CLASS-10 (JKBOSE-08 MARKS) CHEMISTRY ASTERISK CLASSES CARBON AND ITS COMPOUNDS

Carbon is a fundamental element in chemistry and biology, with unique properties that allow it to form a vast array of
compounds and structures. Here is an overview of the essential aspects of the carbon atom, including its physical and chemical
properties, allotropes, roles in biological systems, and its significance in various scientific fields.

Atomic Structure of Carbon Carbon
o i : i i B
Atomic Numb.er .Car.bon has.an ato'mlc 2Lor:1an:r 6 12011 — atomic weight
number of 6, indicating that it has six
. acid-base properties
protons in its nucleus. symbol — C G of higher-valence oxides
e Atomic Mass: The atomic mass of carbon is ®\\
electron crystal structure

approximately 12.01 atomic mass units configuration TN
pp y g s | [He]2322p2

(amu). physical state
- carbon at 20 °C (68 °F)
e Electron Configuration: Carbon's electron
configuration is 1s% 2s2 2p2. It has two
electrons in its inner shell (K-shell) and four [[] Othernonmetals = ol
electrons in its outer shell (L-shell). @ Hexagorial C] Weakly ecidic

e Valence Electrons: Carbon has four valence
electrons, allowing it to form four covalent bonds with other atoms. This property is the basis for carbon's versatility in
chemistry.

Unique Properties of Carbon

e Tetravalency: Carbon's ability to form four covalentbonds allows it to create a wide range of complex structures,
including chains, branches, rings, and networks.

e Catenation: Carbon can bond with itself to form long chains or rings, leading to an enormous diversity of carbon-based
compounds.

¢ Hybridization: Carbon can hybridize its orbitals (sp3, sp?, sp), resulting in different geometries and bond types. This
versatility is key to the complex structures in organic chemistry.

Carbon, an element with an atomic number of 6, has a remarkable ability to form a wide variety of bonds, leading to an
immense diversity of carbon-based compounds. its unique bonding capabilities largely stem from its tendency to form covalent
bonds. Covalent bonding in carbon involves the sharing of electrons between atoms, enabling the formation of stable
molecules with varied structures. Let's explore this in greater detail.

Why Carbon Forms Covalent Bonds

Carbon's electronic configuration is 1s% 2s? 2p?, indicating that it has four electrons in its outermost shell (also known as
valence electrons). To attain a stable noble gas configuration, carbon could either gain or lose four electrons. However, these
scenarios are highly unlikely for two reasons:

e Gaining Four Electrons: If carbon were to gain four electrons, it would form a C*~ anion. This would mean the nucleus
with only six protons would have to hold onto ten electrons, which is unstable due to electron-electron repulsion.

e Losing Four Electrons: If carbon were to lose four electrons, it would form a C** cation. The amount of energy required
to remove four electrons is exceedingly high, making this configuration energetically unfavourable.

Therefore, carbon shares electrons with other atoms, forming covalent bonds. This sharing allows both atoms in a bond to

attain stable electron configurations, generally by filling or completing their outer shells.
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Characteristics of Covalent Bonds

Electron Sharing: In covalent bonding, atoms share pairs of electrons. Each shared pair constitutes a bond, which can be a
single bond (one pair of shared electrons), a double bond (two pairs), or a triple bond (three pairs).

e Bond Strength: Covalent bonds within molecules are generally strong. However, the forces holding molecules together
(intermolecular forces) tend to be weaker compared to ionic compounds.

e Bond Directionality: Covalent bonds have directionality, meaning that the orientation of the bonds is critical for
determining the shape and geometry of molecules.

Common Examples of Covalent Bonds in Carbon Compounds

Carbon's ability to form covalent bonds leads to a vast array Molecule Bond Type Molecular Shape Molecular Type
of molecules, including simple organic compounds and
complex biological molecules. Here are some examples:
5 °—°5+
e Methane (CH,4): Carbon forms four single covalent Water Polar
. . ssal Polar Covalent
bonds with four hydrogen atoms, resultingin a
tetrahedral shape with bond angles of approximately
109.5 degrees.
e Ethene (C;H,): In ethene, carbon forms a double Methane e—@ 0 Non-Polar
bond with another carbon atom, which consists of Non-Polar Covalent
one sigma bond and one pi bond. The double bond
i Tetrahedral
gives ethene a planar geometry.
e Ethyne (C;H,): In ethyne, carbon forms a triple bond carbon |9 e= e &+ °= e =° Nom-Pol
P on-Folar
with another carbon atom, which consists of one Dioxide Potar Covalent Linear
sigma bond and two pi bonds. This arrangement

leads to a linear geometry.
Properties of Covalent Compounds
Due to the nature of covalent bonds, carbon-based compounds generally exhibit certain properties:
\ ! :

e Melting and Boiling Points: Covalent.compounds tend to have lowermelting and boiling points compared to ionic
compounds. This is because the intermolecular forces between covalent molecules are typically weaker than the ionic
bonds in ionic compounds.

e Electrical Conductivity: Covalent compounds are generally poor conductors of electricity because they lack free ions or
delocalized electrons.

e Solubility: The solubility of covalent compounds varies based on their polarity. Polar covalent compounds, like water,

are soluble in polar solvents, while non-polar covalent compounds 1s 2s 2p, 2p, 2p,
are soluble in non-polar solvents. C: IT ll | t | V I | Ground state

Hybridization in Covalent Bonding Excited state

1s 2s 2p, 2p, 2p,
Carbon's ability to form covalent bonds is closely related to the concept of C: ‘ t tt ]t =) m
hybridization. This is the mixing of atomic orbitals to create new hybrid ‘

1s 2s 2p, 2p 2p
orbitals, allowing carbon to form different bond geometries: A -

e sp? Hybridization: Occurs when one s orbital and three p orbitals mix 1s 2s 2p,  2p, 2p,

to create four equivalent sp® hybrid orbitals. This leads to a Cs AR — n

tetrahedral shape, as seen in methane.

—1
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¢ sp? Hybridization: Involves the mixing of one s orbital and two p orbitals to create three sp? hybrid orbitals and one
unhybridized p orbital. This leads to a trigonal planar geometry, common in alkenes.

e sp Hybridization: Occurs when one s orbital and one p orbital mix, creating two sp hybrid orbitals and two
unhybridized p orbitals. This leads to a linear

geometry, typical in alkynes. Types of Chemical Bonds

CHEMICAL BONDS AND ITS TYPES | 2. Covalent Bond |

A chemical bond isa fOFCE that h0|dS atoms or ions Metal atom loses electron(s) to nonmetal atom Two nonmetal atoms share electrons
. . . oo @.o..@ 00 T 0 Non-Polar «e e
together within a molecule or compound, allowing them Nas” %Cl: — Na :Cl: of” "B — 9fdo
to achieve stability through interactions in their electron Sodium Chlorine  Sodium chloride Oxygen atoms Oxygen molecule
H e @@ 0 O P L Polar 5. 3 S+
arrangements. There are several types of chemical bonds, Mg: 20t — Mg~ :0% © H %0 “H —"HEn 0 coH
each with distinct characteristics and implications for the T Msgnsdiontaide  HyATSeN Gkygen Hydage "
properties of the resulting compounds. Here's a brief
. . . 3. Hydrogen Bond | 4. Metallic Bond I
overview of the main types of chemical bonds:
Hydrogen attracts an electronegative Positive metal ions attract conducting electrons
1 covalent Bonds atom electrostatically 5 . » .

