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- GENERAL
CHARACTERISTICS OF
MAIN GROUP
ELEMENTS

18.1 INTRODUCTION

The dlements in Groups 1, 2, 13, 14, 15, 16, 17 and 18 arc generally called the “main
group” elements. They are made up of “s™ block (Group 1 and 2) and “p” block elements
(Groups 13, 14, 15, 16, 17 and 18).

The main group elements show simple trends with respect to a number of physical
propertics. These properties vary in a regular manner as we move from left to right across
a row of elements called ‘period’. On the other hand, if we move from top to bottom in a
column of elements, called ‘group’, we observe significant similarities in their properties
with a few changes in the properties as we move down to heavier clements. We may
explain these observations in terms of properties of individual atoms.

In this lesson we shall study some important physical propertics and will try to explain the
observed periodiciy in atomic properties in terms of electronic configuration of the atoms.
Finally, we shall relate the periodicity in atomic properties to the observed chemical
behaviour of their compounds with special refernce to their oxides, hydrides and halides.

*

18.2 OBJECTIVES

After reading this lesson you will be able to:
®  Describe the variation in some important physical properties such as:




: : Chemistry

®  size, ionization energy, electron affinity, electronegativity and, metallic behaviour along
a group or a period among main group clements in terms of their given electronic
configurations.

e  Corclate the variation in the composition and properties of ) oxides (i) hydrides
(iii) halides of main group clements with their position in the periodic table.

e  Explain with reason for the similarties in properties betweea diagonal elements of main
group clements cspecially those between Li and Mg,

18.3 SIZES OF ATOMS 7_
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group clements are given in Fig. 18.1. We observe two important trends. These are:

1. In moving across a given period of elements, the stomic radius decreases. This is

because the addition of clectrons takes place in the same valence shell and are subjected
to an increased pull of the nuclear charge at each step.
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Fig 18.1: Relative ntomic shes of main group elesaents.
The radii are given in plcometars.

The valence electrons are pulled closer to the nucleus. This results in a decrease in
atomic size from as we move left to right in a period of elements (table 18.1).
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SIZE DECREASES————-——
ELEMENT Li Be B - C N 0 F
Atomic size 152 111 88 77 70 66 64 )
(pm)
Nuclear +3 + +5 +6 +7 +8 +9
charge
Effective +1.3 +1.95 260 4325 4390 M55 +5.20
nuclear
Charge (z*)
Electronic 185 1s?, 15,28, 18,28 18,28, 18, 25% 1st, 29"
configuration | 2g' 2 2p' yid 2p ' I

Table 18.1: Variation of properties of main group elements along a period,

2. In going down a column of elements, i.e., a “group” the atomic size, increases. (table
18.2).

Elements Atomic Nuclear Effictive Electronic
of Group 1 Size Charge Nuclear Configuration
(pm) @) Charge
Z*)
@i Li 152 3 13 [He], 25’
A
é‘ Na 186 11 2.2 [Ne}, 3s'
E K 231 19 22 [Ar], 45
| Rb 244 37 22 [K1), 5¢'
“14Cs 267 55 2.2 [Xe), 6s'

Tabie 18.2: Variation of properties of maiz group elements along a gloup.

Thisincrmscnuybccxplainedintermsofanewelectromcshcllwhxchxsaddndwhmm
move from one element to the next in a group. The additional increase in the energy level,
more than compcnsam for the added suclear charge.

18.4 IONIZATION ENERGY

The first ionization energy is the energy needed to remove the most loosely bound electron
from an atom of the clement in the gaseous state for one mole of the substance. As the

* It is more appropriate to use effective nuclear charge, Z* mather than simple nuclear charge, Z. This is
. calulated as Z* ~ Z — S where S is called the screening constant. The value of § is determined by the
sxtent of shickding of an electron by inner low lying electrons. The numerical value of § is determined
by a set of empirical ruics proposed by Slater and are known ss Slater’s rules. The cffective nuclear
charge faced by the outer clectrons is lower than the nuclear charge, Z.
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force of attraction between an electron and the nucleus mctmsw,ﬂ:emcrgy reqmred to}
remove the electron, i.e., the ionization energy also increases.

