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GENERAL GROUP TRENDS OF REPRESENTATIVE
ELEMENTS

Elements in the long form of periodic table are arranged according to their
increasing atomic number and electronic configuration in such a manner
that their general properties are correlated to each other.

They exhibit a regular trend in properties within each group, with some
exceptions or anomalies occurring in specific positions.

Group Trend

The regular variations in the properties of elements in a group of

4 p IN:dic table is called group trend

Atomic Ra

Atomic ra distance betwee u
outermost elect he

increases, resulting in an increas
nucleus and the outermost electr
v" The same trend applies to the ele
v' That means beryllium is the sma
barium is the largest.

Alkali Metals Atomic Radii Alkaline Earth Atomic Radii
(Group IA) (pm) Metals (Group IIA (pm)
Li 152 Be 112
Na 186 Mg 145
K DT Ca 194
Rb 248 Sr 219
Cs 264 Ba 253
Fr 348 Ra 215
IIIA Group ~— 7 (&2l

v' Atomic radii of the elements of Boron family (Group IIIA) generally
increase down the group (from boron to thallium).

v' There is an exception to the trend between aluminium and gallium.
Gallium has slightly smaller atomic radii than aluminium despite
being located below it in the group.

v' It is because of poor shielding effect caused by electrons of d-orbitals.
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IVA to VIIIA Groups

v' The atomic radii of elements of Group IVA to Group VIIIA follow the
similar group trend, increasing regularly from top to bottom within the

group.

v" The same reason for this trend is discussed as in the group trend of

alkali metals.

IITA IVA VA VIA | VIIA VIIIA
B C 0] N F Na
-85 =77 -75 -73 -72 -71
Al S P S CI Ar
118 -110 -103 -100 -98
Ge As Se
122 -120
Sn | Sb
-140 -140
Pb Bi
-150
"It is the energy needed to r -
\_)‘L&s
Groug

IA and IIA Groups

v' The ionization energy of alkali metals«(Gueup ANC
metals (Group IIA) decreases as we move down the group.

v’ This is because the outermost electrons of these elements are located
farther away from the nucleus as we go from top to bottom, leading to
weaker attractive forces between the electrons and the nucleus.

v' As a result, it requires less energy to remove the outer shell electrons
from the atom, that is why the ionization energy decreases.

ITIA Group

v' The ionization energy (IE) trend in group IIIA elements has
irregularities as we move down the group.

v Two exceptions highlight this irregularity. Firstly, gallium (Ga) has a
higher ionization energy than aluminium (A). Secondly, thallium (TI)
exhibits a higher ionization energy than indium (n). These
irregularities occur due to insufficient shielding of the nuclear charge
in gallium

v by 3d electrons and in thallium by 4f electrons.
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IVA Group
v" The ionization energy of group IVA elements generally decreases from
top to bottom in the group. There are irregularities observed between
Tin (Sn) and Lead (Pb).
v This is because both tin and lead have nearly the same atomic radii,
which is a result of the lanthanide contraction.
v" Due to this, the attraction between the nucleus and the outer

electrons becomes stronger and requires more energy to remove these
electrons.

VA, VIA, VIIA and VIIIA Groups

v' The ion rgy of the remaining groups of representative
eleme A, VIA, VIIA, ViliAj-followssasreguian-patte

v' It decreases progressively from to
increas

IA
Li

MA | IVA
o

| -1090

Si

-780

-577
Ga

_ -580 P-762
R Sr In Sn
-400 -550 -560 -700
Cs Ba TI Pb : g R
-380 -500 -590 -710 -800 -810 -920 -1030

Electronegativity (EN)

"It is the measure of the tendency of an atom to attract the shared pair of
electrons towards itself when it is involved in a covalent bond".

Group Trends

IA and IIA Groups

v' The electronegativity (EN) of alkali metals (Group IA) and alkaline
earth metals (Group IIA) follows a regular decreasing trend from top to
bottom.

v This trend can be explained by the regular increase in atomic radii as
we move down the group.

v' The larger atomic size results in a decreasing tendency for the atom to
attract the shared pair of electrons towards itself.
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ITIA Group
v The electronegativity (EN) of group III elements initially decreases from
Boron (B) to Aluminium (Al) and then increases from gallium (Ga) to
tellurium (Te).
v' This irregular increase in EN can be attributed to the poor shielding
effect of the electrons in the d-orbital and f-orbitals, respectively.

IVA, VA, VIA and VIIA Groups
v' The electronegativity of groups IVA, VA, VIA, and VIIA decreases
regular to bottom.
v' This explained by thesseamme
alkali metals

Electrical Conductivity
"Electrical conductivity is the measurement of a material's capability to
conduct electric current".

v' Materials with high electrical conductivity allow electric current to
pass through them easily, while materials with low electrical it
conductivity hinder the flow of electric charges. ~—~7 "t‘:{‘f 1 7

v The electrical conductivity of representative elements can vary widely.
Alkali metals and alkaline earth metals generally exhibit high
electrical conductivity due to their ability to easily transfer electrons.

v" Group IIA elements display moderate electrical conductivity, while
elements in Group IVA can have variable conductivity ranging from
poor (e.g., carbon and lead) to moderate (e.g., silicon and tin). Group
VA, VIA, and VILA elements typically have poor electrical conductivity.

===
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v" Noble gases, on the other hand, have extremely low electrical
conductivity as shown in Table

Electrical conductivity trends of representative elements
Group . ..
Number Trend of Electrical Conductivity
?Izoup 1 and High electrical conductivity
Group IITIA Moderate electrical conductivity

Variable electrical conductivity (Carbon: poor, Silicon: moderate,

Graup VA Germanium: moderate, Tin: moderate, Lead: poor)
Group VA Moderate electrical conductivity
Group VIA ctrical conductivity
Group VIIA s) Poor electri
Group VIIIA oble gases) Extremel

Oxidation %g ﬂ..
“An oxida ber is a valu

IA (Alkali Metals)

ﬁtéﬁg;aﬁne e Be, Mg, Ca, Sr,

IIT1A B, Al, Ga, In, TI 3

IVA C, Si, Ge, Sn, Pb -4, -2, +2, +4
VA N, P, As, Sb, Bi -3,-2,+3,+5
VIA @, 55 5e, Te, Po -2, +2, +4, 16
VIIA (Halogens) E, CI, Br, I, At 1T, #¥3, %5, %5
VIIIA (Noble Gases) He, Ne, Ar, Kr, Xe, Rn 0

Melting and Boiling Point

v" The melting and boiling points of representative elements can vary ot
widely across the periodic table. ~—~72 "+"1‘;‘7.,' e

v Alkali metals have low melting and boiling points due to weak metallic
bonding,

v' while alkaline earth metals have higher melting and boiling points due
to stronger metallic bonding

v" Moving across the p-block elements, the melting and boiling points
generally increase gradually.




/MeE MASTER COACHING CENTER aitr]

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop :
Salman Arif Tabani 0312-2340767 www.youtube.com/@MasterCoachingCenter [=] r

v" However, there are exceptions in groups IVA and VA. Carbon has a
high melting point due to strong covalent bonds, while nitrogen has
low melting and boiling points because it exists as diatomic molecules
with weak intermolecular forces.

v' Halogens have low melting and boiling points due to weak
intermolecular forces, and noble gases have extremely low melting and
boiling points due to weak interatomic forces.

v" The melting and boiling points of representative elements reflect the
different bonding types and intermolecular forces within each group,
resulting in a wide range of physical properties.

Me nt of representative element in °C
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v Beryllium differs markedly from it®
smaller atomic radii and high electronegativity.

v' Some unique characteristics shown by beryllium in comparison to

other elements of group IIA are given as:

Beryllium is harder and more rigid than other members of group IIA.

Beryllium has relatively low density and high melting point compared

with other group members.

v' Beryllium exhibits chemical stability due to the formation of protective
oxide layer on its surface which prevents further oxidation and
corrosion.

v" Beryllium has tendency to form covalent bonds with other elements
due to its smaller atomic size while other members of the group form
ionic bonds.
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REACTIONS OF REPRESENTATIVE ELEMENTS

s-block elements
Some common reactions of the elements of group IA and IIA are given as.
1. With oxygen

Alkali metals rapidly react with oxygen to produce oxides. Lithium forms
normal oxide (oxidation state of oxygen -2), sodium forms peroxide
(oxidation state of oxygen is -1) in excess of air while the rest of the elements
of group IA form superoxides (oxidation state of oxygen is ).

4Li + 02 —— 2Li20 [N ormal Oxide)

2Na + Oz —————  NazO; (Per Oxide)

4K + O3 —— . 2K03 (Super Oxide)

4Rb + O2 RbO; (Super Oxide)

02 CsO2 (Super Oxide)
The reactiond n i arth metals wiff

temperature. However, on oxidation, befy

form normal fr:n “ile strontium and ha
General Reactio

2M + 02 ——

MORE!
S

r+ 02 —_—

Ba+ 02 —$s3

2. With Water
Alkali metals react with water to produce metal hydroxides with the
liberation of hydrogen gas.

General Reaction
2M + 2H20 2MOH + H»
(Where M= Li, Na, K, Rb, Cs).

2Li +2H2,0 ——  2LiOH + H2

2Na + 2H-20 ——— 2NaOH + H»
2K + 2H20 ———  2KOH + Ha
2Rb + 2H20 ———  2RbOH + H»
2Cs + 2H20 2CsOH + Haz

Among alkaline earth metals beryllium does not react with either cold or
steam, but magnesium reacts with steam.
General Reactions
M + 2H20 ————  M(OH)2 + H2t
(Where M = Mg, Ca, Sr and Ba).
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Mg + 2H20 Mg(OH)2 + Ha1
Ca + 2H20 Ca(OH)2 + Hat
Sr + 2H20 ———  Sr(OH)2 + Ha7
Ba + 2H20 Ba(OH)2 + Hat

3. With halogens
Alkali metals react vigorously with halogens to form metal halides. The
reaction involves the transfer of electron from an alkali metal to a halogen.
General Reaction With Group IA
2M + X2 2MX
(Where M= Li, Na, K, Rb, Cs) & (X = Cl, Br ])
General Reaction With Group IIA

(Where M= Edﬂwii Ba)

4. With nitrogen

Nitrides are f n both alkali mets
with nitrogen ral formula for the

and for the nifri e earth meta ISf

General Rﬂiction k! '

With hydrogen

MXo

Alkali
temperatures to produce ionic hydrides
General Reaction

2M + H» s
M + H»
6. With alcohols
Elements of group IA react vigorously with alcohols to form metal alkoxide
with the liberation of hydrogen gas.
General Reaction
2M + 2C2HsOH
K, Rb, Cs)
Alkaline earth metals have a very limited reactivity with alcohols.
7. With acids
Alkali metals react vigorously with acids to produce salt with the liberation
of hydrogen gas. This reaction is highly exothermic and violent. ~—
General Reaction
2M + 2HCl ——  2MCl t H2 (Where M = Li, Na, K,
Rb, Cs)
Alkaline earth metals can react with acids but their reactivity is generally
lower compared to alkali metals.

2C2HsOM + Hz (M= Li, Na,
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FLAME TEST FOR S-BLOCK ELEMENTS

“Flame test is a qualitative method used to identify the presence of alkali
metals based on their characteristic flame colours".

Colour flames of alkali and alkaline earth metals

Elements Flame Colour
Lithium Red

Sodium Yellow
Potassium Violet
Rubidium Red Violet
Cesium Blue Violet
Calcium

10
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CHEMISTRY OF IMPORTANT COMPOUNDS OF S-

BLOCK ELEMENTS
Sodium Hydroxide or Caustic Soda (NaOH)

Sodium hydroxide is one of the most important chemicals. Sodium hydroxide is
commonly known as ‘Caustic Soda’ because it is caustic (able to burn) to touch and
causes painful burns, therefore it must be handled with care.

Manufacture of Sodium hydroxide by Castner-Kellner’s
Process:

Sodium hydroxide is manufactured by an electrolytic process, known as Castner-
Kellner’s process.

Raw Material:

25% (W /W) soluti ium chloride.
Apparatus:
Castner-Kell |

Construction of Castner-Kellne
Castner—Kelln; electrolytic cell
s

titanium plate
sodium chlori The cathode is a
the cell. Mercury flows from left to

right. Sa : il 1 also flows
lower chMBﬁE 1(—3'11&'_,

which is and packed with g
liberated over graphite surface

Pr s in the Cell:

Ioniza :

2NaCl %"

Reaction at Anode:

On passing electric current Cl- ions migrate| té

liberated as chlorine gas.
2CF ——— Cl; + 2e-

Reaction at Cathode:

Na+ ions are discharge over mercury surface and dissolved in it forming sodium

amalgam.

26 Qe h *— 2Na

2Na + 2Hg ——  2Na/Hg (sodium amalgam)
Reaction in Denuder:
The mercury containing dissolved sodium is sent to denuder chamber where
sodium reacts with water forming
sodium hydroxide and hydrogen gas is liberated.

ONa/Hg + 2H,0O ———  2NaOH + H, + 2Hg

The mercury is recycled to upper cell to dissolve more sodium
Advantages of the Process:

v' The process is very efficient.

v" The products are of high purity.

11
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v" The possible reaction between NaOH andCl2 is avoided by obtaining NaOH

and Cl; in separated compartment.
Disadvantages of the Process:

v' This process consumes large amount of electricity.

v In spite of strict control some mercury vapors escapes into environment and
producing the pollution of food

v" chains.

v' The use of this process has been banned and is being replaced by Gibb’s
diaphragm cell process which does not use

v' mercury but gives the products of high purity.

Physical Properties
v’ State: It is a solid at room temperature, typically appearing as white
pelletsJ anules.

v Odor: S.
v' Melting Point: Its melting point i
this te it melts and fo
v %ghly soluble in W4
v" Densit sity of NaOH depends on i
temperature. For a 50% concentrati
d ly il 52 g / Ch
RRRIIL
ir 0 & Eyes, and respi

Che

1. Reaction with acids
Being a strong base, it reacts with all agid
water.

NaOH + HCl1 \E: >
NaxSO4 + 2H20

2NaOH + H2SO4
2. Reaction with Ferric Chloride
On reaction with aqueous ferric chloride, it gives brown ppt of ferric
hydroxide.

3NaOH + FeCls Fe(OH)s + 3NaCl

3. Reaction with Aluminium and Zinc
Caustic soda can react with aluminium and zinc to form aluminate and
zincate salts.

2NaOH + 2Al + 2H20 2NaAlO; + 3Ha ﬁl‘i’hle
2NaOH + Zn ———  NazZnO:2 + Ha ~ > #EF‘IJ‘:'.‘EWE .
4. Reaction with Chlorine
The reaction of hot aqueous sodium hydroxide with chlorine gas gives
sodium
chloride and sodium chlorate.
6NaOH + 3Clz — NaClO3 + 5NaCl + 3H20

12
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Uses of Sodium Hydroxide

v It is a key ingredient in the production of detergents and soaps.

v’ It is utilized in the production of bleach, such as chlorine bleach,
which is commonly used as a disinfectant and stain remover.

v Its strong alkaline nature makes it effective for unclogging drains and
pipes by breaking down organic matter.

v It is used to remove heavy metals and adjust pH levels in water,
ensuring safe and clean drinking water.

v' It is used as a food preservative to prevent bacterial and mold growth,
enhancing the shelf life of certain food products.

v' It is utilized in the canning process to remove the outer skin of fruits
and vegetables, ensuring food safety and quality.

JOIN
FOR
MORE!"

13
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Bleaching Powder {Ca(OCI1)Cl or CaOCl2}

The chemical formula bleaching powder suggested by Professor Odling is
Ca(OCI)Cl or CaOCI2. It is a white amorphous powder with smell of chlorine.

Preparation:
In industrial scale bleaching powder is prepared by “Hasen Clever process”.
The plant consist of number of iron cylinders in which chlorine is brought in
contact with slaked lime {Ca(OH)2} and bleaching powder is formed

Ca(OH)2 + Clz —— 1 CaOCl; + H20

Reactions:
1. With Water:

In aqueous s erates Clz gas
Im‘ﬁ 2 + HoO - Ca(OH). + Cl
2. With
Clz + 2HCI |
3. Meﬁc CO2 and
When it reacts with atmospheric CO: a
H>0
e MOREI

E“n of drinki

Selected s-block elements and S
compounds
% Sodium Na
It helps to regulate the balance of fluids inside and outside our tissues and
facilitates the absorption of various nutrients.
< Potassium K
It helps to balance the pH level in the body.
% Magnesium Mg
It helps in muscle contraction and maintain the bones and heart functions.
% Calcium Ca
It is essential for the growth of bones and teeth.
%+ Common Salt NaCl
It is a raw material for the synthesis of various chemicals such as soda ash,
caustic soda and chlorine gas etc. It plays a vital role in maintaining
electrolyte balance in the body.

“» Washing Soda Na>COs. 10H20

14
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It is used in the manufacturing of glass, soap and borax. It is also used for
laundry purpose.

< Backing Soda NaHCO3
It is used in bakeries to prepare various food items.

* Potassium Nitrate KNOs

It is used in fireworks and fertilizer.

REACTIONS OF p-BLOCK ELEMENTS

Some important chemical reactions involving p-block elements are given
below.

1. With oxygen
The reaction} - elements with oxygen produce either normal Oxides
e

or in some ca S.
Elements of act with oxygen
M20s.

FOR
+ 302

In grou 7 ﬂ arbon mo
reacts on form o
EEE
C+ 02
BC &
ove 900°C B,

Si+ O

In group VA, nitrogen forms NO, N,O
depending upon the conditions applied. Rhespise
limited supply of Oxygen whereas P,0, in excess of oxygen.

High temp

N2 + O2 —>2NO
Catalyst

2N2 + 02 — 2N20
Limited oxygen

4P +302° — > 2P203
Excess oxygen

TR 502 — 2P:0s

A In group VIA, sulphur oxidized in air to give sulphur dioxide.

S + O2 —s 80

Halogens can also react with oxygen however their oxides are mostly highly
reactive.

For example the oxide of fluorine is a highly reactive yellow gas.
The oxides of halogens are very unstable.

e —————————————————a——
15
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2Fb + 02 —  2F20

2. With water
The reaction of p-block elements with water depends on the nature of
element and the group to which it belongs.
Aluminium reacts with water but the reaction is slow due to the presence of
a thin oxide film on its surface.

OAl+ 6H20 ———  2AI(OH)s + 3H:

Silicon reacts with steam and forms silicon dioxide.

20 '
Phosphorus imtusly with watef t

phosphine.

Sulphur reac 1 cated to a high t mper
B
nM:ﬂﬂmE- mgh =
Haloge umd bromine|re;
20

Bre + H2O

Si02 + 2H»s

3. With halogens

Majority of p-block elements have the capability to react with halogens,
resulting in the formation of binary compounds.

2A1+3Cla —  2AICI3
C + 2Clx —— CCls
N2+ 3Cla — 2NCIz
O2 + 2F> ——  2F20

4. With nitrogen
The reaction of p-block elements with nitrogen can vary depending on the
specific element and the reaction conditions. ~—>2
Boron and aluminium react with nitrogen to form their nitrides.

2B + N2 2BN
2Al1 + Na ——  2AIN

Carbon and Silicon can form nitrides when heated with nitrogen at high
temperatures.

16
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3C + 2N2 —ﬁl' CsNg

3Si + No SizNa
Phosphorus reacts with nitrogen at high temperatures to form phosphorus
nitride (P3Ns).

6P + SN2 —— " 2P3Ns
Halogen (Cl2 ,Brz) can react with nitrogen to form nitrogen trihalide.

3Clg + No _— 2NC13

5. With hydrogen
Elements of grouj IIA and IVA do not directly react with hydrogen, however

silicon at hig res may form silicon hydrides.

400 — 450°C 2 . h
MORENE ... T
Sulphu en at high te
hide.
KM
The reaction o ogen with Hydrogen daz1
hydrogen halides. ﬁ

Cl; + H» —_— 2HC]

17
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CHEMICAL BEHAVIOR OF HALOGENS

Halogens include fluorine (F), chlorine (CI), bromine (Br), iodine (I) and
astatine (At). The reactivity of halogens is determined by their bond
enthalpies and their ability to undergo redox reactions.

Bond enthalpies in halogens

The enthalpy is required for the dissociation of halogen-halogen bond in
gaseous state and it varies according to size of halogen atom, bond length
and the intermolecular attraction.

Halogen Atomic Bond Length (in Bond enthalpies
radii (pm) gaseous phase) pm kj/mol
F-F 143 159
Cl-Cl 199 -
Br-Br 228

I-1 266
Acidity of mn Halides
Hydrog rong mine
increasi I (HF < H¢
of acidi can be attri

the bond energy of H-I is the smallest, i

Halogen acids
Bond energies (KJ/mol) | 565

Strength of Halogens as oxidizing agent
Halogens are good oxidizing agents due to their high electronegativities and
ability to readily accept electrons. The strength of halogens as oxidizing
agent decreases from top to bottom in group VIIA.

F2>Cl2 > Brz > Iz
Halide ions as a reducing agent
Halide ions (Cl, Br, I) can serve as reducing agents in chemical reactions due IE]HL}E
to their ability to readily donate electron to an oxidizing species thereby > |tz 4!:
undergoing oxidation. [mET:
Among halide ions, there is a trend in relative strength of reducing agents I>
BF >
Cl > F. This means that iodide ion is the strongest reducing agent while
fluoride ion is the weakest.

Chlorine as an auto oxidizing and reducing agent

18
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Chlorine reacts with water to form hydrochloric acid and hypochlorous acid.
In this reaction chlorine itself reduces into hydrochloric acid and oxidizes
into hypochlorous acid and hence serves as auto oxidizing and reducing
agent.

Clz + H20O HC1 + HOCI1
(Chlorine) (Hydrochloric acid) (Hypochlorous acid)

MANUFACTURING OF SULPHURIC ACID (OIL OF VITRIOL) BY
CONCTACT METHOD:

Raw Materials:
v Sulphur or iron pyrites (FeS2)
v Air (0O2)

v Water (
4 Cata_‘JiUeIlNum penta oxide fa
Details ow
Formation :
In first step SO2is formed by the combus
pyrite b
H—
OR mu H E =
4FeS; + 1
M e of SO2and air is pa
tow

SO2 and air is entered into contact toweg.

Reaction in contact tower:
In contact tower SOz is oxidized to SOz in presence of ca
penta oxide

0S0s + 03 —2% , 9503 AH = -45 K.cal

Favorable conditions:
Since, reaction is reversible and exothermic so, the favorable conditions for
obtaining maximum yield of SO3 are:
a) Low temperature (4009C to 450°C)
b) High pressure (1.5 to 1.7 atm)
c) Excess of oxygen.
Under these conditions, the equilibrium mixture contains 98% of SOs.

Formation of oleum:
The SOs produced in contact tower absorbed H2SO4 in absorption tower to
form oleum.

SO3 + H2SO4 ——  H3S:07

===
19
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Formation of H2SOa:
Oleum absorbed calculated amount of water in last absorption tower to form

sulphuric acid of desired concentration.
H2S207 + H20 —— >  2H2S04

Water Conc. HSO,
Impure SPTay spray —_——

r—“;ﬂj\—‘\ Dry SO,+0, :m f}%\H

1]

0%0%0%0g”0%0%0%0%®
)

s o

-
o0
2®

©
162626952090 %0%09,

Sulphur

-

11}

G N N G 6
.S _ 99
0%0%0%0%6%0%0®

'''''''''''

e%e

|

= 4
[Waste Waste
s Waler » acid

|  Washing and Drying .
ng tower tower i ‘
p g
Flow diagram for the ni§
e

ST

v Density: Sulphuric acid has a hig
g/cm3.

Wh&s

can
v Supercool below its freezing point
is approximately 10°C but it can ¥
v Boiling Point: Commercial sulph : 35,2
However, the boiling point increases with increasing concentration.
Solubility: Sulphuric acid is highly soluble in water.
Corrosive Nature: Sulphuric acid is a highly corrosive substance and
can react with metals and organic compounds etc.

ENEN

Chemical Properties of H>SO4
1. An oxidizing agent
In sulphuric acid, sulphur exists in its highest oxidation state of +6. This
highest oxidation state of sulphur makes the sulphuric acid to serve as an
oxidizing agent when reacts with metals and non metals.

C + 2H2S0O4 CO2 + 2502 + 2H20

S + 2H2S04 3S02 + 2H20

Cu+2HsS0:  —2?, cus0s + SO, + 2H,0
(conc.)

2Al + 6 H2SO4 — Alz (S04)3 + 3S02 + 6H20
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2. A dehydrating agent
The dehydrating ability of sulphuric acid can be attributed to its capability

to extract water molecules from other substances.
H3;504(conc)

CeH1206 ———— . 6C + 6H20
(glucose)

H,S04(conc)
Ci2H220;p ———— 12C + 11H20

(sugar) y
(@€F1,205), + 2L . GHR - 1D
(wood)

3. As sﬂ!ﬁﬁg agent
Sulphonatio e introduction @
molecule. Sulphuri Serves as a so
be added to o 1 pounds to create

+ H2S04 (conq)
M “_’H E EEE

4. As dibasic acid
ic acid has the abili
dissociation

H,SOs > Hs0* + HSOV-B |
HSO4~ = H30+ + SO4#

Uses of Sulphuric acid

v" Sulphuric acid is used in various industries for:

v Producing fertilizers, dyes, pigments, detergents, pharmaceuticals,
and synthetic fibers.
Refining petroleum to make high-octane gasoline additives.
Processing and purifying metals, including removing rust and scale.
Etching and electroplating processes.
Manufacturing lead-acid batteries.

S SRNENRN
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Diagonal Relationship
The diagonal relationship refers to the resemblance in the properties
exhibited by certain pairs of elements that are located diagonally to
each other within the periodic table.

Groups
Periods 7, IIA |IIIA |IVA
Second Li Be B C
Third Na Mg Al Si

There are three pairs of elements that exhibit the diagonal relationship in
the second and third periods of representative elements.
Diagonal relationship between

v' lithium sium,
v' Berylli minium,
v Boron i

i
Li and Mg f urn
v Both hawe similar atomic 1&

v Both have almost similar electrongga

v B i Il: respective g

g e
ot : ¥HeE ®espective glo

Be a
v" Both Be and Mg have same EN (1
v Both show passivity with conc. N
v" BeClg and AICI3 both acts as Le

B and Si
v" Both B and Si have closer EN (B 2.0 and Si 1.8).
v' Both B and Si have nearly same density (B=2.35g/cms3, Si=
2.34g/cm3).
v" Both B and Si are metalloids and both of these do not form cation.

Element/Compound Significant Uses

Aluminium
It is used in making coils, alloys, kitchen utensils, window frames,
chocolate foils etc.

*
<\ 0

Sulphur

It is used in the manufacturing of sulphuric acid, hydrogen sulphide
and pesticides.

L)
N o

+* Chlorine
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v’ It is used in the manufacturing of plastic, bleaching powder and in the
purification of drinking water.

+»» Borax (Na:B40-.10H20)
v' It is used in cleaning, laundry, cosmetics and as flux in welding.

s Alum (K>S04.A1,S04.24H-0)
v It is used for the purification of water, tanning of leather, fire
extinguishers and as an antiseptic for minor cuts and wounds.

“ Ammonia (NHs)
v It is used in the manufacturing of fertilizers, nitric acid and

“AJ0IN
FOR
MORE!"

23




Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop
Salman Arif Tabani 0312-2340767 www.youtube. oom/@MasterCoachmgcenter El

/MeE MASTER COACHING CENTER aitr]

r

Short Question Answers
Q1. Give Reasons Of the following.
(i) Ionization energy decreases from top to bottom in s-block elements?
This is because as we move down the group, the valence electrons are
added to higher and higher energy shells. As a result, they are further away
from the nucleus and are less strongly attracted to it. This makes them
easier to remove, which corresponds to a lower ionization energy.

(ii) Boiling point of halogens increase down the group in the periodic
table?

This is because the boiling point of a substance is determined by the
strength of the intermolecular forces between its molecules. Halogens are

non-polar mo the main intermolecular force between them is
van der Waﬂgiﬂ%\ der Waals forgess-aseawe % _
increase in s e size and mass i g8, A ;
move down t group, the size and 1
the van der s between them [
boiling point.

(iii) Ga mic radii
SR
This is ide contr
of 15 elements that come be :
atomic r _ ually'irom leff tg

affects the elements below the lanthanide
smaller than expected.

(iv) Electronegativities of alkali metalS™@ : . .
Electronegativity is a measure of how strongly an atom attracts electrons
Alkali metals have a single valence electron in the outermost s shell. This
valence electron is relatively loosely held, so alkali metals are not very
electronegative. As we move down the alkali metal group, the size of the
atom increases. This means that the valence electron is further away from
the nucleus, which makes it even less strongly attracted. As a result, the
electronegativity of alkali metals decreases from Li to Cs.

(v) Alkali metals are good conductor of electricity.?

Alkali metals are good conductors of electricity because they have a low
ionization energy and a large atomic radius. This means that their valence
electrons are loosely held and can easily move around. When an electric
current is applied, these valence electrons flow towards the positive
terminal, creating an electric current.

(vi) Acidity of hydrogen halides increase from HF to HI?
The acidity of a hydrogen halide is determined by the strength of the bond
between the hydrogen atom and the halogen atom. As we move down the

= ===
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halogen group, the size of the halogen atom increases. This makes the bond
between the hydrogen atom and the halogen atom weaker. As a result, the
hydrogen atom is more easily lost, and the hydrogen halide is more acidic.

(vii) Fluorine is the strongest oxidizing agent?

Fluorine is the strongest oxidizing agent because it has the highest
electronegativity of all the elements. This means that it has a very strong
tendency to attract electrons from other atoms. When fluorine reacts with
another atom, it often strips the other atom of its electrons, forming an ion.
This is why fluorine is such a powerful oxidizing agent.

Q2. What is flame test? Mention the colour of flame of alkali metals.

“Flame tes itative method used to identify the presence of
alkali sed on their characteristic flame colours'.

Colour fla

Elements Flame Cpl|
Lithibm Red

ﬁﬁ j \ Yellow
Potassium Violet

substance reacts Wlth 1tself to produce
the substance. Chlorine can undergo a
shown in the following equation:

i H0 TSN

In this reaction, one chlorine molecule is oxidized to hypochlorous acid
(HOCI), while the other chlorine molecule is reduced to chloride ions (Cl-).
The hypochlorous acid produced in this reaction is also a strong oxidizing
agent, and it can be used to bleach and disinfect.
Examples of the auto-oxidizing and reducing properties of chlorine
e Auto-oxidation:
When chlorine gas is bubbled into water, it reacts with water to form
hydrochloric acid and hypochlorous acid. The hypochlorous acid is a
strong oxidizing agent, and it can be used to bleach and disinfect. it
e Auto-reduction: ~——7 |oEn e
When chlorine gas is reacted with hot sodium hydroxide solution, it is
reduced to chloride ions. This reaction is used to produce sodium
hypochlorite (NaClO), which is a common bleaching agent and
disinfectant.
Q4. What is meant by a diagonal relationship? Mention three pairs of
representative elements that show diagonal relationship.
Diagonal Relationship
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The diagonal relationship refers to the resemblance in the properties
exhibited by certain pairs of elements that are located diagonally to each
other within the periodic table.
There are three pairs of elements that exhibit the diagonal relationship in
the second and third periods of representative elements.
Diagonal relationship between

v’ lithium and magnesium,

v" Beryllium and Aluminium,

v" Boron and Silicon

QS. Discuss the group trend of lionization energy in group IIIA of
periodic table.
The ionizatio an element is the amount of energy required to

remove the m “bound electron from an 1solated gaseous atom The
ionization e CCIease ' ¥
periodic table.
This is becau
to higher and ergy shells. As afir¢
the nucleus a

Aluminum
Gallium
Indium .

Thallium 589.5

As can be seen from the table, the ionization energy of gallium is slightly
higher than that of Aluminum, even though gallium is below Aluminum in
the group. This is due to the lanthanide contraction. The lanthanides are a
group of 15 elements that come between lanthanum and lutetium in the
periodic table. They have a very similar atomic structure, and as a result,
their atomic radii decrease gradually from left to right. This contraction also
affects the elements below the lanthanides, causing their atomic radii to be
smaller than expected. ik
Gallium is below the lanthanides, so its atomic radius is smaller than ~——7 "t‘""*.'
expected. This means that the valence electrons in gallium are closer to the
nucleus than expected, and they are therefore more strongly attracted to it.
This is why the ionization energy of gallium is slightly higher than that of
Aluminum.

