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GENERAL CHARACTERISTICS
OF THE p-BLOCK ELEMENTS

The p-block of the periodic table consists of the elements of groups 13,14, 15, 16, 17 and
18. These elements are characterised by the filling up of electrons in the outermost
p-orbitals of their atoms. Some of these elements and their compounds play an important
roleinour daily life. For example:

e Nitrogenisused inthemanufactureof ammonia, nitric acid and fertilizers. Trinitrotoluene
(TNT), nitroglycrine, etc., are compounds of nitrogen, which are used as explosives.

e Oxygenpresentinairisessential for life and combustion processes.

e Carbohydrates, proteins, vitamins, enzymes, etc., which contain chain of carbon atoms,
areresponsiblefor the growth and development of living organism.

The usual trends (vertical as well as horizontal) in various properties observed in the
s-block are observed in this block, too. Aswe move from top to bottom through a vertical
column (group) some similarities are observed in the properties. However, this vertical
similarity is less marked in the p-block than that observed in the s-block, especialy in
groups 13 and 15; vertical similarity isincreasingly shown by the later groups. Asfar as
the horizontal trend is concerned, the properties vary in aregular fashion as we move
from left to right across arow (period).

In this lesson we shall study some important physical properties w.r.t. the of electronic
configuration of the atom. Finally, we shall relate the periodicity in atomic propertiesto the
observed chemical behaviour of their compounds, with special referenceto their oxides,
hydridesand halides.

@ Objectives

After reading thislesson you will be ableto:

e  describe the general mode of occurrence of these elements in nature;
e recall theelectronic configurations of the p-block elements;

e explainthevariationsin atomic and physical propertiessuch as
(i) atomicand ionic sizes;
(i) ionization enhal py;
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(i) electronegativity;
(iv) electron-gain enthal py;
(v) metdlic and non-metallic behavioursa ong the period and in agroup of the periodic

table;
e  correlatethe properties of the elements and their compounds with their positionsin
the periodictable;
e explainthe anomal ous propertiesof thefirst element in each group of thisblock and
e explaininert pair effect.

20.1 Occurrence of the p-block Elements in Nature

The p-block elements do not follow any set pattern of mode of occurrence in nature.
Some of them occur free aswell asin the combined statein nature. For example, elements
such as oxygen, nitrogen, carbon, sulphur occur in both the forms. Noble gases occur in
free state only. All other elementsusually occur in the combined state. The distribution of
these elements in nature is also far from any uniform pattern. Some of them are quite
abundant, e.g., oxygen, silicon, aluminium, nitrogen etc. On the other hand the heavier
members in each group of the block are generally much less abundant. The important
minerals associated with elements will be considered whenever it is necessary at the
appropriate placesin the text.

20.2 Electronic Configuration

Among the elements of p-block, the p-orbitals are successively filled in a systematic
manner in each row. Corresponding to thefilling up of 2p, 3p, 4p, 5p and 6p orbitalsfive
rows of p-block elements are there. The outer electronic configuration of the atoms of
these elements is ns?np 5.

20.3 Atomic Size

The atomic radius of the of p-block elements generally decreases on moving across a
period from left to right in the periodic table. It is because the addition of electrons
takes place in the same valence shell and are subjected to an increased pull of the
nuclear charge at each step. The variation in atomic size along a period is shown in
Table20.1.

Table20.1: Variationin Atomic Sizein arow fromboron tofluorine

Element Boron Carbon Nitrogen Oxygen Fluorine
Outer electronic

configuration 282 2pt 252 2p? 252 2p® 252 2p* 282 2p°
Nuclear charge +5 +6 +7 +8 +9
Effective

nuclear charge +2.60 +325 +3.90 +4.55 +520
Atomic size (pm) &8 7 70 66 4
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On moving down a group, the atomic radius of the elements increases as the atomic
number increases. Thisisdueto theincreasein the number of shellsaswe movefromone
element to the next down the group. The increase in nuclear charge is more than
compensated by the additional shell. The variation in atomic size on moving down agroup
isshownin Table 20.2.

Table20.2: Variation in atomic sizedown agroup

Elementsof Outer electron Nuclear Effectivenuclear Atomicsize
Group 13 configuration charge charge (pm)
Boron 2¢ 2pt +5 +2.60 8
Aluminium 3¢ 3pt +13 +11.60 118
Gdlium 422 4pt +31 +29.60 124
Indium 5¢? 5pt +49 +47.60 152
Thallium 6 6p* +81 +79.60 178

20.4 lonization Enthalpy

It is the amount of energy required to remove the most loosely bound electron from the
outermost shell of aneutral gaseous atom. It ismeasured in kd mol~ and isknown asfirst
ionization enthal py.