M° () + Energy —— M'(g) + &
‘The first ionization encrgies (kJ mol™) of main group elements are given in Fig. 18.2 In
order to understand the variation in ionization energies given in Fig 18.2, it is essential'to
understand the important factors which determine its magnitude, which are dissussed below:

Period Group
é{ |t 2 13 14 15 16 17 18
B _
1 |H . "He
' (1312) . 2377
Alz | Be B C N o F Ne .
t,; (520) (G00)  (800)  (1086)  (1402) ~(1314) (1681}  (2080)
3 | Na Mg Al si P s o Ar
E (496) (738) (578) (187) aoiz) (1000  (1251) (1521
ZH 1K  Ca On Ge As Se Br Xr
8 “19) (590) 579) (762) (544) - (941) (1140) (1351)
gs Rb Sr In Sn sb [ Te 1 Xe
cJ (403)  (550) (558) (709) (832) (869) (1008)  (1170)

Tonization Energy Increases
Fig 18.2: First ionkation energles (kJ mol™) of main group elements.
1. Magnitude of Nuclear Charge

If all other factors remain constant, the greater the nuclear charge, the greater is the
attraction of the nucleus for theelectron. Thus more energy is required to remove this
electron from the pull of the nucleus. lonization energy increases with increase in the value
of nuclear charge.

2. The size of the atom

Thefomeofnmmbamﬂwpomuvdyehnrgednudwsandthenegauwlycharged
eleciron is electrostatic. According to Coulomb’s law, the force of attraction between two

charges depends inverscly on the square of the distance between them. This means the
ﬁ)mofmmdecmmpldlyasthemdms {(size) of the atom increases. Thus
mznhmencrgydecmsuasﬂwmofﬂwatomm(oﬂmfactommmnmg
constant).

~ Ionixation Energy and Main Group Elements

L W:thmenchpmod,ﬁarcxample,mmngﬁmnhto}lc,atmmcmdmmmd
nuckar charge increases. Both factors Iead to an increasc in the ferce of attraction
_ between the nucleus and the electrons in the outermost orbit. Thus jonization energy
valug increases as we move from left to right in a period. It reaches a maximum valuc
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at neon which has 2s* 2p® configuration, i.., a stable octet. It is most difficult to pull
out an electron from a closed shell {ns® npJconfiguration and that is why noble gascs
have the highest jonization energy value. (table 18.3)

Table 18.3: Variation of ionization energy along a period.

ELEMENT | Li Be B c- N o F Ne .
Radius - 152 11 88 T 70 6 64 _

(pm)

Nuclear 13 +4 +5 +6 +7 +8 +9 +10

Charge

lonization | 520 . - 900 300 1090 1400 1310 1630 2080
Energy

(kT mot)

However, there are a fow irregularities in the general trend | For exmple, the LE,
value of Boron is less than that of Beryllium. This is just the opposite of what was
normally expected. Why?

This unusual behaviour can be explained in terms of their electronic configurations;
Be: 1s? 25? and boron is 1s?, 2s? 2p'. In Be the outer electron is to be removed from
a filled 2s orbital whereas in boron the electron to be ionized is a single 2p electron.
Also the 2s electrons penetrate the nucleus more effectively and are thus more
strongly attracted to the nucleus while the 2p electron is less penetrating and
therefore, its force of attraction from the nuclear charge is less.

Similarly,.a small decrease in the first ionization energy in going from Nitrogen to
Oxygen may be attributed to the extra stability of the half-filled p-orbitals in the
Nitrogen atom.

The extra stability attributed to half-filled or completely filled configuration
can be explained in terms of gain in exchange enmergy. In these
configurations, the system has maximum number of electrons in parallel
spins. Since electrons of parallel spins like to stay away from.cach other,
they do not shield each other from the nucleus effectively. Thus electron to
nucleus attraction is large. Thus-the energy of the system is lowered.

2.  On moving down a group, ionization cnesgy decreases (Fig. 18.2) This can be easily
explained in terms of size alone. As we move down a group the size increases,
therefore, the attraction of the nucleus for the outermost electron decreases. Thus
ionization energy is lowered.

