 to 71, Actinoids = 90 to 103.
Q. 5. Compare the size of (z) Na atom with Na* jon (5) Cl atom with CI™ jon.

Ans.
Q. 6.

Ans,

(0L 7
Ans.

Q. 8.
Ans.

Q.9
Ans.

(@)Na™ < Na ()1~ >l

Al atom loses electrons successively to form Al"T, A?* and AP+ ions. Which step will have highestionization
energy 7

e M= = SR L =

Why ionization enthalpy of nitrogen is greater than that of oxygen ?

Nitrogen has exactly half-filled p-orbitals,

Why electron gain enthalpies of Be and Mg are positive ?

They have fully filled s-orbitals and hence have no lendency to accept an additional electron, Consequently
energy has to be supplied if an extra electron has to e added to the much higher encrgy p-orbitals of the
valence shell. That is why electron gain enthalpies of Be and Mg are positive.

Which important property did Mendeleev use to classify the elements in his periodic table ?

Mendeieev used the atomic masses of the clements in classifying the elements in his preiodic table. According
1o his law, the properties of elements are a periodic function of their atomic weights.

Q. 10. State the modern periodic law,
Ans. Modern periodic law states that physical and chemical properties of the elements are a periodic function of

Q. 11.
Ans,
Q.12

Ans,
Q.13

Ans.

Q. 14.
Ans.

Q. 15

Ans.
Q. 16.
Q. 17.

Ans.

Q. 18.

their atomic numbers.

What would be the IUPAC name and symbol for the element with atormic number 120 ?

Unbinilium, Ubn,

Which one among the following elements has the lowest first ionisation enthalpy and which one has the
highest first ionisation enthalpy ? Li, K, Ca, S and Kr.

K has the lowest ionisation enthalpy and Kr has the highest ionisation enthalpy.

Lanthanoids and actinoids are Placed in separate rows at the bottom of the pertodic table. Explain the
reason for this arrangement. FAT : oy

These have been placed separately al the bottom of the periodic table for convenience. If they dre placed in
the body of the periudic table, the periodic table will become extremely long and cumbersome.

Give four examples of species which are isoelectronic with Ca2™,
AT, K™, €17, 82~ or P>~ are isoelectronic with Ca2*

State giving clear explanation why argon (atomic weight = 39.9) has been rightly placed before potassium
(atomic weight 39.10) in the periodic tahle.

This 1s because argon (Z = 18) has lower atomic number than potassium (Z = 19).

Which has a larger radius ? (i) Mgor Ca (ii)Sor Cl.

{f} Ca (i) S.

In terms of electronic configuration, what the elements of a given period and a group have in common ?

For elements in a period the number of shells is equal and for elements in a group the number of electrons in
the outermost shell (valence sheii) is the same.

Which twn elements of the following belong to the same period ? AL Si, Ba and 0,

Ans. Al and 55
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Q. 19. Which of the following elements has most positive electron gain enthalpy ? Fluorine, nitrogen, neon.

Ans. Botb nitrogen and neon have positive electron gain enthalpies but neon has much higher positive electron gain
enthalpy because of its much more stable inert gas configration than the less stable exactly half-filled electronic
configuration of nitrogen.

Q. 20. From amongst Be, B and C, choose the element with highest first ionization enthalpy.
Ans. Carbon because of its higher nuclear charge and smaller size has the highest 1E, amongst the given elements.
Q. 21. Which among the following are transition and which are inner transition elements ?
Sg, Bl Ex, Fm, Fe, Ph, Cr, Ca, Ar, 71, Ce
Ans. Transition elements : Sg, Fe, Cr, Zr
Inoer iransition elements : Bk, Er, Fm, Ce
(). 22. Name the elements in the periodic table which has the highest and lowest first ionization enthalpies.
Ans. Highest : Helium and lowest : Francium
Q. 23. Explain why chlorine can be converted into chloride ion more easily as compared to flnoride from fluorine.

Aus. Electron gain enthalpy of Clis more negative than that of E.

Q. 24. A monoatomic anion of unit charge contains 45 nentrons and 36 electrons. What is the atomic mass of the
clement and in which group of the periodic table does it lie 7 ( West Bengal LE.E. 20064)

Ans. No. of neutrons of the monoatomic anion = 45
No. of electrons of the monoatomic anion = 36
- No. of electrons of the monoatomic atom = 36 — 1=35
. Atomic number of the atom (Z = 35). Therefore, the atom is bromine and it belongs L0 group e
halogen family.

No. of protons = No. of electrons = 35
- Atomic mass = No. of neutrons + No. of electrons = 45 + 35 = 80
Q. 25. To which block (5, p, d or f) does the element with atomic number 50 belong ?
Ans. E.C. of Z = 50 is 152 2522p53s% 3p° 3410 45 4p5 44" 55* 5p%. Hence it a p-block element
Short Answer Questions CARRYINGZ or 3 MARKS
Sec. 4.1. 1. 'What was the need for classification of elements 7
to 4.6.

2. Define Modern Periodic law. Give its theoretical justification.
3. What is the cause of pericdicity in properties of the elements ? Explain with iwo examples.
4. Predict the density of Cs from the density of the following elements

K 0-86 g/em® Ca 1-548 g/cm?
Sc  2-991 glem?® Rb 1-532 gem®
St 2-68 gem® Y 4-34 gfem®
Boge il Ba 3.51 giom®
La 6-16 g/cm3

[Ans. Between 1-532 and 2-68 g;'cm:' around 1-8 x 2-0 g’cm3]

Sec. 4.7. . Describe the main features of the long form of the periodic table.
to 4.13.

6. State modern periodic law. What are the main features of the long form of the periodic table ?
7. Explain briefly ‘Groups’ and ‘Periods’. “Transition’ and ‘Normal’ elements in the long form of the
periodic table.

8. Onthe basisof electronic configurations, justify that the second and third periods contains 8 elements
each, 4th and 5th periods contain 18 elements each and the 6th period contains 32 elemnents.
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Sue. 4.14.

Sec. 415,

9.
10,

11.

12.
13.

14.
15.

16.

17.

18,

19.
20,

21.
22.
23

24.
25,

26.

27.
28,

29,
30.
31.

32.
33
34,
as.

