Class — 10 Science
Notes

Chapter-4 Carbons & its compounds

Bonding in Carbon: The Covalent bond, Electron dot structure, Physical properties of organic compounds, Allotropes of
Carbon.

Covalent Bond: The atomic number of carbon is 6. Its electronic configuration is 2, 4. It requires, 4 electrons to achieve
the inert gas electronic configuration. But carbon cannot form an ionic bond

It could gain four electrons forming C* cation. But it would be difficult for the nucleus-with.six protons to hold on to ten
electrons.

It could lose four electrons forming C** cations. But it requires a large amount of energy to remove four electrons.

Thus, carbon overcomes this problem by sharing of its valence electrons with other carbon atoms or with atoms of other
elements.

The bond formed by mutual sharing of electron pairs between two atoms in a molecule is known as Covalent Bond.
Types of Covalent Bond:

o Single Covalent Bond: When a single pair-of electrons are shared between two atoms in a molecule. For example;

F,, Cly, H; etc.

o Double Covalent Bond: When two pairs of electrons are shared between two atoms in a molecule. For example;
0Oy, CO, etc.

e Triple Covalent Bond: When three pairs of electrons are shared between two atoms in a molecule. For example;
N etc.

Electron Dot Structure: The€lectron dot structures provides a picture of bonding in molecules in terms of the shared
pairs of electrons and octet rule.

Formation of Hydrogen Molecule
Atomic number of Hydrogen = 1
Number of valence electrons =1

+ ——— e = H—H
Hydrogen atom Hydrogen
molecule

Formationof CH4 Molecule
Atomic number of Carbon =6 [2, 4]
Number of valence electrons = 4
Atomic number of Hydrogen =1
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Number of valence electrons = 1
&

Formation of CO, Molecule
Atomic number of Carbon =6 [2, 4]
Number of valence electrons = 4
Atomic number of Oxygen = 8 [2 6]
Number of valence electrons =

(T ) o

Formation of H,S Molecule
Atomic number of Sulphur = 16 [2 8, 6]
Number of valence electrons =

go

Physical Properties of Organic Compounds

Most of the organic compounds have low boiling and melting point, due to the weak force of attraction (i.e., the inter-
molecular force of attraction) between these molecules.

Most carbon compounds are‘poor conductors of electricity, due to the absence of free electrons and free ions.

Compounds M.P. (K) |B.P. (K)
Acetic acid (CH3COOH) 290 391
Chloroform (CHCI5) 209 334
Ethanol (CH3CH,0OH) 156 351
Methane (CH,) 90 111

Allotropes of Carbon
Allotropy: The phenomenon in which the element exists in two or more different physical states with similar chemical
properties are called Allotropy.

Carbon has Three Main Allotropes
e Diamond: In this, carbon, an atom is bonded to four other atoms of carbon forming three-dimensional structures.
It is the hardest substance and an insulator. It is used for drilling rocks and cutting. It is also used for making

jewellery.
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e Graphite: In this, each carbon atom is bonded to three other carbon atoms. It is a good conductor of electricity
and used as a lubricant.

e Buckminster Fullerene: It is an allotrope of the carbon-containing cluster of 60 carbon atoms joined together to
form spherical molecules. It is dark solid at room temperature.

Versatile nature of Carbon, Hydrocarbons, Isomerism, Homologous series, Functional groups, Nomenclature of functional
groups.

Versatile Nature of Carbon: The existence of such a large number of organic compounds is due to the following nhature
of carbon,

e Catenation
e Tetravalent nature.

(i) Catenation: The self linking property of an element mainly carbon atom through covalent bonds to form long straight,
branched and rings of different sizes are called Catenation.
This property is due to

e The small size of the carbon atom.
e The great strength of the carbon-carbon bond.

Carbon can also form stable multiple bonds (double or triple) with itself and with the atoms of other elements.
Straight Chain

H H H H HHH
) i [
H—:.‘['—T—T—H H_{I;._?__T_T__H
H HH H HHH
Propane Butane

Branched Chain
H
H HH '
L -
TR Ho| o
H | H | | |
3 T
H H l H
2-Methvipropane H—?—H
H
2, 2- Dimethylpropane
Rings
H H H H
| |
Bk o H—C—C—H
H§ TNH |
I ! H—C—C—H
e, el !
-~
H . C - H L1 44
7N
H H
Cyclohexane Cyclobutane
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(ii) Tetravalent Nature: Carbon has valency of four. It is capable of bonding with four other atoms of carbon or some
other heteroatoms with single covalent bond as well as double or triple bond.

H H H H H O

1 e )
H—E:I..—(i:—ﬂ:l H-—"Ic—fi:—(;'—H H—(I,—C—H

H H H .H H
Chloroethane Ethanol Ethanal

Hydrocarbons: Compounds of carbon and hydrogen are known as hydrocarbons.
For example; Methane (CH,4), Ethane (C;Hs), Ethene (C2H.), Ethyne (C2H>) etc.

Hydrocarbons
Saturated Unsaturated Aromatic
Hydrocarbon Hydrocarbon Hydorcarbon
[Alkanes] I Ex. Benzene
{CJJH:H + 2 ) J‘ "l'
[Alkenes] [Alkynes]
f{:”H:”} {Cr.'HErr—Z}

Saturated Hydrocarbon (Alkanes): General formula is CaHzn+2.
n = number of carbon atoms.

In this, the carbon atoms are connected by only a single bond.
For example; Methane (CH,), Ethane (C.Hs) etc.

H H H H H H

| | | | | |
U cpsedsleom PP

H H H H H H
Methane (n= 1) Ethane {n= 1) Propane (n= 3)

Unsaturated Hydrocarbons
Alkenes: General formula is CyHzn, where n = number of carbon atoms.
In this, the two carbon atoms.are connected by double bond.

H H H H H H H
| | | | 1] 1
H=CeT—H H—?—CzC—H H—?—T—C= —H
Eth
(Et;\_\j::el pm},;lane !;-lme:{e
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Alkynes: General formula is CnH2n-2, where n = number of carbon atoms. In this, the two carbon atoms are connected by
triple bond.

| ]
H—-C=C-H H-~C—C=C—H H—-C—C—C=C—H
Ethyne | i
{Acetvlene) H H H
Propyne

Butyne

Electron Dot Structure of Hydrocarbons

Methane

Ethane

Isomerism: Compounds having the same molecular formula but different structural formula and properties are known as
Isomers and this phenomenon is known as Isomerism.

Structural Isomerism: Compounds having the same molecular formula but different structures are called Structural
isomers. Example: Isomers of butane (C4H1o)
CH,—CH,—CH,—CH, CH,—CH—CH,
n-Butane |
CH,

2-methyipropane ([sobutane)

Isomers of Pentane (C,H ) :
() CH,—CH,—CH,—CH,—CH, - (i) CH,—CH—CH,—CH,
1-Pentane |
CH,

2-methylbutane (lsopentane|
Isomers of Hexane (CH, ) :

() CH,—CH,—CH,—CH,—CH,—CH, {#) CH,—~CH—CH,—CH,—CH,—CH,
ri-Hexane |
CH,
2-methvipentane ([sohexane)
CH,

() CH,—CH,—CH—CH —CH,
|
CH,

3-methylpentane

(i) CH,—C—CH,—CH,
|
CH,

2, 2-dimethvibutane

Homologous Series: Series of organic compounds having the same functional group and chemical properties and
successive members differ by a CH» unit or 14 mass units are known as Homologous series.
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Homologous series of Alkanes, Alkenes and Alkynes
Alkanes : Methane (CH )
Ethane (CH,—CH.)
Propane (CH,—CH —CH,)
Alkenes : Ethene (CH, = CH,)
Propene (CH.—CH = CH,)
Alkynes : Ethyne (CH = CH]
Propyne (CH,—C = CH]

Characteristic of Homologous Series

e The successive members in homologous series differ by CH, unit or 14 mass unit.

o Members of given homologous series have the same functional group.
o All the members of homologous series shows similar chemical properties.

Functional Group: An atom or group of atoms present in a molecule which largely determines its chemical properties are

called Functional Group.

Functional Group Formula of Functional Group
1. Halo- !
Chloro- —Cl
Bromo- | —Br
2. Alcohol | —OH
= O
i I
3. Aldehyde | —CHO or —C—H
O
Il
4, Ketone , —CO— or —C—
|
O
|
5. Carboxylic acid —COOH or —CO,H or —C—0O—H

Nomenclature of Organic Compounds: It is difficult to remember millions of compounds by their individual common
name. Thus, to systematize the:nomenclature of organic compounds IUPAC (International Union of Pure and Applied

Chemistry) has given certain rule which is as follows:

1. Identify the Number of Carbon Atoms in the Compound

S. No Number of Carbon Atoms

One carbon atoms (1-C)
Two carbon atoms (2-C)
Three carbon atoms (3-C)
Four carbon atoms (4-C)
Five carbon atoms (5-C)

oA~ w N E

Six carbon atoms (6-C)
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W;) Zgulif?g)t ¢ Single bond
Meth + ane
Eth + ane
Prop + ane
But + ane
Pent + ane
Hex + ane
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2. ldentify the functional group

Functional Group
Double bond (=)
Triple bond (=)
Chlorine (—CI)
Bromine (—Br)
Alcohol (-OH)

Aldehyde (-CHO)

Ketone (-CO-)
Carboxylic acid (-COOH)

wm
o N g0 N RS
o

3. Name the Compounds By Following Order
Prefix + Word Root + Suffix
Examples :
A. Double bond (=)
1. CH~CH,—CH = CH, [C H.]
But + ene = Butene
3. CH,=CH, [C,H
Eth + ene = Ethene
B. Triple bond (=) :
1. CH=CH [CH,]
Eth + yne = Ethyne
3. CH,—CH,—C = CH [C ,H ]
But + vne = Butyne
C. Chlorine (—Chloro) :
(§ CH,—CH,—CI [C,H_Cl]
Chloro + ethane = Chloroethane
D. Bromine (—Bromo) :
(1) CH3—Br [CH,Brj

Bromo + methane = Bromomethane

E. Alcohol (—OH) :
(i CH,—CH,—OH [C,H_OH]
Ethan - e + ol = Ethanol
F. Aldehyde (—CHO) :
() CH,CHO

Ethan -e + al = Ethanal

Jl

(@)
I

G. Ketone | —C — ] :
() CH,COCH,

Propan - e + one = Propanone
H. Carboxylic Acid (—COOH,) :
{y HCOOH
Methan - e + oic acid = Methanoic acid
(ii) CH,CH,COOH

Propan - e + oic acud = Propanoic acid
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Prefix Suffix
— ene
— yne
Chloro —
Bromo —
— ol
— al
— one
— oic acid
2. CH,—CH = CH, [C.H,]

(1)

(1)

(1)

(i1)

(19

(%)

Prop = ene = Propene

CH,—C = CH [C,H,]

Prop + vine = Propyvne
CH,~CH,—CH —C = CH [C.H,,|
Pent + yne =~ Pentvne
CH,—CH,—CH,—Cl [C,H.C]|
Chluro + propane = Chloropropane
CH,—CH,—CH,—CH —Br [C,H,B1|

Bromo + butane = Bromobutane

CH,—CH,—CH,—CH,—OH [C,H,OH]
Propan — e + ol = Propanol

CH,—CH,—CH,—CHO

Butan — e + al = Butanal

CH,—CH,COCH,

Butan = e + aone ~ Butanone

CH .1': O0OH
Ethan — e + oic acid ~ Ethancic acid
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Chemical Properties of Carbon Compounds: The important chemical properties are as follows:
1. Combustion: The complete combustion of carbon compounds in the air gives carbon dioxide water, heat and light.
CH3CH2OH(I) + Ox(g) — CO2(g) + H20(I) + Heat and light

Carbon burns in air or oxygen to give carbon dioxide and heat and light.
C(s) + Oz(g) — CO2(g) + Heat and light

Saturated hydrocarbons burn with a blue flame in the presence of a sufficient supply of air or oxygen.
CHa(g) + 202(g) — CO2(g) + 2H20(I) + Heat and light

In presence of limited supply of air, saturated hydrocarbon forms a sooty flame.
Unsaturated hydrocarbons burn with a yellow smoky flame.

The gas and kerosene stove used at home has inlet for air so that, burnt to given clean blue flame.
Due to presence of small amount of nitrogen and sulphur, coal and petroleum produces carbon dioxide with oxides of
nitrogen and sulphur which are major pollutant.