INTEXT QUESTIONS 18.1

1. The bond leagth in Cl,is 198 pm. The covalent radius of carbon
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Ci Cl
is 77 pm (1 pm = 10*m). Calculatc the C-Cl bond length in CCI,.

-------------------------------------------------------------------------------

2. Which atom of the follwing is expected to have smaller size?
() ,Fand ,,C1 (i) Cand Si (iii) Band C (iv) Cand N

...................................................................................................

3 'I‘hebmd]mgtthlzul%pmde-Clbondlwgﬂ:mCCl is 176 pm. Calculate

ﬂwamnmmmmfmrhonandcwme

4 Whinhdminﬂwﬁ)ﬂowingpaimofmismectedtohawhighetimimﬁon
encigy 2
(@ Be and B (ii} ,Na and Mg (iii) ,;He and , Ne (iv) ,0 and , S

.....................................................

5. Amngcﬂzﬁoﬂomngatmmorduofmcrmmgmmhmmy 2l-]::”Be, N,
Na.
111 .

........................................................................................

to Na* ions ?

R e e T R

18.5 ELECTRON AFFINITY

It is evident from the values given in Fig 18.2 that elements on the extreme right say Group
17 (knowm as halogens) exhibit very high ionization encrgics. These elements are not keen
to Jose clectrons and form positive ions. Instead these clements are observed to form
negative ions by acocpting an electron. In this process, they acquire electronic configuration
of the noble gases. The encrgy change, AE, for this process is called the electron aﬂimty
(EA) of the atom:

X(g)+e — > X(g)  AE is negative

Electron affinity is the cnergy released when a neutral atoms in gascous state
accept clectrons for one mole of the substance.




General Characteristics of Main Group Elements : ;327

For example, the electron affinity of Cl atom is —349 kJ mol™. This means that 349 k¥ of
energy is released when one mol of Cl atoms combine with 1 mol of electrons to give 1 mol
of CI” jons: ‘

Clg) +&= ———>  CI (g)/AB = - 349 kI mol

' Thus Electron affinity (EA) of chlorine is 349 kJ mot. The greater the EA value the more
stable is the anoion formed, Electron affinity values ‘are given in Fig. 18.3.

PERIOD : ~ GROUP
1 2 13 14 15 16 17 18
1 H He
-73) (0)
2 Li Be B C N (o] F Ne
(-596) (O (267 (-154) &) (-141) (-328) [0))
3 Na Mg Al Si P S Cl Ar
(-53) ()] (42.5)  (-134) -72) (-200) (349 (0)
4 K. Ca Ga Ge As Se Br Kr
(-48) ()] (-29) (-119) (-78) (-195) (-325) (O
5 Rb Sr In Sn Sb Te i Xe
(47 ()] (-28.9) (-107) (-103) (-190) (-295) (0)

Fig 18.3: Electron Affinities Of Some Gaseous Main Group Atoms (KJ mol)

The most importnat observations are:

1. Elements with high ionization energies, such as the halogens, also show large electron
2.  Elements with low ionization encrgics, such as Group 1 elements (alkali metals) also
show small clectron affinities. '

Therefore, a halogen atom easily gains an electron to form a negative ion. In contrast
analkaﬁmetalatomshowsnotmdmcytogaingnelectrontoformanegaﬁve ion,
rather it tends to lose an electron to form a positive ion.

3. As we move down a group, the change in electron affinity is very small, i.c., the
values do not show any change. Normally, we may expect the electron affinity value
to decrease as we move down a group. The atoms undergo an increase in size and
since the added electron is further away from the nucleus therefore it is attracted less
strongly. But as the size of the atoms gets larger, the distance between the electrons in
the valence shell increases. Therefore, electron-electron repulsion decreases and this
gets balanced by the decreased auclear-clectron atiraction.