» @O

- . H = 3z >
Covalent bonds involve the sharing of electrons between o @ @ @
. . . . rd ~N O . . o .
atoms. This type of bond is typical in molecules where sl 4y ° @ @ .
atoms require additional electrons to achieve a stable 8 @ @ @ @
electronic configuration (often a full outer shell). Key Two water molecules Copper ions immersed in an electron cloud

features include:
e Electron Sharing: Covalent bonds involve one or more pairs of shared electrons between atoms.

e Strength and Directionality: Covalent bonds are generally strong and have specific orientations, affecting the
molecule's geometry.

e Types: Covalent bonds can be single (one pair of electrons), double (two pairs), or triple (three pairs).
e Examples: Methane (CH,), oxygen (O,), and nitrogen (N.).
2. lonic Bonds

lonic bonds form when electrons are transferred from one atem to another; creating ions (charged atoms) that attract each
other due to opposite charges. This type of bond typically occurs between metals and non-metals. Key features include:

e Electron Transfer: In ionic bonds, one atom donates electrons (becoming a cation), while the other gains electrons
(becoming an anion).

e Electrostatic Attraction: The bond is based on the strong electrostatic attraction between oppositely charged ions.

e Properties: lonic compounds tend to have high melting and boiling points and conduct electricity when dissolved in
water or melted.

e Examples: Sodium chloride (NaCl), magnesium oxide (MgO), and calcium fluoride (CaF,).
3. Metallic Bonds

Metallic bonds occur in metals, where electrons are not shared or transferred between specific atoms but are instead
delocalized across a lattice of metal atoms. This electron "sea" model explains several unique properties of metals. Key features
include:

e Delocalized Electrons: Electrons are free to move throughout the metal lattice.
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e Properties: Metallic bonds lead to high electrical and thermal conductivity, malleability, ductility, and luster.
e Examples: Copper (Cu), iron (Fe), and aluminum (Al).
4. Hydrogen Bonds

Hydrogen bonds are a type of intermolecular bond that occurs between molecules, typically involving hydrogen atoms. They
are weaker than covalent and ionic bonds but play a crucial role in the structure and behavior of many biological molecules.
Key features include:

e Partially Charged Hydrogen Atoms: Hydrogen bonds occur when hydrogen is covalently bonded to an electronegative
atom (like oxygen or nitrogen), creating a partial positive charge on hydrogen. This leads to attraction with nearby
electronegative atoms.

e Rolein Biology: Hydrogen bonds are critical in the structure of DNA, proteins, and other biological macromolecules.
e Examples: Water (H,0) forms extensive hydrogen bonds, giving it unique properties.
Allotropes of carbon

Allotropes are different structural forms of the same chemical element that exist in the same physical state but have distinct
arrangements of atoms, resulting in unique properties and behaviours. Carbon has several notable allotropes, each with
unique characteristics that lead to various applications in science, industry, and everyday life. Here's an overview of the main
allotropes of carbon, their properties, and their uses:

Diamond: Structure: In diamond, each carbon atom forms four covalent bonds with four other carbon atoms, creating a
tetrahedral lattice. This three-dimensional structure makes diamond extremely rigid.

e Properties: Diamond is the hardest natural material known, with a high refractive index and excellent thermal
conductivity. It's transparent, reflecting, and refracting light, contributing to its use in jewellery.

e Uses:

e Jewellery: Diamonds are prized for their brilliance
and hardness, making them a popular choice for
engagement rings and other jewellery.”

e  Cutting and Drilling Tools: Due to its hardness;
diamond is used in industrial applications for

cutting, drilling, and grinding.

Fig. Tetrahedral structure of diamond

e Heat Sinks: Diamond's high thermal conductivity
makes it useful in electronics for dissipating heat.

Graphite

e Structure: Graphite consists of layers of hexagonally bonded carbon atoms.
Within each layer, carbon atoms form three covalent bonds, creating sheets

of graphene. The layers are held together by weak van der Waals forces, . ;
allowing them to slide over each other. E i @ Carbon atom
e Properties: Graphite is soft, slippery, and a good conductor of electricity. It's E E
also opaque and has a high melting point. )
I
e Uses: i
e Pencils: The sliding layers in graphite make it ideal for use in pencils.
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e Lubricants: The slippery nature of graphite layers makes it useful as a dry lubricant.

e Electrodes: Graphite's electrical conductivity leads to its use in electrodes for
batteries and electrochemical processes.

e Refractory Materials: Graphite's high melting point makes it suitable for use in
furnaces and other high-temperature applications.

Graphene

e Structure: Graphene is a single layer of carbon atoms arranged in a hexagonal lattice. It is the basic building block of
graphite, but as a standalone structure, it has remarkable properties.

e Properties: Graphene is extremely strong, lightweight, flexible, and an excellent conductor of electricity and heat. It's
also transparent and has high electron mobility.

o Uses:

e Electronics: Graphene's high condugtivity and flexibility make it a
promising material for flexible electronics and high-performance
transistors.

e Composites: Its strength and light weight make graphene useful in
strengthening composites for aerospace and automotive applications.

e Sensors: Graphene's sensitivity to chemical changes makes it suitable for
developing highly sensitive sensors.

e Energy Storage: Graphene is being eprored for use in batteries and supercapacitors due to its high surface
area and electrical properties.

Fullerenes

e Structure: Fullerenes are spherical or cylindrical molecules composed of carbon atoms. The most famous fullerene is
buckminsterfullerene (Cso), which has 60 carbon atoms arranged in a shape resembling a soccer ball.

e Properties: Fullerenes are relatively stable and can.exhibit unique eI‘ectronic and chemical properties.
e Uses:

¢ Nanotechnology: Fullerenes are used in nanotechnology applications due to their unique shapes and
properties. .

e Pharmaceuticals: Some fullerenes are explored for potential use in drug delivery
systems due to their hollow structure.

o Lubricants: Fullerenes' spherical shape can make them useful in specialized
lubricants.

Carbon Nanotubes

e Structure: Carbon nanotubes are cylindrical structures composed of graphene-like carbon sheets rolled into tubes.
They can be single-walled or multi-walled.

e Properties: Carbon nanotubes are extremely strong, lightweight, and have high electrical and thermal conductivity.

e Uses: -
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e Materials Science: Carbon nanotubes are used to reinforce materials in applications where strength and light
weight are critical.

e Electronics: Due to their electrical properties, carbon nanotubes are used in nanoscale electronics and
conductive materials.

e Biomedical Applications: Carbon nanotubes are explored for drug delivery and other biomedical uses due to
their unique properties.

Electron dot structures

Electron dot structures, also known as Lewis’s dot structures, are diagrams that represent the valence electrons of atoms
within a molecule or compound. These structures help visualize how atoms are bonded together and how they share or
transfer electrons to achieve stable configurations. In electron dot structures, valence electrons are depicted as dots around
atomic symbols, while covalent bonds are often represented by lines indicating shared electron pairs.

General Guidelines for Electron Dot Structures
1. Count Total Valence Electrons: Determine the total number of valence electrons for all atoms in the compound.

2. Determine the Central Atom: Generally, the least electronegative atom is the central atom (excluding hydrogen, which
is always a terminal atom).

Lewis Structure Examples

3. Arrange Atoms: Place the central atom in the

middle, with other atoms surrounding it. o e o L)
& 1€C=0: H-C=N:  :N=N: 0=0
4. Form Bonds: Connect atoms by pairs of electrons Carbon Hydrogen Nitrogen Oxygen
monoxide cyanide
(covalent bonds) or by transferring electrons (ionic
bonds). v . fl'l 6@
B P, se TN e - zZ \-o?)
5. Complete the Octet: Ensure that each atom H H 0 0 H/ I'\!\H ‘0 0:
(except hydrogen) has a full valence shell, typically Water Sulfur dioxide Ammonia Ozone
eight electrons. Hydrogen requires only two
" :0: . 9 ® H
electrons for stability. (") :0: |;| |
N D |
. ’ . e .. - N
6. Add Multiple Bonds: If an atom does.not achieve "’/ \\Q :6,N\\-- H/'li\H H lll H
a full octet with single bonds, consider.double or 2 X
Sulfur trioxide Nitrate Ammonium Methane

triple bonds.
Catenation

Catenation is the ability of an element to form long chains, branches, or ring structures by bonding with atoms of the same
element. This property is most prominently observed in carbon, which

forms a vast array of organic compounds through catenation. Catenation Catenation Definition in Chemistry

Catenation is self-linking of atoms to
complexity and diversity of carbon-based molecules. form chains and rings.

Catenation in Carbon straight chain  (©)—(©@—©—©—©
‘©‘

plays a central role in organic chemistry and is responsible for the

Carbon's ability to catenate is a fundamental characteristic that

r
contributes to its versatility and the vast number of compounds it can Branched Chain @—@‘@_@_@
form. Here are the key aspects of catenation in carbon: ]© @
e Formation of Long Chains: Carbon atoms can bond with each Ring or Cyclic Chain @ ©
other to form long chains. These chains can be straight or @{_@ ‘ @
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branched, leading to a wide range of organic compounds, including alkanes, alkenes, and alkynes.

e Formation of Rings: Carbon's ability to form cyclic structures results in ring compounds, including aromatic compounds
like benzene. This property is crucial for many organic molecules and complex structures in biological systems.

e Bond Flexibility: Carbon can form single, double, or triple bonds with other carbon atoms. This flexibility allows for a
variety of molecular geometries and reactivity patterns.