2. Oxidation: Oxidation of ethanol in presence of oxidizing agents gives ethanoic acid.

= Alkaline KMn(y « Heat S i
""HECH'R“UH or Acidified KyCrg Op + Heat ("HSL{}DH

Ethanal Ethanoic acid

Oxidizing Agent: Some substances are capable of adding oxygen to.others, are known as Oxidising Agent.
Example: Alkaline KMnO4 (or KMnOs—KOH)

Acidified KzCr,07 (or KoCr,07—H2S04)

KMnO, — Potassium permanganate

KCr,07 — Potassium dichromate

3. Addition Reaction: Addition of dihydrogen with unsaturated hydrocarbon in the presence of catalysts such as nickel or
platinum or palladium are known as Hydrogenation (addition) reaction.

H

R R i
/ Mi catabvsi i I -
=C\ + H, e Ty el s (R

o N bl

R

CH,=CH, +H, __lMeatahst = CH — CH,

Ethene Ethane

Catalyst: Substances that cause a reaction to occur or proceeds to different rate without consuming in it are called a
catalyst. For.example; Ni, Pt, Pd, etc.

Process of converting vegetable oil into solid fat (vegetable ghee) is called Hydrogenation of Qil.
Vegetable oil + H, Undefined control sequence \xrightarrow Vegetable ghee

Vegetable fats are saturated fats which are harmful for health.

Vegetable oil containing unsaturated fatty acids are good for health.
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4. Substitution Reaction: Replacement of one or more hydrogen atom of an organic molecule by another atom or group
of the atom is known as Substitution Reaction.

CH,(g) + Cl(g) —Sunlight  CH . Clg) + HCl(g)

Methane Chloromethane

Some Important Carbon Compounds :
Ethanol (CH3;CH,—OH): Commonly known as Ethyl Alcohol.
Physical Properties

e ltis colourless, inflammable liquid.
o Itis miscible with water in all proportions.
e It has no effect on the litmus paper.

Chemical Properties

e Reaction with sodium
2CH,CH,0H + 2Na ——% 2CH,—CH,—ONa+ H,T
Ethanol Sodium Sodium ethoxide Hydrogen gas

e Reaction with concentrated H2SO4 (Dehydration Reaction)

. Hotoone: . ar -
CH,—CH,—OQH H,50, CH, = CH, + H,0

Dehydrating agent: Substances which removes water from ethanol (alcohols) is known as Dehydrating agent. For
example; Cone. H,SO..
Uses: As solvent, as antiseptic (tincture iodine), as anti-freeze in‘automobiles.

Ethanoic Acid (CH;COOH): Commonly:known as Acetic acid. 5-8% of ethanoic acid in water is called Vinegar. The
melting point of pure ethanoic acid is 290 K.and:hence; it often freezes in cold climate so named as glacial acetic acid.

Physical Properties

e Itis acolourless, pungent-smelling liquid.
o Miscible with.water in.all proportions.
e Turns blue litmus to red.

Chemical Properties
(i) Esterification Reaction: Reaction of ethanoic acid with an alcohol in the presence of a few drops of conc. H.SO4 as
catalyst.gives.a sweet-smelling substance known as Esters, called Esterification reaction.

CH,COOH(ag) + CH,CH,OH(ag) __conc-H2504 o CH,COOC,H (ag) + H,O(])

Ethanoic acid Ethanol Ethyvl ethanoate (Fster)

Esters are used in making perfumes and flavouring agents.

Saponification Reaction: Reaction of esters with sodium hydroxide, gives alcohol and sodium salt of carboxylic acid
(soap). This reaction is known as Saponification Reaction.
CH,COOCH, + NaOH 112594 , cH OH + CH,COONa
Ethyvl ethanoate Sodiurm Ethanol Sodium

hydroxide ethanoate (soap)
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(ii) Reaction with Carbonates and Hydrogen Carbonates: Ethanoic acid reacts with sodium carbonates and sodium
hydrogen carbonates to give rise to a salt, carbon dioxide and water.

2CH,COCH + Na,CO, —> 2CH,COONa + H,0 + CO,

Ethanoic acid Sodium Sodium

carbonate cthanoate
CH,COOH + NaHCO, —— CH,COONa + H,0 + CO,
Ethanoic acid Sodium Sodium

bicarbonate ethanoate

e Used as vinegar.
e Used as raw material for the preparation of acetyl chloride and esters.

Soap: Sodium or potassium salts of long chain fatty acids is called Soap.
General formula: RCOO Na*

Detergent: Ammonium and sulphonate salts of long chain fatty acids are called Detergent.
Example: CHz—(CH>)1:—CsHs+—SO3Na.

Hard and Soft Water: Water that does not produce lather with soap readily is called Hard water and which produces
lather with soap is called Soft Water.
Hardness of water is due to the presence of bicarbonates, chlorides and sulphate salt of calcium and magnesium.

Difference between soaps and detergents

Soaps Detergents
(i) These are sodium or potassium salts of (i) These are ammonium and sulphonate
long chain fatty acids. salts of long chain fatty acids.
(i) lonic part of the soap is —COO Na* (ii) lonic part of detergent is —OSO*Na*.
(iii) Their efficiency decreases in hard (111) Their efficiency is unaffected in hard
water water.
(iv) Soaps are biodegradable: (iv) Detergents are non-biodegradable.

Advantage of Detergents: The main advantage of detergent over soaps is that soaps cannot be used in hard water for
washing because hard water reacts with soap to form curdy white precipitate called Scum.
2C;H,.COONa + CaCl, _ (C,,H,,C0O0),Ca + 2NaCl
Sodum stearate Caleium Calcium streate

{soap) chloride {scum)

Thus, in‘hard water, soap does not give lather while detergent does.
Cleansing Action of Soaps and Detergents: Both soaps and detergents cantains two parts. A long hydrocarbon part
which is. hydrophobic (water repelling) in nature and a short ionic part which is hydrophillic (water attracting) in nature.

The hydrocarbon part of the soap molecule links itself to the oily (dirt) drop and ionic end orients itself towards water and
forms a spherical structure called micelles. The soap micelles helps in dissolving the dirt in water and wash our clothes.
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0il droplet

Nat
Micelle formation

Covalent Bond: A chemical bond formed between two atoms by sharing of valence electrons between two atoms so that
each atom acquires the stable electronic configuration of the nearest noble gas.

Covalency: The number of electrons contributed by each atom for sharing.

Carbon always forms a covalent bond: Atomic no of carbon is 6. So, its configuration is. K-2, L-4. Therefore, it should
either lose or gain 4 electrons to achieve the noble gas configuration and become stable.
However, it is difficult for carbon to gain or lose four electrons because of the following reasons:

e It cannot gain 4 electrons to form C* ion having Neon gas (2, 8) configuration because this anion would be highly
unstable due to a large amount of energy required to overcome the forces of repulsion between the four electrons
being added and the six electrons already present in‘the carbon atom.

e It cannot lose 4 electrons to form C** ion having Helium gas (2) configuration because this cation would be highly
unstable due to a large amount of energy required to remove four electrons from the carbon atom.

Tetravalency of Carbon: A carbon atom has four electrons in the valence shell. Therefore, carbon forms four covalent
bonds, i.e., carbon is tetravalent.

Allotropic forms of Carbon: The phenomenon of existence of an element in two or more forms which have different
physical properties but identical chemical properties.is called allotropy.
Three allotropic forms of carbon:

e Diamond
o Graphite
o Fullerenes

Hydrocarbon: Organic compounds of carbon and hydrogen are called hydrocarbons.

Saturated:Compound: Compounds of carbon which have only single bonds between the carbon atoms are called
saturated compounds e.g., Ethane, Propane, Butane etc.

Unsaturated Compound: Compounds of carbon which contain one or more double or triple bonds between carbon atoms
are called unsaturated compounds
e.g., Ethene, Propene, Butyne, etc.

Alkanes
e General formula — CyHan+2
e Saturated hydrocarbons
e Methane — CH4
e FEthane — CyHs

MY TUTORIALS COACHING, GOKULPURA +919829924914




Alkenes

General formula — CnH2q
Unsaturated hydrocarbon.
Ethene — CoH4

Propene — C3Hs

Homologous series: A family of organic compounds having the same functional group, similar chemical properties and
the successive (adjacent) members differ by a CH. unit or 14 mass unit.

Characteristics of a homologous series:
All the members of a homologous series can be represented by a general formula.

Alkane — CyHzn+2

Alkyne — CiHan-2

Alcohol — CyH2n+10H

Ketone — CnH2n+1COCrH2n+1
Alkene — ChH2n

Haloalkane — CyHan+1X
Aldehyde — CnH2,+1CHO
Carboxylic acid — CnH2n+1COOH

The molecular formula of two successive (adjacent) members of a homologous series differs by a CH; unit.
The molecular masses of any two successive members of athomologous series differ by 14 u.

All the members of a given homologous series have the same functional group.

All the members of a series show similar chemical properties.

The members of a homologous series show a gradation in physical.properties.

Nomenclature of carbon compound: International Union of Pure and Applied Chemistry (IUPAC) decided some rules
to name the carbon compounds. This was‘done to maintain uniformity throughout the world. Names which are given on
this basis are popularly known as IUPAC name. The rules for nomenclature are as follows:

(i) Identify the number of carbon atoms in the carbon.compound. Name the carbon compounds according to the number of
carbon atoms.

Example, Saturated hydrocarbon having one carbon atom is named as Methane. Saturated hydrocarbon having two carbon
atoms is named as Ethane.

e An unsaturated hydrocarbon with a double bond having two carbon atoms is named as Ethene.
e Anunsaturated hydrocarbon with a triple bond between carbon atoms is named as Ethyne.

(ii) If the structure has a branched chain, identify the longest chain and then identify the number of carbon atoms.
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(iii) In the case of a functional group present, write the prefix or suffix of the functional group as given below. Then write
the name of the parent compound:

Functional group Prefix Suffix
Alkyl Alkyl n/a
Halogen Chloro-for chlorine,
Bromo-for bromine
Iodo- for iodine n/a
Alcohol n/a ol
Aldehyde n/a al
Ketone n/a one
Carboxylic acid n/a oic acid
Double bond n/a ene
Triple bond n/a yne

Chemical properties of Ethanol

e Ethanol (C2:HsOH) compound is a colourless liquid at room temperature. It is the second member of the
homologous series of alcohols. Its common name is ethyl alcohol. Its functional group is — OH.

It has a very low melting point (156 K) and low boiling point (351 K or. 78°C).

Ethanol is highly soluble in water.

Ethanol is one of the main components of alcoholic drinks;

It is a good organic solvent.

It is a neutral substance, so it does not have any effect on either blue litmus solution or red litmus solution.
It bums with a blue flame in the presence of O of air. This combustion is an oxidation process.

C,HOH + 30, —Sembwtin, 2CO, + 3H,0 + Heatand light
(air)

o Inthe presence of alkaline KMnOQy, itis oxidised to ethanoic acid.
C,H.OH + 2[0] —AWKM©O:, CH,COOH + H,0

e Ethanol alcohol reacts with:sodium(Na) metal vigorously to form sodium ethoxide and evolves H; gas.
2C;Hs0H + 2Na — 2C,HsONa (Sodium ethoxide) + H. (g)

o Ethanol on dehydration in the presence of cone. H.SO4 acid at 443 K forms ethene gas. H.SO4 acid absorbs water
molecules from the alcohol molecules and acts as a strong dehydrating agent.

C,H,OH el , yH,C=CH, + H,O
Ethene (Absorbed by H,50,)

Chemical properties of Ethanoic acid

o Ethanoicacid commonly called acetic acid (CH3COOH) is a colourless liquid. The functional group present in it
is carboxylicracid — COOH.

e It’smelting point is 290 K and the boiling point is 391 K.
e Beingan acid, it turns blue litmus red.
o Itis sour in taste.
e Ethanoic acid reacts with alcohols in the presence of cone. H,SO4 acid to form sweet smelling compounds called
esters.
CH,COOH + CHOH —oiemy CH,COOCH; + H,0
Ethanoic acid Ethanol Ethyl ethanoate

(an ester)
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e Ethanoic acid reacts with bases to form its salt and water.

CH,COOH +  NaOH —> CH,COONa + H,0
Sodium hydroxide Sodium ethanoate
(an alkali base) (Sodium acetate)

o It reacts with carbonate and hydrogen-carbonate compounds of metals to form its salt (sodium ethanoate
commonly called sodium acetate) and release CO, gas.