4, Fluorine and other Period 2 elements show unexpectedly low values of electron
affinity. Their low values may be explained in terms of the extermely small sizes of
these atoms. In their cases, addition of an electron produces a negative ion which has
a high electron density. This may lead to instability in terms of increased interelectronic
repulsion.
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18.6 ELECTRONEGATIVITY

In a homonuciear {two atoms of the same elements) diatomic molecule such as H,, F,, Cl,
the electron pair of the covalent bond is shared equally between the two atoms since they
are identical and therefore attract the electrons of the bond equally strongly. However, in
hetronuclear diatomic molecules such as HCI, ICI, CIF, the clectron pair forming the
covalent bond is not shared equally between the two atoms. One atom always attracts the
electron pair more strongly than the other: This tendency of an atom is defined in tems of
a parameter, defined as the electronegativity of an atom. The greater the electronegativity
of an atom, the more strongly it attracts the electron pair in a covalent bond. For example
fluorine atom is the most electronegative and will attract the electron pair towards itself
when bonded to an atom of any other element.

Flectronegativity is defined as a measure of the ability of an atom to attract
the electron pair in a covalent bond to itsclf.

Electronegativity is a qualitative concept. It’s quantitiative value for an atom cannot be
measured experimentally. Several methods have been suggested to assign approximate
values to different atoms or species. Electronegativity is a useful concept and the
difference between the electronegativits of two atoms helps us in identifying the the nature
of the bond. Electronegativities of main group elements are given in Fig. 18.4.

Period Group

1 2 . 13 14 15 16 17 18

T H He
22 —

812 Li Be B c N 0 F Ne
E 1.0 15 2.0 25 3.1 35 4.1 _
3 Na Mg Al Si P 5 cl Ar
1.0 12 1.3 1.7 2.1 24 2.8 —

Sla K Ca Ga Ge As Se Br Kr
5 0.9 1.0 1.8 20 22 25 27 3.1
+5 Rb Sr In Sn Sb Te - I Xe
09 1.0 15 1.7 18 2.0 22 2.4

Electronegativity Increases

Fi-g. 18.4: Electronegativities of nmin group elements.
We observe two important trends:

1. Electronegativity increases across a period. As the effective nuclear charge increases
along a period the pull of the nucleus for an electron of the other atom increases
strongly. .

2.  Electronegetivity decreases from top to bottom in a group. As the atomic size
increases, the bond electrons are further from the nucleus and thus the force of
attraction between the nucleus of an atom and the bond electrons decreases.
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Elements on the right-hand side of the periodic table have high electrmeganwnm and
elements on the left-hand side have low electronegatwmes

Fluorine is the most electronegative of all the elements. The second most
"I electronegative element is oxygen followed by nitrogen is the third position. -

If two atoms forming a diatomic molecule have same electronegativities, then the bending
pair is shared equally between the two atoms and the bond is said to be a non-polar
covalent bond. On the other hand, when the differnce in the electronegativities between
two atoms forming a bond is not zero, ie. they have different electronegativities, the
bondingpairissharedumquailyandthebondhetweensuchammsiscaliodapo!ar
covalent bond. For example, H-H bond in H, is a non-polar bond while H-CI bond in HCI
&+ &~

is a polar bond, and is often represented as H - Cl {since electmncgathty of chlorine atom
is greater than that of hydrogen atom), ,

18.7 METALLIC BEHAVIOUR

The clements can be broadly classified into meials and nonmetals. This classification is
based on certain physical propertics which are characteristic of each type. Metals are
electropositive in character and have a ready tendency to lose electrons (which make them
good conductors):

M———» M+e

This reaction is closely related to the ionization energy of an element, therefore, we may
say that these two propertics arc inter-linked. The lower the value of ionization energy of
anelcmmt,greatermubextsmndmcymmdergothlsmcnonandtherefommm
¢lectropositive and metallic the element is.

Two prominent observatlons are:

1. Elements on the left hand side in Fig. 18.2, show lower ionization energies than
elements on the extreme right. Therefore, they act as metals in their behaviour. On
moving down a group, the ionization energy decreases and so metallic character also
increases.

Metals exist on the left-hand side and exhibit low ionization energies, Metallic
character increases as we go down a group. Thus Cs is the most clectropositive
metallic element. -

2. Elements on the right-hand side show high ionization energies and thus lose their
outermost electron with difficulty. These elements prefer to accept electrons (large
electron affinities) and are called non-mefals.