Overall, the ionization energy of group IIIA elements decreases from top to
bottom in the periodic table. This is because the valence electrons are added
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to higher and higher energy shells as we move down the group. However,
there is a slight anomaly in the trend due to the lanthanide contraction.
Q6. Write down three properties of beryllium that show its unique
behaviour in group IIA.

» High ionization energy: Beryllium has the highest ionization energy of
all the group IIA elements. This is because beryllium is a very small
atom, and its valence electrons are close to the nucleus.

» High melting and boiling points: Beryllium has the highest melting
and boiling points of all the group IIA elements. This is because
beryllium has a strong covalent character, and its atoms are bonded
together very tightly.

« Amphoteric nature: Beryllium is the only group IIA element that is

amphotgri isgneans that it can react with both acids and bases.
Here are soﬁ s of the unique behaviour of beryllium:
e loniza
Beryllium has an ionization energy of 8€
group I1A ve ionization efier:
589.5 kJ/ E
e Melting g points

Beryllium has a melting point of 1278

whil lements h
rang
« Amphoteric nature =

d 1807 to
eryllium can react with fo
c 1 eCl2). ct wit
as beryllate ions (BeO2-).
The unique properties of beryllium are ¢
electronegativity. Beryllium is the smallgs
highest electronegativity of all the group
beryllium has a very effective nuclear charge, which attracts its electrons
very strongly.
The unique properties of beryllium make it a very useful material. For
example, beryllium is used in aerospace applications because of its high
melting point and low weight. It is also used in nuclear reactors because of
its ability to absorb neutrons.
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Descriptive Questions
Q1. Draw a flow diagram of contact process and describe various steps
involved in the manufacturing of sulphuric acid.

Flow chart of the Contact process

(" Sulphur

| burns in air

I Sulphur dioxide, SO, )

reacts with excess O, vzo,,. 450°C, 1 atm

( Sulphur tnoxlde. SO; '

J 0 I N dlssolves in concentrated H,SO,
I: 0 (Sulphuri acid, 0
caustic ¥

chloride?
Se swer On Pg #

-

the elect

Q3. Write the balance equations for the
(i) A piece of Aluminum is dipped intg
Aljs) + 6H2SO04(aq)

(ii) Ferric chloride is mixed with an aqueous solution of caustic soda.
FeClgaq + 3NaOHjag) _— Fe(OH)3(s) + 3NaCljag

(iii) Sodium burns in excess of air.
2Na(s) + Oz —_ 2Na20ys)

(iv) Magnesium is heated with nitrogen gas.
3Mgs) + Nag — MgaNas)

(v) Potassium is put into ethyl alcohol.
2K + 2C2Hs0Hy,

2CoHs0K) + Hag

(vi) Chlorine gas is passed through an aqueous solution of caustic soda.

Q4. What is bleaching powder? How is prepared? Give the reaction of
bleaching powder with water and hydrochloric acid.
See Answer On Pg #
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QS. Discuss the group trend of atomic radii, ionization energy and
electronegativity of alkali metals.
See Answer On Pg #
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INTRODUCTION

» The elements that possess partlally occupied d-orbitals, either in their
atomic state or any of their ionic states, are commonly referred as
outer transition elements or d-block elements.

» These elements are positioned in the middle section of the periodic
table and are recognized for their intermediate characteristics between
s-block and p-block elements.

» The elements are called d-block elements because they possess
partially filled d-electrons in their valence shell.

» These elements hold considerable significance across numerous
domains of chemistry and industries due to their versatile oxidation
states, catalytic activity, alloy forming ability, colour, complex forming
ability, ehavior and electrical conductivity.

» The ud:E[umc structure and broad range of oxidation states
exhibi elements make '
advancement of technology in ind

» There ur series of d-blg
and 7th

3d- se

| - ﬂ\ﬂeEa‘n! i usmat &
el iam (Sc) to z

4d - es:
v This serieS 1s placed in periodia
yttrium(Y) to cadmium (Cd).

Sd- series:
v' This series is situated in the sixth period and consists of elements
from lanthanum (La) to mercury (Hg).

6d- series:
v This series consists of elements from actinium (Ac) to copernicium

(Cn).
Elements Sc T v Cr Mn Fe Co Ni

Atomic No. (z) 21 22 23 24 25 26 27 28
Atomic size (pm) 144 132 122 117 11% 117 116 115

1st ionization

potential (KJ/mol) 632 661 648 653 716 762 757 736 745 | 908

Melting Point (°C) 1539 | 1668 | 1760 | 1875 | 1245 | 1535 | 1480 | 1452 | 1083 | 419
Boiling point (°C) 3900 | 3130 | 3000 | 2480 | 2087 | 2450 | 2900 | 2900 | 2310 | 907
Electronegativity 1.3 1.5 1.6 1.6 1.5 1.8 1.8 1.8 1.9 1.6
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Electronic Structure

d-block elements have valence electrons both in outer most and second
outer most shells (penultimate) therefore the general valence electronic
configuration of these elements is represented by ns?, (n-1)d! till ns?, (n-
1)d19, where "n" is the outermost shell and n-1 is the penultimate shell.

Binding Energy
The amount of energy required to separate the constituents of a bound
system, such as atoms, nuclei, or particles.
e It represents the strength of the attractive forces holding the system
together.
e The d-block elements have partially filed d orbitals, which contribute

to their perties.
e Their gy is higher tha
strong (o] thelr outermos

e The bi gy INncreases acrgss
d-bloc due to increasi
atomic

e The stronger positive charge attra

them. P
s mmaﬂcE Ing energy tends
el EEE

Variable Oxidation States
e The variable oxidation states displk
recognized as one of their distinctive properties.

e The oxidation states of transition metal ions are in the range of +1 to

+7.
e This variation is due to very small energy difference between 3d and
4s orbitals".
Elements Outer Electronic Configuration Oxidation States
Scandium (Sc¢) | 1s2, 282, 2p6, 3s2, 3p6,3d!, 4s2 + 43
Titanium (Ti) 182, 252, 2pb, 382, 3pb,3d?, 482 +2, 43, +4
Vanadium (V) | 182, 2s2, 2p6, 3s2, 3p6,3d?, 4s2 +2, +3, +t4, +5
Chromium (Cr) | 1s2, 282, 2p8, 3s?, 3p5,3d5, 4s! +1, +2, +3, +4, +5, t6
Ma’;ﬁe“ 182, 282, 2ps6, 3s2, 3ps,3ds, 4s2 +2, 43, t4, +5, +6, +7
Iron (Fe) [Ar | 1s2, 2s2, 2p6, 3s2, 3p6,3ds, 4s? +2, +3, +4, +5, +6
Cobalt (Co) | 1s2, 2s2, 2pS, 3s2, 3p6,3d7, 4s2 +2, +3, +4
Nickel (Ni) 1s2, 2s2, 2pS, 3s?, 3p6,3d8, 4s? +2, +3, +4
Copper (Cu) 182, 282, 2p%, 3s2, 3pb,3d19, 4s! +1, +2
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Zinc (Zn) 1s2, 2s2, 2p6, 3s2, 3p6,3d10, 4s2 +2

Catalytic Activity

Most of the transition elements and their compounds serve as catalysts in
numerous chemical splitting reactions

The property of transition metals to serve as catalyst can be explained by
the following factors.

(i) Transition elements have variable oxidation states. They can easily
withdraw or lend electrons from the reagent to form unstable intermediate
which then changes into the final product.

(i) The surfaces of transition metals offer many active sites where reactant
molecules can adsorb.

s g G
Atoms, ions when exposedh

exhibit two dlstmct behaviors, either théyfs

the magnetic
The substanc e attracted by th
paramagnetic es and those wh

known ol
Most omeI! ts and the kﬁ
This is -orbitals of th

d'el

unpan'ed electrons and the spinning of &

Sc(2l)

Ti(22)
V(23)
Cr(24) _
Mn(28) |11 | '1[1 1|1 [1] 1l’ur.tr|mgnctlhml
Fee) [1] [M171] T
cozn [1] Mu[1]1h]
Nies) [0 [T
(1] [eee[ies)

zn30) [11] [L[]wfiein

Cu(29)

The paramagnetic behavior is more pronounced in the middle of 3d series
due to the maximum spin of electrons. A
However, zinc is diamagnetic since it lacks unpaired electrons in its d- ~——7 :L.;_‘Tl.
orbitals.

Alloy Formation
“Alloy is a homogenous mixture of two or more elements with at least
one of them being a metal".
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e Transition elements have the tendency to form alloys because of their
similarities in atomic size which enable them to mix easily with one
another.

o Alloys of transition metals exhibit greater rigidity, strength, light
weight and shine compared to pure metals.

e Moreover, they possess enhanced resistance against corrosion. The
composition and uses of some alloys are given below.

e Compositions and important uses of some alloys of transition-

elements
Alloy Stainless steel
Compositions Iron, Chromium and Nickel.
Important U In making cutlery, and surgical instruments
Alloys ﬂn I NDuralumin
Compositio Aluminum, Coppe
Important Uses In making utensils
Alloys Brass
Compositionf n Copper and Zi
Important Uses In plumbing a
Alloys
Compo er and Al
Import aking medals
C r of Complexes
When a ition o teract

orbitals split into two sets of energy leve
and eg (higher energy level)"

IAEEEEY |
| IR, o)
YT}

’

S e P

._.._,._.JL—J_.-.- of 3ot ortainis ramad m 30 ordiai spifing 0
31 prbatats o Iree on ocahedral hgard fikd octahediel hgand teid
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CHEMISTRY OF SOME IMPORTANT TRANSITION
ELEMENTS

Chromium
» Chromium is the fourth member of 3d
series of transition elements.
» It is characterized by its silvery grey colour
and metallic luster.
» It is widely used as Cr protective coating
on metal surfaces to prevent them from

corrosion.

» Chromium exhibits various Oxidation states (+2, +3, +4, +5, +6) due
to the electroni nfiguration of its atom (3d, 4s).

» The multi tion states of chromium allow it to play a versatile
role i ions.

» In lower oxidation states, it serves ag
oxidati orks as an oxidiZing

> Chrom(iFn with dilute hydfo
gas.

M@RE!M,
Chromi edCts with' 3% ¥gln to form ch

4Cr + 30, 2Cr20

with the liberation of hydrogen.
Heat

2Cr + 3H2,0 — Cr20

Chromium is used in the production of stainless steel, chrome plating,
pigments and as a catalyst in certain chemical reactions.
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Chemistry of Potassium dichromate
Potassium dichromate is a red crystalline solid that is highly soluble in
water. If it dissolves in water at neutral pH, a chromate and dichromate
equilibrium is formed which shows an orange red colour.

Cr2072 + H20 2Cr02 + 2H*

(red) (yellow)

The preparation of Potassium dichromate is commonly done by using
chromates and these chromates are formed by the reaction of chromite ore
with sodium or potassium carbonate.

Potassium di used as an oxidizing agent in various chemical
reactions si ses the highest oxidation state of chromlum +6).
The redox t1 ssium dichromate with oxa a(31 U4) ang

2 17T 1E% | g

Mohr's salt (Fe(NH,),(S0)2.6H,0) is co

)
for determini B“gcntratmn of anadlyte

is indicated b r change from ¢

gL
u
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Manganese
Manganese is a greyish white, hard and brittle metal. It ranks as the twelfth
most prevalent element within the Earth crust.
It exists in various oxidation states.
For example the oxidation state of manganese in potassium permanganate

(KMnOs) is +7 and in manganese dioxide (MnO>) it is +4, where as in
manganese chloride (MnClp) it is +2.

Manganese reacts with air to form manganese oxide Mn20s.
3Mn + 202 —_— Mn204

Manganese r 1 hlorine to form manganese chloride.
Jn1 Mn + Cla ———  MnCl

gas.

Mn + H2SO4
Manganese is used in the production of
glasses nutrient az
develop fuhction.
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Chemistry of Potassium Permanganate
Potassium permanganate is a deep purple crystalline solid. Commercially,
potassium permanganate (KMnO4) is prepared by mixing a solution of
potassium hydroxide (KOH) with powdered manganese dioxide (MnO4) along
with an oxidizing agent such as potassium chlorate (KCIO3). It is highly
soluble in water, forming a pink solution, potassium permanganate is a
powerful oxidizing agent. It works cither in acidic, alkaline or neutral
medium.

In acidic solutions permanganate ion accept five electrons and change from
MnO4~ to Mn*?

MnO4 + 8H* + S5e- —_— Mn*2 + 4H»0
In basic or :\dtﬂ I1“m it accepts three electrons and changes from
MnO4 to M

MnO4~ + 2H20 + 3e- MnO3 t lJ
The reactlon n,\m permanganate

salt is glven as;

—+5F +2 4 H+

The rea rmanganate
2 Mn04 + 6H*

Pw
applications, including water
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Iron

Iron is the fourth most abundant element in the Earth crust. Its strength
and magnetic properties make it valuable in industries such as
Construction and manufacturing.
Furthermore, iron is an indispensable Component of
hemoglobin, emphasizing its critical role in the
biological system.
When iron is exposed to air, it oxidizes and forms an
oxide film on its surface which is rusting of iron.

4Fec + 302 S==—F9

2Fe203
When it reacts with excess of chlorine, it forms ferric

chloride.

J_‘nilru Fe +3Cl, —— 2FeCl3
Iron is mam e constructlon ) ‘
automobﬂes q B
Steel Types and Applications
Steel is mprised pei
other elmnﬁﬁ ion of carbor
steel en ieal, thermal

ith simple iron.

and prope¢ speci apphc ti

Type of Steel Applications

Carbon Steel Construction tools,

efc.

Stainless Steel Kitchen appliances, Cutlery and Medical equipment
Tool Steel Cutting and drilling equipment

Alloy Steel Fry pan, Toaster etc
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Copper

v" Copper is a dense metal with a reddish brown
colour. |
v' It is malleable and ductile, allowing it to be
easily shaped and wired.
v" Copper is known for its excellent electrical
conductivity and it ranks as second highest
(after silver) electrical conductor among pure
metals.
Copper reacts with conc. sulphuric acid to form copper sulphate and
sulphur dioxide.
Cu + 2H2SO04(conc) — CuS04 + S0z + 2H20

Copper reacts . nitric acid to form copper nitrate and nitrogen
dioxide.
Cu + 3(Eore.! 3)2 \

nage and alloy fd

telecommuni

Copper is primarily used in making elec
electrical equfrﬂt tis also used 1
ti

| i'(:rust in thi
‘ 10 lmCOPPET 1S cha
e tractmg metal hke copper S )

steps: sui
refining.
Concentration
In this stage, the objective is to eliminatg
powdered chalcopyrite ore. This is accomp
process, where the ore is blended with water that has pine oil added to it.
Subsequently, air is introduced into the water, causing the ore particles to
become coated with froth, while the gange particles settle to the bottom as
shown in figure

Roasting

This process involves the heating of ore in the presence of excess air at an
elevated temperature in a roasted kiln. As a result, the impurities oxidizes
and the ore undergoes decomposition, leading to the formation of cupreous
sulphide and ferrous oxide while sulphur dioxide is simultaneously o
eliminated. ~ 7 |Ea

2CuFeS; + 402 CuzS + 2Fe0 + 3502 ==
Smelting

Roasted ore along with silica and coal is charged into a blast furnace. The
combustion of coal elevates the furnace temperature to approximately
1200°C to 1500°C. Within this environment, ferrous oxide (FeO) present in
the ore reacts with silica, resulting in the formation of iron silicate (FeSiOs)
commonly referred to as slag. The slag floats on the surface of the molten

e —————————————————a——
40




/MeE MASTER COACHING CENTER aitr]

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop :
Salman Arif Tabani 0312-2340767 www.youtube.com/@MasterCoachingCenter [=] ’

matte while the matte (consisting of Cu,S and some impurities) is separately

collected from the slag.
1200°C —1500°C
FeO + SiO2 > ——— > FeSiO3

(Iron oxide) (Silica) (Slag)

Bessemerization
The matte is subsequently fed into a pear shaped Bessemer converter, where
hot gases are introduced from the mid lower portion. Within this converter,
cupreous sulphide (Cu2S) is partly converted into cupreous oxide (Cuz0),
which then reacts with the remaining cupreous sulphide, resulting in the
production of molten metallic copper.

2Cu2S + 302 — 0 2CH20 +H280,

2Cu20 + Cu2S 6Cu + SOz
The copper th d is called blister
copper beca difies hidden « - 1
Sulphur dio pes producing
blisters on its ﬁ It is about 99%

pure. The bli contains
impurities m ut small amou
of arsenic, zmc lead, silver and gold.

Blister especially )
electric H\E , it underg

a refini mall remaini — N
impurities as shown in figur A3
;W

Mane

Copper is refined by electrolysis in an u
electrolytic tank. The blocks of blister e e 1
copper are used as anodes and thin
sheets of pure copper act as cathodes as
shown in figure. The electrolyte is copper 3

sulphate which is acidified with Impure Cu anode f A
sulphuric acid. By passing electricity ; 1]
through the electrolytic solution, the PSR i |l
blister copper undergoes oxidation and Electrolvte ] \
the Cu*? ions produced in this oxidation H.S0, + CuS0, J J )
process are then deposited onto cathode. — BT

The impurities are left behind which fall
to the bottom of the cell as anode mud.

Cu ————  Cu*? + 2e (oxidation at anode)
(Blister copper)

Cu*2+ 2e~ ———  Cu (reduction at cathode)
Copper obtained after electrolytic refining is 99.99% pure.
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Commercial applications of some common transition

elements
Transition Elements Commercial Applications
e In making artificial joints, bone plates, screws and
Titanium :
dental implants.
7 T Use in batteries, as a catalyst and as a pigment in glass
making
Iron Building and bridge construction and tool making.
Copper In making copper wires, alloys and sanitary works.
Zinc Galvanizing, alloying and also use in batteries
Platinum In making jewellery and also serves as a catalyst.
M n thermometers, B.P. apparatus, and amalgam
ercury fon

FOR
MORE!"
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Short Questions
1. Write the IUPAC names of the following:

(i) Naz[Pt(OH)4] Sodium tetra hydroxo platinate (II)

(i) K2[Fe(CN)s NOJ Potassium penta cyano nitrosyl ferrate (II)
(ii) (Zn(NHz)4]*2 Tetra ammine zinc (II) ion

(iv) [Ni(SCN)4]2 Tetra thio cyanato nickelate (II) ion

2. Give reasons for the following:

i) Why do transition elements show variable oxidation states?
Transition elements show variable oxidation states because their valence
electrons are in two different sets of orbitals, i.e. in (n - 1) d and ns orbitals.
The energy difference between these orbitals is very less. This means that
transition metals can lose electrons from either the (n - 1) d or ns orbitals,

or from both, mg on the conditions.
(ii) Why tra ents have ability
Transition e the ability to fi

similar sizes and similar electronic confie

together and solutions. Alloys
durable than s, and they ca
such as resistance to Corrosion or high

(iii) Why Cu*? jon is l]ie but Zn+2 is ¢

Copper(

transition. In a d&r&msitmn an electr
er d orbital of higher en
Zinc( = er d, is
any d orbitals. All of its valence electro
there are no d-d transitions possible,
visible light.

(iv) Why chromium exists in 4s!, 3d5 config not in 4s ‘
Chromium exists in the 4s!,3d® configuration because it is more stable than
the 4s2, 3d* configuration. This is due to the phenomenon of Hund's rule,
which states that electrons will occupy different orbitals of the same energy
level before they pair up. In the 4s!, 3d° configuration, all of the electrons in
the 3d orbital have unpaired spins. This is more stable than the 4s2, 3d*4
configuration, in which two of the electrons in the 3d orbital would have to
pair up.

(v) Why binding energy of zinc is least in 3d series?

The binding energy of zinc is the least in the 3d series because it has the
smallest atomic radius. Atomic radius is the distance from the nucleus of an
atom to its outermost valence electrons. The smaller the atomic radius, the—~
more tightly the valence electrons are held to the nucleus. This means that

it takes more energy to remove an electron from a zinc atom than from any
other atom in the 3d series.

In addition, zinc has a filled 3d subshell. Filled subshells are more stable

than incomplete subshells. This also contributes to the high binding energy

of zinc.

orange- Y
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However, it is important to note that the binding energy of zinc is still
relatively low. This is because the energy difference between the 4s and 3d
orbitals in zinc is very small. This allows zinc to lose electrons from either
the 4s or 3d orbital, or from both, depending on the conditions.
(i) Reaction of conc. nitric acid with copper

Cugs) + 4HNO3(cone)y — Cu(NO3)2(aq + 2NO2g + 2H20y)
(ii) Reaction of conc. sulphuric acid with copper

Cug) + 2H2SO04(conc) ————  CuSO4aq + SO2g + 2H20q
(iii) Reaction of permanganate with oxalic acid

S5H2C204 + 2KMnO4 + 3H2S04 ———2KHSO4 + 5CO2 + 2MnSO4 + 8H20

(iv) Reaction of dichromate with ferrous sulphate

2Cr2072- + 6Fe2* + 14H. 2Cr3* + 6Fes* + 7TH20
(v) Reaction se with dilute sulphuric acid
ﬁMﬂ)qmﬂ MIISO4{aq} + Hag
(vi) Reactio th chlorine

Fe() + Clog

4. Why d- ents are calle ‘
The d-block e t8"are called outer trg
located in thefmi the periodic tab

The following equation shows the equilibrium between dichromate and

chromate ions in water:
2Cr2072" + 2H20 CrQ42- + 2H* + 2Cr042-
6. Melting point of d-block elements increase up to middle of the
series and then decrease why?
The melting point of d-block elements increases up to the middle of the
series and then decreases because of the increasing number of d electrons.
The d electrons can participate in metallic bonding, which strengthens the
metal and increases its melting point. However, as the number of d electrons
increases, the electrons become more delocalized and less involved in v
metallic bonding. This leads to a decrease in the melting point. ~— 7 [
Another factor that contributes to the decrease in melting point after the
middle of the series is the increasing size of the atoms. The larger atoms
have more space between them, which makes it easier for them to slide past
each other and melt.
7. Give the composition and applications of stainless steel, brass
and bronze.
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Stainless steel is a type of steel that is resistant to corrosion. It is typically
made up of iron, chromium, and nickel. Stainless steel is used in a wide
variety of applications, including:

e Food processing equipment

+ Medical devices

o Chemical processing equipment

e Automotive parts

e Architectural components
Brass is an alloy of copper and zinc. It is typically made up of 60-70%
copper and 30-40% zinc. Brass is a strong and durable material that is also
resistant to corrosion. It is used in a wide variety of applications, including:

e Plumbing hardware

e Electric rs
« Music ts
e Decor

Bronze is an alloy of copper and tin. It i
copper and 1F Bronze is a stra
ing

resistant to c "1t has been used fo
items, includ
e Sculptures

S

B

cE N ﬂ H E EEE
Bearings

Ncwwmns

can vary depending on the specific allo

1. Explain the trend of following prope
elements.
(a) Paramagnetic behavior (b) Variable oxidation state (c) Colour
formation.
(a) Paramagnetic behavior
Paramagnetism is a type of magnetism in which materials are attracted to
magnetic fields. It is caused by the presence of unpaired electrons.
Transition elements are paramagnetic because they have unpaired electrons
in their d orbitals. The number of unpaired electrons in a transition element
depends on its oxidation state. For example, scandium (Sc) has no unpaired
electrons in its +3 oxidation state, so it is diamagnetic (not attracted to
magnetic fields). However, titanium (Ti) has one unpaired electron in its +
oxidation state, so it is paramagnetic.
The trend of paramagnetic behavior in the 3d series of transition elements is
as follows:
e The maximum number of unpaired electrons is five, and this occurs at
the middle of the series (from chromium (Cr) to manganese (Mn)).
« The number of unpaired electrons decreases on either side of the
series.
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o Elements at the end of the series (from nickel (Ni) to zinc (Zn)) have no
unpaired electrons, so they are diamagnetic.
(b) Variable oxidation state
Transition elements show variable oxidation states because they have
unpaired electrons in their d orbitals. These unpaired electrons can be lost
or gained to form different oxidation states.
The trend of variable oxidation state in the 3d series of transition elements
is as follows:
« The maximum number of oxidation states is seven, and this occurs at
the middle of the series (from manganese (Mn) to chromium (Cr)).
« The number of oxidation states decreases on either side of the series.
« Elements at the beginning of the series (from scandium (Sc) to
titaniu only one or two oxidation states. Elements at the
end of t ##“mm nickel (Ni) to zinc (Zn)) have only one oxidation
state
(c) Colour formation

Transition ele colored because i
absorption is henomenon callgd
an electron is'ex om one d orbita

energy
The ene ght depends

the two Mﬂﬁ %i r the energ
wavelen e absorbed Tight.
The, trend of colour formatxo? ol
follo
« Elements at the beginnifg of the

titanium (T1)) are colorless because
in energy to be absorbed in the vi$i

+« Elements at the middle of the serig
manganese (Mn)) are colored because their d-d transitions are in the
visible region of the spectrum.

« Elements at the end of the series (from nickel (Ni) to zinc (Zn)) are
colorless because their d orbitals are filled, so there are no d-d
transitions possible.

Conclusion

The paramagnetic behaviour, variable oxidation state, and colour formation
of transition elements are all due to the presence of unpaired electrons in
their d orbitals. The trends in these properties can be explained by the
energy levels of the d orbitals and the energy of the absorbed light.

2. How can you define a coordination complex and a chelating ligan‘d?——f’/’
Explain various types of ligands with examples.

Coordination complex

A coordination complex is a chemical compound consisting of a central atom
or ion, which is usually metallic and is called the coordination centre, and a
surrounding array of bound molecules or ions, that are in turn known as
ligands or complexing agents. Many metal-containing compounds, especially
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those that include transition metals (elements like titanium that belong to
the periodic table's d-block), are coordination complexes.
Examples of coordination complexes include:
» Haemoglobin, which contains an iron atom coordinated to four
nitrogen atoms in a porphyrin ring, and two oxygen molecules.
e Chlorophyll, which contains a magnesium atom coordinated to four
nitrogen atoms in a porphyrin ring.
« Cisplatin, a cancer drug that contains a platinum atom coordinated to
two chloride ions and two ammonia molecules.
Chelating ligand
A chelating ligand is a ligand that can bond to a central metal atom through
two or more donor atoms. This forms a ring structure called a chelate ring.
Chelating lig ically more stable than monodentate ligands, which
can only bomﬁ 1 metal atom through one donor atom.
Examples o igands include
» Ethylenediamine (en)

« Bident
o Triphe ine (PPh3)
¢ Oxalat

« Gl cmate
ek 1 11
Ligand to two main
I N

polyde

Monodentatc ligands boz
or at of momod®enta
(H20), ammonia (NH3), Chloride (€1 1(

» Polydentate ligands can bond to aic¢

oxalate (ox), and glycinate (gly).
3. Describe how 99.99% pure copper is obtained from its chalcopyrite
ore.
Notes Pg no 53
4. Explain why transition elements and their compounds serve as
catalysts in many chemical reactions
Transition elements and their compounds serve as catalysts in many
chemical reactions because of the following reasons:

o Variable oxidation state: Transition elements can exist in a variety of
oxidation states, which allows them to act as electron donors or
acceptors in chemical reactions. This can help to lower the activatieﬂ——’/’
energy of the reaction and speed it up.

 Formation of coordination complexes: Transition elements can
form coordination complexes with other molecules, which can change
the reactivity of the transition metal. For example, the coordination
complex cisplatin is a cancer drug that is much more effective than
platinum metal alone.
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« Presence of d orbitals: Transition elements have d orbitals, which
can overlap with the orbitals of other molecules to form bonds. This
can help to activate reactants and speed up reactions.

5. What is meant by binding energy? Write down the trend of binding
energy in 3d series of transition elements.

Binding energy

Binding energy is the energy required to break a bond between two atoms. It
is a measure of the strength of the bond. The higher the binding energy, the
stronger the bond.

The binding energy of a transition metal atom is the energy required to
remove an electron from the outermost shell of the atom. The binding energy
of a transition metal atom depends on the number of protons in the

nucleus, the lectrons in the outermost shell, and the shielding
effect of the i ns.
The trend ergy in the 3dfS¢ s

follows:

e The bi 7y increases up
decreasgs.
e The maXi nding energy occ

o The minimum binding energy occh
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INTRODUCTION
Organic chemistry is the study of properties and structure of carbon
containing compounds. Thus
"Organic chemistry deals with hydrocarbons and their derivatives".
v" However, a few numbers of carbon containing compounds are
excluded from organic chemistry either by their properties or nature of
bonding.
v" These are carbonates, bicarbonates, cyanides, carbides, carbon
dioxide, carbon monoxide and carbon disulphide etc.
v" Organic chemistry is probably the biggest sub-field in chemical
sciences and is recognized as the fundamental field for all chemists to
study. It serves as a bridge between chemistry and biology.

Old Conc# g kunic Chemistzry
Before the 1381 ¢ , the term organ_'

substances t re obtained from a
prepared in 1
It was extens el

Laboratorjr syhthe'sis' of urea by Wohler ‘@i
and turned the minds of chemists towards synthetic organic chemistry and
since then millions of organic compounds have been synthesized.

SOURCES

Organlc compounds are abundant in nature and can be found in
various natural sources such as fossil fuels, plants, animals and
microorganisms.

They play an important role in our society in various aspects.
Fossil Remains (Coal, Petroleum, Natural Gas)

{3

that have been preserved in rocks and sediments.

v" These remains can include bones, teeth, shells imprints of leaves or
other plant parts and provide important clues about the history of life
on earth.

v Fossils are formed when an organism dies and its remains are quickly
buried by sediment without decomposition.

50
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Fossil remains refer to the remnants of ancient animals and plants ;+,u‘_
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v" The buried remains become compressed and the organic material in
the remains is slowly transformed into fossil fuel leaving behind the
minerals of the rock.

v Fossil fuels are nonrenewable energy source.

The three main types of fossil fuels are coal, petroleum and natural gas.

Coal

Coal is a plant-derived black mineral found beneath the earth's crust and is
a solid fossil fuel that has significance all over the world. Plants that were
buried underneath the earth crust millennia ago were slowly turned to coal
under high temperature and pressure owing to bacterial and chemical
processes.

The coal typotaau m some USEes are:
Peat 45- 6

It is the earliest stage of coal formation fe
fossilized rem| s very low heat €
heating as an of fire wood.

Lignite 60-702
Itisab i <l.1 d soft coa
electrici ; =

B inous 70- 85%
Itis a "Coal, dt has a

Anthracite 90-95%
It is a dark black coloured hard coal. It 1S*theshighest-raniking-coa
highest carbon content. It is used in furnaces, power stations and as a
domestic fuel.

Petroleum

The term petroleum refers to rock oil or crude oil since it is a thick black
liquid that oozes out of the earth.

It is a complex combination of alkanes, cycloalkanes and aromatic
hydrocarbons etc.

Petroleum is formed from the ancient marine animals that were buried
millions of years ago in the earth's crust.

It is used for transportation, power generation and many other purposes.
Some important products that are extracted from petroleum include
gasoline, kerosene, diesel, naphtha, parafin wax etc.

Natural Gas
Natural gas produced by the decomposition of marine microorganisms over
the millions of years.
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Natural gas is a mixture of methane, ethane, propane and butane. The
highest composition in natural gas is methane (85 - 90% approximately).
Natural gas is a more beneficial source of energy than coal and petroleum
because its combustion causes less pollution.

Natural Products (Plants and Animals)

Many organic compounds are isolated from plants, animals and microbes.
These are referred to as natural products.

These products are typically produced by living organisms through natural
metabolic processes and extracted out through various methods such as
distillation, fermentation, purification etc.

Natural products have been utilized for millennia for medicinal, cosmetic,

and nutrition n[ﬂ
Some exam ral products afe

cholesterol, caffeine, nicotine, menthol 2

Partial Synth |

Partial synthesis involves starting with &

through l'lﬁ reactions t
molecul

This me 1 iC & Bseful whenit
symthesize directly or requir iple
One example O ial synthéSis is thelp

drug ibuprofen from a compound called
chemical transformations, including oxiglati
ibuprofen.

Total Synthesis:

Total synthesis involves building a complex target molecule entirely from
simple starting materials.

It requires designing a route that carefully selects and assembles the
necessary building blocks through a series of chemical reactions.

Total synthesis is often used to produce natural products or pharmaceutical
compounds that are not readily available from natural sources.

For example, the total synthesis of the anti-cancer drug paclitaxel (Taxol)

involves numerous steps to construct the molecule from simple building
blocks.

Products of Biotechnology
“Products that are made by using living organisms or their constituents
such as cells enzymes, DNA, etc called as products of biotechnology."