Account for the fact that 4th period has ei ghteen and not eight elements.
Name the four blocks into which the elements of the periodic tabie have been classified. Why are they
named so ? List the groups of periodic table belonging to each black.
What do you understand by ‘Representative elements’ ? Name the groups whose elements are called
representative elements.
What are transition elements ? Why are they so called ? Name the different transition series.
Which clements are called inner transition elements ? Name the different inner transition series. Why
are they so named ?
Describe the main characteristics of 5, p, d and f-block elements. (NC.ERT)
Name different blocks of elements in the periodic table. Give the general electronic configuration of
each block. '
Though copper, silver and gold atoms have completely filled sets of d-orbitals yet they ae called
transition metals. Why ? (H.5.B. 1998}
The values for three of the quantum numbers for the last electron in A and B are listed below. In
what families of the pericdic table are these elements present ?
! m ¥
A | +1 +1/2
B 3 —2 —1/2
[Ans. A= p-Block element, B= f-Block elements)
Elements A, B, Cand D have atomic numbers 12, 19,29, and 36 respectively. On the basis of electronic
configuration write to which group of the periodic table each element helongs.
Define the term ionization enthalpy ? How does it vary along a period and along a group ?
What do you understand by the term successive jonization enthalpies ? Explain why second ionization
is always greater than the first ionization energy 7
Define ionization enthalpy. What are its units ? What is the principle of its measurement ?
Discuss briefly the various factors on which ionization enthalpy depends.
Why does the first ionization enthalpy increase as we po from left to ri ght across a given period of the
periodic table 7 (NCER.T)
Explain why ionization enthalpies decrease down a group of the periodic table ? (N.C.ER.T)
The first five successive innization enthalpies of boron atom are 800, 2427, 3658, 25024 and 32824
kI mol ™1, Explain these ionization enthalpies.
Explain the following :
(#) Tontzation enthalpy of Mg is more than that of Na and Al.
(#) lonization enthaipy of nitrogen is more than that of oxygen.
Why is the ionization enthalpy of Be more than that of B ? Explain.
If we consider ionization enthalpies of elements in the second period from Li to Ne, they ordinarily
increase but Be and N have higher ionization enthalpies than B and O respectively which succeed
them. Why is it so ?
Explain the term electron gain enthalpy ? How does it vary alon £ 4 group and across a period.
Explain the terms ionization enthalpy and electron gain enthalpy ?
What do you mean by successive electron gain enthalpies? Why is the second electran enthalpy of an
atom positive?
Halogens have very high negative electron Bain enthalpies. Explain.
Electron gain enthalpy of fluorin= is iess negative than that of chlorine. Explain.
Electron gain enthalpy of noble sases in positive. Expiain.
In each of the following pairs, state which atom/ion has higher ionization enthalpy and more negative

electron gain enthalpy ?
(@L17 ()Br,Br~ (c)LiLi* (d)Br, I
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See. 4.16.
to 4.18.

36.

37.

338.
39.

40,
41.

42.
43.

45.

46.

47.

48.

Arrange the following as stated : Increasing order of jonicsize (N3~ ,Nat F~, 0?7, Mgt

[Ans. Mg?t < Nat < F~ < 0% < N>~ (All are isoelectrnic ions.
Hence greater the nuclear charge, smaller is the size)]
What do you understand by periodic properties of elements ? Name any three such properties.

How do atomic sizes vary in a group and in a period? Give reasons for the variations.

What is meant by atomic and ionic radii ? Explain giving reasons why the size of Cl™ ion is greater
than that of Cl atom whereas size of Na* ion is smaller than that of Na atom ?

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 O~ ion although both have the same electronic configuration.

‘What are isoelectronic species ? Give examples (0 illustrate your answer.

The valence of representative elements is either equal to the number of the valence electrons or eight
minus this number. What is the basis of this rule ?

MISCELLANEOUS QUESTIONS

Among the elements of the second period, Li to Ne, pick out the element
() with the highest first johization energy (i) with the highest electronegativity
(éif) with the largest atomic size (iv) that is the most reactive non-metal
(v) that is the most reactive metal. [Ans. (i) Ne (i) F (iii) Ne (iv) F and (v) Li]
Among the clements of the third period, Na to Ar, pick out the element
(¥) with the highest first ionization enthalpy
(if) with the largest atomic radius
(iii) that is the most reactive non-metal
(iv) that is the most reactive metal. (N.CER.T) [Ans. (i) Ar (i) Ar (iii) Cl (iv) Na]
For the main group of the periodic table, the metallic properties of the elements vary approximately
with their position as shown in the table.
1 2 13 14 15 16 17 18
H He
A B
C D
(i) Will the most metallic element be foundat A, B,Cor D ?
(ir) ‘Will the most non-metallic element be found at A, B, CorD? [Ans. (i) C (i) B]

A, B, Care three elementsin which B is an inert gas other than helium. With this information complete
the following table.

Also explain the following :

Element

Atomic Number | No.of electrans in the valence shell Group to which the element belongs

A

7Z—1

B

z

C

Z+1 J

(i) Electron affinity of element A is more than that of element C
(ii) Tonization energy of element C is less than that of element A
(iit) Electron affinity of B is zero. {Ans. A = F, B = Ne and C = Na]
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49. Name the groups and periods of the clements having atomic numbers 18 and 26. What are possible
valencies of the above elements ?

[Ans, E.C. of the element with Z = 18 is 15* 22 Zp‘ 3 3p‘. It helongs to
group 18 and 3rd period. Its valency will be zero,

E.C. of the element with Z = 26 is 1s* 25 20° 35 3,8 345 4%, 1¢ helongs to
8th group and 4th period. Hs most common valencies are 2 and 3]

Long Answer Questions  canmvinesormorssmamxs

Sec. 4.1, 1. Describe the main features of the long form of the periodic table. In what respects is it superior to
to 4.13. Mendeleev’s table 7

Seed.ld 3 Define ionization enthalpy and successive ionization enthalpies . Discuss the factors that influ ence the
to 4,18 magnitude of ionization enthalpy. What are the general trends of variation of ionization enthalpy in

4. Define electron gain enthalpy. Describe the factors which determine the magnitude and sign of
electron gain enthalpy. What are the general trends of variation of electron gain enthalpies in periodic
table 7

5. Discuss the trends in atomic sizes of efements in the periodic table.

6. Explain what you understand by covalent radius, van der Waal's radius, ionic radius and atomic radius.
How do they vary in a period and in a group?
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1. Bridge elements. In the Mendeleev’s Perindic table, the elements of the third period are also called bridge
elements since the division of cach main group into two subgroups A and B starts from these elements. For
example, in the second group, Mg acts as the hridge element between Ca of group 11 A and Zn of group II B.
Similarly, Al acts as the bridge element between (a (I11 A) and Sc (111 B) and Si acts as bridge element between
Ge (TV A) and Ti (IV B). The properties of bridge elements are somewhat in between the properties of the
elements of the two subgroups. For example, Mg shows similarities with other alkaline earth metals (11 A) on one

hand and elements of zinc group (11 B) on the other hand.