Elements on the right-hand side are called non-metals They show lugh lonization.
energies and large electron affinities.

Between these two extremes, i.e, metallic or nonmetallic behaviour, there are some
clements which show properties that are intermediate between those of metals and
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nonmetals. They are generally called *metalloids’. For e.mmple, silicon and arsenic are
generally classnﬁed as metalloids. -

Ehmmmgpmmmmmoscofnmlsm
nonmetals are called metalioids. .

A classification of main group elements in these categories is show in Fig. 18.5.

Period _ " Growp
1 2 13 1 15 16 17 18
1 ) ~ m"‘!
2 L e B ~.C N n F  Ne-
"':\ —-— - o z
3 Na Mg ~ Al Si ~ P S Ct Ar | 8
- A [3
~ - ;
4 K Ca ©n ~Ge As ~ S Br Kr| &
— -~ »
=~ - 3
5 Rb Sr In Sn ™ Sh Te ~ I Xe
_ 2 N
6 Cs B« T P B~ P A~ £
Metal¢ Metalloids

Fig. 13.5: Classification of ssin growp elements into metal, non-metals and metulloids.

INTEXT QUESTIONS 18.2

1. Why does fluorine have lower electron affinity than chlorine?

2. Which atom in the following pairs of atoms has greater electron affinity ?
. @MEC @Bl G)LXe O,F ()OS

---------------------------------------------------

tessEsrsesnsstavassrurastannaTRTaRsaRRnonand - cmmas “ermesnuevpmyrannnn

4. mmmammmdmwmmm mtopolarand .
‘ mn-pohrmolemhs

@ HCI (i) ICL (iif) H, (N,

emmesisihdanncannrraabb bt a b ANt daas R e RN taaRearsannaanakerataannndatnbiaocaaaitaaannnraaa e annan.
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5.  Which atom among the main group elements is expected to be least electronegatlve

(consult Fig. 18.4).

......................................................................................

6. Angangcﬁ:cfoﬂomngdmmtsmnmls,nonmﬂsmdmmm Na,Al S 1,

Pb, Cs, Se and As.

18.8 PERIODICITY IN PROPERTIES OF COMPOUNDS OF MAIN
GROUP ELEMENTS

18.8.1 Onxides

Most of you may have already leamt that Periodic _'I:ablc is a valuable aid in predicting the
formulas of compounds with different anions. The periodicity in the formulas of oxides is
shown in Fig. 18.6. We may also expect periodicity in thier chemical behaviour.

L0 BeO B,0, Co, N0, - FO .
-§ Banic Amphotoric Acidic Asdalhc Acidic Acidic
E N0 MgO ALO, Sio, PO, $0, . ChO
w5 Rasic Basic Amphotoric - Acid Ajciddic - Acidic Mdkr
e e G, GeO, AsO;  SeO,.  BrO
: Basic Basic Amphotoric  Amphotoric  Amphotoric  Adidic Acidic
¥ Rb,0 S0 © Ing0y w0, - ShO,  TeO, KOs
£ C0 B0 . MO, Pb0, BRO, - o - -

Increasing Acidity of Oudes. —_—

.. Mg 186: Periodiclty of oxides of mal group clements |
Oxides such as Li,0 and CaO dissolve in water and yieid basic solutions, -
' ~ Li,0,, + HOH() — 2L (aq) + 20H- (ag) (basic)
Ca0,, + HOH(I) ———  Ca?(ag) +20H (aq) (basxc)
| (HOH and H,0 are same)

' Nunnmalllcoxldﬁ such as CQ, and SO, dissolve mwatcrandyleldacsd solutions and arc

- called acid oxides.
| COM@+2HOH() ———» HO () +HCO, (39) (acid)
SO,(g) + ZHOH() ———  H,0"(aq) + HSO, (aq) (acid)
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Basic Oxides are formed by the combination of oxygen with highly clectropositive
elements called metals,
AcidicOndumfonnedbyﬂwcombmatmnofmygmmthelecnmegatwe
elements called nonmetals.