Destructive Distillation of Coal

===
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The process in which coal is heated in the absence of air to produce a
range of useful products is known as destructive distillation".
The process requires an elevated temperature typically 400°C to 900°C in a
closed container. The four principal products of destructive distillation of
coal are coke, coal tar, coal gases and ammonia liquor.

Coke
It is a greyish black hard solid contain 98-99% carbon. It is used as fuel and
reducing agent.

Coaltar

It is thick black liquid. Its fractional distillation gives many useful organic
compounds s d ene, toluene, xylene, naphthalene and phenol etc.

Coal Gases

It is a mixtur e and water ga§.
employed forF d municipal lightti
Ammo
Itisa compoun 5
obtaine

Q%ing of Petroleg?

"The p hydroe¢s

rating into those with higher octane fafi
in internal combustion engine

The process of reforming is carried out

temperature using platinum catalyst.
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CHARACTERISTICS OF ORGANIC COMPOUNDS

Catenation

Organic compounds are made up of carbon atoms. Carbon is distinctive in
its ability to bond covalently with other carbon atoms in many different ways
to form long chain, branch chain and cyclic compounds. This unique
property of organic compounds is known as catenation.

Non Ionic Nature

Organic compounds are made up of carbons and a carbon atom contains
four valence electrons.

It does not have the ability to lose or gain four electrons since it requires
very high enﬁy. Therefore, in contrast with inorganic compounds, it forms

covalent bon t aring of electrons.

Solubility

The solubility compounds ca
chemical st a the solvent in

(- OH) or carboxyl (- COOH) gr
abiigy to form hydrogen bon
For e 5
soluble organic compounds.

Nonpolar organic compounds:
Nonpolar organic compounds, such as hydrocarbons, g
solubility in water but are soluble in nonpolar solvents like hexane or diethyl
ether.

For instance, hexane (CeH14) and toluene (C¢eHsCHs3) are nonpolar organic
compounds that exhibit poor solubility in water but dissolve readily in
nonpolar solvents.

Low Melting and Boiling Point

Organic compounds in comparison to inorganic compounds have lower
melting and boiling points. This is due to the comparatively weak
intermolecular forces found in these molecules. They exist as gases, liquiés——’/’
and soft solids.

Flammability

The majority of organic compounds are combustible and readily react with
oxygen to form carbon dioxide and water, thereby releasing heat. As a
result, most fuels are organic, such as wood, coal, oil, gasoline, and natural
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gas. Burning of organic compounds provide heat energy. The combustion
reaction for methane (CHa4) is as follows:
CH4 + 202 - CO2 + 2H20 + Heat energy

Reactivity

Organic compounds react at a substantially slower rate than the ionic
reactions that are often found in inorganic compounds. To accelerate the
reaction, they generally require heating, mixing, and a catalyst.

Isomerism
Isomerism is a characteristic of organic compounds where compounds with
the same number of atoms of each element can arrange those atoms in
different way in distinct structures and properties. These
compounds t structures bugss '
called isomers.

For example
There are twojis f butane: n-buts

In n-butane, the carbon atoms form a s
carbon | d structurg
n-Buta -

Isobut 3 @HB

Polymasization v’
Many small organic molecules(monomets

condensation process to form a single larg
as polymerization and the macromolecule

polymer.

For example, the polymerization of terephthalic acid (a dicarboxylic acid)
with ethylene glycol (a diol) forms polyethylene terephthalate (PET), which is
a common type of polyester used in various applications, including textiles,
packaging, and beverage containers.

4] {)

I u [ ||

v HO e UM ol =1 H o) m CH ) === O H — e (B ) e | UM =t

Terepiathale scd Fryviese ghool o
Potyester

USES OF ORGANIC COMPOUNDS

Organic compounds are widely used in various applications, including
pharmaceuticals, agriculture, plastics, fuel, material production, and energy
generation.
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Use of common organic compounds

Organic Compounds Common Use
Gasoline Fuel for automobiles
Natural gas Domestic fuel
Ethene Ripening of fruits
Ethyne Gas Welding
Formalin Preservative of biological specimen
Ethylene glycol Antifreeze and coolant in automobiles
Phenol Antiseptics and ink preservatives
Diethyl ether Anesthesia
Acetic acid Vinegar
Ethyl ace Artificial flavors and essences
Nylon Ropes anc ‘
Poly este Fabrics - 1

Wﬂﬂem, Food compo Rowell

fats, vit

MORE!!

NEW ALLOTROPIC f CARF

Ith pulte Sarbé
forms with and grapHite.

In 1985, Richard Smalley and Harry Kr¢

consists of 60 carbons.
The shape of this newly discovered form of carbon
was similar to the geodesic dome developed by
American architect and scholar Richard
Buckminster Fuller. The name of this new form of
Ceo was suggested as Fullerene or Bucky Ball.

It consists of twelve (12) five membered ring and
twenty (20] six membered ring. Structurally each :
pentagon is surrounded by hexagon. Forming a hollow Cage -like structure.
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Functional Group

“A functional group is a specific group of atoms within the molecule
that is responsible for unique chemical properties and determines its
characteristic reactions".

HOMOLOGUES

SERIES GENERAL FORMULA FUNCTIONAL GROUP
Alkane R — H or CaHan:a —
Alkene R = H or CyHan C—=C

/ \\ (double bond)

C___f‘\ =
Alkyne R = H or CaHan 2 bo:;d- (triple
— X (where X =
Haloalkane
Or CroHonn 2

Alcoho R — OH or C,H

Or R R’ or
Ether R—@® —RorC
Aldehydes ” |
H R — dI' DOIIVI ET0 p
& or —CHO) aldehyde group
ketone || _!;|-_
carbonyl grou
A ( yl group)
(Ketonic group)
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Homologous Series
“A series refers to group of organic compounds with similar structural
characteristics but differing from each other by the addition of a

methylene group (-CHz2-) in their structure is called homologous series".

The general characteristics of homologous series are given below:
(i) The composition of all the members of a homologous series can be
expressed by a general formula.

Alkane CHop +2

Alkene C,Hon

Alkynes CnHon -2

Alcohol C,Hon+1 OH

Alkyl halide C,Hon+1 X

Amine C,Ha2p m

(ii) The moled u)f each memberfof homologoys serie :
the next higher or lower member by 14 a.f

(i1) All the me omologous series E mila “taical pro €s
due to the pr imilar functional gie

(iv) There is a

anatlon in the p 1y S
state, solubilit boﬂmg poif

1. De ry and give
compounds in everyday life
Organic chemistry is the study of the s
reactions, and preparation of organic ca
chemical compounds that contain carbo 2
life on Earth, and they are also found in many non- hvmg thmgs such as
petroleum, coal, and natural gas.

Some of the most important organic compounds in everyday life include:

e Food: Organic compounds make up all of the food that we eat.
Carbohydrates, proteins, fats, and vitamins are all organic
compounds.

o Clothing: Many of the fibers that are used to make clothing, such as
cotton, wool, and polyester, are organic compounds.

« Plastics: Plastics are synthetic organic compounds that are used to
make a wide variety of products, from food packaging to medical
devices.

o Fuels: Petroleum and coal are both organic compounds. They are
used to generate electricity and power vehicles.

* Medicines: Many medicines are organic compounds. For example,
aspirin, ibuprofen, and penicillin are all organic compounds.

2. What is Vital force theory? Why was it disapproved?
Notes pg #
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3. Define functional group and write the structure of three oxygen
containing functional group.

Notes pg #

4. Define the following terms: (a) Catenation (b) Isomerism

Notes pg #

5. How can you differentiate between total and partial synthesis of
organic compounds?

Notes Pg #

6. What is meant by Reforming? Why is it considered a useful
technique?

Reforming is a chemical process that converts low-octane hydrocarbons into
high-octane hydrocarbons. It is a widely used process in the petroleum

industry to pr line and other high-value products.
Reforming is 1fechnique because it allows reﬁners to produce h1gh—
octane gaso -octane hydroc TDONS. T1 '

—value prod
uch as be
be used to make a vanety of othe

petrochemicals.
. | envi

of waste products that are produge
7. Write down some examples of prod
biotechnology?
 Food:
Biotechnology can be used to produce food that is more nutritious, pest-
resistant, or drought-tolerant. For example, genetically modified (GM)
crops such as soybeans, corn, and rice are widely grown around the world.
Biotechnology can also be used to produce food additives and enzymes,
such as rennet for cheesemaking and aspartame for sweeteners.
+ Medicine:
Biotechnology is used to produce a wide range of medicines, including
vaccines, antibiotics, and hormones. For example, recombinant insulin is
produced using biotechnology, and it is used to treat diabetes.
Biotechnology is also being used to develop new treatments for Cancer‘aﬂé—’/
other diseases.
» Biofuels:
Biotechnology can be used to produce biofuels such as ethanol and
biodiesel from renewable resources such as corn and soybeans. Biofuels
can help to reduce our reliance on fossil fuels and reduce greenhouse gas
emissions.
+ Industrial chemicals:

e ———=
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Biotechnology can be used to produce a variety of industrial chemicals,
such as bioplastics, detergents, and solvents. Biobased chemicals can help
to reduce our reliance on petroleum and other fossil fuels.
o Environmental products:
Biotechnology can be used to produce a variety of environmental products,
such as bioremediation agents and wastewater treatment products.
Bioremediation agents can be used to clean up contaminated soil and
water, and wastewater treatment products can be used to remove
pollutants from wastewater.
8. Write down some common uses of organic compounds?
Organic compounds are used in a wide variety of products and applications.
« Food: Organic compounds make up all of the food that we eat.

Carbohydrat ins, fats, and vitamins are all organic compounds.

. Clothingda]rﬂle fibers that are used to make clothing, such as
cotton, w@al, ester, are orga npound

« Plastics: Plastics are synthetic orgs tite dt0 s
a wide va.\F ducts, from food{p . 1C2 = l

« Fuels: Pet d coal are both drg pouAS are used
generate electfi€ity*and power vehicl€s. - .E't‘

« Medicines: Many medicines are orgdni g&hd Fos exa
aspimm‘liptnicﬂlin arefallgorgdnic GripO 1 S
Pers Organic comp 3 ed in i

.
of personal care procfucts, such as s@a

smetics.
roducts: mpo
products, such as detergents, dishwas

cleaners.
« Construction materials: Organic c¢
construction materials, such as asphg
insulation.
+ Industrial products: Organic compounds are used in a variety of
industrial products, such as paints, solvents, and adhesives.
Descriptive Questions

|
)

1. Describe the natural sources of organic compounds.

Notes pg #

2. Define Bucky Ball? Explain its structure and mention its some
properties.

Notes pg #

3. Explain destructive distillation of coal? What are the various
products obtained from it?

Notes pg #

4. Describe homologous series of organic compounds? Write three main
properties of homologous series.

Notes pg #

5. Explain various unique characteristics associated with organic
compounds.
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e Carbon-based:
All organic compounds contain carbon. Carbon is a unique element because
it can form four bonds with other atoms, which allows it to form a wide
variety of complex structures.
Covalent bonding: Organic compounds are held together by covalent bonds.
Covalent bonds are strong bonds that are formed when two atoms share
electrons.

e High molecular weights:
Organic compounds can have very high molecular weights, which means
that they can be made up of millions of atoms. This allows organic
compounds to form complex structures with a variety of properties.

e Isomerism:

Organic comp exhibit isomerism. Isomers are compounds that
have the s formula but different structures and properties.
° Func

that have spe ical properties.
groups can h ificant impact o
compound.

6. Desc chemist
anima ic compoun
Notes P:

7 Write down the different types of co
other?
Notes
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INTRODUCTION

v' Organic compounds exhibit a great diversity with millions of known
compounds and an infinite number of possible isomers.

v" These compounds can possess distinct functional groups, different type of
substituents, and variable lengths, branches and cyclic structure of
carbon chains leading to a wide range of structural possibilities.

v it was a big challenge for organic chemists to establish a systematic and
simplified method for naming the vast number of organic compounds in a
consistent and uniform manner.

v" However this challenge was successfully addressed with the introduction
of TUPAC (i ional union of pure and applied chemistry) naming
system wﬂ)ﬁﬂi s comprehensive solution for the nomenclature of
organic ¢ d allows che
vast array of organic compounds tha

in the labo

certain other elements such as oxygen,
al resent in their stru
Num

carbon atoms in | prefixes

chain

1 Meth- :

2 Eth- Ethane Ethene Ethyne

3 Prop- Propane Propene Propyne

4 But- Butane Butene Butyne
B Pent- Pentane Pentene Pentyne

6 Hex- Hexane Hexene Hexyne

7 Hept- Heptane Heptene Heptyne

8 Oct- Octane Octene Octyne

9 Non- Nonane Nonene Nonyne

10 Dec- Decane Decene Decyne |

1 Undec- Undecane | Undecene | Undecyne

12 Dodec- Dodecane | Dodecene | Dodecyne
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HISTORY OF NOMENCLATURE

Every organic compound found on Earth possesses a distinct structural
feature. Initially the names of organic compounds were assigned on the
basis of origin or the person who discovered.

These specific designations are referred to as common names or trivial
names.

With the rapid growth of organic chemistry, the number of compounds
increased tremendously, where it became impossible to assign a common
name to such an extensive range of compounds and scientists felt the need
for a structural or systematic name, that one would accurately reflect the
molecular structure of organic compound.

An attempt at Geneva conference (1892) to create unique
nomenclatu ibgonly one officia
compound. In 1958, a new commissio
the internati of pure and a

work on the re.
This new system of nomenclat‘ure

molecul f
VIDHE Mieacs
The systematic or sc1ent1fic system for
re] d as IUPAC method. -
fifteen M org%

millions of organic compounds yet to be
IUPAC method considers the arrangg
positions of functional groups and
compound to generate a standard name.
1) The general rules set for IUPAC method of naming organic compounds are
as follow:
2) Identify the longest unbroken carbon chain within the molecule which will
act as parent chain.
3) Allocate numerical designations to the carbon atoms within the parent
chain to the terminal side, to which functional group is nearer.
4) ldentify substituents and name them using prefix such as methyl, ethyl,

methoxy, chloro, bromo etc. and mention their position in the loggfl:_?

carbon chain.

5) If any functional group is present in the molecule, name it by using
appropriate suffix such as "one" for ketone, "-al" for aldehyde and -ol" for
alcohol etc.

6) If there are more than one functional group present in the molecule, write
their name on priority basis set by priority rules i.e.

(-COOH) > (-CHO) > (C=0) > (-OH) > (-NH2) > (-0-) > ()> (3.

===
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NOMENCLATURE OF ALKANES

In this system, all the carbon atoms present in the structure are included in
the name, regardless of whether these carbon atoms are attached to each
other in straight chain or in a branch form.
1) The prefix n- is utilized for alkanes where all the carbon atoms are
arranged in a single uninterrupted straight chain.
2) The prefix Iso- is utilized if in the structure of alkane molecule one branch
(e.g. CH3) is attached to the second last carbon atom of the chain.
3) The prefix Neo- is utilized if two branches are attached on the second last

carbon of s

(n-Butane) (Isbbu 3

{1 —
v' Thel e family is
v" The first four mem

ers 'of this group
ir trivial names (methan e,
v" From : S are n

numerals pent (five), hex (six), hept (s& (c.
number of carbons presents in the m@l¢ "ane®
When naming a specific alkane, by IUPAC system it 1S nnor!an!?o conside

the following fundamental rules.

1) Select the longest continuous carbon chain in the molecule and number
the carbon chain from one of its terminal. The name of the chain is
retained as propane, butane, pentane, hexane etc.

2) The numbering of carbon chain should be assigned, starting from the
terminal where functional group or an alkyl group (substituent) is
nearest.

3) If the identical substituents are attached at the same position from both
ends of main carbon chain, numbering can be done from either terminal, ~
However, if the identical substituents are attached at different positions,
the numbering should be done from the side where the substituent is
nearer.

4) When two different substituents are attached at the same position from
either side of the carbon chain, the numbering of chain is determined
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from the terminal where the substituent with the lower alphabetical order
is nearer.

5) When two or more same substituents are attached to the carbon chain,
indicate the quantity of each substituent by using di, tri and so forth.

6) Prefix cyclo is used to name cycloalkanes.

CHy CiHs:
] |l' 3 a ) [} ) 4
CHs —CH—CH— CHz— CHy CHy— CHr—CH:— CH—CHo—CHs
CHy CHy
(2, 3-Dimethylpentane) (3-Ethyl-2-methylhexane)

CH» CHa
I] ] 4 I’ L)
CH—Cl'II—C : & 7
.3 Q-‘l'rlmeth\lhu
Cllz

CH:——CHz

Clh Cl-l1

Mﬂn E | l!\ -
== oy

(Cyclobutane) \ ne)
NOMENELAT

Common system
In common system, alkenes are named b
"ylene" for example ethylene, propylene, ety

CH: = CHao, CHs - CH = CHz
(Ethylene) (Propylene)

An alternative way of naming alkenes is by considering them as derivatives

of ethylene.

For example

C2Hs — CH = CH - CsHs, CH3z - CH = CH2
(Diethylethylene) (Methylethylene)

IUPAC System
In the IUPAC naming of alkene the suffix "ene" is used to indicate the
presence of double bond.

66




Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop
Salman Arif Tabani 0312-2340767 www.youtube. oom/@MasterCoachmgCenter El

/MEC MASTER COACHING CENTER ZEER

r

Consider the following general rules as a guideline for naming alkene

molecule according to IUPAC system.

a. Select the longest carbon chain which must contain double bonded
carbon atoms.

b. The numbering of the longest chain starts from that end nearest to the
carbon-carbon double bond irespective of the location of alkyl radicals.
c. Indicate the position of double bond by specifying the location of carbon

atoms involved in the double bond.
d. If there are more than one double bonds present within the carbon

chainthey are indicated by adding the prefixes di, tri etc. before the suffix

o dDIN
~.FOR
MOREULL.
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NOMENCLATURE OF ALKYNES

Common System

In common system, the first member of alkyne family is named as acetylene
(CzH). The name of higher alkynes are derived from acetylene by considering
the branched carbon atoms as alkyl radicals.

For example

HC = CH H3C- C = CH CH3;-C=C-CHs
(Acetylene) (Methylacetylene) (Dimethylacetylene)
CsHs - C=C - CHj CHs = CH-C = C- CH&'"CH2
(Ethylmethylacetylene) (Divinylacetylene)

IUPAC Sys
To write IUP Nf alkynes, it is necessa

essential rul

a. Select the ntinuous carbo
carbon at Hl:ing triple bond
b. The numberi irbon chain starts

to the carbon-carbon triple bond.
c. Writ ‘ alkanes fort

repl l.‘ﬁ- "y,rlell tO o

d.. Indicate the position of triplesbend b
atom involved i d.
e. If two or mor ple bond afe present i

indicated by adding the prefix di, tri gt m :
f. When both double and triple bonds ar¢ psese

different positions then the numberi
bond (double or triple) is nearest.

g. When double and triple bonds are present in the molecule at equal
positions from the end, then the preference of numbering is given to
double bond.

CH,
] 1 3 4 1 | 3 L 5 L]
CH—C=C—C(CH, CH,—CEEC—-CH-—(ITH-—CH,
(I'B“'YM} CH,
(4,5-Dimethyl-2-hexyne)
CH,
] b | IJ a ] 1 | 3 d 5
HC=C—C— C=CH CH,=CH—C=C—CH,
CH, (1- Pentene-3-yne)

(3,3-Dimethyl-1, 4-pentadiyne)
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NOMENCLATURE OF ALKYL HALIDES

Alkyl halides are the derivatives of alkanes in which one or more hydrogen of
alkanes are replaced by halogen atom.

Common System

The common name of an alkyl halide is formed by naming the alkyl group
first, followed by the term "halide".

CH3z - CI CH3 - CHz - Br CHz - CH2 - CHa -1
(Methyl chloride) (Ethyl bromide) (Propyl iodide)

The term seﬂg}l( .) and tertiary (teg
atom bonded to hal is further attache
atoms respean
n CH4
|
(see=

roE\ fento ride)

TM&S pIre

further attéched to two or three other ca

CH,
| 13 — U —CH,;

CH3—CH—CH2—BF I

(Isobutyl bromide) {(Neo pentyl iodide)

IUPAC System

In IUPAC system alkyl halides are named as haloalkanes, where halo is

chloro, bromo, iodo etc. When naming alkyl halides according to IUPAC

system, it is important to adhere to the following rules.

a. Determine the longest carbon chain that contains the carbon atom
directly bonded to halogen.

b. Number the carbon atoms in the chain from the end closest to the
halogen atom.
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c. When a double or triple bond is present in the halogenated carbon chain
it is recommended to number the chain from the end nearest to the
double or triple bond.

d. Prefix di, tri, tetra etc. are used to indicate the number of halogens
attached to the main carbon chain.

e. When two different halogens are attached to the carbon chain at the
same position from opposite ends, the halogen name will be written by its
alphabetical order.

dipnapcucar oruct, 3
CH,
= CHz = Br 1 Zl

CH; = CH-CI
J 0m (2-Chloropropane)
POl
MORBET!
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NOMENCLATURE OF AMINES

Amines are organic compounds that contain a nitrogen atom bonded to one
or more alkyl or aryl groups. Primary amines contains one alkyl group
bonded to the nitrogen atom while secondary and tertiary amine are
identified by the direct attachment of two and three alkyl groups with the
nitrogen atom respectively.

Common System
The common name of a primary amine is formed by combining the name of
alkyl group with the suffix "amine".

CHs — NH»> CHis - CHz - NH»
(Methyl a.mldgg]l u (Ethyl aming
The prefix seC. eft. are used if the
further attac it o or three alkylfrz
0 CH;
i

MOREIL

IU stem
In ITUPAC system, primary es are 1
the following rules.

1) Select the longest carbon chain that co
bonded to -NH> group.

2) Write the name of compound by replacing the ending “e" of alkane chain by
adding the suffix "amine".

- |
CH, NH,

| |
1 2
CH3 — CHZ e NHZ CH3 — CH o NHZ CH3 — CH Lt CHz - CHZ - CH3

(Ethanamine) (2-Propanamine) (2-Pentanamine)
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NOMENCLATURE OF ALCOHOLS

Organic compounds that contain one or more hydroxyl (-OH) functional
group attached to the carbon chain are called alcohols.

Common System

Since alcohols are hydroxyl derivatives of hydrocarbons, their common
names are formed by combining the name of alkyl group with the suffix
“alcohol".

CHsz - OH CH3 - CH2 - CHz — OH
(Methyl alcc:ﬂ) (Propyl alcohol)
If the carbo rﬂ lenvg the hydroxyligreupgisadir ; o
three other carbo s, the term secd :
MORE!H

EEE
) OH ?

IUPAC System

The set of rules established by IUPAC syste , 2

given as follow:

a. Identify the longest continuous carbon chain that include the carbon
atom bearing the hydroxyl group (-OH).

b. Number the carbon atoms in the chain starting from the end nearest to
the hydroxyl group.

c. The end “e of the parent alkane is replaced by "ol".

d. If the molecule of alcohol has substituents (CHs, Br, Cl, I etc), name them
as prefixes.

e. If two or more hydroxyl groups are present in the carbon chain, use di;,—7
tri etc. before the suffix -ol".

f. The positions of substituents should be written in alphabetical order.
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CH, — CH, — OH CH, — CH — CH, CH, — CH, — CH,
I | |
(Ethanol) OH OH OH
(2-Propanol) (1, 3-Propandiol)
CH4
2l 3 OH
CHZ — C—CH, 2 N
| CH, = CH — CH, — CH,
OH
(2-Methyl-2-propanol) (3-Buten-1-ol)

JOIN
FOR
MORE!"

) L.
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NOMENCLATURE OF PHENOLS

The class of organic compounds in which one or more hydroxyl group are
directly attached with the benzene ring are called as phenols.

In the IUPAC nomenclature system, the parent molecule is referred phenol
while numbering the substituents, the hydroxyl group (OH) is assigned the
default first position. The term ortho, (-o0), meta (-m) and para (-p) may be
used for mentioning the position of substituents. It is important to note that
certain phenols are still used by their trivial names in IUPAC system of
nomenclature.

@mu

(2-(‘!1] 0,
(0=Chl op o

H OH

(1, 2-Benzenedi
(Catechol)

OH
OH
OH
(1, 3-Benzenediol) (1, 4-Benzenediol) (1, 2, 3-Benzenetriol)
(Resorcinol) (Hydrogquinone) (Pyrogallol)
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NOMENCLATURE OF ETHERS

Ether is a family of organic compounds in which two alkyl or aryl radicals
are attached to an oxygen atom. These compounds are represented by R-0O-
R.

Common System

In the common system of naming of ethers, the two alkyl groups are written
in alphabetical order and the term ether is added at the end of the name.
CHs -O - CaHs C2Hs -O- C2Hs CsHs -O — CHs
(Ethyl methyl ether) (Diethyl ether) (Methyl phenyl

ether) I N
IUPAC Sysdey
In IUPAC sys enclature, ethess
derivatives Othe alkyl group d
considered as carbon chain w. ereas
with its CR.i lkoxy group
i ORI =

‘ T ﬁ

-a..

s

(Methoxyethane) (2-Methoxyprap

—
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NOMENCLATURE OF ALDEHYDES AND KETONES
Aldehydes and ketones are characterized by the presence of a carbonyl
group. (C-0). Aldehydes have carbonyl group at the end of carbon chain
whereas ketones have the carbonyl group within the carbon chain.

Common System

The common name of aldehyde is derived from the corresponding parent
carboxylic acid by replacing -ic acid with the aldehyde.

For example

Parent Carboxylic Acid Aldehyde

kyl groups attached to

order
0
|
CH3 T C = Cz H5
|
(Ethyl methyl ketone) (Methyl phenyl ketone) CH,

(Methyl isopropyl ketone)

IUPAC System

In this system aldehydes are named after the name of corresponding
alkanes. The ending "e" of alkane being replaced by suffix -al. The longest
carbon chain containing the CHO group is chosen as the parent chain. The
position of substituents are indicated by the numbers of carbon atoms to

which they are attached and the carbon atom of the -CHO group is given_ >

number one.
The hydroxyl group take preference over double bond and double bond take
preference over halogens and alkyl groups if present in the molecule.
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3 2 1 CHj
0 CH; — CH — CHO ) o
I | CHy — CH — CH — CHO
CH;-C-H CH, |
Cl
(Ethanal) (2-Methylpropanal) (3-Chloro-2-methylbutanal)
Br

3 Zl 1
CH2 ~CH - CHO

(Janjluk (Z-Bmmo-.l -hydroxypropanal)

In the ITUPA etones, the lorfgest carbon chain having

ketonic functional group is chosen as the pasen tichain far

named by re of the parent alka ‘- d? E

position of suPst s are indicated by 118 » BarbBa -

which they are attached and the carbo oh ) T/ 1Mo T ¢ E_S\G th.
2l

HEE

4
\CH —CHZ—CH CHI?

Cl O

e sl ol

b

CH; — CH — C — CH,4 |
OH
(3-Chloro-2-butanone) (2-Bromo-4-hvdroxy-3-pentanone)
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NOMENCLATURE OF CARBOXYLIC ACIDS

Organic compounds which contain carboxyl group (-COOH) are known as
carboxylic acids.

Common System

The common names of mono carboxylic acids refers to their sources rather
than their chemical structures. Positions of substituents is designated by, B
and Y etc.

Common names of some carboxylic acids are given below.

Structure Common name
HCOOH c acid
CH3:COOH Acetic acid

CH3CH2CO onic acid

CHs(CH)gCOi Q}c acid

CHs (CH2)2C eric ac:ld

CH3(CH

Commom RE ac1d are
-

HE
CH; — CH — COOH

~_ =

(c=Chloro propionic acid)
CH,
I
CH; — (IZ — CH, — COOH CH; — CH —CH,— CIH — COOH
H CHs
(p-Methyl butyric acid) (e, p-Dimethyl valeric acid)

IUPAC System
The name of carboxylic acid in IUPAC system is referred as alkanoic acid.
The longest continuous carbon chain containing the -COOH group is
considered the parent chain and the acid is named by replacing -e of the
corresponding alkane with "oic acid".

Double bond in the main chain are written by the ending -enoic acid and its
position is designated by numerical prefix. When two -COOH groups are
present in the main chain, use the prefix 'di' before the suffix oic acid. When

e
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a carboxylic acid is attached to benzene ring the parent ring, named as
benzoic acid.

LH;
CH, a
. CH, — CH — COOH
CH; — CH — COOH |
OH
(2-Methyl propanoic acid) (3-Hydroxy-2-methyl propanoic acid)
4 3 2 1
HOOC — CH = CH — COOH
(2-Buten-1 4dioic acid)
3 2 1 CH3
CH; — CH — COOH )l

JGI“ CH3—CH CH - COOH

(2-Aminopropanoic acid)

MORE!!
N e

6
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NOMENCLATURE OF ESTERS

Esters are named as alkyl derivatives carboxylic acids. Following steps

should be noted for the naming of ester molecules.

1) Find the longest carbon chain which contains -COO- group.

2) Write the name of alkyl group which is attached to R-COO- chain.

3) Name the carbon chain that contain ester functional group using “oate"
as a suffix.

Common system of nomenclature of ester is quite similar with IUPAC

method. Here "ate is used as suffix with the main carbon chain.

Common Name IUPAC Name
Ethyl formate Ethyl methanoate
s | Methyl pr g : I\ﬁth 1 propan

CH3(CHz2) Ethyl but E E I I' F !':-E-E = I

Isopropyl ¢ Pyl SOP

Structure.o

ides are the derivate of c
carb ic. acid by N
replacing the suffix -oic acid with amide

CH:{ _CHZ_CONH‘! CH:.] e (C e

(Propanamide) (Butanamide) (Benzamide)

NOMENCLATURE OF ACYL HALIDE S

Acyl halides or acid halides are derived from carboxylic acids. They are
characterized by the presence of a halogen atom attached to acyl group(R-
CO-).

When naming an acyl halide, the work begins with the name of the
corresponding carboxylic acid. In both common and IUPAC method the ic
acid ending the carboxylic acid is replaced by -yl, and then name the
specific halide group.

For example

CH3z- CHz - CO-Br CH3 - COCI
Propanoyl bromide (IUPAC) Ethanoyl chloride (IUPAC)
Propionyl bromide (common) Acetyl chloride (common)
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Short Questions
1. Why IUPAC system of nomenclature is preferred on common system
of naming of organic compounds?
The IUPAC system of nomenclature for organic compounds is preferred over
the common system of naming for several reasons:

+ Unambiguousness: The IUPAC system provides a unique and

unambiguous name for every organic compound, regardless of its
complexity. This is because the name is based on the structure of the
compound, rather than on any arbitrary or historical criteria.

o Systematic: The IUPAC system is a systematic approach to naming

e International: The IUPAC system is a

followed to name for any compound. This makes it easy to

organic compounds. This means that there are a set of rules that can be
learn and&ﬂt ystem.

for naming i€ Gompounds. This b
the world ¢

Alkenes

Alkynes Carbon-carbon triple bond (C == C)

Alcohols Hydroxyl group (- OH)

Carboxylic acids Carboxyl group (- COOH)

3. Write down basic rules for IUPAC naming of organic compound.
Notes Pg # ~ > |Ee
4. We often use the term Iso and Neo in the common system of naming e
of alkanes. Explain with example
The terms "iso" and "neo" are used in the common system of naming alkanes
to indicate specific branching patterns.
Iso: The prefix "iso" is used to indicate that the compound is a branched
alkane with a methyl group attached to the second carbon atom. For

===
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example, isobutane is a branched alkane with a methyl group attached to
the second carbon atom of a three-carbon chain.
Neo: The prefix "neo" is used to indicate that the compound is a branched
alkane with a tertiary butyl group attached to a carbon atom. For
example, neopentane is a branched alkane with a tertiary butyl group
attached to the second carbon atom of a three-carbon chain.

Here are some more examples:

Compound Common name | IUPAC name

CH3CH(CHzg)2 Isobutane 2-Methylpropane

(CHa) 33 " I I' Neopentane
(S ——

(CHs) 3CCH2(CH3) 3 Neooctane

Acetic acid
« Propionic acid
» Butyric acid
« Valeric acid (CH3(CH2)sCOOH)

6. If an organic compound contains both double and triple bond, in the

main carbon chain, what rules you follow to write its IUPAC name.

Explain by giving an example.

When naming an organic compound that contains both a double and a triple

bond in the main carbon chain, the following rules are followed:

1. Choose the longest carbon chain that contains both the double and triple
bond.

2. Number the carbon atoms in the longest chain, starting from the end
that is clesest to the multiple bonds.

3. If the double and triple bonds have the same number, the double bond is
given the lower number.

4. The suffixes "-ene" and "-yne" are added to the end of the parent chain
name, in that order.

5. The numbers of the carbon atoms where the double and triple bonds
occur are placed in front of the suffixes, and separated by a hyphen.