Importance of Catenation

o Diversity of Organic Compounds: Catenation enables the formation of a vast array of organic compounds, from simple
hydrocarbons to complex polymers and biomolecules. This diversity underpins the entire field of organic chemistry.

e Basis of Life: Catenation is essential for the formation of complex biological molecules like proteins, DNA, and
carbohydrates. The ability to form long chains and complex structures is a cornerstone of life on Earth.

e Industrial Applications: Catenation allows to produce various synthetic materials, such as plastics and polymers, by
creating long chains of carbon atoms.

Examples of Catenation

e Alkanes: Hydrocarbons with single bonds between carbon atoms, forming long chains. Examples include methane,
ethane, propane, and octane.

e Alkenes and Alkynes: Hydrocarbons with'double or triple bonds between carbon atoms, allowing for more complex
structures. Examples include ethene, propene, and ethyne.

e Polymers: Long chains of repeating carbon-based units, forming plastics and other synthetic materials. Examples
include polyethylene, polypropylene, and polystyrene.

e Aromatic Compounds: Compounds with carbon atoms arranged in ring structures. Benzene is a classic example, with
six carbon atoms in a ring, each bonded to a hydrogen atom.

Tetravalency refers to an atom's ability to form four covalent bonds with other atoms. This characteristic is most famously
associated with carbon, a fundamental element in organic chemistry and life on Earth. Tetravalency plays a crucial role in
carbon's versatility, enabling it to form a diverse‘array of Carbon Atom

structures and compounds.

Carbon's Tetravalency

4valence Can share
electrons; 4 electrons
e Electronic Configuration: Carbon has an atomic valence shell with other
capacity atoms to form
number of 6, with an electron configuration of 1s2 2s? 8electrons 4 covalent bonds
2p2. This gives carbon four valence electrons, allowing
it to form four covalent bonds.
H . ] .
e Bonding Patterns: Carbon's tetravalency means it can FRREGRATON
bond with four other atoms, creating a wide variety of CONFIGURATION —> l N I | N | | 1 | T | I
. ; ; 6 ELECTRONS
molecular structures, including chains, branches, and 152 252 2p,! 2p,t 2p,°

rings.

e Hybridization: Carbon's tetravalency is further enhanced by its ability to hybridize orbitals, leading to various
geometries such as tetrahedral, trigonal planar, and linear.

Implications of Tetravalency

Tetravalency in carbon leads to several significant implications in chemistry and biology:
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e Formation of Diverse Compounds: Carbon's ability to form four bonds allows for the creation of a vast array of organic

compounds, from simple hydrocarbons to complex polymers and biomolecules.

e Catenation: Tetravalency contributes to carbon's ability to bond with itself, resulting in chains, branched chains, and
cyclic structures. This property is key to the formation of complex organic molecules.

e Functional Groups: Carbon's tetravalency allows it to bond with other elements like hydrogen, oxygen, nitrogen, and
halogens, leading to different functional groups. These groups define the reactivity and properties of organic

compounds.

e Stability of Carbon Compounds: Carbon's tetravalency and its small atomic size result in strong covalent bonds,
contributing to the stability of carbon-based compounds.

Examples of Tetravalent Compounds
Here are a few examples that illustrate the concept of tetravalency.in carbon-based compounds:
e Methane (CH,): Carbon forms four single covalent bonds with hydrogen, creating a tetrahedral structure.
e Ethane (C;He): Carbon forms a chain with another carbon atom, each bonded to three hydrogen atoms.
e Ethene (C;Ha4): Carbon forms a double bond with another carbon atom, creating a planar structure.
e Ethyne (C;H;): Carbon forms a triple bond with another carbon atom, leading to a linear structure.
Hydrocarbons

Hydrocarbons are organic compounds consisting entirely of hydrogen and carbon atoms. They can be broadly categorized into
two main types based on the nature of the carbon-carbon bonds they contain: saturated and unsaturated hydrocarbons.

Saturated Hydrocarbons: Saturated hydrocarbons,
Molecular

also known as alkanes, have only single bonds P R Condensed Structural Formula N}.lmber of

between carbon atoms. This means that each (CoHans 2) L R
carbon atom forms four single covalent bonds with methane CH, CH, —
other atoms (either hydrogen or carbon). The ethane CoHg CH,CH; =
general formula for alkanes is C,,Hyp 42, Wheren is propane GHy  CHyCH,CH, -
the number of carbon atoms. CLEUIC CaHio  CHCH,CH,CH, =
pentane CsHy, CH,3CH,CH,CH,CH, 3
Characteristics of Saturated Hydrocarbons: hexane Tl CH;CH,CH,CH,CH,CH, 5
heptane C ik  |CRLE R LR R R AL 9
¢ Single Bonds: Only single bonds between octane CsHis  CHsCH,CH,CH,CH,CH,CH,CHs 18
carbon atoms. nonane CgHyg  CH5CH,CH,CH,CH,CH,CH,CH,CH, 35
decane CioHz»  CH3CH,CH,CH,CH,CH,CH,CH,CH,CH; 75

e Maximum Hydrogen: Each carbon atom is
bonded to as many hydrogen atoms as possible, making them "saturated" with hydrogen.

e Stability: They are generally less reactive than unsaturated hydrocarbons due to the strength of the single C-C and C-H
bonds.

Unsaturated Hydrocarbons: Unsaturated hydrocarbons have one or more double or triple bonds between carbon atoms.
These can be further divided into alkenes and alkynes.

1. Alkenes:

¢ Double Bonds: They contain at least one carbon-carbon double bond.

¢ General Formula: C, H2, (for a single double bond).
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2. Alkynes:
e Triple Bonds: They contain at least one carbon-carbon triple bond.
e General Formula: CnH2n-2 (for a single triple bond).
Characteristics of Unsaturated Hydrocarbons:
e Double/Triple Bonds: Presence of one or more double (C=C) or triple (C=C) bonds.
¢ Fewer Hydrogen Atoms: Fewer hydrogen atoms compared to alkanes with the same number of carbon atoms.

e Reactivity: More reactive than saturated hydrocarbons due to the presence of multiple bonds, which are less stable
than single bonds and can participate in additional chemical reactions like addition reactions.

Chains, Branches and Rings

In organic chemistry, hydrocarbons can exist in various structural arrangements, including chains, branches, and rings. These
different arrangements result in distinct properties and chemical behaviours. Let's explore each of them:

Chains (Straight or Branched)

Straight Chains: In a straight-chain hydrocarbon, carbon atoms are arranged in a linear sequence, forming a straight chain.
Each carbon atom is bonded to another carbon atom or hydrogen atom, extending in a linear fashion.

Branched Chains: Branched-chain hydrocarbons have carbon atoms arranged in a main chain with additional carbon chains
branching off from it. These branches can be single carbon atoms or longer chains. Branching occurs when a carbon atom in
the main chain forms fewer than four bonds, allowing it to bond to additional carbon atoms.

Examples:

i
: : H—C—H
e Straight Chain: Propane (C3H8), e e HEHEH N
H—C—C—H H--C—C—C—H  H--c—C—C—C— H H
Butane (C4H10) e T T L i)
H H H H H H H H H H—(I:—(l:—(l:—“
.. ETHANE PROPANE BUTANE H H H
e Branched Chain: Isobutane R
(C4H10C4H10), Isopentane (C5H12)
Carbon skeletons vary In length. Sk may be b hed or unbi hed.
Rings (Cyclic Structures)
Ho H H
. "\c>c\ y-H l
In cyclic hydrocarbons, carbon atoms are DR DR H/l T\H O H\T/c\c/u
Lo - : H-SC=CC=CLH H-SC=C=c=ciH H H P
arranged in a ring rather than a linear chain. - ' l - ¢ PN
Each carbon atom in the ring forms bonds et o H . H/C\H i i [ S
g 1-BUTENE 2-BUTENE H
with two other carbon atoms, resulting in a CYCEOHBXANE SENZENE
stable CyCliC structure. The skeleton may have double bonds, which can vary Some carbon skeletons are arranged in rings. (The abbreviated
in location. structural formulas omit the corner carb and the hydrog:

. . . attached to them.)
Aromatic Rings: Aromatic hydrocarbons

contain one or more benzene rings, which consist of six carbon atoms arranged in a hexagonal ring with alternating single and
double bonds. Benzene is the simplest aromatic hydrocarbon.

Non-Aromatic Rings: Non-aromatic cyclic hydrocarbons can have rings of various sizes, ranging from three to many carbon
atoms. These rings can be saturated (containing only single bonds) or unsaturated (containing double or triple bonds).