2CH,COOH + Na,CO, —— 2CH,COONa + CO, + H,0

Ethanoic acid Sodium carbonate Sodium ethanoate
CH,COOH + NaHCO,; —> CH;COONa + CO, + H,0
Ethanoic acid Sodium hydrogen Sodium ethanoate

carbonate

Cleansing action of soap: The dirt is generally held to the surface of a dirty cloth by a thin film of oil or grease.
When a dirty cloth is treated with soap or detergent solution, the non- polar tail of the soap or the detergent dissolve in oil
or grease while the polar heads are held by the surrounding water. Soap or detergent micelle is formed with the oily or
greasy dirt lying at their Centre (Soap or detergent is attracted both by the greasy.dirt and waten:

Nat

il droplet

Ma*

Na*
Formation of micelles

When the surface of the cloth is mechanically scrubbed or beaten on a stone or with a wooden paddle or agitated in a
washing machine, the loosened oily particle is removed from the dirty surface and the cloth is cleaned. Detergents lower
the surface tension of water to a greater.extent than soap, therefore the cleansing action of detergent is much higher than
those of soaps.

1. The earth’s crust has only 0.02% carbon in the form of minerals (like carbonates”bicarbonates, coal, and petroleum).
2. The atmosphere has 0.03% of carbon dioxide.

3. In spite of its small.amount.available in nature, carbon is a versatile element as it forms the basis for all living
organisms and many things which we use.

4. Bonding incarbon :

. The atomic number of carbon = 6

e An electronic configuration has 2 electrons in K shell and 4 electrons in L shell.

e In order to attain the noble gas configuration, carbon should either gain 4 electrons or lose 4 electrons or can share
it’s'4 electrons with some other element.

e The gain of 4 electrons (to form an octet, i.e., 8 electrons in C* anion) is difficult because then a nucleus with 6
protons will have to hold extra four electrons.

e Loss of 4 electrons (to attain duplet, i.e., 2 electrons like He atom in C** cation) is difficult as it requires a large
amount of energy to remove four electrons.

e Carbon, hence, overcomes this difficulty by sharing it’s four valence electrons with other atoms of carbon or
with atoms of other elements. These electrons contributed by the atoms for mutual sharing in order to
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acquire the stable noble gas configuration is called covalency of that atom. Hence, carbon shows
TETRACOVALENCY.
e The simplest molecule formed by sharing of electrons (i.e., covalent bonds), can be represented by electron dot
structure.
Single bond

i i When two carbon

£ atoms bond, they share

ALY one, two, or three elec-
- trons each and form a

covalent bond.

Double bond Triple bond

—i-

5. Allotropes of carbon: The phenomenon by means of which an element can exist in two or more forms, with similar
chemical properties but different physical properties are called allotropy and the. different forms are called allotropes.
Carbon shows three allotropic forms :

1. Diamond 2. Graphite

3. Fullerenes
(C—60 Buckminstar fullerena)

Fig. Structure of diamond, graphite and fullerenes.
Note:

e Diamond is the hardest substance whereas graphite is very soft.

e Diamond is used for grinding and polishing of ¢ hard materials and graphite is used as a lubricant.
o Diamond has a three-dimensional rigid structure but graphite has a hexagonal sheet layer structure.
o Diamond is a bad conductor of electricity but graphite is a very good conductor of electricity.
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6. Fullerenes: A new category of carbon allotrope, fullerenes are spherical in shape or a soccer ball like. The first
fullerene identified was C-60 with 60 carbon atoms arranged like the geodesic dome designed by US architect,
Buckminster Fuller, hence these are also known as Buckminster Fullerenes or Bucky Ball structures.

7. Cause of versatile nature of carbon: Four main reasons for the versatile nature of carbon are:
(a) Catenation: It is the unique property of self-linkage of carbon atoms by means of covalent bonds to form straight
chains, or branched chains, or the rings of different sizes (as shown below):

catenation is the bonding of atoms of the same
element into a series, called a chain.
Catenation occurs most readily with carbon,
which forms covalent bonds with other carbon
atoms to form longer chains and structures.
Hence the answer is option (a).

¢
b3 —ci:—clz— ><{ \:<

o LS

X
>[i0<
X

Rings (Ring like structure)
(b) Tetracovalency: Due to small size, and presence of four valence electrons, carbon can form strong bonds with other
carbon atoms, hydrogen, oxygen, nitrogen, or sulphur, etc. For example, compounds of carbon with hydrogen are called
hydrocarbons.

(c) Multiple Bond Formation : Small size of carbon also enables it to form multiple bonds, (i.e., double bonds or triple
bonds) with other elements.as well as with:its own atoms. This increases the number of carbon compounds.
Note:

e Compounds of carbon with double bonds and triple bonds are called as unsaturated compounds while those with
carbon-carbon single bonds are called saturated compounds.

o Alkenes (with—C = C —) and Alkynes (with —C = C—) are hence unsaturated, whereas Alkanes (with —C —
C—).are saturated compounds.

(d).Isomerism: The phenomenon by means of which the carbon compounds with same molecular formula show different
structures, and properties, e.g., A chain of 4 carbon atoms can be written in two ways :

[ Ll
celaPes@oCon s oG

|
< {lj_

Hence, the number of carbon compounds increases to a huge number.
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8. Hydrocarbons: a Large number of hydrocarbons can be classified as:

| HYDROCARBONS |
v v
Open chain or Aliphatic Closed chain/Cydlic/Ring
or Acyclic hydrocarbons hydrocarbons
| A
* v ¥ ¥
Saturated aliphatic Unsaturated aliphatic  Alicyclic hydrocarbons  Aromatic hydrocarbons
hydrocarbons hydrocarbons (Rings without double (Rings with double
e.g.Methane (CH,), e.g.,Ethene (Cz2H4, or triple bonds) or triple bonds)
Ethane (C,H_) etc. Ethyne (C,H,)etc. e.g..Cyclohexane C H,, e€.g. Benzene CgHg
1
v v
Alkenes Alkynes
e.qg., e.g., + .
Ethene (CzH,) Ethyne (C,H, ) Cycloalkanes  Cycloalkenes Cycloalkynes
e eq., e.d., e.qg.,
Cyclohexane Cyclohexene  Cyclohexyne
CH CH, CH,
HL < _-CHs HC~_ _-CH» J:\: _CH,
CHo CH, CHo
(CgHy2) (CeH10) (CgHg)

Note: In an open chain, the name of parent chain is derived from the root word and suffix ane, ene or yne is added

depending on the type of bond present in a chain :
Jdable . Root word used for naming any compound.

Chain Length Root Word Chain Length Root Word
C, Meth C, Hept
C2 Eth CB Oct
C; Prop Cy Non
Cy But Cio Dec
Cs Pent Cy Undec
Cs Hex Cys Dodec

Table . General formula and suffix used far alkanes, alkenes and alkynes.

Type of compound General Formula Suffix (to be added with word Root)
Alkanes CoHzp 4+ 2 —ane
Alkenes C.Hs, - ene
Alkynes C,Hap.2 - yne

Important: No alkene or alkyne is possible with single carbon atom because double or triple bond is not possible between

carbon and hydrogen atom. It is only between two carbon atoms.

9. Functional Group:

e Anatom or a group of atoms which when present in a compound gives specific properties to it, is called a

functional group.
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e Asingle line shown along with a functional group is called as its free valency by which it gets attached to a

compound by replacing one hydrogen atom or atoms, e.g., -Cl.
e Functional group, replacing the hydrogen is also called as heteroatom because it is different from carbon, and can

be nitrogen, sulphur, or halogen, etc.

Important: Replacement of hydrogen atom by a functional group is always in such a manner that valency of carbon
remains satisfied.
Table . Some functional groups in carbon compounds.

Heteroatom Functional group Formula of functional group Suffix
CI/Br Halo—(chloroibromof- —Cl, —Br {Named as prefix)
Oxygen 1. Alcohols —OH —ol
~H
2. Aldehyde ~E — al
(@]
3. Ketone - E_ — one
— ¢ —OH
4. Carboxylic acid g — oic acid
—C —OR ;
5. Esters i — pate
Nitrogen 1. Amino —NH; (Named as prefix)
2. Nitro —NO, (Named as prefix)

Note : Cl is named as prefix Chloro; Br as Bromo; NH; as Amino and NO; as Nitro.
Important Note: Symbol ‘R’ in a formula represents an Alkyl Group which is formed by the removal of one hydrogen

atom from an alkane.
e.g., Alkane — 5 Alkyl Group

CHd —‘H_} CHJ o
Methane . Methyl Group

10. Homologous series: A series of arganic compounds in which every succeeding member differs from the previous one

by -CH, group or 14‘a.m.u.
Note : As the molecular mass increases in a series, : so physical properties of the compounds
show a variation, but chemical properties which are determined solely by a functional group, remains same within a

series.

11. Nomenclature of Organic Compounds

e Trivial or common names: These names were given after the source from which the organic compounds were
firstisolated, e.g., If a compound has one carbon atom, then its common name will have root word form and so on
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(see table).

Table . Root word used for writing trivial
or common names.

No. of carbon atoms Root word

Form
Acet
Propion
Butyr
Valer

i e

e IUPAC name: International Union of Pure and Applied Chemistry gave following rules for naming various
compounds :

o ldentify the number of carbon atoms and write the word root corresponding tot. e.g., If.a number of
carbon atoms is three, then the word root is a prop.

o Presence of a functional group is indicated by prefix or suffix as given.in table 2,.and table 3.

o If the name of the functional group is to be given as a suffix, the last letter ‘e’ in the name of the
compound is deleted and the suffix is added. e.g., a ketone with three carbon atoms is named as :
Propane — e = Propan + ‘one’ = Propanone. Alcohol with three carbons is propanol. Carboxylic acid with
three carbons is propanoic acid.

o Halogens, in IUPAC, are written as Prefixes, e.g., Compound With two carbons and one chloro group is
named as chloroethane (CH3;CH.CI).

12. Chemical properties of carbon compounds :
Main properties of carbon compounds are :

(a) Combustion Reaction

(b) Oxidation Reaction

(c) Addition Reaction.

(d) Substitution Reaction

(a) Combustion Reaction: A chemical.reactionin.which a substance burns in the presence of air or oxygen is called
combustion reaction.
Note: Combustion is always an EXOTHERMIC reaction, e.g.,

Remember:

e Saturated hydrocarbons generally give clean flame whereas unsaturated hydrocarbons give sooty flame (because
carbon content is more than hydrogen content in these, and hence carbon shows incomplete combustion and
appears as soot).

e Saturated hydrocarbons can give sooty flame in a limited supply of oxygen.

(b) Oxidation Reaction: The addition of oxygen in a compound upon combustion is called oxidation.
In addition to combustion, oxidation can also be : brought about by some substances which are
capable of giving oxygen to others, i.e., Oxidising agents, e.g., Acidified K.Cr,07 (Potassium dichromate) and alkaline
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KMnO0. (Potassium permanganate).

Note:

alk. KMnOg4 e : :
Alcohol| — AcdihedKaC0y Carboxylic acid

(oxidation)

A
e.g., CH3CH£OH alk. KMnOy4 CH3CDOH

(Ethanol) (Ethanoic acid)

(c) Addition Reaction: Addition of a molecule in unsaturated compounds in the presence of a catalyst; to give saturated
compound is called an addition reaction, e.g.,
Hydrogenation of vegetable oils as shown in the reaction below :

| H Jf‘(
\

,c=ci + X-Y,—* H-C—-C-H
H H H R

Addition Reaction

(d) Substitution Reaction: The reactions which involve the replacement of an-atom or group of atoms from a molecule
by another atom without any change in structure in the remaining part of the molecule.

Sunlight

eg, CH, + Cl, CH,Cl  + HCI
Methane Chloromethane

CH,CH,Br + KOH —> CH,CH,OH + KBr

Bromoethane {aq) Ethanol

13. Ethanol: (or alcohol)
Colourless liquid, soluble in water, and has a distinet. smell and burning taste. Its consumption in small quantities causes
drunkenness and can be lethal.

%NT
AKT
ETABISQF

h L bty
2= [

14. Ethanoic Acid: CH;COOH

Common Name: Acetic Acid.

5-8% solution of acetic acid in water is called Vinegar. And 100% pure acetic acid is called Glacial acetic acid because it
has m.pt. 290 K and freezes forming glacier like crystals.

Reactions of ethanoic acid :
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CH3;COOH

Y/,
HaC—CL
OH

Saponification : Esters in the presence of acid or base react to give back alcohol and carboxylic acid is called
saponification.

CH,COOC,H; —** 5 C,H,OH + CH,COOH
(i7) With base : It gives salt and water.