===
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Example:
The IUPAC name of the compound CH3 - CH = CH - C = C is: 2-buten-4-yne

Descriptive Questions
1. Give the IUPAC names of the following organic molecules.

0
Il
(a) CHy—C = O~ CH (CHs), (b) HC = C — CH(CHs) — CH = CH;
(¢) CH; = C -~ COOH d CHi O  CHs
I L
CHs CH-C-CH
A

N
(e) CH3; —CHz = OC (CHa)z CaHs 2
(9) CE—G—R =CH-CH;

Nl —7

2. Outline the structure of each of the f¢
(a) Ethyl neo-pentyl ether (b) Resorcino
(c) Picric acid (d) Isopropylbutanoate
(e) 1-Bromo-3-methyl hexane-2-one () a, B-dimethyl butyric acid
(g) Butyraldehyde (h) 3-Chlorobenzamide

(i) Butanoyl iodide (j) 1, 2,3-benzentriol

(k) Ethyl isopropyl ketone (1) -Mthyl butyraldehyde

(m) -Chloro-3-methyl valeric acid
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INTRODUCTION

» Organic compounds made up of hydrogen and carbon atoms are
known as hydrocarbons.

» Hydrocarbons are obtained from fossil fuels like coal, petroleum and
natural gases which serve as the primary source of energy for
generating heat, electricity and fuel for transportation.

» The refining of crude oil yields hundreds of hydrocarbons.

» Methane is the most basic hydrocarbon.

» It is the main constituent of natural gas and is commonly found in
marshy areas.

TYPES om ARBONS
Hydrocarbo ied based on thé
types of bonds present between carbon gt

They can be into two main g

aromatic hydgec .

“WBREI
Itis a cl which ca
EEE

oC

or branched chain through single, double
c as open chain hydr
AliphaticT an begfurther dla
unsaturated hydrocarbons. number.

Saturated Hydrocarbons
"In these hydrocarbons, all carbon atoms are attached to each other by a
single bond only".
These are further classified into alkanes and cyclo alkanes.
CH, CH,
H;C—CH; —CH, — CH; CH3;— CIH — CH; CH; - é — CH;

(n - butane) (iso butane) |

CHs
(neo pentane)
CHz CH;
HyC——C c/ Sy
H / H Cc H \C H Hzi le
2 2 H 2 HC——CH; H/
\c 2
(cyclopropane) (cyclobutane) (cvelopentane) (cyclohexane)

e
85




/MeE MASTER COACHING CENTER aitr]

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop :
Salman Arif Tabani 0312-2340767 www.youtube.com/@MasterCoachingCenter [=] ’

Unsaturated Hydrocarbons

These hydrocarbons contain one or more double or triple bonds between the
two adjacent carbon atoms in their structure”.

CH2 = CH- CH3 CHs - C =C-CHj3 CHz2=CH - CH = CH2
(1-propene) (2-butyne) (1,3-buta diene)

Aromatic Hydrocarbons
"Aromatic compounds are those which characterized by a cyclic
arrangement of atoms that are connected by alternating double bonds they

generally follJ' 0&[!"(\6 rule (4n+2n electrons)".
@ n (Toluene) '

ALKABM AR

CYCLO ALKANES

Cycloalkanes on the other hand, have a
Cycloalkanes are typically nonpolar sim
Despite both being saturated hydrocarbons, cyclopropane exhibits distinct
properties compared to alkanes.

Physical properties of alkanes

(i) Alkanes are nonpolar organic compounds that are insoluble in water but
soluble in organic solvents.

(i) Boiling point of alkanes is very low, it increases with the length of the
carbon chain. ~ =
(iii) The boiling point of straight chain alkanes is higher than that of

branched chain alkanes because straight chain alkanes are more extended,
which allows the greater surface arca.

(iv) Alkanes which consist of C: to C4 are gases Cs to Ci7 are liquids and

above Ci7 are waxy solids.
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Physical properties of cycloalkanes
(i) Cycloalkanes of C3 and C4 carbons are gases, while cycloalkanes of Cs or
more carbon atoms are liquids.

(i) The boiling point of cycloalkanes is lower than that of straight chain
alkanes of comparable molar mass due to the ring strain.

Structure of Alkanes

Alkanes are o aturated o :
hydrocarboﬂ on atom in (] c'
alkanes is t onded with

hydrogen atoms and other carbon
atoms.

To illustrate the re of alkanes,
the molecule of ethane is taken as a

represe "vl!’u e s N S |
Ethane rbon —E - e m o —J
EEE

atoms and six hydrogen atoms(CeHs). ERC aidant Sp
hyBmidized containing four s id ot S : ] itals
are arran, al ion. O ; ;

atom. The bond length between the carbon and carbon atoms is
approximately 1.54 °A, and the bond angle between carbon, carbon and
hydrogen atoms is approximately 109.5¢°.

Structure of Cycloalkanes

Cyclopropane is the smallest and simplest 4

cycloalkanes with a ring composed of three
carbon atoms and six hydrogen atoms. The

b
o

£

carbon atoms in cyclopropane are arranged in a
trigonal geometry with an internal angle of 60°,
which is quite smaller than the bond angle
(109.5°) exist in alkanes.
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Reactivity

Reactivity of Alkanes

Alkanes are less reactive under normal conditions. This is because they are
non polar in nature and hence a polar reagent finds no reaction site.
Further, the stronger carbon-carbon bond requires high bond energy for its
breaking.

Reactivity of Cycloalkanes
Cycloalkanes are very similar to the alkanes in reactivity, except for the very

small ones ;d;u! clopropane. Cyclopropane is much more reactive

due bond a ring structure.

RADICAL UTION REA
Homolytic

In homolytic fission the bond cleavage t

receme&ﬂLﬂEe 'r'fro_m the b
EEE
terolytic fission
ic fission, th 1S un
electrons from the bond and tHe other a

AS B

p" B :AT 4 B‘* (Heteroly tic fission)
M\

A~ B A + IB™ (Heterolytic fission)

The mechanism of free radical reaction consists of following three steps.

Step-1: Chain Initiation

The reaction begins with the breaking of the chlorine-chlorine bond in the
presence of U.V light producing two chlorine free radicals.

7 :
CU CI UVllghl .+ CI + CI-

Step-2: Chain Propagation
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The chlorine radical is produced during chain initiation by attacking the
methane molecule and abstracting a hydrogen atom. This process results in
the formation of a molecule of hydrogen chloride and a methyl free radical.

Cl- + H: CH: — H:(Cl + CH:

The methyl free radical then attacks another chlorine molecule, removing a
chlorine atom to produce methyl chloride.

c:q4 + - CHhy — CHs:C1 + -Q

Step-3: Cﬂmuli:ation
This step le pletion of reagt

to form three possible stable molecules.

Fu ﬁ! ++Cl
In reahty e reaction cﬂ)es not halt afte

(Methane)

Sunlight

CH, —Cl + Cl, —— CH,Cl, + HCI

(Methylene dichloride)

CH.CL, + Cl, ——*_» CHC, + HCI

(Methylene dichloride) (Chloroform)

Sunl

CHCL, + Cl, —=» CCl, + HCl

{Chloraform) (Carbon tetrachioride)

ALKENES
Alkenes are a class of unsaturated hydrocarbons, they contain one or more
carbon-carbon double bonds in the chain.
Olefins is another term used to refer alkenes. The term olefin derives from

Latin oleum meaning oil. This is because some of early discovered alkenes
were oil like.

89




/MeE MASTER COACHING CENTER aitr]

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop :
Salman Arif Tabani 0312-2340767 www.youtube.com/@MasterCoachingCenter [=] ’

Structure of Ethene

The structure of ethene is characterized by two sp? hybrid carbon atoms
that are arranged in a trigonal planar geometry. The double bond between
the carbon atoms is composed of a sigma bond, which arises from the
overlap of two sp? hybrid orbitals from each carbon atom and a pi bond
which forms due to lateral overlapping of two un hybrid p orbitals, one from
each carbon atom. Each carbon in ethene is also bonded with two hydrogen
atoms through sp2-s sigma bonding. The bond length for the C-C single
sigma bond is approximately 1.34 °A and bond angle between the two
carbon-hydrogen (C-H) bonds is approximately 120°

of alkyl halides.

Dehydration of Alcohol

When an alcohol is heated in the presence of a dehydrating agent such as
concentrated sulphuric acid, it undergoes elimination of water molecule and
gives an alkene.

T ™ I
\
Bortnilall’ s c=c + H0
I 170°C / \
H H H H
(alcohol) (ethene)

Dehydrohalogenation of an Alkyl halide

When ethyl halide is treated with an alcoholic solution of potassium
hydroxide (KOH), the elimination of a hydrogen and a halogen atom takes
place from two adjacent carbon atoms of alkyl halide, giving an alkene.
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l|l Dir H\ /H
alcohol
— — e — C_._C + H;O - K.B‘
H (II—(I: H + KOH pree / \
H H H H
(ethyl bromide) (ethene)

Reactivity of Alkenes
The higher reactivity of alkene as compared to alkane is attributed to the
presence of a pi bond between the carbon atoms.

The pi bond relatively weaker and requires less energy to break.
Additionally the electron density associated with the pi bond is distributed
above and bel on-carbon axis, making the pi electrons more
exposed to t ilic species.
Consequently, alkenes readily react wit
reactive than

Reactions of Alkenes
Even th : r'l dergo oxidati
the mos sérved reactions for
e EEE
addition reactions.
enation
In this reac : en gas4H>) is adde
bond of alkene. The reaction is carried du

such as platinum (P), palladium (Pd) or
to 300 °C.

250-300°C

HC=CH,+H, —hor

CH,- CH,
(ethene) (ethane)

Halogenation
The reaction of ethene with halogen is an addition reaction which gives a
dihaloalkane. This reaction takes place in the presence of an inert solvent
such as carbon tetrachloride or chloroform.
o ': T
H H H Br ~—~72 ¢“§;, e

\C=/+ Br— Br » H \C C/ H
/Y 2

H H B

(ethene) (1,2-dibromo ethene)
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Hydrohalogenation
The addition of a halogen acid (HX) on an alkene to give an alkyl halide is
known as hydrohalogenation of alkene.

CH, =CH, +H-Br CH, - CH, - Br
(ethene) (ethyl bromide)

The addition of halogen acid on an unsymmetrical alkene is governed by
Markovnikov's rule which states that
“When an unsymmetrical alkene undergoes addition reactions, the
negative part of attacking reagent is added to that double bonded
carbon ato lds lesser number of hydrogen atoms while the
hydrogen a&ﬂiltwhed to the carbon atom with the highest number
of hydrogen substituents”.

For example the reaction of propene with
bromo prop jor product.

MOREN =
\j

The order of reactivity of halogen acid

Hydration
The addition of water on an alkene to give alcohol is known as hydration of

alkene. This reaction is carried out by acid catalysis at 80-100°C.

H,C=CH, + H,0 ':;:,Z CH,—CH,—OH

(ethene) (ethyl alcohol)

Halo hydration
Halo hydration is a reaction in which a halogen reacts with alkene in

presence of water and forms halohydrin.
Br

CH;==CH; + Bn + HO —> CH-—CH, + HBr
(ethene) A”
(bromohydrin)

Epoxidation
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The addition of oxygen to the double bond of an alkene is known as
epoxidation. The product of this reaction is an epoxide which is a three
membered cyclic ether.

Peracetic acid
CH,=CH, + -2-0 9 . CH, \3H
(ethene) (epoxide)

Ozonolysis
Ozonolysis is a chemical reaction that involves the cleavage of an alkene or
alkyne by ozone in the presence of reducing agent such as zinc. The reaction

results in the 100 of ozonide intermediates which are unstable and
quickly dec an aldehyde
PO LY
(intermediatg
(ethene) (ethylene ozoni@e) ‘

Polyme ‘BK ' ' l
Polymerization o ene involves the li

to er to produce a polyme

nH,C==CH: 500am "

(ethene)

Alkynes are hydrocarbons that contain a triple bond between the two carbon
atoms.

Structure of Ethyne

Ethyne is the first member of alkynes family in which both carbon atoms are
sp hybridized. Each carbon has two sp hybrid orbitals and two unhybrid 'p'
orbitals (Py and Pz). Two hybrid orbitals form two sigma bonds, one with
carbon and other with hydrogen, whereas two unhybrid orbitals form two pi
bonds by parallel overlapping. Hence the shape is linear with an angle of
180° The bond length of the carbon-carbon triple bond (C=C) in ethyne is
approximately 1.20 °A
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Physical Properties

1. Alkyne leurless and odourless except for acetylene gas which

2. Alkynes are insoluble in water buf SOIUDIE 1€ pomgz C.Ijmk
aceton yl acetate etc. ‘ 3

3. Melﬁngeﬁum points increase asim gt 1

alkynes.

4. Fi € gases an
-WMERET
EEE
Preparation of Alkynes mi
Alkynes ; esi throug

involve the removal of atoms or groups

When vicinal dihalide is heated with an alcohol solution of potassium
hydroxide (KOH) to give an ethyne. This reaction involves the removal of two
halogens and two hydrogens from adjacent carbon atoms.

Br H H
Hea \ /
e KOH = C==C  + KBr = Hy0
Br H Br H
{ 1.2-dibromoethane) (vinyl bromide)
H H
\ / Heat
__(":(\ ¢ KOH e H——CEEC~H * K + H
/ \
Br H
(vinylbromide) (ethyne)

Dehalogenation of Tetrahalides
A tetrahalide on heating with zinc dust forms ethyne.

e o ——————————a——
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Br Br H
\~ o Heal \ "
H—C——C—H + Zn ——» =C + ZnBr,
/ \ \
Br Br Br H
(1,1,2.2-tetrabromoethane) (1.2-dibromoethene)
H Br

g / Heat T
(_'.(\ t B iy [ty ¥ LD

Br H

{ I.E-‘diJ\ m (ethyne)
Addition n alkynes

Alkynes undergo addition reactions si
reactivity of ards electrophi
that of alken

HC=CH +H,

(ethyne)

H,C=CH, +H,
(ethene) (ethane)

Hydrohalogenation

The final product of the reaction of an alkyne with hydrogen halide is a
dihaloalkane, however, the reaction completes in two steps. The second step
involves the Markovnikov's rule.

Br
e - i
H=-C=C-H+ H—Br ——» CH,=CH
ethyne (bromoethene)
?r T ?r
- - L mh
CH,==CH +H—Br — ovelovs m) | cH,—CH
Br
(bromoethenc) 1,1-dibromoethane (ceminal dibulide)
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Hydration

When an alkyl halide undergoes reaction with water in the presence of
mercurous sulphate and sulphuric acid, it forms an enol. This enol
subsequently undergoes rearrangement, resulting in the formation of an
aldehyde or ketone.

OH] 0
wgc 1 rcarran ent "
= e AR b RSt — CATMGNEN | L e e
H-C=C- H+u ou B0, HPhL [CH CH CH,—C—H
(ethyne) {vinyl alcoholl (ncctabdchyde)
= 2
H—-C=C-CH,* H ou————u CH,= C—CH,|=—"=%CH,—C—CH,

&0 I N {Enol form) . {acetone)
(2-4 3
Brominati
The addition to an alkyne mg@l
M 0 RE.(,I—- + Br—Br
M&,

|
H?=CH + Br—Br

Br
1.2-dibromocthene

Ozonolysis
Ozonolysis is a reaction in which the pi bonds between carbon-carbon atoms
are broken down by the addition of ozone (O3). The ozonolysis of an alkyne
initially gives an ozonide, which subsequently undergoes oxidation with
hydrogen peroxide. This oxidation results in the formation of glyoxal.

0"'0 0 ?

H:0:
H-C=C-H + O ——*H*C-C H
o -H:0

"
H=C-C-H > m,_&

e
~T:

el

(ethyne) (ozonide) (glyoxal)
Alkanes Alkenes Alkynes
Alkanes are chemically | Alkenes are more Alkynes display higher
less reactive since the reactive because the reactivity than alkanes

===
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Sigma bond between
carbon-carbon requires
high energy to break.

electron density of pi
electrons spreads above
and below the axis
which offers an
electrophile to attack on
the substrate molecule.

but lower reactivity
than alkenes because
electrons are not
entirely exposed owing
to the short length of
triple bond.

They do not oxidized by
KMnOa4.

They oxidize by KMnOa.

They oxidize by KMnOx.

ISOMERISM

"A wide r
exhibit thi
sterio ¢ 2

enomenon is referte
sified into followi
) Stereo isomers

h
Isomers are i S
(i) Structural §§o (i
Struct '
Organic ing.the same mole

way their atoms are connec ch atl
iso
These are assified info the follgwi

Chain isomers

"It is a type of structural isomer in which

other with respect to carbon skeleton".
For example C4Hio exists in the following two chain isomers.

H,C — CH, — CH, — CH;

{n — butane)

anic compounds studied in organic chemistry

CH,
I

CH; — CH — CH,

(isobutene)

Similarly CsHi2 has the following three possible chain isomers.

CH; = CH, — CH; — CH, — CH,4
(n - pentane)

Position isomerism

CH,
|

CH; — CH — CH,

- CH‘S
(isopentane)
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"In this type of isomerism, the structural difference is based on the change
in the position of functional group".

For example C4Hg has two position isomers.

CH;-CH=CH-CH, CHs-CH;~-CH=CH:

(2-butene) (1- butane)

Similarly the two possible position isemers of C3H7Cl are given as.
Cl-CHz - CH2 - CHs CH; - CHCI - CH3

(1- chloropropane) (2- chloropropane)

Functional group isomers
"Two molecul e same molecular formula but differing from each
other by the nctional groups are called functional group

isomers",

For example tF ﬂuﬂssible functiona
as.

CHs - CH; - OH CH3z - 0 - CHs

(ethyl alMlu H E "L'lethyl ether

Another example of molecule exhibiting
Cs

HzC- CH, - CO-H Hs;C - CC
(propanal) (2- propanone)

Metamerism

"Organic molecule which exhibits unequal distribution of alkyl group on
either side of functional group is known as metamerism".

For example two possible metamers of the formula C4HoO are.

CHs - 0 - C3Hy CzHs - 0 - C3Hs

(methyl propyl ether) (Diethyl ether)

Chiral Centre

“A chiral centre is formed in a molecule when a carbon atom is bonded to____ =
four different atoms or groups”.

The carbon atom on which these different groups are attached is called

chiral carbon and the phenomenon is referred as chirality.

For example, in the molecules of amino acid and lactic acid four different
groups are attached with the «<-carbon as given in figure 5.4.

e
98

Oprt

a‘#

u.-.-




/MEC MASTER COACHING CENTER ZEER

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop :
Salman Arif Tabani 0312-2340767 www.youtube.com/@MasterCoachingCenter [=] r

NH, CH,
I I

CH; — C* — COOH HO — C* — COOH
I l

H H

Optical Activity

When a plane of polarized light is passed through a solution of organic
compound that contain chiral carbon, the light is rotated either clockwise or
anticlockwise directi t a certain degree. This property of rotating plane of
polarized h‘%ﬂ’ﬁ"r “scs through a solution of a compound is known
optical activity'

The device used to measure the optical
components 1 eter is shown i

Optical Isomers
Two compounds having the same molectie
differing from each other by the optical rotation of plane of polarized light
are enantiomers'.

The compound that rotates the plane of polarized light in a clockwise
direction is known as dextrorotatory or D-isomer while the compound that
rotates the plane of polarized light in anticlockwise direction is referred as
levorotatory or L-isomer. These two optical isomers are mirror images to
each other but not superimposable and are known as enantiomers.
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StereoisoJﬂ:I Neometrical is

Stereoisomers are a type of isomers tha
and connecti s but differ in
three-dimens e, resulting in di§

properties.
' 'f'wo types,

"Geometsicad i ;

= JUHE

If the s _ ie"6A fhe® same side
where as if the same groups i
rew

BENZENE AND ITS DERIVATIVES

» Benzene is the simplest aromatic compound.

» It is a colourless, carcinogenic and highly inflammable liquid.

» It burns with black flames due to the presence of high carbon
contents in the molecule.

» Its molecular formula is CeHs.

» It was first isolated by Michael Faraday in 1825.

» The structure of benzene was suggested by Kekule in 1865.
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» According to him “Benzene is a cyclic hexagonal molecule with
alternative double bonds".

» Huckel and certain other chemists studied on Kekule structures of
benzene and introduced the term resonance" within the benzene
molecule.

» Hence the additional stability shown by benzene arises from the
presence of delocalized pi electrons.

Physical Properties

1. Benzene is a colorless liquid having molecular mass 78 g/mol.

2. The melting point of benzene is 5.5°C and boiling point is 80°C.
3. The densi ene is 0.88 g/cm3.
4. Benzeng'i le in water butgoItbIe

Benzene consists of six carbon atoms i

hybridi e!cﬂ hybrid orb
Two hy arbon atomls

the adjacent carbon atom throu h sp?
h orbital is involved in
sp? S ove 1 a befids in be

angle of 120°. In benzene, the carbon-c4
carbon-carbon double bond (C = C) leng
The six carbon atoms in benzene posses
are oriented perpendicular to the sigma bonds. The side wise overlapping of
these p orbitals gives six delocalized pi molecular orbitals where half of
them are located above the plane while other half below the plane of sigma
bonds. The six electrons present in pi molecular orbitals are delocalized over
all six carbon atoms in the molecule.
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to form 17 bords

i e . Q Sidewrre overlap of unhybridised p orbitaly
, .C:f. I-fb <

The molecular orbital structure of benzén
information.
1. Benzeng i ar hexagonal ma
2. Pi electrons of benzene are delocalli

8. j&MﬁﬂiEil"e'izmc is a
described by Ke ae. ™

Two equivalent resonating structures o
Addition reactions of benzene
Benzene, being an aromatic compound, is highly resistant to addition
reactions due to its stability. However, under specific conditions, it can
undergo addition reactions. So far only the addition of hydrogen and
chlorine to benzene has been observed.

Addition of Hydrogen

Benzene undergoes an addition reaction with hydrogen to produce
cyclohexane. It is a catalytic hydrogenation carried out in the presence of —=>
Nickel at 200°C and 30 atmospheric pressure.

e

(Benzene) (Cyclohexane)
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Addition of Halogen

Chlorine and bromine are added to benzene under sunlight and at high
temperature and pressure.

H Cl
Cl H

U.V light I Cl
O + Ch = . H

H Cl
cl H
Hexachlorocyclohexane
Electrophilic substitution reactions of benzene
Electrophilic substitution reactions type of organic reaction in which an

electrophile r n electron rich compound and replaces an
electrophile i i
The propose chamsm of Elgc ili ituts 1

benzene conmstﬁ following steps.

Step-1: Ge

An electrophilé (
E -Z + Catalyst > E* +
Step-2
The ele
Wwn as arenium ion.

In this attack, one carbon of benzene becomes sp? hybridized and hence the
aromaticity of benzene has lost.

Step-3: Abstraction of proton

The unstable non aromatic arenium ion then loses a proton and changes
into the product.

n k

E
+
+ |Z - catalyst|] —— + Catalyst + HZ

In this stage aromaticity of benzene is restored. Benzene undergoes following
types of Electrophilic substitution reactions.

1. Nitration
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The reaction of benzene with conc. nitric acid to produce nitrobenzene is
known as nitration. This reaction is carried out at 50°C in the presence of
conc. sulphuric acid.

NO2

@ + HNOJ{conc.) e > + H:20

(benzene) (nitrobenzene)

In this reaction, one hydrogen of benzene is replaced by a nitronium ion
(NO2%).

Similar to be ne also undergoes nitration, but the product is a
mixture of 0 I("a nitro toluene.

FOR——
o MORE!

@ +  H2SO0u4conc)

{benzene) (benzene sulphonic acid)

This reaction may also be carried out at room temperature if fuming
sulphuric acid is used.

sH
A

(benzene) (benzene sulphonic acid)

Sulphonation of toluene gives a mixture of ortho, para methyl benzene

sulphonate.
Ha H» H»
SOsH
2 + 280y — S —s +

(toluenc) (mixture of ortho para products)

e ===
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Halogenation
Benzene reacts with halogens (Clz, Br2) at room temperature in the presence
of a Lewis acid (FeCls) to give a halobenzene.

©+cn—ﬂ—-é + HQ

(benzene) (chlorobenzene)

If toluene is allowed to undergo halogenations, it give a mixture of ortho,

para chlorotoluene.
H 1 §] Hs

Friedal Cr tion
Benzene undérg ction with an alk

acid (AICI;) to produce an alkyl benzene

(benzene)
The reaction of toltiene with a=falky1 hali

and meta products.

CH .‘ i
3©+ ICH:O —2 + @ + @ + 3HQ

CH»
CHsy
Italuene ) (o-xylene) {m-xylene) (p-xylene)
2% Y Ll

Friedal Craft Acylation
The reaction of benzene with an acylhalide (RCOCI) in the presence of lewis
acid (AICI3) is known as Friedal Craft acylation.

CH—C=0

O
@ + CHs—ilf—Cl—Ng‘—o + HCI

(benzene) (acyichloride) (acetophenone)

The attacking electrophile in this reaction is acyl cation (RCO*) which is
produced by the reaction of acyl chloride with Lewis acid (AlC13). Acylation of
toluene give only the para product.
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Soate G m

COCH»
(toluene) (acetophenone) (p-methyl acetophenone)

Substituent Effect

The effect of the first substituent on the incoming electrophilic reagent is
known as substitution effect or orientation of benzene.

ese substituent groups
Elec substi
They increase the electron density on o1
resonance effect. The increased electro

For example the — OH group of phenol is G

reacted with chlorine in presence of ferric chloride (FeCls), it gives a mixture
of ortho para chloro phenol.

OH H
Cl
2 + 2Cp —ECb + + 2HCI
Cl

(phenid) (o-chlore phenol) (p=chloro phenal)

(ii) Meta direction group

The presence of these groups in benzene ring decreases the electron density
at ortho and para positions due to inductive effect and hence the incoming
electrophile attacks on meta position.
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For example the -COOH part of benzoic acid is meta directing. Thus, when
benzoic acid reacts with nitric acid, it produces a meta product.

"OOH OH
ac. HySO, 5
| +HNO, - HiS04 +H,0
conc.

Benzoic NO,
acid Meta nitro
benzoic acid

Comparative studies of ortho, para and meta directing group

Orth ctors Meta director

They releas the aromatic | The
ring and increasinig lectron 1

density on or osition.
When they atm the benzene
rings they allow the incoming
electrop ‘ rtho
S

EEE

E le are SRI=RCO. — O
Br, — CH3;

Preparation of poly substituted
Poly substituted benzene is formed by th€
hydrogen atoms of benzene ring with Electrophilic reagents.
These are also called derivatives of benzene.

Preparation of trinitro toluene (TNT)

Trinitro toluene is an explosive organic material. During its preparation from
benzene, the benzene is first converted into toluene and then toluene treated
with hot concentrated nitric acid. Since — CHs group of toluene is ortho para
directing, it invites the NO} group of nitric acid towards ortho and para
positions.
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Hs

@ + CHxCl —A @ + HCI

(benzene) (toluene)

‘Ha H:
N NO:
y Heat
+ JHNO3(conc.) » + 3H:0

"AJOIN
Preparatmf nrn.itro toluene

In order to m m o toluene, ¢
into nit meta dire@t
benzen “rlmg CHs g

| ? ? | + HNg.’o{tonc.l

(benzene)

NO:
AICh
+ CHaCl » + HCI
H3
(mitro benzene) (m-nitro toluene)

Short Questions
1. Give three differences between aliphatic and aromatic hydrocarbons

Feature |Aliphatic Hydrocarbons |Aromatic Hydrocarbons

Alternating single and
double C-C bonds in a
Bonding |Single C-C bonds ring structure

Less reactive due to the
stabilizing aromatic ring
Reactivity Generally more reactive system
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Methane, Ethane, Propane,
Hexane, Cyclohexane, Benzene, Toluene, Xylene,
Examples Ethene, Propene, Butyne  [Naphthalene, Anthracene

2. Give the mechanism of free radical reaction between methane and
chlorine in the presence of sunlight.
Notes
3. Complete the following reactions and name the major product
formed in each reaction.

H280}(conc)170°C

1. CoHsOH » CH2=CH> + H20
2. CoHsBr ohol, heat——s CoHy + KBr + Ho0
3. CHs -ﬂ HBr ——C a S Bra{iiaa
CH3CHBrCH3 (minor)
4, CHy = :En‘ —— HCOO
4. Define a ¢ n? Give an exa
Notes
benzen ngs m

2 (i) CHsCOCI (i) HNO3 comebing Ho

()
6. Bring about the following conversi
(i) Benzene to m-nitro toluene
Notes
Notes
8. Alkanes are generally referred as parafins due to their less reactivity, why
are they stable towards chemical reactions?
Alkanes are generally referred to as paraffins due to their low reactivity,
which is attributed to several factors:
1. Strong covalent bonds:
o Alkanes have strong carbon-carbon (C-C) and carbon-hydrogen (C-H)
bonds, which require a significant amount of energy to break.
2. Non-polarity: ~ > |ty
« Alkanes are non-polar molecules, meaning they have an even ==
distribution of electrons and no significant positive or negative
charges.
3. Saturated carbon atoms:
e Each carbon atom in an alkane has four single bonds, which means it
has achieved a full octet of electrons.

e —————————————————a——
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4. Lack of functional groups:
» Alkanes are hydrocarbons that only contain carbon and hydrogen
atoms.
5. High kinetic stability:
» Alkanes have a high activation energy, which is the minimum amount
of energy required for a chemical reaction to occur.

Descriptive Questions
1. Draw the orbital structures of the following hydrocarbons.
(i) Ethane (i) Ethylene (ii) Acetylene

Notes
2. Write thed;&tu of the following chemical processes.
(i) Ethylene t high temperatuze angd

nCzHs — (-C (Polyethylene)
(ii) Ethene is air in the preser

C2H4 + 302 + H — 2CO2 + 4HEO
(iii) 1,2-di bromo butane is heated with

C4HsBr

i MOREIax
CoH2Br4 + ZZI'I — C2H2 + 27

CzHz + Clz — ,1-dic oroethe

3. Ethene is more reactive than etha
how can you explain this behavior?
The different reactivities of ethane (C2H6)=ethene
(C2H2) can be explained by the different types of bonds present in their
molecules:
1. Types of bonds:
« Ethane: Contains only single C-C and C-H bonds. These are strong
covalent bonds but are less reactive due to their stability.
o Ethene: Contains one double C=C bond and four single C-H
bonds. The double bond is composed of a stronger sigma bond and a
weaker pi bond. The pi bond is more susceptible to attack by other
molecules and is responsible for the increased reactivity of ethene
compared to ethane.
« Ethyne: Contains one triple C=C bond and four single C-H bonds. The
triple bond consists of one sigma bond and two weaker pi
bonds. These pi bonds are even more vulnerable to attack than the pi
bond in ethene, making ethyne the most reactive of the three
hydrocarbons.
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2. Bond strength and stability:

« Single bonds are the strongest and most stable type of bond.

« Double and triple bonds are weaker than single bonds but are still
relatively strong.

« The presence of pi bonds, especially multiple pi bonds, makes the
molecule more reactive because the electrons in the pi bonds are less
tightly held and are more easily attracted to other molecules.

3. Availability of electrons:

o Ethane has all its electrons involved in strong single bonds, making
them less available to participate in chemical reactions.

« Ethene and ethyne have pi bonds where the electrons are not as

tightly g them more accessible and reactive.
4. Hybridiz

« Ethane has sp3 hybridized carbon afoms i 2all S

orbital ged in a tetrahedr
other 0 approach and fe
« Ethene and ethyne have sp2 and $p b§h

... THOREIE

The presence of pi bo

ch result
accessible

of the electrons.

crucial role in determining reactivity.
o The hybridization of carbon atoms also influences the accessibility of
the molecule for reaction.
Therefore, the trend in reactivity from least to most reactive is:
Ethane < Ethene < Ethyne

4. What is meant by isomerism? Explain four different types of
structural isomers and give one example of each.

Notes

5. Explain the following with suitable examples. (a) Optical isomers (b)—
Geometrical isomers

Notes

6. Describe the molecular orbital structure of benzene.

Notes

7. Give the mechanism of following Electrophilic substitution reaction

of benzene.

Eih
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(a) Nitration (b) Acylation (c) Chlorination

8. What is meant by ortho, para and meta directing groups. Explain the
influence of substituent of benzene to the incoming Electrophile.