Thefirst ionization enthal py of the p-block elements generally increases on moving from
left to right along aperiod. It is because as we move from left to right along aperiod, the
atomic size decreases. In asmall atom, the electrons are held tightly. Thelarger the atom,
theless strongly the el ectrons are held by the nucleus. Theionization enthal py, therefore,
increases with decrease in atomic size. However, there are certain exceptions, e.g., the
first ionization enthal py of agroup 16 element islower than that of agroup 15 element. Itis
because in case of a group 15 element, the electron is to be removed from the half-filled
p-orbitals. A comparison of first ionization energies of someelementsisgiveninTable20.3.

Table 20.3: Comparison of fir st ionization enthalpies(kJ mol?)

B C N o F Ne
801 1086 1403 1310 1681 2080
Al S P S a Ar
577 7% 1062 999 1255 1521

In general thefirst ionization enthal py decreasesin aregular way on descending agroup.
It is because on descending a group, the atomic size increases. As aresult the electrons
arelesstightly held by the nucleus and therefore, first ionization enthal py decreases.

FaY
ke_< Intext Questions 20.1

1.  Which of thefollowing atomsis expected to have smaller size?
(i) Fand .Cl (i Cand S (iii) B and .C (iv) Cand N
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2. Which atom in the following pairs of atoms is expected to have higher ionization
enthalpy?

() Beand B (i) ,Sand Cl (i) Heand Ne  (iv) Oand S

3. Arrange the following atoms in order of increasing ionization enthalpy: ,He, Be,
N, ,,Na
,

1

4. How does the ionization enthalpy vary in general in agroup and in a period of the
p-block elemetns?

20.5 Electron Gain Enthalpy

When an electron is added to a neutral gaseous atom, heat enegy is either released or
absorbed. The amount of heat energy released or absorbed when an extra electron is
added to a neutral gaseous atom is termed as electron gain enthalpy, i.e., energy change
for the process :

X(@ + € —> X (9

Generaly for most of the atoms, the electron gain enthalpy is negative, i.e., energy is
released when an electron is added to a neutral gaseous atom. But for some atoms, the
electron gain enthal py isapositive quantity, i.e., energy isabsorbed during the addition of
an electron.

Electron affinity generally becomes more negative on moving from left to right along a
period. It is because on moving across a period, the atomic size decreases. Asaresult the
force of attraction exerted by the nucleus on the electron increases. Consequently the
atom has a greater tendency to gain an electron. Hence, electron gain enthal py becomes
more negative.

On moving down agroup, the el ectron gain enthal py becomes|ess negative. Thisisdueto
the increase in atomic size and thus, less attraction for the electrons; the atom will have
less tendency to gain an electron. Hence, electron gain enthal py becomes |ess negative.
But in the hal ogen group, the electron gain enthal py of chlorineis more negative than that
of fluorine. It is because the size of the F atom is very small which makes the addition of
electron less favourable due to inter electronic repulsion. Similar situation exists for the
first element of each group.

Table 20.4: Electron gain enthal pies of somep-block elementsin kJ mol™

B C N o F
-0.30 -1.25 +0.20 -1.48 -36
Al S P S a
-0.52 -1.90 -0.80 -20 -38
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Electronegativity is defined as a measure of the ability of an atom to attract the shared
electron pair in acovaent bondto itself.

Electronegativity increases along the period and decreases down the group.

Fluorineisthe most el ectronegative of all the elements. The second most el ectronegative
element is oxygen followed by nitrogen in the third position.

20.7 Metallic and Non-metallic Behaviour

Theelementscan bebroadly classified into metalsand non-meta s. Meta sare el ectropaositive
in character i.e., they readily form positive ions by the loss of electrons, whereas non-
metal s are el ectronegative in character i.e., they readily form negativeions by the gain of
electrons. The metallic and non-metallic character of p-block elementsvaries asfollows:

Along the period the metallic character decreases, whereas non-metallic character
increases. It is because on moving across the period, the atomic size decreases due to the
increased nuclear charge and hence, ionization energy increases.

Onmoving downthe group the metallic character increases, whereas non-metallic character,
decreases. It is because on moving down a group, the atomic size increases. As a result
theionization energy decreases and tendency tolose el ectronsincreases. Therefore, metallic
character increases and non-metallic character decreases.

20.8 Anomalous Behaviour of The First Element in

Each Group of The p-Block

The elements comprising s-block and p-block are called main groups or representative
elements.

Since the atomic radii decrease across a period, the p-block atoms are smaller than their
nearest s or d block atoms; thus F atom has the smallest radius. Associated with small
atom the 2p orbitals are very compact and influence the bonds formed. Interel ectronic
repulsions are thus more significant in 2p thanin np orbitals (wheren > 2). Thisresultsin
the N-N, O-0 and F-F bonds being comparatively weaker than the P-P, S-S and CI-ClI
bonds, respectively.