NaOH + CH;COOH—— CH,COONa + H,0
{Sodium athoxide

or sodium athanoata)

(iif) With carbonites and bicarbonates : It gives salt, CO,, and water.
2CH;COOH + Na,CO;— 2CH,;COONa + H,0 + CO,
CH;COOH + NaHCO3— CH3;COONa + H,0 + CO,

15. Soaps and Detergents :
Soaps and Synthetic Detergents: Soaps and detergents are substances used for cleaning.
Soap: Soaps are sodium or potassium salts of higher fatty acids, such as Oleic acid (C17H33COOH), Stearic acid

(C17H3sCOOH), Palmitic acid (C1sH3:COOH), etc. These acids are present in the form of their esters along with glycerol
(alcohol containing three hydroxyl groups). These estets, called “glyeerides’ are present in fats and oils of animal and

vegetable origin.

Preparation of Soap: When an oil or fat (glyceride) is'treated with.sodium hydroxide solution, it gets converted to sodium

salt of the acid (soap) and glycerol. The reaction is known as saponification.

GH—0 —COCy7H,, CH,OH
GH—0 —COCi7Hgs + 3NaOH ——>CHOH  + 3C;7H3sCOONa
Glyceride Glycerol

Detergents: Chemically, detergents are sodium salts of sulphonic acids, i.e., detergents contain a sulphonic acid group (—

S0s3H), instead”of a carboxylic acid group (—COQOH), on one end of the hydrocarbon.
MNat

il droplet

Ma*

MNa*t
Formation of micelles

The cleansing action of detergent is considered to be more effective than a soap.

Cleansing Action of Soaps and Detergents: The cleansing action of soaps and detergents follows the same principle.
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Fig. (a) Micelle formed by detergent molecules in water. (b) The hydrocarbon tail sticks to oily dirt.
When soap or detergent is dissolved in water, the molecules gather together as clusters, called micelles. The tails stick
inwards and the heads outwards.
In cleansing, the hydrocarbon tail attaches itself to oily dirt. When water is agitated, the oily dirt tends to lift off from the
dirty surface and dissociates into fragments. This gives an opportunity to other tails to stick to oil. The solution now
contains small globules of oil surrounded by detergent molecules. The negatively charged heads present in water prevent
the small globules from coming together and form aggregates. Thus, the oily dirt is.removed from the object.

16. Scum: The insoluble precipitates formed by soap molecule when they react with.calcium and magnesium ions present
in hard water. Due to this, a lot of soap gets wasted and cleansing action gets reduced to a larger extent.
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Important Questions of Carbon and its Compounds Class 10 Science Chapter 4

Question 1.

Covalent compounds have low melting and boiling point. Why? (2020)

Answer:

Covalent compounds have low melting and boiling points because the forces of attraction between molecules of covalent
compounds are very weak. On applying a small amount of heat these molecular forces break.

Question 2.

What are covalent compounds? Why are they different from ionic compounds? List their three characteristic properties.
(Delhi 2016)

Answer:

Covalent compounds are those compounds which are formed by sharing of valence electrons between the atoms e.g.,
hydrogen molecule is formed by mutual sharing of electrons between two hydrogen atoms.

They are different from ionic compounds as ionic compounds are formed by the complete transfer of electrons from one
atom to another e.g., NaCl is formed when one valence electron of sodium gets completely transferred to outer shell of
chlorine atom. The characteristic properties of covalent compounds are:

(i) They are generally insoluble or less soluble in water but soluble in organic solvents.

(i) They have low melting and boiling points.

(iii) They do not conduct electricity as they do not contain ions.

Question 3.

What are covalent bonds? Show their formation with the help:of electron dot structure of methane. Why are covalent
compounds generally poor conductors of electricity? (Delhi 2013C)

Answer:

Covalent bonds are those bonds which are formed by sharing of the valence electrons between two atoms. Electron dot
structure of methane is shown in the figure.

A
e
)

Covalent compounds are generally poor.conductors ol electricity because they do not have tree electrons or ions.

Question 4.

Give reasons for the following:

(i) Element carbon forms compounds mainly by covalent bonding.

(ii) Diamondthas high melting point.

(iii) Graphite is.a good conductor of electricity. (3/5, Foreign 2011)

Answer:

(i) As carbon has four valence electrons and it can neither loose nor gain lour electrons thus, it attains noble gas
configuration enly by sharing of electrons. | bus, it forms covalent compounds.

(ii) In diamond, each carbon atom is bonded to four other carbon atoms forming a rigid three-dimensional structure. This
makes diamond the hardest known substance. Thus, it has high melting point.

(iii) In graphite, each carbon atom is bonded to three other carbon atoms by covalent bonds in the same plane giving a
hexagonal array. Thus, only three valence electrons are used for bond formation and hence, the fourth valence electron is
free to move. As a result, graphite is a good conductor of electricity.

Question 5.
What is methane? Draw its electron dot structure. Name the type of bonds formed in this compound. Why are such
compounds
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(i) poor conductors of electricity and

(i) have low melting and boiling points?

What happens when this compound burns in oxygen? (Delhi 2019)
Answer:

Methane is the first member of alkane series having formula CHa.
Refer to answer 3.

(i) Refer to answer 1.
When methane is burnt in presence of oxygen then carbon dioxide will be produced.
CHs + Oz — CO2 + H20 + heat + light

Question 6.

Elements forming ionic compounds attain noble gas electronic configuration by either gaining or losing electrons from
their valence shells. Explain giving reason why carbon cannot attain such a configuration‘in this manner to form its
compounds. Name the type of bonds formed in ionic compounds and in the compounds formed by carbon. Also explain
with reason why carbon compounds are generally poor conductors of electricity. (Foreign 2015, Al 2014)

Answer:

lonic compounds are formed either by gaining or losing electrons from the outermost shells, but carbon which has four
electrons in its outermost shell cannot form ionic bonds because

1. If carbon forms ionic bonds by gaining four electrons to attain a noble gas configuration then it would be difficult for
six protons in the nucleus to hold ten electrons.

2. If carbon forms ionic bonds by loss of four electrons then it would require.a lot of energy to remove these electrons
from outermost shell.

Due to these reasons carbon forms covalent bonds by sharing.the valence electrons.

Type of bonds formed in ionic compounds are called electrovalent bonds and the type of bonds formed in carbon
compounds are called covalent bonds.

Refer to answer 3.

Question 7.

State the reason why carbon can neither form C** cations nor C* anions, but forms covalent compounds. Also state
reasons to explain why covalent compounds :

(i) are bad conductors of electricity?

(ii) have low melting and boiling points? (Delhi 2014)

Answer:

Refer to answer 6.

(i) Refer to answer 3.

(ii) Refer to answer 1.

Question 8.
Name a cyclic unsaturated carbon compound. (2020)
Answer:

Benzene, @ is a cyclic unsaturated carbon
compound.

Question 9.

Assertion (A) : Following are the members of a homologous series :

CH30H, CH3CH>0OH, CH3CH,CH,0OH

Reason (R) : A series of compounds with same functional group but differing by -CH. unit is called homologous series.
() Both (A) and (R) are true and (R) is the correct explanation of the assertion (A).

(b) Both (A) and (R) are true, but (R) is not the correct explanation of the assertion (A).

(c) (A) is true, but (R) is false.
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(d) (A) is false, but (R) is true. (2020)
Answer:
(a): The given compounds are members of homologous series of alcohol.

Question 10.

Write the molecular formula of first two members of homologous series having functional group -Cl. (Delhi 2017)
Answer:

The molecular formula of first two members of homologous series having -Cl functional group are CHs;Cland CH3;CH-CI.

Question 11.

Write the molecular formula of first two members of homologous series having functional group “OH..(Delhi 2017)
Answer:

The molecular formula of first two members of homologous series having -OH functional group are. CH3OH and
CHsCH,OH.

Question 12.

Write the molecular formula of the 2nd and 3rd member of the homologous series whose first member is ethene. (Al
2017)

Answer:

Homologous series of alkenes have general formula, CnH2, whose first member-is ethene.

2nd member of homologous series of alkenes is CsHs i.e., propene.

3rd member of homologous series of alkenes is C4Hg i.e., butene.

Question 13.

Write the molecular formula of the 2nd and 3rd member of the homologous series whose first member is methane. (Al
2017)

Answer:

Methane, CHy is an alkane. Alkanes have general formula, CaHané2:

2nd member of homologous series of alkanes is:CoHs i.€e.; ethane.

3rd member of homologous series of alkanes'is CsHs i.e., propane.

Question 14.

Write the next homologue of each of the following:

(i) CoHa

(i) C4Hs (Delhi 2016)

Answer:

(i) C2Ha4 belongs to alkene series having general formula, CnHzn.
Thus, next homologue will.be C3Haxs = CsHe

(i) C4Hs belongs to alkyne serieshaving general formula, ChHan-2.
Thus, next homologue will be CsHaxs.2 = CsHs

Question:15.
Name the following.compounds :
(@ CHs; — CH2>~ OH

i

(b) Cl-13— C=0
Answer:
(a) CHsz — CH; — OH : Ethanol

(b) CHS_(f:D : Ethanal
H
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Question 16.

Select saturated hydrocarbons from the following : CsHs; CsHio; CaH10; CsHia; CoHa

Answer:

Saturated hydrocarbons have general formula, CnHzn+2.

Among the given compounds only C4H1 and CsHu4 satisfy the above formula. Thus, these are saturated hydrocarbons.

Question 17.

Write the name and structure of an alcohol with three carbon atoms in its molecule. (Al 2016)
Answer:

An alcohol with three carbon atoms in its molecule is propanol. The structure of propanol is

I
g
H H H

Question 18.

Write the name and structure of an alcohol with four carbon atoms in its molecule. (Al'2016)
Answer:
An alcohol with four carbon atoms is butanol and its structure is :

R
H—l,—(i:—(lj—(lL—OH
H H H H

Question 19.

Write the name and structure of an aldehyde with four carbon atoms in its molecule. (Al 2016)
Answer:
An aldehyde with four carbon atoms is butanal and its structure is.

oA
HWF—?—$mC:O
H H H

Question 20.

Which element exhibits the property of catenation to maximum extent and why? (Foreign 2016)

Answer:

Carbon has the unique ability to form bonds with other atoms of carbon, giving rise to large molecules. This property is
called catenation..Carbon shows catenation due to its small size and Stronger carbon-carbon bond strength.

Question 21.

Write the'name and molecular formula of the fourth member of alkane series. (Foreign 2016)
Answer:

The general formula of the alkane series is CnHzn+2. For fourth member of alkane series, n =4
~ C4Hoxa+2 = C4H1o i.€., butane.

Question 22.

What is homologous series of carbon compounds? (Foreign 2016)

Answer:

A homologous series is the family of organic compounds having the same functional group, similar chemical properties
but the successive (adjacent) members of the series differ by a -CH unit or 14 mass units.

Question 23.
Write the name and formula of the 2nd member of homologous series having general formula CnHzn. (Delhi 2015)
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Answer:
Refer to answer 12.

Question 24.

Write the name and formula of the 2nd member of homologous series having general formula CyHzn+2. (Delhi 2015)
Answer:

Refer to answer 13.

Question 25.

Write the name and formula of the 2nd member of homologous series having general formula CnHzn-2. (Delhi 2015)
Answer:

General formula, C,Han-2 belongs to alkyne series. The second member of this series is propyne i.e., (CsHis).or CH; — C =
CH.

Question 26.
Write the number of covalent bonds in the molecule of ethane. (A12015, Delhi 2014)
Answer:
The structural formula of ethane (C2He) is
T
H— (l‘, - (l“; —H
H H
There are total 7 covalent bonds. Six C — H covalent bonds and one C - C covalent bond.
Question 27.
Write the number of covalent bonds in the molecule of butane, CsH1o. (Al 2015)
Answer:

Butane (C4Hao) has the following structural formula as:
I
A e
H H H H

Total number of covalent bonds is 13.in which there are 10 C — H and 3 C — C covalent bonds.

Question 28.
Write the name of each of the following functional groups: (Foreign 2015, Delhi 2013)
(@) -OH
(b) —C—
1
O

Answer:
(a) -OH : Alcohol
(b) — (ﬁ — : Ketone

0

Question 29.

Write the name and molecular formula of the first member of the homologous series of alkynes. (Foreign 2015)
Answer:

General formula for alkyne is CyHzn-2

First member of homologous series of alkyne has the formula, CoHzx2-2 = C2Hz i.€., ethyne.
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Question 30.
Define the term functional group. Identify the functional group present in

'ﬁ‘ o
(i) H—C—H HHH—?—C=O
' H

Answer:
An atom or a group of atoms present in a molecule which largely determines its chemical properties, is called functional

group.
O
_ I _ _ ~H

(i) H— C — H contains aldehydic |—C <0

functional group.
Ili (l:}II

(ii) H— (l_“,ﬂ C=0 contains carboxylic acid
H

]
(— € — OH) functional group.