Examples:
e Aromatic Ring: Benzene (C6H6), Toluene (C7H8)

e Non-Aromatic Ring: Cyclohexane (C6H12), Cyclopropane (C3H®6)
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Calculation of Differences in Formulae and Molecular
Masses

(a) Methanol (CH3OH) and Ethanol (C;HsOH)
e Formula Difference:
¢ Methanol: CH;OH
e Ethanol: C,HsOH

e Difference: C;HsOH - CH3OH = CH; (one
carbon and two hydrogen atoms)

e Molecular Mass Difference:

e Methanol: C(12) +3H (3) + O (16) + H (1) =
32 g/mol

e Ethanol: 2C (24) + 5H (5) + O (16) +H (1) =
46 g/mol

¢ Difference: 46 - 32 = 14 g/mol
(b) Ethanol (C,HsOH) and Propanol (C3H;OH)
e Formula Difference:
e Ethanol: C;HsOH
e Propanol: C3H,0H

e Difference: CsH;0H - C;HsOH = CH; (one
carbon and two hydrogen atoms)

e Molecular Mass Difference:
e Ethanol: 46 g/mol

e Propanol: 3C(36) +7H (7) +0«(16) + H (1) =
60 g/mol

¢ Difference: 60 - 46 = 14 g/mol
(c) Propanol (CsH,0H) and Butanol (C;Hs0H)
e Formula Difference:
e Propanol: C3H;0OH
e Butanol: C4HsOH

e Difference: C4HyOH - C3H;0H = CH, (one
carbon and two hydrogen atoms)

e Molecular Mass Difference:
e Propanol: 60 g/mol

e Butanol: 4C (48) + 9H (9) + O (16) + H (1) =
74 g/mol
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e Difference: 74 - 60 = 14 g/mol
Arrangement and Homologous Series
Arrangement in Increasing Order of Carbon Atoms

1. Methanol (CH30H) - 1 carbon

2. Ethanol (C;HsOH) - 2 carbons

3. Propanol (C3H,0OH) - 3 carbons

4. Butanol (C4HsOH) - 4 carbons
Homologous Series

A homologous series is a group of compounds with the
same functional group and similar chemical properties,
where each successive member differs by a CH, unit. The
alcohols listed above (methanol, ethanol, propanol, and
butanol) form a homologous series because they each
differ by a CH, unit and share the hydroxyl (-OH) functional

group.

Generating Homologous Series for Other Functional
Groups

Here are homologous series for compounds containing up
to four carbons for other functional groups:

Aldehydes (Formyl Group, -CHO)
1. Methanal (Formaldehyde): HCHO
2. Ethanal (Acetaldehyde): CH;CHO
3. Propanal: C;HsCHO
4. ‘Butanal: C3H,CHO
Ketones (Carbonyl Group, -CO-)
1. Propanone (Acetone): CH;COCH3
2. Butanone: CH3;COC;Hs
3. Pentanone: C;HsCOC;Hs
4. Hexanone: C3H;COC;Hs
Carboxylic Acids (Carboxyl Group, -COOH)
1. Methanoic Acid (Formic Acid): HCOOH
2. Ethanoic Acid (Acetic Acid): CH3;COOH
3. Propanoic Acid: C;HsCOOH

4. Butanoic Acid: CsH;COOH
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Nomenclature of Carbon Compounds (Secondary suttix)

Functional group AT R

. b 2 Mo, ,
The nomenclature of carbon compounds, also known as organic (OH) ( E'Hz-;, Substituent (Prefix)
Sy . . N 22z -

compounds, follows the guidelines set by the International Union [ChHa — CH = CH = CH— CH — CHyl<— Pacent carbon chain
of Pure and Applied Chemistry (IUPAC). The IUPAC system provides : 2 | 3 | L (WORD ROOT)
a systematic way to name organic molecules based on their s
structure, ensuring that each compound has a unique and wﬁxj;:;l;il
descriptive name. Below are the key rules and steps for naming IUPAC name : 5-methylhex.3-en-2-0l
carbon compounds: T 1 I

-~ ‘ s

: 7 Prefix(es) + WORD ROOT + PRIMARY SUFFIX #Secondary suffix

1. Identify the Longest Carbon Chain

—_—_——————————————————————|
e Find the longest continuous chain of carbon atoms in the molecule. This chain determines the base name of the
compound.

e The length of the chain is indicated by a prefix (e.g.;;meth- for 1 carbon, eth- for 2 carbons, prop- for 3 carbons, etc.).
2. Identify and Name Substituents

e Substituents are groups attached to the main carbon chain but are not part of it.

e Common substituents include alkyl groups (methyl, ethyl, propyl, Functional

etc.), halogens (fluoro, chloro, bromo, iodo), and others. group

3. Number the Carbon Chain
CH,—CH — CH,— CH— CH—CH,

e Number the carbon atoms in the longest chain starting from the |

end closest to a substituent. This ensures that the substituents H"C

receive the lowest possible numbers. Bramch Functional Parent chain
e Assign a number to each substituent based on its position on the group

chain.
4. Assemble the Name
e Combine the names and positions of the substituents with the base.name of the main chain.
e Use hyphens to separate numbers from words and.cemmas to separaté mulﬁple numbers.
5. Identify and Name Functional Groups

e Functional groups are specific groups of atoms that impart characteristic properties to organic molecules.

e Functional groups have priority in numbering, and their presence may change the suffix of the base name (e.g., -ol for
alcohols, -al for aldehydes, -one for ketones, -oic acid for carboxylic acids).

CHEMICAL PROPERTIES OF CARBON COMPOUNDS

Carbon compounds, particularly organic compounds, exhibit a variety of chemical properties due to the versatile nature of
carbon atoms and their ability to form stable covalent bonds. Here are some key chemical properties of carbon compounds:

1. Combustion:

e Definition: Combustion is a chemical reaction where a carbon compound reacts with oxygen to produce carbon
dioxide, water, and energy (heat and light). This reaction is exothermic.

e Example: Combustion of methane: CH4 + 202 - CO2 + 2H20+ Heat -
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2. Substitution Reactions:

e In substitution reactions, an atom in a molecule is
replaced by another atom or group of atoms. This
is common in saturated hydrocarbons (alkanes).

¢ Example: Halogenation of methane.

h
« CHA4+CI2 > CH3Cl+HCl
3. Addition Reactions:

e  Addition reactions involve the addition of atoms or
groups of atoms to a molecule, typically across a
double or triple bond. This is common in
unsaturated hydrocarbons (alkenes and alkynes).

e Example: Hydrogenation of ethene.

Ni
e C2HA+H2— C2H6
4. Elimination Reactions:

e Elimination reactions involve the removal of atoms
or groups of atoms from a molecule, resulting.in
the formation of a double or triple bond.

o Example: Dehydration of ethanol to form ethene.

H,50,
e (C2H50H —— C2H4+H220
5. Oxidation and Reduction:

e Oxidation: Involves the loss of electrons or an
increase in oxidation state. For organic compounds,
it often involves the addition of oxygen or the
removal of hydrogen.

Example: Oxidation of ethanol to acetic acid.
e C2H50H+[0]->CH3CO0OH+H20

e Reduction: Involves the gain of electrons or a
decrease in oxidation state. For organic
compounds, it often involves the addition of
hydrogen or the removal of oxygen.

e Example: Reduction of ethene to ethane:
e (2H4+H2-> C2H6

5. Polymerization: Polymerization is a chemical
process in which monomers (small molecules)
combine to form a polymer (a large molecule with
repeating structural units).
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CARBON AND ITS COMPOUNDS

Example: Polymerization of ethene to form polyethylene:

catalysts
n(C2H4) —— (C2HA4)
7. Isomerization:

e Isomerization is the process where a molecule is
transformed into another molecule with the same
molecular formula but a different structure.

e Example: Conversion of butane to isobutane:
e C4H10 - (CH3)3CH
8. Hydrolysis:

e  Hydrolysis is a chemical reaction where a
compound reacts with water, causing the
breakdown of the compound.

e Example: Hydrolysis of an ester:
e (CH3COOCH3 +H20 - CH3COOH + CH30H
9. Condensation Reactions:

e Condensation reactions involve the joining of two
molecules with the elimination of a small molecule
such as water.