Oxides which react with either acids or bases are called amphoteric oxides. For example,
ALQ, does not dissolve appreciably in water. It, however, dissolve in acids and bases.

ALO,(s) + 6H,0'a)) ——>  2AL%aq) + 9,00
ALO(s)+20Hag) ——+  2AI0,(ag) + HO®)
In the first equation ALQ, is behaving as a base and in the second equation as an acid and
yiclds aluminate ion A0, . |
18.8.2 Hydrides

Hydrogenﬁnmsmblchydndesmtbnmngmup elenwntsexocptnoblcgascs They are
classified into two types:

Tonic hydrides are formed by the reaction of hydrogen with highly electropositive
elements (Groups 1 and 2). They are ionic compounds and possess very high melting and
boiling points. They dissclve in water o give basic solutions.

NaH(s) + HOH() ———— NaOH(ag) + H(g) (basic)

Covalent hydrides are formed by the reaction of hydrogen with p-block elements. These
compounds are volatile in nature. Thelrac:dstrengﬂ:mreasesaswemoveﬁunleﬁtonght
Hydrides of main group elements are listed in Fig. 18.7.

GROUPS

1 2 13 14 15 16 17

IONIC HYDRIDES ¢————  COVALENT HYDRIDES ————}

T

LH BH, BH CH NH, HO HF
NaH Mg, (AH)x SiH, PH,. HS  HCI
KH  CaH, GaH, GeH, AsH, HSe HBr
RbH  SH2 InH3 - SoH, SbH, HTe HI

CsH BaH, TH, PbH, BiH, HPO —

ACIDIC CHARACTER INCREAS

-l
-

ACIDIC CHARACTER INCREASES

[
y

Fig 18.7: Hydrides of main group elements.
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Themcreasemwdmangthofﬂnhydnduuwemveﬁmleﬁtonghmaybe
attributed to the mcmsmgelectrmwganwtyofthemetal i.c., the increase in the polarity

of the O - X5 bond, .
18.8.3 Halides |
AIlnumgrmpclanu:ts(mceptHc,NeandAr)mwuhham (F,, Cl, Bryand L)

to form halides. The compounds formed by reactions of halogens with with metals are quite
dxﬁ‘cmntfmmthoscofﬂwmn-mmls For example,

- Metals
| iNa(s) + Cl(g) ———3 . 2NaCl(s)
Cafs) + F, (@) —* CaF(s)
Non-metals
C(s) +20L(8) —  COLY
F,@+CLE —— 2FCig)

Meta]shahdesammmccunpmmdscmslsungofopposmelydmgedmma, Cr). They
are colourless crystalline solids with high melting points.

On the other hand, nonmetal halides are generally gascs, Ilquldsorsohdsoflowmttmg
points, Thebmdsmthcsempmndsmmﬂmﬁmmmmtypuofbmds
Bonds in many other halides arc of an intermediate nature. 'I‘hcnatureofthebonck

dependsuponthcclwtmneg\uwtmofﬂntwombmmgm

INTEXT QUESTION 183

1. © Which of the following oxids of main group elements is the most acidic ? Which
* elements form the most basic oxides?
- () ALO, (i) CO, (iii) SO,

................................................................................................................................

2. Which of the foilomng hydrides of main. group - elcmenu is the most
acidic 7

Ouse @HO  @HA  @H

3, thhofﬂwﬁo!lowmgehmtsfmm(:)mc(u)eovﬂenthqhdu?
Ca, Cs, Li, C, Si, P, Mg,
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189 DIAGONAL RELATIONSHIP BETWEEN Li AND Mg

' Animporiantfmtureofﬂwsemndperiodelcmentsisthattheymsanblewiththeelexmnts

to their lower right clement of the third period, ie., diagonally opposite clement. The
reasons for this similar behaviour: ) -

Li \-Be\B \ C
Na Mg Al si

1. The electropositive nature of the clements increases on moving down a column but
decreases when we move from left to right. . _

Electropositive nature of two diagonal elements will be quite similar.