Question 31.

Name the functional group present in each of the following organic compounds:
(i) C2HsCI

(ii) C2HsOH (Delhi 2012)

Answer:

(i) C2HsCl contains -Cl (chloro) group which belongs to halo functional group.
(ii) CsHsOH contains -OH group which belongs to alcoholic functional group.

Question 32.

Write the name and formula of the second member of'the carbon compounds having functional group -OH. (Al 2012)
Answer:

Those having -OH as functional.group belong to alcohol family. Second member of this family is ethanol, C,HsOH.

Question 33.
Write the name andformula of the first member of the series of carbon compounds having functional group (Foreign
2012)
Answer:
Carbon compound containing
i
—C—0H

group-is called carboxylic acid. The first member of this family is methanoic acid (HCOOH).

Question 34.
Butanone is a four-carbon per molecule compound. Name the functional group present in it. (Foreign 2011)
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Answer:

i
H—C — OH
Butanone is CH; — C — C;Hs.
(I;Ij

The functional group — C — i.e., ketone is present
in butanone. |
O

Question 35.

State two properties of carbon which lead to a very large number of carbon compounds. (2/5, Al 2011)

Answer:

Carbon forms a large number of carbon compounds like long chains which may be straight or branched chains or ring of
different sizes due to its tetravalency ahd unique property of catenation. Carbon due to'its small size forms exceptionally
stable compounds by forming strong bonds.

Question 36.

Carbon, a member of group 14, forms a large number of carbon compounds-estimated to:be about three million. Why is
this property not exhibited by other elements of this group? Explain. (2020)

Answer:

Refer to answer 20.

As we move down the group, the element-element bond energies decrease rapidly. For this reason other elements of this
group show little or no catenation property.

Question 37.

(a) Why are most carbon compounds poor conductors of electricity?

(b) Write the name and structure of a saturated compound in‘which the carbon atoms are arranged in a ring. Give the
number of single bonds present in this compound. (2018)

Answer:

(a) Due lo catenation, carbon forms covalent bonds with the constituent elements in the carbon compounds, hence it does
not have mobile electrons and carbon'compounds do not dissociate themselves into ions and hence, they are poor
conductor of electricity.

(b) Structure: U

Name: CyEIor;entane
Number of single bonds : 15

Question 38.

An aldehyde as well as a ketone can be represented by the same molecular formula, say CsHsO. Write their structures and
name them. State the relation between the two in the language of science. (Al 2016)

Answer:

The aldehyde and ketone represented by the

molecular. formula, C3HsO.

o
HoGmg-Cm0 Hogogogon
H H H O H
Aldehyde (Propanal) Ketone(Propanone)

In the language of science, they are called as isomers because both have same molecular formula but different structural
formulae (having different functional groups.)
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Question 39.
What is meant by isomers? Draw the structures of two isomers of butane, C4H10. Explain why we cannot have isomers of
first three members of alkane series. (Delhi 2015, Foreign 2014)
Answer:
Isomers are those molecules which have the same molecular formula but different structural formula i.e., show different
properties.
The structures of possible isomers of butane (C4Hao) are:
T
s
H H H H

n-Butane

{1}
TR

H—{]:—Cu—(lj—H

H H
H—C—H

|

H

2-Methylpropane

(1)
The first three members of alkane series are :
(i) CH4 (methane)
(ii) C2He (ethane)
(iii) CsHs (propane)
In the above members of alkane series, it is not possible to have different arrangements of carbon atoms. Thus, we cannot
have isomers of first three members of alkaneseries.

Question 40.

Write the molecular formula of the following compounds and draw their electron-dot structures:
(i) Ethane

(ii) Ethene

(iii) Ethyne (Foreign 2015)

Answer:

(i) Molecular formula of ethane.is C;He.

Its electron dot structure is :

(ii) Molecular formula of ethene is C,H.. Its electron dot structure is :
(£02)
OAU
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(iii) Molecular formula of ethyne is CoH,. Its electron dot structure is :

Question 41.
What is meant by functional group in carbon compounds? Write in tabular form the structural formula and the functional
group present in the following compounds :

(i) Ethanol
(i) Ethanoic acid (Foreign 2015)
Answer:
Refer to answer 30.
Compound Structural Functional
formula group
(i) [Ethanol H H —OH
(C,H.OH) H_ ('3 B (|:_ OH (alcohalic)
| |
H H
(ii) |Ethanoic liI 'T’l}l 1|£|)
acid H—C—C—OH| —C — OH
{CH,COOH) [!I {carbonylic acid)

Question 42.

Why is homologous series of carbon compounds so called? Write the chemical formula of two consecutive members of
any homologous series and state the part of these compounds that determines their (i) physical and (ii) chemical
properties. (Foreign 2015, A12014, Delhi 2013)

Answer:

Refer to answer 22.

Consecutive members of the homologous.series of.alcohols are:

CH;OH
C,H;0H

The physical properties are determined by alkyl group/hydrocarbon part/part other than the functional group.
The chemical properties are‘determined by functional group such as -OH group.

1They differ by —CH, unit.

Question 43.

State the meaning.of functional group in a carbon compound. Write the functional group present in (i) ethanol and (ii)
ethanoic acid and alsa.draw their structures. (Delhi 2014)

Answer:

Refer to answer 30 and 41.

Question 44.

State.the meaning of the functional group in an organic compound. Write the formula of the functional group present in
alcohols, aldehydes, ketones and carboxylic acids. (Delhi 2014)

Answer:

Refer to answer 30.
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The formulae for different functional groups are : alcohols : -OH group
aldehydes : — ﬁ — H group

0O
ketones : — C — group

O O

carboxylic acid : — C — OH group.

Question 45.
What is meant by homologous series of carbon compounds? Write the general formula of (i) alkenes;and (ii) alkynes.
Draw the structures of the first member of each series to show the bonding between the two carbon atoms. (Al.2014)
Answer:
Refer to answer 22.
The general formula for alkenes is CyH2n and for alkynes is CyHzn-2
First member of alkene is ethene, CoH4 and its structure is
H ~H
C=cC
H -~ ~ H
First member of alkyne is ethyne, C.H; and its structureisH-C=C-H

Question 46.

Define the term structural isomerism’. Explain why propane cannot exhibit this property. Draw the structures of possible
isomers of butane, CsH1o. (Al 2014)

Answer:

Two or more organic compounds having the same molecular formula but different structures, are called structural isomers
and the phenomenon is known as structural isomerism.

There is no possible isomers for propane as it contains three carbon atoms and it is not possible to have different
arrangements of these carbon atoms.

Refer to answer 39.

Question 47.

(a) What is a homologous series-of compounds? List any two of its characteristics. (Foreign 2011)

(b) What is the next higher homologue of CsH;OH? What is its formula and what is it called? (Foreign 2011)
Answer:

(a) Refer to answer 22.

Two characteristics of hemologous series are :

(i) The successive.compounds of the homologous series differ by -CH; unit i.e. 14 mass units.

(ii) Each homologous series belongs to similar class of compounds which shows the same chemical properties.
(b) Next higher homologue of C3H;OH is C4HyOH i.e., butanol.

Question 48.

(a) State the reason why carbon can neither form C** cations nor C* anions, but forms covalent bonds. Also state reasons
to explain why covalent compounds

(i) are bad.conductors of electricity

(ii) have (ow melting and boiling points.

(b) Write the structural formula of benzene, C¢Hs. (A12019)

Answer:

(a) Refer to answer 6.

(i) Refer to answer 3.
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(ii) Refer to answer 1.

H

.
H"‘x(‘ i L’f F

(b) i 'i
C CH"‘“H
- "‘“w::/
|
H
Question 49.

Explain why carbon forms compounds mainly by covalent bond. Explain in brief two main reasons for carbon forming a
large number of compounds. Why does carbon form strong bond with most other elements? (Delhi 2015)

Answer:

Refer to answers 6 and 35.

Due to the small size of carbon atom, its nucleus holds the shared pair of electrons between atoms strongly. Thus, carbon
forms strong covalent bonds with elements such as hydrogen, oxygen, nitrogen, sulphur, chlorine and other elements.

Question 50.

What are hydrocarbons? Distinguish alkanes from alkenes and each.of them from alkynes, giving one example of each.
Draw the structure of each compound cited as example to justify your answer. (Foreign 2014)

Answer:

Hydrocarbons are the compounds of carbon and hydrogen atoms. Those hydrocarbons which contain only single carbon-
carbon bonds are called alkanes (saturated hydrocarbons) while those having double and triple bonds are called alkenes
and alkynes respectively (unsaturated hydrocarbon).

Alkanes Alkenes Alkynes
1. General formula = ChH2n+2 |General formula = CaH2n General formula = ChH2n-2
2. Contain C — C single bonds |Contain C = C double bonds’|Contain C = C triple bonds

3. e.g., methane (CHa) e.g., ethene (C2Ha) e.g., ethyne (C2H2)

Structures of the above examples are:
H

|
CH, (methane) : H—C —H

I_

2N -
H” “H
C:H; (ethyne): H-C=C-H

Question 51.

(a) Define the term‘isomers’.

(b) Draw two possible isomers of the compound with molecular formula CsHsO and write their names.
(c) Give the electron dot structures of the above two compounds. (Delhi 2013)

Answer:

(a) Refer to answer 39.
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(b) Two possible isomers of the compound, CsHgO are:

ol Pron
H-‘(F—C—(E—H:H-—(lz—(%—c—l‘l
H H H H
Propanone Fropanal

(c) The electron dot structures of propanone and Propanal are

Propanal

Question 52.

Explain isomerism. State any four characteristics of isomers. Draw the structures of possible isomers of butane, C4Hio. (Al
2011)

Answer:

Isomers are those compounds which have same molecular formula but different structures. The phenomenon of existing
these isomers are called isomerism.

Four characteristics of isomers are :

(i) They have same molecular formula but different structures.

(ii) For hydrocarbons, isomers is possible only with hydrocarbons having four or more carbon atoms.

(iii) Due to isomerism, a given molecular formula can represent two or more different compounds.

(iv) Due to isomerism, the different compounds have different properties.

Refer to answer 39.

Question 53.

Name the process by which unsaturated fats are changed to saturated fats. (Foreign 2015)
Answer:

Hydrogenation.is the process in which unsaturated fats are changed to saturated fats.

Question 54.

Write the chemical equation to show what happen when methane is treated with chlorine in the presence of sunlight ?
(1/3, Foreign 2014)

Answer:

When methane is treated with chlorine in the presence of sunlight then substitution reaction takes place. In this, chlorine
replaces the hydrogen atom of methane.

CH, +Cl, 28, ol €1+ HC

Question 55.
Write the respective chemical reaction to show what happens when methane is burnt in presence of oxygen? (1/3, Foreign
2014)
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Answer:
When methane is burnt in presence of oxygen then carbon dioxide will be produced.
CH4 + O; — CO; + H,0 + heat + light

Question 56.

Write one chemical equation to represent the following type of reaction of organic substances: substitution. (1/3, Foreign

2014)

Answer:

Substitution : In this type of reaction one or more hydrogen atoms of a hydrocarbon is replaced by some other atoms.
CH,+Cl, —2Mht s el + Hel
Methane Chloromethane

Question 57.

Give reason for the following : Acetylene burns with a sooty flame. (1/5, Foreign 2011)

Answer:

The formula of acetylene is HC = CH. It is an unsaturated hydrocarbon where carbon content is more than the hydrogen
content. Hence, carbon is not completely burnt and the unburnt carbon deposits as a:soot.

Question 58.

Give reason for the following : Kerosene does not decolourise bromine water while cooking oils do. (1/5, Foreign 2011)
Answer:

Cooking oils (unsaturated compounds) decolourise bromine water due to formation of addition products whereas kerosene
(saturated compound) does not decolourise bromine water.

Question 59.

What happens when 5% alkaline KMnQ, solution.is added.drop by drop to warm ethanol taken in a test tube? State the
role of alkaline KMnQj solution in this reaction. (2/3, Foreign 2016)

Answer:

When 5% alkaline KMnQj, solution is added drop by drop to warm ethanol then it gets oxidised to ethanoic acid.

CH,CH,0H —2i_, cpp.cooH

’ KMnQ
Ethanol 4 Ethanoic acid

Here, alkaline KMnQ;, acts as.an oxidising agent i.e., the substance which is capable of adding oxygen to others. Thus,
alkaline KMnOQ4 provides oxygen to ethanol to form ethanoic acid.

Question 60.

3 mL of ethanol istaken in.a test tube and warmed gently in a water bath. A 5% solution of alkaline potassium
permanganate is‘added first drop by drop to this solution, then in excess.