Notes

9. Why ethyne terminal hydrogen is acidic in nature? Give two
reactions of ethyne to show their acidic behavior.

Ethyne's Terminal Hydrogen is acidic due to:
1. High s-character in sp-hybridized carbon:
2. Stability of the conjugate base (acetylide ion):
Reactions of onstrating its acidity:
1. Reaction ases:

« Ethyne reacts with strong bases

form s ide and releasé¢ I
{B‘ny C2HzNa» + Ha
C:a 2 2 — CoHoNa + MH3 g
2. Reac gents
E
\ C2H2 + RMgX — ?’l

r#yhde ion.
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INTRODUCTION

"Organic compounds that contain at least one halogen atom (fluorine,
chlorine, bromine, or iodine) bonded to an alkyl group are called
haloalkanes".

These compounds are classified on the basis of number of halogen atoms
attached to alkyl group.

» Mono haloalkanes have only one halogen atom,

» Dihaloalkanes have two halogen atoms and

» Tri haloalkanes have three halogen atoms.

Mono haloalk ually called alkyl halides and represented by a
formula R- an alkyl group @ 1 !

group).
[
The general fi mono haloalkan + : e
=

number of carbon atoms.

e IGRE!
Alkyl h S§sifi®d according

en atom is attached.

t

When two carbon atoms are attached to
known as a secondary (2°) alkyl halide.

Finally, a tertiary (3°) alkyl halide is characterized by the halogen-bearing
carbon being bonded to three carbon atoms.

(1= Alky] halide) (2 - Alky! halide) (X - Alky! halide)

Examples of alkyl halides are given below
1. Primary alkyl halide: 1-Bromopropane (CH3CH2CH2Br)
2. Secondary alkyl halide: 2-Bromopropane (CH3CHBrCHs)
3. Tertiary alkyl halide: 2-Bromo-2-methylpropane (CH3C(CH3) 2Br)

e
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Structure of Alkyl Halide

Let us consider methyl chloride (CH3-Cl) as an alkyl halide.

Carbon of methyl halide is bonded with four atoms which means carbon is
utilizing its all four valence electrons to produce four sp? hybrid orbitals,
which are oriented at an angle of 109° to give a tetrahedral geometry. These
four sp3 hybrid orbitals are shared with three s-orbitals of hydrogen atoms
and one p-orbital of chlorine by head on overlapping to make four sigma
bonds.

PRysical Properties of
(i) Ph
Alkyl halides with lower number of carb

(ii) Solubility

Alkyl halides are soluble in organic solvents but are slightly soluble in water,
this is due to the inability of alkyl halides to form hydrogen bonds with
water.

(iii) Melting and boiling points

Alkyl halides possess higher melting and boiling points than alkanes of
comparable molecular weight, this is due to increasing strength of
intermolecular forces.

Preparation of Alkyl Halides
Alkyl halides can be prepared by various methods. Some of which are given
below:

Reaction of Alcohol with Hydrogen Halides:

e o ——————————a——
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Alcohols can be converted to alkyl halides by the reaction with hydrogen
halides. The reactivity of an alcohol with halogen acid follows the trend HI
>HBr > HCI. When producing an alkyl halide from hydrogen chloride,
anhydrous zinc chloride (ZnCly) is used as a catalyst.

R—OH + HX—— R—X + H,0

InCly

CH;CH,OH + HCl —— CH;CH,Cl + H,0

(Ethyl alcohol) {(Hydrogen chloride) H thyl rlllnride}

Reaction of Alcohols with other halogenated agents
Alcohols rea phorous trihalide (PCls, PBr3, Pls) to form
alkylhahdes j horus trichloride is more easily available, the
reaction is g ied out by using this reacent
3R—0H + PX;
Fu HCH CH,0H + PCl;
(Ethyl aleohol)  (Phosphors

AlcoholM:ﬂnB E' "!‘Aalide (SO ®) i
alyst to produce an alkyl 5
statc

R—OH + SOX,

Pyridine

CH,CH,OH + SOCl,

(Ethyl alcohol)  (Thienyl chloride) (Ethyl chloride)

By the halogenation of alkane
The reaction between alkanes and halogens in the presence of sun light or
high temperature produces alkyl halides. This reaction involves the
substitution of one or more hydrogen atoms in alkanes by halogen atoms,
resulting in the formation of a mixture of different haloalkanes. However,
due to the production of a mixture of different halogenated alkanes, this
method is not considered efficient for the preparation of alkyl halides.
CH, + Cl, L CH,Cl + HC

(Methane) (Chlorine) {Methyl chloride)

Nucleophile
Nucleophile is a chemical species within a molecule that can donate a pair
of a electrons to forma covalent bond with another atom or molecule.
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Nucleophilic Substitution Reactions
“A type of chemical reactions in which strong nucleophile (electron efficient
species) replaces the weak nucleophile of the substrate is termed as
nucleophilic substitution reactions”.

R-X 4+ Nu—— R-=Nu + X~

(Alky1 (Attacking (Product) (Lenving

halide Nucleophile) Nucleophile)
Substrate)

Different strong nucleophilic can produce a variety of organic compounds
when treated with an alkyl halide.

+0
= R-0OH Alcohol

l SH
0 I “ +—. R-SH I'hiol (Mercaptan)
Fo H +R - CO0
— — -

M 0 H E EEE ;
S@e common strong NucIe?

OH

“SH

CN-

CH;-COO - CH:-COONa

CH»-CH»-0 - CH3-CH>-ONa
NH: NaNH;

Mechanism of nucleophilic substitution reactions

The mechanism of nucleophilic substitution reaction is divided into:
(i) SN! Reactions

(i) SN2 Reactions

SN! mechanism
It is unimolecular bi-step SN reaction,

“The SN! reaction mechanism proceeds in two distinct steps, with the first
step involving the departure of the leaving group (the halogen atom) from the
substrate molecule, leading to the formation of a carbocation intermediate,
followed by nucleophilic attack in the second step".

e ===
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Step-1: Departure of halogen from substrate to form carbocation

'_' ‘(- (.‘lli
(.._ Br _M._.h (‘@I + [-;1' (Rate determining step)
Y ue ow,
H,C ,
(tert-butyl bromide) {earbocation)

Step-2: Attack of strong nucleophile on carbocation to form product

H,C, CH,

C CH “—4 \( OH or HO ('/
HtC( \JBI Hl( \\\l - HHCH‘

{carbocation) (nucclophile)
Tertiary alkyl Bndergo SN! react
1 .

secondary due to the stabili

thus fa tion.

BtE messed via the
Kinetics, and the rate of the r n is
thwxle o |
R = K [Subs

SN2 mechanism
It is bimolecular single step SN reaction
“In the SN2 mechanism, bond formation and bond breaking occur
simultaneously in a single step process".

The nucleophile directly attacks the electrophilic carbon atom of the
substrate, leading to the departure of the halogen atom attached to the
electrophilic carbon. The nucleophile attacks from the back side because the
front side is sterically hindered by the nucleophile of the substrate.

H | H H
: \ ;
HO + o Dl | -+ | HO~*=*C----Br * HO—=C.y, + N
!l\\‘ l | é‘_f \ }{
H H H | H
(Attacking (Substrate) (Transition state) (Product)

Nucleophile)
The SN? mechanism is typically observed in primary alkyl halides and

methyl halides because primary carbocation and methyl carbocation are
highly unstable due to the lack of electron donating alkyl groups.
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The SN2 mechanism is followed by second order kinetics which means that
the reaction rate is dependent upon the concentration of both substrate and
attacking nucleophile.

R=K [Substrate| [Nu]

Carbocations and their stability
"Carbocations are organic ions that have a positively charged carbon atom.
They are formed when a carbon atom loses a pair of electrons".

H CH,

® H, ,H@ 1
Number of Ic\ Pt ’c\
carbons R™ CH, R 5 CH, Hy,C '@ CHy
attached to
carbocation: 1
“primary”  "se
Leasy st

e
An elim Fofo¥s to a type of
substituents are removed fr adjage
mole

"When an alkyl halide reacts with alcoh
removal of hydrogen and halogen atoms
substrate takes place, giving a multiple [b

elimination or -elimination reaction.

In B-elimination reaction, base initiates the reaction by abstracting a proton
from substrate. leads to the formation of carbocation intermediate, which
then eliminated a halogen atom from the adjacent carbon to from a new Pi
bond.

H H

| i | u Alcohol

III
H————e—Y <+ KOH » H T—‘]‘ + KX + HXO
~————7
H H H H
(Alkyl halide) (Base) (Alkene)

There are two common types of B-elimination reactions named as E; and Eo.

Mechanism of E; Reaction
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E: reactions, known as unimolecular elimination reactions, occur in two
steps.

In the first step, the halogen atom departs from the substrate, forming a
carbocation intermediate, which is the slow and rate-determining step.

In the second step, a base abstracts a proton from the carbon next to the
halogenated carbon, leading to the formation of a double bond between the
two adjacent carbon atoms.

Step-1: Formation of carbocation

CH: CHy CH:

- -
F lﬂSubﬂnlcl

Step-2: Attack of Base on B-H & form

(Base) (Carbocation)

The rate determining step in E' mechanism involves the unimo!ecular
ionization of the substrate molecule. Therefore, the rate of the reaction
depends only on the concentration of reactant, and not on the concentration
of base.

R = K [Substrate]

Mechanism of E>- reaction

Es-reaction is referred as bimolecular elimination reaction. The mechanism
completes in single step in which both substrate and attacking base are
involved.

/“ii{a Il?.r HO--H  Br

e o A s
HO + CH;_CHI F— CH: C > CH-_CH: + H;O + Br
base ethyl bromade transition state cthene
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Mechanism of E2 reaction is feasible in primary alkyl halides for example
when ethyl bromide is allowed to react with hot alcoholic potassium
hydroxide, it gives ethene followed by E2-mechanism. Base first attacks on
ethyl bromide and abstracts a proton from B-carbon. Simultaneous halide
ion eliminates from c-carbon and the lone pair of electrons is shifted
between a and B carbon to give an ethene.

Therefore, as far as kinetics of Es reaction is concerned, the rate of this
reaction depends upon the concentration of both substrate and attacking
base, the rate law may be written as

R=K[Sub] [base]

Substitutio “mination Reagfit
Nucleophile substitution reactions can @c
reactions bec ophile can also
substitution nga ccur when the
atom where as elimination reaction occurs

the B- ) ors can infi
either s m El 1tion mech:
EEE

Sélvent effect:
Substitti 3 ol av in pola

Base effect:
A strong base promotes elimination reaction and
reaction.

inders substitution

Temperature effect:
The rise in temperature encourages elimination reaction over substitution
reaction.

Substrate effect:

If the substrate molecule is a tertiary alkyl halide, it favors elimination
reaction while if it is primary alkyl halide, it favors substitution reaction.—~
Secondary alkyl halide is consented to both substitution and elimination.

GRINGARD'S REAGENTS DOYOU (ORGANOMETALLIC COMPOUNDS)
"Organic compound that possess at least one bond between a carbon atom
and a metal atom".
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Some common examples of organometallic compounds are given as:

(1) Grignard reagent: It is a highly reactive organic compound and used in
organic synthesis.

(i) Methyl cobalamine: It is a derivative of vitamin B-12.

(ii) Dimethyl Zinc: It is used as insecticide.

(iv) Tetraethyl lead: It is used as knock inhibitor in petroleum industry.

Preparation of Grignard Reagent
"Grignard reagent is an organometallic compound that contains a carbon-
magnesium (C-Mg) bond".

Grignard rea epared in the laboratory by the reaction of an alkyl
halide with netal in the pre ; .

R - x + Mg anhydrous ether > R ng

Where R = allf
X= halogen, f —Cl, —Br, —

The formation of Gr1iard reagent depe rmine ifs

case of

(i), Size of alkyl group:
The the size of e
Grignard reagent.

(ii) Nature of halogen atom:
The ease of formation of Grignard reageh
halogen atom attached to an alkyl group“ef=ai lic ;
CI because the bond between iodine and carbon is weaker than
corresponding bond with other halogens.

Reactivity

In Grignard reagent the carbon-magnesium bond is covalent and highly
polar due to high electronegativity of carbon atom than magnesium metal,
which creates more electron density on carbon of alkyl group.

As a result the carbon atom bears a partial negative charge and acts as EMHE
nucleophile. Due to this nucleophilic nature of alkyl parts, Grignard reagent -, L'fr..fmﬂ
reacts with polarized molecules either by nucleophilic substitution or
nucleophilic addition.

Reactions of Grignard Reagent
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Grignard reagent is a versatile chemical; it is used as starting material for
the synthesis of various organic compounds such as alkanes, alcohols,
carboxylic acids and ketones.

Reaction with Water
When Grignard reagent reacts with water in an acidic medium, it yields
alkanes.

Example: __/""_“*-x\_l

4 /OH

Cﬂs—\lg—& + HOH -—L# CHy + Mg

Br
Reaction wit
Grignard reaggén reacts with esteg,

product which is later on stabilized wi

~ OMg Be
EEE _

‘o \u Br + CHy=C=0~CsHs

(Methy! magnesium bromide) (Ethyl acetate) (Addition Produd

Reaction with carbon dioxide

Grignard reagent when reacts with carbon dioxide, it gives unstable addition

product, later on hydrolysis in an acidic medium produces carboxylic acid.
Example:

¥ .

/ ﬂ
l- 123
-u'- Br+ o_c_o—) 0—?-—0\1;& —-) CHy COOH + Mg(OH) Br

. / CHy
\_’/

{Methyl magmesium bromide) ( Addition product) {Acetic acid)

Reaction with primary amine
Grignard reagent reacts with primary amine to produce an alkane.
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Example:

. -,

. 8 -“ £
CHs-Mg-Br+CHs N-H ———3 CH:  + Mg(CHs-NH) Br

|
H (Methylamine
(Methyl magnesium bromide)  (Methyl amine) (Methane) magacsium
bromide)

AMINES
Many drugs including antibiotics, anti-depressant and antihistamine
contain amine functional groups.

“Organic com t contain nitrogen atom bonded to one or more
alkyl or ary known as ami
These are derivatives of ammonia whereg|o

ammonia are Fﬁﬁy an alkyl or 2

R—NH: €—NH;

M 0 HET' ' g
HEN l

Tertary amme

Physical Properties
Physical state:
Lower members exist in gaseous states (i.e. Methylamine CH3NH2) at room
temperature whereas higher members are liquids (i.e. Ethylamine CoHsNH2).

Odour and Colour:

Mostly they are colorless with an unpleasant smell.

For example: Trimethylamine (N(CHs)s) has a strong fishy odor and is found
in decaying fish and other organic matter.

S~— 7

Solubility:

Amines are soluble in water, their solubility decreases with the increase in
non-polar hydrocarbon chain.

For example: Methylamine (CH3NH2) is soluble in water and
Trimethylamine (N(CH3s)s) has limited solubility in water as the presence of
three methyl groups hinders its interaction with water molecules.

e o ——————————a——
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Melting and Boiling Points:

Amines are polar in nature and form hydrogen bonds with each other that is
why their melting and boiling points are relatively higher than those
hydrocarbons of comparable molecular mass.

For example: Diethyl amine (C2Hs)oNH has a higher boiling point compared
to ethylamine due to the presence of two ethyl groups.

Structure

The nitrogen of amines is sp® hybridized and contains four sp3 hybrid
orbitals, out ee sp? hybrid orbitals involved in formation of
sigma bond rth sp3 hybrid orbital~contains-lone-pairof

electrons. These four sp?® hybrid orbitals

pyramidal ge !
Lone pair of
electrons
) A)Q"‘”?
R 107

Basicity of Amines
Compounds of all classes of amines arefb
“The basicity of amines is explained by
pair of electrons on nitrogen atom".

R—NH; + HCl — [R—NH;]* CI”
(Primary amine) (Alkylammonium chloride salt)
Preparation of Amines
Amines are prepared by different methods:
Alkylation of Ammeonia by Alkyl Halides
When alkyl halides are heated with alcoholic ammonia in a sealed tube, a
mixture of primary, secondary and tertiary amines are obtained.
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CH; -1 + NH;——» CH;—-NH, + HI

{Primary amine)

CH; —NH, + CH;—|—»CH;—NH-CH; + HI
(Secondary amine)
CH;—=NH-CH; + CH;—|l——®CH;—-N-CH; + HI
|
CH,
(Tertiary amine)

Reduction of Nitrogen Containing Functional Group

Reduction o dlﬂ:tu
Methyl cyan n catalytic hyd
NI anide)

ReductmgBE ' ' l
Primary amines can be produced by the
N}num hydrides. 7

CHy=—C=—NH; + 4[H] LiAIH,

( Amide)

Reactivity

Amines are reactive due to the presence of lone pair of electrons on nitrogen
atom and behave as nucleophile or a base. However, the reactivity of amines
can be influenced by the nature and number of alkyl groups attached to
nitrogen atom.

Reactions of Amines

Alkylation of Amines by Alkyl halides

Primary amines react with alkyl halides to form secondary and tertiary 7
amines. In this reaction hydrogen atoms of amines are replaced by alkyl

groups.

CHsl CHsl
CH; — NH; —-III. (CH3),NH —-lll. (CH3)3N

{Methylamine) (Dimethy lamine) (Trimethy lamine)
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Reactions of amine with Aldehydes & Ketones
Primary amines can react with aldehydes and ketones to produce imines"
which also referred as Schiff bases.

with Aldehyvde H H
R.NH: ()=(./ — R.oN=C + H:0
N, N,
(Primary amine) (Aldehdve) (imine)

with ketone

-~ JBi N—(
( Pﬁf'ﬂnn (Ketone)
Prepar
When p e'r'acte_d with A
form EEE

When methyl amine reacts with acetyl chloride to form:

0 0

.
HC—M, )k )L A iha
——= HC u '

HC c

Methy! amine Acetyl chloride Heat N-methylacctamide

Preparation of Diazonium Salt
When amines react with nitrous acid in the presence of hydrochloric acid at
below 10°C, a diazonium salt will be obtained.

Below 10°C

R—NH, + HNO, + HCl » R—N* =NCI" + 2H,0

(Amine) (Nitrous acid) (Dineonium chioride)
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The reaction of ethylamine with nitrous acid in the presence of hydrochloric
acid forms ethyl diazonium, as shown below:

/MEC  MASTER COACHING CENTER E}%%%

NaNO,+HCl B s,
HyC—CHy—NH, ———— | HsC——CH—N==N| €I + Hy0

Ethyldiazonium salt

JOIN
FOR
MORE!"
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Short Questions

1. How are alkyl halides prepared by the reaction of alcohol with (i) HX (ii)

PX3 (ii1)) SOCL2. Give the equations.

2. How are amines prepared from nitriles, give the equations.

3. Why are secondary and tertiary amines more alkaline than primary

amines?

4. Why the alkyl part of Grignard reagent is nucleophilic in nature?

Despite not being a strong nucleophile on its own, the alkyl group in a
Grignard reagent reacts with electrophiles due to several factors:
e Strong m.acter of the Grignard reagent The negative

charg nesium atom

base. It readily reacts with protic

corresp e and a magres ‘ 0x
o Favorable odynamics of the
alkyl group of the Grlgnard reagefit gl Sgith an P

new carbg arbe D(
tronger a
Etl)ﬁ of a stron : i

even though the alkyl

S. Convert the followings:

(b) Ethyl chloride into ethyl amine
(c) Ethyl chloride into ethyl alcohol
(d) Ethylamine into imine

6. How is primary amine converted into secondary and tertiary amines, give
the equations.

7. Give an account on the basicity of amines.

more hydrogen atoms with alkyl or aryl groups. They exhibit basic character
due to the presence of a lone pair of electrons on the nitrogen atom. Here's a
detailed look at factors affecting the basicity of amines: Tk
Factors Influencing Basicity: ~— 7 |Gty

1. Availability of the Lone Pair:

o The ability of the lone pair on nitrogen to donate electrons determines
the basicity of an amine. This availability is influenced by surrounding
atoms and electron-withdrawing/donating effects.

2. Inductive Effect (-I or +I effect):
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« Substituent groups attached to the nitrogen atom can influence the
electron density around nitrogen through inductive effects.

o Electron-withdrawing groups (-I effect): Groups like carbonyl
(C=0), nitro (NOZ2), or cyano (CN) withdraw electrons from the
nitrogen atom, reducing its electron density and weakening its
ability to donate electrons as a base. Thus, amines with
electron-withdrawing groups are less basic.

o Electron-donating groups (+I effect): Alkyl groups (like CH3,
C2HS5) have a slight electron-donating effect. They slightly
increase the electron density around nitrogen, making the lone
pair more available for donation. However, the effect is relatively

ed to electron-withdrawing groups.
3. Steri -

o Bulky substituent groups aroundjthe TItroRem: 2 te
hindra indrance can infe
interactiwi oton (H+) from a

lkyl hali R %%n alkyl grouy

uble in water due to a nta
forces

Alkyl Halides: Rely on weaker d
London dispersion forces) for inte
arise from temporary fluctuations|i
molecule, creating instantaneous dipoles that induce weak attractions
with neighboring molecules.

+ Water: Highly polar molecule due to the presence of a bent shape and
electronegative oxygen atom. This polarity allows water molecules to
participate in strong hydrogen bonding with each other. In hydrogen
bonding, a hydrogen atom bonded to a highly electronegative atom
(like oxygen in water) is attracted to the lone pair of electrons on
another electronegative atom in a nearby molecule.

Here's a breakdown of why these differences lead to water insolubility:

1. Energy Considerations: Breaking the strong hydrogen bonds in ——7
water requires a significant amount of energy. When an alkyl halide
dissolves in water, it would need to disrupt these hydrogen bonds to
be surrounded by water molecules. The energy released by the
dispersion forces between the alkyl halide and water molecules is
insufficient to overcome the energy required to break the hydrogen
bonds.
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2. Favorable Interactions: Water molecules prefer to interact with each
other through hydrogen bonding, forming a stable network. Alkyl
halides, lacking the ability to participate in hydrogen bonding, offer a
less favorable interaction for water molecules.

9. How can you define a nucleophile? Write the names of four
nucleophiles along with their typical reagents.
A nucleophile is a chemical species that has an electron-rich center and can
donate an electron pair to form a new covalent bond.
Here are four common nucleophiles and their typical reagents:

1. Ammonia (NH3) and Amines (RNH2, R2NH, R3N):

T IS bases possess a lone pair of electrons on the
m readily availgl .

o 'l‘ypical reagents: Ammoni

ectly or as their
chlonde NH4CH.
2, Hydro de on

(NaOI—I) or potas

3. Alkoxide Anions (RO):

methoxide, CH3O ; ethoxide
act as nucleophiles.

o Typical reagents: They are often generated in situ (at the
reaction site) by reacting alcohols (ROH) with strong bases like
sodium hydride (NaH) or lithium diisopropylamide (LDA).

4. Grignard Reagents (RMgX):

o These organometallic compounds contain a carbon-magnesium
bond (C-Mg) with a partial negative charge on the carbon due to
the highly electronegative magnesium atom. While not strictly a
classical nucleophile with a lone pair, the carbanion character

of the carbon allows it to act as a nucleophile. ~ l"r"“'n."*l:l'-:

o Typical reagents: Grignard reagents are prepared by reacting
magnesium metal (Mg) with alkyl halides (RX) in an anhydrous
ether solvent (e.g., diethyl ether)

10. Why the mechanism of SN? reaction completes in one step?
Notes
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Descriptive Questions
1. How can you define nucleophilic substitution reactions? Describe
the mechanisms of SN! and SN2 reactions.
Notes
2. What is B-elimination? Discuss the mechanisms of E; and E2
reactions.
Notes
3. What are organometallic compounds? How is Grignard reagent
prepared? Write down the reactions of Grignard reagent with water,

carbon dioxi nd amines.
Notes

4. What are alkyl halides? Define prix

halides.

Notes

5. Draw the orbital structure of methyl igd
=

hybrid
Notes ' ' '
6. Give

a Study between |n

réactions and elimination ns @
Notes
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INTRODUCTION
» Alcohols, Phenols and Ethers are three classes of oxygen containing
organic compounds.

» Alcohols and Phenols are derived by replacing one hydrogen atom of
water with an alkyl and aryl group respectively but ethers are formed
by replacing both hydrogen atoms of water with alkyl or aryl groups.

» Alcohols, phenols and ethers have a wide range of industrial as well as
pharmaceutical applications.

> Methan ol are good car fuels with high octane rating,
» Isopr S a common sagttiZzer; Py olyeolis frequ

used as automotive antifreeze.

» Phenol g st mild antisep
their anesthetic properties.

=
Alcohol S Frffc®tompounds i

attached aliphatic carbon at

They are classified according to the nu
the molecule.

Monohydric alcohols contain one hydroxyl group.
If two or more hydroxyl groups (-OH) are present in the molecule, these are
identified as dihydric and polyhydric alcohols respectively.

H,C——CH, H,C——CH, Hz(.'—('lﬁ—(l'H:
OH OH OH OH OH OH
Ethanol Ethylene giveol Glycerol
(monohydric alcohol) (Dihydric aleohol) (Trihydric alcohol)

Monohydric aleohols are represented by a general formula R-OH or CoHan+1 ‘
OH.

Monohydric alcohols are further classified into primary (1°- alcohol),
secondary (2 © -alcohol) and tertiary (3 ° -alcohol) depending upon whether
the hydroxyl group is attached to primary, secondary or tertiary carbon
atom.
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H H H CH,

H—C—OH H,C—T—ou u,c—T—ou H,C—C—OH

) CH;
(Methyl alcobol) (1° - alcobol) (2° - alcohol) (3° - alleohol)
(ethyl abeohol) (isopropy | aleohol) (t-butyl alcobol)

Structure of Alcohol
The structure of an alcohol molecule is similar to that of water molecule.
The carbon atom which is bonded to hydroxyl group is sp3-hybridized. The
oxygen atom of — OH oup is also sp? hybridized. Oxygen atom utilizes its
two sp°® hybn the formation of sigma bond with carbon and
hydrogen at e remaining twg"Sp®

contain lone pairs of electrons. The C-O
slightly highe ts in water mole

[ MoBEld

(-)

(Fig 7.1: Structure of (2

Physical Properties

Physical State:

Alcohols of lower molecular mass (up to butanol) are colorless liquids with
characteristic sweet smell.

Boiling Point:
Boiling point of alcohol is much higher than that of alkanes and ethers of
comparable molecular mass.

Solubility:

Alcohols are generally soluble in water since they form hydrogen bonds with
water molecules. However, solubility decreases with increasing the number
of alkyl groups in the molecule

Acidity of Alcohol:
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Alcohols are generally classified as weak acids due to their ability to donate
a proton to a strong base.

Preparations of Alcohols
Hydration of an Alkene

Alkene when boils with water in the presence of concentrated sulphuric acid
to give corresponding alcohol.

Hy80, (conc.)
0°C

1
(Ethyl alcohol)
Hydrolysis JaMalide
When an alky ide is heated with aque
correspondin%ﬁ
H,0
C,HsCl + NaOH

Heat h
EEE ﬁ
Re n of Grignard rea Alde
Grignard r 11 reactsévith a for

respectively.

H,C=CH; + H;O - H;C—"CHQ—OH

Ether X = H 0
RMgBr + ——(==0 — | R=C— OMg Br | —% R—C—OH + HOMgBr
(Grignard (Carbanyl {Addition Product) {Alcohol)
regent) Compond)

Preparation of primary, secondary and tertiary alcohol
(i) Reaction with formaldehyde

o]

I 1) R-MgBr H, g

C or R-La C
Y N — &
Fu‘ma]d:h)rdc . - 1: Alcohol

(ii) Reaction with acetaldehyde (ethanal)
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~—
0 OMgXx QOH
| H,0 |
H&—C—H + R =g X — HC—C—H —— H;H—xl_—"
Fihanal R R
Secondan
alcohol
(iii) Reaction with acetone
0 OMsBu on
H0 OH
CHyMgBr 4CH3CCH3 B — cu;ccn3 — CﬂscCHz *Mg
Acetone CH3 CH3

2-methyl-2-propanol

Reduction and Ketones
Aldehydes and Ketones can be reduced
following two

(a) Hydrogena oglﬁehyde and keto
in the pmnonaﬁ l.'{e nickel (N

(Carbonyl C

¢=0 + H, LiAW, /NaBH, c—on

(Carbonyl Compound)
{Alcohol)

Reaction of Grignard reagent with Esters
When a Grignard reagent is mixed with an ester, it chemically changes into
carbonyl compound (aldehyde or ketone).

i I
CH;Mg Br + H)C—C~—0—CHy ———» H,C—C—CH; + MgBr(OCH,)
(Grignard reagent) (Methyl ncetate) (Acctone)
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The carbonyl compound thus formed then reacts with another molecule of
Grignard reagent and finally gives an alcohol (Discussed in Chap. 18).
OH

Il ;
CHMgBr + HyC—C—CH; ———— H,C—C—CH; + MgBr(OCHy)

(Grigrard reagent) (Acetone) (3° - alcohol)

Reduction of Carboxylic acids and Esters

Carboxylic acids and esters can be reduced to the primary alcohols (1°-
alcohols) in the presence of a very strong reducing agent such as lithium
aluminum hy

Hy,C—C—OH + 2H,

oy .
MOREN ™ : %:J

The reactivity of alcohol can be attributs qﬂ
bond with the removal of OH group or b
removal of hydrogen (H). The common r

elimination and oxidation.

€
011

Reactions of Alcohols
Reaction with Halogen acids (HX)
In the presence of a catalyst, zinc chloride (ZnCly), ethyl alcohol reacts with
hydrochloric acid (HCI) to produce ethyl chloride.
CHOH + HO ——= 0 CHC + HyO

(Ethy | alcohol) (Ethyl chioride)

The mixture of concentrated HCI ZnCl: is called "Lucas reagent" and used
to distinguish between primary, secondary and tertiary alcohol.

Reaction with SOCI; and PX;
When alcohol is treated with Phosphorus tri halide (PX3) or thionyl chloride
(SOCl), it gives corresponding alkyl halide
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3C3“§0H + PC]’ —_— 3C1!‘l§Cl + “3?03
(Ethyl alcohol) (Ethy! chloride)

GHOH + SOCl, 20y, cp.Cl + S0, + HOI
(Ethyl alcobol) (Ethy! chioride)

Acid Catalyzed Dehydration

When an alcohol is heated with concentrated sulphuric acid at 170°C, it
undergoes a dehydration process, resulting in the formation of an alkene. In
this process, a water molecule is eliminated.

Cone. H;80,
Cz HsOH —_—T H1C=CH1 + “20

(Ethyl alcohol) P (Ethene)
The ease of éjg\l_\“d dehydration gl-aleohekissgiven-as-3<=alcoha N
alcohol > 1°-alcoho
Oxidation Rf%
Primary and sec alcohols oxidize
agents idi ssium dic
&L
intermediate. EEE
TW due

its hydroxyl-bearing cz%lr_bqn..

OH 0
l H |0| CH 2‘
c“‘_(,:' KaCrs0 / 1,50, ’
(1%-alechal) {Acetaldebyde) {Acetic Acid)
OH 0 0
CH (l. CH |0] CH g’ CH ‘10' CH (l.i‘ OH + f H
—C=CHy—————0CHy;—C—CHy ————— CH;—C—
=) VKO0, W80, 3 KiCrs04 1 1,80, v L B

(2% abcohal) {Acetane) {Fthaneic acid)

Since the oxidation of ketone involves the breaking of carbon-carbon sigma
bond, it is a relatively slow process.

Cleavage of 1, 2-diols ~>

An alcohol molecule in which two hydroxyl groups (-OH) are attached on
position 1 and 2 is called as 1, 2 diol or vicinal diol.

When a 1, 2-diol molecule is treated with per iodic acid (HIO4), an oxidative
cleavage occurs between carbon 1 and carbon 2 atoms resulting in the
formation of two carbonyl molecules. These carbonyl molecules may be
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aldehyde or Ketone depending upon the number of alkyl groups attached to
the carbon atom bearing hydroxyl groups. In this reaction periodic acid
(HIO4) is reduced into iodic acid (HIOs3).

For example, ethylene glycol (1, 2- ethanediol) is broken down into two
formaldehydes molecules if treated with per iodic acid.
OH OH
H—-C———(I:—H + HIO, —» H-—E—n + B—(“:—a + HIO,

H H
(1, 2-ethandiol)  (Periodic acid) (Formaldehyde)

et} LN

(i) Methanol tifreeze solutic
perfumes, dy ﬂB

(i) Ethanol 1 1s S raw material in

compounds such as Ems rcsms tinc

acetic a

(ii)) The mlxture of 1sopropy1 l in
(an ic).

PHENOLS
Organic compounds in which hydroxyl g
benzene ring are called Phenols.