¢ Example: Formation of an ester from a carboxylic
acid and an alcohol:

e CH3COOH + CH30H - CH3COOCH3 + H20
10. Acid-Base Reactions:

e Acid-base reactions involve the transfer of protons
(H*) between reactants. In organic chemistry, this
often involves functional groups like carboxylic
acids and amines.

o Example: Reaction of acetic acid with sodium
hydroxide:

e CH3COOH + NaOH - CH3COONa + H20

These chemical properties of carbon compounds highlight
the versatility and reactivity of organic molecules, allowing
for a vast array of chemical reactions and applications in
various fields, including industrial chemistry,
pharmaceuticals, and materials science.

Alkaline KMnO +Heat _
Or acidic KEC.‘r:O?—heat -

CH, CH,0H CH,COOH
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SOME IMPORTANT CARBON COMPOUNDS - ETHANOL AND ETHANOIC ACID

Ethanol (C;HsOH) e Chemical Synthesis: Precursor for the synthesis of

) ) various chemicals like ethyl acetate and acetic acid.
Ethanol, commonly known as alcohol, is a simple alcohol

with the chemical formula C2H50HC2HS50H. It is a Ethanoic Acid (CH;COOH)

colorless, volatile liquid with a characteristic odor and is . L
Ethanoic acid, commonly known as acetic acid, is a

carboxylic acid with the chemical formula CH3COOHCH3
Properties of Ethanol COOH. ltis a colorless liquid with a pungent smell and is a

widely used in beverages, as a solvent, and as a fuel.

. . key component of vinegar.
1. Physical Properties:

- . Properties of Ethanoic Acid
e Boiling Point: 78.37 °C

. . 1. Physical Properties:
e Melting Point: -114.1 °C

. e Boiling Point: 118.1 °C
e Density: 0.789 g/cm? at 20 °C

- e . , e Melting Point: 16.6 °C
e Solubility: Miscible with water in all

proportions, soluble in many organic e Density: 1.049 g/cm?
solvents. o ]
e Solubility: Miscible with water, ethanol,
2. Chemical Properties: and many other solvents.
Combustion: 2. Chemical Properties:
e (C2H50H +302 - 2€02 +3H20 + heat Acidic Nature:
Dehydration (to form ethene): e CH3COOH=CH3C00-+H+
H SO . . . .
e C2HS0H 2504 C2H4 + H20 e Ethanoic acid is a weak acid,

partially dissociating in water.
Oxidation:
Reaction with Bases (neutralization):

Mild Oxidation (to form acetaldehyde):
e CH3COOH + NaOH - CH3COONa + H20

e (C2H50H +[0] - CH3CHO +H20
Reaction with Carbonates and Bicarbonates:

Strong Oxidation (to form acetic acid):
e 2CH3COOH+Na2C03 52CH3COONa+H20+C02

¢ (C2H50H+[0]>CH3COOH+H20 o CH3COOH+NaHCO3 - CH3COONa+H20+C02

Reaction with Sodium: Esterification (formation of esters):

* 2(2H50H +2Na -> 2C2H50Na + H2 Esterification is a chemical reaction that combines an

organic acid (RCOOH) and an alcohol (ROH) to form an

ester (RCOOR) and water. The reaction is also known as

 Beverages: Key ingredient in alcoholic drinks like Fischer esterification when a carboxylic acid is converted to
beer, wine, and spirits. an ester under acidic conditions

Uses of Ethanol

e Solvent: Widely used in the pharmaceutical and .
Ester Formation

cosmetics industries. (Condensation Reaction)
e Fuel: Used as a biofuel or fuel additive (e.g., E10, 'ﬁ - ‘@
il —_ lr—p' =——= P Tar o
ESS5). R—Cf0—H + H+-0—R R O—R + |[H—{—H
Carbanxylic Aleahol Ester Wiiter
e Antiseptic: Used in hand sanitizers and acid

disinfectants.
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Soaps and Detergents: Soaps and detergents are crucial
cleaning agents used to remove dirt, grease, and stains
from surfaces and fabrics. They work by breaking down oils
and dirt particles, making them easier to wash away with
water.

Soaps: Soaps are sodium or potassium salts of fatty acids.
They are produced by the saponification process, which
involves the reaction of fats or oils with an alkali.

Chemical Structure

e General Formula: R-COONa (where R represents a
long-chain alkyl group)

e Common Fatty Acids: Stearic acid, oleic acid,
palmitic acid

e Example: Sodium stearate (C;;H35sCOONa)
Saponification Process

¢ Reactants: Fats/oils + Sodium hydroxide (NaOH) or
Potassium hydroxide (KOH)

e Products: Soap + Glycerol (byproduct)
e Equation:

Fat/Oil + NaOH —> Soap (sodium salt of fatty acid) +
Glycerol

Types of Soaps

e Hard Soaps: Made with sodium hydroxide; solid in
form.

o Examples: Laundry.soaps, bathing bars.

e Soft Soaps: Made with potassium hydroxide; softer
and more soluble in water.

o Examples: Liquid soaps, shaving creams.
Properties

e Cleansing Action: Soap molecules have a
hydrophobic (water-repelling) tail and a hydrophilic
(water-attracting) head. The tail dissolves in grease,
while the head dissolves in water, forming an
emulsion that lifts dirt away.

e Biodegradability: Soaps are biodegradable and
break down into harmless substances in the
environment.
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Limitations

e Hard Water: In hard water containing calcium and
magnesium ions, soap forms insoluble precipitates
(scum), reducing its effectiveness.

o Alkalinity: Soaps are alkaline and may be harsh on
skin or delicate fabrics.

Working of Soap on Dirt
1. Micelle Formation:

o Soap Micelle: A soap molecule has a long
hydrophobic hydrocarbon tail and a
hydrophilic carboxylate head. When soap is
added to water, the soap molecules
arrange themselves into structures called
micelles.

o Micelle Structure: In a micelle, the
hydrophobic tails cluster in the centre,
away from water, while the hydrophilic
heads remain on the surface, in contact
with water.

2. Emulsification:

o Dirt and Grease Removal: Dirt and grease,
being non-polar, are trapped by the
hydrophobic tails of the soap molecules.
The hydrophilic heads remain in contact
with water, allowing the micelle to stay
suspended in the water.

o  Formation of Emulsion: The dirt or grease
is surrounded by soap molecules, forming
an emulsion. This suspension can be rinsed
away with water, effectively removing the
dirt.

3. Dispersion:

o Suspending Dirt in Water: The micelles
disperse in water, carrying away the
trapped dirt and grease. This dispersion
allows the dirt to be easily washed away,
leaving the surface clean.

Detergents

Detergents are synthetic cleaning agents that can work in
hard water and acidic conditions. They are typically
composed of surfactants, builders, and other additives.
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Chemical Structure

e General Formula: R-SO,;~ Na* (where R represents
a long-chain alkyl group)

e Types: Anionic, cationic, and non-ionic detergents.

o Anionic Detergents: Negative charge on
the hydrophilic head (e.g., sodium dodecyl
sulfate)

o Cationic Detergents: Positive charge on the
hydrophilic head (e.g.,
cetyltrimethylammonium bromide)

o Non-lonic Detergents: No charge on the
hydrophilic head (e.g., ethoxylates)

Manufacturing Process

¢ Sulfonation: Long-chain hydrocarbons are reacted
with sulfuric acid to form sulfonic acids.

e Neutralization: Sulfonic acids are neutralized with
sodium hydroxide or other alkalis to form
detergents.

Types of Detergents

e Laundry Detergents: Designed for washing clothes;

may contain enzymes, optical brighteners, and
fragrances.

o Dishwashing Detergents: Formulated to remove
grease and food residues from dishes. _

¢ Household Cleaners: General-purpose cleaners for
surfaces. ' '

Properties

e Cleansing Action: Like soaps, detergents have
hydrophobic and hydrophilic parts that emulsify
grease and suspend dirt in water.

e Hard Water Performance: Detergents do not form
scum in hard water and remain effective.

e Chemical Stability: More chemically stable and
effective over a wider range of pH levels compared
to soaps.

Advantages Over Soaps

e Effective in Hard Water: Do not form insoluble
precipitates with calcium or magnesium ions.
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e \Versatility: Suitable for use in various conditions,

including acidic and alkaline environments.

¢ Tailored Formulations: Can be specifically

formulated for different cleaning applications.

Environmental Impact

e Biodegradability: Modern detergents are designed

to be biodegradable, but some older formulations

can be harmful to aquatic life.

e Phosphate Pollution: Phosphates in detergents can

cause eutrophication in water bodies, leading to

algal blooms and oxygen depletion.