2. Covalent radius and multiplicity of bonds, It may be noted that the relationship that covalent radius of
an atom is equal to one-half of the inter-nuclear distance between IWo bonded atoms is correct only when the two
atoms are linked by a single covalent hond and not by double and triple bonds. For example, carbon-carbon sin gle
{C—C) bond, double (C = C) bond and triple (C = C) bond distances are 154, 134 and 120 pm respectively but
only 154/2 = 77 pm (and not 134/2 = 67 pm or 120/2 = 60 pm) represents the covalent radivs of carbon atom.

3. Bond length of heteronuclear diatomic molecules.

For a heteronuclear diatomic molecule (AB) in which the atoms A and B are linked by a single covalent
pond, the bond length (d 5 —g) 18 given by the following relations.

(i) When the atoms A and B have nearly the same electronegativity,

dy_g=Tat’n
wherer, and rg are the covalent radii of the atoms A and B respectively.

(ii) When the atoms A and B have different electronegativities,
dyp=rat’®— 009 (x4 — xp)
where x,, and xy are the electronegativities of the atoms A and B respectively.

This relation was given by Shoemaker and Stevenson.

4/52
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Q. 1.

Ans.

Arrange the elements of second period in order
of increasing second ionization en thalpies.

The electronic configuration of the ions obtained
after removal of first electron from the elements

of 2nd period from feft to right are : Li+ (153,
Be* (172", BY (127, cF (12202 2ph,
N* (152 22 20%), OF (152 262 2,

F (152 242 2p*) and Ne™* (152 252 ).

The following conclusions can be drawn from the
above configurations -

() Li* bas noble gas, viz, He gas configuration,
therefore, IE, of Li is the highest in the second
period.

(i) Since in B, the efectron has to be removed
from a more stable fully filled 2 s-orbital while in

Be*, it has to be lost from the Jess stable half.
filled 2s-orbital and furthermore, the loss of an

electron from Be™ gives more stable Be?™ ion
with noble gas configuration, therefore, IE, of Be

iv lower than that of B,

(i) Since less energy is required to remove an s-
electron than a p-electron of the same energy
level, therefore, more energy is required to

remove a 2s-electron from B* (152 25) than a
2p-electron from C* (152252 2p1y. In other
words, IE, of C is lower than thai of B.

(iv) As we move from C to N to O, the nuclear
charge increases by one unit at a time, therefore,
their IE, also increase accordingly. In other

words, IE, of O is higher than that of N which, in
turn, is higher than that of C.

(v) In case of O* (15? 252 253 an electron is to
be lost from an exactly half-filled 2p-orbital but in

case of F* (152 252 2p%) this is not so. However,
0ss of an electron from F* gives an exactly half-

filled 2p-orbital (ie., F2* (152 252 2p%), there-
fore, IE , of F should be lower than that of O

(v¢) Lastly due to highest nuclear charge in the
2nd period, IE, of Ne is expected 1o be much

higher than that of Li.
From the above discussion, it follows that IE, of

the elements of 2nd period increase in the order :
Be<C<B<N<F<O<Ne<[i

Ans,

greater than that of boron whereas the reverse
is true for the second ionization energy. Explain,
(LLT 7989)

E.C. of C-atom is 15® 2+ 2p? and E.C. of B-atom

is 15* 252 2p!, The first electron to be removed in
both cases is from a 2p-orbital but nuclear charge
of Cis more than that of B. Therefore, the IE, of

C is greater than that of B, After the removal of
first electron, the second electron (o be removed
from C-atom is from a 2p-orbital whereas that
from B-atom is from a 2 orbital. Since a s-orbital
Is more penetrating and hence is more strongly
attracted by the nucleus than a p-orbital, there-
fore, IE, of B is higher than that of C.

- Arrange the following ions in order of their

increasing ionic radii :

Lit, Mg K AP i 1997)

» (#) The ionic radius of any cation increases as the

number of energy shells increases and decreases
as the magnitude of the positive charge increases.
(i) Mg** (1522 2p%) and AR+ (162 252 2%
are isoelectronic jons and each one of these has
two energy shells. Since the positive charge on

AP* s higher than that on M g**, therefore,
ionic radius of AP is lower than that of Mg?*,
(i) Since K7 (15% 2¢* 20532 3p%) has three
shells and Mg?* and APt have two shells each,
therefore, ionic radius of Kt is the largest fol-
lowed by Mg?* and then AP,

(iv) Now Li* (15%) has one shell and +1 charge
but AP* (152 2% 2p8has two shells and + 3
charge. Since the increase in the jonic radius of
AP due 1o the presence of two shells is more
than counterbalanced by the decrease in jts size
due to an increase in charge from + 1 in Li* to
+3in APP™, therefore, the ionic radius of APt js
lower than that of Li*

Thus, the ionic radii of these Jour ions increase in

the order : AP* < Li* < Mg* < K+,
B PRORLEMS

Problem 1. Classify the elements having atomic

numbers as given below into three separate pairs on the
basis of similar chemical properties. Give brief
electronic explanation : 9, 12, 16, 34, 53, 56.

(West Bengal JE.E. 2003)
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Solution. The second perind cnds at atomic num-
ber 10 while the third period ends at atomic number 18.
Therefore, 9, 12 and 16 are the first clements in their
respective groups. The atomic numbers of the other
elements of the same group can be deduced by adding
magic numbers of 8, 18, 18 and 32 1o elements of 2nd
period and by adding magic numbers of 18, 18 and 3210
the elements of 3rd period. Thus, 9 + 8 + 18+ 18= 53
12+ 8 + 18 + 18 =56
i6+18=234

clements with atomic numbers 9 (F) and 53 (I)
belong to halogen family (Group 17) ¢ elements with
atomic numbers 12 (Mg) and 56 (Ba) belong to alkaline
earth metals (Group 2) while elements with atomic num-
bers 16(5) and 34 (5¢) belong to oxyEen family (Group
16) For electronic configurations refer to the text.