Thesmall sizeof theatomsof N, O and F resultsin their high el ectonegativity values. This
is reflected in the formation of relatively strong hydrogen bonds in X — H....Y, where X
andY may beN, Oor F.

Carbon, nitrogen and oxygen differ from other elements of their respective groups due to
their unique ability to form prn—pr multiple bonds. For example C=C, C=C, N=N, O=0,
etc. The later members such as Si, P, S, etc., do not form pr—pn bonds because the
atomic orbitals (3p) aretoo large to achieve effective overlapping.

Thevaenceshell capacity of thep-block € ementsin the second period limitsthe coordination
number to a maximum of 4. However, in compounds of the heavier members the higher

coordination numbers are attainable. Thus BH, and BF, contrast with [AIF]*; CF,
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contrasts with [Si F ] and NH; contrastswith [PCl]~ . In the heavier members of each

group d-orbitalsare availablefor bonding and their participation may be envisaged inthe
attainment of the higher coordination number.

20.9 Inert Pair Effect

Among the elements of p-block, in groups 13,14 and 15, thereis ageneral trend that the
higher oxidation states become | ess stabl e in going down the group. Thus although boron
and aluminium are universally trivalent, gallium, indium and thallium exhibit +1 state as
well. Infact +1 state of thalliumisvery stable. Similar situations are noticed in groups 14
and 15. Though carbonisuniversally tetravalent, it ispossi bleto preparedivalent germanium,
tin and lead compounds. The stable state of +3 in antimony and bismuth in group 15 is
another example.

Outer electron configurations of group 13, 14 and 15 elements are ns’np?, ns?np? and
ns’np?, respectively. They are thus expected to show the higher oxidation state of +3, +4
and +5 respectively. But the preference of heavier e ements of these groupsto show +1, +2
and +3 states, respectively indicate that two el ectrons do not participate in bonding. The
reluctance of s-electrons to take part in chemical bonding is known as inert pair effect.

The so called “inert pair effect” is therefore, ascribed to two factors.

1. Theincreasein the promotion energy from the ground state (ns?np*) to the valence
state (nst np?)

2. Poorer overlap of the orbitals of the large atoms and hence poorer bond energy.

The net result isthe lesser stability of higher oxidation state with the increasing atomic
number in these groups. Once the involved energies are taken into consideration, the so
called “inert pair effect” term loses its significance.

F o :
ke;‘. Intext Questions 20.2

1. Why doesfluorine have electron gain enthal py lower than chlorine?
2. Whichatominthefollowing pair of atoms has greater el ectron gain enthal py?
O1® (ii) Br, | (iin)l, Xe (iv)O,F (v)O,S

3. Givetworeasonsfor thefact that thefirst element in each group of p-block exhibits
unique behaviour.

Chemical of Elements
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6. What is the consequence of “inert pair effect” on the oxidation states of Tl and Pb?

20.10 General Trendsin the Chemistry of the p-Block Elements

The p-block elements except noble gases react with hydrogen, oxygen and hal ogens to
form various hydrides, oxides and halides respectively. A more or less regular trend is
observed in the properties of these compounds on moving down any particular group. The
noble gases have amost zero electron afinity and have very high ionization enthalpies.
Therefore, under normal conditions, the atoms of noble gases havelittle tendency to gain
or lose electrons.

20.10.1 Hydrides

The hydrides of the p-block elementsarelisted in table 20.5. They are covalent molecules
and their bond angles are consi stent with V SEPR theory. The angles decrease from 109.5°
in CH, to 107°in NH, and 104° in H,0O.

These hydrides are volatile in nature. Generally their acid strength increases from left to
right and from top to bottom.

Table20.5: Hydridesof p-block dements

Group
13 14 15 16 17
BH, CH, NH, H,0 HF
(AIH)x SH, PH, H,S HCl
GaH, GeH, AsH, H.Se HBr
InH, SnH, SoH, H,Te HI
TIH, PbH, BiH, H,Po -

20.10.2 Oxides

p-Block elements form a number of oxides on reacting with oxygen. The oxides E,O,
(n=3,50r 7) are the highest oxides formed by the elements in the groups 13, 15 or 17
respectively. The oxidesEO_(n = 2, 3 or 4) are formed by the elementsin groups 14, 16
or 18 respectively. Thus, nitrogen forms NO, NO,, N,O,, and N,O,; phosphorus forms
P,0O, and P,O,,, xenon forms XeO, and XeO,.

47107
e Inany particular group, the basic nature of the oxides (oxidation state of the element
remaining same) increases with increase in atomic number.

e Inaparticular period the acidity increases with increase in the oxidation state of the
element.