(i) How is 5% solution of KMnO, prepared?

(ii) State the role of alkaline potassium permanganate in this reaction. What happens on adding it in excess?

(iii) Write chemical equation of this reaction. (2020)

Answer:

(i) 5% solution of KMnOQy is prepared by adding 5 g of KMnOys in 95 g of water.

(ii) Here:alkaline:KMnO. acts as an oxidising agent. It oxidises ethanol to ethanoic acid by donating nascent oxygen. If
excess of KMnO; is added the purple colour will persist indicating no more alcohol is left and there is no reaction.
(iii) CH,CH,OH +[0] Alkaline KMnO, 5 CH,COOH

Heat
Ethanol Ethanoic acid

Question 61.
Two carbon compounds X and Y have the molecular formula C4Hg and CsH1. respectively. Which one of these is most
likely to show addition reaction? Justify your answer. Also give the chemical equation to explain the process of addition
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reaction in this case. (Delhi 2017)

Answer:

All unsaturated hydrocarbons (containing double or triple bonds) have tendency to get converted to saturated
hydrocarbons (single bonds) by adding small molecules such as hydrogen (H2), halogens (X2), etc. Such reactions are
called addition reactions.

Compound X i.e., C4Hsg belongs to alkene series (CnH2n) while compound Y i.e., CsH12 belongs to alkane series (ChHan+2).
Thus, compound X will undergo addition reaction.

H oo
H\_~/ Ni/Pt
H}c/ChC\CHJ-i- sz W H_LF - {_I" —H
(C,Hg) CH, CH,
(Unsaturated (CyH )
hydrocarbon) (Saturated
hydrocarbon)
Question 62.

The molecular formula of two carbon compounds are CsHg and CsHs. Which one of the two is most likely to show
addition reaction? Justify your answer. Also give the chemical equation to explain the process of addition reaction in this
case. (Delhi 2017)

Answer:

CsHs belongs to alkane series (CnH2n+2) Refer to answer 61.

Question 63.

What is an oxidising agent? What happens when an oxidising agent is added to propanol? Explain with the help of a
chemical equation. (Delhi 2016)

Answer:

The substance that supply oxygen in a reaction for oxidation is called oxidising agent e.g., potassium permanganate,
potassium dichromate, etc.

When propanol is heated with alkaline KMnOsu; it gets oxidised to propanoic acid.

= ] h
CH,CH,C H,OH alk KMnO, CH,CH, ICD'IDH
Propanol Propanoic acid
Question 64.

Draw the electron-dot structure for ethyne. A mixture of ethyne and oxygen is burnt for welding. In your opinion, why
cannot we use a mixture of ethyne and air for this purpose? (Al 2015)

Answer:

The formula for ethyneis C;Hz and its electron dot structure is :

A‘mixture of ethyne and oxygen is burnt for welding so that complete oxidation of ethyne takes place. If in place of
oxygen, air is taken which contains less amount of oxygen then incomplete combustion of oxygen takes place and
temperature required for welding will not be attained.

Question 65.

Write the name and general formula of a chain of hydrocarbons in which an addition reaction with hydrogen is possible.
State the essential condition for an addition reaction. Stating this condition, write a chemical equation giving the name of
the reactant and the product of the reaction. (Al 2015, Delhi 2014)

Answer:

Alkenes, having general formula as C,H., and alkynes, having general formula as CnH2n-2 are the class of hydrocarbons in
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which addition reaction is possible.

The essential conditions for addition reaction are :

(i) Presence of unsaturated hydrocarbon.

(ii) Presence of catalyst such as Ni/Pt/Pd.

Let us take an example of ethene. It undergoes addition reaction with hydrogen when it is heated in the presence of nickel
catalyst to form ethane. The reaction is known as hydrogenation.

CH,=CH, + H, —%_3CH,—CH,

Catalyst
Ethene y Ethane

Question 66.

Why are certain compounds called hydrocarbons? Write the general formula for homologous series of alkanes; alkenes
and alkynes and also draw the structure of the first member of each series. Write the name of the reaction that converts
alkenes into alkanes and also write a chemical equation to show the necessary conditions for the reaction to-occur. (Al

2017)

Answer:

Refer to answers 50 and 65.

Question 67.

What are hydrocarbons? Write the name and general formula of

(i) saturated hydrocarbons

(ii) unsaturated hydrocarbons, and draw the structure of one hydrocarbon of each type. How can an unsaturated
hydrocarbon be made saturated? (Al 2012)

Answer:

Refer to answer 50.

Unsaturated hydrocarbons can be made to saturated hydrocarbons by hydrogenation reaction using nickel (Ni) as a
catalyst.

CH,=CH, + H, — 5 CH, —CH,

Ethene Catalyst Ethane
{unsaturated {saturated
hydrocarbon) hydrocarbon)
Question 68.

(a) With the help of a suitable example; explain the process of hydrogenation mentioning the conditions of the reaction
and any one change in physical property with the formation of the product. (Delhi 2015, 2013, Foreign 2012)

(b) How does a saturated hydrocarbon.react with chlorine? Write chemical equation for it. What type of reaction is it
called and why? (Foreign 2012)

Answer:

(a) )C:C( and —C=(C— are functional

groups that:can be hydrogenated.
Hydrogenation is the addition of hydrogen l_}o an unsaturated hydrocarbon to obtain a saturated hydrocarbon.
H

R ~R : |
C=C_ +H,—Y9Sp-Cc—C—
R R 2 Catalyst | ':|: R
| R R
(Vegetable oil) (Vegetable ghee)

Here R can be any alkyl group.
There is the change of unsaturated compound from the liquid state to saturated compound in the solid state thus, melting
point increases.
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(b) Saturated hydrocarbon reacts with chlorine to form a substituted product, e.g.,

CH, +Cl, 5 CH4Cl+HCI
Methane

This reaction is called substitution reaction as here one hydrogen of methane is substituted by one chlorine atom.

Question 69.

Assertion (A) : Esterification is a process in which a sweet smelling substance is produced.

Reason (R): When esters react with sodium hydroxide, an alcohol and sodium salt of carboxylic acid are obtained.
(a) Both (A) and (R) are true and (R) is the correct explanation of the assertion (A).

(b) Both (A) and (R) are true, but (R) is not the correct explanation of the assertion (A).

(c) (A) is true, but (R) is false.

(d) (A) is false, but (R) is true. (2020)

Answer:

(b): When an ester reacts with the base saponification reaction occurs.

Question 70.

Assertion (A) : Ethanoic acid is also known as glacial acetic acid.

Reason (R) : The melting point of pure ethanoic acid is 290 K and hence.it often freezes during winters in cold climates.
(a) Both (A) and (R) are true and (R) is the correct explanation of the assertion (A).

(b) Both (A) and (R) are true, but (R) is not the correct explanation of'the assertion (A).

(c) (A) is true, but (R) is false.

(d) (A) is false, but (R) is true. (2020)

Answer:

(a): Pure ethanoic acid or acetic acid freezes below room temperature into white crystals that resemble glaciers.

Question 71.
Draw the structure for ethanoic acid molecule, CH;COQH. (Al 2011)
Answer:
Structure of ethanoic acid is
H O
| I
H-— (II —C—0—H
H

Question 72.
A compound ‘X’ on heating with excess cone, sulphuric acid at 443 K gives an unsaturated compound Y’. ‘X’ also reacts
with sodium metal to.evolve a colourless gas ‘Z’. Identify ‘X’, ‘Y’ and ‘Z’. Write the equation of the chemical reaction of
formation of Y’ and also write the role of sulphuric acid in the reaction. (2018)
Answer:
As X reads with cone. H,SO; to give an alkene so it should be an alcohol as cone. H.SO4 acts as a dehydrating agent. The
reaction of X with Na also confirms that it is an alcohol because alcohols react with Na metal to evolve colourless
hydrogen gas.
. conc, H,50,
CHgCHzOH W CH?_: CHI + HIO
LX) (Y)
Here, conc. H2SO4 acts as a dehydrating agent i.e., helps in the removal of water.
2CH,CH,0OH + 2Na —> 2CH,CH,ONa + H,T
(X) Colourless
Bas
(Z)
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Question 73.
Write the chemical equations to show what happens when
(i) an ester reacts with a base?
(ii) ethanol reacts with ethanoic acid in the presence of sulphuric acid? (2/3, Foreign 2014)
Answer:
(i) When an ester reacts with the base then it gives sodium salt of carboxylic acid and an alcohol. It is known as
saponification reaction.
NaOH

CH,COOC,H, X298, ¢ 4 OH + CH,COONa
Ethyl ethanoate Ethanol Sodium
(ester) (alcohal) ethanoate

(ii) Carboxylic acids react with alcohols in the presence of a little concentrated sulphuric acid:to form pleasant smelling
esters. This reaction is called esterification reaction.
CH;COOH + C,H;OH &) CH,COOC,H,
Ethanoicacid  Ethanol H.50, Ethyl ethanoate
+ H,0

Question 74.

Write the respective chemical equations to show what happens when

(i) ethanol is heated with concentrated sulphuric acid at 443 K ?

(ii) ethanol reacts with ethanoic acid in the presence of an acid acting as a catalyst? (2/3, Foreign 2014)
Answer:

Conc.H,50
(i) CHOH ——2=45 CH,=CH, + H,0
Ethanol : Ethene

(i) Refer to answer 73(ii).

Question 75.

Write one chemical equation to represent.each.of the following types of reactions of organic substances:
(i) Esterification

(ii) Saponification (2/3, Delhi 2011)

Answer:

(i) Refer to answer 73(ii).

(i) Refer to answer 73(i).

Question 76.

Complete the following chemical equations : (Delhi 2017)
(i) CHsCOOC:Hs + NaOH —

(il) CH3COOH + NaOH —

(i) C,H;OH +CH,COOH —-2H80
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Answer:

Ethyl ethanoate
' CH,COO Na'+ C,H:OH

Sodium salt Ethanol
of ethanoic acid

(i) CH,COOH +NaOH —> CH,COONa + H,0

Ethanoic Sodium Sodium
acid hydroxide ethanoate
(iii) C,H,OH + CH,COOH % CH,COOC,H;
Ethanol Ethanoic o Ethvl ethanoate
acid
5= HED
Question 77.

Complete the following chemical equations: (Delhi 2017)
(I) C,HsOH + O, —

. Conc.H, 50,
(ii) C;H;OH 5K

(iii) CHsCOOH + NaHCO;3 —
Answer:
Combustio
(i) clH50H+303mTw~zc03+3H@+
heat + light

.Y

(ii) Refer to answer 74(i).
(iii) CH,COOH + NaHCO,; — CH,COONa +

Ethanoic Sodium Sodium
acid hicarbonate ethanoate
CO, + H,;O
Carbon dioxide
Question 78.

Write the structural formula of ethanol. What happens when it is heated with excess of cone. H,SO. at 443 K? Write the
chemical equation for the reaction stating the role of cone. H,SO. in this reaction. (Al 2017, Delhi 2015, 2013)

Answer:

The structural formula of ethanol (C.HsOH) is

T

H —C—Ll_J—DH
I
H H

When ethanol is-heated with conc. H.SO;, at 443 K then it looses a water molecule to form unsaturated alkene (ethene) as
a product.

CH,CH,0H %}f”; CH,= CH, + H,0

Here conc..H.SO; acts as a dehydrating agent i.e., helps in the removal of water.

Question 79.

What happens when (write chemical equation in each case)
(a) ethanol is burnt in air?

(b) ethanol is heated with excess cone. H,SO4 at 443 K?
(c) a piece of sodium is dropped into ethanol? (Al 2017)
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Answer:

(a) Refer to answer 77(i).

(b) Refer to answer 74(i).

(c) When a small piece of sodium is dropped into ethanol then hydrogen gas is liberated which burns with a pop sound.
2C3Hs0H + 2Na — 2C;HsO Na* + Hz 1

Question 80.

Distinguish between esterification and saponification reaction with the help of the chemical equations for gach. State one
use of each (i) esters, and (ii) saponification process. (Al 2017, Foreign 2012)

Answer:

FS. No. Esterification Saponification

1. | When alcohol is added to carboxylic acid | Oils or fats when treated with sodium hydroxide
in the presence of acid catalyst then a fruity | solution gets converted into sodium salts of fatty
smelling ester is formed. This process is|acids and glycerol. This reaction is called

called esterification. saponification.
2. | Chemical reaction : Chemical reaction :
CH,CH,OH + CH,COOH —-55- CH,0COC, - Ha; CH,OH
CH,COOC,H;s + H,O J:H(}COCI;H?,; + 3NaOH —> IL|'JHOI-I
o fl_ZHE(J(J{JC 17H3s (|:H20H
(Ol or Fat) Giyeerel

+ 3C1';rI-I 35CO0Na
Sodium stearate
{Soap)

Use of esters: They are used for making perfumes or used as artificial flavouring substances.
Use of saponification process : This process is used in.making soaps.