2. On moving from left to right in a row, the charge increases but their size decreases,
while in moving down a group the size increases. Thus on moving diagonally, size fo
charge ratio remains almost the same. The variation of different properties of main
group elements is given in Fig 18.8. '

" GROUP
peRIOD | 1 2 B w15 16 17 18
818 1 H ) He
E g ) o . // |
2 Li N<Be B OC N o F Ne
T8 S - ]
Elmia 3 Na Mg T~ Al 8i P s Ci Ar
g \\ \\ > 3
% E 4 K Ca Ga . 0e Ax \Nfc Br Kr 5
~. 3
N :
A s Rb . 8 In saNSb T NI . Xe | B
, < _
~ z
6 C¢ Ba T Pb  Brosg P AL Ral §
- o Vanne
METALS © METALLODIS

NONMETALLIC PROPERTIES INCREASE
'ACID CHARACTER OF OXIDES INCREASES

BASIC TO ACID CHARACTER OF HYDRIDES INCREASES
: : ' »-

ATOMIC RADII DECREASE

JONIZATION ENERGIES mcn'mss.;
_ mxwmmu‘mumwpmu.
18.9.1 Diagonal Similarities between Li and Mg
Lithium resembies more with its. diagonally opposite member magnesium than with the

other members of its own family, i.e., Na, K, Rb and Cs. The following propertics show "
behaviour: : .
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(I) The radii of Li* (60 pm) and Mg?* (65 pm) arc almost smnlar

(n’) Electronegativities of Li (1,0) and Mg (1.2) are comparable.

(iii} Lithium when burnt in air forms Li0. Magnesmm also burns in air to form MgO
- Other alkali metals form peroxides {Na,0,) and superoxides (KQO,)

;. .
? (w) Of all the alkali metal carbonates and nitrates, only Li,CO, and LiNO, are unstable and
' decompose on heating, Slm:larly, MgCO, and Mg(NO,), decompose on heating to form
MgO.
(v) Lithium is the only alkali metal which forms Li)N (lithium nitride) when lithium is
bumt in an atomosphere of N,. Similarly, Mg when bumt in N, forms Mg,)N,.

(vi} Lithium hydroxide is the only alkali metal hydroxide which has low solubility in water,
is weakly basic and decomposes on heating to form Li,0. Magnesium hydroxide is also
sparingly soluble, has low baslclty and deeomposes on heating to form MgO.

(vii) Both lithium and mngncsnum metals combine with carbon to form carbides.

18.10 WHAT YOU HAVE LEARNT

s  The clements comprising ‘s’ block and *p’ block elements are called main group or
representative clements. o

e  The elements of groups 1 and 2 are called ‘s’ block elements, their valence electrons
are ns' and ns®, respectively. '

s A period is & horizontal row of elements of the periodic table.
e A group is a vertical column of elements of the periodic table.

e  Many physical and chemical properties of the main proup elements show periodic
variation with atomic number and are called periodic properties.

e  The atomic radius (or size) of an atom is one-half the distane between two sumlar
atoms,

e  The effective nuclear charge (2*) is the net unclear charge exerted on an clectron in
an atom.. It is equal to nuclear charge (Z) reduced by an amount that makes up for the
screening (S) by the intervening electrons, Z* = Z—8.

. Thcfonizattonenergy:sﬂ:em:gyrequmdtomnovcdwoutennostelectronﬁmna
gaseous atont.

] Theelectmna_ﬁ'imgnsthcm:gyreleasedwhmaneu&alatommagaseousstatz
- accepts an electron,

e Electronegativity is the ability of an atom in a molecule to attract the electrons ofa
covalent bond to itself. , '

A metalloid is an element whose propertics are intermediate between those of a metal and
those of nonmetal.
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18.11 TERMINAL EXERCISE

1.

Whicil ¢lements of the ‘periodic Table’ constitu_te main group elements 7

................................................................................................................................

................................................................................................................................

................................................................................................................................

B@m'm&mmmamimmmmgdmm
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Dismﬁthcﬁmdsinﬂnchm;isuﬁofnminglmpelﬂnmtswithmspectmz
(i) acidic and basic nature of the oxides;

(i) ionic and covalent nature of the hydrides.