R s S e N i AR e S S T gttt

Problen 2. Give the name and atomic number of
the inert gas atom in which the total number of d-
electrons is equal to the difference in numbers of total
p and g-electrons. {West Bengal JLE.E. 20013)

Solution. The first inert gas which contains d-
electrons is krypton. Its atomic pumber is 36 and its
electronic configuration is :

1522522p53523 5% 34944745

Total nurber of d-lectrons = 10

Total number of p-electrons =6 + 6 + 6 = 18

Totat number of s-electrons =2 + 2+ 2+ 2

=8

- Difference in total number of p-and s-electrons
=18-8=10.

Thus, the inert gas is krypton.

e e A i

MULTIPL

STIONS
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-.':-"' £
For CB

TR

T L T i T et T T A A R A

ZZ BT (Prefiminary), IIT Screening, AIEEE, AlIMS, AFMC, DPMT, CPMT, BHU.

and All Other Competitive Examinations

1. Intong from of the periodic table, the properties of
the elements are a periodic function of their

(a) alomic size (b) ionization energy
(c) atomic mass {d) atomic number.

2. Total number of vertical columns {groups) in the
tong form of the periodic table is :

(@) 8 (b) 18
{c) 17 (d) 10.

3. Number of elements present in the 3rd period is
(a)6 (b)32
(c) 18 (d) 8.

4. The number of periods in the periodic table is
{(a) 6 7
(c)8 () 10

5. The general outer clectronic con figuration of tran-
sition metals is
(a)yns® nd'” L

{{'] n.,'.lnpl.‘l {"_]}‘I1—1ﬂ ':“l::””ll l[‘" 13 d!-"lu.
6. An element with atomic number 106 has been
discovered recently. Which of the following

[h}}nznlnl (n-1d~1

7. Which of the following combinations contains only
isoelectronic species ?
(@)N*~,0%7,C17,Ne (b)F™ ATl
(P .8, a7 Ar (dN*~ ,F~, 0% Ar
8. If the ionic radii of K* and F~ are about 1-34 A

each, then the expected values of atomic radii of K
and F should be respectively

(a)2-31and0-64 A (b) 2:31and1 34 A
(c) 0-64and2-31A  (d) 1-34and 1-34 A
9, Which of the following processes involves absorp-

tion of eneryy ?
(@Cl+e” = Cl7 (b)Y~ + e~ » 0
()0 +e” =07 (d)S+e” »8.

10. Which of the following clements will have highest
electron affinity ?
(a) [Ne] 3s' 3p? (b) [Ne] 3s* 3p*
(¢) [Ne] 3* 3p° (d) [Ne] 357 3p° 3d° 45",

11. Inwhich of the following compounds does the ratio
of anion size to cation size has the lowest value ?

electronic configurations will it possess (@) C_S'I (b) Ll
2} [Rn] 51464472 (b) [Rn] 5 64° 75! L5 e
G ' ) ) Y 12. Which of the following represents most electro-
(c)[Ro] 5714 64® 7s°  (d){Rn] 514 6d" 742 7p°. pasitive element ?
AERS e = RS
1. d z b 3.d 4, b 5.d 6. a T. ¢ 8. a 9. b 10. ¢
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13.

14.

15.

(a) [He] 2+ (b) [He] 252
(c) [Xe] 65! (d) [Xe] 6s2.
The correct order of eleciron affinities is
(@0>S>8e O <S<8Se
(c)O <Se <S8 (d}S <8Se <O,

The five successive jonization energies of an ele-
ment are 800, 2427, 3658, 25024 and 32824 kJ
mol~! respectively. The number of valence
electrons is

{a)3 s

(c) 4 (d) 2.

Which of the elements whose atomic numbers are
given below cannot be accommodated in the
present set-up of the long form of the periodic
lable?

(a) 107 ) 118
(c) 126 (d) 120
16. An element of the 4th period which has maxitnum
number of unpaired electrons is
(@) 39Ca (b} 2Cr
(c) 43Zn (@) 33As
17. Which of the following iscelectronic ions has the
lowest first ionization energy ?
(@ K* (b) Ca®t
©a- (@) s§*~
18. Which among the following species has the same
number of electrons in its outermost as well as
penultimate shell ?
(a) Mg+ (5 0*~
A (d) Ca?*
19. The lowest first ionization energy would be as-
sociated with which of the following structures ?
(a) 15* 252 2p5 35! (b) 1s% 252 2p5
() 152 252 256 (d) 15 252 2p6 352 3p2
20 Which of these does not affect the periodicity of the
elements ?
() Bonding behaviour (b) Electronegativity
{c) lonization energy (d) Neutron/proton ratio,
21. Theoutermost electronic configuration of the mast
clectronegative element is
(@) ns? np? (b) ns? npt
(c) ns® npS (d) ns? npS.
ANS
12. ¢ 13. ¢ 14. a 15. ¢ 16. b
22. b 23. 4 24. d 25, a 26. d

22. Amongst the following elements {(whose electronic
configurations are given below), the one having the
highest ionization energy is ;

(a) [Ne] 3s% 3p! (b) [Ne] 352 3p°
(¢} [Ne] 352 3p2 (d) [Ar) 3d'0 452 gp3,

23. The statement that is not correct for periodic clas-
sification of elements is
(2) The properties of elements are a periodic func-

tion of their atomic numbers.

(b) Non-metallic clements are less in number that
metallic elements.

(c) The first ionization energies of elements along
a period do not vary in a regular manner with
increase in atomic number.