Question 81.

Explain esterification reaction with/the help of a chemical equation. Describe an activity to show esterification. (Al 2017)
Answer:

Refer to answer 80.

Aim : To demonstrate esterification process using ethanol and acetic acid.

Materials required : Beaker, water, test tube, ethanol, acetic acid, cone. H,SQ,, tripod stand, burner, wire gauze, etc.

Test tube containing

reaction mixture of

C,H:OH + CH,COOH
+ conc. H;80,

Breaker

Water —»

y: — Wire gauze

Tripod stand

Burner

'rocednre : ’
Procedure:

— Take 2 mL of ethanol in a test tube.

— Take 2 mL of ethanoic acid (acetic acid) into it.

— Add few drops of cone. H,SO.

—Warm it in a beaker containing water.

— Observe the smell of the products formed. Observations: Pleasant fruity smelling compound (called ester) is formed.
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Chemical reaction:

Conc. H,S0,

CH,COOH,, + C,H,OH,, ———43

Ethaneic acid Ethanol CH;CUUC:”; + H,0
Ethyl ethanoate Water

Conclusion : Carboxylic acid reacts with alcohol in presence of cone. H.SO4 which acts as a dehydrating agent to form
esters.

Question 82.

When ethanol reacts with ethanoic acid in the presence of cone. H.SO., a substance with fruity smelliis produced. Answer
the following:

(i) State the class of compounds to which the fruity smelling compounds belong. Write the chemical equation for the
reaction and write the chemical name of the product formed.

(i) State the role of cone. H2SOq in this reaction. (Delhi 2016)

Answer:

(i) When ethanol reacts with ethanoic acid in presence of cone. H,SO,, ethyl ethanoate is formed which belongs to the

class of ester compounds, having fruity smell.

O
i I conc. H,50
CH;— C — OH + CH;CH,0H ———5

Ethanoic acid Ethanol

I
CH; — C — O — CH,CH; + H,0

Ethyl ethanoate Water

(ester)

(ii) The above reaction is called esterification which occurs in.presence of cone. H,SO, which acts as a dehydrating agent
and helps in the removal of water. Cone..H>SQ, also.acts as a catalyst to speed up the reaction.

Question 83.
Name the compound formed when ethanol is heated in excess of cone, sulphuric acid at 443 K. Also write the chemical
equation of the reaction stating the role of cone, sulphuric acid in it. What would happen if hydrogen is added to the
product of this reaction inthe presence of catalyst such as palladium or nickel? (Delhi 2016, Foreign 2015)
Answer:
Refer to answer 78.
If hydrogen is added to ethene in presence of palladium or nickel catalyst then one atom of hydrogen adds to each carbon
atom of ethene to form ethane.

CH,=CH, + H, 5 ey, cH,

5 = Catalyst
Ethene ' Ethane

Question 84.

Write chemical equation of the reaction of ethanoic acid with the following :
(@) Sodium;

(b) Sodium hydroxide;

(c) Ethanol

Write the name of one main product of each reaction. (Al 2016)

Answer:
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Ethanoic acid reacts with sodium as well as sodium hydroxide to form sodium ethanoate.

2CH,COOH +2Na — 2CH;COONa + H,T
Ethanoic acid Sodium
ethanoate

(b) Refer to answer 76(ii).
(c) Refer to answer 76(iii).

Question 85.
On dropping a small piece of sodium in a test tube containing carbon compound ‘X’ with molecular formula C;H¢O, a
brisk effervescence is observed and a gas ‘Y’ is produced. On bringing a burning splinter at the mouthrof the testtube the
gas evolved burns with a pop sound. Identify ‘X’ and “Y’. Also write the chemical equation for the reaction. Write the
name and structure of the product formed, when you heat ‘X’ with excess cone, sulphuric acid. (A[ 2016)
Answer:
Ethanol reacts with sodium to form sodium ethoxide and hydrogen gas is liberated which burns with a pop sound.
2C,H;OH + 2Na —» 2C,H;ONa + H, T
Ethanol Sodium Sodium Hydrogen
(X ethoxide gas
(¥

Thus, compound X is ethanol and gas Y is hydrogen gas.
When ethanol is heated with excess of concentrated sulphuric acid then it gets dehydrated to form ethene.

Cong. H.50
CH,CH,0H —= 2245 CH, =CH, + H,0

Ethanol (X) i Ethene

Question 86.
Write three different chemical reactions showing the conversion of.ethanoic acid to sodium ethanoate. Write balanced
chemical equation in each case. Write the name of the reactants and the products other than ethanoic acid and sodium
ethanoate in each case. (Al 2016)
Answer:
Ethanoic acid reacts with Na,CO3z to form sodium ethanoate and CO> gas is liberated.
2CH;COOH + Na,CO,——> 2CH,;COONa + CO,

Ethanoic Sodium Sodium Carbon

acid carbonate ethancate dioxide

+ H,0
Water
With sodium hydrogen carbonate it forms sodium ethanoate.
CH,COOH + NaHCO, —> CH,COONa + CO,
Ethanoic Sodium Sodium Carbon
acid bicarbonate ethanoate dioxide

+ H,O
Water

With NaOH it forms sodium ethanoate.
CH,COOH + NaOH —>CH;COONa + H,0

Fthanoic acid 5”"11“‘_” Sodium Water
hydroxide ethanoate

Question 87.

Write the nam e and molecular formula of an organic compound having its name suffixed with ‘ol” and having two carbon
atoms in its molecule. Write balanced chemical equation to indicate what happens when this compound is heated with
excess cone. H,SO, and the narpe of main product formed. Also state the role of cone. H,SOs in the reaction. (Foreign
2016)

Answer:
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Those organic compounds having suffix ‘oF are alcohols. As the alcohol is having two carbon atoms in its molecule so, it
is ethanol.

by
CH;—CH,—OH or H-— (r — Ll“-—ﬂH

Ethanol H H
Refer to answer 78.

Question 88.

An organic compound ‘P’ is a constituent of wine. ‘P’ on reacting with acidified KoCr,O7 forms another compound ‘Q’.
When a piece of sodium is added to ‘Q’, a gas ‘R’ evolves which burns with a pop sound. Identify P, Q and R and:write
the chemical equations of the reactions involved. (Foreign 2016)

Answer:

‘P’ is ethanol which is a constituent of wine. Ethanol on reacting with acidified potassium dichromate (K.Cr.O7) solution
gives ethanoic acid ‘Q’.

CH,CH,0H acidiﬁedAKZCrZO7 s CH,COOH

Ethanol (P) Ethanoic acid (Q)

When a piece of sodium is added to ethanoic acid then sodium salt of ethanoic acid is formed with the liberation of
hydrogen gas which burns with a pop sound.
2CH,COOH + 2Na —>2CH,COO Na*+ H,T
(Q) Sodin (R)

{ Ethanoic acid) metal {Hydrogen)

Question 89.

List two tests for experimentally distinguishing between an alcohol and a carboxylic acid and describe how these tests are
performed. (Al 2015)

Answer:

Tests for distinguishing between an alcohol and a carboxylic acid are :

(i) Litmus test : When we place a droprof carboxylic acid on blue litmus paper it turns red while alcohol will not change
the colour of blue litmus paper.

(i) Sodium hydrogen carbonate test/sodium carbonate test: If a pinch of NaHCOs; or Na,COs is added to two test tubes
containing alcohol and carboxylic acid respectively, then test tube containing carboxylic acid will show the evolution of
colourless gas with brisk effervescence while test tube containing alcohol does not show any reaction.

Question 90.

What are esters? How are they prepared? List two uses of esters. (Delhi 2014)

Answer:

Esters are generally volatile liquids which have pleasant fruity smell.

Esters are prepared when a carboxylic acid reacts with an alcohol in the presence of small amount of concentrated H2SOs.
For-example, when ethanoic acid reacts with ethanol it forms an ester (i.e. ethyl ethanoate).

CH;COOH + C,H;0H ——=— CH,COOC,H;
Ethanoic acid Ethanol A4 Ethyl cthanoate

+H,0

Uses of ester:
1. It is used in making perfumes.
2. It is used in making artificial flavours and essences used in ice-creams, sweets and cold drinks.
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Question 91.

A carboxylic acid (molecular formula, C2H40O>) reacts with an alcohol in the presence of an acid catalyst to form a
compound ‘X’. The alcohol on oxidation with alkaline KMnO4 followed by acidification gives the same carboxylic acid
C2H40,. Write the name and structure of (i) carboxylic acid, (ii) alcohol and (iii) the compound ‘X’ (Al 2014)

Answer:

The molecular formula of carboxylic acid is C2H4O,. Thus, it should be acetic acid (ethanoic acid).

Il
Ethanoie acid : CH,— C—OH

It reacts with alcohol in presence of acid catalyst to give compound ‘X’.
As alcohol on oxidation with alkaline KMnQOj, gives the same acid i.e. ethanoic acid, hence alcohol must contain two
carbon atoms. Thus, formula for alcohol is CH3;CH,OH i.e. ethanol.

Reactions involved are:
alkaline !-(.Mnt'}_}

CH,CH,0H sl » CH,COOH
- oxidation o et y
Ethanol Ethanoic acid

CH,COOH + CH,CH,0H — 224

Ethanoic acid Ethanol

CH,COOCH,CH; + H,0
Ethyl ethanoate
(X

(i) Structure of ethanoic acid :
o
H— (|I —C—0H

(i) Structure of ethanol:

III IF
H—{|_'I—(i", — OH
H H

(iii) Structure of ethyl ethanoate (X):

i A
H— {t:, —C—0— % —(l_';—H
H H H
Question 92.

Write the chemical equation to explain what happens when ethanol is heated with alkaline solution, of potassium
permanganate. Mention two physical properties and two uses of ethanol. (Foreign 2014)

Answer:

When ethanol is heated with alkaline solution of potassium permanganate then oxidation of ethanol takes place to form
ethanoic acid.

CH,CH,0OH » CH,COOH

Fthanol Ethanoic acid

alkaline KMnO

Two physical properties of ethanol are:
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1. It is liquid at room temperature.
2. It is soluble in water in all proportions.

Two uses of ethanol are :
1. It is used as a liquor for drinking purpose.

2. It is a good solvent and hence, it is used in medicines such as tincture of iodine, cough syrup and many tonics.

Question 93.

Write chemical equations to describe two examples of different oxidations of ethanol. List two uses of ethanol. (Foreign

2014)

Answer:

Addition of oxygen to any substance is called oxidation.
Ethanol gets oxidised to ethanoic acid as :

acidified K4Cra0-
CH4CH,OH + 20| acidified K007

$o L .l -
Ethanol CHSCE}(}H } HED
Ethanoic acid
& aline KMn(,
CH;CH,O0H +2[0] aik.llmlh In0, ;

Ethanol
CH;COOH + H,0
Ethanoic acid
Refer to answer 92.

Question 94.

Write the chemical equations to show what happens when

(i) sodium hydroxide is added to ethanoic acid?

(i) solid sodium hydrogen carbonate is added to ethanoic acid?
(iii) ethanol reacts with sodium? (Foreign 2014)

Answer:

(i) Refer to answer 76(ii).

(ii) Refer to answer 77(iii).

(iii) Refer to answer 79(c).

Question 95.

Write chemical equations for what:happens-when

(i) sodium metal is added to ethanoic acid?

(ii) solid sodium carbonate is added to ethanoic acid?

(iii) ethanoic acidreacts with a dilute solution of sodium hydroxide? (Al 2011)
Answer:

(i) Refer to answer 84(a).

(i) Referto.answer 86.

(iii) Refer.to answer 76(ii).

Question 96.

(a) What is:a homologous series? Explain with an example.

(b) Define the following terms giving one example of each.

(i) Esterification (ii) Addition reaction (2020)

Answer:

(a) Refer to answer 22.

For example, alkane series has general formula CnHzq + 2.

First member of homologous series of alkane is .methane, i.e., CHa.
Second member of homologous series of alkane is ethane, i.e., CoHe.
Third member of homologous series of alkane is propane i.e., CsHs.
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(b) (i) Refer to answer 73(ii).
(i) Addition reactions : Those reactions in which atoms or group of atoms are simply added to a double or triple bond
without the elimination of any atom or molecule, are known as addition reactions.