Comparison Between Soaps and Detergents

Feature

Composition

Effectiveness in
Hard Water

Biodegradability

Skin Sensitivity

Environmental
Impact

Soaps

Sodium or
potassium salts
of fatty acids

Natural fats and
oils

Forms scum and
is less effective

Biodegradable

Mild, may cause
dryness

Generally eco-
friendly

Detergents

Sulfonic acids or
sulphate salts

Synthetic
compounds

Does not form
scum; remains
effective

Can be
biodegradable or
non-
biodegradable

Often
formulated to be
gentle

Potential for
pollution if not
biodegradable

Soap
molecules

O—'-Hrr'f/ Polar

Nonpolar
(@Y%

Bacteria living in dirt

Nonpolar “tails” adhere to dirt on the skin.
Polar groups are soluble in water and help
lift the dirt away from the skin.

15
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1. What would be the electron dot structure of carbon
dioxide which has the formula CO,?

Answer:

The electron dot structure of carbon dioxide (CO,)
illustrates how valence electrons are shared between
carbon and oxygen atoms to form covalent bonds. Carbon,
having four valence electrons, requires four more electrons
to complete its octet. Each oxygen atom has six valence
electrons and needs two additional electrons to fill its
valence shell.

In the CO, molecule, carbon forms double bonds with each
oxygen atom. This means that two pairs of electrons are
shared between the carbon and each oxygen atom,

resulting in the following
Lewis Structure for CO2

O=C=0

e Carbon: Has 4 valence electrons and needs 4 more

structure:
Electron Dot Structure:

Explanation:

to achieve a full outer shell.

e Oxygen: Each oxygen has 6 valence electrons and
needs 2 more to complete its octet.

o Double Bonds: Carbon shares two pairs of
electrons with each oxygen atom, forming two
double bonds (C=0).

This arrangement satisfies the octet rule for both carbon
and oxygen, making the molecule stable.

2. What would be the electron dot structure of a molecule
of sulphur which is made up of eight atoms of sulphur?
(Hint — The eight atoms of sulphur are joined together in
the form of a ring.)

Answer:

The molecule of sulphur consisting of eight atoms (Ss)
forms a puckered ring structure where each sulphur atom
forms single covalent bonds
with two neighbouring sulphur
atoms. Each sulphur atom has
six valence electrons and shares
two of these with adjacent
sulphur atoms to form single
bonds.
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Explanation:

e Sulphur: Each sulphur atom has 6 valence
electrons.

e Bonding: Each sulphur atom forms single bonds
with two neighbouring sulphur atoms by sharing
one pair of electrons with each.

This cyclic structure allows each sulphur atom to maintain
an octet of electrons, which is characteristic of the stability
of the Sg molecule.

3. How many structural isomers can you draw for
pentane?

Answer:

Pentane (CsHq2) has three structural isomers, which are
different ways of arranging the same set of atoms to form
molecules with distinct structures.

Isomers of Pentane

n-pentane
HHHHH neopentane
| I I I | H
H-C-C-C-C-C-H |
A H-C—H
HHHHH H ‘ H
_ | I
isopentane
SRR
T e
H—§—H H
H
Explanation:

e Isomers: Structural isomers have the same
molecular formula (CsHq2) but different connectivity
of their atoms.

o Difference: Each isomer has distinct physical and
chemical properties due to the variation in
structure.

4. What are the two properties of carbon which lead to
the huge number of carbon compounds we see around
us?
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Answer: The vast number of carbon compounds is
attributed to two primary properties of carbon:

1. Catenation:

Catenation is the ability of carbon atoms to form long
chains, branched chains, and rings by bonding with other
carbon atoms.

o Explanation: This property is unique
because the carbon-carbon bond is strong
and stable. Carbon can form single, double,
and triple bonds with other carbon atoms,
leading to a variety of structures such as
linear, branched, and cyclic compounds.

o Example: Hydrocarbons like methane
(CH4), ethane (C;Hs), and benzene (CsHs)
are examples of compounds formed
through catenation.

2. Tetravalency:

Tetravalency refers to carbon's ability to form four covalent
bonds with other atoms.

o Explanation: Carbon has four valence
electrons and can bond with four other
atoms, including other carbon atoms,
hydrogen, oxygen, nitrogen, sulphur, and
halogens. This versatility allows for the
formation of a wide range of compounds
with diverse properties.

o Example: Compounds like methane (CHa),
ethanol (C,HsOH), and acetic acid
(CHsCOOH) illustrate carbon's tetravalency.

Combined Effect:

o Diversity: The combination of catenation and
tetravalency allows carbon to form millions of
compounds with different structures and functions,
making it fundamental to organic chemistry.

5. What will be the formula and electron dot structure of
cyclopentane?

Answer:

The chemical formula of cyclopentane is CsHqo.
Cyclopentane is a cyclic alkane where five carbon atoms are
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CARBON AND ITS COMPOUNDS
connected in a ring, and each carbon atom is bonded to
two hydrogen atoms.

Formula: CsHqo

Electron Dot Structure:
Cyclopentane (CsHio)

H H H.o O.H
\c/ " . C .* i
H\c/ \c/H Sc c®
s . *
H | |\|-| H L g LN H
H H He oH
>c_c< o
H H H* *H
Structural Formula Electron-dot structure
Explanation:

e  Structure: Each carbon atom in cyclopentane forms
single covalent bonds with two neighbouring
carbon atoms and two hydrogen atoms, creating a
stable, saturated ring structure.

e Bonds: All carbon-carbon bonds are single (sigma)
bonds, and each carbon atom has its valence shell
completed by two hydrogen atoms.

6. Draw the structures for the following compounds.
Answer:

(i) Ethanoic Acid (CHsCOOH)

Acetic acid (CH3COOH)

i

H
1 Lewis Structure

‘ Oxygen
o Carbon

Hydrogen

I
H—C—C—0—H

Explanation:

e Ethanoic acid (acetic acid) consists of a methyl
group (CHs) attached to a carboxyl group (COOH).

(ii) Bromo pentane (CsHyBr):
o 1-Bromopentane:
CH3;—CH,—CH;—CH,—CH,—Br
e 2-Bromopentane:

CH3—CH2—CH2—CH(BF)—CH3
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e 3-Bromopentane:
CH3_CH2—CH(Br)—CH2_CH3

Are structural isomers possible for Bromo pentane?

Explanation:
H H H H H H H H H H
| T R | IR
H—-C—C—C—C—C—Br H—C—C—C—C—C—H
[ N T | O T B |
H H H H H H H H Br H
1, Bromopentane 2, Bromopentane
H H H H H
| T R -
H-C—-C—C—C—C—H
| S T R
H H Br H H

e Bromo pentane can exist in different forms
depending on the position of the bromine atom on
the pentane chain.

(iii) Butanone T T ﬁ T

(CHsCOCHCHs): H— C—C—C—C—H
I |

Explanation: H H H
Butanone

e Butanone (methyl ethyl ketone) has a carbonyl
group (C=0) bonded to a methyl group (CHz) on
one side and an ethyl group (CH,CHs) on the other.

(iv) Hexanal (CHs(CH3),CHO):

Explanation:

H
(|
— L—(C—H
I
H

H
I
H— (—
I
H

I—0—I
I—0—I
I—0—I

Hexanal
e Hexanal has an aldehyde group (CHO) at the end of
a six-carbon chain.

7. How would you name the following compound:
CH3—CH2—Br?

The given compound is named Bromoethane.

W oL
(11)
H-C=0
Th Methanal.
10. How would you distinguish experimentally between
HHHH e The Compound name is 2- an alcohol and a carboxylic acid?
(111) H-C-C-C-C-C=C-H Hexyne.
HHHH Answer:To distinguish between an alcohol and a carboxylic
acid, you can use the following tests:
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8. Why is the conversion of ethanol to ethanoic acid an
oxidation reaction?

Answer: The conversion of ethanol (CHsCH,0H) to ethanoic
acid (CH3COOH) is an oxidation reaction because it involves
the increase in the oxidation state of carbon.

Reaction: CHsCH,0H + [O] = CHsCOOH + H,0
Explanation:

e Oxidation State: In ethanol, the carbon in the
hydroxyl group (CH3CH,OH) has an oxidation state
of -1. In ethanoic acid (CHsCOOH), the carbon in
the carboxyl group has an oxidation state of +3.

o Hydrogen Removal: The reaction involves the
removal of hydrogen atoms and the addition of an
oxygen atom, which increases the oxidation state
of carbon, signifying an oxidation process.