{d)For transition elements, the d-subshelis are
filled with electrons monotonically with increase
in atomic number. LLT 199

24. Which pair of atomic numbers represents s-block
clements ?

@715 (b)6,12

(c)9,17 (43,12

25. The electronic configuration of the element which
Is just above the element with atomic number 43 in
the same-periodic group is
(a) 157 25? 28 352 3p6 345 452
(b) 152 252 zpﬁ 35 3P6 3410 452 4;05
(€} 157 252 2p5 352 36 345 4
(d) 152 242 zpﬁ 152 3}?6 3410 4,1 4p6_

/

26. Which of the following transitions involves raxi-
mum amount of energy ?

@M ) — M@) B)ME)— M)

@MY @) — M*@) (@) Mgy — M3+,

27, Which electronic configuration of an element has
abnormally high difference between second and
third ionization energy ?

(@) 152,252 2p5 3¢t (p) 152, 252 2p8 , 352 3p!

(€) 152,252 2%, 362 3p? (g) 152,252 2p8 342

28. The correct order of decreasing first ionisation
energy is
(@)C>B > Be > Lj (b)C>Be>B>Li

METR S
17. d 18. 4 19. a 20. 4 2l. ¢
27. d
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25.

30.

a.

32

33.

3s.

(c)B>C>Be>Li (d)Be>Li>B>C
{A.LLM.S. 1993)
Tick the correct order of second ionisation energy
in the following
()F>0>N>C

(©)O>N>F>C

»HO>F>N>C
(d)C>N>0>F
(U.E C.E.E. 1996}

Which of the following species has the highest
electron affinity ?

(@) F~
()0~

(0
(d)Na™
(Haryana C.E.E.T, 1996}

The electronic configuration of Gadolinium (At.
No.64)is

(a) [Xe] 4f® 5d° 65
() [Xe] 4f° 5d° &5

(b) [Xe] 4f7 5d" 65

(d) [Xe] 45 5d° 65
(C.RS.E PM.T 1997)

The incorrect statement among the following is —

(a) The first ionization potential of Al is less than
the first jonization potential of Mg.

(b) The second ionization potential of Mg is greater
than the second ionization potenital of Na.

(¢) The first ionization potential of Na is less than
the first jonization potential of Mg

(d) The third ionization potential of Mg is greater
than the third ionization potential of Al
(LIT 1997)
The first ionization potential (eV) of Be and B
respectively are
(a)8-29,9:32
(¢)9-32,9-32

(6)9-32,8-29
(d)8-29,8-29

(C.B.S.E PM.T 1998)
In crystals of which of the following ionic com-
pounds, would you expect the maximum distance
hetween centres of cations and anions.
(a) CsF (b) Csl
{c) Lil () LiF

(C.DS.E PM.T 1998 : ] & K C.E.1. 2003)

Which of the following configuration represents
atoms of the element having the highest second
jonization potential ?

36.

7.

38.

39,

40.

41.

42.

43

Which of the following element has the maximum
electron affinity ?

(a)Cl
)1

(b)Br
(AHE

(C.B.8.1 BM L i999)
Which of the following is most electronegative ?
{a) Carbon (b) Silicon
(c) Lead (d) Tin.
Which of the following remains unchanged on des-
cending a group in the periodic table

(a) Valence electrons (b} Atom ic size

(c) Density (d) Metallic character.
P G

The radii of E F~, O and 0~ are in the order of

(@)0*” >F >F>0 (1) F~ =Q*" >F>0

(@I, > @k P ()0 >F >0>F.

(L L pEE. FREF)

(BT FeED

Which of the following has maximum ionization
potential ?

(2) Be
(c) Na

MK
(d) Mg.
(ALLMS [999)

The ionic radius of ‘Cr’ is minimum in which of the
following compounds ?

(3) KyCrOy
(c) CrO,

(b) CrF,
(d) CrCl5.
(Hervana € EE T 12995

The species isoelectronic with CN™ ionis
(@ F, (£) Oy

(c) Si (d)0%~.

Point out the wrong statement, in a given period of
the periodic table, the s-block elements has, in
general, a lower value of
(@) Electronegativity
{¢) Ionization energy

(b) Atomic radius
(d) Electron affinity.

The electron affinities of halogens are :

F =332, Cl =349, Br =324,[ =295 KJ mol ™t
The higher value for Cl as compared to that of Fis
due to

(@) Higher atomic radius of F
(b) Smaller clectronegativity of F

SN S E RS

(@) 12252 2p* (by1s22s*2p°
(©)1s22522p83s! @) 1s22522p835%
(Ph. PM.T 1998)
28. b 29. b 30. b 3. b 32.b
38.a  39.d 40. a 4l. a 42. ¢

33. b
4 b

M. b
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45,

47.

48,

49,

50.

51,

52;

{c) Weaker electron-electron repulsion in Cl
(d) more vacant p-subshellin CL (.01 Jo59)

Among the following groupings, which represents
the collection of isoelectronic species ?

(@) NO " ;E35,iIc@5:C0

(b) N, CI~, CO, NO

(c) CORND VS CN <™

([@)NO,CN",N;, 07" '/ ¢ pisie! PMLT: 2000)

Electronic configuration of most electronegative
clement is

(a) 152252 2p% 35!
(©)1522522p°

(b)1522522p%3523p°

(EMS BHU 2000)
The bond length in LiF will be
(a) Less than that of NaF
() Equal to that of KF
{¢) More than that of KF
(d) Equal to that of NaF. {C.EALT 2000)
The correct sequence of atomic radii is
(2)Na > Mg > Al > 8i (b)Al > Si> Na> Mg
(c)S1> Al > Mg > Na (d)Si> Al > Na > Mg,
(C.EM.T 2000)
The first ionization energy will be maximum for
() Uranium (b) Hydrogen
{c) Lithium {(d) Iron.
(C.EM.T 2000 ; M.EC.E.E. 2000)
Which of the following has least electron affinity ?

(a) Oxygen (b) Argon
(c) Nitrogen (d) Boron.

(AFM.C. 2000)
Which of the following pairs is isoelectronic ?
(@) Ar and Cl (6) Na™ and Ne
(c)Na* and Mg {(d) Mg and Ne.

(A.-EM.C. 2000)
The elements in which 4 f-orbitals are progressively
filled in are called as

(a) Actinides
{c) Lanthanides

{b) Transition elements
(d) Halogens.

(Haryana C.E.E.T 2000)

. Which one of the following is correct order of the

size ?

(@I>1">1" i>1s1"

(G i s S

85,

56.

57,

59.

60.