The parent compound of this family is monohydroxy benzene which is also
known as carbolic acid or benzenol.

On the basis of number of hydroxyl groups (-OH) attached to aromatic ring,
Phenols are classified into monohydric, dihydric and trihydric Phenols

00 o 00,

Structure of Phenol
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In the molecule of phenol, the carbon atom of aromatic ring is attached to

an OH group. The oxygen atom in the -OH group is sp® hybridized, while the

carbon atoms in the aromatic ring are sp? hybridized. An sp3-sp? sigma
bond is formed between oxygen atom of -OH group and carbon atom of
aromatic ring.

The C -0- H bond angle is set at 109° which is almost the same as the bond
angle of tetrahedral geometry (109.5") but due to two non-bonded electrons
109¢ pairs of oxygen atom, the geometry is slightly distorted from a normal

tetrahedron and exists in a bent shape.

Physical Pro
(i) Physical

Pure phenol is a white crystalline solid dt

appear in red e to the presenc
impurities.

(ii) Boil

The boil ilc’ 'a higher ths
compar “ € th€ presence o

(iii)
Phenol is toxic and corrosive in nature.
skin it can lead to a severe burns and

(iv) Solubility:
The hydroxyl group attached to the aromatic ring allows phenol to make
hydrogen bond with water molecules that is why it is soluble in water.

Acidity of Phenol
Phenol is fairly acidic since it reacts with an alkali or alkali metal to form
salt.

OH Na

+ NaOH —————— + HO

(Phennl) (Sodinm phemavide)

e el
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The pka value of phenol is approximately 10, which is far less than
carboxylic acid (pka 5) but much higher than alcohol (pka = 15 — 18) that is
why phenol is much weaker acid than carboxylic acid but stronger than
alcohol.

Comparing phenoxide ion with ethoxide ion, it is noted that the negative
charge on oxygen atom of phenoxide ion is delocalized over the entire ring
through a process called as resonance and make the phenoxide ion stable.

CHOH + H,0 CHsO + H,0'

d I N (Phenoxide ion)
E 0 ;

4 :
On the MMLEﬂ)'dc ion the de c &
_ N . N
Oxygen seénce of aroma glrcg
structure compared to phengxidesion. .
2
(Ethanol)

Preparation of Phenol
Phenol can be prepared by various methods. The two most common
methods are described below.

From Sodium Benzene Sulphonate
Sodium benzene sulphonate when fused with sodium hydroxide at 300 -
350°C, produces sodium phenoxide which on acidification yield phenol.

SO,Na ONa OH

(Sodium benzene sulphonate) {Sodium phenoxide) (Phenol)

From Chlorobenzene (Dow's Process)
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Chlorobenzene when fused with aqueous sodium hydroxide (NaOH) at 350°C
and 150 atmospheric pressures, it gives sodium phenoxide which then
acidified with dilute hydrochloric acid to yield phenol.

ONa H
+ NaOH %’C-.@ Ha, + NaCl
S0 atm

(Chloro benzene) (Sodium phenoxide) (Phenol)

Hydrolysis of Diazonium salt
It is a laborat m for the preparation of phenol. Benzene diazonium

chloride on water, changes inte.phe
nitrogen gas.
Cl

Reactivity of Phenol
The aromatic part of phenol is similar to%
electrophilic substitution reactions.

Reactions of Phenol
Phenol typically undergoes two types of reactions; those involving the
hydroxyl group and those involving the aromatic ring.

In the first type of reactions, the -OH part usually broken to form
substances such as salts and esters, which are similar to those of alcohols.

In the second type of reactions, the aromatic ring of phenol undergoes
electrophilic substitution reactions.

Electrophilic Aromatic Substitutions
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These reactions occur due to aromatic part of molecule. Most common
electrophilic aromatic substitution reactions of phenol are nitration, Sul
phonation and halogenation.

Nitration
Phenol on treating with dilute nitric acid at 25°C gives a mixture of o-
nitrophenol and p- nitrophenol.

H
+ 2HNO, (dil) —-é/ é + 2H,0

When phenolEMh concentrated
trinitropheno
M 0 ﬂ %riﬂﬂw&m :

Sulphonation explosion.
When phenol is treated with sulphuric atied
however the relative proportion of isomers depends upon temperature.

(a) On heating at 15° - 20°C, ortho phenol sulphonic acid is formed as major

proportion.
OH
+ H,;S80, (cone) 1s-20°C_ + H,0

Phenol 2-hydroxyl benzene
sulphonic acid

(b) On heating at 100°C it gives major product of para phenol sulphonic
acid.
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H H
+ H;80, (cone) C + H,0
SO;H
Phenol 4-hydroxyl benzene
sulphonic acid

Halogenation
Phenol if reacts with aqueous bromine, it produces 2, 4, 6 - tribromophenol

Pheno
ortho

Reaction with Sodium Metal

Phenol when reacts with highly active metal such as sodium, the sodium
donate an electron to the Oxygen atom of the hydroxyl group in phenol
forming sodium phenoxide

+
H a

2 +2INp ——p 1 + H,

(Phenol) (Sodium Phenoxide)

Oxidation of Phenol

In this reaction potassium dichromate acts as oxidizing agent and the
Sulphruic acid serves as catalyst. Phenol is oxidized to yellow colored
benzoquinone (conjugated diketone).

===
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OH
@ + [0) —NKCrOMSOL
0
(Phenol) (Benzoquinone)

Difference between Alcohol and Phenol

Property Alcohol Phenol

Functional ' -OH attached to alkyl -OH attached to aryl
Group carbon (R-OH) carbon (Ar-OH)
Hydrogen form intermolecular Can form stronger

Uses of Phenol
(i) It is used as an antiseptic and disinfe
(ii) It is used in the manufacturing of so
etc.
(ii) It is used in the preparation of picric acid and, phenolphthalein.
(iv) It is used as ink preservative.

Identification tests for Alcohols and Phenols

Tests of identification of Alcohol

(i) Sodium metal test

Alcohol readily reacts with sodium metal at room temperature to form
sodium alkoxide with the liberation of hydrogen gas.

2 CgHOH + 2Na S——> 2 C¢HONa + H,T
(Phenol) (Sodium Phenoxide)

(ii) Ester test
Alcohol when heated with acetic acid in the presence of small amount of
concentrated sulphuric acid, it forms an ester.

e —————————————————a——
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H,S0, Conc.

C,HOH + CH;COOH CH,COOC,H; + H,0
(Ethyl alcobol) (Acetic acid) - (Ethyl acetate)

Fruity smell of ester indicates the presence of alcoholic group in the given
organic compound.

Tests for identification of Phenol

(i) Ferric chloride test

When freshly prepared aqueous solution of ferric chloride (FeCl3) is added to
phenol, it forms a ferric phenoxide complex.

Jm“ FeCly —» H,[Fe(C¢Hs0)s] + 3HC

pxide Gmm pl
Appearance OE'R nuc or purple coldrz:
en

complex and 1 fies the presence of ghep®

o ot fhepded [ |
When b

{Phenol)

(2. 4,6=tribromo Phenol)

Disappearance of brown color of bromine and appearance of white
precipitates of 2,4,6-tribromophenol identifies the presence of phenols

ETHERS

Ethers are an organic compounds having a general formula R-O-R,
characterized by an Oxygen atom bonded to two alkyl or aryl groups

A symmetrical or simple ether is that in which both groups are of same type—7
whereas unsymmetrical or mixed ether consists of two different groups.

H;C—O0—CH, C3Hs—0—CHy @—o—@ @—o-cu,

Dimethyl ether Ethyl methyl ether Diphenyl ether Phenyl methyl ether
(symmetrical ehter) (unsymmetrical ether) (symmetrical ether) (unsymmetrical ether)
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Structure of Ether

The geometry of ether molecule is bent shaped similar to alcohol and water,
however the bond angle of C-0-C in ether molecule is 110.5° which is larger
than water (104.5°) and alcohol (108.5°). The hybridization of oxygen atom is
sp? while the hybridization of carbon depends on the nature substituent
group (alkyl or aryl) attached to the oxygen atom.

0" 0" 0"
/m\ C I{W\H Cﬂl/m\CHJ

The greater (C angle in ether is due to greater internal repulsion
of hydrocarb the external repulsion of lone pair on Oxygen.

Preparation of Ether

(i) Dehydratio ol

Excess of alcaho heated with co
intermolecular dehydration occurs to gife

MOREL

(Ethyl alcohol) (Ethyl alcoh

(ii) Williamson synthesis
It is a well-known method for the prepata
alkoxide ion acts as a nucleophile and
ether.

C,HONa + C;HCl ———» CHg—O—C;Hs + NaCl
(Sodium ethoxide) (Ethyl chloride) (Diethyl ether)

The alkoxide is obtained by treating an alcohol with sodium metal.

2C,HOH + 2Na ———— > 2 C;HsONa + Hz’
(Ethy! alcohol) (Sodium ethoxide)

Physical Properties ~
(i) Dimethyl ether and ethyl methyl ether are gases, however other higher
members of ether family exist in volatile liquid state at room temperature.

(ii) The boiling point of ether is lower than alcohol due to the absence of
intermolecular hydrogen bond.
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(iii) Ethers are moderately soluble in water since the presence of oxygen
makes the molecule polar. However, solubility decreases with increasing the
number of carbons of alkyl or aryl groups.

Chemical Reactivity

Ethers are relatively less reactive organic compounds compared to other
functional group because the C-0 bond of ether is stable and shows low
reactivity towards nucleophile or electrophile. The relatively low reactivity of
ethers makes them useful as solvents and anesthetics.

Since oxygen atom of ether possess lone pairs of electrons, they serve as
weak base and hence can react with strong acids to form oxonium salt.

+
H™ / H;80 (conc,
R R =

F Uﬂ H" / HCI (cone.)
The OXOMQB E\' l'!:nains stable
dﬂutlon & 8b&iates to refor:

water is stronger Lewis ac an el

Uses of Ethers
(1) Ether is used as solvent in the manufa
etc.
(ii) Diethyl ether is used as solvent in Wurtz reaction and in the preparation
of Grignard reagent.
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Short Questions
1. Define Phenol? Write the equations for the preparation of Phenol
from.
(i) Chlorobenzene
(ii) Sodium benzene sulphonate
Notes

2. Write the equations for the following chemical Process

Reduction of acetic acid with LiAlHs:
CH3COOH + LiAlH4 ——— CH3CH>0H + AICl; + LiH

Hydration of th hot concentrated HzSO4.
HQO —_— 5 : 2

Oxidation of ethanol with acidified d

CH3CHo» 2 + HoSO4
Hydrolysis oﬁuﬁm salt:
o+ + HQO
3. ExleﬂE 'v'th scientifi
(i) Boili €r'id'less than &
cohols are soluble in
(lwori

(i) Boiling Point of Ether vs. Alcohol:
The key lies in intermolecular forces:

e Alcohol: Has an -OH group, allowing hydrogen bonc
molecules. These bonds are strong and require more energy to
break, leading to a higher boiling point.

o Ether: Contains an oxygen atom but lacks the -OH group, preventing
hydrogen bonding. Instead, weaker dispersion forces exist. Breaking
these weaker forces requires less energy, resulting in a lower boiling
point compared to alcohol.

For example, ethanol (alcohol) boils at 78.5°C, while diethyl ether
(comparable-sized ether) boils at 34.6°C.

(ii) Solubility of Alcohols in Water:
It's about intermolecular forces:

e Alcohol: The -OH group in alcohols can form hydrogen bonds with
water molecules. These bonds pull the alcohol molecules into the
water structure, making them soluble.

o Water: Highly polar molecule with strong hydrogen bonding ability.

===
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The more carbon atoms in an alcohol, the fewer -OH groups relative to the
hydrocarbon chain, reducing solubility.

(iii) Ethanol vs. Ethyl Chloride:
Intermolecular forces and molecular size play a role:

« Ethanol: Polar molecule with -OH group for hydrogen bonding and a
larger size. Hydrogen bonding dominates, leading to a liquid state at
room temperature,

« Ethyl Chloride: Smaller molecule with polar C-Cl bond but no
hydrogen bonding capacity. Weaker dispersion forces are insufficient
to overcome thermal energy at room temperature, resulting in

= J0IN

4. Identify each of following with twc

(i) Phenol
(ii) Alcohol

Notes
" W“”:Mﬂﬁ&!“’"“’“’" .
prima tetrtiary alcoho

6. What is oxonium ion? How can ethe
Notes

Descriptive Questions
1. (a) What are alcohols? How alcohols are they classified?
(b) Starting from Grignard reagent how is primary, secondary and
tertiary alcohol prepared?
Notes

2. Write the equations for the following possible conversions.
(i) Ethyl alcohol to diethyl ether

(ii) Phenol to benzoquinone

(iii)) Ethyl bromide to ethanol

(iv) 2°- alcohol to carboxylic acid

3 Differentiate between alcohol and phenol on the basis of
(i) Solubility in water
(ii) Boiling Point
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(ii) Acidic character
Notes

4. Write the equation and name the final product when phenol reacts
with the following

(i) Hot and concentrated nitric acid.

(ii) Concentrated sulphuric acid at 100°C

(ii) Bromine water

(iv) Sodium metal

Notes

5. Enlist the al applications of Alcohol, Phenol and ether
Alcohols
« Ethanol (CH3CH20H): The most

variety s, including:
> Bever e alcohol in alcoho

liquor.

> m&lﬁ'ﬂu'mshes CO8

Disinfectants: To kill
> , =

variety of products, including;:
» Antifreeze: To prevent car engines irom freezing in cold weather.
» Solvents: In paints, varnishes, and plastics.
» Fuels: As a racing fuel and in fuel cells.
» Chemicals: In the production of formaldehyde, acetic acid, and other
chemicals.

Isopropanol (CH3CHOHCH3): Also known as rubbing alcohol, isopropanol is
used in a variety of products, including:
» Disinfectants: To clean and sterilize wounds and surfaces.
» Solvents: In paints, varnishes, and electronics.
» Cosmetics: In astringents and toners.
» Antifreeze: In some windshield washer fluids.

Phenols
o Phenol (CeHs0H): Also known as carbolic acid, phenol is a powerful
disinfectant that is used in a variety of products, including:

===
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» Medical disinfectants: To sterilize surgical instruments and medical
equipment.

» Household disinfectants: In cleaners and sanitizers.

» Chemical industry: In the production of plastics, resins, and nylon.

» [Pharmaceuticals: In the production of aspirin and other drugs

Ethers
« Diethyl ether (CHsCH20CH2CH3): Also known as ether, diethyl ether
is a volatile solvent that was once widely used in
anaesthesia. Today, it is used in a variety of products, including:
» Solvents: In paints, varnishes, and adhesives.

» Startin s: In the production of other chemicals.
» Fuels fuel and in fue 5
M 0 ﬂ E EEE
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INTRODUCTION

Aldehydes and ketones hold significant importance, with widespread usage
in several industries. They are the simplest carbonyl compounds; both
contain a carbonyl group, which is a functional group consisting of a carbon
atom double-bonded to an oxygen atom.

Aldehyde contain a carbonyl group at the terminal carbon of their carbon
chain,

whereas ketone have a carbonyl group located on the carbon within their
carbon chain.

Both types of s have unique properties and reactlwty due to the
presence of group, which rged . rariety
applications.

The typical re req-: ives of this class Jof

acetone, benzaldehyde and acetopheno €.

= MWHE m m

(ko

their significant applications in various g

For example, formaldehyde is used to produce resins, synthetic plastic and
urea formaldehyde. Acetone is used in the preparation of iodoform,
chloroform and nail polish remover Benzaldehyde is used in the
manufacturing of dyes etc.

PHYSICAL PROPERTIES

Physical State:

Methanal and ethanal are gases; the other lower aldehydes and ketones are
colourless liquids at room temperature. The higher aldehydes and ketones
(more than c20) are solids at room temperature.

Odour:
Lower aldehydes have a pungent smell whereas ketones and higher

aldehydes have a pleasant smell.
Boiling Point:
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Carbonyl compounds have higher boiling points than alkanes of similar
molecular weights due to the polar nature of the carbonyl group, enabling
intermolecular forces.

However, they have lower boiling points compared to alcohols and carboxylic
acids due to the absence of intermolecular hydrogen bonding.

Solubility:

Carbonyl compounds are generally polar, and they are soluble in polar
solvents such as water and ethanol. However, their solubility decreases as
the size of the hydrophobic group (hydrocarbon chain) attached to the
carbonyl carbon increases.

1|11 T

In aldehyde and ketone, the carbonyl

double bonde gen atom. The
sp? hybridizef w i ' i
bond formation with the o ]
orbitals i h i at
NGB

The sp? hybridization of the carbon atom the carbonyl group allows it to
acquire a trigonal planar geometry, with bond angles of approximately 120°.

0O
I| II ICI:
H/ \H H/ \CHa H3C/ \CHa
(Formaldehvde) (Acetaldehyde) (Acetone)

PREPARATION OF ALDEHYDES AND KETONES
Ozonolysis of Alkenes
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Alkenes can be ozonolyzed to yield aldehydes and ketones. This reaction
involves the breaking of C-C of alkene by the use of ozone and reducing
agent such as Zinc.

o
H H H / \ H o]
. T ™~ A In/H |
c=—¢ + O —— C C Za/HO .
W Nn W |\|-| 100°C H/c\ .
—0
(Ethene) {Ozonide) (Formaldehyde)
HiC c H,C /0 (o]
Fa
>"~—_-—c/ + 0y —— > < -——--—-ﬁ"m:{_’o 2 Icl,\ + 700
i Jo]’"- W CHy C e ok
) — "
Hydration o
Alkynes whe ith water in the

which t

M BEﬂTn, Rl
ration of ethyne gives acetaldg

(i) The h

(ii) The hydration of propyne gives propa

H,S0, / HgSO,
75°C

(Propyne) (Enol) {Acetone)

R I
Rearrangment HyC—C —CHs

|
# H,C—C==CH,

HC—C==CH + H,0

Oxidation of Alcohol

In the Oxidation of alcohols, the -OH functional groups are converted to
carbonyl groups (C=0). Primary alcohols are oxidized to aldehydes, and
secondary alcohols are oxidized to ketones, which can be achieved using
pyridinium chlorochromate (PCC) as an oxidizing agent. However, tertiaty——7
alcohols do not undergo oxidation. This controlled process is valuable in
obtaining specific carbonyl compounds in organic synthesis.
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PCC

| Il
H,C—C':—H « o] B ne—C—n + 10
H (Acetaldehyvde )
{1%alcohel)
o 2
H,C—T—-—CH, + 0] B pe—C—cHy + H0
L
(2°-akobol) -

Friedel-Craft Acylation of Aromatic Compounds _
Aromatic ketones can be synthesized through the Friedal Craft acylation

method. In th an acyl chloride reacts with benzene or 1ts
derivatives i * ce of a Lewis acig
chloride (Al
Fﬂ ﬁ
+ H,C—C—0QC

EEE
REACTIONS OF ALDEHYD
Al e and ketone unde ing
(i) Nucleop fon reactighs

(i) Reduction reaction
(ii1) Oxidation reaction

Nucleophilic addition reaction

In these reactions, nucleophiles attack the carbonyl carbon of aldehydes and
ketones, leading to a change in the hybridization of the carbon atom from
sp? to Sp3. The pi electron pair of C-0 shifts towards the oxygen atom,
forming an alkoxide intermediate, which is subsequently protonated to yield
the addition product.

O+ (5 :O:

Nu: /:F-_\’ C= O — Nu—C,v
/ AR

R R

Nucleophilic addition reactions can be either acid-catalyzed or base-
catalyzed, depending on the nature of reactants and the reaction conditions.

(i) Acid catalysed Nucleophilic addition reactions

e o ——————————a——
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An acid catalyst is employed in a case where a carbonyl compound reacts
with weak nucleophile for addition. The acidic proton, attacks the carbonyl
atom, resulting in the formation of a protonated carbonyl group. The general
mechanism of acid catalyzed nucleophilic addition on aldehyde and ketone
is written as.

R Ree ],
. Y . H ~ | Nu ~
P g ””im’vf*”“

Nu
Addition of hydrazine (NH2-NH2) and hydroxyl amine (NH2—-OH) on aldehyde

and ketone is catalyzed by an acid.
0 H

JOIN 4 —
l
, H
Hydroxy| amine
FOR -

:N—NH,;

o P
MBRE!!
(ii) alyzed N dditi
Addition of strong nucleophiliC reagents

by base. The base first reacts with the
nucleophile then attacks on carbonyl ca
shifted towards oxygen atom to form te
intermediate. These intermediate captures a proton or the electrophile to
give the product. General mechanism of base catalyzed Nucleophilic addition
reaction is given as.

Nu Nu
& &
R*\‘C _‘\_’0 .._._..*;..'...._.. ]:?l\ _ -_R....;!_. g;;J\
7 sep ) 6 | w2 OH
{Carbonyl compound) { Intermediate) (Addition product)

Addition of HCN and Grignard reagent is catalysed by base.
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OH

I |

CHy—C—H + HC(N — CH;—C—H

Acctaldchyde Acetaldehyde

N cyanohydrin

. e )
CHy—C.H + OH,— Mgl —= CHy—C—H —"2"__ cyy—C—H

N _
Acetaldehyde
(2° alechol)
Reduction oJ Aga!yue and Ketone
The reductio des and ketone e addi el 10
the carbonyl ting in the fo ane
A : 2%

depending upon itable reducing a

ReauctMﬂ,ﬂiH.l

The red desamd ketone i

out if a mixture of zinc amal d co
O

HyC——C—H + 4|H]

(Acctaldehyde)

Zn(Hg)
HyC—C——CHy + 4|HIW HsC——CH,—CH;y + H;0

(Acetone) {Propane)

Aldehyde and ketone can also be converted into alkane by using hydrazine
(NH2-NHz2) and potassium hydroxide. This is known as Wolf Kishner
reaction.

KOH, 200°C
— i — + NH:—N}-I: W —— _‘_‘_"N _CH...-—-
aldehyde/ketone hydrazine : hydrazone e alkane

Reduction to Alcohol
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Aldehyde and ketone when treated with strong reducing agents such as
NaBHa4 or LiAlH4, they reduce into primary and secondary alcohols
respectively.

OH
Li AlH,
H(—C—H + H, ——9 H,C—CH—H
(Acetaldehyde) (Primary alcohol)
OH
Li AlH,

H,c—c—cri, ¢+ H, ——— H,C——CH——CH,

JOIN

Oxidation R
Aldehydes an undergo oxidatis
carboxyhc aci wever, the reactivity of ale

reactio the availabili
carbon 1

aldehyde into corresponding carboxylic &
by strong oxidizing agents.

o] 1<

HyCm—— Gl # - H;C

(Acetaldehyde) (Acetic acid)

ii. Oxidation of ketone is relatively slow and it involves the breaking of
carbon-carbon sigma bond and it happens only in the presence of strong
oxidizing agent.

0
K,Cr:0, |
—C——CH; + 4| O = H,C C OH + C H,0
HC—C—CH, + 4] O] T ' 0, + H;
(Acetone) (Acetic acid)

Laboratory test to distinguish between aldehydes and ketones

(i) Silver mirror test

The reagent used for this test is ammoniacal silver nitrate (Tollen's reagent).
Since this reagent has short shelf life, it should be freshly prepared in
laboratory by mixing silver nitrate and ammonium hydroxide.

e
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Heat
RCHO + 2[Ag(NH3)2]JOH —— RCOO'NH} + 3NHs + H20 + 2Ag

(Aldehyde) (Tollen's reagent) \mmmmml (Silver mirror)
While performing the test, tollens's reagent is mixed with the given carbonyl
compound and heated to boiling. If aldehyde is present, a silver mirror will
form on the inside of the test tube.

(ii) Fehling test
There are two Fehling solutions available in laboratory. Fehling A is an
aqueous copper (II) sulphate solution while Fehling B is an aqueous solution
of sodium hydroxide (NaOH) with sodium potassium tartrate.

To carry out the Fehling's test, mix equal volumes of Fehling A andB in a
test tube, hea nmure to boiling and then add a small amount of given
carbonyl co ' - -

oxide.
Cu? + SOH

(J\Iddndu} (Fchling Solution)

Differe H‘ie and Ketbo
Basic S

Both aldehydes and ketones bon 1
1 carbon is attache as
ketones, nis a ched wil]

Physics Properties:
The boiling point of ketones is relatively‘highe
carbonyl group of ketones is more polarized than aldehydes.

Reactivity:
The reactivity of aldehydes towards nucleophilic addition is greater than
ketones because of less steric hindrance and less electronic effect.

Oxidation into Carboxylic acid:

Ketones oxidizes to carboxylic acid with strong oxidizing agent such as
potassium dichromate (KCr0O7) and potassium permanganate (KMnOa4) Wll_ll_e’_?
aldehydes can casily be oxidized to carboxylic acid with mild oxidizing agent
such as chromic acid (H2CrOas), Tollen's reagent and Fehling solution and

Benedict solution.

Reduction into alcohol:
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Reduction of aldehydes in the presence of strong reducing agents such as
lithium aluminum hydride (LiAIH4) and sodium borohydride (NaBHa) gives
primary alcohol while the reduction of ketones gives secondary alcohol.

Some applications of aldehydes and ketones

Application Aldehydes Ketones
Important starting
Organic Used as key intermediates in | materials for creating
Synthesis various organic reactions. complex organic
compounds.
de characteristi i gents

Flavor and taste to many n

Fragrance F synthetlc prod
and benzaldghyde.

i ' uilding bl -
MOBEIL: L.
EEE

Pharmaceuticals | pharmacguticals, su

anti- ory d

antihistamines.

Formaldehyde is used@"a
Solvents ) ) _ _
solvent for certain reactions. |reactions and as a nail

polish remover.
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Short Questions
1. Give reasons for the following:
i. The boiling point of aldehydes and ketones is lower than alcohol.
Aldehydes and ketones have weaker intermolecular forces compared to
alcohols. Here's why:
e Alcohols: Possess an -OH group, enabling hydrogen
bonding between molecules. These hydrogen bonds are strong and
require significant energy to break, leading to a higher boiling point.
o Aldehydes and Ketones: Contain a carbonyl group (C=0) but lack the
-OH group. This absence prevents hydrogen bonding. Instead, they
rely on weaker dipole-dipole interactions for intermolecular

attracti eaker forces require less energy to overcome,
resul r boiling poin . .

ii. Formalde I@lﬂy soluble in w:
aldehydes.

High Water Solu y of Formaldehyde:
significantl

Formal ‘
to other : t' smaller s
hydrog fufi&ional group

Smaller size: Formal has §

i ' 7 ecule it
available for hydrogen bonding w
solubility.

attached to the oxygen atom (O) in
hydrogens can participate in more extensive hydrogen bonding with
water compared to aldehydes with only one hydrogen on the O atom.

iii. Oxidation of aldehydes is faster than ketones.

Oxidation Rate of Aldehydes vs. Ketones:

i. Faster Oxidation of Aldehydes:

Aldehydes generally undergo oxidation reactions faster than ketones. This
can be attributed to several factors:

« More reactive carbonyl carbon: In aldehydes, the carbonyl carbon—7
atom has only one bulky substituent (a hydrogen) attached. This
allows for easier access by the oxidizing agent to the carbon-oxygen
double bond, facilitating oxidation.

« Formation of a more stable intermediate: During oxidation,
aldehydes form a resonance-stabilized intermediate (a gem-diol) due to
the presence of two hydrogens on the carbonyl carbon. This

e ———=
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intermediate is more stable than the corresponding intermediate
formed in ketone oxidation, lowering the activation energy barrier and
speeding up the reaction.

2. Write the equation for the reaction of acetaldehyde with the
following:
i. Chromic acid (H2CrOa4)
CH3CHO + H2CrO4 » CH3COOH + Cr203 + H20
ii. Lithium Aluminum hydride (LiAIHa4)
CH3CHO + 4LiAlH4 -> CH3CH20H + Al(OH)4Li + 3H2
ii. Zinc mercury amalgam

3. How is ch“l:“ prepared by ozon

Notes

4. Why is for e more reactiv
reactions co th ketones.
Formaldehyde exhibits greater reactivi

reactlomB 'fs due to t

§ &hly one hyd
carbon (C=0). This re lessis

carbon more easily due to the abse
« Ketones: Contain two bulky subs
attached to the carbonyl carbon.
hindrance around the electrophilic carbon. The bulky groups can
physically hinder the nucleophile's approach and make the reaction

slower.

2. Electronic Effect:

 Formaldehyde: The presence of two hydrogen atoms bonded to the
oxygen atom in the carbonyl group creates a greater electron-
withdrawing effect through inductive electron donation. This effect
pulls electron density away from the carbon-oxygen double bond,

positive carbon is more attractive to electron-rich nucleophlles. ~—7 m;";f ik

« Ketones: Generally have only one alkyl group attached to the oxygen
atom. This group's electron-withdrawing effect is weaker compared to
two hydrogens in formaldehyde. Consequently, the carbonyl carbon in
ketones is slightly less positive than in formaldehyde, leading to a
lower electrophilic character and reduced reactivity towards
nucleophiles.
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In summary, the combination of less steric hindrance and a more
electrophilic carbonyl carbon makes formaldehyde a more reactive
nucleophile acceptor compared to ketones. This allows for faster and
more efficient nucleophilic addition reactions with formaldehyde.

5. How does the oxidation of ketones differ from the oxidation of
aldehydes?
The key differences between the oxidation of ketones and aldehydes lie in
the ease of oxidation and the products formed:
Ease of Oxidation:

« Aldehydes (RCHO): Generally much easier to oxidize than ketones.

This is resence of a more reactive carbonyl carbon atom.
o dehydes, the qarhe

substituent (a hydrogen ato 1L F pr @A'sigl aCce
ents to the carbp ﬁ do Bo : ﬁ
. Ketones [ : Considerably m re*#it i 2

MHE havetwo s b ch {8 6 ..o 1
&thE steric hindra is din c makesut Mote
difficult for oxid ent AC arbo
(o}
Products of Oxidation: rIl n i

o Aldehydes: When oxidized, alde lonverii
carboxylic acids (RCOOH). This proces & hh
carbon-hydrogen bond in the carbonyl group and the addition of an
oxygen atom (from the oxidizing agent) to form a new C-O bond.

Example: CH3CHO (acetaldehyde) + Oz -> CH3COOH (acetic acid)

« Ketones: Cleavage of the carbon-carbon bond adjacent to the
carbonyl group is the typical mode of oxidation for ketones under
harsher conditions (strong oxidizing agents and often heat). This
cleavage results in the formation of a carboxylic acid with a smaller
carbon chain and another carboxylic acid or a ketone with a shorter
chain depending on the position of the cleavage. T

Example: ~— 7 |Gty
CH3COCH3 + K2Cr207 + H2SO4 - CH3COOH + COq
(acetone) (strong oxidizing agent) (acetic acid)
6. Why are ethers considered as good solvents in organic reactions?

« Polarity: The polar nature allows them to solvate (dissolve) other polar
molecules through dipole-dipole interactions.
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« Hydrogen Bonding Acceptance: Enables interaction with a broader
range of organic compounds containing O-H or N-H groups.

o Inertness: Minimizes interference with the desired reaction.

« Moderate Water Solubility: Provides versatility for reactions involving
water or water-soluble components.

« Volatility: Facilitates solvent removal after the reaction.

Descriptive Questions
1. What are aldehydes and ketones? Describe the structure and type of
hybridization in them.
Notes

2. Explain th lyzed and base-catalyzed nucleophilic addition
reactions i and ketones.

Notes
3. Describe ydes are disting
following lab st.
(i) Tollen's reagents (1 Fehh'ng solution

Notes
4. Writ ﬂﬂ ive the na
followi Jcéess.

idation of acetone with Ko
ii. Re 1 with NaB

5. Give four differences between aldehy
Notes
6. Write the equation for the nucleophilic addition reaction if
formaldehyde treated with
i. Hydrogen cyanide

HCHO + HCN —_— HC(OH)(CN) (Hydroxyacetonitrile)
ii Primary alcohol

HCHO + RCH:OH ———  HOCH2CH20R (Hemiacetal)

i1i. Methyl magnesium bromide

HCHO + CH3MgBr _— CH3CH20H (Ethanol)
iv. Ammonia
HCHO + NH3 ——  CH2=NH + H20O (Methylamine and water)

7. Explain the factors that influence the reactivity of carbonyl compounds
towards nucleophilic addition reaction.
Notes
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INTRODUCTION
"Organic compounds which contain carbonyl group ( C = 0) attached to
hydroxyl group (-OH) are referred as carboxylic acid".