, H H
Nickel
R~ ‘z{'_‘_fR +H cutlalyit R_ [l., - (', R
R ~p 2 ™ Heat | |
{Unsaturated) R R
{Saturated)
H H
'l | l
CH,=CH,+Cl, —*» H—C—C—H
Ethene L',l"| (E]
1, 2-Dichloroethane
Question 97.

(a) Carry out following conversions :

(i) Ethanol to ethene

(ii) Ethanol to ethanoic acid

(b) Differentiate between addition reaction and substitution reaction. Give one example of each. (2020)
Answer:

(@) (i) When ethanol is heated with cone. H,SO4 at 443 K, ethene is obtained due to dehydration of ethanol.

. Cone. H,50,
C,H;OH —/——> CH,=CH, + H,0
Ethanol - Ethene

(if) When 5 % alkaline KMnQj solution is added drop.by drop to warm ethanol then it gets oxidised to ethanoic acid.
CH,CH,0H —==19% , c11.coOH
Ethanol . Ethanoic acid

(b) Refer to answer 96(ii).

Substitution reactions : The reactions which involve the displacement or substitution of an atom or a group of atoms in an
organic compound by another atom or.group of atoms, are known as substitution reactions.

Saturated hydrocarbons are fairly unreactive and inert in the presence of most of the reagents. However, in presence of
sunlight, hydrocarbons undergo rapid substitution reactions, e.g.,

= ; Sunligl . y g
CH, +Cl, ——8"5 CH,Cl +HC
Methane Chloromethane
i = Sunligl et .
CHCl, +Cl, =8, ¢cl, +Ha
Chloroform Carbon
tetrachloride
Question 98.

Write the chemical formula and name of the compound which is the active ingredient of all alcoholic drinks. List its two
uses. Write.chemical equation and name of the product formed when this compound reacts with

(i) sodium metal

(ii) hot concentrated sulphuric acid. (Delhi 2019)

Answer:

Ethanol having chemical formula C;HsOH is the active ingredient of all alcoholic drinks.

Uses of ethanol:

1. Ethanol is widely used in industry as a solvent.
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2. Ethanol is used as an antiseptic for wounds in the form of rectified spirit.
Chemical equations:

(i) Refer to answer 79(c).

(i) Refer to answer 74(i).

Question 99.

(a) Define the term isomer.

(b) Two compounds have same molecular formula C3HeO. Write the name of these compounds and their structural
formula.

(c) How would you bring the following conversions:
(i) Ethanol to ethene

(it) Propanol to propanoic acid? (Al 2019)

Answer:

(2) Refer to answer 39.

(b) Refer to answer 51 (b).

(c) (i) Refer to answer 97(a)(i).

(i) CH,CH,CH,0H —= X420

Propanal
CH,CH,COOH

Propanoic acid

Question 100.

A carbon compound ‘P’ on heating with excess cone. HoSOs forms another carbon compound ‘Q’ which on addition of
hydrogen in the presence of nickel catalyst forms a saturated carbon compound ‘R’ One molecule of ‘R’ on combustion
forms two molecules of carbon dioxide and three molecules of water. Identify P, Q and R and write chemical equations
for the reactions involved. (Al 2016)

Answer:

When ethanol is heated with excess of concentrated H,SOa.it gets dehydrated to form ethene.

Conc, H.50
CH,CH,0H =222 Cl, =CH, + H,0
Ethanol 43K Ethene
(P) (Q)
When ethene is heated with hydrogen in presence of nickel catalyst it forms ethane.
- . Mickel n “
CH,=CH, + H, —_5 CH, — CH,
Ethene catalys Ethane
(Q) (R)

Ethane on oxidation gives two moles of carbon dioxide and three moles of water.
CH3CHs + 72 O, = 2CO2 + 3H20 + heat + light

Question 101.

List in tabular form three physical and two chemical properties on the basis of which ethanol and ethanoic acid can be
differentiated. (Delhi 2012)

Answer:

Ethanoic acid (Physical properties) Ethanol (Physical properties)

(i) It has moderate melting point (290 K) and boiling point (391  |It has very low melting point (156 K) and low boiling point (351
K). K).

(ii) It has a sour taste. It has a burning taste.
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(iii) It has a pungent smell. It has a distinct smell.

(ii)
Chemical properties Chemical properties

L . It is neutral in nature and thus, it does not turn
(i) It is acidic in nature and turns blue litmus to red. . .
blue litmus to red or vice-versa.

(i) Ethanoic acid reacts with Na2COs or NaHCOs to give brisk effervescence of CO2 |Ethanol does notwreact with Na2COsz or NaHCOs3,
gas. 2CH3COOH + Na2CO3 - 2CH3COONa + CO2 ™+ H20 C2HsOH + Na2COs - No reaction

Question 102.

(@) In a tabular form, differentiate between ethanol and ethanoic acid under the following heads:
(i) Physical state

(i) Taste

(iif) NaHCOs test

(iv) Ester test

(b) Write a chemical reaction to show the dehydration of ethanol. (Delhi 2011)

Answer:
(a)

Tests Ethanol (C,H,OH) i Ethanoic acid (CH;COOH) I
(i) |Physical state |In liquid state In liquid state '
:(I;) Taste Burning Sour
(iii) | NaHCO; C,H;OH + NaHCO; — No reaction | CH;COOH + NaHCO,; —

CH,COONa + CO,T +H,0
(CO, gas is evolved with a brisk
effervescence.) |
(iv) | Ester When ethanol is heated with ethanoic| When ethanoic acid is heated with\
acid in presence of 2-3 drops of conc. |ethanol in presence of 2-3 drops of]|
H,SO, fruity smelling ester is formed. | conc. H,SO, then fruity smelling ester |

C,H;OH + CH,COOH ";‘—\"O, is formed. N
ozt CH,COOH + C,H,OH —2°<:_,
CH,COOCH; + H,0 H,50,

CH,COOC,H, + H,0 |

(b) Refer.to answer 97(a)(i).

Question 103.

Several factories were pouring their wastes in rivers A and B. Water samples were collected from these two rivers. It was
observed that sample collected from river A was acidic while that of river B was basic. The factories located near A and B
are

(a) Soaps and detergents factories near A and alcohol distillery near B.

(b) Soaps and detergents factories near B and alcohol distillery near A.

(c) Lead storage battery manufacturing factories near A and soaps and detergents factories near B.

(d) Lead storage battery manufacturing factories near B and soaps and detergents factories near A. (2020)

Answer:

(c) Lead storage battery manufacturing factories near A and soaps and detergents factories near B.
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Question 104.

Why does micelle formation take place when soap is added to water? Why are micelles not formed when soap is added to
ethanol? (3/5, Al 2011)

Answer:

A soap molecule has two ends with different properties, one end is polar i.e., water soluble or hydrophilic while other end
is non-polar i.e., water insoluble or hydrophobic. When soap is added to water, the polar ends get dissolve in water and
non-polar ends get dissolved in each other and directed towards the centre. As a result, a spherical ionic molecule known
as micelles, formation takes place. Since, soaps are soluble in ethanol, therefore, micelles formation does not occur.

Question 105.

Soaps and detergents are both, types of salts. State the difference between the two. Write the mechanism of the cleansing
action of soaps. Why do soaps not form lather (foam) with hard water? Mention any two problems that arise due to the use
of detergents instead of soaps. (Delhi 2017, Al 2015)

Answer:

Soaps are the sodium or potassium salts of higher fatty acids. The ionic group in soaps'is:--COO "Na*.

On the other hand, synthetic detergents are the sodium salts of a long chain alkylbenzenesulphonic acids or long chain
alkyl hydrogen sulphates. The ionic group in synthetic detergents is

-SO;” Na* or -OSO; "Na*

Cleansing action of soap :

A soap molecule contains a polar part (COO"Na*) called polar end and.a non-polar part consisting of a long chain carbon
atoms. This part is called hydrocarbon end.

The polar end is water soluble whereas hydrocarbon part is water-repellent and oil soluble.

AN NAANAA/— COONa*
]
¥ Non-polar end Polar end
(Water-repellent) (Water soluble)

When an oily (dirty) piece of cloth is put into soap solution, the hydrocarbon part of the molecule attaches itself to the oily
drop and the -COO™ end orients itself towards water. Na*-ions in solution arrange themselves around the -COO™ ions. The
negatively charged micelle so formed entraps:the oily dirt. The negatively charged micelle repel each other due to the
electrostatic repulsion. As a result, the tiny.oily dirt particles do not come together and get washed away in water during
rinsing.

Micelle

In hard water, soap does not form lather as hard water contains Ca?*and Mg?* ions. Soap reacts with these ions to form
insoluble calcium and magnesium salts of fatty acids.
RCOO Na* + Ca%,,,— (RCO0),Cad + 2Na*
q

Soap : Insoluble ppt,
Two problems which arise due to the use of detergents instead of soaps are :
(i) Synthetic detergents are non-biodegradable and hence, cause water pollution.
(i) Synthetic detergents also cause skin related problems.

Question 106.
What are micelles? Why does it form when soap is added to water? Will a micelle be formed in other solvents such as
ethanol also? State briefly how the formation of micelles help to clean the clothes having oily spots. (Foreign 2016)
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Answer:
Refer to answer 104.
Refer to answer 105.

Question 107.

(a) You have three unlabelled test tubes containing ethanol, ethanoic acid and soap solution. Explain the method you
would use to identify the compounds in different test tubes by chemical tests using litmus paper and sodium metal.
(b) Give the reason of formation of scum when soaps are used with hard water. (Foreign 2016)

Answer:

(a) The tests may be tabulated as below:

S.no. |Solution Blue litmus paper |Red litmus paper Sodium Metal
1. Ethanol No change No change Hydrogen gas
2. Ethanoic acid |Turns red No change Hydrogen gas
3. Soap solution |No change Turns blue No reaction

(b) Hard water contains hydrogen carbonates, chlorides and sulphates of calcium and magnesium. When soap is added to
hard water it reacts with these salts to form scum which is insoluble in.water and floats on the top of the water surface.
The scum is formed due to the formation of insoluble calcium or magnesium salts of fatty acids.
ECLTHE._:,CGUN& + Caz‘ H (C|-H1GCDU]2C3
Sodium stearate {From Calcium stearate

(s0ap) hard water) {ppt. or scum) + 2Na’

Question 108.

What is the difference between the molecules of soaps and detergents, chemically? Explain the cleansing action of soaps.
(Delhi 2015)

Answer:

Refer to answer 105.

Question 109.

What is the difference‘between the chemical composition of soaps and detergents? State in brief the action of soaps in
removing an oily spot from a shirt. Why are soaps not considered suitable for washing where water is hard? (Delhi 2012)
Answer:

Refer to answers 105 and.107(b).

Question 110.

What are detergents chemically? List two merits and two demerits of using detergents for cleansing. State the reason for
the suitability of detergents for washing, even in the case of water having calcium and magnesium ions. (Al 2012)
Answer:

Detergents are generally ammonium or sulphonate or sulphate salts of long chain carboxylic acids. The more common
detergents are sodium salts of long chain alkyl benzene sulphonic acids.

Merits of using detergents :

(i) Detergents are very strong cleansing agents.

(i) They can form lather well even in hard water as they do not form insoluble calcium or magnesium salts.

Demerits of using detergents :
(i) As detergents are sodium salts of long chain alkyl benzene sulphonic acids which are very bulky molecules, are not
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easily degraded by bacteria and hence, they are non-biodegradable.
(ii) They are highly basic in nature and cause damage to skin.

Synthetic detergents can be used even in hard water because they do not react with Ca?* and Mg?* ions present in hard
water. They do not form curdy white precipitates (scum) of calcium and magnesium salts of fatty acids.

Question 111.

What are soaps and detergents chemically? Explain the action of cleaning by soaps. State the reason why we can wash our
clothes even in hard water using detergents. (Foreign 2012)

Answer:

Refer to answers 105 and 110.

Question 112.

(a) What is a soap? Why are soaps not suitable for washing clothes when the water is hard?
(b) Explain the action of soap in removing an oily spot from a piece of cloth. (Delhi 2011)
Answer:

(a) Refer to answers 105 and 107(b).

(b) Refer to answer 105.

Question 113.

(a) What is a detergent? Name one detergent.

(b) Write two advantages and two dis-advantages of using detergents over soaps.

(c) Why, by using a detergent, can we wash clothes even in hard water?

Answer:

(a) Detergents are ammonium or sulphonate or sulphate salts.of long chain hydrocarbons containing 12-18 carbon atoms
e.g., dodecyl benzene sulphonate.

(b) Refer to answer 110.

(c) Refer to answer 110.
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