
NCERT Solutions for Class 11 Chemistry Chapter 11 The P Block Elements 

Q 11.1 

Discuss the pattern of variation in the oxidation states of 

(i) C to Pb

(ii) B to Tl

Ans: 

(i) C to Pb

The electronic configuration of group 14 elements is ns2 np2. Hence, the most common oxidation state 

exhibited by them should be +4. Upon moving down the group, the +2 oxidation state becomes 

increasingly common and the relatively higher oxidation states become less stable. This is because of 

the inert pair effect. Si and C mostly exhibit the +4 state. Although Sn, Ge and Pb show the +4 and +2 

states, the stability of higher oxidation states decrease while moving down the group. 

Group 14 element oxidation state 
C +4 

Si +4 

Ge, Sn, Pb +2, t-4 

C S, Gt- Sn Pb

(ii) B to Tl

Group 13 elements have their electronic configuration of ns2 np 1 and the oxidation state exhibited by

these elements should be 3. Apart from these two electrons boron and aluminium, other elements of this 

group exhibit both +1 and +3 oxidation states. Boron and aluminium show oxidation state of +3 due to 

the inert pair effect. The two electrons, which are present in the S-shell do not participate in bonding as 

they are strongly attracted by the nucleus. As we move down the group, the inert pair effect becomes 

more prominent. Therefore Ga (+1) is unstable and Tl (+1) is very stable 

On moving down the group, the stability of the +3 oxidation state gets decreased. 

Olllclallon ale 

+3 

Al +3 

G•, In, Tl +1., +3 

Q 11.2 

How can you explain higher stability of BCl3 as compared to TICl3 ? 

Ans: 

Thallium and boron belong to group 13 of the periodic table and + 1 oxidation state becomes more stable 

as we move down the group. Boron is more stable than thallium because +3 state of thallium is highly 

oxidizing and it reverts back to a more stable +1 state. 

Q 11.3 

Why does boron triflouride behave as a Lewis acid ? 

Ans: 

The electronic configuration of boron is ns2 np 1. It contains 3 electrons in its valence shell. Thus, it can

form only 3 covalent bonds which mean that there are only 6 electrons around boron and its octet 

remains incomplete. When 1 of the boron's atom combines with 3 fluorine atoms, its octet (8) remains 

incomplete. Therefore, boron trifluoride remains electron-deficient and acts as Lewis acid. 
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Q 11.4 

Consider the compounds, BCl3 and CCl4. How will they behave with water ? Justify. 

Ans: 

Since it is a Lewis acid, BCl3 readily undergoes hydrolysis to form boric acid. 

BCl3 + 3H20--+ 3HCl + B(OH)s 

On the other hand, CCl4 does not undergo hydrolysis readily. Since carbon does possess any vacant 

orbitals, it cannot accept any electrons from water in order to form an intermediate. When CCl4 and water 

are mixed, separate layers are formed. 

Q 11.5 

Is boric acid a protic acid? Explain. 

Ans: 

Boric acid is a weak monobasic acid which behaves as a Lewis acid. So, it is not a protic acid. 

It behaves as a Lewis acid by accepting an electron pair from the OW ion. 

Q 11.6 

Explain what happens when boric acid is heated 

Ans: 

Upon heating orthoboric acid at a temperature of 370 Kor above, it is converted into meta boric acid and, 

upon further heating, yields boric oxide (B203). 

Q 11.7 

Describe the shapes of BF3 and BH4-. Assign the hybridisation of boron in these species 

Ans: 

(i) BH4 -

BH4 - has a tetrahedral structure which is accounted for by the sp3 hybridized orbitals. 

(ii) BF3 
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of three sp2 hybridized orbitals of boron with the sp orbitals of 3 halogen atoms. It can be noted that 

boron is sp2 hybridized in BF3 . 

Q 11.8 

Write reactions to justify amphoteric nature of aluminium 

Ans: 

Amphoteric substances are substances that exhibit both acidic and basic qualities. Since aluminium 

dissolves in both acids and bases, it is said to have an amphoteric nature. 

(i) 

2Al(s) + 6HCl(aq) � 2Al(�) + 6Cl(a
q
) + 3H2(g) 

(ii) 

Q 11.9 

What are electron deficient compounds? Are SiCl4and BCl3electron deficient species? Explain. 

Ans: 

Electron-deficient compounds are chemical compounds with incomplete octets that tend to acquire 1 or 

more electrons to complete their octet configurations. 

(i) SiCl4 

Silicon has 4 valence electrons (its electronic configuration is 2s2 2p2). Its octet is completed after 

forming four single bonds with four different chlorine atoms. Therefore, SiCl4 is not an electron-deficient 

compound. 

(ii) BCl3 

BCl3 is a good example of an electron-deficient compound. Since boron has three valence electrons, it 

forms 3 single bonds with chlorine, giving the boron atom a total of 6 electrons in the outermost shell. 

However, it is still short of 2 electrons to complete its octet. 

Q 11.10 

Write the resonance structures of cot and H C03.

Ans: 

(a)HCO3

•1-•

,,;/";;, 
e 
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There are only 2 resonating structures for the bicarbonate ion. 

Q11.11 

What is the state of hybridisation of carbon in (a) co/- (b} diamond (c) graphite? 

Ans: 

The state of hybridization of carbon in: 

(a) Graphite 

Each carbon atom in graphite is hybridized with sp2 and is bound to 3 other atoms of carbon. 

(b}CO�-

C in CO�- is sp2 hybridized and is bonded to 3 oxygen atoms. 

(c) Diamond

Each diamond carbon is hybridized by sp3 and is bound to 4 additional carbon atoms. 

Q 11.12 

Explain the difference between the properties of graphite and diamond on their structure basis. 