9. A mixture of oxygen and ethyne is burnt for welding.
Can you tell why a mixture of ethyne, and air is not used?

Answer: A mixture of oxygen and ethyne (acetylene) is
used for welding instead of ethyne and air because the
combustion with pure oxygen produces a much higher
temperature flame, which is necessary for welding metals.

¢ Temperature: The oxy-acetylene flame reaches
temperatures around 3500°C, which is required to
melt metals for welding.

e Combustion: When ethyne burns in pure oxygen,
complete combustion occurs:

2C3;H; + 50, = 4C0O, + 2H,0
This produces a very hot flame.

e Air Limitation: Air contains only about 21% oxygen,
and the presence of nitrogen and other gases
lowers the flame temperature, making it unsuitable
for welding applications that require high heat.
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1. Litmus Test:

o Carboxylic Acid: Turns blue litmus paper
red due to its acidic nature.

o Alcohol: Does not change the color of
litmus paper.

2. Sodium Bicarbonate Test:

o Carboxylic Acid: Reacts with sodium
bicarbonate (NaHCOs) to produce carbon
dioxide gas, which causes effervescence.

CH3COOH + NaHCO3 - CH3COONa + CO; + H,0

o Alcohol: Does not react with sodium
bicarbonate.

3. Tollens’ Test:

o Carboxylic Acid: Does not react with
Tollens’ reagent.

o Alcohol: Primary alcohols can be oxidized
by Tollens’ reagent to form aldehydes,
which further react to form silver mirror.

Explanation:

e Carboxylic Acid: The acidic nature and ability to
produce CO, with NaHCO; are key distinguishing
factors.

e Alcohol: Lack of reaction with NaHCOs and neutral
behaviour on litmus paper are indicative of
alcohols.

11. What are oxidizing agents?

Answer: Oxidizing agents are substances that could accept
electrons from other substances during a chemical
reaction, thereby causing the oxidation of those
substances.

Explanation: Function: Oxidizing agents gain electrons and
are themselves reduced in the process. They facilitate
oxidation reactions by removing electrons from other
substances.

e Examples:

o Potassium Permanganate (KMnOQ,): Acts
as a strong oxidizer in acidic or neutral
solutions.
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o Hydrogen Peroxide (H,0,): A mild oxidizing
agent commonly used in disinfection and
bleaching.

o Oxygen (0,): A ubiquitous oxidizing agent
involved in combustion and respiration
processes.

Role in Reactions:

e Oxidation: Involves the increase in oxidation state
of the substance being oxidized.

e Reduction: The oxidizing agent itself undergoes
reduction by gaining electrons.

12. Would you be able to check if water is hard by using a
detergent?

Answer: No, you would not be able to check if water is
hard by using a detergent.

Explanation:

o Detergents: Unlike soaps, detergents are synthetic
cleaning agents that do not form scum in hard
water. They are designed to work effectively in
both soft and hard water.

e Hard Water: Contains dissolved calcium and
magnesium ions that react with soap to form an
insoluble precipitate (scum), but detergents
contain sulfonate or sulphate groups that do not
precipitate with these ions.

e Testing Hardness: To check for hardness, you
would typically use soap and look for the formation
of scum or employ other methods like titration
with EDTA.

13. People use a variety of methods to wash clothes.
Usually, after adding the soap, they ‘beat’ the clothes on a
stone, or beat them with a paddle, scrub with a brush or
the mixture is agitated in a washing machine. Why is
agitation necessary to get clean clothes?

Answer: Agitation is necessary to get clean clothes because
it helps to physically remove dirt and grease from the fabric
and enhances the effectiveness of soap or detergent.
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Explanation:

e Mechanical Action: The physical movement and
agitation loosen dirt particles and grease from the
fabric fibres, making it easier for soap or detergent
to emulsify and remove them.

o Distribution: Agitation ensures even distribution of
soap or detergent throughout the clothes, allowing
for better cleaning action.

e Micelle Formation: Agitation helps in the
formation and movement of micelles, which trap
and carry away dirt and grease particles in the
washing water.

Mechanism:

e Dirt Removal: The combination of chemical
cleaning action and mechanical agitation results in
effective removal of contaminants from clothing,
ensuring thorough cleaning.

14. Explain the nature of the covalent bond using the
bond formation in CH;Cl.

Answer: The covalent bond in CHsCl (methyl chloride)
involves the sharing of electrons between carbon,
hydrogen, and chlorine atoms. Carbon, with four valence
electrons, forms covalent bonds by sharing electrons with
three hydrogen atoms and one chlorine atom.

Explanation:

e Carbon: Shares one

electron with each H
hydrogen atom and one !

) . H-C-Cl
electron with the chlorine 0
atom, forming four H
covalent bonds. methyl chloride

e Hydrogen: Each hydrogen atom shares its single
electron with carbon to form a covalent bond.

e Chlorine: Shares one of its seven valence electrons
with carbon, completing its octet while carbon also
achieves an octet.

Nature of Covalent Bond:

e Electronegativity Difference: While the C-H bonds
are non-polar due to similar electronegativity, the
C-Cl bond is polar because chlorine is more
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electronegative than carbon, causing a partial
negative charge on chlorine and a partial positive
charge on carbon.

e Stability: Covalent bonds involve the sharing of
electrons, resulting in a stable electron
configuration for each atom involved in the bond.

15. Draw the electron dot structures for the following
compounds.

Answer:
(a) Ethanoic Acid (CH;COOH):
Explanation:

e Ethanoic acid has a carboxyl group (-COOH)
bonded to a methyl group (CHs).

(b) H,S (Hydrogen Sulphide):
Explanation:

e Hydrogen sulphide consists of two hydrogen atoms
bonded to a sulphur atom, which has two lone
pairs of electrons.

(c) Propanone (CHsCOCH:;):
Explanation:

e Propanone (acetone) has a carbonyl group (C=0)
bonded to two methyl groups (CHs).

(d) F2 (Fluorine Gas):
Explanation:

e Fluorine gas consists of two fluorine atoms sharing
a pair of electrons, forming a single covalent bond.

or H-8-H

{d) Fluorine (F3) : ﬁoB or FP-F

|
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16. What is a homologous series? Explain with an
example.

Answer: A homologous series is a group of organic
compounds that have a similar general formula, exhibit a
regular pattern in structure, and show gradual changes in
their physical properties with an increasing number of
carbon atoms.

Characteristics:

e General Formula: Members follow a common
general formula. For example, alkanes follow the
formula CyHzp42.

e Gradual Change: Physical properties such as boiling
points and melting points increase gradually with
molecular size.

e Functional Group: Members have the same
functional group, leading to similar chemical

properties.
Example:
¢ Alkanes:

o Methane (CH,): The simplest alkane with
one carbon atom.

o Ethane (C;Heg): Two carbon atoms.
o Propane (CsHg): Three carbon atoms.
Explanation:

e Each member of the alkane series differs from the
next by a CH, unit. As the chain length increases,
physical properties such as boiling point increase,
but chemical reactivity remains similar due to the
consistent functional group (single carbon-carbon
bonds).

17. How can ethanol and ethanoic acid be differentiated
on the basis of their physical and chemical properties?

Answer: Ethanol (CHsCH,0H) and ethanoic acid (CHsCOOH)
can be differentiated by their physical properties and
chemical behaviour:

Physical Properties:
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1. Odor:

o Ethanol: Has a characteristic alcoholic
smell.

o Ethanoic Acid: Has a sharp, pungent
vinegar-like smell.

2. Boiling Point:
o Ethanol: Lower boiling point (78.37°C).

o Ethanoic Acid: Higher boiling point
(118.1°C) due to stronger hydrogen
bonding in the carboxyl group.

Chemical Properties:
1. Reaction with Sodium:

o Ethanol: Reacts with sodium to release
hydrogen gas.

2CH3CH20H +2Na > ZCH?.CHzONa + Hz

o Ethanoic Acid: Also reacts with sodium but
forms sodium acetate and hydrogen gas.

2CH3;COOH + 2Na - 2CH3;COONa + H;
2. Reaction with Sodium Bicarbonate:

o Ethanol: Does not react with sodium
bicarbonate.

o Ethanoic Acid: Reacts with sodium
bicarbonate to produce carbon dioxide gas,
“ water, and sodium acetate.

CH3COOH + NaHCO; - CH;COONa + CO, + H,0
Explanation:

e Ethanol: Alcohols generally do not react with
bicarbonates and have different physical properties
from acids.

e Ethanoic Acid: Carboxylic acids react with
bicarbonates, showing acidic properties and having
distinct physical characteristics.