20.10.3 Halides

A review of the properties of halides of p-block elements reveals that most of them are
covalent halides. In agroup the covalent character of halides decreases down the group.
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Where an element exhibits more than one oxidation state, the covalent character of a || Chemical of Elements

halide increases with the increase in the oxidation state of the element forming halides.
For example, whereas PbCl, isan ionic halide, PbCl, is covalent. Similarly the covalent
character of halides of aparticular element increasesfrom fluorideto chlorideto bromide.

Covalent halidesare generaly gases, liquidsor solidswith low melting points. These halides
usually hydrolyseto give the oxoacid of the element. For example SiCl, reactsvigorously
with water Notes

SiCl, +4H,0 —— Si(OH), + 4HCI
silicicacid
In general the chlorides, bromides and iodides are found to be more stable with lower

oxidation state of the el ement, whereasfluorides areformed in the higher oxidation states.
The halides are usually formed by the direct union of the element with the halogen. For

example
Cy * Cl,(9) — CCl (1)
2Asg + Cl,(g) —— AsCl.(9)
F o™ _
ke;‘. Intext Question 20.3

1. Whichof thefollowing oxidesisthe most acidic?
() ALO, (i) CO, (iii) SO,

2. Which of thefollowing hydrides of main group elementsisthe most acidic?
(i) H,Se (iHH,0 (iii) HCI (iv) HI

3. Arrangethefollowing in theincreasing order of covalent character.
Sicl,, CCl,, SnCl,, GeCl,

4. What happens when SiCl, reacts with water. Write compl ete chemical equation for
the reaction.

6. Giveeguationsfor theformation of thefollowing from the elements:
(ALO, (i) sSicl, (i) CCl,

7.  Whichismore covalent in each of thefollowing pairs?
(i) AICl, and BCI, (i) PbCl, and PhCl,
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Theelementsof groups 13, 14, 15, 16, 17 and 18 constitute thep-block of the periodic
table.

Some of the elements of the p-block arewidely and abundantly found in nature, viz.,
oxygen, silicon, aluminium, etc.

Many physical and chemical properties of the p-block main group el ements show
periodic variation with atomic number.

The ionization enthalpy is the energy required to remove the outermost electron
from a neutral gaseous atom.

The electron gain enthal py is the energy change when a neutral atom in a gaseous
state accepts an electron.

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

The top element in each group shows a unique behaviour.

Thereluctance of s-electrons to take part in bond formation is known as “inert pair
effect”.

p-Block elements form anumber of oxides on reacting with oxygen.
Most of the elements of the p-block form covalent halides.

General characteristies of the p-block hydrides, halides and oxides.

.'a Terminal Exercise

1
2.

Which groups of the “periodic table’ constitute p-block?

How does the magnitude of ionization energy of an atom vary along thegroupinthe
periodictable?

How does el ectronegativity change along arow of elementsin the periodic table?

Explain *‘Metallic character decreases along a period but increases on moving down
agroup’.

Discuss the trends in the chemistry of p-block elements with respect to:
(i) acidic and basic nature of the oxides;
(it) ionic and covalent nature of the hydrides.

What is the cause of anomalous behaviour of the top element in each group of the
p-block elements.

What is “inert pair effect’? Is there any inert pair present or is it a misnomer?

Comment on the nature (ionic/covalent) of the hydrides of the p-block elements
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9. How does the covalent character of halides of an element change with oxidation | Chemical of Elements

state of the e ement?

10. Whichislikely toform higher halideswith an el ement exhibiting variable oxidation
state, F, or CI,?

ﬁ Answersto Intext Questions Notes

20.1

1. () ,F (@i, (i) C (iv).N
2. Be (i) Cl (iii) He (iv) O
3. Na<Be<N<He

4. Inagroup, it decreases down the group and it usually increases along a period.
20.2

1. Theunexpectedly low value of electron gain enthalpy for 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 an electron produces anegativeion which hasahigh electron density
and leadsto increased interel ectronic repul sions.

(i (i) Br (i) 1 (iv) F (v)S
(i) Small size (it) absence of d-orbitals

Because oxygen can form multiple bonds (O = O).

o~ DN

(i) Lower bond energy in the compounds of heavier atomsand (ii) the higher energy
involved in promotion from the ground state (s?p?) to the valence state (s'p?).

6. Lower oxidation states become more stable.
For Tl, +1 and for Pb, +2.

20.3

SO

HI

SnCl, < GeCl, < SiCl, < CCl,

SiCl, + 4H,0 — Si(OH), + 4HCI

2

The bond angle decreases from 107° to almost 90°.
(i) 4Al(s) + 30,(g) — 2Al,0,(s)

(i) Si(s) + 2Cl(g) = SICl (1)

(iii) C(s) + 2Cl(g) — CCl (1)

7. ()BCl, (i) PbCl,

L T S