(0 PNty @I >1>1t

"The ionic radii of N*~, 0*~, F~ and Na™ follow
the order :

(@)N*~ > 02" >F~ > Na*t

(B)N>" > Nat > 02
(c)Nat >0?" > N3~ 5 F~
(@ 0% >F > Nat > N3~

The first ionization energy of Na, Mg, Aland Si are
in the order

{(a) Na < Mg > Al < Si (b) Na> Mg > Al < Si
{c)Na > Mg > Al > Si (d) Na < Mg < Al < Si.

What is the maximum number of electrons which
can be accommodated in an atom in which the
highest principal quantum number is 4 ?

{a) 10 (b) 18

(c)36 (d) 54. .

The first ionization energy for Li is 5-4 eV and

electron affinity of Cl is 3-61 eV. The AH (in
kJ/mol) for the reaction,

Lig)y+clg—Lit @+ c1™ @),

if the resulting ions do not combine with each other
is (1ev=16x10"19])

(@) 70 b)) 100

() 170 (d) 270.

Which of the following is the smallest cation ?
() Na* &ymgr*
&) CE (d) APT,

The correct statement aboul d-block elements js
(a) they are all metals

() they show variable valency

(c) they form coloured ions and compiex salts
{d) all the above statements are correct.

The correct order of radii is
(@N<Be<B (BYFT < QAT N3
(©)Na<Li<K (@) Fe*t « Fe?* < pett

AN S E RS

47. a 48. a
STMC 58. 4

46. ¢
56. ¢

45. ¢
55. a

R0

49. b
59. d

50. b
60. b

51. b SR d

5825¢
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61. The set representing the correct order of first (a) Ca** cst Br (b)Nat cat, Mgt
- - 0 . - = ) z ? 7 bl =
ionization potential is ()N~ F Na* (d) Be, AP+, CI

62.

63.

65,

67.

9.

61.
Tk e :

(a)K>Nn > Li
(c)B>C>N

(b) Be > Mg > Ca
{d)Ge > Si>C

(1.7.7 20043
The correct order of Ist ionization potential among
following elements Be, B, C, N, O'is
(@)B<Be<C<O<N
(b)B<Be<C<N<0
(¢)Be<B<C<N<O
(dBe<B<C<O<N
The atomic radius increases as we move down a
group because
(a) effective nuclear charge increases
(b) atomic mass increases
(¢) additive electrons are accommodated in new

electron level

(d) atomic number increases

The first ionization potential of Mg, Al, P and )
follows the order :

(a)yMg <Al <P <SS
(c)Al<Mg<S8<P

(YAl =<Mg<P<S§

(Mg<Al<S<P
GA.TE 20

Eka-aluminium and Eka-silicon are known as

(a) Gallium and germanium

{b) Aluminium and silicon

(¢) Iron and sulphur  (d) Proton and silicon

(¢) Neutron and magnesium Kerale MEE 20

Element with atomic number 56 belongs to which

block ?

(a) s ®)p

(c)d D -2
Identify the least stable ion amon st the following :
(@) Li~ (b) Be™

(©)B” (d)C”

According to Periodic Law of elements, the varia-
tion in properties of elements is related (o their
(a) nuclear neutron-proton number ratios

(b) atomic masses (¢) nuclear masses

{d) atomic numbers i.L.E.E.E. 2003
Which of the following groupings represents a col-
lection of isoelectronic species ? (At. nos. Cs = 55,
Br = 35)

P G -
b 62. a 63. c 64 ¢ 65. a
72. d 73. d '?_4. £ _15. d

70.

71.

72,

73.

74,

75.

76.

(ASMLCESINE. 2403
The ions 02, F—,Na*, Mgt and APY are
isoelectronic. Their ionic radii show
() a significant increase from 0%~ to AR
(h) a significant decrease from 02~ o AP?
(¢) an increase from O*~ to F~ and then decrease
from Nat to AP

(d) a decrease from 02~ to F~ and then increase
from Na*t to AP* C.BSE PM.T -
The ionic radii of isoelectronic species N3, 0%
and F~ in A are in the order :
(@)1:36,1:40, 171 (b) 1:36,1-71,1:40
(©)1-71,1:40,1:36  (d)1:71,1:36,1:40
The arrangement of decreasing sizes of HY, H™
and His
(@HY>H>H"
(@)H->Ht>H

()yH>H™ >HT
@H™ >H>H"
Arrange the following in proper order of size
(@)Mg <Si< Al <P (h) P > Al > Mg > Si
(c)Al< Mg <Si<P (d)Mg < Al > Si > P

The highly metallic element will have the configura-
tion of
{2)2,8,7
(€)2,8,8,1

(h)2,8,8,5
@)2,8,2

For electron affinity of halogens which of the fol-
lowing is correct 7
(a) Br>F
{c)Br > Cl

() F > Cl
(d)F > 1

Lanthanoids are

(a) 14 elements in the sixth period {atomic no. =90
to 103) that are filling 4f-sublevel

(h) 14 elements in the seventh period (atomic no.
= 90 {o 103) that are filling 5f-sublevel

(¢) 14 elements in the sixth petiod (atomicno. = 58
to 71) that are filling 4f-sublevel

() 14 elements in the seventh period (atomic no.
= 58 to 71) that are filling 4f-sublevel

W ETRTS
66. a
Teuets

67. b 68. d 69. ¢ 70. b
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77. lonic radii are

(a) inversely proportional to effective nuclear charge

(b) inversely proportional to square of effective
nuclear charge

(¢) directly proportional to effective nuclear charge
{d)directly proportional to square of effective

nuclear charge LS B BT 2000
78. Which of the following has highest value of ionic
radius ?
(@) Li* (&) B3+
(c) O~ (d)F~

79. The formation of the oxide ion 02~ () requires

11.

14.

77. a

first an exothermic and then an endothermic step

as shown below :

O@+e” ~— 07 (g); AH®=—142kImal"}
O @ +ec7~— 0¥ (g); AH® = + 844 kI mo)~)

This is because

{a) Oxygen is more electronegative

(b) Oxygen has high electron affinity

{€) 0~ will tend to resist the addition of another
electron

(@)0~ ion has comparatively larger size than
oxygen atom. {

Which one of the following sets of ions represents
the collection of isoelectronic species ?