18. Why does micelle formation take place when soap is
added to water? Will a micelle be formed in other
solvents such as ethanol also?
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Answer: Micelle formation occurs when soap is added to
water due to the unique structure of soap molecules,
which have both hydrophobic (water-repelling) and
hydrophilic (water-attracting) parts.

Mechanism:

e Hydrophobic Tail: The long hydrocarbon tail (non-
polar) avoids water and prefers to interact with
grease or oil.

e Hydrophilic Head: The ionic or polar head interacts
with water.

When soap is added to water, the soap molecules arrange
themselves into spherical structures called micelles. The
hydrophobic tails aggregate in the center, trapping grease,
while the hydrophilic heads face outward, interacting with
water, forming a stable emulsion.

Micelle Formation in Other Solvents:

e Ethanol: Micelle formation is unlikely in ethanol
because ethanol, being a polar organic solvent, can
dissolve both hydrophilic and hydrophobic
substances, preventing the formation of distinct
micelle structures.

e Explanation: Micelle formation relies on the
immiscibility of the soap tails with water. In
solvents that can dissolve both polar and non-polar
substances, micelles are not typically formed.

Explanation:

e  Water: Micelles trap grease and dirt:within their
hydrophobic centers and allow them to be washed
away.

e Other Solvents: The absence of a distinct
hydrophilic and hydrophobic phase prevents
micelle formation.

19. Why are carbon and its compounds used as fuels for
most applications?

Answer: Carbon and its compounds are used as fuels for
most applications due to their ability to undergo
combustion reactions, releasing a significant amount of

1. High Energy Release:

o Combustion: Carbon compounds such as
hydrocarbons combust in the presence of
oxygen to produce carbon dioxide and
water, releasing large amounts of energy.

CH, + 20, > CO;, + 2H,0 + Energy
2. Abundance:

o Availability: Carbon-based fuels like coal,
petroleum, and natural gas are abundant
and readily available.

3. Versatility:

o Variety: Carbon compounds can exist in
various forms such as solids (coal), liquids
(petroleum), and gases (natural gas),
making them suitable for diverse
applications.

4. Efficiency:

o Energy Density: Carbon-based fuels have
high energy density, providing more energy
per unit weight compared to many other
fuels.

Explanation:

e Practicality: The combination of high energy
release, availability, and efficiency makes carbon
compounds'ideal for use as fuels in transportation,
electricity generation, and heating.

20. Explain the formation of scum when hard water is
treated with soap.

Answer: Scum formation occurs when hard water,
containing dissolved calcium and magnesium ions, reacts
with soap. Soap is a sodium or potassium salt of long-chain
fatty acids.

Reaction:

e Soap Reaction: In hard water, the soap (sodium
stearate) reacts with calcium or magnesium ions to
form an insoluble precipitate called scum.

energy.

2C,7H35sCOONa + Ca* - (C17H35COO)zCa + 2Na*
Reasons:
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Here, Ci7H3sCOO™ is the stearate ion from soap, and Ca?* is
the calcium ion.

Explanation:

e Insolubility: The calcium or magnesium salts of
fatty acids (scum) are not soluble in water, and
they precipitate out, forming a sticky residue.

e Impact: This scum does not dissolve in water and
can adhere to surfaces, reducing the effectiveness
of the soap for cleaning.

Solution:

e Soft Water: Using soft water or synthetic
detergents, which do not form insoluble salts with
calcium or magnesium, can prevent scum
formation.

21. What change will you observe if you test soap with
litmus paper (red and blue)?

Answer: Testing soap with litmus paper reveals its basic
nature.

Observations:
1. Red Litmus Paper:
o Change: Turns blue.

o Explanation: Soap is basic in nature and
will turn red litmus paper blue due'to the
alkaline substances in.soap, such as sodium
hydroxide.

2. Blue Litmus Paper:
o Change: Remains blue.

o Explanation: Since soap is basic, it will not
affect blue litmus paper, which indicates an
alkaline environment.

Explanation: Basic Nature: Soap contains alkali (typically
sodium hydroxide), making it basic, and it will turn red
litmus paper blue while leaving blue litmus paper
unchanged.

22. What is hydrogenation? What is its industrial
application?
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Answer: Hydrogenation is the chemical process of adding
hydrogen to unsaturated organic compounds, typically
alkenes or alkynes, in the presence of a catalyst to convert
them into saturated compounds.

Reaction:

e General Reaction:
R—CH=CH—R' + H, > R—CH,—CH,—R'
Industrial Application:

1. Vegetable Oils:

o Process: Hydrogenation of unsaturated fats
in vegetable oils converts them into solid
fats, such as margarine and shortening.

C17H33COOH + H; - Cy7H35COOH

o Purpose: This process is used to increase
the shelf life and stability of vegetable oils,
making them more solid at room
temperature.

2. Fuel Production:

o Conversion: Hydrogenation is used to
convert unsaturated hydrocarbons in crude
oil into saturated hydrocarbons, improving
the quality of fuels like gasoline and diesel.

Catalysts:

e Common Catalysts: Nickel, platinum, or palladium
are typically used to facilitate the hydrogenation
process.

Explanation:

e Stability: Hydrogenation increases the stability and
shelf life of fats and oils by reducing their
unsaturation and susceptibility to oxidation.

23. Which of the following hydrocarbons undergo
addition reactions: C;Hs, C3Hs, CsHe, C2H> and CH,?

Answer: The hydrocarbons that undergo addition reactions
are the unsaturated hydrocarbons, which include alkenes
and alkynes:

1. GC3He (Propene):

o Type: Alkene (unsaturated hydrocarbon).



http://www.asteriskclasses.com/

CARBON AND ITS COMPOUNDS

CLASS-10 (JKBOSE-08 MARKS) CHEMISTRY ASTERISK CLASSES

o Addition Reaction: Propene undergoes
addition reactions due to the presence of a
double bond.

CH;—CH=CH; + H, - CH3;—CH,—CHs
2. CZHz (Ethyne):
o Type: Alkyne (unsaturated hydrocarbon).

o Addition Reaction: Ethyne undergoes
addition reactions due to the presence of a
triple bond.

HC=CH + H; - H.C=CH;
Explanation:

e Alkanes (C;Hs, C3Hsg, CHg): These are saturated
hydrocarbons and do not typically undergo
addition reactions because they lack multiple
bonds.

o Alkenes and Alkynes: They have double or triple
bonds that can open and add atoms such as
hydrogen, halogens, etc.

24. Give a test that can be used to differentiate between
saturated and unsaturated hydrocarbons.

Answer: Test: The Bromine Water Test is commonly used to
differentiate between saturated and unsaturated
hydrocarbons.

Procedure:
1. Add Bromine Water:

Add a few drops of bromine water (Br, solution) to the
hydrocarbon sample.

2. Observation:

Unsaturated Hydrocarbon: Bromine water decolorizes
immediately, indicating the presence of double or triple
bonds that react with bromine.

R—CH=CH—R' + Br, » R—CHBr—CHBr—R'

o Saturated Hydrocarbon: No colour change
is observed, as saturated hydrocarbons do
not react with bromine water.

Saturated Hydrocarbons: Alkanes do not react
with bromine because they lack the multiple bonds
required for the addition reaction.

Unsaturated Hydrocarbons: Alkenes and alkynes
react with bromine, breaking the multiple bonds
and adding bromine atoms, resulting in
decolorization of the bromine water.

25. Explain the mechanism of the cleaning action of

soaps.

Answer: The cleaning action of soaps is based on their

ability to emulsify and remove grease and dirt through

micelle formation.

Mechanism:

1.

2.

Structure of Soap:

o Hydrophobic Tail: Long hydrocarbon chain
that repels water and interacts with grease
and oil.

o Hydrophilic Head: lonic or polar end that
interacts with water.

Micelle Formation:

o In water, soap molecules arrange
themselves into spherical structures called
micelles, with hydrophobic tails inward and
hydrophilic heads outward.

o ' The hydrophobic tails trap grease and dirt
inside the micelle.

Emulsification: The hydrophilic heads of the
micelles remain in contact with water, allowing the
grease-trapped micelles to remain suspended in
water.

o This suspension prevents the grease from
reattaching to surfaces, allowing it to be
washed away with water.

Explanation: Action: The dual nature of soap molecules

allows them to surround and emulsify non-polar

substances like grease, making them soluble in water and

easy to rinse off.

Explanation: e Result: Effective removal of dirt and grease from
surfaces during washing.
—]
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