PHYSICAL PROPERTIES OF CARBOXYLIC ACIDS

i) Colour and odour
Aliphatic monocarboxylic acids are generally colorless. They have a pungent
odour.

ii) Solubility
Carboxylic ac ble in polar solvents such as water and alcohols,
due to their hydrogen bopés™w : :

iii) Boiling p
Compared to &lc
rm oy

Barboxyh’c acids
tendency to fo rogen bonds among

Structu

cambonyl carbon is sp? hybri
one p idi yitel. e thred
almost at an angle of 120° to give trigo
unhybridized orbital of carbonyl carbo
oxygen atom.

ACIDITY OF CARBOXYLIC ACID ~——>2
"Carboxylic acids are considerably stronger acids than alcohols, phenols and
water. However, they are weaker acids compared to mineral acids",

PREPARATION OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES
Carboxylic acids are prepared by the following different methods.
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By the Carbonation of Grignard Reagent

When Grignard reagent reacts with carbon dioxide, it changes into an
addition product which on hydrolysis in acidic medium produce carboxylic
acid.

AR
b b o b b g
GO e o=k x| O, p—Con+ wgomx
(Alkyl magnesium (Carbon dioxade) (Carboxylic acid)

halide)
By the Hydr triles
Alkyl cyanid en reacts with water in the presence of acid, it
changes int cid with the liberat

Foﬂ\ + H-OH
(Alkyl cyamde)

By the £B£ Iy Alcohols
By using acidified oxi xzmg agents suc
al&;ls can be oxidized to fgar
throu [€ stag er

aldehyde.

R-CH,-OH + [O]

(Primary alcohol)
CH-CHO + [0] ~=2220, CH,-COOH
(Acctaldehyde) {Acetic acid )

By the Oxidation of Aldehyde
Aldehydes oxidized when mixed with Potassium dichromate and sulphuric
acid to produce carboxylic acid.

(Aldchyde) (Carboxylic acid)

By the Oxidation of Alkyl Benzene
When an alkyl benzene reacts with potassium permanganate (KMnO4) under
acidic conditions, the alkyl group is oxidized to-COOH group.
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C:2Hs COOH

+ 6]0) —%%EE'&L-» + COr + 2H20

(Ethyl benzene) ( Benzoic acid)

REACTIONS OF CARBOXYLIC ACIDS AND THEIR DERIVATIVES
Certain compounds are structurally derived from carboxylic acids by
replacing a part of functional group of the carboxylic acid. Some common
derivatives of carboxylic acids are given as.

(i) Esters: lcn'lu
They are fo cing the hydroX

alkyl or aryl group. Their general form
(CHzCOOCH2 yl propionate (

(i) Acid halides:
They ar
halogen
(CHsCO

(iii) Am
They are formed by replacing the hydroky

amino group. Their general formula is K
Benzamide (CeHsCONHz).

(iv) Anhydrides:

They are formed by the removing a water molecule from two carboxylic acid
molecules. Their general formula is (RCO)20 e.g. Acetic anhydride
(CH3CO)20, Maleic anhydride (C4H203).

Conversion of carboxylic acids into acyl halides
Like alcohols, the hydroxyl groups of carboxylic acids are easily replaced by
halogen atom on heating with PCls, PClz, or SOClI»

R—COOH + PCly ——— R —-CO-Cl +POCl; + HCI
(carboxylic acid) (Acyl halide)

3R—COOH + PCl; ———— 3R —CO—Cl +H;PO,
(carboxylic acid) (Acyl halide)

Conversion of Carboxylic Acids into Acid Anhydrides

e
171




/MeE MASTER COACHING CENTER aitr]

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop :
Salman Arif Tabani 0312-2340767 www.youtube.com/@MasterCoachingCenter [=] ’

The formation of an acid anhydride involves a condensation reaction
between two carboxylic acid molecules. This reaction is typically conducted
in the presence of a dehydrating agent like phosphorus pentoxide (P20s).

| vo . o ol
R—C—OH + H()—jf—R —x— R—C—0—C—R
(Carboxylic acid)  (Carboxylic acid) (Acid anhydride)

Conversion of Carboxylic Acids into Ester

Esters are produced from carboxylic acids through a reaction called
esterification. In this reaction carboxylic acid reacts with an alcohol in the
presence of a ually concentrated Sulphruic acid to produce an
ester and w ‘"

|
| ‘ |
R— + CaHs—OH ¥ +
(Ca i (Alcohol) | FE.

Conver ds into A
Amides c reactio
ammoni ormum salt is fo
0
R—(C—0—H + NH;}—— R—El

{Carboxylic acid) (Ammon

Conversion of Carboxylic Acids into Alcohols
Carboxylic acids upon catalytic reduction with lithium aluminum hydrides
produce primary alcohols.

R—COOH + 4[H]—MA™ _, R _CH, — OH + H,0
(Carboxylic acid) (Alcohol)

Conversion of Carboxylic Acids into Alkane
Carboxylic acids when reacted with caustic soda (base) they form salt of

carboxylic acid which on further heating with soda-lime yield alkanes. .
CHyCOOH + NaOH =3 CH-COONa + H,O

(Acetic acad) (Sod. acetate)
CaOHear

CHy+COONa + NaOH ———> CH; + NayCOy

mxi acetaie) {Methane)

Uses of some common carboxylic acids and their derivatives

Citric Acid (CeHsO7)
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It is used as a preservative, flavor enhancer acidity regulator.

Malic Acid (CsHeOs)
It is used as a food additive and pH control agent.

Tartaric Acid (CsHeOs)
It is commonly used in food and beverage industry. products.

Acetic Acid (CH3COOH)
It is used as a preservative and as a raw material of various chemicals.

Salicylic Acid ( ‘ OOH)
It is used in ‘ ion of skin cargrprode

aspirin.

Benzoic Aﬁfad“om
It is used in the production of dyes, per
It is use if]1¥n pharmac

Acet
It is used in making cellulose acetate

1. Explain why?

i) The boiling points of carboxylic acids are high than alcohol?
Intermolecular hydrogen bonding between carboxylic acid molecules is
responsible for their higher boiling points compared to alcohols.

ii) The structure of carboxylic acid is trigonal planar?
The functional group (COOH) in a carboxylic acid has a trigonal planar
geometry due to sp2 hybridization of the central carbon atom.

2. What happens when:
i) Formaldehyde reacts with a mixture of Potassium dichromate &
Sulphruic acid.
HCHO + K2Cr207 + HoSO4 ——— HCOOH + Cr2(S0O4)3 + K2SO4 + H20
ii) Carboxylic acid reacts with thionyl chloride

RCOOH + SOClz, ——  RCOCI + SOz + HCl
ii) Carboxylic acid reacts with ammonia

===
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iv) Ethyl magnesium bromide reacts with carbon dioxide

C2HsMgBr + CO2 ————  CH3CH2COOH + MgBr2
3. Write down the commercial applications of carboxylic acids.
Carboxylic acids are a diverse group of organic compounds with a wide
range of commercial applications. Here are some of the most important
ones:
Food and Beverages: Many carboxylic acids are found naturally in food and
beverages or are added as ingredients.
Chemicals and Polymers: Carboxylic acids are essential starting materials
for the production of various chemicals and polymers.
Pharmaceuti osmetics: Many carboxylic acids are used in the
production m and cosmetics.
Other Applications: Carboxylic acids

applications, '
» Formi d in the textile i

fabncs

> bleaching &g
for paints,
- Em

rite the natural sourc -
(a) Fo ) Val
Here are the natural sources of the follog
(a) Formic Acid (HCOOH):

» Insects: Formic acid is found in
species. It's responsible for the stinging sensation and
caused by their bites.

« Plants: Stinging nettles and pine needles contain small amounts of
formic acid.

(b) Acetic Acid (CH3COOH):

e Vinegar: The most common source of acetic acid is vinegar, produced

by the fermentation of alcoholic beverages (like wine) or sugary
solutions using acetic acid bacteria.

(c) Valeric Acid (CsH1002):

o Valeriana officinalis (Valerian Root): This herb is a natural source of
valeric acid, which is thought to contribute to its sedative and calming
effects.

o Other Plants: Valeric acid is also found in some other plants, including
catnip and cheese rind.
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(d) Caproic Acid (CeH1202):
e Milk: Caproic acid is a short-chain fatty acid found in goat's milk and
cow's milk, contributing to their characteristic flavor and odor.
o Other Dairy Products: It's also present in some cheeses and other
dairy products.
e Coconut Oil: Caproic acid is a minor component of coconut oil

Descriptive Questions
1. How is carboxylic acid prepared by:
i) Carbonation of Grignard reagent
RMgX + CO2 -> RCOOH + MgX>
ii) Hydrolysi \ itriles
+ 2H20 + H*

ii) Oxidation of primary alcohols -
RC CrO4 + H2SO04 - + @t 4) v
Oy
n | |

2. Explain the structure of carboxylic acid. .
l

Notes
3. Disc ll'e of carboxy
other o fidsand weaker t

Cagboxylic acids are acidic e stal i ;
upon i tapility is ¢
from the oxygen atoms and resonance s

conjugate bases.

4. Convert the followings:

i) Carboxylic acid into acid anhydride
ii) Ester into carboxylic acid

iii) Toluene into benzoic acid

S. Explain the following physical properties of carboxylic acids:

(a) Solubility (b) Boiling point e
Notes —7 |

6. Write the names of four derivatives of carboxylic acids and give the
equation for their preparation from acetic acid.
Notes
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INTRODUCTION
"Biochemistry is the branch of science that deals with the chemical
processes taking place in the organisms".

It focuses on the study of structure, function and interaction of biological
macromolecules such as proteins, carbohydrates and lipids as well as the
chemical reactions and pathways that Occur within cells.

CARBOHYDRATES
Carbohydrate is an essential group of foods in human and animal diets. It is
more realistic to define a carbohydrate as

“PonhydroxJaliNand ketones or

compounds when they react with water o1

Classificatio Bn structure [
"Carbohydrates are classified as monosdcché mdi
oligosac

L JNIREMLC 5

cagbohydrates.

Monosaccharides contain a single suga
and galactose.

Disaccharides contain two sugar units, examples are sucrose, lactose and
maltose.

Oligosaccharide are carbohydrates that are made up of 3 to 10 sugar units,
for example ketose (glucose-fructose-fructose) and melezitose (glucose-
fructose-glucose).

Polysaccharides Contain more than 10 sugar units, Cellulose, starch and
glycogen are examples of polysaccharides.

Monosaccharides are classified on the basis of the number of carbons
present in the molecule. In this classification prefix is used to indicate
number of carbon atoms in the molecule and the suffix -ose, is used to
indicate carbohydrate as a class of biomolecule.
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Class of Monosaccharid Formula Examples
Triose C3sHeO3 Glyeeraldehyde
Tetrose C4Hg04 Erythrose
Pentose CsH100s Ribose

Hexose CeH1206 Glucose

Among these monosaccharide, hexose sugar is important since it plays a
crucial role in biological system. Hexose sugars are classified into
aldohexose and ketohexose. An example of aldohexose is glucose where as

ketohexose iaui“
Glucose and Iructose ex:lst in both openiche

however, the form is relative
glucose is calE& se since it resenible
chain form of s known a furang:s
Mﬂ*ﬂ E iih

HO (

H HO c
M ¥ 7 | i
H—C—OH H—C—OH Ci

CH-OH CH,OH H
(a) Glocose

(b) Fructose

— |

Disaccharides are carbohydrates consisting of two monosaccharide units
join together through glycosidic bond. “A glycosidic bond (0-C-0) is a type of
covalent bond that join two monosaccharide units together to form a larger
carbohydrate molecule". It is formed through a condensation reaction with
the elimination of water molecule (Fig.10.2). Disaccharides are water soluble
crystalline solids and represented by molecular formula C12H2011.

“Polysaccharides are macro bio molecules. They are amorphous, water ~——7
insoluble and made up of more than hexose sugars”.

Plant polysaccharide are the reserved carbohydrates of plants. Example of
plant polysaccharides are starch and cellulose which are composed of
thousands glucose units.
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Starch is a main component of our carbohydrate intake. It is found in
potato, wheat, burley etc. cellulose is found n the cell wall of plant. It is used
in making cotton, cellulose fiber and paper etc.

Importance of Carbohydrates
Carbohydrates are nutritionally significant bio molecules and are essential
part of our balanced diet.

Carbohydrates such as starch, sucrose, maltose etc convert into glucose in
our digestive system which then absorbed into the bloodstream and
transported various cells where is utilized for the biological processes.

AN

Glucose play le in energy stor
glucose of th am is Converted

stored
convert

of Common Carbohy n Hee
Gluco i ' e
glucose in blood ranges between 70 to
level exceeds this range, it can lead to
through insulin control.

Fructose:

Fructose is a simple sugar that found in many fruits and honey. It is the
sweetest among all other carbohydrates. Its main function is to provide
energy during metabolism in the body. However, a high intake of fructose
has been associated with weight gain and obesity.

Lactose:

(=] f5 |
It is a disaccharide. It is found in milk and hence also known as milk sugar. |¢ j‘,:t‘j%
During intake, it is broken down into glucose and galactose in the ~ ﬂ"‘"rﬁfﬁ

alimentary canal by the enzymatic activity.

Sucrose:
It is also a disaccharide and made up of a glucose and a fructose sugar. It is
known as table sugar or cane sugar. An excess amount of sucrose in our
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diet can cause the development of gum disease such as fatness, plaque
formation in the teeth, and even tooth decay.

PROTEINS

Proteins are naturally occurring macromolecules made up of long chain of
amino acids that fold into precise three dimensional configurations. All
living organisms including plants, animals and bacteria contain proteins
and their presence is vital for the life.

R R

HIN—CH—COOH s HiN—CH—CO00
ol

JO}

\
Tr

There are twe 2) different type
used to build Each amino acid

as a carboxyl group. These amino acids

through (CONH). TRefs
sequen no dcids determine S

protein.

~ ? 2 T el —

Classification of proteins
Proteins may be classified into several groups based on their functions and
structures. Based on functions, proteins are classified into following types.

(i) Catalytic proteins (Enzymes):

Enzymes are biological catalysts. They increase the rate of the biological
reaction multiple fold as compared to a chemical catalyst. Our bodies
contain numerous catalytic proteins which facilitate the chemical reactions
inside the body. For example, lipase catalysis the decomposition of lipids
into fatty acids in our alimentary canal.
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: Amalyase =
Starch + H:0 ———— Glucose

Protein + H>O —Protease A mino acid

Lipid + H:0 —2B% o Patty acid

(ii) Storage proteins:
These proteins store nutrients or metal ions in a particular part of plants or
animals. For example, Albumin, Globulin and Casein etc.

(iii) Transpo -
These protei the movement ofua

substances across ce r membranes

example, he

(iv) Regulato moml proteins:

These protel itical role in reg

transmi E the cells.

ClassiﬁMﬁﬁ i‘ en the basis
teins are essential macr les ¢

OM

Classification of proteins
Primary
v' It is a linear sequence of amino act _
chain. £ et
v This sequence plays a crucial role in determining the o ’
overall shape and function of the protein.

Secondary

v It refers to the folding patterns in polypeptide chains
due to interactions between nearby amino acids.

v' The two secondary common structures are alpha helix
and beta sheets.

v The Stabilization of secondary structure is due
formation of hydrogen bonds between N-H and C-0
groups of amino acids

Tertiary
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v' It refers to three-dimensional arrangement of a protein molecule
having folded and refolded polypeptide chain.

v The stability of molecule is due to the presence of

following types of forces among polypeptide chain:

Salt bridge (ionic bond)

Disulfide bridge (covalent bond)

Van der Waals forces

Hydrogen bond

Example: Myoglobin exhibits tertiary structure.

SRV NENEN

Quaternary

v Itisal x protein molecule and formed by
the in ultiple proteingseiberits:

v' Example: Hemoglobin, which con§is -

> U ([
subuni strates the quatériafy’stfuch
TOR =
Properties of proteins o
(i) Protei blg due to the difp ermi
- TRREM
(ii) Prot '

&€ ¥ nature beka
well as NH> group in their s of 4
(ii) Pro ibi iility to the &
(iv) Certain proteins exist in various col@u

(v) Proteins are thermally stable, howeveé: é! - !
disrupted by heating, at elevated tempegatite o

pH.

Importance of proteins

(i) Proteins provide energy for the body and in a rough estimation, 1g of
protein provides four calories.

(i) Hemoglobin is a protein, it transports oxygen from the lungs to every

tissue of the body.

(ii) Harmons are proteins which regulate various physiological functions in

the body.

(iv) Antibodies are proteins which play a very important role in the immune—~
system of the body.

LIPIDS
"Lipids are naturally occurring heterogeneous organic compounds that are
insoluble in water but soluble in Bloor’s Bloor's reagent”.
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The term "lipid" originates from the Greek word "Lipos"" meaning "fat like"
due to their greasy or oily texture when touched.

Lipids are vital components of our diet and can be obtained from various
sources such as animal fat (e.g. butter, ghee) vegetable oil etc.

Classification of lipids
On the basis of chemical composition lipids are classified into three main
groups, named as simple lipids, compound lipids and steroids.

Simple Lipids
These lipids are chemically esters, made up of fatty acids and alcohols,
mainly serve d ource to the body.

Simple lipids are further classified into

Fats and O Q
"These lipids are abun antly found in ng

triglycen 7 are form
acid an
I mm

HaC=—0

HC—0H

R COOH H:C_OH

(Three fatty acuds) {Glyeerol)

The fatty acid chains in the molecules of fat and oil consists of Ci2 to Ca4
carbon atoms which may be saturated or unsaturated. Vegetable oil
contains unsaturated fatty acids and are liquid at room temperature.
Animals fats are composed of saturated fatty acids and usually solids at
room temperature.

Types of fatty acids

Saturated Fatty Acid

Contains only single bonds between carbon atoms
Example: Stearic Acid, Palmitic Acid

Unsaturated Fatty Acid
Contains at least one double bond between carbon atoms
Example: Oleic Acid, Linoleic Acid.

183




/MEC MASTER COACHING CENTER ZEER

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop :
Salman Arif Tabani 0312-2340767 www.youtube.com/@MasterCoachingCenter [=] r

Waxes
"Waxes are the naturally occurring esters of long-chain fatty acids and long
chain alcohols".

Waxes are solids with water repellent nature. In plants they form coating on
the surface of leaves, fruits and other parts helping to prevent water loss
and protect against environment. Honey bees produce wax to build honey
combs for the protection of hives.

CysH3y = COO = Cy6H3s

(Bees wax)

Compound li
These are e rol with two fatf

such as carbohy rates, amino acids, p

These are cla phospho lipids} §
the basis of 1 n of dditional gran
= =

and protein

Examp MOBE' '{'ipoprotcin)
Steroid EEE

se are derived lipids tha

basic structure consists of a hydrophilic
tail.

()
Il
H,C—O0—C—CH/(CH,),,CH,

[
4 i *

Polar heads —»  H( —O—( —CH,(CH.),,CH, <«— Non polar chains
LY 2
()
1]
H.C—0—C—CH,(CH,) CH,

(Tristearin a timple triglyeeride)

(_ Fig. 10.5: Structure of a simple lipid showing its polar heads and non polar carbon chains

Properties of lipids
Physical Properties
v' Lipids exist in different physical states depending upon their chemical
nature and temperature.

===
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v' For example, fat exists in solid state, wax is semisolid state and oil in
liquid state at room temperature.

v Lipids are translucent or opaque in nature.

v' Lipids are insoluble in water and soluble in the organic solvents; like
Bloor's reagent.

v Lipids have low density which enables them to float on water.

Melting point of saturated lipids is higher than unsaturated lipids.

v' Lipids are poor conductors of heat and electricity therefore serve as
insulators for the animal body.

<

Chemical Properties

Addition rea
Oils underg 1 actions with hyg

(catalyst) to produce fats. In this chemigs

of oil convert ated fatty acids.
R- OH +H>

Saponi

Fat and ﬁi\z’c’v‘mn heated
glycerol, lo %&foWn as sapo

i

I
CH—0—C—R + 3INaOH

| (Sodium hydroxide)
CH,~ 0—C—R
(Triglyeeride fat) (Glycerol)

Rancidity

When animal fats are exposed to moist air, they undergo oxidation and
hydrolysis reactions simultaneously leading to the development of an
unpleasant taste and Odour. This process is commonly referred to as
rancidity.

Importance of lipids
Lipids play important role in human body.
(iv)They store chemical energy in the form of triglycerides?'iﬁ’—?
adipose tissues. They store more than twice energy as
compared to carbohydrates and proteins. This stored energy
is used during fasting.
(i) They are fundamental building blocks of cell membranes. Due to their
water insolubility, they protect the cell by forming a phospholipid layer
which allows the movement of substances in and out of the cell.

e
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(i11) Lipids in adipose tissues help maintaining the body temperature and
serve as insulation of the body.

(iv) They help in the absorption and utilization of fat soluble vitamins such
as vitamin A, D, E and K.

MINERALS OF BIOLOGICAL SIGNIFICANCE
“Minerals are inorganic substances that are required to maintain physical
health and prevent us from certain diseases”.

Sources of important minerals
Minerals are generally found in fruits, vegetables, whole grains, dairy
products, me d and water etc.

Sources of s are listed

Minerals urces

Calcium mﬁﬂ(, Cheese, Yog
Iron Red meat, Poultry,
Zinc Begf JGhicken, Sea i
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Short Questions
1. Mention the three main functions of lipids.
Notes
2. Comparing with other nutrients, why lipids are better source of
energy?
Energy Density:
« Lipids: One gram of fat provides about 9 calories of energy, while
carbohydrates and proteins only offer around 4 calories per gram.
This means lipids pack more energy per unit weight.
Storage:
« Lipids: Our bodies can store excess energy in the form of triglycerides

(fats) in sue. These fat deposits act as a reserve fuel source,
especi imes of limited / g ,

expenditure.
« Carbo e primary sto
glycogenl, stored in the live

storage capacity 1s lnmted compated t6 a

prunanly sed foribu i
B, IE referred so . y
S fér energy i ne si

less efficient and can gative

Slow and Sustained Energy Release:

« Lipids: The breakdown of fats forfe
to carbohydrates. This slower releas
sustained source of fuel, helping to regulate blood sugar levels and
prevent energy crashes.

Essential Fatty Acids:

o Lipids: Some essential fatty acids cannot be synthesized by the body
and must be obtained from the diet. These fats play crucial roles in
various bodily functions, including hormone production and cell
membrane structure.

However, it's important to note:
« Not all fats are created equal. Saturated and trans fats can contribute

to health problems like heart disease. Unsaturated fats, particularty—

polyunsaturated and monounsaturated fats, are considered healthier
options.

» A balanced diet needs all three macronutrients (carbohydrates,
proteins, and lipids) for optimal health. Carbohydrates provide readily
available energy for the brain and other organs, while proteins are
essential for building and maintaining tissues.

===
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In summary:

3. Carbohydrates are necessary component of our diet. Give two dietary

Lipids offer a concentrated source of energy, efficient storage capacity,
and sustained energy release. However, it's crucial to consume
healthy fats in moderation as part of a balanced diet.

importance of carbohydrates.
Here are two key dietary importances of carbohydrates:
1. Primary Source of Energy: Carbohydrates are the body's preferred

2. Fiber for Digestive Health and §

source of readily available energy. They are broken down into glucose
(bloo gh digestion and absorption. Glucose enters the
bloodJﬂ s transported topeeH 7, W i
fuels various cellular processes.
Brain The brain relies
glucosefio

' MIRE!

muscles. Carbohydrat

created equal. Complex carbohydga i ich i er,
play a vital role in digestive healt
Fiber: Dietary fiber, a type of complex carbohydrate,
digestion by adding bulk to stool and promoting smooth passage
through the digestive tract. It also aids in the growth of beneficial gut
bacteria, contributing to overall gut health.

Satiety: Complex carbohydrates, especially those with high fiber
content, take longer to digest and absorb compared to simple
carbohydrates. This slower digestion process helps you feel fuller for
longer, promoting satiety and potentially aiding in weight
management.

4. What is meant by saponification? Give the reaction.

Saponification

Saponification refers to the chemical reaction between a triglyceride (fat or
oil) and an alkali (base), typically sodium hydroxide (NaOH) or potassium
hydroxide (KOH), to produce soap (a fatty acid salt) and glycerol.
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Here's the general reaction for saponification:
Triglyceride + 3 NaOH - 3 Soap + Glycerol
(fat/oil) (or 3 KOH) (fatty acid salt)

S. What is rancidity which chemical reaction involves in this process?
Rancidity refers to the spoilage of fats and oils that leads to unpleasant
odors and flavors. It's caused by a group of chemical reactions that break
down the fats and oils, primarily involving:

1. Oxidation:

This is the main culprit behind rancidity. Oxygen in the air reacts with the
unsaturated fatty acids (fats with double bonds between carbon atoms)

present in th ils. This reaction is similar to how iron rusts in the
presence of :

« Free Radicals: The oxidation pro¢e °n stal i thl

of free i hese are highly gez
electmf !QR them unstable a

¢ Chain Reaction: Free radicals cah stéa
u ids, creating
MB,BEIL Thide
b | ¥#t¥ acid moledulet

28Hydrolysis:
While i 10n, hydro
rancidity. This reaction involves the bre
molecules. Enzymes naturally present 1
microorganisms (bacteria or mold) can &
Products of these reactions:

« The breakdown of fats and oils through oxidation and hydrolysis
produces various volatile compounds with unpleasant odors and
flavors. These can include aldehydes, ketones, and short-chain fatty
acids.

» Additionally, the breakdown products can be irritating to the digestive
system.

Factors affecting rancidity:

« Unsaturation: Fats and oils with a higher degree of unsaturation ~——7
(more double bonds) are generally more prone to rancidity due to their
increased reactivity with oxygen.

« Light, Heat, and Air: Exposure to light, heat, and air can accelerate
the oxidation process, leading to faster rancidity.
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« Storage: Proper storage methods like refrigeration or using airtight
containers can help minimize exposure to these factors and slow down
rancidity.

6. Write three essential functions of protein in the body.
Here are three essential functions of protein in the body:
1. Building and Repairing Tissues: Proteins are the building blocks of
our body's tissues. They are crucial for:
» Growth and Development: During childhood and adolescence,
protein is essential for building new tissues like muscles, bones, skin,
hair, and organs.

» Mainte Repair: Throughout life, our bodies constantly
repair damaged tissugs® . : Ty

amino acids to rebuild and maintai
» Cell St oteins are maja
and other structures, pro¥i
2. Enzymes: Enzymes are biologica
ith specifi¢

Mﬂﬂgﬂe! (Substrates) g

products. Without e

Ochem1cal

enzymes involved in digestion, engr.

3. Transportation and Storage: Prc
various molecules throughout the

» Hemoglobin: This protein in red blood
lungs to tissues throughout the body.

» Lipoproteins: These transport molecules carry lipids (fats) like
cholesterol in the bloodstream.

» Plasma Proteins: Proteins present in blood plasma can also bind and
transport various substances like hormones, vitamins, and metal
ions. Proteins can also serve as storage molecules for essential amino
acids. When dietary protein intake is insufﬁcient the body can break

cells carries oxygen from

po- gLy
or generating energy. ~—~72 "+'“;‘; e

7. Write down the sources from which we intake fructose and lactose.
Fructose Sources:

e Fruits:

A wide variety of fruits naturally contain fructose, including;:
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Apples, berries, grapes, citrus fruits (oranges, grapefruits), pears, mangoes,
dates, etc.

« Honey:

This natural sweetener from bees is a mixture of fructose and glucose.

Lactose Sources:
« Milk:
Lactose, or milk sugar, is naturally found in milk from mammals like:
o Cows, goats, sheep

e Milk Products:

Lactose is various dairy products derived from milk, such as:
unts vary depepe :

o Yogurt

o IWB
« Fortified Foods:
Som fi y be fortifiad
EEE
ive €
1. W e the

structure.
Notes

2. Explain the role of glucose, fructose
health of human being.

Glucose:

« Essential Energy Source: Glucose is the primary source of energy for
most cells in the body. It plays a crucial role in fueling various bodily
functions, including:

o Brain function
o Muscle activity
o Organ function
o Cellular processes

» Blood Sugar Regulation: The body tightly regulates blood sugar ~——7
(glucose) levels for optimal functioning. Hormones like insulin and
glucagon work together to maintain blood sugar balance.

« Excessive Intake Concerns: While essential, chronically high blood
sugar due to excessive intake of carbohydrates or impaired regulation
can contribute to health problems like diabetes and metabolic
syndrome.
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Fructose:
« Natural Sweetener: Found in fruits and honey, fructose provides
sweetness and contributes to the overall taste of these foods.
¢ Moderate Intake: In moderation, fructose from natural sources can
be part of a healthy diet. However, excessive consumption,
particularly from added sugars like high-fructose corn syrup (HFCS),
has been linked to various health concerns, including;:
o Increased risk of obesity
o Non-alcoholic fatty liver disease
o Insulin resistance
o Increased triglycerides (blood fats)

Sucrose (Tab
« Com er: Sucrose is

and fructose. It's the most commc

sweete essed foods andfb
- Health‘E%(msuming largefaine
similar he consequences as eXceg§iv
0 = = s =Ta
Lactosmm
e M ;. J$& 18 a natural

It provides some ener

rome, and i

. .

consuming milk or dairy products
Overall:

« Moderate intake of natural sugars like fructose and lactose from whole
fruits and dairy (for those without lactose intolerance) can be part of a
healthy diet.

+ Excessive consumption of added sugars, particularly from processed
foods and beverages, can negatively impact health.

e Glucose is essential for energy but maintaining healthy blood sugar
levels is crucial.

3. What are Proteins? Classify various types of proteins on the basisof 7
their function.

Notes

4. What are Lipids? Give their classification, properties and biological
significance.

Notes
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5. How can you explain primary, secondary and tertiary structure of
proteins?

Notes

6. Describe physical properties of proteins.

Notes

7. Why minerals are essential for our health? Give the biological
significance of Calcium, Iron, Zinc, and phosphorus.

Minerals are essential for our health because they play a multitude of vital
roles in various bodily functions. They cannot be produced by the body and
must be obtained from our diet. Here's a breakdown of the biological
significance of Calcium, Iron, Zinc, and Phosphorus:

Calcium (Ca)
« Bone ium is the mos

constituting a major component g
structu and rigidity to
e Muscle : Calcium is crugi

e N
tr

influencing essential biochemical
Iron (Fe):

« Hemoglobin Production: Iron is a central component o
the protein in red blood cells responsible for transporting oxygen
throughout the body. Deficiency can lead to anemia, characterized by
fatigue, weakness, and shortness of breath.

« Myoglobin Formation: Iron is also involved in myoglobin, a protein in
muscle cells that stores oxygen for energy production during physical
activity.

« Enzyme Function: Iron is a cofactor for several enzymes essential for

energy production, DNA synthesis, and cellular processes.

Fo BT
Zinc (Zn): — |G

« Immune Function: Zinc plays a crucial role in supporting a healthy
immune system. It helps with the development and function of
immune cells that fight off infections.

« Wound Healing: Zinc is necessary for proper wound healing and
tissue repair.
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« Enzyme Activity: Zinc acts as a cofactor for over 300 enzymes
involved in various bodily functions like metabolism, protein
synthesis, and DNA replication.

» Sense of Taste and Smell: Zinc is essential for the proper functioning
of taste and smell receptors.

Phosphorus (P):

« ATP (Energy): Phosphorus is a key component of adenosine
triphosphate (ATP), the primary energy molecule in cells. ATP fuels all
cellular processes, making phosphorus crucial for energy production
and utilization throughout the body.

+ Bone Health: Phosphorus, along with calcium, is a major building

block o teeth, providing strength and structure.
o Nucle A and RNA): Pk ritel ¢

the backbone structure of DNA and
carries ns for protein s
e« CellM : Phospholipids,

components ol cell membranes, r

NORE
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Industrial chemistry is the branch of chemistry which deals with the
conversion of raw materials into useful product through chemical process.

INTRODUCTION TO CHEMICAL INDUSTRIES
"The term chemical industries refers to all those companies that
manufacture chemicals".