(a)K*, Ca?t, s3+ ci=
(b)Na*, ca®*, s+ F-
(@Kt a~, Mgt s+
(d)Na*, Mg+ APt ¢~

HINTS/EXPLAN

In heavier elements, Hund’s rule is not always fol-
lowed.

Since the size of K is larger than K* (1-34 A) and
that of F is smaller than that of F~ (1-32 A),
therefore, option (a) is correct.

The second electron affinity of an efement is nega-
tive, i.e., energy is absorbed.

For ratio of anion size to cation size to be lowest,
anion should be smaflest (F ) and cation to be
biggest (Cs*), ie., option (d) is correct,

IE abruptly increases (i.e. IE, >>> IE;) when an
electron is knocked out from the noble g£as core.

78. ¢ 79, ¢ 80. a

81

82.

83.

85,

15.

17.

18.
o

23

The elements with atontic numbers 9,17,35,53,85
are all

{a) noble pases
(c) heavy metals

(h) halogens
{) light metats

In a given shell, the order of screening effect is

(@}ys>p>d>f B)f>d>p>s

C)p<d<s<f @d>f<s<p

(e)f>p>s>d Arrain MLE.E.

Consider the ions : K¥, $27, CI~ and Ca?t. The

radii of these ionic species follow the order :

(@) Ca?t > K+ > 0~ > §2-

() O™ > 817 5 Kt 5 ca?t

() Calt > 017 » Kt » 82

@K >8>0 > ca?t

(&) S o Cl~ > Kt > ca?tikoraia ¢ o

Which of the following have no unit ?

(a) clectronegpativity (b) electron affinity

{c) ionisation energy  (d) excitation potential
(A LC, 20047

The last electron of the ‘p-block’ in the present

periodic table can be represented by configuration
where [In] represents inert gas

204

(a) [In] 752 7p6 (b) [1n] 752 514 6410 7,0
(c) [In] 65 4™ 541° 6p (d) None of these
{CPMT 2004
Ha is an alphabetical symbol for
(#) Hafnium {(b) Hassnium
(¢) Hahnium (4) Helium
CEMT 2004)

tivle Choice Questions

From z = 121 < 133, the lilling up of g- orbitals
begins for which there is no provision in he present
set-up of the periodic table,

Bigger the size, smaller the LE,

Ca?* =283

Both (h) and () have similar exactly half-filled
electronic conliguration, but the size of (&) is
smaller that that of (d)

In principle, electrons are added one al a time to
the penultimate d-orbitals but due to extra stability
of &” and d'® configurations, two electrons appear

to have entered the d- shell due to shifting of one
eleetron from ns o {n=1) d orbital,
L

84. a

85. ¢ 86. ¢
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29.

30.

31.

32.

3.
.

38.
39.

40.

41.

42.
43.
45,

{E, of O is higher than that of FF because in case of

O, the second clectron has (o be removed from a
more stable completely half-filled electronic con-

figuration,ie., 0t (152252 2p} 2p)2py)whilein
case of FE this is not so, ie Et
(i o 2p§ 2p; 2r 11 teatead femoval . of
another electron from FT gives a rore stable
completely half filled efectronic configuration, L.€..
2t (s%2s22pL2p, 2ph.

Energy is released when an efectron isaddedto O
but energy has to be spent when an electron is
added to O, F~ and Na™.

The filling of 4 f-shell begins only whenone electron
has already been added to 5 d-orbital.

1E, of Na is higher than that of Mg because in case

of Na, the second glectron has to be removed from
the noble gas core while in case of Mg, removal of
second electron gives a nobe gas core.

Be has higher TE, than B.

Bigger the size of ions, larger is the distance be-
tween the centres of their nuclel.

Each group has a fixed number of valence electrons.

“The size of 02~ > F~ and that of O > E Therefore,
the overallorderis: 0*” > F >0>F

Because of smallest size, Be has the highest ioniza-
tion potential.

Amongst K,Cr0,, CrF;, Cr0O, and CrCly, Cr has
(he maximuny oxidation mumber of + 6 in
K,CrO, and hence has the minimum ionic radius.
CN~ and Si both have 14 electrons.

In any period, s-block clement has the largest size.
All the species have 14 electrons.

i R

e R R

46.
47.

43.

49,

50.
513
56.
57.

61.
62.

63.

64.

67,

T A L S S

(1 e ps) is the most electronegative clement.

Due to smaller size of Li than Na or K, LiF has
smalter bond tength than NaF and KE

In a period, atomic radii decrease from left to right.
Being smalfest, hydrogen has the maximum IE;.

Inert gases have zero electron-aflinity. ;
Both Na* and Ne have 10 electrons cach.
15225225347 3p%3d" 452 4p% = 36.
AH = (54 —3-61) % (1:6 x10717J)

x (6023 x 10%)x107> = 1725 k} mot” .
Within a group IE; decreases from top (o bottom.
Because of extra stability of exactly haif-filled

electronic configuration of N, its IE, is higher than

that of O. Further because of higher nuclear
charge, IE, of C is higher than that of Be and B.

Amongst Be and B, the IE; of Be is higher than that

of B hecause in case of Be a 2 s-electron is to
removed while in case of B a 2 p-electron is to be
removed. Thus, the averali order is (a) te, B < Be
< <O<N

As the number of shelis increases, atomic radius
increases accordingly.

Because of extra stabilily of exactly haif-filled
clectronic configuration of P its IE, is higher than
that of S. Further the IE; of Mg is higher than that
of Al because in case of Mg, electron is to be
removed from a 3 s-orbital while in case of Al, the
electron is to be removed from a 3 p-orbital. Thus,
option {e), ie, Al « Mg < S < P is correct.

Be has fully filled 2s-subshell (25%) and therefore
shows little tendency to accept an extra electron to
form Be ™.

TION A

ADDI

L QUE

R L e

s
_:.'{}sar-.s.wx...6._54*!-@.A‘-m’ih.w:-;.,\_WWEWRY&M-"}Z?E‘MH £

For All Competitive Ex

—— s — i

o R R AR R G o 20 TR 5
aminations

Assertion-Reason Type Questions

The questions given helow consist afan ‘Assertion’ in column 1 and the ‘Reason’ in column 2. Uge the following

key to choose the correct answer.