Ans: 

Diamond Graphite 

It Ns • c.rysi.lHn• 1.nk:•. It has I layet'ed structure, 

ln diamond, each carbon atom Is In graphit@, nch carbon atom is sp2 hybr1dlwd 

.; hybridl .. d •nd Is bonct.d to and Is bonded to three other c1rbon atoms 
flMK othflr carbon atoms through through a o bond. Th@ foorth �Ktron forms a 

• o bond. n bond. 

It Is mlMM up of tetrahedral It has a planar geometry. 

units. 

The C-C bond length In diamond Is The C-C bond length In graphll:e Is 141.5 pm. 
154 pm. 

It hu . .... ,. covalent bond It Is qUit• soft and Its �yers an be sep,1rat:ad 
_,,. which ,. dlfflcult to ffSlly. 
....... 

It acts u an _.ectrlcal lnsufator. It IS a good CX>nductor al •lectrtclty. 

Q 11.13 

Rationalize the given statements and give chemical reactions: 

• Lead (II} chloride reacts with Cl2 to give PbCl4.

• Lead (IV} chloride is highly unstable towards heat.

• Lead is known not to form an iodide, Pbl4•

Ans: 

(a) 

Lead is a member of group 14 of the periodic table. The two oxidation statuses this group shows are + 2 
and + 4. The + 2 oxidation state becomes more stable when moving down the group, and the oxidation 
c,t::.t, '" + LI. h"'""rr""" '"""" c,t::.hl,:, Thie, ic, rl, ,., t" th<> in<>rt n::>ir <>ff<>l"'t C:" Dhr'ILI. ic, c,innifil"'::.nth, l,:,c,c, c,t::.hl,:, 
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(b) 

Due to the inert pair effect, the higher oxidation state becomes unstable when moving down group IV. 

(c) 

Lead is not known for forming Pbl4. In nature, Pb (+ 4) is oxidizing, and I reduce in nature. A Pb(IV) and 

iodide ion combination is not stable. Iodide ion reduces sharply in nature. Pb(IV) oxidizes I- to 12, and 

reduces itself to Pb(II). 

Q 11.14 

Suggest reasons why the B-F bond lengths in BF3 (130 pm) and {143 pm) differ. 

Ans: 

In BF3, the length of the B-F bond is shorter than that of the B-F bond in BF4-. BF3 is a species that has 

an electron deficiency. The fluorine and boron atoms undergo pn-pn back-bonding with a vacant p-orbital 

on boron to remove this deficiency. This endows the B-F bond with a double bond character. 

This double-bond character causes a shortening of the bond length by BF3 (130 pm). However, a change 

in hybridization from sp2 (in BF3) to sp3 (in BF 4 -) occurs when BF3 coordinates with the fluoride ion.

Boron now forms 4 bonds and the character of the double-bond is lost. This represents the length of a 

143 pm B-F bond in BF 4 - ion. 

Q 11.15 

If B-CI bond has a dipole moment, explain why BCl3 molecule has zero dipole moment. 

Ans: 

The B - Cl bond is naturally polar because of the difference in the electronegativities of Cl and B. Yet the 

molecule of BCl3 is non-polar. That is because the shape of BCl3 is trigonal planar. The molecule is 

asymmetrical. So the respective B - Cl bond dipole moments cancel each other, creating a zero dipole 

moment. 

Q 11.16 

Aluminum trifluoride is insoluble in anhydrous HF but dissolves when NaF is added. It precipitates out 

of the resulting solution when gaseous BF3{boron trifluoride) is bubbled through. Give reasons. 

Ans: 
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Being acidic, it reacts with bases to form salts. It reacts with NaOH to form sodium carbonate. 

---t B203 = Acidic 

Being acidic, it reacts with bases to form salts. It reacts with NaOH to form sodium meta borate. 

---t Pb02 = Amphoteric 

Amphoteric substances react with both acids and bases. Pb02 reacts with both NaOH and H2S04. 

---t Al203
= Amphoteric 

Amphoteric substances react with both acids and bases. Al203 reacts with both NaOH and H2S04. 

Q 11.27 

In some of the reactions, thallium resembles aluminum, whereas in others it resembles with the group I 

metals. Support this statement by giving some evidence. 

Ans: 

Thallium is a part of the periodic table group 13. For this group, the most common oxidation state is+ 3. 

Heavier members of this group, however, also display the state of oxidation + 1. This is due to the inert 

pair effect. Aluminum shows the state of oxidation + 3 and alkali metals show the state of oxidation + 1. 

Thallium demonstrates the oxidation state of both. Hence, it is similar to both aluminum and alkali 

metals. Thallium forms compounds such as TICl3 and Tl203, like aluminum. It is akin to alkali metals in 

Tl20 and TICI compounds. 

Q 11.28 

When metal X is treated with sodium hydroxide, a white precipitate (A) is obtained, which is soluble in 

excess of NaOH to give soluble complex (B). Compound (A) is soluble in dilute HCI to form compound 

(C). The compound (A) when heated strongly gives (D), which is used to extract the metal. Identify (X), 

(A), (B), (C) and (D). Write suitable equations to support their identities. 

Ans: 

The given metal X gives sodium hydroxide to a white precipitate, and the precipitate dissolves exceeding 

sodium hydroxide. X must, therefore, be made of aluminum. The obtained white precipitate (compound 

A) is hydroxide from aluminum. Sodium tetrahydroxy aluminate(III) is the compound B formed when an

excess of base is added.

2AI + JNaOH -> A l(OH), J.+ 3Na' 

Aluminium(X) Sodiumh)dro,idc \Vhi1c ppl.(A) 

Al(OII),+ NaOH No'[Al(OH),J 

(A) Sodium tetrah)dro,oaluminatc(III) 

(Soluble complex BJ 
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