Some well-established chemical industries are given below;

(i) Petrochemical Industries:

These indus arily focuses on the extraction, refining and
processing and natural gag
They also produce many other chemicalg

a raw materi useful substancg
(ii) FertilizerIn S:
Fertilizer industries are responsible for
are su

ve Soil fertilify @
Fertlhzimw i
agricul
e are two main types of :
er fe

chemically.
Some common synthet
Synthetic Chemical S
Fertilizer Formula Provided

Development of roots and

Ammonium Nitrate | NH4sNO3 Nitrogen oo Pl :
maintaining pH soil

Development of leaf,
steam and fruits
Diammonium Nitrogen, Development of early

Urea CONH3)2 Nitrogen

Phosphate(DAP) [§1H14)2HPOs Phosphorus | stage of plants growth
Potassium . Help enzyme activities
Chloride(MOP) RCl FalbsRlE | g photosynthesis\‘_’;}

(ii) Textile Industries:

Textile industries are sectors of the economy that involve the production of
fabrics and textiles, including natural fibers like cotton and wool, as well as
synthetic materials like polyester and nylon.
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These industries play a vital role in providing a wide range of products, from
clothing and household items to industrial materials

Synthetic
Textile Description Uses
Products
lothi hi
A synthetic fiber made Clothing .(S S, pams;
Polyester . dresses, jackets), curtains,
from petrochemicals .
bedding etc.
Stockings, hosiery,
A strong and durable swimwear’s, Topes,
Nylon 3 =
synthetic fiber parachutes, and various
sportswear’s.
: d light weight cate
Acryl _
e synthetic fiber.

(iv) Paint Indus
The paint industry is a sector that prod ceﬂé

used fo ! Jpfoviding pro er?n,
functio
automofive, industfial Sectors. =

hint
Produ

Descrip

It is also known as latex

Water- i :
paint water is used as a

Based Paint

(v) Detergent Industries:

The detergent industry produces cleaning products, typically containing
surfactants and other agents, designed for various applications like laundry,
dishwashing, and surface cleaning. These products help to remove dirt,
stains, and grease for improved hygiene and cleanliness.

solvent
Oil-Based It contains organic solvents as a | Woodwork, metal surfaces and
Paint carrier. surfaces that require durability.
A type of oil-based or water- Metal surfaces, kitchen
Enamel : \ ;
; based paint with a hard, glossy | appliances, and surfaces that
Paint ; ; sy
finish. need high durability.
A two-part paint that consists .
p. P Industrial floors, garage floors,
. of a resin and a hardener, ; s e
Epoxy Paint X marine applications, and metal
creating a tough and durable EE R
. surfaces. N iE
coating. > |Gl
EIEHE
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Detergent Products Composition Main Uses

Surfactants, builders, enzymes, Cleaning clothes

in washing
fragrance, water softeners

Laundry Detergent

machines

Washi ish
Dishwashing Surfactants, enzymes, h;fd ;gigls es by
Detergent fragrance, water softeners )

dishwashers

Cleaning various
surfaces and
floors

Surfactants, solvents,

All-Purpose Cleaner _
fragrance, water

Surfactants, moisturizers, Hand hygiene and

Hand S g . :
and Soap | " I Nlragrance, antibacterial agents | cleansing

(vi) Cement Industries: -
The cement i volves the prod
used in const

Portland“@e

(OPC) concrete and produ

materials. -
.~ " 1Underground ~_ J
Portland Slag Clinker, slag, gypsum and construction
Cement (PSC) limestone. marine works, and

sewage works.
Tile grout and
other decorative
constructions.

Clinker, limestone, and gypsum

White Cement i 1
with low iron content.

PHARMACEUTICAL INDUSTRY

Pharmaceutical industries refers to the companies where drugs are
manufactured.

“Drug is a substance that is used to treat or cure a disease in human or
animals".

Classification of pharmaceutical products is based on various factors, such
as chemical structure, mechanism of action, therapeutic use and biological
activities. Some common drugs are described below.

===
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Analgesics

“A drug that specifically targeted on central nervous system to provide pain
relief without consciousness is known as analgesic drug".

"Asprin" is the oldest and the most common analgesic drug.

Antibiotics

This drug is produced from certain chemicals of microorganism.

“It suppress growth or kills microorganisms".

"Penicillin” was the first discovered antibiotic. Now a days a range of
antibiotics are used depending upon doctors prescription.

AntipyreticJenI:“
antipyretic".

The most wid€ly 1tipyretic medic
Anti fu

"These 'Ll’l'l that caus€ 1
The mo Frife€tions are ri

ngal drug is “ﬂuconaz

Anti inflammatory medicine
"These drugs helps reduce inflammation,
Ibuprofen (Brufen) is an example of antii
many other options are also available.

Anti allergic medicine
These are also called antihistamines. Histamine is a chemical produce in the
body due to decarboxylation of an amino acid known as histidine.

“The administration of these drugs reduces the histamine level in the body".
A wide range of anti-allergic medicines are available in the market, one
example of anti-allergic medicine is diphenyl hydramine".

Anti malarial medicine

Anti protozoal or anti-Malarial drugs are use to treat mosquito bite
infectious diseases such as malaria. Most commonly used anti material drug
is chloroquine.

There are hundreds of pharmaceutical industries operating in Pakistan.
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Health ministry of Govt. of Pakistan play important role in the availability
and accessibility of drugs in public sector.

PESTICIDES
"Chemical which are used to control, repel or kill pets or insects or fungus
are known as pesticides".

Types of Pesticides
Pesticides are classified into three major classes named as insecticides,
fungicides and herbicides.

Insecticides
"Chemical s hich use to kill i

The best known insecticide is Dichlorod

Herbicides B
Undesirable herbs often co- cxist with cribpsBr

and fert hé :b!:
unhghMﬂ)Hﬁ‘ s are know
chemic 8e8tfoy or stop ¢
icide which former preft e is
(aW

Fungicides

that develop within crops". A very common fungicide Mancozeb (Manganese
ethylenebis (dithiocarbamate) zine salt) which is used to control various
fungal diseases on crops like potatoes, tomatoes, and grapes.

SYNTHETIC POLYMERS

“Polymer is a high molecular mass compound that forms by the combination
of a large number of one or more types of molecules of low molecular mass".
Polymers are either obtained from natural source such as rubber, cellulose,
starch, etc or synthesized by chemical reactions.

Another classification of synthetic polymers is based on their behavior on
heating. Thermoplastics soften on heating and regain their original
properties on cooling, whereas thermoseting plastics undergo irreversible
transformation, becoming hard and rigid upon heating.

Polyvinyl chloride (PVC)

===
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Polyvinyl chloride (PVC) is a widely used thermoplastic due to its versatility
and durability. It is known for its excellent electric insulation, light weight
and low cost. PVC is an addition polymer of vinyl chloride it is prepared by
heating vinyl chloride at 60-70°C in the presence of Hydrogenperoxide
(H202).

nCH,=CH-C]| ——» ‘-CH,—(l:H‘-
a L
(vinyl chloride) {polyvinyl chloride)

PVC is used i facturing of bottlcs, pipes, medical tubes, blood
bags and in erial on electric gviress

Nylon 6, 6
Nylon 6, 6 is ynthetic polyme_
strength, ligh al

Nylon Er

conden
acid (he

g 1
= {CH :]'c- S N“{

dmnlan - & &L

Nylon 6, 6 is used in making tents, parachutes, ropes, fish net, bristles of
bjustics and g ctc

(_Fig 11.2: Product of (a) PVC (b) Nylon 6, 6 )

COSMETICS
The word cosmetic is derived from the Greek word "kosmetiko" meaning
beautifying complexation of skin.
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"Cosmetics are the products that are used to enhance or alter the
appearance of face, body, nails or hairs". Thousands of cosmetic products
are manufactured in the industries, few very common are briefly described
below.

(i) Lipstick:

“Lipstick is a chemical used to colour, moisturization and protection of the
lips”.

It is a type of makeup that usually available in a stick and is applied directly
to the lips. Lipstick is typically made from a mixture of oils, waxes,
pigments, fragrance and moistening agent.

(ii) Nail Pol.iJn I N

It is a type of lacquer that is used to enl
women. come iety of colours in
The basic co f nail polish inc
and film former.

(iii) Nai‘m 'r'l' is an orgari
with so i Msuch as sce

(iv)

Temporary hair dye last for a short period of time, typically a iew washes. It
is available in various form such as spray, gels and shampoos.

Permanent hair dye refers to a coloring product that last for long period of
time. It mainly consists of colourent and developer. The developer is an
oxidizing agent generally, hydrogen per oxide is used as developer.

(v) Perfumes:

These are complex mixtures of aromatic compounds, solvents, and fixatives
that create pleasant and distinctive scents. They typically consist of top, 7
middle, and base notes, which work together to provide a well-balanced and
long-lasting fragrance.

a1 E
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ADHESIVES

“Adhesives or emical substance that use to stick materials
together". J' n I"
-
They are liqu
through eith IF
available, eac ng unique prope

Some of esive are dés
Starch m ﬁ h ' ' i
EEE
a natural adhesive and db
Itw :
and low cost. Starch is used aS a thickeni

and as a raw material for the productio

Epoxy Resins
These are strong synthetic adhesives and commonly used for bonding
metals, plastics, glasses and ceramic items.

Silicon Resins

These are known with their high strength, high thermal stability and water
repellent ability. These are use in sealing of engines, gasket making, bonding
of optical instruments and medical instruments.

Super Glue ~—2
It is chemically named as cyanoacrylate. It is fast acting adhesive that bond
quickly of broken items such as jewellery, toys, automotives etc.

Wood Glue
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It is chemically named as polyvinyl acetate. It is a water based adhesive. It
form a strong and durable bond between pieces of woods when compressed
them under high pressure.

Short Questions
1. Give the scope of pharmaceutical industries in Pakistan.
1. Pharmaceutical Industry in Pakistan:
The pharmaceutical industry in Pakistan is a significant contributor to the
country's healthcare sector. Here's a general overview:
 Market Size and Growth: The Pakistani pharmaceutical market is
estimated to be worth several billion dollars and is experiencing

steady
« Local ion: A significant p

Pakistan are produced domestica

comp
» Generi eneric drugs, whi

p i e
e« C ﬂﬁ i try faces clhia
p _ T¥dhs, and co

28What is antihistamine ive
2. A :
Antihistamines are a class of medicatio
associated with allergies, such as:
 Runny or stuffy nose
o Itchy, watery eyes
e Sneezing
« Hives
o Skin rash
They work by blocking the action of histamine, a chemical released by the
body's immune system during an allergic reaction.
3. Write the names of two synthetic and two natural polymers.
o Synthetic Polymers: Examples include:
o Nylon: Used in textiles, clothing, carpets, and engineering T
applications. ~—7 "ta;";f 1 3
o Polyvinyl chloride (PVC): Used in pipes, tubing, flooring, and
building materials.
« Natural Polymers: Examples include:
o Cellulose: Found in plant cell walls, used in paper, textiles, and
food additives.
o DNA: The genetic material in all living organisms.

===
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4. Write the name of four main components of Nail polish?
Nail polish typically consists of several key components:

o Film Formers: These create the hard, protective coating on the nail.
Examples include nitrocellulose and various resins.

« Solvents: These help dissolve the film formers and allow for smooth
application. Examples include acetone, ethyl acetate, and butyl
acetate.

« Plasticizers: These improve flexibility and prevent the polish from
becoming brittle.

« Pigments and Dyes: These provide color to the nail polish.

Descriptive Questions
1. How can Cosmetics? Deserik DU

commonly used.

Notes
2. What are pes ? Explain variol
their specific use.

Notes
3. DescMﬂ BE't'u'l, propertiés‘ax
chlorid b

4. W : the sign
silicon resins.
Notes

205




Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop
Salman Arif Tabani 0312-2340767 wwwyoutube oom/@MasterCoachmgcenter [=]

Moo~ MASTER COACHING CENTER ?%E%

Chapter # 12




/MeE MASTER COACHING CENTER aitr]

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop :
Salman Arif Tabani 0312-2340767 www.youtube.com/@MasterCoachingCenter [=] ’

"It deals with the study of chemical processes happening in Earth's
environment and their direct or indirect impact on organisms that live on
Earth".

“The presence of undesirable substances in the environment that harm the
natural balance of eco systems is known as environmental pollution".

There are several types of pollution that can negatively impact the
environment and human health such as air pollution, water pollution, soil

pollution, noise pollution, radioactive pollution etc.
Earth's environment consists of four interconnected parts that work

together to sﬂtﬂ IL“‘hese parts include;

rocks.
» Hydros which consists of allistmnife
» Biosphere which includes the entire Lifi

; ';llxtendedto < -

The Earth's atmosphere is further divided into four major regions based on
variation in the temperature and compositions. These regions are commonly ~
known as atmospheric layers.

Troposphere:

It is the lowest layer of atmosphere extending from Earth's surface up to an
altitude of 1 1km.

Stratosphere:
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It starting from the top of troposphere and extending up to SOkm above the
Earth's surface.

Mesosphere:

It lies above stratosphere stretching from 50km to 85km above the Earth's
surface.

Thermosphere:

It is the upper most layer of the Earth's atmosphere extending from 85km to
500km.

CHEMISTRY OF THE TROPOSPHERE
Troposphere is the lowest layer of Earth's atmosphere, where we experience

our daily we ions such as rain, snow, winds, storms, thunders,
clouds.

Reactions of COx, NOx, VOCs, SOx, and O Atmosp i:L
Gases like ni and oxygen (Og :
Earth's atmom wever, certain tgs
oxides (NOx) sulphur oxides (SOx), volatile @ -
ozone | Tr|her1c pollu
Chemimﬂgﬂﬂ)on (COx)

The oxides of carbon in trop are
dioxi ¥ as COg.
Carbon monoxide is very toxic gas, sincg
It is released by the partial combustion
refining and forest fire etc. Carbon mon

by U.V radiation into free carbon particles which are responsible for the
smog formation.

COg + hv > C + 2 Oz

Carbon dioxide is added to atmosphere due to the combustion of fossil fuels
such as coal, wood, petroleum. It is also released during the respiration of
animals. The increase level of carbon dioxide in atmosphere causes
suffocation and respiratory disorders.

Chemistry of Oxides of Nitrogen (NOx) — |
There are two main oxides of nitrogen which cause pollution of air. These
are nitric oxide (NO) and nitrogen dioxide (NO2) and are collectively written
as NOx. These oxides produce from the combustion of fuel such as coal,
petrol and natural gases at high temperature.
Nag + Oy — 2 2NO,
2NO¢g + Oy ——> 2NOy

===
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These gases are also formed by photolytic reaction in atmosphere.
1
NOQ(H) + hU NO(g) + EOZ(R}
0+ 0, 0,

The high concentration of NO and NO; gases in air is harmful because they
form acid rain and ozone in the atmosphere.

Chemistry of Oxides of Sulphur (SOx)

There are two oxides of sulphur found in air named as sulphurdioxide (S02)
and sulphur trioxide (SO3), these are together abbreviated as SOx. The
pollution of SOx is equally due to volcanic eruption and the burning of

sulphur co in thermal power plants.
In atmc;sph‘ﬂqﬁla an be produced b emical oxidati ]
under the i n light.

29 + Oz(g)
The presence @f ases in atmosp

diseases and also effect negatively on ¢

Chemis GBEl]lLic Compou

Volatile organic solvents are commonly l
as paints, varmshes co s, ad

“All tho apgfate intqQ 3

atmosphere pollution are known as volatile
Examples of VOC;s include formaldehydg¢

Chemistry of Ozone (03)

Ozone is an allotropic form of oxygen. It is present in a very low
concentration in troposphere. Its presence is hazardous to both human
health and the environment. Its side effects include respiratory issues,
cardiac issues and irrigation of plants and crops.

Automobile Pollutants and the Catalytic Converter

The burning of gasoline in a car engine results in the formation of carbon
monoxide (CO), nitric oxide (NO) and various unburnt volatile hydrocarbons.
These substances, when released into the air, contribute to atmospheric
pollution and have a direct impact on life. To solve this issue, modern car
engines are equipped with catalytic converter “The purpose of catalytic
converter is to transform the harmful chemicals produced during internal
combustion of engine into less harmful or non harmful substances such as
carbon dioxide (CO2), nitrogen (N2), oxygen (02) and water (H20)", Catalytic
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converter contain a mixture metals such as platinum and palladium which
serves as catalyst.

1]
H:0 |

’ T
\.\:

Industrial SJ“ I N

Smog is a type of air pollution. This te
fog.

In the indust of a country, n
manufacturing various valuable comme;

chemic a significafit
are emMﬂB ere. Some
(SO2) w ah# oil while ofl - 5
strial smog particles lik o= : ;
twl sulista m n

of smog #-

“Smog is a mixture of SO», aerosols & lm anit com uni
It forms a brown-yellow layer usually infi rr* Y
harmful side effects on human health, plant gro and overall a major
contributor of environmental pollution.

Global warming and Climate Change

“Global warming refers to the gradual rise in Earth's average surface

temperature”.

The average temperature of earth is approximately 15°C but due to long
term climate change resulting from global warming is causing shifts in
average temperature worldwide atmosphere.
"The temperature of our earth is regulated by certain gases present in the——7
atmosphere such as CH4, CO2, N20 and H20 known as green house gases".
The change in concentration of these gases can lead to alterations in the
Earth's climate.

To prevent global warming, we need to reduce greenhouse gas emissions by
alternating to renewable energy sources, promoting energy efficiency, and

e
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implementing sustainable practices in sectors like transportation and
agriculture.

Green House Effect

It is an essential natural process that helps in regulating the Earth's
temperature enabling the existence of life on our planet Sun release energy
in the form of sunlight, which then reaches the earth atmosphere and a
portion of it (UV and visible radiation) is absorbed by the earth which makes
the earth warm. The warm surface of earth is then emitting radiation of IR
frequency.

The green house gases in the atmosphere (CH4, H20, CO3, etc) absorbs some

of IR radiatio y the Earth's surface. The absorption of heat by
green house nts the escapingrofes s space™

surface and 1
Global warmi a widespread rise

world. This has a significant impact on

conseq elting of gla

irregulw E Jgen changes i
EEE

A Rain

The te i i 8t intwéduced

in 1872.
“Acid rain refers to rainfall that has acid
Sulphruic acid anc .
The pH of normal rainfall generally ranges between 6 to 6.5 but the pH o
acid rain is below 5 depending upon the concentration of acidic components
present in it.

Pollutants like oxides of carbon, nitrogen and sulphur are present in the
atmosphere. These oxides may undergo chemical reaction with atmospheric
water to produced Sulphruic acid (H2SOa4), nitric acid (HNO4) and carbonic
acid (H2CO03). These acidic components mixed with rainwater and fall to the
earth as acid rain.
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\11:50.. HNOs, H2COs, lﬁp :

(_Fig 12.5: Global warminghngic!
Acid rain hatmvcrse effects on
style for example.
“r ity of rive
H -4 disturba

(i) Acid
(ii) Acid rain reduc:es 8011 tertility d

animals

metal.made thmgs
(iv) Acid rain makes the underground

CHEMISTRY OF STRATOSPHERE

The region from 1lkm to SOkm above the Earth's surface is referred as
stratosphere. This region is distinguished by the remarkable presence of
ozone (02) layer. This layer plays a vital role in blocking and absorbing
maximum portion of sun harmful radiations. The life on the Earth's would
not be possible without the protection of this layer.

212




/Mee MASTER COACHING CENTER Ti%R

Add: Soldier Bazar # 1 Mezzanine floor , Near CO, Soda Shop
Salman Arif Tabani 0312-2340767 www.youtube. oom/@MasterCoachlngCenter E| ’

U.V radiations

Production 2

Ozone is produce tratosphcrc regio
sun rays and S. Ultra—v._lolet ragi
molecule (0,) idicals. The oxygde

with another oxygen molecule to produ s

==} . 0,

phenomcna are in equllibrlum and hence
remain undisturbed.

Human activities can contribute the depletion of ozone layer through the
emission of certain chemicals known as ozone-depletion substances (ODS).
The most considerable human activity that have been responsible for ozone
depletion is the release of gases from cooling devices such as refrigerator
and air conditioners.

Chlorofluoro Carbon (CFCs)

Chlorofluoro carbons is a highly stable gas used as coolant in refrigeration
and also as repellent in aerosol spray. When (CFCs) reaches into
stratosphere region, it breakdown into free chlorine and fluorine atoms
which then react with Ozone in U.V light and decompose it into oxygen.

S~— 7
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uv
radiation Reactions of
TN CFCs with ozone

.....

¢ ¢S
CChFy == °CCIF; +*CI _
"CFC" One chiorine radical
may be responsible for
the breakup of many
Cl + 03 =—> "CI0 + 0y  ozone molecules
T ozone i
"
! ClO + 03 =—>Cl + 20,

L

"Cl behaving as a catalyst

To address th f (CFCs) causing ozone depletion, scientists have
been workin ing alternatives e s)-in-order-to prevent further

s) which do ni orine and do nof ¢

WATER POL WATER AN# -Yﬁ

About 72% of 's is_covered wi
industrMﬁ?ﬂEHrt‘n and mar
water p : sirable changeli
Types of Water Pollution

The addition of pollutant substances altg

biological properties of water and makes i
The substance which causes water pollutit

groups.

Suspended Solids and Sediments

"Small solid particles such as dust, coal microscopic organisms ete which
remain suspended in the water are called colloids and the particles such as
sand, clay which settle down to the bottom are called sediments".

These are the common pollutants of rivers, lakes and streams which
produce turbidity in water and reduce the amount of sun light available to
aquatic animals. ~—2 "'Eé-'-r-f A

Dissolved Solids

Various organic and inorganic compound found in water. Inorganic solids
consists of minerals, salts, metal cations like calcium, magnesium, sodium,
potassium and anions such as chlorides, carbonates, bicarbonates,
sulphates.
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The organic solids originate from organic sources such as decomposition of
animals, plants and microorganisms. Both inorganic and organic solids have
very small particle size and hence soluble in water. They comes from
industrial water and sewage. When they fall into the river or oceans, effect
negatively on aquatic life.

Waste Water Analysis

Samples of waste water are collected from different areas and analysis them
by involving through a series of tests.

(i) Physical test:

These include estimation of odour, colour and taste.

(ii) Chemical
These invol g of pH, preseg

(iii) Microbiological test:

These tests 1 king for the prege
microorganismis.

(iv) Organic test:

These t the preser
solvent ne, toluene
- m

GREEN CHEMISTRY

“The i nigbl processe
use of hazardous chemicals is

Green chemistry aims to create safer c

environment friendly. There are twelve 1

(i) Prevent waste:

Design chemical synthesis to avoid waste. There should be no waste

material left for treatment or clean up.

(ii) Maximize atom economy:

Design syntheses to get the maximum product out of the starting materials.

Avoid un-reacted material.

(iii) Design less hazardous chemical syntheses:

Design synthetics techniques for the use and production of substances that

are of little or no toxicity to humans and the environment. Lk

(iv) Design safer chemicals and products: ~—~72 "*"3;‘7,‘ e

Develop chemical products that are completely effective, yet have little or no

toxicity.

(v) Use safer solvents and reaction conditions:

Avoid the use of solvents and other supporting chemicals. If any is

unavoidable, use the safer ones.

(vi) Increase energy efficiency:

===
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Design chemical reactions that can be carried out at room temperature and
pressure.

(vii) Use renewable feedstock:

Use renewable raw materials in chemical industry rather depletable. The
source of renewable raw materials is often agricultural products or by-
product of industrial processes. Sources of depleting resources are often
fossil fuels (oil, natural gas, or coal).

(vii) Use catalysts, not stoichiometric reagents:

Use catalytic reactions to minimize waste. The catalyst is effective in small
amount and can carry out same reaction multiple times. They are preferred
over stoichiometric reagents used in larger quantity and are carried out only

once.
(ix) Design d products togd

do not accum| e environment.

(x) Analyze in r e to prevent p

Include in- process re tlme monitoring ar' d

minimi atlon of by

(xi) Mi for accide

D631gn s'f&%hermcals z !

s) to minimize the pote che A
explos : he environmen I‘-
Short Queés! D

1. Write the name of four segments o
which segment we live.
Notes

2. Explain the causes of depletion of ozone layer.

Notes

3. What is industrial smog and how is it formed?

Notes

4. What are the main gases responsible for green house effect?
Notes

Fo
Notes \‘—"’? I't“:‘?f e

Descriptive Questions

1. What is the effect of acid rain on human health and what measures
can be taken to prevent acid rain?

Notes
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2. WhNotesat is the main cause of Global warming? How does it effect
on weather pattern?

Notes

3. Describe the chemistry involves due to the presence of oxides of
nitrogen and sulphur in the troposphere.

Notes

4. What is Green house effect? How does human activities contributes
to the enhancement of the green house effect?

Notes

S. What are ozone depletion substances (ODS)? What human activities
have contributed to ozone depletion in the stratosphere?

Notes
6. What is ie'eonverter? Wha

by catalytic converter?

ST
MORE!!!
L
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“Spectroscopy is the study of interaction of electromagnetic radiation of light
with matter".

Spectroscopy has a wide scope of applications in various fields of science
and technology and significantly favored over conventional methods
because;

» It is easier and takes very little time to analyze a sample.

» It requires a very small amount of substance which is to be analyzed.

» It provides more reliable information about chemical molecule.

Some applications of spectroscopy are given as:
(i) Analysis of omnpounds
(i) Quality szd'mus syntheses
(iii) Analysis of water pollution

(iv) Determin otein structure

(v) Analysis offfo aterials
(vi) It helps in structure analysis

Increase Wave Length

| Increase Energy >

( Fig 13.1: Electr

METHODS OF SPECTROSCOPY

Sunlight consists of a wide range of electromagnetic waves including radio
waves, microwaves, infrared radiations, visible radiations, ultra-violet
radiations, etc. When electromagnetic radiations interact with molecule, 7
some of the rays are absorbed by the molecules while other are transmitted.
The wave length and frequency of absorbed light can provide valuable
information about the structure of molecule. Various methods of

spectroscopy are commonly used to analyze and characterize the

compounds.

13.1.1 Infrared (IR) Spectroscopy

e o ——————————a——
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“Infrared spectroscopy is used to detect the type of bonds and the functional
groups present in molecule”.

I.R frequency is expressed in the unit of wave number (cm-1). The most
useful IR range lies between 4000-670 cm-!.

Applications of IR Spectroscopy

(i) I.R spectroscopy provides information for the presence of different
functional groups in the organic molecules.

(ii) I.R spectroscopy is also useful for identifying the impurities present in
the sample to be analyzed.

a-violet- v131blc spectros

The U.V region of electromagnetic spect!
and the visible region extends from 400

When a molecule absorbs electromagnetic radiations of U.V- visible range
(200nm-800nm) electronic transitions Occur. Its electrons are promoted
from lower energy level to higher energy level. The transition of electrons
may be of the following types.

(i) o — o* transition:
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It requires very high energy which is beyond the range of U.V-visible
radiations therefore carbon-carbon single bond do not absorb U.V- visible
radiations and cannot be detected.

(ii) ® — n* transition:

This transition occurs in the molecule that contain double or triple bonds or
aromatic rings. The range of wavelength for the absorption of T-* transition
is 180-320 nm.

(i1) n — n* transition:

This transition is associated with the molecules in which double or
triple bond is connected with a hetero atom (N, 0, S) for example aldehyde
and ketone, etc. The range of wavelength of n-* transition can vary

depending up i ific molecular system, however it is approximately
200- 500nm

(iv) n - o* transition: P hl.!

This transitio rned with the sa ec t

like alkyl halide, 1 etc. The range Bf ‘

around 150-300nm.

ApplicaM :
(i) U.V spectroscopy Can-p?o%ide valuable
s ture of a compound p ly i
bond, sysfem and

Nuclear Magnetic Resonance (NMR) Spectroscopy

The nucleus of certain elements like 'H (proton) exhibits random spin and
behave like a tiny magnet due to their charged nature. When an external
magnetic field is applied, the spin of nucleus aligned in two ways.

(i1) It can align in the same direction of the applied magnetic field and it is
said to be low energy spin state.

(i) It can be in the opposite direction of the applied magnetic field and said to
be high energy spin state.
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High energy spin

2¢ (0O

Low energy spin
(a) (b)

subjected to radio frequency radiation,
absorbs ener into a high energ;
detected as si e NMR spectruih.

spectroscopy is usually D20 or DMSO, s ofes 1 g S

of the s 1'1 nditions t' h PQU
solventm HE ‘T '
EEE

T raph of 'H NMR cons follow
(iw whid
relative to TMS (tetramethylsilane).
(i) y-axis represents absorption which sBo
signals.

(ii1) Peaks represent splitting pattern (singlet, doublet, triplet, quartet) due to
neighboring protons.

To understand 'H NMR spectrum let us consider the example of ethanol. H
NMR spectrum of ethanol has three types of protons.

» Methyl (CHg) protons appear as triplet at around 1.1 to 1.3 ppm.

» Methylene protons (CHz2) appear as a quartet around 3.5 to 4 ppm.

» The hydroxyl proton appears as a broad singlet around 4 to 5 ppm.
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Applications of NMR Spectroscopy

NMR spectro owerful analytical techmque, it prov:ldes valuable

information emical structu

Each organic compound exhibits a unig

"fingerprint" t chemists to ide

successfully f:u: drug analysis, mia
fi

many other

Atomic ﬂE! l ission Spegtros
Atomic enfigsion spectrosey 'auiIe

to identify elements in
Withit ]

atom receive energy from an external sg
discharge, electrons can be promoted td
electrons than undergo transition invol
electromagnetic radiations.

Atomic absorption spectroscopy

In atomic absorption spectroscopy, the sample is exposed to a wide range of
light, the atom selectively absorbs specific wavelength of light that align with
the energy needed to elevate electrons to higher energy level. The absorbed
wavelengths of light appear as dark lines in a unique pattern specific for
that element. By examining the absorbed wavelength, a chemist can identify
the presence of specific element in the given sample.
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L

In atomic e% u

spectroscopy the electron in an atom is
from external ch as heat or ele¢
electrons renf‘HlH ground state, the
light of speci

This e found U.V§n

emlttedMﬁ;H sgries of brig
Since e nts ilstlnct sct

> element based on this i
Mass Spectrometry

n
“Mass spectrometry is technique used t g€ Tatio
(m/z) of ions in a sample".

It provides information about the mass of different fragments of the
molecule and play an important role in the structure elucidation of
molecule.

lonization of
maleculy
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Applications of mass spectroscopy

(1) It is used to determine the molecular mass of unknown compounds on
the basis of mass to charge ratio.

(1) It is used for the identification and purification of drugs and other
pharmaceutical products.

Short Questions
1. What types of nuclei are detected in proton NMR spectroscopy?
Proton NMR (*H NMR) spectroscopy specifically detects the nuclei of
hydrogen atoms (protons). This is because the technique relies on the
magnetic properties of the proton and its interaction with an applied
magnetic fiel clei with magnetlc moments like *C (carbon-13) or
YF (fluorine-{19) etected using difl :
techniques with appropriate frequencies

2. Name the F:'Mnts which represe

NMR spectrum.

In a pro
O MEE“J 6’ Thls . ' .
fofofls relat:we td g

tetrmnethylsﬂane, T™

electr i

proton. Protons in diﬁ'erent chemige e
different magnetic fields due to shiel 1
electrons, leading to variations in

o Y-axis (intensity): This axis represents the integrated signal intensity,
which is proportional to the number of protons giving rise to that
particular resonance peak. The integration allows you to determine the
relative abundance of protons in different environments within the
molecule.

3. Differentiate between atomic absorption and emission spectroscopy.
« Atomic Absorption Spectroscopy (AAS):
o In AAS, the sample is vaporized using high temperatures.
o Ground state atoms in the vapor absorb specific wavelengths-of—~
light from a source element (same element being analyzed).
o The amount of light absorbed is measured and is related to the
concentration of the element in the sample.
o AAS is a quantitative technique used to determine the
concentration of specific elements in a sample.
 Emission Spectroscopy:

Eih

===
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o In emission spectroscopy, the sample is excited using an energy
source (heat, electricity, etc.).

o Excited atoms in the sample emit light at specific wavelengths
as they return to their ground state.

o The emitted light is analyzed by a spectrometer to identify the
elements present based on their characteristic emission
wavelengths.

o Emission spectroscopy is a qualitative technique used to
identify the elements present in a sample and can sometimes
offer semi-quantitative information.

4. What the U.V-visible spectroscopy? What is its
application ;

o Purpose: U.V.-visible spectrosco ]

reflecta aviolet (UV) and

us to s c“nolecules-intera

wavelengths

Biomolecular studies: /
of biomolecules like proteins and nucleic acids, which absorb
UV light due to aromatic amino acids and conjugated double
bonds.

Descriptive Questions

1. What information about the structure of a molecule we can get from
mass spectroscopy? Give the applications of mass spectroscopy.
Notes
2. What is proton NMR spectroscopy? How does it work? Give its
applications.

Notes
3. Explain max With the help of U.V-visible spectrum of ethanol
(C2HsOH).
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Notes

4. Explain the graph of proton NMR of ethanol (CzHsOH) proton peaks
of OH, CH2 and CH3
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