{a) If hoth assertion and reason are CORRECT, and reason is the CORRECT explanation of the assertion.
{b) It both assertion and reason are CORRECT, but reason is NOT the CORRECT explanation of the assertion.

(c) If nssertion is CORRECT, but reason is INCORRECT.

{d) If assertion is INCOR RECT, but reason is CO RRECT.

(&) If both assertion and reason are FALSE.
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2.

4,

Assertion (column 1)
The jonization of s-electrons requires more energy
than that for the ionization of p-electrons of the
same shell.

Reason (column 2)

s-Electrons are closer to the nucleus than p-electrons and
hence are more strongly attracted by the nucleus.

When transition metal ions ionize, the 4 s-orbital | The energy of 3 d-orbital electron is lower than that of

electrons are ionized before the 3 d-orbital electrons.
Helium and beryllium have similar outer electronic
configuration of Lhe type ns2.

The element with electronic configuration
[(XeP** 4f! 54" 657 is a d-block element.

The first ionization energy of aluminium is lower
than that of magnesium.

Both N, and NO™ are diamagnetic substances.

Electron aifinity of oxygen is less than that of

Nluorine but greater than that of nitrogen.

F atom has a less negative electron affinity than Ci
atom.

Zn*7 is diamagnetic.
The first ionization energy of Be is greater than that
of B.

4 s-orbital electrons.
Both are chemically inert. (A.TLM.S. 1994)
The last electron eters the -orbital.

lonic radius of aluminium is smaller than that of mag-

nesium. ALLMS. 1994)
NO7 isisoclectronic with N,. (ALIM.S. 1997)
(A.LIMS. 1997)

lonization potentiat is as follows : N > G > IF
(A.L1M.S. 1998)

|
Additional electrons are repelled more effectively by 3 p-

electrons in Cl than by 2 p-electrons in F atom.
(ILLT 1998)

The electrons are lost from 4 s-orbital to form Zn2*t.

2 p-orbital is lower in energy than 2 s-orbital.
(LT 2001)

True/False Statements

An element with atomic number 47 is a transition
element.

The second period contains 8 and the third period
contains 18 elements.

The size decreases as Cu > Cut > cu?t,

The first ionization energy of N is lower than that
of oxygen.

6. Thereare seven periods and eighteen groups in the
periodic table.

7. The size of CI™ ion is smaller than that of S2~ ion.

8. The decreasing order of electron affinity of F, Cl,
BrisF > Cl > Br.

(LLT 1993)

Fill In The Blanks

An element with atomic number 35 belongs to .....
block.
Each series of d-block contains ..... elements.

The first ionization energy of N is ..., than that of
O while the second ionization energy of ..... is higher
than that of .....

The radii of Fe, Fe?* and Fe?* decrease in the
order ......

. In the second period, the most electronegative and

and

electropositive elements are
tively.

The general outer shell electronic configuration of
f-block elements s .....

Among the isoelectronic ions, the ionic size in-
creases as the ..... charge on the ion ... .

respec-

8. Valency of a p-block element is equal to eight
the number of electrons present in the ..... shell.
When an electron is added to a uninegative ion,
energyis...... :
An clement which lies right above and below Cd in
the preiodic table are .... and .... respectively.

On the Pauling electronegativity scale, the element
nexttoFis ... . (Roorkee 1989)
€a** jon has a smaller radius that K+ because it
has ... (ILLT 1993)
The radioactive serics consisting of man-made ele-
ments is called ..... elements.

9.
10.
11.
12.
13.

(A.1.5.B. 1996)

The clectronic configuration of atoms and
........... provide a basis for periodic classification.

14,
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Matching Type Questions

Maich the items in column I with those in column IT

Column I Column IT
1. Horizontal rows {a2) Ionization energy
2. Elements with electronic configuration as ns? np! —$ (b) Valence electrons
3. M(g) + Bnergy—— M1 (@) +e~ (c) Electron affinity
4.X(g) + ¢~ — X (g} + Energy (d) p-Block elements
5. Electrons present in the outermost shell (e) Periods.
ANSWERS

ASSERTION-REASON TYPE QUESTIONS

1.(a) 2. (a) 3. () 4. (¢) 5. (b) 6. () 7. (c) 8. (c) 9. (b) 10. (c).
TRUE/FALSE STATEMENTS

1. True 2. False, both contain 8 elements, 3. True 4. False, first ionization energy of N is higher than
that of O 5. True 6. True 7. True 8. False, C1 > ¥ > Br.
FILL IN THE BLANKS

1. p- 2. ten 3, higher, oxygen, nitrogen, 4. Fe > Fe?* > Fe’™ 5. Fluorine and lithium 6. (v - V8 i

-~ 1) d%~ ! ns?. 7. negative, increases 8. minus, valence 9. absorbed 10. zinc, mercury 11. oxygen s
12. higher nuclear charge 13. transuranic 14. aufbau principle.

MATCHING TYPE QUESTIONS

1L(e) 2(d) 3(a) 4() 5@)

HINTS/EXPLANATIONS to Ase-artiaﬁ~ﬁ.easan Typ;a Gueé.t-ionﬁ

3. Correct ;emon A]mou_a,h He and Be have similar T Carrect reason ; Blectron affinity of N Emﬂllﬂlﬁ
outer electronic configuration of the type ns?, only  zero because of iﬂmlj'hﬂlﬁﬁﬂwd electronic con-

He (152} has inert gas conﬁguraﬂon and hcnce I8 i Wm‘

chemically inert but Be (15° 25%) does not have inert Further because F has ﬂ;’;ﬂm m‘; O has &

gas mnﬁburauon and hence is not. chemmally ok emﬂw tﬂwﬁﬁ‘; ;;;;;

4. Corect assertion : Ba(OH)z lS more.b.afsa.c .tr.lan T ?Mﬁ%td ﬂ&ﬁ%m&h&mtmﬁiﬂﬂhﬂ
Mg{OH)y, i b : mF:&-ﬂ?H

Correct reason : Becausc of [owcr IE1 of Ba than” S. l:‘tmm W-" Miw ﬂhﬁi‘ﬂnﬁ nra reptllbd
that of Mg, Ba(OH)2 ionises 0 a grcatcr extem a : '_ hg W h F than 3p-
than that of Mg(OH), and hence Ba{OH)z i3 or'_«_ .

%Lrom,c:r base than ML((E)H)1 b