.................................................................................................................................

........................................................................................................

Give reasons for the following:

(i) Electron affinity of fluorine is lmthanthatofchlonnc
(ii) Jonization energy of B is less than that of Be.

(iii) Caesium is used in photoelectric cells.

(iv) Lithium resembles magnesium in its chemical behaviour.

.................................................................................................................................

CHECK YOUR ANSWERS

INTEXT QUESTIONS 18.1

(1) r,=198/2=99pm,r, =77pm.r_ =99+77 =176 pm
@ GF@CEN
(3) r,=1982=99pm.r, =1 -, ie, 176-99=77 pm

© (9 Be (i) Mg (i) He (v) ,0

o



General Characteristics of Main Group Elements : © .

(5) Na<Be<N<He

(6) Ionization energy of an atom is the energy noeded to remove the most loosely bound
glectron from a gaseous atom. .

" LE. of Na = 496 kJ mol™

496
IE of 1 gatomofNa=-i-3~=21.4kJ

(Atomic wt. of Na = 23)
INTEXT QUESTIONS 18.2

(1) The unexpectedly low value of F as compared to that of Cl atom may be attributed to
the extremely small size of F atom vis-a-vis Cl atom. The addition of another electron
produces a negative ion which has a high electron density and leads to increased
interelectronic repulsions.

2 Oa (ii) Br (iii) I Gv) F ™S

(3) Itis the amount of energy released when a neutral atom in a gaseous state accepts an
electron

X@ e —— X AE is —ve.
(4) Polar molecules; HO* €1 Pr e

Non-pelar moléculé:s :Hy N2 o o
(5) Caesium (Cs) |
(6) Metals : Na, Pb, Cs; Nonmentals : S, I, Se; Metalloids : A} As
INTEXT QUESTIONS 18.3
o so,

Compounds of oxygen with highly electropositive elements, i.e., s-block elements
(Groups 1 and 2)

@ H
(3) lonic halides : Ca, Cs, Li, Mg
Covalent balides : C, Si, P

TERMINAL EXERCISE

1. s-block and p-block elements are called main group or representative clements.

2. (i) Magnitude of nuclear charge
" (i) The size of the atom
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It increases as we move from left to right in a row (or period) of elements.

4. Metallic behaviour of an element is associated with its ready tendency to lose electrons
(M ——— M" + ¢). Since ionization encrgy INCreascs as we move across a row of
elements from left to right, therefore, metallic character decreases as we move to the
right of the period. Since 1.E. decreases as we go down a group of elements, therefore,
metallic behaviour becomes more pronounced as we go down the group. ‘

5. (1 Acidic character of oxides of main group elements increases along a period and -
basic character becomes more pronounced as we go down a group.

(ii) Since elements on the left side of the main group elements are metallic therefore
~ they form hydrides which are ionic in nature. On the other hand, elements towards
the right side are non-metallic therefore they form covalent hydrides.

6.  Similar value for charge / radivs ratio.

7. (1) Fluorine has lower electron affinity than chlorine because addition of another
clectron in the smaller 2p orbitals produces (F(g) + ¢ ——> F(g)) greater
interclectronic repulsion which causes instability. However, 3p orbitals of chlorine
can aco. modate (Cl(g) + ¢« — Cl(g)) the additional electron with more ease and
therefore greater energy is released for the formation of C1™(g) Yon than F~ (g) ion.

(ii) Boron atom (Is* 2s* 2p’) has lower LE. value than Be{g) atom Kls’; 25%) although
the former is expected to show greater LE. valuc due to its increayad Z value. This
may be ~'tributed to the reason that p electron penetrate less effectively and are
not attiact 1 to the nuclear charge as strongly as are the s-electrons. Therefore, it
is easier 1o remove the last electron of boron than that of beryllium.

(iii) Caesium has the lowest ionization energy, i.e., it can readily lose an electron and
is therefoic 1 xd in photoelectric cells.

(iv) Due to diag .a’ relationship these two elements have the same charge / radius
ratio, .




	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 

